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P A R  T T W O 

RELAT I ONSHIPS BETWEEN GEOLOGY AND EROS I ON 

INT RODUCT I ON 

Previous work on eros ion in the southern Ruahine Range has been concerned 

wi th de f in i ng c auses for the increased ero s ion evident during the l a s t  40 

year s . Much of this increased ero sion has o ccurred since the introduct ion 

of domes t i c  and feral browsing anima l s  into New Zealand . S c i en t i f i c  docu­

mentat ion of natural phenomena that m i ght a l so b e  re spons ible for the in­

creased eros ion has involved s tud i e s  of c l imatic f lu c tuation s , earthquake 

activity and n atural cyc l e s  in compo s i t io n  of the forest cover in the Range . 

T hese mechani sms are well substan t i ated in over seas stud i e s  but thei r  rol e 

i n  the southern Ruahine Range remains undetermined . 

Previous Ruahine s tud i e s  have l argely been concerned with the incidence o f  

shal l ow- seated s lope movements wi th very l i tt l e  a t tention being focussed 

upon the exi s tence o f  deep- seated s l ope movement s . T he f a i lure o f  thes e  

l atter movements occurs at depths beyond t h e  influence o f  previous l y  

c ited ma j o r  c a u s a l  erosion facto r s  except t h a t  o f  e arthquake activity . 

I t  i s  the a im o f  this sect ion to examine the type s of s lope movemen t  pre­

sent in the s tudy area and to evaluate the role of maj or causal factors in 

the gene s i s  o f  e ach type of movement .  F a c tors of geologic o r igin are d i s ­

cussed i n  detai l .  Physiograph i c , c l imat i c  and s e i smic fac tor s , together 

with factors of human origin that interac t with the s e  geologic factor s , 

are a l so outl ined . 

A c hrono logical account o f  epi sod e s  o f  La te Quate rnary s l ope movemen t s  

and s ubsequent fluvial aggradatio n  within t h e  Rang e , bas ed on evidence o f  

terrace remnan t s , radiocarbon d a t e s  and t r ee r i n g  counts ,  i s  pre s ented . 

On the b a s i s of known geO logic s tructure and interpretation o f  aerial 

photographs spanning a 28 year period , an attempt has been made to : 

( 1 )  predi c t  s i t e s  o f  poten t i a l  s lope movemen t ; ( 2 )  a s s e s s  the type of 

movement mos t  l ikely to occur ; and (3) pre dic t  pos s i bl e  tr ends in the 

pattern o f  future erosion. 
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C H A P T E R 9 

2 3 8. 

S LOPE MOVEMENT TYPES AND PROCESSES 

9 . 0  DEFINITIONS 

S lope movements may be c la s s i f i ed in many ways , each based on featu r e s  

that r e cogni se , avo id , control or correc t  t h e  nature of slope mov ement s .  

Factors that hav e  been u sed a s  c r i te r i a  for iden t i fication and c l a s s i f i ­

cation a r e  type o f  movemen t ,  k i nd o f  material , r a t e  of mov ement , g eome try 

of the f a ilure area and the r e su l t ing depos i t , age , cause s , d egree o f  

d i srupt ion o f  the di splaced mas s ,  r e l at ionship o f  s l ide g eometry t o  geo­

logic s tructure , degree o f  d ev e l opmen t ,  geographic location of type 

example s ,  and state of a c t iv ity .  The mos t  widely u s ed c l a s s i f ic a t ions 

are tho se of Sharpe ( 1 9 3 8) and Varne s ( 1 9 5 8 , 1 9 7 8 ) . The c h i e f  c r i te r i a  

u sed i n  Varnes '  ( 1 97 8 )  c l a s s i f i cation are : ( 1 )  type of s lope mov ement ; 

and ( 2 )  type o f  material . The s e  c r i t e r i a  c an be e a s i ly d i s c erned in the 

southern Ruahine Range so Varn e s' c la s s if i c ation has been adopted . An 

abbrev i ated vers ion o f  thi s c l a s s i fi c a t ion i s  shown in Tabl e 9. 1 .  

TABLE 9 . 1 : Classification o f  slope movemen t s  in the southern Ruahine 

Range (after Varnes , 1978). 

Princ ipal type of s lope mov ement 

Fal l s  

Toppl e s  

Rotational 
Few 
U n i t s  

S l ide s 

Trans lational 
Many 
U n i t s  

Flows 

Princ ipal Type of Mater ial 

Bedro c k  

Roc k  fal l 

Rock toppl e  

Roc k  s l ump 

Rock block 
sl ide 

Roc k  s l ide 

Rock flow 
( deep c r e ep )  

Engineering S o i l s  

Debr i s  Earth 

D ebris fall Earth f a l l  

Debr i s  topp l e  Earth topple 

Debr i s  slump Eart h  s l ump 

Debr i s  block Earth block 
s l ide s l ide 

Debri s  s l id e  Earth s l ide 

Debr i s  f l ow 
( so i l  c r e ep ) 

Earth f low 
( so i l  c r e ep )  

A l l  four pr inc ipal typ� s o f  mov ement hav e been recogn i sed i n  the study 

area . 
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Mate r i a l s  are div ided into two c l a s se s ; bedrock and engineering so il . 

Bedrock d e s i gnates s trata compri si n g  Tor l e s se Supergroup bedrock that was 

intact and in i t s  natural place b e fore the init iat ion of mov ement . 

Enginee r ing so i l  include s a loo s e , unconsol idated or poo r ly c emented 

aggregate o f  sol id partic le s . Engineer ing soil i s  d iv ided into debr i s  

and earth . Debris refers to sur f i c ial colluv ium that d i r e c t l y  ov erl i e s  

bedrock a s  wel l  a s  t o  a l luv ium comp r i s ing terrace and fan depo s i t s . Debr i s  

contains a s i gn i ficant proport ion o f  coarse material with 2 0- 8 0% o f  frag­

men t s  being greater than 0 . 0 2m in s iz e . Earth refers to weakly conso l i ­

dated mar ine depo s i t s  that include sand s ton e , s i l t stone , mud stone , con­

g lomera te and l imes tone o f  which a bout 8 0% or more of the fragmen t s  are 

smal l e r  than 0 . 02m in s i z e . 

Thi s  s tudy was primari l y  concerned with e l u c idating r e l at ionships between 

the typ e s  of s lope mov ement and c au s a l  factors of geologi c  or i g in , such 

as l ithology and s tructure o f  the mater i a l s involv ed . 

The more f requent form s  o f  mass mov emen t  hav e  been s tud i ed in greate s t  

d e ta i l  because o f :  ( 1 )  t he greater oppo r tunity f o r  stud y ; but mor e  

importantly: ( 2 )  s i gn i f i cant volum e s  o f  d e tr itus involv ed in these mov e ­

men t s  choke drainage channel s  and r e su l t  i n  maj or flood control probl ems . 

Thus s l id e s  and f l ows are here better documented than fal l s  and topp l e s . 

9 . 1  DESCRIPTIONS 

9 . 1 . 1 F LOWS 

In this study the t e rm ' flow' i s  u sed for a fast or s low c reep of roc k , 

debr i s  and earth . Creep, a s  u sed in mechanic s ,  involv e s  de format ion under 

cont inual stre s s . Some creep deformation may be r ecov er abl e upon r e l i ef 

o f  the stres s ,  but genera l l y  mo st o f  i t  i s  not . One o f  the e s sential 

attr ibute s  o f  creep , a s  d e f i ned i n  geomorphology , i s  that mov ement i s  

c ommonly imperceptible . However, the t e rm may a l so embrace perceptible 

mov ement s that immedi at e l y  precede f a i l ur e . S l ip surfac e s  within the 

mov ing mas s  are usua l l y  not v i s i b l e  or are short l iv ed and the boundary 

b e tween mov ing mas s  and mate r i a l  i n  p l a c e s  may be a sharp sur face o f  

d i f fe rential moveme n t  or a zone o f  d is t r ibuted shear . Wa ter i s  an e ssen­

t ial component for flow format ion . F low movements within debr i s  and earth 

are o ften more read i l y  r e co gn i sed than in rocks because these mate r i a l s 

tend to behav e  more l ike f l u id s . 



A .  Debr i s  Av a l anches 

24 0 .  

The t e rm ' avalanche ' should refer only to slope mov ement s o f  snow or 

i c e . The term debr i s  ava lanche, howeve r, is well entrenched and desig­

nates a v ar i e ty o f  v ery rapid to extreme ly r apid debr i s  flows ( Varn e s, 

1 97 8) .  I n  debr i s  av a l anche s , progr e s s iv e  fai lure i s  rapid and the mas s  

e i ther because i t  i s  wet o r  because i t  i s  o n  a steep slope partially 

l ique f i e s, flowing and tumb l i n g  down s lope . 

Debri s  av alanche s are the dominant form o f  s lope mov ement upon steep 

val l e y  s ides of the southern Ruahi n e  Range ( Maps 5 and 6) . Debr i s  

ava lanches are characte r i stically long and narrow scars cut through 

dens e  v egetation cov e r  ( F ig . 9 . 1 ) . They may be found at any pos i t ion 

on a v a lley slope but i t  i s  more usual for them to ori ginate at a break 

in s lope . Many debr i s  av a lanches are found within the out l in e  o f  

l arge-scal e slump movements . The b i g g e s t  o n e s  re su l t  from f a ilure 

h igh up n e ar r idge crests and may extend the ent i r e  l ength o f  a v al l ey 

s ide to the stream c hanne l .  Often a t  the head of each debr i s  av a l anche 

i s  an uph i l l  taperi n g  serrate or V- shaped s c ar which marks the point o f  

f a i l ure ( F i g s  9 . 1 and 9 . 2) .  The ir l e n gth i s  l argely d ependent upon the 

po s i t ion of fai lure on the slope, s lope steepne s s, and the volume of 

material involved . The l atter two factors determine the momentum o f  

t h e  ava l anche which becomes r e s trained by t h e  for e s t  v e getation through 

whi c h  it f l ows . The depth to which such ava l anche s dev e lop i s  l argely 

dependent upon the thickne s s  o f  colluv ium and the l i thological and 

structural f eatures of the underlying bedrock ( se e  s e c t ion 1 0 . 1 . 1) .  At 

the toe there is usua l ly a fan-shaped accumulation of coarse blocky 

detri tus, here re ferred to a s  scree depo s i t s  ( F i g . 9 . 1 1 ) . Scree depo­

s it s  are of convex out l ine in transv e r s e  c ro s s - s ec tion with the h i gh e s t  

poi n t  near t h e  longitudi nal axi s . I n  t h e  axial region i s  somet imes a 

channe l  that i s  the s i te o f  ephemeral sur face runo f f  from the expos ed 

deb r i s  ava l an che scar . Thi s  channel i s  borde r ed by sma l l  natural l ev e e s .  

The l ength o f  the c hanne l i s  depende n t  upon the d i stance that runo f f  

and transported ' fines ' can trav e l  a s  a h i gh concentra t ion sur face f low, 

b e fore ma j o r  i n f i ltration into the h ighly porous scree occur s . A longi­

tud i n a l  pro fi le o f  a repr e s e n ta tive scree has a constant steep grad i en t  

o f  3 0-4 0 degree s . The toe s lope i s  usua l ly steeper, being 4 0- 6 0  degrees, 

due to the h i gh ang l e  o f  repo se mai n ta i n ed by the coar s e , b l o c ky detr i tus . 

Once formed, scree depo s i ts remain devoid o f  vegetation for long per iod s  

o f  time . Thi s  i s  l ar ge l y  due to per iodi c  c o l l apse of the ov er-steepened 

margin s around the debr i s  av a lanche scar ( F i g . 9 . 1 ) . 



F IGURE 9 . 1: 

Debri s  aval anche resulting 
from failure within bedrock . 
Height of scarp at head o f  
debris avalanche i s  Sm . 
Note ( 1 )  the pos ition o f  the 
point of fa ilure ( near r idge 
crest) , ( 2 )  V-shaped scar , 
( 3 )  blocky scree depo s it at 

toe of s lope , and ( 4 )  the 
difference in stage o f  seral 
development between tus sock 
covered debris avalanche 
scars and the surround ing 
shrubby vegetation . Photo­
graph taken in Rokaiwhana 
catchment . 

FIGURE 9 . 2 :  Debris avalanche scars on steep valley s lopes within 
Mangapuaka catchment . Photograph looks northward acro s s  
the plane o f  mar ine eros ion referred to as ' De laware 
Ridge'. Photograph taken from track leading up to 

Maharahara Trigonometrical Station. 

2 4 1 . 
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B .  Debris F lows 

Deb r i s  f lows , called mud flows in some c l a s s i f i cations , are here d i s­

t i n gu i shed from the l atter o n  the bas i s  o f  particl e s i z e  (Varne s , 1978) . 

The term debri s denotes mater i a l  that conta i n s  a relatively high per­

centage of coarse fragments , whereas the term mudflow is re served for 

an ear t h  f l ow cons i s ting of material that is wet enough to f low r apidly 

and t hat conta i n s  a h i gh percentage of sand - ,  s i l t - and clay- s i z ed 

part i c l e s . Debris f lows may o r iginate f rom any form of slope movement . 

Onc e  i n  mot ion a debri s f low , heavily l aden with detr itus , has tran s ­

por t i n g  power that i s  di sproportionate to i t s  s ize and a s  more mate r i a l  

i s  added to the f low i t s  s ize a n d  power i n c r e a s e s  ( Varne s , 1978). Such 

f l ows tend to fol low s tr eam chann e l s and are o f ten of such h i gh densi ty ,  

perhaps 60-70% solids by weight , that huge boulders many metr e s  i n  dia­

meter may be c ar r i ed along . 

In Coppermine Creek at local i t y  7 2  ( Map 6) a slope movement in 1976 i s  

thought to have begun a s  a rotational slump with movement o c curring 

a l on g  a surface of failur e , at depth wi thin the bedroc k  ( Mo s l e y  & 

B l ake l y , 1977). Thi s  movement o ccurred dur ing a prolonged period o f  

heavy r a infal l . The r e s ul tant debr i s  f i l l ed the valley at the foot o f  

the movement t o  about 10m depth and then , behaving l ike wet concrete i n  

a chute , moved a s  a debr i s  f l o w  for about 600rn a long the swo l l e n  stream 

c hanne l . The surface o f  the deb r i s  f low was in itiallY impo ssible to 

wal k  on because it remained i n  a near f l u id state for several day s . 

Near i t s  SOurce the f low surface was hummoc ky but in a downstream 

direct i on i t  became planar . Throughout i t s  l ength ma terial compri s in g  

the flow appeared t o  b e  thoroughly m ixed , but some of the coar ser frag­

men t s  were heaped along the s ide s to form natural levee s . Whi l e  thi s  

debris flow appears to have moved a s  a single event , ot her debri s  flows 

may move as a s e r i e s  o f  surges ( Pierson , 1980). Such surges are caused 

by periodi c  mob i l i sation of mater i a l  in the sourc e  area or by per iodi c  

damm i n g  and r e l ease o f  debr i s . 

In the southern Ruahine Range , because o f  the narrow and deeply d i s ­

sected nature o f  s tream c hanne l s , much evidence of debr i s  flow a ct ivity 

is r emoved by s tre am eros ion a short t ime a fter . Only the largest o f  

such events prod uce l evee s that become s t ab i l i sed and protec ted by 

vege tation to r emai n  as evidence. During hi storical times debri s  flows 

within the s outhern Ruahipe Range have only developed subsequent to 

large - scale s lump movemen t s  and not from any other forms of s l ope move-



men t . F i f t y  s ix slump and s l ump-l ike features have been documented 

within the Range ( Appendix VI ) of which the majority show no s i gn o f  

s ub sequent deb r i s  f l ow dev e l opment .  Thi s  i s  probabl y  due t o  muc h  o f  
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the moved mas s  rema ining on the v a l l ey s lope rather than the v a l l ey s lope 

col l apsing entire l y . Subsequent mov ements at the se loca l i t i e s  are l ikely 

to resul t i n  debr i s  flow act iv i ty in the future ( see Chapter 1 2 ) . 

C .  Earth Flows 

Earth f lows , i nv o lv ing failure of mas s iv e  s ed imentary depo s i t s  of P l io­

P l e i s tocene a ge , are located on pas tured f arml and f l anking the we stern 

s i de o f  the Range . They are , i n  genera l , smal l  in extent and are t hu s  o f  

minor importance within the study area . A detailed descrip t iv e  account 

is there fore not i nc luded . In the pas t , howev e r , earth flow activ ity 

may have been an importan t  l ands l ide pro c e s s  on the f l anks o f  the Range . 

Earth f lows could explain the complete r emoval o f  material from many o f  

the chute - l ik e  l ands lide scars a t  loca l i t i e s  7 6  and 7 8 - 8 0  ( Maps 5 and 6 

and Appendi x  VI ) .  

D .  Roc k  Fl ows 

Roc k  f lows i nvolve deforma tions that are d i stributed among many l arge 

o r  sma l l  fracture s , or even unconnected m icrofractur e s , with out con c en ­

trat ion o f  d i spl acement a long a maj or fracture . The mov ements are 

o ften ext r emely s l ow and are apparently more or l e s s  steady in t ime , 

a lthough few data are av a i lable ( Varne s ,  1 9 78 ) . Flow mov ements may 

r e su l t  in folding , bending , bulging or other s igns of pla s t ic behav iour . 

The se k i nds o f  movements are be i n g  recogn ised world wide in areas o f  

h i gh r e l i e f . They are quite v ar ied in c haracter and s ev eral k i nds hav e 

been described , such a s  grav i tational s l ope deformation (N emcok , 1 97 2 ) , 

grav i tat ional faul t ing ( Be c k , 1 96 7 )  and r idge-top depre s s ion s , ( Tabor , 1 9 7 1 ) . 

A number o f  geomorphi c  features descr ibed in this s tudy are t hought to 

be the result of plastic de forma t ion of greywacke bedrock under the in­

fluence o f  grav i ty .  They are here re ferred to as r idge-top depres sion s , 

benche s and s carps ( Appendix VI ) .  Some o f  t he s e  features are c l o s e l y  

assoc iated w i th l arge - s c a l e  slump mov eme nt s , usually on steep upper 

catchmen t s l opes n ea r  r idge-cres t s . They are d i stingu i shed from s im i ­

l ar feature s a s so c i ated d i r e c t l y  w i th f au l ting because they are mass 

movement featur e s . S carps o f  tectonic o r i g i n  are re l a t iv el y  c ommon i n  

t h e  s tudy area ( see Chapter 6 and Map 4 )  . 
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Many flows in bedro c k  occur near ridge c r e st s , e ither paral l e l  or ob­

l ique to the axi s  of the r idge , at a l t i tude s  between l OOOm and 1 3 0 Om. 

At these e l evations detai l s  o f  ridge-top features are masked by dense , 

shrubby l e a therwood vegetation o f  podocarp-hardwood for es t .  F ewer are 

located at lower e l evat i ons (50Om) wi thin pastured foothil l s  ad j acent 

to the Range . 

1 .  R idge- top Benches 

R id ge -top benches range from 1 00 - 25Om in l ength with an average width 

o f  l O- 3 Om. Each surface is s eparated f rom the next by a s te ep , curved , 

or s traight s c arp up to 1 0m h i gh . The bench sur face s  are p l anar and 

may be hor i zontal or � l ightly incl ined down slope . Example s  occur at 

local i t i e s  1 8  and 1 9  on Maps 5 and 6. 

2 .  R idge -top Depre s sions 

Ridge -top depre s s ions ( Tabor , 1 97 1) cons i s t  of a sha l low swa l e  or U­

shaped trough that may e ither parallel the R ange cre s t  or sub s idiary 

ridge crests , or strike divergently acros s  val ley s l opes and r idges. 

The depr e s s ion i s  usua l l y  l e s s  than 3m deep and averages 5m in width. 

Continuou s  depr e s s io n s  range from IOO-20Om in lengt h. Often a series 

o f  sub-para l le l  depres sions arra nged i n  en-eche lon fa shion extend up 

to 500m i n  l en gth. Where depres sion s  c ro s s  r idges they form low ' co l s' 

a nalogou s to those created by faults. Examp l e s  can be seen at local i­

t i e s  2 c  and 4 1 -44 on Maps 5 and 6. 

3 .  R idge-top Scarps 

Ri dge- top s c arps ( Be c k , 1 9 67) may be l inear , arcuate ,  sharp in outl in e  

w i th s teep fronts , or subdued in outline due t o  eros ion . Scarps are 

general ly 2 - 1 Om high and vary in l ength from I S O- 3 0 0m .  The s l ope of 

s carp faces i s  usua l ly greater than 5 0
0

. Examples occur at localities 

2b , 9 and 1 0  on Maps 5 and 6. 

Al l o f  the r idge -top fea ture s d e sc ribed can grade into one another 

along their l ength but mos t  commonly d epr e ssions and s carps occur to­

gether. At four local i t i e s  in the s tudy area r idge-top f ea tures can b e  

shown t o  be o f  gravitational origin through a s soc iation w i t h  obvious 

mas s  movemen t  f e ature s  ( predominant l y  s lumps ) .  However , r idge-top 

featur e s  at a further 2 0  l o c a l i t i e s  are o f  obscure origin. The l at ter 

are here i nterpreted a s  being the resu l t  of pre cursory movements o f  



gravi tational ori gin , that have occurred at depth , and may indicate 

potential s it e s  o f  future large-scale mas s  movement ( se e  Chapter 1 2 ) . 

9 . 1 . 2  S L I DES 

24 5 .  

I n  a s l ide , s hear results in d i splacement along one o r  several surfac e s .  

The shear f a il ure may be instantaneou s or i t  may be progres s ive . I n  

pro gres s ive failure , movement propagat e s  a long a defined sur face o f  

rupture from a n  area o f  local failure . The di splaced ma s s  may s l ide 

beyond the or i ginal surface of rupture onto the or iginal ground sur face , 

whi c h  then b ecomes a surface o f  separat ion . In the pre sent c l a s s if i c a t ion 

( Varne s ,  1 97 8 )  emphas i s  is placed on a di stinc t ion between tran s l ational 

and rotational s l ides . I n  tran s lational s l id ing the mas s  progr e s s e s  

outward and/or downward along a more or l e s s  planar or gently undulatory 

surface and has l i tt l e  of the rotat ional movement or bac kward t i l t ing 

characteri s t i c  of s l ump s . A translational s l ide may continue to enlarge 

if the surface on whi c h  it rests i s  sufficiently incl ined and the 

res i s tance to s hear along thi s surface remains lower t han the s hear 

stre s s . A tran slational s l ide i n  which the moving mas s  con s i s t s  o f  a 

s in g l e  uni t  o r  a few c l o sely r e l ated units that are not greatly deformed 

may be cal l ed a block s l ide . I f  the moving mas s  cons i s t s  o f  many s emi­

independent units , it is termed a broken or d i srupted s l ide . The move­

ment o f  tran slational s l ides i s  commonly s tructural l y  contro l l ed by 

sur fa c e s  o f  weaknes s , such a s  fau l t s , j o in t s , bedd i ng plane s , l i tho­

logical d i s co nt i nuit ie s , or by the contac t  between firm bedrock and 

overlying detritus ( se e  Sec tion 1 0 . 1 . 1 ) . I n  rot a tional s l iding the 

mas s  ( here r e f erred to as a s l ump ) move s along a sur face o f  rupture that 

is c oncave upwards ( F i g. 9 . 3 ) . The movement takes place only a long 

internal s l ip surfaces and is mOre or l e s s  rotational about an axi s  that 

is paral l e l  to the s l ope . Cracks expo sed a t  the sur face are concentr ic 

in p l an and concave toward the direction of movement ( Fi g . 9 . 3 ) .  

According t o  Varnes ( 1 97 8 )  the deve lopment o f  c la s s i c , purely rotational 

s l umps on a surface of smooth curvature within bedrock are r e l a t ively 

uncommon . In the s tudy area , however , gravitational failures exhibiting 

rota t ional movement, t hough subord inate i n  number to o ther forms of 

failur e , are r e l atively abundant ( s ee Chapter 1 0 ) . 
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A .  Trans l a t ional s l ide s 

1 .  Debri s  S l id e s  

Thi s  t erm i s  u sed h e r e  to descr i be s l ides that involve slope detritu s , 

soil , peat and vegetation and occasional l y  the sur f ic ial weathered 

l ayer s  of bedrock . I n  the s tudy area there i s  complete gradation from 

debr i s  s l ides to debr i s  f l ows to debr i s  aval anche s as deformation and 

d i s i nt e grat ion incre a se . Increased d i sint e grat ion is the r e su lt of 

more r apid movement because o f  lower cohe s io n , higher water content , 

s teeper s lopes and suitab l e  l ithologies ( see Sect ion 1 0 . 1 . 1 ) . 

Debri s  s l id e s  appear to be randomly d i str ibuted throughout the mapped 

area and can originate at any s i te on a val l ey s lope . They commonly 

occur a long s teep-s ided s tream bank s , gul ly edge s , around headwal l  and 

l ateral s c arps and along the toe region of l arge-scale slump movement s 

( Maps 5 and 6 ) . Most deb r i s  s l ides are i n it i a l ly relativel y  smal l  in 

areal extent when compared to other forms o f  s lope movement . However , 

once s l iding has begun the scar tends to i ncrease in area both l aterally 

and ups lope a s  a result o f  further col l apse s around the over - s te epened 

margins . Eve n tually s everal d iscrete debr i s  s l id e s  may coalesce to 

form very extens ive areas of bare ground . 

Where vertical d ispl acement by s l iding i s  smal l ,  the moved ma s s  remains 

r e l at ively undi srupted and the vege tat ion cover i s  und isturbed . How­

ever , where vertical di spl acement is l arge the moved ma ss d i s i nt egrat e s  

and accumul at e s  a s  a s c r e e  depo s it below t h e  debr i s  s l ide scar . The se 

scree accumu l a t ions may be found at the base o f  val l ey slope s , ad j acent 

to gul l y  or stream channe l s . I n  such loca l i t i e s  scree accumulat ion i s  

t emporary becau se fluv i a l  erosion soon remove s  it . El sewhere , on bu sh 

covered s l ope s , debr i s  s l ides o ften appear sma l l  in s i ze because the 

scree accumul at e s  beneat h  the fore s t  cover and i s  largely hidden . Deb­

r i s  s lide scars and scree depo s i t s  are sub j ec t  to the pro c e s s e s  of sur­

face runof f  including sheetwash , r i l l ing and gul ly ing ( see Sect ion 1 0 . 3 ) . 

Debris s l iding i s  the s e cond mo s t  abundant type o f  s lope movement found 

within the s outhern Ruahine R ange . 

2 .  Rock S l ides 

Rock s l ides consist of c oherent blocks whi ch fail along planar surf ac e s  

o f  weakness wi thin the b edro c k  ( se e  Section 1 0 . 1 . 1 ) . Failur e  u sua l ly 

O c cu r s  a t  between 1 - 3m depth . with d i stance travel l ed a rock s l ide d i s -



integrates to become a di s rupted rock s l ide . The s e  can d evelop into 

debri s avalanches compri sed of d i s integrated bedrock , col luvium and 

vegetation . 

3 .  Earth S l id e s  
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Earth s l ides invo lving marine sedimentary depo s i ts of Pl io-P l e is tocene 

age , at lo c a l i t i e s  7 6 , 7 8 , 79 and 80 ( Maps 5 and 6 )  sugge s t  t hat l arge­

scale d isplacement has taken place along a translational sur fa c e . At 

e ach o f  these lo c a l i t i e s  earth has been tot a l ly str ipped from this area 

o ccupied by the s l ide to expo se a smooth , basal plane . I t  i s  l ikely 

that these tran s l ational sur faces correspond with an in ferred very low 

angle of dip of the poorly expo sed Pl io-P l e i stocene strata at these 

lo ca l i t ie s . Very high and s teep headwal l and lateral s c arp faces prove 

that co nsiderable vo lume s o f  material have been d i splaced . During the 

l a t ter s tages of d i splacemen t much of the material may have formed 

f lows o f  con siderab l e  magnitude . Earth s l ide s are an uncommon type o f  

s lope failure i n  the s tudy area ( Appendix VI ) . 

B .  Rotational S l id e s  (Slumps ) 

1 .  Earth and Roc k  Slumps 

Earth and ro ck slumps can be iden t i f ied read i l y  from sur face f ea tures .  

Maps 5 and 6 in comb ination with Appendix VI give deta i l s  o f  93 s l umps 

and 2 4  s l ump-related feature s from 1 0 9  l o c a l i t i e s  throughout the mapped 

area . Of the s e , 5 6  examples have been formed in bedrock l ithologies 

within the Range and 37 have formed in the P l io-Pl e i s to cene aged de­

pos it s  f lanking the Range . Irre spec tive of the nature o f  the underl ying 

material , mo s t  of the s e  s l umps have many of the fo l lowing features in 

common . 

In the vicin i ty of the headwa l l , vertical movement may be e i ther s l i ght 

with l i t t l e  apparent ro tatio n  ( lo ca l i t i e s  5 b , 11 and 3 6 )  or substan t i a l  

with o bvio u s  b ackward rotat io n  ( local i t i e s 6 1  and 6 2 ) . I n  the latter 

cases rotation has resul ted in the formation of deep depres s ions be­

tween the s l umped ma s s  and the headwa l l  ( Fig . 9 . 3 ) . 

with two exception s , pond ing o f  surfac e runo f f  do e s  not occur o n  earth 

and roc k  s lumps in the mapped area . One exception a t  l ocal ity 2 b  (Maps 

5 and 6 )  is a ro c k  s l ump where ponding has occurred at the base of an 

east-facing scarp o f  su spected gravitational o rigin . The o ther exception 



i s  a s so ciated wi th an earth s l ump at lo cali ty 7 7 . Thi s appear s to be 

natural pondi ng that has been modi fied by man for water s torage pur -

po s e s . 
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FI GURE 9 . 3 :  A schematic blo c k  diagram showing the characteri s tic fea­
ture s of a typi c a l  s lump in the southern Ruahine Rang e . 

Seeps , spri ngs and marshy condi tions commonly mark the foo t and toe 

region s  o f  mo s t  s l umps . The strata in the toe region are gener a l l y  very 

sheared and so ft . Con sequent ly , it i s  susceptible to gul l y  inci sion by 

surface runo f f  and fluvi al erosion a long s tream banks ( lo c a li ti e s  2 ,  5 3  

and 61 ) .  The instabi li ty o f  these toe s lo pe s ,  e specially in roc k  s l ump s , 

i s  s hown by numerou s  s e condary debri s aval anches and debri s s lides .  

Minor s c arps o ften deve lop on the di splaced slump mas s  a s  a r e su l t  o f  

di fferenti al movemen t  o f  the s liding mas s  ( locali ti e s  2 and 2 4 ) .  

Other scarps may develop to the side or above the reco gni sable outline 

of the s l ump ( lo c aliti e s  1 ,  Sa and 5b ) . Such s c arp developme nt has 

taken place at lo caliti e s  wi thin the Range in hi s tori cal time s and 

appears to have formed be tween the year s 1 946 to 1 978 ( se e  Chapter 1 2 )  . 

9 . 1 .  3 FALLS 

In a fal l , a mas s  o f  any siz e  i s  detached from a s teep s lope or c li f f  

along a surface o n  which lit t l e  or no shear d i splacement take s place 

and descent is mo s t ly through the air by freefal l ,  leaping , bounding 

or rOl ling . Movements are very rapid to extr emel y  rapid and may or may 

no t be pre ceded by minor movements leading to progre s sive s eparation o f  

the ma s s  from i t s  source .  

A .  Roc k  Fall s  

Roc k  fal l s  i n  the s tudy are a  originate from the near verti c a l  blu f f s  o f  

either mas sive sand s tone or bedded bedroc k  s trata . In the l a tter in-
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stance a rock f a l l  may begin with a tran s lational sl ide component a long 

a bedding p l ane prior to becoming a fal l . Many of the observed rock 

f a l l s  are of very l imited areal extent and rare ly invo lve more than a 

few tonnes o f  bedrock . 

The parent c li f f  o f  a rock f a l l  i s  often marked by an irregular scar 

that l ac k s  the crescentic shape charac ter i s t ic o f  a slump . Instead the 

irregu larity of its surface is c ontrol l ed largely by j oints , bedd ing 

planes and fau l t s  in the parent materi a l  ( see section 1 0 . 1 . 1 ) .  Rock 

f a l l  s cars a re slow to e s tabl i sh a vegetation cover . Mos t  scars ob­

s erved suppor t  patchy growth s  o f  weeds , tus sock and occasional shrubby 

spe c i e s  u sual l y  growing from di scontinu i t i e s  in the sol id roc k .  Rock 

f a l l  activity in many c a s e s  appears to have ceased but the scars remain 

fre s h  as a r e s u l t  of continuing spal l ing. Mos t  rock fal l locations 

occur ad j ac en t  to waterways . Thus detritu s  from rock f a l l  act ivity 

o f ten f a l l s  i nto s tream c hannel s  to accumulate at the bas e  of the scar 

as an irregu l ar pil e  of angu l ar rock detritus ranging in s ize from a 

few centimetres to f ive metres i n  d iameter (e . g . a t  T2 3/5 98184 ) .  

Accumu l a t ion o f  rock f a l l  detritus has been o f  suffic ient vol ume to 

par t i a l ly i n f i l l  an ephemeral gul ly at T 2 3 / 5 9 3091 ( Maps 5 and 6 ) . E l s e ­

where s tr e am act ivity i s  genera l ly e f f e ct ive i n  removing a l l  but the 

l arges t  detri tus. 

B .  Debri s  Fal l s  

Debr i s  f a l l s  are found i n  s i tuations wher e  s teep bank s  have been c arved 

into thick accumu l a t ions of a l luvial or c o l luvial detritus . Debr i s  

fal l s  a r e  generally the r e su l t  o f  bank undercutting b y  stre am act iv i ty 

( e.g. at T 2 3 /6 9 7 1 90 and T2 3/ 7 1 3 2 2 1 ; Maps 5 and 6 ) . They are be s t  ob­

served in tho se catchments where abundant al luvial bedload has formed 

high terrace and al luvial fan a ccumulation s . The vertical fal l com­

ponent range s  up to 1 0m in h e i ght . In the s tudy area debr i s  fal l s  are 

very sma l l  i n  extent and rarely invol ve more than 10 tonnes o f  materia l. 

Alt hough the debr i s  i s  unconso l idated , the fal len mas s  may remain in­

tac t where the fall c omponent is sma l l  ( 2- 5m he ight ) . Accumulations of 

debr i s  fall material are rarel y  pre served becaus e  many fal l s  o c cur 

during per iod s of f l oodi ng and are removed by suc c e s s ive periods of high 

water . 

C .  Earth Fal l s  

Earth f al l s  i n  the study area occur in s ands tone , s i l ts tone , mudstone , 
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conglomerate and minor l imestone s trata o f  P l io-Pleistocene age . They are 

restricted to the near vertical bluffs along s tream channel s  that have 

been deeply inci sed within the marine s trata f rom the western bas e  o f  the 

Range we s tward to the Pohangina River . B l u f f s  vary cons iderably in height 

but on average are 3 0 - 5 Om high where earth fal l  activity has occurred . 

Many earth fal l s  appear to be the result o f  bank undercutting by s treams . 

Earth fall detritus rarely accumu lates for any l ength o f  t ime becau s e  i t  

i s  readily d ispersed and transported b y  f luvial proc e s se s . However , the 

pre sence of l arge blocks of material in stream beds is an indication that 

earth f a l l s  or toppl e s  have occurred . Hanging fence l ines and gaps in 

she l ter bel t s  along bluff edges a l so indicate recent earth fall activity . 

Surface cracks a long many bluff edges i ndicate s i t e s  o f  potential earth 

fal l s . 

9 . 1 . 4 TOPPLES 

Topples consi st of a forward rotation o f  a unit or units about some pivot 

poi nt , below or low in t he unit , under the a ction of gravity and force s  

exerted b y  adj acent units o r  by fluids i n  c ra ck s . I t  i s  t i l t ing be fore 

coll apse ( Varne s , 197 8 ) . 

A .  Rock Topples 

Roc k  topp l e s  are to be found only a t  t he base of val ley s lopes where bed­

rock exposures border s tr e am channe l s . Examp l e s  o f  rock topp l e s  occur 

where l arge mass e s  o f  bedrock are detached from val l ey wal l s  and are 

s eparated by a gap 0 . 1  - 1m wide . Often the planar-sided detached blocks 

and parent wal l  surfac e s  are fresh in appearance and devoid o f  vegetation 

indicating relatively recent movement . S eparation surfaces vary in atti tude 

from vertical to very s teeply incl ined and may in places corre spond with 

j o in t s  or fau l ts . As the component of topp l e  is d i f ficult to substantiate 

and a s  so few examples cou l d  be located in this area , rock topples are not 

documented in detail in thi s s tudy . 

B .  Earth Topples 

Earth topples o ften occur i n  a s so c i a t ion wi th e arth fal l s  along verti c a l  

b l u f f s  in marine strata o f  P l io-Ple i stocene a g e  border ing we s te r ly draining 

streams . Earth topples are also a s so c i a te d  with the headwal l ,  lateral 

margins and the toe region of maj or s lump s , for exampl e  a t  T 2 3/ 5 5 3 1 4 6  

( Maps 5 and 6 ) . Here the strata are o ften c arved into blocks that are 

s eparated by transverse .open tens ion c ra c k s . Thes e  blocks are o ften r e ­

ferred t o  a s  s l ump-topp l e s  ( Varnes , 1 9 78 ) . 
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C H A P  T E R I O 

FACTORS INFLUENCE S LOPE STABILITY 

1 0 . 0  INTRODUCTI ON 

S lope movement c an seldom be a ttributed to a singl e defi nitive cause . 

Overal l terrain must therefore be analysed in detai l so that individual 

but interrel a ted factors are identi fi ed be fo re areas o f  po tenti a l  

s lope movement c a n  b e  reco gni sed . Thes e  factors may b e  broadly grouped 

into : ( 1 )  geo logic ; ( 2 )  physio graphi c ; ( 3 )  c limati c ; ( 4 ) sei smi c ; 

and ( 5 )  human o rigin . Thi s c hapter outlines how the se factors a f f e c t  

s lope stabi lity in t h e  s tudy area . 

Factors o f  geo lo gi c  origin l eading to fai lure are litho logy , s tructure 

and mineralo gy . Thi s inc lud e s  physical hardn e s s  of the con s ti tuent 

materi a l s  and their susc eptibi li ty to weathering , s tructural a t ti tude 

of s trata and presenc e of s tructural di sconti nui ti e s  such as joint s , 

bedding pl ane s , fau l t s  and fol ds . Many o f  the detai l s  o f  geologic 

o ri gin are described in Part One . 

The physio graphic factors c entre o n  the southern Ruahine Range being 

between the youthful and mature s tage s o f  development in the common 

f luvial geomo rphi c cycle . Mo s t  valleys are V-s haped in cro s s- se c tio n , 

the ma jori ty o f  drainage divide s are s harp and the drainage system i s  

wel l  develope d . Physiographic feature s  o f  such a terrain important to 

s lo pe movement include: angl e o f  s lope; l ength o f  s lope ; a l ti tude 

and aspect . 

Climatic fac tors greatly a f f e c t  the development o f  l andforms and s lope 

mo vements . Vari ations in mi cro c limate , such a s  di f ferenc e s  in a l ti tude , 

expo sure to moi s ture -bearing winds and expo sure to sunlight create 

di f ferent geomorphi c pro c e s s e s. Numerou s  inve s tigation s  have demon­

strated that the mo s t  active periods of s lope movement occur during 

times o f  heavi e s t  precipi tation ( Jame s , 1 97 3 ;  S tephens , 1 9 7 5 ; Mo sley , 

1 9 77 ) . Undercutting by s tr e am action and the e ro sion o f  s lopes by 

al ternate wet ting and drying and fro s t  a c tion are a l so wel l  known 

factors related to c limate that r e su l t  in s lope movement . 

S lope movements may a l so be triggered by f au l t  rupture or s ei smic 

shaking . 
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Facto rs o f  human o ri gin have been largel y  through settlement prac tices 

such as f e l ling and burning o f  native forest and the introduc tion o f  

domestic and feral animals into the remaining for es ts . A resul tant 

c hange i n  the fores t  structure and general deterio ratio n  of the forest 

cover have contributed to an increase in s lope movements during the 

time o f  human o ccupation . 

1 0 . 1  GEOLOGIC FACTORS INFLUENCING SLOPE STAB I LITY 

1 0 . 1 . 1  LI THOLOGICAL AND S TRUCTURAL FACTORS 

I t  is here intended to group to gether those s lope movement types that 

are thought to be con tro l led by simi lar s tructural and/or li tho logical 

disco ntinui ti es during their initial stages of movement in order to 

emphasise the influence such dis continui ties have upon the stabi l ity 

o f  materi als . For example , debr is s l ides and debris avalanches are 

genera l l y  the resul t of s lope fai lures that are initiated in a simi lar 

manner but are c l assi fied as di f ferent s lope movement types in their 

l atter s tages as defo rmation and disintegration increases in d ebris 

aval anches . The grouping and o rder i n  which s lope movements are dis ­

cussed i n  this c hapter di ffers from that i n  Chapter 9 .  Firstly , s lides 

and f lows that are initi ated by trans l ational movement along li tho­

lo gical dis continu i t i es are dis cuss ed together . Such dis co nt inu i ti es 

inc l ude the co ntact between bedro ck a nd co l luvium and bedding planes 

wi thin bedded sequences o f  To r l ess e bedro c k . Secondly , fal ls and 

toppl es are described together . These result from fai lure along dis ­

continui ti es , l argely o f  s truc tural ori gi n , such as fau l t  and joint 

planes . Some o f  these fai lures are preceded by trans l a tional s liding . 

Thirdly , earth and ro c k  slumps are descr ibed . The surface o f  fai lure 

along which earth and ro ck s l ump movements take place is largely un­

known but in some cas es is thought to coincide with a fau l t  pl ane. In 

o ther c ases a combi nation of bo th li tho lo gi c a l  and s tructural discon­

tinui ti es are thought to con tro l the t ype , amount and si ze o f  thes e 

movements . S ti l l  other earth and roc k  s lumps form independently o f  

any known dis conti nui ty . 

The relationship between the o ccurrence o f  s lumps and major fau l t  zones 

is d iscussed in detai l  l ater in this c hapter . 

Fourthly ,  there are a number o f  ridge- top features o f  large si z e , where 

fai lure is thought to be- of simi lar origin to that of s lumps . However , 

they l a c k  an ovate outline and rotation al s liding canno t  be d emons trat ed , 



2 5 3 . 

so they are described separate ly . 

A .  Sha l low Trans lational S lides and F lows (debri s 

avalanche , debri s s lide , roc k  s lide and earth s lid e )  

Wit hin the s tudy area each o f  these s lope movemen t s  i s  initiated by 

t ran slational s liding at sha l low depth s . Movement begins a s  a result 

of fai lure at some di screte surface o r  zone of s hear that is commonly 

o f  litho logi cal o ri gi n  but may have been subj ected to subse quent t e c ­

toni c di sruptio n . Onc e  s liding begins t he moved mas s  become s pro gres s ­

ively mo re de fo rmed and disi ntegrated . I f  the vertical di splacemen t  

i s  smal l ,  t h e  moved mass remains r e la tively undi s turbed and the movement 

i s  re ferred to as a s lide . On the o ther hand , if the verti c a l  displace­

ment is l arge and the moved mas s  di sintegr a te s , the pro c e s s  becomes one 

o f  f lowage ( se e  Chapter 9 ) . Debri s s lides and ro c k  s lide s  generally 

remain tran sl a tional s lides throughout their deve lopment . However , 

debri s  avalanches and some earth s lides become f lows in their l a tter 

s tages o f  deve lopment . 

There are exception s , where gradation s  b e tween debri s  slide s and debri s 

avalanches become particular l y  di f ficul t  to c l a s si fy . In general , 

shal low movements t hat invo l ve sma l l  vo lume s o f  predominantly soi l and 

co l luvium deve lop as s lide s . In contras t , shal low movement s  that in­

volve l ar ge vo lumes o f  materi a l  begi n  a s  debri s s lide s  and deve lop into 

debri s  ava l anches wi th c haracteri s ti c  V-s haped scars o f  con siderable 

depth ( Figs 9 . 1  and 9 . 2 ) . I n tergrad e s  between debri s aval anche and 

debri s  s li de movements show complete di sintegration of the moved mas s  

but l ac k  the scar s hape and depth characteri stic s  o f  other debri s 

ava l anche s in the s tudy area . The se movemen t s  are grouped wi th debri s 

s li de s . On the basi s  o f  materi al s  i nvo lved in these movemen t s , s lides 

and f lows can be grouped into two forms . The fir s t  inc lud e s  movements 

t hat predominan t ly compri se soi l  and co l luvium . Trans la tional s liding 

in these i n s tances r e su l t s  from fai lure eit her wi thin the soi l or 

co l luvium o r  a t  the soil - o r  co l luvium -bedrock contac t. The second 

i ncludes movements that predominantly compri s e  bedro c k. Translational 

s li ding i n  the se i ns t ance s results from f ai lure either along a zon e  o f  

shear wi thi n  the uppermo s t  weathered horizon o r  alo ng interna l  bedding 

plane surfaces at dept h .  

S lide s and f lows compri sing earth materi a l s  occur a long the bas e  o f  the 

Range . Here tran slational s liding is tho ught to result from fai lure 

along low dippi ng bedding plane surface s .  Thes e  are discussed in turn . 
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Thes e  material s are fo rmerly derived from the underlying bedro c k . 

Co l luvium i s  co arse wi th l arge grain si ze variation ,  i s  sha l low and 

skel e tal , has loo se and unconso lidated s truc ture , i s  porou s  and conse­

quently i s  inherently weak . Co l luvium thi ckne s s  varies depending upon 

the type o f  underlying bedrock pre sent . In general , co l luvium appears 

to be thinner upon s lope s under l ain by Wharite Li thotype rather than the 

Tamaki Li tho type . Chemical weathering and physical di si ntegr a tion o f  

the regu l arly bedded li thologi e s  compri sing the Tarnaki Li tho type , 

faci litated by the nume rous bedding pl ane and joint sur fa c e s , appears 

to occur mo re rapidly and to greater depths than upon the predominantly 

fo liated li tho logies compri sing the Whari te Litho type . Co l l uvium thick­

n e s s  a l so vari e s  wi th po sition o n  s lope being thi c ke s t  near the ba s e  o f  

s lopes and thinne s t  near ridge c r e st s . I n  general an average o f  1 - 2m 

o f  soi l and co l luvium could be expected o n  upper val ley s lope s and be­

tween 2 - 3m on mo st lower slope s , apart from tho s e  subj ect ed to a c tive 

gul l y  ero sion or strearnb ank undercutting . 

S lope movement types invo lving soil and co l luvium are debri s aval anches 

and debri s s lide s . The se movements vary con siderably in depth , si ze and 

s hape . There i s  no obviou s  relationship between variation s  in the 

physical appearance of the se s lope movements and : ( 1 )  their po si tion on 

val l ey s lopes ;  ( 2 )  the depth of co l luvium ; and ( 3 )  the underlying 

lithologi e s . 

The occurrence o f  debri s  aval anches and debri s s lides particularly at 

hi gh e l evations may be related to the pre sence o f  an iron pan in the soi l . 

Hubbard ( 1 9 7 8 ) sugges t s  that a perched water table may develo p at the 

j unction between the Ah (or Ha ) and Bg (o r Br ) ho ri zons , wi thin Takapari 

hi l l  soi l s , as a result o f  the development o f  an iron pan at the base o f  

the B g  (o r Br ) ho ri zon . Where the soi l i s  s ha l low , the iro n  pan o f fers 

resi s tance to bo th downward movement of water and to roo t penetratio n . 

The perched water tab l e  i s  a l so adver s e  to roo t growth . wi th a marked 

decrease in root abundance there i s  a consequent decrease in the shear 

s trength o f  these sha llow soi l s  and hence s lope movement would be 

faci li tated . I n  addi tio n water movement a lo ng the perched water tab l e  

may have a lubricating e f fe c t  s o  that t h e  iron pan become s a sur face o f  

weakne s s  along which s liding may be ini tiated . 

At lower e levations debri s aval anches and debri s s lide s  are ini tiated a s  

a result o f  tran s l a tional s liding a long a zone o f  shear that i s  irregu l ar 
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in outl ine and d i f f icult to trac e . Mo s t  o f  these s lope movements can be 

a t tr ibuted in part to the s tructural weakne s s  of the soil ( Hubbard , 1 9 7 8 )  

and i n  part t o  the lubr icating e ffect o f  emergent ground water . 

Irre spec tive o f  the ir pos i t ion on val ley slopes the ma j or i ty o f  debr i s  

ava l anches and debr i s  s l ides resulting from failure wi thin soi l  o r  collu­

vium are o f  very shal low depth . whi l s t  some are l e s s  than 0 . 5m deep 

(Fig s  1 0 . 1  an� 1 0 .2) the majority tend to be up to 1m deep . 

Approxi mately 2 0 %  of a l l  debr i s  s l ide and 5 %  o f  a l l  debr i s  aval anche 

movements in the southern Ruahine Range r e su l t  from fai lure within soil 

or c o l l uvium ( Table 1 0. 1) . 

S l ide s and f lows that predominantly compr i s e  so i l  and col luvium also 

result from tran slat ional s l iding at the smoothed and o ften even-sur­

faced contact between underlying greywacke bedrock and overlying soil 

or colluvium ( Fi g. 1 0 . 3 ) . I n  the maj or i ty o f  these s l id e s  trans lat ional 

s l iding has occurred where the slope direction o f  this contact was 

c oncordant w i th di sconti nu i t i e s  in the uppermos t  l ayers of bedrock 

( Fi g s  1 0 . 4  and 1 0 . 5 ;  diagrams A and B ) . In the se c a s e s  the d iscon­

t inui t y  was always a l it hological conta c t . Where concordant s l id e s  

o ccurred i n  a r e a s  o f  Wha r i te Litho type , t h e  contact coincided w i t h  ex­

posed faces o f  mas sive s andstone . Whe r e  concordant s l id e s  occurred in 

areas of Tamaki Litho type the c ontac t  coinc ided with the d ip d i r ec tion 

o f  the uppermo s t  bedd ing plane surfac e . 

I n  the ma jority o f  c a s e s  observed , trans l a tional s l id ing occurs where 

the s lope d irection of t he soi l - or col luv ium-bedroc k  conta c t  was d i s­

cordant to l i t hological or s truc tural d i scontinu i t i e s  in the under lying 

bedroc k  ( F i g s  1 0 . 4  and 1 0 . 5 ;  diagrams C ,  D and E ) . 

As t he s e  s l ides are ubiqui tous i t  i s  apparent that l i tho logical and/or 

s tructural d is continui t i e s  within the under lying bedrock do not in­

fluence the format ion of trans l at ional s l id e s  a t  thi s  contac t . 

Translational s l iding at the so i l - or colluv ium-bedrock contact i s  

frequently co inc identa l wi th areas of emergent ground-water . Clos e  

inves tigation ind ic ated that some of t h i s  water was der ived from within 

the bedro c k  and emerged a s  seeps through j o ints . Another sour c e  appeared 

to come from h i gher slope s where water percolated through porous soil 

and c o l luvium to emerge a t  the head of s l ips ( F i gs 1 0 . 4  a nd 1 0 . 5 )  at 

this contac t .  Whi l s t  the presence o f  water a t  these loc a l i t i e s  i s  not 
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FI GURE 1 0 . 1 :  Extens ive debris s l ide deve lopment within South Oruakeretaki 
catchment . No te the poor condition o f  the fo rest vege­
tation and the l ar ge number of dead tree s  on the sur face 
above the debri s  s l ide . 

FIGURE 1 0 . 2 :  Clo se-up o f  debr i s  s l ide scar within Mangapuaka catchment . 
No te : ( 1 )  the sha l low depth o f  failure ( l e s s  than O . Sm )  
within co l luvial s lope mater ial ; ( 2 )  the dense shrubby 
vegetat io n  ( backgro und ) adj acent to where the movement 
o ccurred ; and ( 3 )  the shal low roo t systems o f  the vege­
tation on the slide (foreground) . 
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TABLE 1 0 . 1 :  Percentage and type o f  shal low trans l at ional slope movement 

in the southern Ruahine Range resulting from fai lure at 

varying depths . (Fi gures are based on field observa tion and 
photographic interpr e ta tion of approxi­
ma tel y 5650 erosion scars - see Maps 5 and 6 ) . 

pos it ion o f  origin o f  s lope failure 

Within soi l and/or col luvium ( a t  l e s s  
than 1 m  depth below ground surfac e )  

At bedrock contact ( 1 - 3m below ground 
surface ) 

l\t < 1m depth below col luvium - bed-
rock contact (within bedrock mater ial ) 

At > 1m depth below col luvium - bed-
rock contact ( wi thin bedrock material ) 

Type o f  sha l' low tran s l at. ional 
s lope movement 

Debr is s l ide 
( n  = 2 5 0 0 )  

2 0  

70 

10 

Debr i s  
Rock s l ide 

avalanche 
(n < 1 0 0 )  

( n  = 3 0 5 0 )  

5 

3 5  

4 0  50 

2 0  5 0  

FI GURE 1 0 . 3 :  Torlesse bedroc k  overlain and in sharp contact with peaty 
loam . On incl ined valley s lope s the lubricating a f fect 
o f  water along thi s contact fac i l itates slope movement . 
Debri s  sl ides or debri s  avalanches may occur as a result 
of failure at this contact. 
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FI GURE 10.4: Var iations in the struc tural attitude o f  strata with 
r e spect to slope angle and direction, that large l y  
determine the type of s lope failu r e  l ikely t o  occur 
in catchments under l a i n  by the Tamaki Li thotype . 
Diagr ams A, B and C il lu strate the favourable atti­
tudes o f  bedded s trata conduc ive to debr i s  aval anche 
and rock sl ide. Diagrams D and E i l lustrate bedrock 
a t t i tude s favourable for these movement s .  Both 
debr i s  s l id� s and debr i s  avalanche s occur where the 
strike of the strata is perpend icular to the free 
face ( see Fig . 10.3). They mos t  commonly r e su l t  from 
failure at the colluviu� -bedrock contact irre spe c t ive 
of the s tructural attitude or the l ithologica l  c om­
posi tion of the underl ying bedrock . 



debris avalanche 
slide 

(A) Dip of foliation less than 

steepness of free face. 

debris slide, debris avalanooe 
or rock slide 

(C) Flexure in bedrock strata in­

creases or reduces angle of 

dip to that greater than, 

equal to or less than steep­

ness of the free face. 

(E) Dip of foliation perpendi­
cular to the free face. 

259. 

avalanche 
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LEGEND 

Surface of failure. 
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Sandstone, Chert or 

Argillite Lithozones. 

Soil- and Colluvium­

bedrock contact. 

FIGURE 10.5: Variations in the structural attitude of foliated bed­
rock with respect to slope angle and direction, that 
largely determine the type of slope failure likely to 
occur in catchments underlain by the Wharite Lithotype. 
Diagrams A, B and C illustrate the favourable structur­
al attitudes and bedrock compositions most frequently 
associated with debris avalanche and rock slide move­
ments resulting from failure within the bedrock. 
Diagrams D and E illustrate bedrock attitudes less 
favourable for these movements. Both debris slides and 
debris avalanches occur where the strike of the strata 
is perpendicular to the free face. They most commonly 
result from failure at the colluvium-bedrock contact 
irrespective of the structural attitude or lithological 
composition of the bedrock. 
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nec e s s ar i ly a prerequ i site for s l ide movements , it i s  here cons idered 

that the lubr icat ing e f fe c t  o f  water a l on g  this contact greatly enhance s  

thei r occurrence. 

The phys ical c on tra st in materia l s  at t h i s  con tact in conjunction with 

a smoothly eroded bedrock surface fac i l i tates the s l iding of overlying 

material s . Such unconsol idated mater i a l s  are in a del icate balance on 

mo s t  s lope s within the s tudy area . 

Al l f a i lure s at the so i l - or col luvium-bedrock contact r e su l t  in debr i s  

s l ide and debri s avalanche activity . Overall the grea t e s t  number of 

s l ide and f low movement s  within the southern Ruahine r ange are the 

result of fa i lure at this contac t .  The s e  movements account for approxi­

mately 70% o f  a l l  debr i s  s l ides and 3 5 %  o f  all debr i s  avalanches in the 

s tudy area ( Tabl e  1 0 . 1 ) . Thi s  contact i s  therefore the s ingle mos t  

important d is continui ty with whi c h  s lope movement can b e  directly re­

l ated . 

2 .  Movement s  Compri s ing Bedrock 

The s e  movement s  r e su l t  from f a ilure along d i scont i nu i t i e s  within the 

b edrock whi c h  mo st commonly coinc ide with bedding planes ,  l ithological 

conta c t s  where bedding is absent and l e s s  frequent l y  w i th j o ints and 

low angle thrust fau l t  plane s . The depth a t  whi c h  transl a t ional s l id ing 

occurs within the bedrock o ften determines the resultant s lope movement 

type . S l id ing was noted to occur at two d i s tinct depths: 

( 1 )  Some s l ides and f lows only involve the uppermost l ayers of 

weathered bedrock to a depth o f  1m . Here wea ther ing has been 

e s senti a l ly concentrated along j o in t , c leavage and bedding plane 

sur faces to loosen and fragment the in si tu bedrock . Fai lure within 

suc h materi al occur S  a long a zone of shear that i s  irregular r a ther 

than planar in outline . Where down s l ope movement is smal l ,  the 

moved mas s  rema ins relatively unde formed to form e i ther a debr i s  

sl i de o r  an undisrupted rock s l id e  ( F igs 1 0 . 6  and 1 0 . 7 )  but where 

movement is l arge the moved mas s  completely d i s integrates to form 

e i ther a debri s ava l anche or d i s rupted rock s l id e . 

There i s  no apparent corre l at ion b e tween the occurrence o f  the s e  

s l ides and the underlying bedroc k  l i thologie s .  Sl ide s c a n  occur 

where the d i re c tion of s l iding is e i ther concordant or d i s cordant 

with the structural a t t i tude of d iscontinu i t i e s  wi th i n  the bedro c k . 
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F I GURE 1 0 . 6 :  A rock s l ide r e sul ting from downslope movement along a bed­
d ing pl ane surface within bedrock compr i s ing the Tamaki 
Lit hotype . The direc t ion o f  bedd ing plane d ip co inc ide s  

F I GURE 1 0 . 7 :  

wi th topographic slope. St.rike of the strata paral l e l s  va l l ey 

slope . Downslope d i splacement o f  the moved ma s s  i s  sma l l  

hence the rock i s  relatively und i srupted and the vegetation 

cover has not been d i s turbed . Loca l i t y  T23/59l 08 3 . 

An und i srupted rock s l ide re­

sul t ing from downs lope move ­

ment along a l i thological 

con tac t w i thin bedrock com­
pr i s i ng the Whar i te Li thotype . 
Downslope d i splacement i s  

sma l l. No te the water seep 

on the expo sed sandstone sur­

face . 

Loca l i ty T23/ 65725l . 
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Approximately 1 0 %  o f  a l l  debr i s  s l ide s , 4 0 %  o f  a l l  debri s  avalanches 

and 50% of all rock sl ides ( Tabl e  1 0 . 1 )  r e sult from transl ational 

s l iding within the bedro c k  at a depth of l e s s  than 1m . 

( 2 )  Other s lides and f lows r e sult from translational s l iding within the 

unweathered bedrock at depths greater than 1m . Irre spective of the 

depth o f  failure the surfaces a long which movement occurs are bed­

d i ng plane s . Expo sed s l ide surfaces are s tep- l ike in outl ine , in­

d i ca ting that s l iding o c curred along s everal bedding plane surfac e s  

at d i ffering l eve l s  bo th down t h e  l ength o f ,  and acro s s , the s l ide 

s c ar . These s l ides , by virtue o f  the vo l umes o f  material invo l ved , 

are l arge in s i ze and form deep ero s ion scars . Approxima te l y  2 0% 

o f  al l debri s  avalanches and 5 0 %  o f  a l l  ro ck s l id e s  result from 

trans lational s liding within the bedrock at depths greater than 1m 

( Table 1 0 . 1 ) . 

The s c a l e  to which these tran s l ational s l ides c an develop within bed­

rock l i thologies in the s t udy area is l argely governed by the l itholo­

gies present , their internal o rgan i s a t io n  and the attitude of the strata 

wi th r e spect to val l ey s lope s . 

Di f ferent rock types have inherent l y  d i f ferent weakne s s e s  and strengths 

a s  a r e su l t  o f  their o r i gi n  and compo si t io n . Of the sedimentary bedrock 

l ithOlo gi e s , argi l l ites are in gener a l  the mo s t  susceptible to fai lur e , 

e spec ially when interbedded with permeabl e  sand s tone . When a s lope i s  

underlain by a roc k  uni t  cons i s ting o f  s everal al ternating and inter­

bedded ro c k  types suc h as s ands tone and arg i l l ite their combined mech­

anical stre ngth d i f fers con siderably from that of the con s ti tuent inter­

beds themselve s . The mechanical s trength o f  a roc k  unit co n s i s t ing o f  

interbedded l i tho lo gies can only b e  a s  strong a s  i t s  weake s t  member . 

Argil l i te and s ands tone are the commo n e s t  interbedded l i tho logies where 

argil l i te i s  l e s s  competent than sand s tone and on expo sure breaks down 

more readily . Failure by translational s l iding along any o f  the mul ti ­

tude o f  b edding plane sur face s  i s  po s s ible but appear s to o ccur mor e  

frequently where the depo s itional conta c t s  are sharp rather than graded , 

i . e .  where co herence i s  weakes t . The s harpes t  depo s it ional contact 

o ccurs between the Te interval of one Bouma sequence and the Ta inter­

val o f  the succeeding Bouma s equence ( see Chapter 3 ) . Thi s  contact 

s eparates two l i tho logies of greatly d i f fering compo s it ion and mechani ­

c a l  s trength , that i s ,  , argi l li te and s andstone . In add i t io n  t h i s  con­

tact is o ften tectonic a l ly d i srupted . S ince the strata are largely 
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overturned ( see Chapter 2 ) , mos t  newly expo s ed s l ide sur face s  are basal 

bedd ing p l an e s  of sandstone compo s i t ion , i ndicating that failure occurs 

e i ther along the sand s tone-ar g i l l ite contact or within arg i l l i te bed s . 

Two types o f  trans l at ional s lide o c cur a t  depth w i thin bedrock . Rock 

s l ides are more frequent ly a s so c i at ed with bedded strata of the Tamaki 

Li thotype and l e s s  frequently with the fol iated l ithologies compri s ing 

the Whar i te Lithotype . On the o ther hand , the di s tr ibution of debr i s  

ava l anches is more wide spread and appears to be a ssoc iated equal l y  with 

catchments underlain by e ither l ithotype . Thi s  sugge s t s  that rock s l ides 

are control led l argely by bedding p l an e  surfac e s  whereas debr i s  avalanche 

activity is contro l l ed to a greater extent by other d i s continuit i e s , such 

as j o in t s , wi thin the bedrock . 

Within the Tamaki Li thotype the maj or i ty o f  rock s l ide s and debri s  ava­

l anches o ccur in a s so ciation with sequence s  of r egularly bedded strata 

that compri se the Thin-Bedded Assoc iat ion ( see Chapter 2 ) . Thi s  is l argely 

a fun c t ion of the widespread o ccurrence of this Asso c i ation througho u t  the 

Tamaki Lithotype and a l so because this Assoc iation usua l l y  und er l ie s  the 

steepe s t  o f  valley s lope s . E l s ewhere throughout the Tamaki Lithotype , 

s lopes under l a in by r egul arl y  bedded strata compr i s ing the Very Thin­

Bedded , Thick -Bedded and Very Thick-Bedded Assoc iations o f  identical 

structure and s im i l ar l it ho l o g i e s  but i n  d i ff er ing proport ions d i sp l ay 

very l i tt l e  o f  the tran s l a t ional s l ide a ctivity that i s  character i s t ic o f  

s l opes unde rl ain by s trata o f  the Thin-Bedded Assoc iation . I n  the c a s e  o f  

the Very Thi n-Bedded Association , the absence o f  s l ide ac t iv i ty i s  l argely 

a fac tor of location where r e l i e f  is low and stream d i s s e c t ion i s  absent , 

such a s  i s  found a long Delaware Ridge . The paucity o f  rock s l ide and 

debr i s  aval anche act iv i ty a s soc iated w i th the Thick-Bedded and Very Thick­

Bedded Associat ions , which compri se thick units o f  sandstone with f ew thin 

interbeds o f argi l l i te , may be due to fewer s l ide sur face s  and ther e fore 

greater over a l l  mechanical s trength . However , this c annot be substanti a ted 

in the mapped area as these Associations have not been found in l oc a l i t i e s  

where favourabl e  s tructural r e l a t ions w i t h  val l e y  s lope s a r e  conduc ive t o  

tran slational s l iding . As the bedrock compr i s ing Whar ite Lithotype i s  

e s se ntial l y  non-bedded , the inc idence o f  rock s l id ing and debri s  avalanch­

ing by f a ilure along bedding p l ane sur f ac e s  is rare . However , one plane 

of weakne s s  a long whi c h  tran s l a t ional s l id ing may take place is the l i tho­

logical contact between competent l i thol o g i e s  compri s ing e i ther the 

Sand s tone or Chert Litno zones ( F i g . 1 0 . 5 ,  d iagrams A and B )  and o ther 

l i thozones such a s  the Fol i ated - , D i am i c t i te- or Argi l l ite Lithozon e s , 

the l a tter thr e e  conta in i ng a h i gher percentage o f  argi llaceous mater i a l . 
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Translat ional s l iding in bedrock materi a l  i s  highly dependent upon the 

a t t i tude o f  the s trata and its relation to slope orientation , the in­

fluence s  of which are di scus s ed next . The mos t  f avourable locations 

for s l iding occur where the s trike o f  the s trata i s  par a l l e l  or sub­

parallel to s lope c on to ur s  and where the dip of the strata is towards 

the free face . There i s  part i cular danger o f  translational s l ides 

forming if the dip o f  the s trata i s  l e s s  than ( Figs 1 0 . 4  and 1 0 . 5 ;  

diagram A )  o r  equal to (Figs 1 0 . 4  and 1 0 . 5 ;  diagram B )  the slope o f  

the free fac e .  Here , the bedding p l an e s  emerge a t  the free face and 

in the absence of a toe s lope , rock s l id e s  are l ikely to occur . In the 

ma jor ity o f  locations , however , the near vertical dip of the strata i s  

greater than the s lope o f  the free face ( Figs 1 0 . 4  and 1 0 . 5 ;  diagram D ) . 

Here the valley s lope i s  r e l a t ivel y  s table in that rock s l id ing and 

l arge debr i s  ava l anche s are unl ikely to o ccur by bedding plane trans­

l ation . S imil arly , the s e  s l ope movemen t s  are unl ikely to be found a t  

localities where the s trata d ip into the h i l l s ide ( F ig s  1 0 . 4  and 1 0 . 5 ; 

diagr am E ) . The l east favourabl e  locations occur where the strike o f  

the s trata i s  perpendicul ar t o  the free face ( Fig . 1 0 . 8 ) . 

Near surface ,  locali sed and open strat a l  f l exur e s  can produc e  a poten­

t i a l ly un stable free face where tran s l a t ional s l iding could result in 

rock s l ide o r  debr i s  aval anc he activity ( Figs 1 0 . 4  and 1 0 . 5 ; diagr am C ) . 

S lope movement by trans la t ional s liding i s  somet ime s associated with 

other d i scontinui t i e s  in the bedrock such a s  faul t planes . Fau l t  planes 

d ippi ng towards the free face are potentially unstable sur faces . Thei r  

instab i l i ty increases proportiona l l y  a s  t h e  str ike of the fau l t  plane 

approache s that of the s l ope . Many of these fau l t  pl ane s are high angl e 

fau l t s  that corre spond with bedding plane surface s .  Fau l t  planes that 

do not correspond with bedding plane sur faces are generally l ow-angl e 

thru s t s . S l iding along such surface s  i n  many instance s  i s  fac i l itated 

by the presence of blue-grey , soft , wet , fault gouge (pug ) which var i e s  

in thi c kne s s  from between 0 . 1  - O . Sm .  The amount o f  transl ational s l id­

ing along these surfaces is d i f f icult to a s s e s s . 

Joint and c l e avage surface s  have not been recogni sed a s  ma j or d iscon­

t inui t i e s  a l ong which tran s lational s l iding occurs l argely bec au s e  the 

continu i ty of these surface s is o f  l imited extent . 

3 .  Movements Compri s ing Earth Mater ial s 

The origin o f  the surface a long whi ch transl ational s l id ing in earth 
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FI GURE 1 0 . 8 : Very shal low debris avalanches resulting from fai lure at 
the col luvium-bedrock contact . Note the near vertical 
bedding attitude o f  the thin -bedded strata compr i s ing the 
Tamaki Lithotype . In such s i tuations the or ientat ion o f  
the s trata , perpendicular t o  the free- face o f  the s lope , 

i s  not conduc ive to those s lope movement type s invo lving 
f a ilure along plane s  o f  weakness within the bedrock . 
The se debr i s  avalanches are thus very shal low and are o f  
sma l l  areal extent i n  compari son to those debr i s  ayalanches 
that involve bedrock material . 
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material takes place i n  thi s area i s  uncertain . A number of earth 

s l i des in the lower reaches of No . 1 and No . 2 Lines ( localities 76 and 

7 8 -8 0 ;  Maps 5 and 6 ;  see a l so Fig . 1 0 . 9 ) i llustrate downslope move­

ment towards the SW , W and NW .  At each locality the surface o f  trans­

lational s liding is planar in outl ine , gent ly-d ipping and approximates 

what is thought to be a bedding plane . 

The removal o f  a l l  the material within the outline o f  each earth slide 

is thought to indicate that movement was rapid . Upon reaching a drain­

age channel , sl ide material appear s to develop into earth flows . 

B .  Fal l s  and Topples 

1 .  Roc k  Fal l s  

Roc k  Fal l s  are predominant ly the result o f  fai lure along j o int surfaces 

w i thin stratigraph ically thick units of unbedded sandstone . Jo inting on 

a regional scale is poorly d eveloped but locally may be strongly developed . 

Two dominant j oint ori entations have been mapped ; one strikes from 

northwes t  to southeast and the other strikes in an east-we s t  direction 

at n ear r i ght angl e s  to the former set of j oints . The angl e  of d ip o f  

both sets o f  j oints i s  highly variabl e but in general is steep . No con­

s i stent pattern of dip d i rection could be d i scerned for either set o f  

j o ints . Both sets are open j o ints . 

Roc k  fal l s  a s soc iated with s trata compri s ing the Tamaki Lithotype are pre­

dominantly restric ted to local ities where very steeply dipping bedded 

strata are expo sed in stream channe l s . Here rock fal l s  are the result of 

failure along bedd ing pl ane s which in many instances have been tectonic­

ally disrupted to form open j o ints . There i s  no corre lat ion between bed 

thickness and rock fall activity . Rock fal l s  assoc iated with strata com­

pri s ing the Wharite Lithotype occur along near vertical bluffs of thick 

sands tone . Here rock fal l s  are particularly evident in eastward and wes t ­

ward draining catchments where the strike o f  the east-we st set o f  j o ints 

parall e l s  valley s lopes and stream chann e l s  within which the sandstones 

occur . Some rock fal l s  occur irrespec tive o f  the dip d irect ion o f  j oint 

sur fac e s  ( Fi g . 1 0 . 1 0 ,  diagrams A and B ) whi l st other s  occur where j oint 

surfaces dip towards the stream chann e l s  ( Fi g . 1 0 . 1 0 ,  d iagram C ) . 

Most rock fall s  are preceded either by toppling or translational sl iding . 

Where rock fall activity has occurred the resultant parent rock- face i s  

o f t e n  blocky in appearance .  It i s  at the s e  localities that i t  i s  readily 

apparent that both sets o f  intersect ing j oints have largely contro l l ed 
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Sca l e  1 : 2 4  000 N 

/ 
FIGURE 1 0 . 9 :  S tereo scopic view o f  l arge- scale earth movements ln the 

lower reaches of No . 1 Line and No . 2 Line streams . Five 
mass movement features ( local ities 76 and 7 8 -8 1 )  have 
been c l a s s i fied as earth s l ide s and two ( loca l ities 7 5  
and 7 7 )  have been c la s s i f ied a s  earth s l umps (Appendix VI ) . 

Local i t i e s  7 6 - 8 1  are thought to be the result o f  trans­
lat ional s l iding along a westward d ipplng ?bedding plane . 
The sl idlng of earth material from loca l i t i e s  7 6  and 7 8 -

8 1  i s  thought t o  have re sulted in the forrnatlon of earth 
flows down the channe l s  o f  No . 1 Line and No . 2 Line 
streams . For local i ty deta i l s  o f  mass movement features , 
r e fer to Maps 5 and 6 and Appendix VI . 



( A )  Joi nt surfaces d i p  
steeply into h i l l side 
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( B )  Joi nt sur faces are 
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( C )  Jo int surfaces d i p  
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F I GURE O .  0 Sch ema t i c  di agram i l lustrat i ng var iations i n  the 
structural atti tude of j o int surface s ,  w i th r e spe c t  
t o  the f r e e  f a c e  o f  sand s tone bluf f , along whi ch 
f a ilure r e su l t s  in rock fal l a c t iv i ty . Somet ime s 
topp l e  precedes rockfall activity ( d i agrams A and B )  
and i n  o ther in stance s tran s lat ional sl iding pre­
cedes f a l l  activity ( d iagram C) . 

2 68 .  
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rock fal l activity . Where the resultant roc k- face i s  planar in appear­

ance , i t  appears that rock fall activity has been control l ed by one 

dominant set of j oints ( Fig . 1 0 . 1 1 ) . Sets of fil led j oints were not 

found in associat ion with rock fall activity . Consistent relationships 

between j oint s i ze , spac ing ,  open or fil led j o ints and the inc idence of 

rock f al l s  c ould not be e s tabl i shed . Rock fall locations are shown on 

Maps 5 ,  6 and 7 .  Slope movement as a result o f  rock fal l activity i s  

o f  a sma l l  s c a l e  and of minor importance i n  this area . 

2 .  Roc k  Topples 

The pl ane o f  separation associated with some rock topples i s  c l ear l y  o f  

fault origin . I t  i s  apparent that the hor i zontal separation be tween 

the parent wal l  and the toppl ed block results from the erosion of fau l t  

gouge from along a faul t plane . However , the orientation of the se 

feature s i s  not always consi stent wi th the dominant northeasterly 

striking fau l t  pattern o f ten tending to fol low the orientation o f  ad­

j ac ent val l e y  s lope s . Here , topples coinc ided with open joint sur faces 

o f  l imi ted extent . Examples o f  bedding plane failure resul ting in 

topple coul d not be veri fied . Examples o f  topple culminating a s  rock 

fal l s  were recogni sed at s trongly j ointed bluffs o f  sandstone l itholo­

gies ( Fig . 1 0 . 1 0 ,  diagrams A and B ) . 

3 .  Earth Fal l s  and Earth Topples 

The origin o f  d i s continuities along whi c h  movement results in ear th 

fal l and earth topp l e  activity i s  unknown . The atti tud e of such d i s ­

continu i t i e s  i s  too steep t o  corre spond with infrequent , gently d ipping 

bedding surfaces within these material s .  Joint patterns are i ndi stinct . 

Fau l t  plane s are present but rarely do they corr�spond in attitude and 

s trike d i rection to the sur faces along whi c h  movement propagate s . Non e ­

thel e s s , t h e  f a i l ure surfaces a r e  o f  planar outl ine which a lway s  paral lel 

near vertical bluffs and thus i t  i s  thought that toppl ing resu l t s  from 

separation o f  blocks of material from the parent blu f f  purely as a con­

sequence o f  gravi ty ; i . e .  the material behave s i sotropicall y .  

Some earth fal l s  and earth toppl e s  are found i n  assoc iation with l arge 

earth s lumps . Here blocks o f  earth material become d i s lodged from a 

headwa l l  s carp o f  a slump along transverse open tension crac k s . Vert i ­

c a l  cracks develop in re spon se t o  downslope movement o f  the s l ump mas s , 

and the mas s  f i nal ly fa'
l l s  or toppl e s  due to gravi ty .  
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FIGURE 1 0 . 1 1 : Rock fall resu l t ing from fai lure a long the north-south 
trend i ng j o int system . The p l anar j o int sur fac e s  d ip 
steeply towards the wes t  ( le f t ) . Channel at base o f  rock 
fal l  is choked with coar se angular rock fal l  detr i tus . 
Photograph taken in North Oruakeretaki c atchment at 
T 2 3 / 5 9 3 09 1 . 
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There i s  no recogn i sable surface o f  failure assoc iated with d ebris 

fal l s . Failure l arge l y  results because the shear strength of the free­

s tanding depo s i t  o f  unconsol idated material has been exceeded by the 

shear s tres s  appl i ed . stress is d i str ibuted throughout a zone of shear 

of s teep a t t i tude that develops paral l e l  or sub-paral lel to the open 

face of the depo s it . Aga in the material behave s i sotropical l y  and fal l s  

a s  a debr i s  fal l .  

C .  Deep-Seated Rotat ional S l id e s  ( Slumps ) 

1 .  Roc k  S lumps 

Rock slumps generally form in homogenous mater ials but with in the study 

area they form w i thin two l i thological l y  and s truc tural l y  d i fferent bed­

rock l ithotypes ( see Chapter 2 ) . Each compr i s e s  a number o f  l i thologi e s  

o f  d i verse origi n , d iffering in compo s i t ion , and having very d i f f erent 

mechanical strength s . The even di str ibution of rock s lumps throughout 

the study area indicate s  that d if ferences in the l i thological c haracter­

i s t i c s  of the bedro c k  ( compr i s in g  Wharite and Tamaki Lithotypes )  bears 

l i ttle relationship to their formation , i . e .  the bedrock behaves iso­

tropically and f a i l s  a s  a rock slump . Nonethe less a great many rock 

slumps in thi s area occur ei ther ad j ac e nt to a sur face trace of a maj or 

fau l t  or w i th i n  a Z9ne o f  fault brecciated bedrock .  Thi s relationship 

i s  examined further with examples o f  rock slumps along the strike o f  

the Well ington a n d  the Ruahine Faul t Zone s . 

Fau l t  related factors that influence the stabil ity o f  valley s lope s are 

a l so d e ta i l ed . These inc lude examination o f  fault de formation of bed ­

rock l i thologies , relationships between fault zone width and orientation 

with respect to struc tural attitude o f  bedrock s trata and to val l ey 

s lope , and the l ocation o f  faults in relation to slope steepn e s s  and to 

rock s lump movemen t s . 

(a J Character i s tic fea t ures of major faul t zones 

Fau l t  zone s u sual l y  con s i s t  of a number of di scont inuous , sub-parallel , 

en-echelon traces that are c harac ter i st ically straight a nd are o f ten 

expre s sed physiographically a s  a seri e s  o f  s carps , trenche s , sadd l e s , 

notche s , truncated spurs and faul t a l i gned stream reache s ( see Chapter 

6 and Map 4 ) . The Welli n gton Fau l t  Zone d emarcates the eastern margin 

o f  the southern Ruahine Range . Between the Manawatu Gorge and Otamarahu 
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s tream a number o f  d i sconti nuous , sub-paral le l  fau l t  trace s  are pre­

s e rved e i ther within Late Quaternary sediments or form the contact be­

tween them and Torl e s se bedrock .  From Otamarahu s tream northwards ,  a 

single d i scontinuous f au l t  trace i s  predominantly confined within bed­

rock s trata c ompri s ing the Tamaki Lithotype . Onl y  here a t  a l ti tude s  of 

between 3 00-5 0 Om do s teep s l ope s ( >3 0
0

) border this Fault Zon e . Di s ­

placement o f  terrace surfac e s  o f  Late Quaternary a g e  indicate that 

thi s faul t  wa s a c t ive in Late Quaternary t ime . 

The Ruahine Fau l t  Zone has a l so been mapped throughout the study area 

( see Chapter 6 and Map 4 ) . Thi s  Fau l t  Zone s trike s acro s s  steep upper 

catchment reaches at considerably h i gher a l t i tude s  ( average a l ti tude o f  

between 7 5 0- l 0 0 0m ) than the Wel l i ngton Fault Zon e . Val l e y  s lope s 

adj acent to the Ruahine Fau l t  Zone are s t e ep and have an average grad ient 

o f  3 0
0

• However ,  s lope s of 4 0
0 to 5 0

0 
are common where this fau l t  cro s se s  

stream c hanne l s . Throughout part o f  i t s  l e n gth thi s  Fau l t  Zone d i splaces 

and brec c i ate s bedrock of the Whari t e  Litho type , and in part s eparates 

the two bedrock l i thotypes ( Map 1 ) . There are f ew surface expr e s s io n s  

to indicate that the Ruahi n e  Fau l t  Zon e  w a s  act ive duri n g  Late Quaternary 

times , however thi s fau l t  i s  considered to be ' Potential l y  Active ' ( see 

Chapter 6 ) . 

Rock s l umps are al so found i n  a s so c i a t ion with splay faul t s  and cro s s  

f au l t s  that abound throughout the Range ( se e  Chapter 6 and Map 4 )  . 

I t  i s  o f ten d i f ficult to determine the amount or direction of throw o f  

these fau l t s  becau se the f au l t  plan e s  are rarely expo s ed ; dense vege­

tation often mas k s  the fau l t  scarps and removal of the scarps by 

ero s ion i s  common , par t i cualrly within the Range i t s el f . Con sequent l y , 

s ome o f  the fau l t  zones are l arge l y  identified by the pre sence of bed­

rock expo sure s o f  f au l t  brecc i a  or strongly d i srupted s trata in places 

measuring s everal hundred metres acro s s . In the study area bedrock 

within fau l t  zones may exh i b i t  one of two forms of de formation . The 

f i r s t  c ompr i se s  extens ive bre c c iation o f  the bedrock . Sandstone l itho­

logies are reduced to a grey or white coloured bre c c ia that may s how 

s igns of c ementatio n . Blue-grey coloured gouge i s  o ften found ad j acent 

to the faul t plane along whi c h  movement took plac e .  I f  both s and stone 

and argil laceous l it hologie s are pre sent within the crush zone , the re­

s ul tan t brecc ia is ' bl a c kened ' i n  appearance due to the pre senc e o f  the 

argi l laceou s  c omponen t . Where argi l l i t e  i s  pre sent i t  tends to be mor e  

abundant w i thin t h e  bre c c ia zone than i n  ad j acent unfau l te d  bedrock . 
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Thi s apparent increase i n  the arg i l l ac eous c omponent may be due to 

arg i l l i te remobi l i sation during intense d eformat ion ( Reed , 1 95 7 ) . The 

second form of fau l t  de format ion i nvolves loosening o f  i n  s i t u  bedrock 

along d i s c ontinui t i e s  such a s  bedd ing p l ane s , j o int s , c l e avage s and 

s hear surfaces . The result i s  reduced c ohe s ion along the d i scontinu i ­

t i e s , thereby decreasing t h e  shear strength o f  the rock unit . The 

Tamaki Litho type i s  part i cularly prone to thi s  form o f  deforma tion be ­

c au se o f  the numerous bedd i ng-plane sur faces . within the Whar ite 

Li thotype (melange terrane )  loosening occur s  a long numerous c l eavage 

sur faces within the pervas ivel y  sheared arg i l l a c eous matr ix . I n  

addition , loo sening occurs a long conta c t s  between blocks ,  pod s and 

l e n se s  o f  c ompetent l i thologies and the surrounding argi l l ac eous matrix . 

These c l a s ts are then eas i l y  removed from the matrix by phy si c a l  eros ion 

and fall out of near vert i c a l  bedroc k  exposures .  

I n  the field , bedrock d i srupted a s  a result o f  d eep-sea ted s l ump move­

ment i s  d i st ingu i s hable from fault bre c c i ated bedrock :  f ir s t l y , by the 

degree of fragmenta tion ; and second l y , by the abs enc e  of veining , 

gouge and c emen t i ng matrix . Slump movement results in fragmentation 

(without cru shing)  whereas fau l t  movement general l y  results in brec c i a ­

t ion o f  a l l  l i thologi e s . 

(b) The rel a t i onship of rock sl umps to major 

fa ul t zones 

Thi s  re lationship i s  d i scussed with r e spect to ; f ir stly , the Wel l ington 

Fau l t  Zone ; second l y , the Ruahine Fau l t  Zone ; and third l y , the Piripiri 

Faul t .  The f i r s t  three examp l e s  i l lustrate variations in the pos ition 

o f  the trace of Wel l i ngton Fau l t  with respect to rock s l umps . Each of 

these slumps i nvolve s fa ilure o f  s lope s und e r l a in by bedrock compr i s ing 

the Thin-Bedded As s o c i at ion o f  the Tamaki Lithotype . The f i r s t  example 

is a t  local i ty 3 6  ( Maps 5 and 6) where vertical s l ump movement has been 

smal l  but suf f i c ient to produce a d i s t inct headwa l l  s c arp . Subsequently ,  

muc h  of the slumped bedrock maS S  has remained intac t a s  a coherent uni t ; 

the gras sed surface i s  not unduly hummoc ky in appearance . The s lope o f  

the slump surface has rema ined a s  steep a s  the ad j a cent unslumped h i l l ­

s ide . The s lump covers an area of 18 . 1  hec tare s .  A Late Quaternary 

fau l t  trace cuts acrO s s  the mids lope of the s lump ( Fi g .  1 0 . 1 2 ) . Her e , 

fau l t  pug within a fault trench cuts across the s l ump , and fault 

brecc iated bedrock occurs a t  two loc a l i ti e s  2 5 0m and 750m further north 

along the s tr ike of the fault trac e . Outcrops of highly d i srupted bed-
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FI GURE 1 0 . 1 2 :  Pos l t ion o f  Wel l ington Faul t trace in relation to rock 
slump at local ity 3 6 . Cross-sec t ion ( a )  i l lustrates 
the structural attitude o f  the bedded bedrock strata 
and fau l t  plane in the vic inity of thi s  s lump . Slump 
fallure i nvolves bedrock l i tho logies compr i s ing the 
Tamaki Li thotype . The same local i ty is shown in plan 
Vlew ( b )  and in stereoscopic v iew ( c ) . For deta i l s  o f  
slump local ity r e f  r to Maps 5 and 6 and Append ix VI . 
For deta i l s  o f  tectonic features along Wel l i ngton Fault 
refer to Map 4 and Appendix Va . 
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rock are expo sed down s lope o f  the fau l t  trace near the base o f  the rock 

s lump . 

The second exampl e at local ity 3 0  ( Maps S and 6 )  i s  l e s s  regular in 

out line but d i splays greater surface irregu l arity as a result of sub­

s tantial vertical d i splacement . Thi s  s l ump covers an area o f  2 6  hec­

tare s . S lump movement has formed a 2 0m  wide , flat-bottomed trench 

approximately Sm deep at the head of the s l ump . This trench separates 

the head o f  the s l ump from the steep bedrock s lope above ( F i g . 1 0 . 1 3 )  

and coincides w i th the Late Quaternary trace o f  Wel l i ngton Fau l t  

( Chapter 6 and Map 4 ) . Brecc iated bedrock crops out in s tr eam channel s  

to the north and south a long the strike o f  the fau l t  trace but i s  not 

evident w i thin the trench . H ighly d i s rupted bedrock occurs a long the 

r i ght bank of Rokaiwhana Stream where it cuts acroSS the toe of the 

s l ump ,  and a long a sma l l  stream that follows the southern margin of the 

s lump . 

The third example at local i t y  1 1  ( Maps S and 6 )  involves minimal slump 

movement o f  8 . 2  hectares o f  forested s lope , a t  the bas e  o f  whi c h  there 

is an exten s i ve zone o f  fau l t  bre c c iated bedrock .  Streambank under­

c utting par a l l e l  to the base o f  the s l ump has exposed fault breccia . 

The Late Quaternary trace o f  Wel l i ngton Fau l t  cuts acro s s  the l ower 

portion of thi s s l ump ( Fi g .  1 0 . 14 ) . 

At each o f  the above local i t i e s  bedrock s trata strike to the north and 

northeast para l l e l  to s lope contour s . As the bedrock strata d ip steeply 

into the h i l l s ide towards the west and the slumps have moved downslope 

towards the east , i t  is  not pos s ib l e  for s l umping to have occurred a s  a 

result o f  s l iding along bedding plane surfaces .  At the se loc a l i t i e s  

the trace o f  We l l ington Fau l t  a l so c o i n c i d e s  with the s tr ike of the bed­

rock s trata and l i e s  paral l e l  to s lope contour s . The attitude of the 

fault pl ane is though t  to be e i ther near vertical or steepl y we stward 

d ippi n g  ( OWer , 1 94 3 ) . The relative ly s tr aight sur face trace of thi s 

fau l t  and others i n  the s tudy area supports a h i gh angle fau l t  plan e . 

Although the fault p l an e  i s  not expo sed in proximity to these s l umps , 

the presence o f  a zone o f  fau l t  brecciated bedrock and a topograph i c al 

fau l t  trace can be ver if ie d . Ne i ther the sur face a long whi c h  rotational 

s lump movement took p l ac e  nor the plane o f  fau l t  d i splacement are ex­

posed . Thus the origin of the surface of rotational slump movement i s  

currently unknown but �t may : ( 1 ) coincide i n  part with the plane o f  

fault d i splacement ;  o r  ( 2 )  o r i ginate independently of exi s t in g  l i tho-
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F I GURE 1 0 . 1 3 :  Pos it ion o f  Wel l ington Fau l t  trace in relatlon to 
rock slump at local lty 3 0 .  Cros s - section ( a )  i l lus­
trates the s truc tural att itude o f  the bedded bedrock 
strata and fau l t  plane in the vlc inity o f  this rock 
s l ump . S l ump failure invo lves bedroc k  l i thologies 
compri s ing the Tamaki Lithotype . The same local ity 
is shown i n  p l an view ( b )  and in s tereoscopic view ( c )  . 
For deta i l s  o f  slump local i ty refer to Maps 5 and 6 
and Appendix VI . For deta i l s  o f  tecton ic features 
a long Wel l ington Faul t re fer to Map 4 and Appendix Va . 
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F I GURE 1 0 . 1 4 ;  Pos i t ion o f  We l l ington Faul t trace in relat�on to 
rock s l ump at loc a l ity 1 1 . Cross-sec tion ( a )  i l lus­
trates the s tructural attitude o f  the bedded bedrock 
s trata and fau l t  plane in the vicinIty of this rock 
s l ump . S l ump faI lure involves bedrock l i thologies 
compr� s lng the Tamaki Li thotype . The same loc a l ity is 
shown in pl an view (b)  and In s tereoscopic view ( c ) . 
Other mass movement features are a l so i l l u s trated , e . g .  

r . t . s .  ( r �dge-top scarp ) . For local ity deta i l s  o f  
mas s  movement features re fer t o  Maps 5 and 6 and 
Appendix VI . For deta i l s  of tectonic feature s  a long 
We l l ington Faul t  refer to Map 4 and Appendix Va . 



logical or structural d i scontinuities within the bedrock be ing exacer­

bated by the presence of a zone o f  fau l t  bre c c iated and/or fault d i s ­

rupted bedroc k . 

A s imi l ar r e l at ionship exists between l arge-scale slump movements and 

the Ruahine Faul t  Zon e  which d i sp l ac e s  bedrock compris ing the Wharite 

Lithotype . At local ity 6 1  ( Maps 5 and 6 )  a rock slump measur ing 5 0 0m 

in width at its base extends 2 0 0m upslope from an a l titude o f  7 00m to 

9 00m a . s . l .  ( Fig . 1 0 . 1 5 ) . The ovate s lump outl ine i s  sharply d ef ined 

by pronounced headwa l l  and l ateral scarps that del ineate an area o f  

2 7 8 . 

1 4 . 5  hectares ( F i g .  1 0 . 17 ) . The sur face o f  the slumped mass is hummoc ky 

with the ma j o r  part sti l l  retaining its original fore s t  vegetation 

cover . The foot o f  the s l ump has been deeply d i s sected by gul l y  erosion 

and the toe s lope is severely eroded , owing to present day fluvial under ­

c utting by the eastward draining Raparapawai Stream . The strata c ompri s ­

i n g  Wharite Li thotype i n  the vic inity o f  the b a s e  o f  the slump have been 

severely bre c c i ated and contorted by movement o n  the Ruahine Fau l t . The 

north to northeast striking and steeply eastward d ipping bedroc k  fol i at ion 

wi th i n  thi s fau l t  bre c c ia zone is bare l y  recogn i sabl e .  The s tr ike o f  the 

Ruahine Fau l t  Zone par a l l e l s  bedrock fol i a t ion and the fau l t  plane is 

l ikely to have a near vertical attitude . As the sur face of fai l ur e  dips 

towards the north and is at r i ght angl e s  to both the dip d ir e ction o f  

bedrock fol iation and the faul t  plan e , i t  i s  unl ikely that e i ther l i tho­

logical or structural d i scontinu i t i e s  are r elated to the deve lopment o f  

the surface o f  fai lure beneath thi s s l ump . Thi s  s l ump s i t s  a stride a 

zone of brecc iated bedrock which in this vic inity exceeds 2 0 0m in width . 

S igns o f  fau l t  brecc iated and d isrupted bedrock extend intermittently 

over a total width o f  approximately s O Om .  Muc h  o f  the brec c ia has been 

c arbonate-cemented , thus ind ic ating an early episod e  of faulting ( see 

Chapter 6 ) . Refaul t i ng , pos s ibly dur i n g  Late Quaternary t ime s ,  has pro­

duced much fault gouge , recrushed the fau l t  brec c ia and loosened c l a s t s  

o f  competent l i thologies within t h e  encompas s ing matrix . The r e s u l t  o f  

such extensive faul ting h a s  been t o  e ffec tivel y  homogeni s e  t h e  bedrock .  

The bre c c i ated bedrock lost its original stratal fabr i c  a s  a r e su l t  o f  

movements along thi s  Fault Zone and behaved i sotropical ly . Thus the 

s l ump i s  considered to have formed by gravi tational c o l l apse of a mas s  

o f  extensively brecc iated bedrock along a northward sloping sur face o f  

failure . 

The last examp l e  o f  a rock s l ump occurs on a splay faul t , the P iripiri 

Faul t ,  which strikes southwe st o f  Ruahine Faul t  Zone into P iripiri stream 
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c atchment where a maj or rock s l ump has been iden ti fied . I t  i s  the 

l argest rock s lump in the s tudy area covering an area of 39 hec tares 

( locali ty 2 ,  Maps 5 and
,
6 ) . From its bas e  at val l ey floor l evel , where 

it is 7 5 0m wide , it extends 4 0 0m upslope to the crest of an ad joining 

r idge at l 2 00m a . s . l .  The roughly ovate out l ine i s  sharply d e fined by 

very s teep scarps , the h i ghe st o f  which occurs along its eastern margin 

( Fi g . 1 0 . 1 6 ) . S crub and fore st cover the upper two-thirds o f  the slump . 

Recent f luvial bank undercutting at i t s  toe has c au sed renewed sma l l ­

s c a l e  s lumping and s tream bank collapse . These active eroding lower 

s lopes have been colonised by tussock gra s se s . A deeply d i s sected 

tr ibutary drains down the centre of the slump ( F i g . 1 0 . 1 6 ) . The trace 

o f  P i r ipiri Fault coinc ides with the toe o f  this slump . Piripiri Fault 

c an be traced across the upper reaches o f  several tr ibutary streams o f  

the Pohangina River located t o  the north and east of Piripiri S tream . 

Several o ther l arge-scale s lump features are al igned along this f au l t  

trace beyond the northern boundary o f  the s tudy area . The catchment 

east o f  P i r ipiri S tream c ontains rock s l umps that paral l e l  the r idge 

c re s t s , indicating s imil ar l arge- scale s lope movements have occurred 

( localities 2 b  and 2c , Maps 5 and 6 ) . 

The bedrock s trata i n  P iripiri Stream c atchment d i f fer from that ex­

posed near the Raparapawai slump ( locality 6 1 )  in that it i s  tectoni c ­

a l l y  l e s s  deformed . Thus much of the s trata cons i s t s  o f  regular l y  

bedded l ithologie s , each separated b y  a d i stinct bedding plane sur fac e . 

However , d i srupted strata exhibiting a d i s t inct fol iation are a l s o  pre ­

sent i n  ad j ac en t  outcrops . Units o f  strata showing the se two d i stinc tly 

d i f ferent s truc tural s ty l e s  appear to be interbedded at this local ity . 

The str ike o f  the fol iation and bedding planes var ies between 60
0 

and 

80
0 

east of north , which approx imately para l l e l s  the or ientatio n  o f  

both Pirip i r i  Stream channel and the fau l t  trac e . The strata d ip to-
o 0 

wards the southeast at between 50 -60 . Here ( locality 2 ) , fai lure may 

have or i g inated in two d i fferent ways . First , the str ike o f  the s trata 

paral l e l s  P i r ipiri Stream c hanne l and d ips s teeply towards the south­

east in the d i rection of the free face of this s lump ( Fig . 1 0 . 1 6 ) , so 

d i scontinuities within the bedrock , coupled with the land scape con­

figurat ion , may have initiated s lope failure . Second , failure may be 

related to a lowering of shear s trength o f  the fault brecc i a  present 

along the toe of the slump . 

I t  i s  not pos tulated tnat a l l  l arge-scale rock slumps are necessarily 

associated with faults or that the presence of fault brecc iation or d i s-
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rupted bedroc k  i s  a prerequ i s i te for the ir formation in the study area . 

Of the 5 6  rock s lumps documented ( Appendix VI ) the maj o r i ty ( 60 % ) occur 

in loca l i t i e s  where there i s  a wide zone of fault brecc iated bedrock . 

The greater the width o f  the fau l t  zone the greater i s  the potential 

for the deve lopment o f  rock s l umps o f  l arge s i ze . The orientat ion o f  

fau l t  zones w i th respect t o  valley s lope s  appears unrelated t o  rock 

s l ump forma tion becau se they occur both where the orientation of the 

fau l t  zone i s  paral l e l  ( e . g .  Wel l ington and P i r ipiri Fau l t s ) and perpen­

dicular to s l ope con tours ( e . g .  Ruahine Faul t ) . Approximately 2 5 %  o f  

t h e  rock s l umps i n  thi s area occur in a ssoc iation with fau l t s  of known 

orientation whil s t  3 5 %  are found in loc a l i t i e s  where fau l t s  have no 

phys iographi c  expr e s s ion and the orientation o f  fau l t  brecc ia zones 

is unknown . Forty percent o f  a l l  rock s l umps in this area do not appear 

to be related to fau l t s  in any known way . 

Most roc k  s lump movements in the southern Ruahine Range are the result 

o f  gravita t ional forc e s  acting upon l ar ge mas se s  of fau l t  d i srupted bed­

roc k . Brecc i at ion and d isruption of the bedrock preced ed and fac i l i tated 

subsequen t  rock s lump movement . Failure s eems to co inc ide w i th periods 

o f  heavy rainfall but may a l so coinc ide with periods of r e j uvenated fau l t  

rupture or s e i smic s haking ( see section 1 0 . 4 ) . The tempora l  relations 

between fau l t d isplacemen t  and slump movement in this area is further 

d i scussed in Chapter 1 2 .  

Sma l l - s c a l e  s lump feature s  develop a t  the toe s lope of larger deep­

seated s lumps . Thes e  sma l l -scale s l umps o ften f a i l  a s  a r e su l t  o f  

s treambank undercutting into d isrupted bedrock resu l t ing in oversteepen­

ing of the toe s l ope ( Fi g .  1 0 . 18 ) . 

2 .  Debr i s  F lows 

In the s tudy area there are two requ irements necessary to form a debr i s  

flow . First l y , there mu st b e  a mas s  movement feature o f  sub s tantial 

size that is c apable o f  contributing l arge amounts o f  rock detritus to 

a stream c hanne l . Within the mapped area it appears that debr i s  f lows 

only develop where l arge-scale , deep- s e ated rock s lumping has occurred . 

A r e l a t ionship thus e x i s t s  between the incidenc e of rock s l umps and the 

formation of d eb r i s  f lows , yiven that other condition s , i nc luding mo i s t ­

u r e  content a n d  detritus o f  suitabl e  compo s i t ion are met . Shal low types 

o f  slope movement such a s  debr i s  s l ide s , debr i s  aval anche s , rock s l id e s  

and rock f a l l s  have been o f  insuf f ic ient s i z e  to r e su l t  in debr i s  f lows 

with i n  the period of obse rvation . Although the se shallow s lope movements 
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F I GURE 1 0 . 17 : Large-scale rock s l ump w i th wel l  defined lateral and head­
wal l  scarps . Slump movement i s  toward s the north ( righ t ) . 
Thi s slump s it s  a s tr ide a sOOm wide , northeast strik ing 
fau l t  breccia zone mapped a s  the Ruahine Faul t . Note the 
occurrence of debr i s  s l ides i n  the headwal l  area and gul l y  
erosion together w i th debr i s  s l ides in the toe area o f  the 
s lump , much of which has developed s ince 1946 ( see Chapter 1 1 ) . 

Photograph taken in Raparapawai Ca tchment a t  loca l i ty T2 3/56 307l . 

FI GURE 1 0 . 18 :  

Small -scale rock slumps and 
debr i s  s l ides i nvolving d i s­
rupted bedrock l i thologies 
o f  the Whari te Lithotype and 
thick accumul ations of co l lu­
vium . Failure is mainly the 
result of streambank under­
cutting . 

Photograph taken i n  No . 1 Line 

ca tchmen t .  



are capabl e  o f  supplying suffic ient volume s of mater ial , the material 

compri ses c o l l uvium whi ch is coarse and lacks suffic ient " fine s "  to 

l ead to debris f low formation . 
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Second , the detr i tus mus t  compr i se a substant ial volume of f ine-grained 

argi l laceous mater i a l . Thi s  is always derived by rock slump act ivity 

from bedrock l ithologies compr i sing e ither the Wharite or the Tamaki 

Lithotypes .  Within the Whari t e  Lithotype , argil laceous materi a l  forms 

a cementing matrix around a l l  c l a s t s  and var ies from 0-100% between 

l i thozone s .  The overall impression o f  the i n  si t u  bedroc k  i s  its dark 

colourat i on due predominantly to the omnipresent arg i l la c eous mat r ix . 

S l umping o n  a l arge - s c a l e  i s  mos t  l ik e l y  to occur in the s tructurally 

weaker Fol i ated and Diamictite Lithozones ( see Chapter 2 )  in which the 

argi l l aceous content varies from 3 0 %  to 1 0 0 % . Rock slumps within c a tch­

ment s  under l a i n  by the Tamak i Litho t ype general l y  involve bedded strata 

compri s in g  the extensive Thi n-Bedded A s so ci a t ion ( see Chapter 2 ) , with 

an argil l aceous content of approximat e l y  3 0 % . 

Evi dence for debr i s  f low a c tivity in thi s  area i s  l imited to one h i s­

toric exampl e ( see Chapter 9 )  whic h  o c curred within a c atchment under­

l a i n  by l itho logies compr i s ing the Whar i te Lithotype . Nonethe l e s s  the 

argil laceous content of both the Tamaki and Wharite Lithotypes i s  con­

s idered suf f ic ient for formation o f  debr i s  flows . The s i z e  and d istance 

travel led by debr i s  f l ows w i l l  be l argely determined by o ther factor s 

s uc h  a s  vol ume o f  material involved i n  the initial rock slump movement 

and the amount of moi s ture present w i thin bedrock and stream c hannel s  

a t  the t ime o f  slump movement .  Within the study area a l l  5 6  rock s lumps 

( Appendix VI ) are potenti a l l y  c apable o f  developing into debr is flows 

in future movements . Thi s  sugge sts that debris f low act ivity could be 

an important mass movement process in the future and di scuss ion of this 

pos s ib i l i ty is included i n  Chapter 1 2 . 

3 .  Earth S l umps 

Earth s l ump movements i n  the study area are found at local i ti e s  where 

i nherent l i thological d iscontinuit i e s , particularly bedding plane s or 

faul ts , are pre sent . F i fty e i ght percent of a l l  earth slumps in this 

area occur on traces of known faul ts . Some of the se earth slumps 

( local i ti e s  90-97 and 1 0 3 - 1 0 8 , Maps 5 and 6 )  are a l i gned along the 

active Late Quaternary trace of Wel l i ngton Fault . At most o f  these 

loc a l i ties the fa ilure surface a long whi c h  movement occurred shows no 

known s tructural relationship with the fau l t  plane . However , a t  local i -



2 8 5 . 

t i e s  1 0 5 , 1 06 and 108 ( F i g .  1 0 . 1 9 )  i t  i s  probabl e  that fau l t  scarps 

c o i nc ide with s te eply eastward-dipping and relatively straight head­

wal l  s c arps o f  these earth slumps . Thi s  may indicate that deep-seated , 

rotational down s lope movement initiated from a steeply eastward-dipping 

fau l t  plane . Other earth s l umps are found in assoc iation with active 

c ontact fau l t s  ( e . g .  Umutoi Faul t ) . The s e  contact fau l t s  s eparate 

Torle s s e  bedro c k  from unconformably ove r l ying P l io-P l e i s tocene mar ine 

depo s i ts . The mari ne depo s i ts have been dragged as a result o f  tectoni c  

upwarping into s teeply d ippi ng attitude s  ( see Chapter 6 ) . Slump form-

ation along these contact fau l t s  may thus result from failur e  at : 

( 1 )  the fau l t  plane ; ( 2 )  the unconformable contact between 

Tor l e s se bedrock and P l io-Ple istocene marine depos i t s ; or ( 3 )  ste eply 

d ipping bedd i ng plane surface s  within the marine depo s i ts . 

( 1 )  Slumpi ng a s  a result o f  movement along the fau l t  plane i s  con­

s idered unl ikely in thi s  area becau s e  the maj or ity of c ontact 

faul ts are cons idered to be high angle reverse fau l t s , i . e .  the 

fault planes dip towards the Range . Extens ive areas of brecc ia­

ted P l io-P l e i s tocene marine depo s i t s  are not pre sent adj acent to 

the s e  c ontact faul t s . Thus slump movement within bre c c i a  zone s 

a s  a r e s u l t  o f  gravity c o l l aps e , s imil ar to that propo s ed for 

rock slumps , i s  not evident at these loca l i t i e s .  

( 2 )  Slumping a s  a result o f  movement at maj or unconformabl e  contacts 

s eems probab l e  because thi s  contact slope s steeply away from the 

Range towards lower l y i ng areas ad j acent to the Range . Such a 

movement would i nvolve translat ional s l id ing of Pl io-Plei stocene 

mar ine depo s i ts along thi s contac t . The ma jority o f  s l umps 

located at contact faul t s , however , show obvious s igns of rota­

tional rather than tran s l ational movement and nowhere is the bed-

roc k  contact expo sed . I t  i s  therefore unclear i f  s l ump movement 

at the se local i t i e s  r e su l ted from initial translational s l id ing 

along the bedrock contac t . 

( 3 )  The s trike o f  bedd ing plane surface s  within Pl io-Ple i s tocene 

mar i ne depo si ts para l l e l s  the s tr ike o f  contac t faults . The 

d ip o f  the s trata vari e s  between 3 0
0 

and 6 0
0

, a lthough overturned 

s trata have been reported at one loc a l ity ad j acent to Whareroa 

Fau l t  ( se e  Chapter 6 ) . Thus the s trata predominantly d ip away 

from the Range f�on t . At thes e  loc a l i t i e s  slump movement may 

begin wi th tran s l a tional s l id in g  a long a bedding plane surface 
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Sca le 1 : 2 4  000 

FI GURE 1 0 . 1 9 :  S tereoscopic photo-pair o f  large-scale earth slump at 
loca l l ty 1 08 (Maps 5 and 6 ) . Thi s  slump i s  wedged be­
tween a ' potential l y  Active Contact Faul t '  ( Ruahine 
Fau l t )  and the ' Ac t ive Fau l t '  trace of Wel l ington Fau l t . 
The s traight headwa l l  scarps of thi s  s l ump are thought 
to be the resul t of deep- seated movement of an earth 
mass down the steeply eastward d ipping fau l t  plane of 
We l l ington Faul t .  Phys iographlc feature s o f  tec ton ic 
origin , in the vicinity o f  this earth slump , are shown 
on Map 4 ( Inset E )  and documented in Appendix Va . 



whi ch progr e s s e s  to a new curved surface of failure upon which 

rotational movement takes place . 

2 8 7 . 

Earth slumps occur ad j acent to the Faul ted Pohang ina Monocl ine where 

Pl io-Plei stocene mar ine depo s i t s  have been folded into s teeply westward 

dipping atti tude s . Earth slumps at loca l it i e s  84 and 8 5  are s ituated 

immediately to the wes t  of the Monocl ine where the mar ine strata are at 

the i r  steepes t  attitude between 5 0
0 

and vertical ( Map 4 ) . Here slump 

movement i s  considered to develop in a s imi l ar way to that descr ibed in 

( 3 )  above . 

An earth slump at loca l i ty 8 6  ( Maps 5 and 6 )  has moved northward in a 

d i rection at r i ght angles to the westward d ip direction o f  the marine 

strata . Here the north sloping curved sur face of failure appe�rs to 

have developed at r i ght angles to and independently of the bedding 

plane s . There does not appear to be any r e l ation ship between the sur­

face of failure of thi s s lump and an eastward-dipping contact fau l t  

plane expo sed at T2 3B/5 8 5 1 9 2 . 

In summary , movement of the maj ori ty o f  earth slumps appears to show no , 

consi stent r e l ationship to l i thological or structural d i scontinuities 

within weakly indurated P l io-Pl e i s tocene mar ine depo s i t s  in this area . 

Only at a few local ities does the i n i t ia l  downslope movement o f  a slump 

mas s coincide with bedding planes , bedrock contac ts or an active fau l t  

plane . I t  i s  concluded that the ma j o r i ty o f  earth s lumps in the s tudy 

area fail when the shear strength of earth mater ials is exceeded to re­

sult i n  downs lope rotat ional movement a long a c urved surface o f  failure . 

Thi s failure surface deve lops independently o f  and is di scordant to 

planar d i scont inui ties within these earth material s . Earth s lumps in 

the southern Ruahi ne Range are thus thought to be largely o f  gravita­

t ional origin . They occur predominantly i n  topographi c a l l y  oversteepened 

loca l i t i e s  where c l imatic and seismic fac tors ( see sections 1 0 . 3  and 

1 0 . 4 , respective l y )  cause the mar ine depo s i t s  to fail as ear th slumps . 

4 .  Earth Flows 

Earth flows , l ike debr i s  f lows , are poorly represented within the study 

area . There i s  no evidence to suggest that earth flows have been an 

active proce s s  i n  recent t ime s . However , they may have been local l y  

important i n  the pas t .  Earth f lows undoubtedly formed within stream 

channel s  at the base o f' earth s l ides at loca l i t i e s  7 6  and 78-80 ( Maps 5 

and 6 ;  see a l so F i g .  1 0 . 9 ) . Few earth f lows appear to have developed 
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subsequent to earth s l ump s . Th i s  i s  largely becau se earth slumps have 

occurred in areas d i s tant from stream c hanne l s  or becau se down slope 

movement o f  earth s l ump material has been minimal with much of the 

s l ump mas s  rema ining in si tu . When saturated , the predominantl y f ine­

grained earth mate r i a l s  in the study area are h i ghly conduc ive to earth 

flow activ i t y . Earth f lows could be an important ma ss movement proce s s  

in the future ( see Chapter 1 2 ) .  

D .  Ridge-toE Features 

The upl i fted bedroc k  block c ompr i sing the southern Ruahine Range is 

al i gned between SW and NE .  The pattern o f  east-we st or iented narrow 

ridge c re sts i s  the result of deep valley d i s se c t ion of the Range . The 

following feature s e i ther form par a l l e l  or sub-parallel to r idge-tops 

and are pos s ibly related to l arge-s c a l e  rock s lumps . 

1 .  Ridge-top Benches 

Ridge -top bench e s  occur at two local i t i e s  i n  the study area . The f i r s t  

i s  i n  t h e  headwaters o f  C a r  Park catchment , a tributary o f  t h e  We st 

Tamak i  River , where a s er i e s  o f  short paral l e l  benches are arranged in 

s tep-l i ke fashion , decreas i n g  i n  a l t i tude from the crest o f  the Range 

to the top of a debr i s  avalanche scar known a s  " Catspaw" ( local ity 1 8 ,  

Maps 5 and 6 ) . Immed iately ad j acent and to the north s id e  o f  " Ca tspaw " 

there are four bench surfac e s  in an area where shal low translational 

s lope f a ilures have not previous l y  occurred and the dense vegetation 

cover is intac t . The s econd loca l i ty i s  in Rokaiwhana Stream ( local ity 

1 9 ,  Maps 5 and 6 ) . 

The a l i gnment o f  r idge-top benches a long the cre st of the Rang e  i s  

paral l e l ed b y  the northeast-southwe st s tr i ke o f  the bedroc k  strata 

c ompri s ing the Tamak i  Lithotype . At both loc a l i t i e s  bedding planes 

d ip steeply towards the e a s t . The parall e l i sm o f  bench formation to 

bedrock strike sugge sts a genetic relationship . The expo s ed bedroc k  

near the middle o f  the s l ip at " Catspaw " gives the impr e s s ion o f  

bul ging outwards s o  that the eastward-dipping s trata a r e  l e s s  s te ep 

here than at the top o f  the s l ip . Thi s  i s  possibly a minor open 

f lexure that typically c haracter i s e s  the style of fold deformat ion in 

the Tamak i  Li thotype . However , the d i scovery of benches above Catspaw 

i nd icates that succ e s s ive gravitational c o l lapse s  have been i n i t iated 

by downward movemen t  of l arge tract s  of h i l l s ide . The probable bend­

i ng o f  bedded s trata together with bench formation may there fore indi-
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cate that bedrock creep i s  important in some l arge-sc a l e  movements .  

There are no bedrock expo sure s above Catspaw so that deformation o f  the 

bedrock beneath the bench surfaces i s  not observable . Di srupted rock 

at the bas e  of the val ley s lope has not been seen so that a deep-seated 

movement either by tran s l a t ional or rotational s l iding a long a d iscon­

t inuity c annot be confirmed . The bench surfac e s  do not appear to show 

backward t i l ting and the s eparating scarps are l inear and not c urved . 

For these reasons rotational s l iding at thi s  local ity ha s been rul ed 

out . The absence o f  d i splaced sur fac e s  and the l imited lateral extent 

of the benches ind icate that the se feature s  are not the r e sult of 

fault d i spl acement . The s e  benches are not formed by d i fferential 

eros ion of argil l i te between res i s tant s andstone bed s . Hubbard ( 1978 ) 

sugge sts that bench format ion in the area ad j acent to " Catspaw " may be 

the r e s u l t  o f  e i ther : ( 1 )  c r eep o f  the sur f ic ial soil over the bed­

rock ; or ( 2 )  d e ep-seated s l umping wi thin the bedrock in respons e  to 

a ctive stream underc utt i ng . However , it is cons idered that the l imited 

thickness of the soi l in thi s area ( O . 7m )  is unl ikely to produc e  bench 

surface s  of 1 00m length , 1 0- 3 Om width and up to 1 0m vert i c a l  separation . 

Rotational s l umping has been di scounted ( see above ) and a c t ive s tream­

bank undercutting at the base of the s l ope i s  not evid ent . The most 

l ik e l y  mechan i sm i s  that o f  gravitational ad j u s tment o f  over steepened 

s lopes in upper c atchment areas by downs l ope movement of l arge mas se s  

of bedrock a l ong a surface o r  surfac e s  o f  fai l ure , whi ch are most l ikely 

to coincide e i ther in part or who l l y  with bedding planes .  

2 .  Ridge-top Depr e ss io n s  

Ridge - top depre s s ions are numerou s a long t h e  ax i s  o f  the Range where 

they have developed para l l e l  to ridge c r e st s . Many depres s ions are 

assoc iated with bedrock s trata c ompri sing the Wharite Lithotype and 

occur at s i t e s  wher e  the strike of the depr e s s ion par a l l e l s  bedrock 

foli ation d i r e c tion . Thi s  sugge s ts fa i l ur e  along a d i scont inuity 

para l l e l  to bedrock fol i ation . The direction o f  dip o f  bedroc k  fol i at ion 

i n  the v i c i n i ty of depr e s s ions , in some c a s e s  appears to control the 

direct ion of f a i lure even whe r e  structur a l  d iscontinuities dip into the 

h i l l s ide . Thi s  can be i l lustrated using two ad j acent loca l i t i e s  s i tu­

ated almo s t  back to back along the same s e c tion of r idge crest . Here 

both the l i thologic and structural feature s  of the Wharite Lithotype 

c on s i s tently strike towards the northeast and d ip towards the southeast . 

At l o c a l i t y  6 0  ( Maps 5 and 6 )  failur e  towards the east has formed a 

depres s ion along the e a s tern s ide o f  the ridge crest at the head o f  



Raparapawai catchment . To the west o f  thi s depr e s s ion at loca l ity 6 3  

( Maps 5 and 6 )  large-scale , down-dip movement toward s the e a s t  has 
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formed a depre s s ion on the wes tern s ide o f  the ridge . At other l oc a l i ­

t i e s , e . g .  loca l i ty 2 c  ( Maps 5 and 6 ;  see a l so Fi g .  1 0 . 1 6 ) , a r idge-

top depres s ion has formed at near r i ght angl e s  to the strike o f  fol iated 

strata but para l l e l  to the r idge crest . The se example s sugge s t  that 

whi l s t  a t  some localities neither l ithological nor s tructural d i scon­

t i nu i t i e s  within the bedroc k  influence formation o f  r idge -top depr e s s ion s , 

at other localities their formation may be a s s isted by l ithological 

and/or s tructural di scontinu i t i e s  at favourabl e  attitud e s  with r e spect 

to valley s l ope . 

Ridge-top depr e s sions are a l so a ssoc iated with strata compr ising the 

Tamaki Lithotype . Here , they are not dependent upon failure a long 

beddi n g  plane surface s  becau se their orientation c ro s s  cuts the strike 

direct ion o f  bedrock strata . Ridge-top depr e s s ions withi n  the study 

area a r e  not the resul t of d i f ferent ial ero s ion of an incompe tent 

l it ho lo gy . Because of the ir s inuous outl ine and the absence o f  fau l t  

bre c c i a , r idge-top depres s ions a r e  n o t  cons idered t o  b e  the direct 

result of vertical fau l t  displacement .  

At l o c al ity 4 1  ( Maps 5 and 6 )  i t  is readily apparent that this r idge­

top depr e s s ion is a result of deep-seated grav i tational failure . Here , 

one l arge roc k  s l ump ( lo c a l i ty 4 0 )  occur s  bel ow a r idge-top depr e ss ion 

within Mangapuaka catchment . Two o ther rock s l umps are s ituated 

further a l ong the hill s l ope from the depr e s sion . Each of the s l ump 

feature s  i s  d e l ineated by obvious headwal l and lateral scarps , ind icat­

ing rotational movement has taken plac e . W i thin Mangapuaka c a tchment 

the southern s tream bank give s the impre s s ion o f  be ing highly unstable 

and the bedroc k  shows obvious s igns of d i srupt ion . S igns o f  fau lting 

are absent . The depre s s ion is thought to mark the upper l im i t  o f  an 

extens ive mas s movement feature which has undergo ne a smal l  initial 

down slope movemen t  to produce the ridge- top depres s io n  and pos s ib l y  

trigger t h e  three sma l l er rock s l umps . 

3 .  Ridge- top Scarps 

There is no evidence within the s tudy area to sugge st that ridge-top 

s c arps are the resul t of failur e  along l itho logical or structural d i s ­

continu i t i e s  within t h e  bedroc k . Al l the example s  occur par a l l e l  to 

ridge crests i rre spe c t ive of the trend of the r idge . A f ew s c arps 

are c o i nc idental with stratal trends ( local i t i e s  2b and 6 4 ) but mos t  
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are not ( local ities 9 ,  1 0  and 1 2 ; Maps 5 and 6 ) . The diver sity o f  

strike direct ions o f  ridge-top s carps d i s t i ngui shes them from the pre­

dominantly northerl y  s triking tectonic scarps . While some o f  the 

r idge-top s carps are associ ated with l arge-sc a le rock slumps such a s  

at l oc a l i ty 2 b  ( Maps 5 and 6 ;  see al so Fig . 1 0 . 1 6 )  ( others appear a s  

i so l ated features in l oc a l i t i e s  where there i s  n o  o ther s i gn o f  s lope 

movemen t ,  e . g .  local i t i e s  9 ,  10 and 11 ( Maps 5 and 6 ;  see a l so F ig . 1 0 . 1 4 )  . 

All the s e  r idge -top feature s  are sugge s tive of downs lope movement by 

creep within bedrock .  The ir formation i s  s trongly dependent upon gravity 

because they always form para l l e l  to s l ope contour s .  In mos t  instance s  

i t  i s  not pos sible t o  e stabl i sh i f  trans l ational s l id ing has oc curred i n  

association with them . Ne i ther i s  it po s s ible to ascertain whether a 

surface o f  rotational movement has developed independently o f  existing 

di scontinui tie s .  Where ther e are rock s l umps with no a s soc iated r idge­

top features further rotat ional movement is l ikely to result in r idge­

top co l l apse . Ridge -top featur e s  may a l so be the precursor o f  rock 

s lumps . Thus fu ture l arge- scal e , deep-seated rock s l umps may be ex­

pec ted where r idge- top feature s  display evidence o f  inc ipient movement . 

E .  Summary 

S lope movements within the s tudy area are predominantly the result o f  

fai lure a t  shal low depths b y  tran s la t ional s l id ing e i ther along r ecog­

ni sed b edrock d i s cont inui t i e s  ( bedding planes and fau l ts )  or a l on g  

zones o f  shear wi thin soil , col luvium or weathered bedrock .  Movement 

within soil or col luvium may result from s l id ing a long a perched water 

table or a thin iron pan but in most instanc e s  the zone of shear i s  

indeterminab l e . Translational s l ides are general ly l e s s  than 1m deep 

and the ma j ority have been c la s s i f ied a s  debr i s  s l ide s .  The s o i l -bed­

rock or col luvium-bedroc k  contact is the s ingle mo s t  important di scon­

t inui ty along which tran sl ational s l iding occurs in the study are a . 

The pre sence o f  sub-surface water , the smooth outl ine o f  the eroded 

bedrock surface and the physical contrast between the se mate r i a l s  a l l  

contribute t o  the instabi l ity o f  soil or colluvium on the s l ightest o f  

val l ey s lo pe s . The depth o f  thes e  movemen t s  vari e s  c on s iderably with 

pos i tion on s lope , being sha l l owe s t  ( I - 2 m )  near r idge cre s t s  where the 

c o l l uvium mant l e  i s  thinnest and deepes t  ( 2 - 3m )  at the bas e  o f  vall ey 

s lopes where the c o l luvium mantle i s  t h i ck e s t . Trans l ational s l id in g  

a t  thi s contact occurs i ndependently o f  l ithological o r  structural d i s ­

continuit i e s  within the unde r ly ing bedrock . Both debr i s  s l id e s  and 

debr i s  avalanches result from s l iding on this contac t . 
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Translational s l iding a long internal s l ip sur faces within the bedroc k  

occurs a t  two di stinct l eve l s . At depths o f  l e s s  than 1m , s l iding 

occurs within the uppermo st weathered bedrock l ayer s . There is no 

apparent correl ation between the location of these s l ides and the 

underlying bedrock s truc ture . S l iding u sual ly takes pl ace along an 

irregu l ar rather than planar zone of shear . Such s l iding produces 

debri s  s l i de s , debr i s  ava l anches and smal l rock s l ides . At depths o f  

greater than 1m within unweathered bedrock , s l iding occur s predominantly 

along beddi ng plane surfaces or h i gh angl e fau l t  planes and less fre­

quently a long low angl e  thrus t  fau l t  p l an e s .  The resultant movements 

are e ither debr i s  aval anche s or rock s l id e s .  The scale to which the se 

tran s l a t ional s l ide s deve lop is l argely governed by the internal 

organ i sa tion and a t t i tude o f  the s trata with respect to phys iographic 

s lope . Trans l at iona l s l ide s resulting from movement along bedding 

p l ane surfaces are mos t  frequently a s soc iated with interbedded arg i l l ite 

and permeab l e  sand s tone sequences o f  the Tamaki Lithotype . The se s l ide s 

are most common where the bedded sequence s  con s is t  of thin beds o f  

sand s tone with only minor argil l ite . Fai l ure u sually occurs at the 

s harpes t  depos i t ional contact between these two l i tholog i e s . Here sub­

sequent tectonic de format ion has further weakened the coherence between 

s andstone and argil l i te a t  thi s conta ct .  The pauc ity o f  planar surfaces 

within strata compri sing the Whar ite Litho type l imits the d evelopment o f  

rock s l ides and debr i s  ava l an che s to l i thological conta c t s  between com­

petent l i thologies such as S andstone and Chert Lithozone s and other 

l ithozones such as Fol i ated , Diamictite and Argi l l ite Litho zone s .  

Trans l ational s l iding within the bedroc k  i s  dependent upon the a t t i tude 

of t he strata and i t s  r e l a t ion to s lope orientat ion . The most favour­

abl e locati on s  occur where s trata str ike paral l e l  or sub-par a l l e l  to 

s lope contou r s  and dip in the direction of s lope . The least l ikely 

locat ion s occur where the s tr ike i s  perpend icular to the s lope and the 

strata dip vertic a l l y  or at steep a t t i tudes into the h i l l s ide . Shallow 

stratal f lexures and low angl e  fau l t  planes enhance the probab i l ity o f  

trans l a t ional sl iding . Joint and c l e avage sur face s are not recogn i sed 

a s  maj or di scontinu i t i e s  a s so c iated with trans lational s l id ing in this 

area . 

Earth s l ides are thought to be the result of transla tional s l id ing 

along planar , low-dipping bedding plane sur face s .  

Roc k  f a l l s  and rock toppl e s  a r e  predominant l y  the r e su l t  o f  failure at 
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open j o i n t  surfaces along e i ther east-we s t  or northwe st-southeast j o int 
orien tation s . Some fal l s  r esul t from s pa l l ing along s te eply incl ined 

bedding plane surfac es .  The s tructural attitude and ori en tation of 

j oint surfa c e s  wi th respect to slopes is a key factor in rock fall and 
rock topp l e  activity . Mos t  rock fall s  and rock topp l e s  predominantly 
o ccur where stra t i graphicall y  thick units of unbedded sands tone c rop 
out and are therefore more commonly a s so c i ated with sand ston e s  compr i s ­
i n g  Whari te Li thotype . The s i z e  o f  thes e  s l ope movements i s  l im ited by 

the poor hor izontal and vertical continuity and spatial d i str ibution o f  
j oint surfac e s . 

The d i scontinuity along which movement r e sults in earth fall and earth 

topple activity does not appear to be a j o int sur fac e , a bedding plane 

or a fau l t  p l ane . Nonethe l e s s , the surf a c e s  o f  failure are planar which 

is suggestive o f  l i thologi cal and/or struc tural control . Such movements 

are thought to be the r e su l t  of separation , a long surface s  o f  unknown 

ori gin , of blocks o f  earth mater ial from the parent bluff purely as a 

consequence o f  gravity due to the earth mate r i a l s  behaving i sotropical l y .  

Debri s  fal l s  are the result o f  failure a long a zone o f  shear o f  s te ep 

attitude that deve lops para l l el to an open face of unconsolidated free 

s tanding material . Aga i n  debri s  mate r i a l s  behave i so tropically . 

Lar ge - s c a l e  rock slumps are found in c atchments under l a in by e ither the 

Wharite or Tamaki Lithotype s .  A gene t i c  relations hip between large­

scale rock s l umps and f au l t s  has been e s tabl i shed in this area . At 

each s l ump loca lity deta i l ed in the text , the strike of a s teeply 

dipping fault pl ane par a l l e l s  the strike of equally steeply d ipping 

l i thological d i s continu i t i e s  ( i . e .  bedding or fol iation ) within the 

bedrock .  As the s tructural attitude of the se d iscont i nu it i e s  rare ly 

coincide s with that o f  the fai lure surface it i s  apparent that rock 

s lumps form irr e spective o f  the direction of stratal dip or str i ke . 

I n  the ma j ority o f  rock s lumps there fore the bedrock mater ial s behave 

i sotrop i c ally . However , in a few c a s e s  initial translational s l id in g  

at depth e ither along a bedding plane or a fault plane may initiate 

downslope moveme n t  of a l arge rock mas s . The ma s s  then move s  along a 

concave-upwards surface o f  failure that forms subsequently . Rotat ional 

s l iding thus takes p l ac e  during the l atter s tages o f  s l ump formation . 

The formation o f  the c urved failure surface i s  thought to be faci l i tated 

by the presence o f  exte�s ive zones o f  f ault breccia and d i srupted bed­

roc k  particu l ar l y  where d eformation has been intense and has resulted 

in d e s truction o f  the or i g inal stratal fabr i c . For this r e a son , it i s  
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con c l uded that rock s l umps o c cur mor e  frequently within zone s o f  fau l t  

brecc iated and di srupted bedrock than e l sewhe r e  w i th i n  the s tudy area . 

Th e wider the zone o f  fau l t  deformat ion the greater i s  the potential 

for the devel opment o f  l arge - sc a l e  rock s l ump s . Rock slump format ion 

occurs both where the fau l t  zone is para l l e l  to or perpendicular to 

val ley s lope s .  The ma j ority o f  rock s l umps are the re sult o f  gravit­

at ional downs l ope movement and not fau l t  d i splacement . However ,  tho s e  

rock s l umps that occur on a c t ive Late Quaternary fau l t s  may have fai l ed 

a s  a result o f  fau l t  rupture ( see section 1 0 . 4 ) . 

Sma l l -scale rock s lumps are not contro l l e d  by s tructur a l  or l itholog ical 

d i scont inuit i e s  within the bedrock but dev e l op in r esponse to gravit­

ational downs l ope movemen t  of bedrock that has e i ther been fau l t  bre c c iated 

or d i srupted as a r e su l t  of previous l arge-scal e  s l ump movements . 

Debri s  f l ows in the study area deve lop from l arge - sc a l e  rock s lump move­

men t s . The debri s  e s sential l y  c ompri s e s  large volume s o f  bedro c k  

l itho l o gi e s  o f  which arg i l l i te and water content a r e  b y  f ar t h e  mos t  

important components . 

Earth s lumps are found along a c t ive Lat e  Qua te rnary fau l t  trace s , 

potential l y  a ctive contact f aul t s  and fau lted mono c l ine s in P l io­

Pl e i s tocene mar ine strata which d ip steepl y . At a few local it i e s  down­

s l ope movemen t  i s  cons idered to have been contro l l ed by a fau l t  plane , 

bedding pl ane or the s teeply incl ined pl anar contact between Tor l e s s e  

bedroc k  and overlying P l io-Ple i s toc ene mar ine depos i t s . In e a c h  c a s e  

a n  initial component o f  tran s l a t ional s l id ing i s  sugge s ted . As down­

s l ope movement progre s s e s  a curved failur e  surface forms within the s e  

mar ine depo sits , a long which continued movement i s  rotationa l . However , 

i n  the ma j or ity o f  loca l i t i e s  there i s  no r e l a t ionship be tween existing 

d i s conti nu i t i e s  and the s l ump fai lure surfac e . Here , the surface of 

f a ilure c ro s s  cuts existing l i thological or s tructural d is c on t i nuti e s  

within the earth material s .  I t  i s  ther efore conclud ed that the maj or ity 

of earth s lumps move when the shear strength o f  i so tropic e ar th mater i a l s  

i s  exc e e ed . They occur predominantly on over s t e epened s l ope s wher e  

c l imat i c  and s e i smic factors c au s e  weakly consol idated earth mater ial s 

to f a i l . 

Earth flOWS form wi thin s tream channel s  a t  the bas e  o f  earth s l id e s  and 

comprise f i ne - grained earth materia l s . Few earth f l ows appear to have 

deve l oped subsequent to earth s l ump s . Earth material i s  condu c ive to 

f l owage whenever saturated . 
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Ridge- top features are suggestive o f  down s lope movement a s  a result of 

creep within bedrock . I n  the maj ority o f  cases movement i s  thought to 

take place along s teeply incl ined l i thological or structural d i scon­

t inui tie s . However ,  in the maj ority o f  c a s e s  down s lope movement o f  

l arge tracts o f  h i l l s ide occur s  irrespe c t ive o f  the s tructural atti tude 

o f  d i scontinu i t i e s  in the underlying bedroc k . Ridge-top features are 

not the result of vertical fault d i spla c ement nor are they the r e su l t  

o f  d i f feren t i al e ro s ion o f  an incompetent l i thol ogy . The d iversity o f  

s t r i k e  o f  t h e s e  featur e s  and their orientation parallel to r idge c r e s t s  

i ndicates that they are l argely o f  gravitational or i gin . Movement in 

some i n s tances may be translational and i n  other i nstance s  rotationa l . 

Where there are rock s lumps with assoc i ated r idge-top featur e s , further 

rotational movement is l ikely to result i n  r idge-top c o l l aps e . Ridge­

top f eatur e s  may a l so be the precursor of rock s lumps . Thus future 

large-scale ,  d e ep-seated rock slumps may be expected whe r e  r idge-top 

feature s d isplay evidence of incipient movement . 

I n  conc lus i on , the ma j or i ty o f  s lope movemen t s  in the s tudy area in­

vol ve trans l a t i onal s l iding at shal low depth . Of the s e , debr i s  ava l ­

anches a n d  debr i s  s l ides are t h e  mos t  importan t , w i t h  rock s l ides and 

earth s l ides b e in g  of l e s se r  s igni ficanc e . Fall s  and topple s  are f ew 

i n  number , i s o l ated i n  o ccurrenc e , sma l l  i n  extent and are hence o f  

l i t t l e  impo rtanc e . Large - sc a l e , deep-seated and sma l l -s c a l e  sur f i c ial 

slump movement s  involving rotational s l id ing are numerically sma l l  but 

incorporate s i gn i ficant vol umes o f  material . Slumping and subsequent 

f low movement s  though currently non-ac t ive are likely to be ma j or s l ope 

movemen t  types i n  the futur e . Ridge-top features d emon s trating inc ipi­

ent downs lope gravitat ional movement o f  mountain s lopes are l ikely to 

be s i t e s  o f  future large-scal e ,  deep- seated rock s l umping . 

1 0 . 1 . 2  MINERALOGI CAL FACTORS 

The compo s i t ion , texture and strati graphi c  j uxtapo s ition o f  materi a l s  

o f  d i f fering or igins l argely determines t h e  s trength o f  r o c k  outcrop s . 

Of the bedroc k  l i thologie s  pre s ent in the s tudy area the f i n e - grained 

arg i l l i te s  have the least competenc e . S l ope movements invo lving 

argil l ac eous l i thologies are , however , not necessar i l y  a s soc iated w i th 

extensive outcrops o f  argi l l ite , for thes e  are few . Nonethel e s s  i t  has 

been noted that the re is a r e l at ionship b e tween the degree o f  shearing 

and the stabi l it y  of arg i l l i t e  outcrops . sheared argi l l i t e  is con s i st­

ently mor e  prone to instab i l i ty than uns heared argil l ite , a feature 
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a l so noted in the s outhern Ruahine Range by Sma l e  e t  al . ( 1 978 ) . Thus 

the ma j ority o f  s lope movemen t s  that i nvol ve arg i l l aceous l i thologies 

are not the re sul t o f  failure due to the mineralogical compos i t ion o f  

argi l l i te b u t  are t h e  re sul t o f  a l o s s  o f  coherence be tween argi l l ite 

and competent l i thologi e s  by tectonic shearin g .  S l ope movement types 

that re sult from f a i l ure of arg i l l ac eou s material when interbedded wi th 

permeabl e  sandstone as extensive and repe t i t ive beds are di scus sed i n  

S e c t ion 1 0 . 1 . 1 . Coherence o f  these interbedded l i tholo g i e s  i s  weak e s t  

where conta c t s  are sharp rather than graded . Whe re argi l l it e  i s  the 

maj or l i thologic c omponent within non-bedded or tec toni c a l l y  d i srupted 

outcrops ( Di amic t i te and Fol iated Lithozon e s , r e spect ive l y )  it is sur­

pris ingly cohere n t . However , Late Quaternary t e c tonic shearing , muc h  

o f  which i s  concentrated within the arg i l laceous matrix , seve r e l y  r e ­

d u c e s  the shear streng th o f  the se l ithozones a s  a whol e .  De spite t e c ­

t o n i c  sheari ng , s l ope movement s in the se l i thozones rare l y  r e s u l t  from 

failure a long t e c tonic frac tur e s  within the argi l l ac eous matrix but 

rathe r r e s u l t  from failure at the sheared contact between argi l l it e  and 

competent l i tho logie s .  Rotat ional rock s l umping and local ised stream­

bank under c ut ting a long stre am channel s c ompr i s ing sheared arg i l l ite­

dominated l i thozone s are particularly wel l  d eve loped . 

Fewer s lope movements are a s sociat ed wi th Lithozones that c ompr i s e  

l i thol o g i e s  o f  greater c ompetence , such a s  mass ive sandstone and chert . 

Where s lope movements do occur in a s sociat ion w i th the se l itholog i e s , 

instab i l i t y  i s  due to the pre sence o f  d i scontinu i t i e s  rather than to 

factors of mineralogic a l  origin . The c a lcareous l i tholog i e s  are prone 

to d i ssolution but as the se l i thologies are only a minor con st i tuent o f  

the bedrock i t  i s  not l ik e l y  that slope ins tabi l i ty i s  r e lated t o  their 

pre s e nce . 

Zones o f  non-i ndurated fau l t  gouge wi thin brecc ia zone s or a l ong bed­

d in g  pl ane contacts fac i l i ta te s s lope movement e i ther by act ing as a 

lubr icant i f  wet or resulting in s l ope movement i f  r emoved by f l uvial 

e ro s ion . Current research i ndicates that the pre sence o f  faul t gouge 

along bedding plane surfac e s  and thru st fau l t s  is of ma jor s i gn i f i cance 

i n  a f f e c t ing s lope stabi l i ty where their a t ti tude with r e spect so s l ope 

i s  conduc ive to tran s l at i onal s l ide movemen t  ( see sec tion 1 0 . 1 . 1 ) . 

S lope i n stab i l i ty a s  a r e s u l t  o f  fluvial eros ion o f  non- i ndurated fau l t  

gouge i s  evident t hroughout the study area wherever t h i s  mat e r i a l  

occur s i n  stre ambank exposure s .  Here , streambank undercutting results 

i n  debris s l ide , d ebri s  aval anche and s l ump movement s . Surface runof f  
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on expo sed outcrops o f  fau l t  gouge results in r i l l ing and gul l ying and 

the consequent rapid removal of l arge vol umes of this mater ial ( see 

section 1 0 . 3 ) . 

Zone s  o f  indurated fault gouge are cemented predominant l y  by carbonate , 

the d i s solution o f  which i s  thought to f ac i l itate rapid removal o f  this 

material by f l uvial processes . 

The maj or i ty o f  s lope movements invo lv in g  earth mater ial s are a s soc iated 

with outcrops of mass ive , predominantly f ine-grained mudstone l i tho lo­

gie s , probably for no other r ea son than that thi s  l ithology predominate s .  

There i s  no apparent ind ication that d i f ferences in mineralogy are re­

l a ted to the s tabil ity o f  or to the type of s lope movement s  a ssoc iated 

with these mater ia l s . Nonethel es s  thes e  weakly indurated mar ine sedi­

ments may be susceptible to instabil i ty on account o f  their fine-grained 

texture and consequent i nab i l i ty to support high shear s tr e s se s . Fail ­

ure in thes e  materials may be triggered by gravity , saturation dur ing 

periods of heavy rainfal l ,  s e i smic shaking or removal of suppor t  by 

streambank undercutting . 

The instabil i ty o f  c o ll uvium and a lluvium i s  more closely r el ated to 

their texture than to the i r  mineralogical compo sition . As the se 

materials are non i ndurated , permeabl e  and coarse in texture , they are 

o f  low s hear s trength . Col luvial depo sits are particu l ar l y  susceptible 

to failure when saturated or shaken by seismic act ivity . In r iparian 

localities scree deposits and fan or terrace a l l uvium are highlY 

susceptible to col l apse a s  a resul t o f  streambank undercutting ( see 

Sec tion 1 0 . 3 ) . 

1 0 . 2  PHYS I OGRAPHIC FACTORS INFLUENCING S LOPE STAB I LITY 

1 0 . 2 . 1 I NTRODUCTION 

The geomorphology o f  the southern Ruahine Range is closely re l ated to 

the tectoni c  hi story of the area . I t  compr ises a topographica l l y  high 

NNE-trending upthrusted mass of Triass ic-Juras s ic Tor l e s se bedrock , 

e levated to 900-1 2 0Om a . s . l .  dur ing the Late Cenozoic Kaikoura Orogeny . 

Much o f  this upl i ft has taken p lace s ince Waitotaran t imes by upwarping 

and faul ting . Thi s  has ne ither been uni form over t ime nor cons tant 

over the l ength of the s tudy area , as is indicated by the tectonical l y  

depre s sed area i n  the v�c inity o f  the Manawatu Gorge . Upl i ft has 

principa l ly been con fined to major fau l t  l ines that bound the eastern 
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and wes tern f l anks o f  the Range ( see Chapter 6 ) . I t  ha s been greater 

on the ea s tern Wel l ington Fault than on the we stern contact faul t s , 

thereby giving the Range an appearan c e  o f  having been t i l ted westward s .  

The cro s s-sec t ional pro f i l e  o f  the Range i s  therefore strongl y 

asymme tric with a smooth , even- surfaced , long western f l ank dipping at 
o 

about 1 0  to the we s t  and a s hort , steep e a s tern flank d ipping at about 
o 

4 0  to the e as t .  S treams draining the Range generally f l ow perpendi -

cular t o  the NE-SW axis o f  the Range , but s tr e am a l ignment along the 

NE-SW trending fau l t  l ines i s  conspicuou s .  Thos e  s treams draining the 

eastern f lank are short and steep , whil s t  t hose dra ining the western 

f l ank have longer c hannel s  with gentl er pro f i l e s , r e f l e c t ing the 

a symmetric ou tl ine . Sharp c r e s ted r idge s and c lo s e l y  spaced s tr eams 

are typic a l  o f  the deeply d i s s e ct ed f l an k s  of the Range , with broad 

r idge tops being restricted to the northern end of the s tudy area . 

Val l ey s  were downcut l arge ly i n  respon s e  to tectonic upl i f t  and are 

c haract er is t i ca l ly V-shaped and s te ep s ided . 

There i s  no con s i s tent r e l a t ionship between each spe c i f i c  type o f  sur­

f icial s lope movement and phys iographi c  factors such a s  s lope l ength , 

angle , a spect or a l t i tude . I t  was therefore cons idered more meaningful 

to compare and contrast the d i s tr ibut ion of all sur f i c ia l  s lope move­

ments col l e c t ively wi th respec t  to thes e  phys iographi c  factor s . Thi s  

was attempted by f i rs t l y  counting the total number o f  scars within the 

s tudy area for the t ime periods 1 94 6- 4 9  and 1 97 4 - 7 8  from Maps 5 and 6 ,  

r e spectively , and s e co ndly by grouping s c a r s  accord ing to the contour 

interval in whic h  they occurred ( Tabl e 1 0 . 2 ) and accord ing to aspect 

( Table 1 0 . 3 ) . Catchments o n  the eastern fl ank of the Range were con­

s idered s eparately from tho s e  on the western s ide . In add i t ion com­

par i son s o f  the d i s tribut ion of erosion scar s between 1 94 6- 4 9  and 

1 9 7 4 - 7 8  were attempted as a resul t of which s everal conc lus ions have 

emerged . 

1 0 . 2 . 2  ALTITUDE 

A maj o r  proport ion of a l l  upper c a tc hment areas within the southern 

Ruahine Range occur at a l ti tude s  between 4 00 and 1 1 0 0  metres a . s . l .  

Thi s  i s  approximately s O Om above the surround ing l owland in the south 

of the area and 8 5 0m above the lowland in the north . Throughout the 

s tudy area the d i stribution of sur f ic i a l  e ro s ion scars with r e spect to 

a l ti tude i nd i cates that duri ng the per iod 1 94 6- 4 9 , 6 0% of a l l  erosion 

scars occurred in the SOO-90 0m contour interval , o f  whi c h  the 



TABLE 1 0 . 2 : Distr ibution o f  eros io n  scars with respe c t  to altitude . 

Number of s c a r s  Number o f  s c a r s  Total number 
Contour on wes tern s ide on e a s tern s id e  o f  scars pe r 

I n te r va l s  o f  Range of Range contour i n terval 

(m) 
1 94 6 -4 9  1 9 7 4 - 7 8  1 94 6 -4 9  1 9 7 4 - 7 8  1 9 4 6 -4 9  1 97 4 - 7 8  

0 - 1 00 1 7  2 8  0 0 1 7  2 8  

1 0 0  - 2 00 5 2 2  0 0 5 2 2  

2 00 - 3 00 1 0  1 6  0 0 1 0  1 6  

3 00 - 4 0 0  6 5  6 8  4 1  4 1  1 0 6  1 09 

4 0 0  - 5 00 1 2 1  1 7 2  2 4 6  2 8 6  3 67 4 58 

5 0 0  - 6 0 0  1 7 8  3 6 1  3 2 9  4 94 5 0 7  8 5 5  

6 0 0  - 7 0 0  2 0 1  4 0 1  3 62 5 1 0  5 6 3  9 1 1  

7 00 - 8 0 0  4 3 6  6 5 1  4 0 7  5 3 5  8 4 3  1 18 6  

8 0 0  - 9 0 0  3 7 2  7 1 0  2 7 1  4 4 3  6 4 3  1 1 5 3  

9 0 0 - 1 0 0 0  2 7 2  4 2 0  1 7 5  2 3 5  4 4 7  6 5 5  

1 0 0 0 - 1 1 0 0  1 3 8  1 8 9  2 5  4 0  1 6 3  2 2 9  

1 10 0- 1 2 00 3 3  2 8  3 0 3 6  2 8  

1 2 00 & over 9 7 0 0 9 7 

Total number 
1 8 58 3 07 3  1 8 5 8  2 584 3 7 1 6  5 6 5 7  

o f  scars 

Percentage of tota l 

number o f  s c a r s  

per contour interval 

1 94 6 -4 9  1 9 7 4- 7 8  

0 . 4 5 0 . 4 9  

0 . 1 3 0 . 3 8  

0 . 2 9 0 . 2 8 

2 . 8 5  1 .  9 2  

9 . 8 7 8 . 09 

1 3  . 64 1 5 . 1 1 

1 5 . 1 5  1 6 . 1 0 

2 2 . 68 2 0 . 96 

1 7 . 3 0 2 0 . 3 8 

1 2 . 0 2 1 l . 57 

4 . 3 8 4 . 04 

0 . 96 0 . 4 9 

0 . 24 0 . 1 2 

9 9 . 9 6 %  9 9 . 9 3 %  

Cumu l a t ive % 

1 94 6-4 9  1 9 7 4 - 7 8  

0 . 4 5 0 . 4 9  

0 . 58 0 . 87 

0 . 8 7 1 . 1 5 

3 . 7 2 3 . 07 

1 3 . 5 9 1 1 . 16 

2 7 . 2 3 2 6 . 2 7 

4 2 . 38 4 2 . 3 7 

6 5 . 06 6 3 . 3 3 

8 2 . 36 8 3 . 7 1  

94 . 3 8 9 5 . 2 8 

98 . 7 4 9 9 . 3 2  

9 9 . 7 2 9 9 . 8 1 

9 9 . 96 9 9 . 9 3 

tv 
1..0 
1..0 



TABLE 1 0 . 3 :  D i s tribution o f  eros ion scars with respect to a spec t . 

Facing 
Direction 

Numbe r  and percent of scars on Number and percent o f  scar s 

o f  
we stern s ide o f  Range eastern s id e  of Range 

val ley 
s lope s  

1 94 6 -4 9  1 9 7 4 - 7 8  1 9 4 6-4 9  1 97 4 - 7 8  

North 7 04 3 8  114 3  3 7  6 6 5  3 6  116 8  

South 21 2 11 2 5 0  8 319 1 7  2 71 

East 4 3 8  2 4  2 8 9  1 0  4 2 6  2 3  41 6 

west 5 0 4  2 7  1 3 91 4 5  4 4 8  2 4  7 2 9  

Total 

on 

4 5  

11 

1 6  

2 8  

number 1 8 5 8  1 0 0 %  3 0 7 3 1 0 0 %  1 8 58 1 00 %  2 58 4  1 0 0% 
o f  scars 

Total number o f  
scars w i th 

respect to s lope 
facing d ir e c t ion 

194 6- 4 9  1 9 7 4 - 7 8  

1 3 69 2 311 

5 31 5 21 

8 6 4  7 0 5  

9 5 2  212 0  

3 71 6  5 6 5 7  

I 

percentage o f  
scars w i th 

r e spe c t  to slope 
fac ing d i r ec tion 

1 94 6-4 9 1 9 7 4 -7 8 

3 7  41 

1 4  9 

2 4  1 3  

2 5  3 7  

1 0 0% 1 0 0 %  

w 
o 
o 
. 



larges t  concentration ( 4 0 % )  o ccurred between 7 00-90Om ( Tabl e  1 0 . 2 ) . 

Les s  than 1 8 %  o f  a l l  scars were located above the 900m contour and 

3 0 1 . 

l e s s  than 1 4 %  occurred below the 5 0 0m contour . The same pattern i s  

once again evident in the 1 9 7 4 - 7 8  period , d e spite a 5 2 %  increase in the 

number of s cars dur ing thi s 28 year inte rval . In th e 1 970s , 7 2 %  o f  a l l  

s c ar s oc curred in t h e  5 0 0- 9 0 0m contour interval o f  whi c h  4 1 %  were 

located within the 7 00-9 0 0m contour i n terva l . Less t han 1 7 %  o f  a l l  

scars were l ocated above t h e  9 0 0m contour and l e s s  than 1 2 %  occurred 

below the 5 0 0rn  contour ( Tabl e 1 0 . 2 ) . A s igni f icant number o f  erosion 

scars occur w i thin the 4 00 - 5 0 Om contour interval ( Table 1 0 . 2 )  compared 

to tho se pre sent at lower a l t i tudes .  Thi s  contour interval corresponds 

with the approximate boundary between earth mater i a l s  fl anking the 

Range and Torle s s e  bedrock compr i s ing the Range and a l so with a marked 

change in gradient between the lowland and the base of the Range . 

In a smal l -scale s tudy James ( 1 97 3 )  determ ined that mos t  eros ion scarS 

within Pohangina catchment o ccurred betwee n  8 00-100Om a . s . l .  Figur e s  

obta ined i n  t h e  current s tudy f o r  that part o f  the pohang i n a  catchment 

included within Jame s ' studv area suppor t  his c onclusions . Yet this 

appears to di s agree with the findings above . Thi s  apparent di sagree­

ment is  r e lated to val le y  s lopes within Pohangina catchment be ing mostly 

above 9 0 0m a . s . l .  Thus the di s tr ibu tion of erosion scars within the 

Pohangina c a tchment , with re spec t  to a l t i tude , is s kewed towards the 

contour interval within which the l argest proportion of this c a tchment 

fal l s . In contras t , the ma j or i ty o f  s l ope s within the current s tudy 

area occur at a l t i tude s  o f  l e s s  than 9 00m a . s . l .  where s lope movemen t s  

are conf in ed l argely t o  upper catchment s l opes between 7 00-90 Om a . s . l .  

A typical examp l e  i s  Raparapawai c a tchment where S tephens ( 1 9 7 5 , p .  6 4 ) 

a l so noted that the ma j or i ty o f  erosion scars occurred between 7 00-900m 

a . s . l .  

The l arge s t  increases in the number o f  eros ion scars between the period 

1 9 4 6 -4 9 and 1 97 4 -7 8 ,  in the s tudy area , have o ccurred within the 5 0 0 -

9 0 0m c ontour i n terva l s . The mos t  dramatic increases have o ccurred i n  

catchments on the we stern f l an k  o f  the Rang e  where the total number o f  

scars i ncrea s ed from 1 8 58 in 1 9 4 6 - 4 9  t o  3 0 7 3  in 1 97 4 - 7 8  ( Table 1 0 . 2 ) , 

an i ncrease o f  6 5 % . Erosion scar number s  o n  the eastern f l ank o f  the 

Range dur ing thi s time per iod increased from 1 8 58 ( s i c )  to 2 584 ( Table 

1 0 . 3 ) I an increase o f  3 9 % . 
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1 0 . 2 . 3  S LOPE ASPECT 

As the ma j o r  tributaries dra i n in g  the Ran g e  flow e ither towards the 

e a s t  or wes t , the majority o f  valley s l opes are north- or south-facing . 

Onl y  where minor tributari e s  and faul t  a l i gned reaches o f  some major 

tri bu tari e s  drain to the north o r  south are val l e y  s lope s east- or 

we st- fac ing . 

The overal l  d istribut ion o f  eros ion scars with r e spect to aspe c t  indi ­

c a t e s  that t h e  greatest number o f  s c ar s  are t o  be found on north-fac ing 

val ley s lopes ( Table 1 0 . 3 ) . The second largest number occur on west­

facing s l opes and the least number of s c ar s  occur on south-fac ing s l opes .  

Thi s  pattern was evident in the 1 94 0 s  and i s  further e nhanced by the 

greater number o f  scars pre sent in the 1 9 7 0 s  ( Table 1 0 . 3 ) . I n  particu­

l ar ,  s l opes with a northwes t er l y  aspe c t  appear to be the mos t  severely 

eroded . Scar count s  i nd icate that 6 2 %  of a l l  scars pre sent in the 

1 94 0 s  and 7 8 %  of scars present in the 1 9 7 0s o cc urred on north- and west­

fac ing s l ope s . Thi s pattern is the same on both s id e s  o f  the Range 

( Table 1 0 . 3 ) , but along the eastern flank of the Range there is a l s o  a 

s econdary mode with sub stantial numbers o f  s c a r s  occurring on s l ope s 

wi th a northeasterly aspe c t . Thi s  observat ion was a l s o  made in the 

Raparapawai c a tchment ( Stephens , 1 97 5 )  and a sub-catc hment of we s t  

Tamak i  River ( Hubbard , 1 9 7 8 ) . 

The greater in stabi l i ty o f  north- and west-facing s l ope s in the past 

is appare n t  on comparing the s tage of devel opment of the vegetation on 

these s l opes wi th that on s ou th-facing s lope s .  On north-facing s lope s , 

suc c e s s ive epi sodes o f  s l ope movement are apparent . The se range from 

the most recent movements repre sented by areas of bare ground , to s l ip 

sur f ac e s  colonised by weeds and gras s e s , to thos e  colon i s ed by shrubby 

spe c i e s  and f inally to those covered mos t l y  by shrubby spe c ies with a 

few t a l l  emergent tree spe c i e s  beginning t o  pro trude . On south-fac ing 

s lopes the vegetation cover i s  dominated by for e s t  tree s . The greater 

in stabil ity of north-facing slopes i s  a l so indi c ated by the predominan c e  

o f  val l ey s lope s that a r e  l e s s  s te e p  than thos e  on south-facing s lopes 

( Table s  I O . 4a and b ) . Re search in the northern hemi sphere , wher e  the 

above s i tuat ion is rever s ed , has indicated that variations in micro­

c l imat e , such as d i f ferences in a l t i tude , exposure to moi s ture-be ar ing 

wind s , and exposure t o  sunl i ght , c a n  c au s e  s ignif i c ant d i f f erences in 

geomorphic proc e s s e s . �outh-facing s l opes o f  e a st -wes t  val le y s  in the 

northern hemisphere are l e s s  steep than ad j acent north-fac ing s l opes .  
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TABLE 1 0 . 4a :  Results o f  measurement o f  s lope gradient , determined from 

unpubl i s hed 1 : 2 5000 topographic maps , within the study 

area . Number o f  readings = 2 2 1 .  

Catchments on 
western f l ank 

Pir ipir i  

pohang ina 

Konewa 

Makawakawa 

Te Ekaou 

Porewa 

Opawe 

Ohi ne tapu 

Dundas Creek 

No . 1 Lin e  

Mangatuatou 

No . 2 Line 

Te Awaoteatua 

Tokeawa 

Makohine 

Whareroa 

Maungatukurangi 

Manawatu Gorge 

Mean 

Average 
slope 

gradient 
( degrees )  

2 6  

3 0  

2 9  

2 9  

2 7  

3 0  

2 9  

2 7  

2 6  

2 9  

2 6  

3 0  

2 2  

2 3  

2 4  

2 5  

3 0  

3 0  

2 7  

Catchments on 
e astern flank 

Mangatera foothil l s  

East Tamak i  footh i l l s  

Wes t  Tamak i  

Rokaiwhana 

Otamaraho 

Mangapuaka 

Otamarahu 

Mangapukakakahu 

North Oruakeretaki 

South Oruakeretaki 

Raparapawai 

Manga-a-tua 

Coppermine 

Mangapapa 

Mean 

Average 
slope 

gradient 
(degre e s )  

2 2  

3 0  

3 2  

3 3  

3 3  

3 3  

3 2  

3 2  

3 0  

3 1  

2 7  

2 8  

3 1  

2 3  

3 0  

TABLE l O . 4b :  Measurements o f  slope gradi e nt with respec t  to aspect . 

Fac ing d i re c tion 
Average s lope gradient (degree s ) 

o f  val ley s lope 
western f l ank Eastern f l ank 

North 26 2 9  

South 2 9  3 1  

East 2 7  3 1  

We s t  2 6  2 9  
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There , north-facing s l opes have snow cover longer , exper ience f ewer 

days of freeze and thaw , retain their s o i l  moi s ture l onger , and have a 

better vegetation cover , a l l  o f  which resul t in l e s s  active erosion 

and s te eper s lopes ( Rib & Liang , 197 8 ;  P 3 5 )  . 

I n  the s outhern Ruahine Range the mos t  s i gni f i c ant factor contributing 

to greater s l ope instabil ity on north-fac ing s l opes is cons ider ed to 

be the dominant north-we sterly direc t io n  of ma j or c l imat i c  e l ement s  

exper ience b y  this area . Between the per iod 1 9 4 6 - 4 9  to 1 97 4 - 7 8  there 

was a 5 2 %  i ncrea s e  in the number o f  eros ion scar s . On the wes tern 

f l ank of the Range the gre a t e s t  increa s e  in number of new erosion scars 

occurred upon north- and wes t- fac ing s l ope s . On the eastern f l ank o f  

the Range the greatest increase i n  number o f  erosion scars during this 

period occurred o n  north-faci ng s lopes and to a l e sser degree o n  wes t ­

facing s lopes ( Tabl e  1 0 . 3 ) . There i s  ther e fore a close relatio nship 

between the hi gh e s t  inc idence of eros io n  scars and northwesterly s lope 

a spec t .  

Episodes o f  increased instab i l i t y  within the s tudy area are known to 

be influenced by c l imate . Of particular importanc e  is the per iodic 

occurrence o f  tropical cyclones t ha t  approach t he Range from the north­

wes t . Thi s  r e l at ionship i s  d i s cu ssed further in s ec tion 1 0 . 3 .  

1 0 . 2 . 4  S LOPE GRAD IENT 

A total of 2 2 1  s lope gradi en t s  were measured throughout the s tudy area . 

The average s lope gradient within c atchmen t s  on the wes tern f lank o f  

h 
" 0  

h k f h t e Range l S  2 7  r and for catchments on t e e a stern f l an 0 t e Range 
0 0 0  

3 0  ( Table 1 0 . 4a ) . S te eper s lopes o f  b e tween 4 0  and 5 0  were found 

adj acent �o active and ephemeral stream c hannel s  in mos t  catchments 

throughout the Range ( Stephens , 197 5 ; Mos l ey , 1 9 7 7 ) . 

Val ley s l opes in headwater areas o f  catchments show considerable var i­

a t i on i n  steepnes s . I n  the northeast o f  t he s tudy area where valley 

d i s se ct i on i s  great e s t  and has in places r educed the d ividing r idge 

between east- and w e st -draining c a tchments to a sharp cre s t , s lope 

d "  b
O O  

b gra lents o f  etween 3 5  to 4 0  may e found . Les s  s teep headwater 

valley s lope s occur in catchments in the south . I n  contras t , some 

c atchments in the northwes t  o f  the s tudy area are l it t l e  d i ssected in 

the ir headwater reac he s and s l opes of between 4 _ 2 0
0 

are c haracter is t i c . 

Catchment s  o n  the wes tern f l ank with val le y  s l ope grad i en ts consi s t -
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ently s teeper than the average includ e  wes t  Tamaki ,  Rokaiwhana , 

OtamGraho , Mangapuaka , Otamarahu and Mangapukak akahu . The maj or i ty o f  

s lopes in these catchmen t s  average 3 2- 3 3
° 

( Tabl e 1 0 . 4a ) . 

Irrespective o f  alti tude , s lopes o f  l e s s  than 2 5
0 

appear to be consider­

ably more stable than s te eper s lope s .  On such s l opes there are fewer 

s ur f i c ia l  erosion scar s , e i ther at low a l titud e s , e . g .  foothill are a s  

a t  t h e  b a s e  o f  t h e  Range or at high a l t i tudes ,  e . g .  t h e  crest of the 

Range in Konewa catchmen t , than on steeper s lopes at s imilar a l titude s .  

The ma j or i ty o f  eros ion scar s occur o n  s l opes o f  2 5 - 5 0
0

, predominantly 

in steeper than average local i t ie s , e . g .  adj acent to drainage channel s  

and a t  a l l  a l t i tude s . 

1 0 . 2 . 5  S LOPE LENGTH AND DISSECTION 

The l ength o f  val ley s lopes i s  re lated to a spec t  and to depth o f  val ley 

d i s se ction ; consequently the longest val l ey s l ope s are found in the 

l arge s t  c a tchment s  and predominant l y  o n  north- and we s t - fac ing s lope s . 

Conversely , many o f  the shorter val l ey s lope s are found in catchmen t s  

that a r e  weak l y  d i s sected and w i t h  a predominan t  souther l y  or easterly 

s lope aspe c t . The inc idence o f  e ro s io n  s c ar s  i s  proportional to s lope 

l e ngth , wi th the longer val l ey slopes having better developed drainage 

networks ,  along which erosion scars are concentrated , than $hort val l ey 

slope s . That i s , the denser the drai nage n etwork on val l ey s lope s the 

greater the inc idence of s lope movemen t . 

I t  i s  parti c ularly notic e ab l e  that catchme nt s , includ ing Konewa and 

Te E kaou , within whi c h  val ley d i s s e c t ion along a small number o f  ma j or 

tr ibu taries i s  minima l , are among the l ea s t  eroded within the s tudy 

are a . The ma j or tributaries in thes e  catchments have shor t , s te ep 

val ley s lopes immediatel y  ad j ac ent to the s tream c hannel s where the 

majority of eros ion scars o c cur , above whi c h  undi s sected and uneroded 

s lopes of gent l er gradient ascend toward s the r idge crest . 

1 0 . 2 . 6  COMBI NED AFFECTS OF PHYSI OGRAPHIC FACTORS , PARENT 

MATERIALS AND VULNERABLE LOCATI ONS 

The comb in ed a f fe c t s  of unstabl e  par ent mate r i a l s  and/or certain vulner­

able locat ions together with phys iographic factors i s  con s idered to have 

greater influence upon the o ccurrence and di stribution of sur f i c ial 

e ro s ion scars than phy,s io graphic factors alon e . 

The maj ority o f  s ur fi c ial ero s ion s c ar s  are the r e su l t  o f  f a ilure o f  
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thin depo s i t s  o f  uncon sol idated , coar s e  s lope col luvium ( se e  Section 

1 0 . 1 . 1 ) . Col luvium i s  in sharp contact with underlying bedrock l itho­

l o gie s , w i th which there i s  little cohes ion , and i s  consequently un­

s table on s lopes i n  exc e s s  of 2 5
0 

steepn es s .  The same material on 

l e s ser s lope s  is relatively s table . 

Col luvium and bedroc k  material s d i s rupted e ither by fau l t ing or by 

l arge -scale slump movemen t  are l e s s  stable than undi s rupted materi a l s . 

Where di srupted material s c oincide w i th e ither oversteepened fau l t  

scarps or headwal l  and lateral scarps o f  slumps further instabil i ty 

occurs in the form of surf i c ial eros ion scar s . At s it e s  o f  fault 

rupture and/or slump movement the combination o f  s te ep s lopes and weak 

materials i s  h ighly conduc ive to instabil ity . Thi s  i s  apparent in the 

s tudy area where surf i c ial eros ion s c ar s  at some local i t i e s  appear to 

be concentrated and indeed del ineate fault trac e s  and s l ump out l ine s . 

1 0 . 3  CLIMATIC FACTORS I NFLUENCING SLOPE S TABI LI TY 

1 0 . 3 . 1  I NTRODUCTION 

The c l imate o f  an area i s  one o f  the mos t  important factor s influenc ing 

s lope movement .  The e f f e c t s  o f  rainfa l l , tempe ratur e , wind , s nowfal l s , 

relative humid i ty , and barometric pre s sure can seldom be evaluated 

individua l l y  because their r elationships are too complex . At best one 

has to make empirical corre lations o f  one or more c l imatic factors with 

episodes of slope movement . Many fac tors involve the presence o f  water 

(Varne s ,  1 9 78 ) I the mo st a c c e ssible information be ing that of rainfal l . 

Rainfall may d irectly influence s lope s tabi l i t y  both in the s hort t erm 

during period s  o f  high inten s ity rainfa l l  or in the long term by con­

tribu t i ng to s torage . 

Al though s lope i n s tabi l ity i s  closely r el ated to rainfall amount , dur­

a t io n  and maximum inte n s i t y , equally important i s  the cond it i on of the 

c o l luvium , soil and vege tation prior to a period of rainfal l .  For 

exampl e :  ( 1 )  the presence o f  shr inkage cracks not only r educe s  soil 

s trength but a l so greatly influence s  the rate of infil tration ; ( 2 )  the 

pre sence of a h i gh wate r  content is o ften accompanied by a d e c l in e  i n  

s lope stab i l i ty ; ( 3 )  decay i ng root systems reduce soil s tr ength with 

a r e sul ting decrease in s lope s tab i l i ty ; and ( 4 )  an already s aturated 

soil may promote incre a s ed runo f f . 

whil s t  many c l imatic factors have bee n  recorded a s  seriou s l y  damaging 
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for e s t  vegetat ion ( see Section 1 0 . 5 . 3 )  only wind and heavy ra infal l 

can be d i rectly associated with inc idence s  of slope ins tab i l i ty in the 

s tudy are a . 

1 0 . 3 . 2  W I ND AND HEAVY RAINFALL 

Examp l e s  o f  wind throw involving the uproot ing o f  large trees in the 

s tudy area are rare and the resulting debr i s  s l ide i s  sma l l  and shallow . 

Further instabil i ty at these s i t e s  i s  not common a s  the expo sed debr i s  

sl ide scar heals quickly . 

The predominance o f  patches o f  sheet eros ion at the heads of west -fac ing 

debr i s  s l ide s and avalanches sugge s t s  prevai l ing wind s may be a prime 

factor in causing sheet patches to retreat headward beyond s l ide out­

l in e s . Evidence o f  sheet erosion i s  mos t  prominent i n  upper c atchment 

areas above the for e s t  l ine ( 90Om a l t i tude ) . Some of the better exampl e s  

occur at the head o f  Whareroa catchment immediately below Whar i t e  Trig . , 

reputed to be one o f  the windiest plac e s  in New Zealand . Sheet erosion 

became extensive dur ing the 1 94 0 s  in the pastured foothil l  area surround­

i n g  E a s t  Tamaki and Mangatera c atchments wher e  the or iginal fore s t  

vegetation was c l eared i n  the earl y 1 9 0 0 s . The maximum e f f ec t s  o f  de­

fore s ta t i on were therefore i n  evidence some years a f t er the i n i tial 

c l earanc e . By the late 1 9 7 0 s  mos t  o f  the ear l ier sheet erosion scars 

had healed so that today the inc idence o f  sheet ero s ion i s  very muc h  

reduced . Sheet e ro s ion scars cover ed approximately 2 3 . 5  hectare s  

( 2 . 2 % o f  upper c at chment area ) o f  Mangatera catchment in the mid- to 

l ate 1 94 0 s . By the 1 9 7 0 s  this area had r educed by 7 8 %  to 5 . 1  hectar e s 

( 0 . 48 %  o f  upper catchment area ) ( see Chapter 1 2 ) . Here , increased 

stab i l i ty probably re sul ted from better gras s  cover and improved past­

ure management . 

Grant ( 1 9 6 5 , 1 96 6 , 1 969 , 197 1 ) has noted the importance o f  high-inten s i ty 

rain storms a s  factors t r i ggering s l ope movement . He has been a l eading 

advocate of the hypothe s i s  that per iods of increased eros ion are c l o s e l y  

rel ated t o  period s o f  increased sto rmines s . Based o n  depo s i tional 

terrac e s  in the Tuki tuki River , j us t  27 km to the north of the s tudy 

area , Grant ( 1 9 6 5 ) recorded several broad erosion peri od s  the e ar l ie s t  

o f  which date s back t o  1 6 5 0  AD . The l a t e s t  of the s e  periods i s  thought 

to have begun prior to European settlement probably a l it t l e  befor e  

1 8 0 0  AD . In hi stori c  t imes , the maximum daily rainfal l s  recorded a t  

1 6  station s  were u s ed by Grant ( 1 966 ) to determine t h e  r e l a t ive s tormi­

ness of each decade s in c e  1 9 0 0 . On thi s bas i s  the per iod s o f  greatest 
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potential for mass movement activity on a regional scale were ranked in 

de scending order of magn itude as : ( 1 )  1 9 3 1 -4 0 ;  ( 2 )  1 9 1 1 - 2 0 ;  ( 3 )  1 9 5 1 -

6 0 ; and ( 4 )  1 96 1 -6 5 . From this data Grant concl uded that the 1 9 3 1 -60 

per iod was one o f  greater potent ial for mass movement activity than the 

1 9 0 1 - 3 0  period . He a l so postul ated that for the Tuk i tuki River region , 

sma l l  area rainstorms had increased in intensi ty dur ing the 1 9 3 1 -6 0  

per iod ( Grant , 1 9 65 ) . 

One o f  the mo st important feature s o f  the cl imate i s  the passage o f  

cyclonic s torms across the Range . These storms come from a nor thwe ster ly 

direct ion , br inging heavy rains that may last from two to four days . 

They are o ften loca l l y  very inten se and may produce daily rainfa l l s  of 

over 3 00 mm . Of interest i s  the observation made by Cunningham & 

Arnott ( 1 964 ) o f  the e f fect o f  a heavy rainfall in the Rimutaka Range 

during 1 9 6 2 . They conc luded that dur ing rainfall intensities in exce s s  

o f  2 0 0  mm/day and 2 5  mm per hour , "one of the most alarming features 

is the d i scovery that such rains can cause eros ion under forest con­

d i tions which we at present regard as reasonably sati s factory . Serious 

damage occurred in three catchments , in a l l  of which the forest cover 

and soi l s  were in much better cond i t ion than many we are famil iar with 

in the Aorangi , Tararua , Ruahine and Kaweka Range s " . 

Further evide nce to support a direct relat ionship be tween high intens i ty 

rainfal l and the inc idence o f  slope movement come s from the south 

Auckland - Wa ikato Basin area ( Selby , 1 9 6 7 , 1 9 7 6 ) , the eastern Hunua 

Range ( Pa in , 1 9 6 8 )  and the Ruahine Range ( James , 1 97 3 ; Stephens ,  1 97 5 ) . 

From hi storical records o f  c l imatic and r iver gauging data , together 

with eye witness accounts , it is apparent that period s  of intense rain­

fall in the study area are a s soci ated with epi sode s o f  slope movement 

and subsequent transportation of debri s  from the Range to the lowl ands 

dur ing per iod s of peak flood flow . Between the yea r s  1 9 30-60 at a 

t ime when eros ion wi thin the Range began to be not iced and problems 

e ncountered with exce ss streambed detr itus , the Manawatu River recorded 

twenty flood f lows ( >5 0 , 000 cusec s )  ( Cowie & Osborn ,  1 9 77 ) . I n  u s ing 

this i nformat ion i t  i s  stres sed that very heavy local storms within the 

Range are l ikely to do cons iderable damage there , wi thout cau s ing a 

significan t  r i se in the Manawatu River level - at Palmerston North . 

Conversely , h i gh f lood flows i n  lower catchment reaches do not nec e s sarily 

imply heavy rainfa l l  in upper catchment reaches o f  the Ruahine Range as 

intense rainfall may have occurred in ad joining l owlands . F i �lr.e 1 0 . 2 0 
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shows flood flows ( > 2 0 0  cume c s )  recorded i n  the upper Manawatu River 

catchment. at Weber Road , l e s s  than 20 km from the eastern f l ank of the 

southern Ruah ine Range . Here , a flood f l ow o f  only 2 8 7  cumecs was re­

corded i n  March 1 9 7 5  duri ng the pas sage of Cyc lone Al i son , yet consider­

able slope movement occurred during this storm event within the Ruahine 

Range . In contrast , a storm in 1 9 7 6  produced a higher f lood flow o f  3 9 2  

cumecs a t  Weber Road yet slope movement within the Range was markedly 

l e s s  severe than that which occurred dur ing the 1 9 7 5  storm . In the year s 

1 9 7 6- 8 3  no fewer than 14 flood events with f lows greater than that 

measured during Cyc lone A l ison have been recorded . Dur ing th i s  t ime 

peri od s l ope movement within the Range has been negl igible . 

I t  i s  apparent , the refore , that s ince 1 9 7 5 there has been l ittle corre l­

ation between f l ood flow l evel s  at Weber Road and the inc idence o f  slope 

movement within the Range . In the absence of o ther con f i rmatory evidence 

f l ood f l ow leve l s , measured downstream of the Range front , should there­

fore not be used to i n fer the rel ative potent i a l  o f  storm events to 

tr igger slope in stabi l ity within the Range . Of greater relevance to 

determining s l ope stab i l i ty threshold values are measure s  of rainfa l l  

duration and i ntens i ty , i nformation on soi l  moi sture content pr ior to 

s torm events and the location of s torm s . However , such information i s  

general l y  unava i l able i n  steepland terra in . 

F IGURE 1 0 . 2 0 :  

Frequency and magn itude o f  
f lood events ( >2 0 0  cume c s )  
per year ( 1 9 5 5 -8 3 )  recorded 
in the upper Manawatu River 
catchment at Weber Road 
( U 2 3/7 5 0 0 2 7 ) . Data pro­

vided by Manawatu Catchment 
Board . 

curn.e_ 

... 

The e ffects o f  several episodes o f  heavy rai n f a l l  in the southern 

Ruahine Range upon a man-made ' drain ' d e s i gned to d ivert f lood water 
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from Mangapuaka ( Kumeti ) Stream into an ad j acent stream , have been 

documen ted by Hubbard ( 1 9 7 6 ) . This drain was initially dug in 1 9 2 0  to 

1m depth and 3m width . Exceptional ly heavy ra infal l s  in t h i s  area 

during 1 9 2 0  and 1 9 2 2  resul ted in h igh f l ood f l ows during which d e tr itus 

was tran sported from the Range to ad j ac ent pastured lowland and the 

drain wa s scoured to 8m depth and 2 0m width . Heavy rainfall and con­

sequent flooding in 1 9 3 6  resul ted in the i n fi l l ing o f  the drain to a 

depth o f  4m ( Hubbard , 1 97 6 ) . subsequent epi sode s of flood ing during 

1 94 2  and 1 9 7 5  caused inf i l l ing of the drain with r e sultant overbank de­

po s i tion o f  detr i tus upon surrounding farmland . The sourc e  o f  this 

detritus was the upper reaches o f  Mangapuaka and Otamarahu catchments 

where epi sod e s  of val l ey slope collapse were triggered by these heavy 

rainfal l s .  An eye witness account by a local resident , Mr G Mil l er , 

indicate s that the c loudbur st in February 1 9 3 6  cau sed substant ial damage 

in the upper Mangapuaka and Otamarahu c atchments . He I • observed 

mass ive erosion , with "who l e  mounta in s id e s  having s l ipped into the 

stream . "  Twelve metre h igh debr i s  f l ows had bur ied tre e s  a lo ng the 

side s of the upper val ley ; and debr i s  was dumped in the c hannel r ight 

down to the picnic area . Al l the headwater streams were c hoked with 

debr i s . . ( Mo s l e y , 1 9 77 ) . 

The most recent s torm events with which s l ope movements can be d irectly 

correlated occurred in 1975 during the pas sage o f  Cyc lone Al i son acros s  

the Range and in 197 6 fol lowing several days o f  continuous rain o f  

moderate inte n s i ty ( Mosley & Blakel y ,  1 9 7 7 ) . 

I t  appears that there was l i ttle s i gn o f  eros ion i n  the southern 

Ruahine Range prior to the 1 9 3 0 s  ( se e  Sectio n  1 0 . 4 ) . However , from 

t h i s  t ime on huge s l ips began appear ing in what had been wel l  bush­

covered range s . The e f fect of the increased detr i tus , as bedload , on 

the stream c hanne l s  soon became of ma j or concern . Damage , r esul t ing 

from transportat ion of th i s  detritus onto lowl and farms , escalated 

during periods o f  increased storm act ivity . An indication o f  the 

s everity o f  the problem is the cost ( past , pre s ent and future )  o f  

e f forts t o  curb and control both the inc idence o f  s lope movement and 

the movement o f  detritus down stream c hannel s  ( Appendices  la , Ib , I I a  

and I I b ) . 

Becaus e  north-we sterly slope aspect co incides with the greatest ero s io n  

i t  i s  cons idered that t h e  frequency ,  durat ion and intens ity o f  periods 

of h eavy rainfall from the northwest ( often cyclonic ) are the maj or 

contributory factors in promo ting slope instab i l ity and in  tr iggering 
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slope movements in  t h i s  area . Cons iderable supportive evidence has 

been documented from neighbour ing range s with s imi lar phys iographic 

c hara c te r i s ti c s  and more importantly from the southern Ruahine Range 

itse l f .  

1 0 . 3 . 3  WEATHERING ON EROS ION SCARS 
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The c l imate o f  New Zealand i s  renowned for creating some o f the mos t  

rapid weathering i n  the world ( Birkeland , 1 9 74 ) . The pr e sent c l imatic 

cond it ions within the study area are h ighly conducive to rapid weather­

ing o f  bedro ck . F ine-grained moderat e l y  permeable rocks such as 

argi l l i te s  and some sandstones are the most susceptible to phys ical 

weathe r ing . Repeated cyc l ic wett ing-drying , f r e e z e-thaw and heating­

cool ing causes expans ion and contrac t ion to produce tens ional f at igue 

whic h  eventually results in rock failure . The se cyc l ic processes are 

large l y  dependent upon the duration and amount of  mo isture , the fre­

quency with which temperatures fluctuate through freezing point , 

relative humid i ty and expo sure to preva i l ing wind s  which u l t imately 

will  determine the rate at  which physical weathering takes plac e . 

Variations in the frequency o f  these proc e s ses is  largely a func t ion o f  

a spe c t . 

Fragmentation o f  outcrops at  high a l t i tudes i s  l ikely to occur at a 

faster rate due to a more severe c l imate than outcrops on shel tered 

s lopes at lower altitude s . Some fragmentation of  argil laceous mater ials 

may be predetermined by numerous c leavage sur fac e s . However , it i s  not 

always c l eavage contro l l ed , as evidenced by many frac ture sur fac e s  that 

are conchoidal . The rate at wh ich t h e s e  pr o c e s s e s  occur to cause frag­

mentation is l argely unknown . Quant i tat ive measuremen t  of material 

removed from exposed bedrock was beyond the scope o f  this pro j ect . 

water on freez ing undergoe s about a n ine percent volume increase and 

exerts tremendous pre s sure when in a confined spac e .  Freezing of water 

in j o in t s  and along bedding planes is thought to account for many rock 

fal l s . Fre ez ing of pore water in soil and colluvium on eroded sur faces 

produce s  needl e - ice , the e f fect o f  which promote s down s lope movement 

of particles of so i l  and rock ( Zo tov , 1 9 4 0 ; Soons , 1 9 6 7 ) . Thi s  proce s s  

was observed t o  b e  mo st e f fe c t ive i n  headwater areas o f  catchments 

where sheetwas h  and wind eros ion proc e s s e s  are al so ac t ive . 

Weather ing by d i s solution o f  so luble minera l s  may be an important 

c au s i tive factor in  some s lope movements . petrological analyses indi-
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cate a high proportion o f  soluble carbonate in some lithologies . How­

ever , s l ope movement s invo lv ing these l ithologies have not been recog­

n i sed . Dis solut ion o f  carbonate cement from fault brecc ia zones may 

weaken outcrops suf f i c iently to initiate slope movement . Rock fal l s  in 

l i thologies w i th calc i te f i l led j oints were observed , but fai lure is 

not prove n to be due to d i s solution o f  c al c i t e . 

1 0 . 3 . 4 SURFACE WATER 

Next to gravity , water i s  the mo st important s ingle contributing factor 

in most s l ope in stabil it ie s . Identi f i caton o f  the source , movement , 

amount o f  water , and water pre s sure i s  as important as ident i f ication 

of the soi l  and rock s trata . Water conditions are , however , sub j ec t  to 

fluctuations control l ed by the weather and on the cumulative e f fects of  

rainfal l , snowme l t , sur face runoff , infil tration , evaporation and trans ­

pirat ion throughout t h e  year and during long-term c l imatic cycl e s . 

A .  Surface Runof f and Ril l ing 

Subsequent to an i n i tal s l ope movement , rainsplash and surface runof f  

proce s s e s  s cour the bared so i l , col luvium o r  bedrock of  an exposed scar . 

Their importan ce i s  a function o f  rainfal l amount , intens ity and 

duration , water fal l i ng d irectly on the scar plus sub-surface water 

from ups lope flowing down the scar to concentrate in r i l l s .  Here the 

term r i l l  i s  used to  descr ibe sub-parallel c hanne l s  of  relative l y  

shal low d i ssect ion which in the s tudy area o ccur i n  col luvial materi al s . 

Many r i l l s  drain the upper parts o f  s c ar s , whi ch downslope u sual ly merge 

i nto a ma ster r i l l  of greater depth and width ( Fig . 1 0 . 2 1 ) . Ri l l s  are 

i nd i cative of rapid inci s i on , transportati on and depo s i t ion . Cont i nued 

inc i s ion re sul ts  in deeper d i s section that cuts into the underlying bed­

rock to form gul l ie s . 

Debri s  s l ide s , deb r i s  aval an che s and slumps are part icularly susceptibl e 

to r i l l ing a s  the i n i tial scar i s  o ften o f  suffi c i ent areal extent to 

i nvolve a considerable amount of surface runo f f . Con sequentl y ,  sur face 

runo ff proce s s e s  remove l arge quantit i e s  of s l ope de tr i tu s  from exposed 

scars and inhibit the e s tabl i shment o f  a vegetation cover , thus perpetu­

ating scar i n s tabi l i t y . 



FIGURE 1 0 . 2 1 : Ri l l ing within col luvium at the head o f  a debr is s l ide 
scar . Note how the sma l l er r i l l s  near the top of the 
scar merge further downslope into a s ingl e ma ster r i l l . 
Photograph taken i n  Otamarahu catchment at loc a l ity 
T2 3/6 1 2 1 0 7 . 
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B .  Gul ly Deve lopment 

1 .  De scr iption 

Gul l ie s  within the s tudy area are s eldom more than Sm wide and vary in 

depth from 4m to 1 0m .  They are character i s tically steep-sided , o f  

restricted l ength ( 2 0- l 0 0m )  and chut e - l i ke in appearanc e .  Water flow 
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in gul l i e s  i s  predominant l y  ephemeral with episodes of d i s se c t ion and 

transportation o f  detritus o c curring mainly dur ing the wet winter months 

and l e s s  frequen t l y  during per iod ic s torm events in the drier summer .  

2 .  Origin of Gul l i e s  

Gul l i e s  are rapid l y  deve l oped ero s ional featur e s  that o ften r e su l t  from 

c hange s in the environment such a s  f au l t ing , c l ima tic changes a f fec ting 

vegetation , extreme storms or other fac tors that cause a break in the 

vegetat ion c over which expo s e s  the under lying unconsol idated c o lluvium . 

Two main eros ional proc e s s e s  appear to generate gul l i e s �  s lope movement 

fol lowed by surface runo f f . Debris s l id e s  and debri s  avalanches usua l l y  

precede gul l y  deve lopment . The s e  s lope movemen t s  and subsequent gul l y  

development within the s tudy area occur concurr ently dur ing period s  of 

i n te n s e  o r  prolonged rainfa l l . I t  has a l so been noted that headward 

eros ion within some existing gul l i e s  may cause further gul lying and 

s lope movement . 

3 .  Factors Influenc ing Gul l y  Development 

Gul l y  development is l argely i n fluenced by : ( 1 )  att itude of the strata 

in rel ation to s lope direc t ion ; ( 2 )  s l ope steepness and l ength ; and 

(3) the pre sence o f  fau l t  zone s . 

The be s t  exampl e s  o f  gul l y  developmen t  are found where bedroc k  con s i s t s  

o f  thin-bedded alternating s ands tone s ,  s i l t s tones and argi l l ite s , part i ­

cularly where t h e  strata strikes at r i ght ang l e s  to the contour s o f  a 

slope and dip i s  near ver tical . Such i s  the c a s e  in the ma j o r i ty o f  

catchmen t s  t o  the north o f  Mangapukakakahu Stream where gul l ie s  have 

inc i sed within bedro c k  of the Tamaki Lithotype . Here gu l l y  development 

i s  a l i gned approx imately north- south paral l e l  to strike and perpend i­

cular to the principal we s t - to e a s t -draining catchments . As a result 

of this s truc tural control , gul l ie s  tend to be remarkably straight 

throughout the i r  length. Here , gul l y  l ength is re stric ted because 

val l e y  s lope s are s teep and short . The steepne s s  of the near vertical 
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gul ly wal l s  i s  mainta ined by the spal l ing o f  vertically inc l ined bed­

rock ( Fi g . 1 0 . 2 2 ) . Gul ly developmen t  within bedrock compr i s ing Whar ite 

Li thotype is restric ted to less r e s i s tant , i ndurated Fol iated and 

Diamict i te Lithozone s . Here , gul l i e s  often develop in an approx imate 

northeast- southwe s t  direct ion paral l e l  to the str ike of bedrock fol ia­

t ion . However ,  their deve lopment is not a lways structurally contro l l ed 

becau s e  some gul l i e s  cross-cut the fol ia t ion strike direct ion . Where 

gul l y  wal l s  coincide wi th and paral lel s teep:y incl ined faces o f  large 

blocks of r e s i s tant l itho logies they may be near vertical and pl anar in 

outline . In o ther loc a l i t ie s  where mas s  movements or s treambank under­

cutting predominate within l e s s  r e s i s tant l ithologies , gul ly wal l s  tend 

to be l e s s  s teep and non-planar in outl ine ( Fi g . 1 0 . 2 3 ) . 

Gul l y  deve lopment i s  o ften found i n  a s soc iation with fault s .  At some 

l o c a l i t i e s  gul l ie s  deve lop within n arrow ( 1 - 5m width) zones of fau l t  

gouge . Mo st of the gouge zones a r e  steeply d ipping , hence fau l t  

gul l ie s  tend t o  be straight , narrow , d e ep a n d  confined between near ver­

t i c a l  wal l s  of non- faul ted l i thologie s . E l s ewhere , exten s ive zon e s  of 

fau l t  bre c c i a ted bedroc k  exc eed ing several hundred metre s  in width and 

within whi c h  the bedroc k  has been homogeni sed are a l so s i t e s  of gul l y  

d eve lopment . Many of these zone s a r e  a l so prone to slumping ( se e  Sect ion 

1 0 . 1 . 1 ) at the toe of which gul ly ing i s  o ften deve loped . The s e  gul l ie s  

are deeply inc i s ed , irregu l ar in out l ine , short in length and steep s ided . 

Good example s  are found in the Manga-a-tua ( T2 3/ 5 6 9 04 0 ) , Raparapawai 

( T2 3 / 5 64 0 7 2 ) and P i r ipiri ( T2 3/67 9 2 5 6 )  catchments . 

c .  S treambank Undercutti ng 

Removal o f  material from stream banks r e su l t s  in widening o f  a channel 

and sometime s remova l of toe s lope s that ad j o in drainage channe l s . Thi s  

proce s s  i s  particu l ar l y  evident i n  the southern Ruahine Range . Here , the 

l arge number of slope movements that o ccur ad j a c ent to stream c hanne l s  

can b e  attr ibuted to undercutting by fluvial eros ion . Riparian s lope 

movemen t s  u sually involve loose , uncon sol idated mater ial s that are 

e a s i ly removed by fluvial erosion . The s e  inc lude : ( 1 )  al luvial gravel 

terrace or fan depo s i t s ; ( 2 )  col l uvium from previous slope moveme nt s ; 

( 3 )  fau l t  c ru shed and fault loosened bedrock ;  and ( 4 )  d i srupted bedrock 

previou sl y  invo lved i n  l arge - sc a l e  ma s s  movement s ,  particu l ar l y  slumps . 

Suc c e s si ve f a ilure s account for the s low regeneration and s tabi l i sation 

of r iparian s trips . Undercutting o f  r ipar ian slope s compr i s ing 

coherent bedrock is rare . Undercutting may occur where a ma j or d i s -



FI GURE 1 0 . 2 2 :  A typical example o f  s tructurally control led gul ly 
eros ion developing parallel to the NE-SW str ike o f  ver­
t i c a l ly incl ined thin-bedded strata compr i s ing the 
Tamaki Litho type . Thi s  gul ly has developed downs lope 
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o f  a debr i s  ava l anche scar from which a water seep emerge s .  
Drai nage i s  by sub- sur face f low beneath coarse , angular 
detr i tus l ining the f loor of the gul ly .  Photograph taken 
in west Tamaki catchment at local ity T23/67 9184 . 

FIGURE 1 0 . 2 3 : 

An example o f  gul ly eros ion 
w i thin bedrock s trata compri s ­
ing the Whar ite Litho type . 
Thi s  ephemeral gully i s  bor­
dered by s teep s ided s lope s 
that are suscept ible to mas s  
movemen t  and are consequently 
bare of vegetation . pho to­
graph taken in Coppermine 
catchment at loc a l ity T2 3 / 5 5 1 0 4 1  



continu i ty such a s  a bedding plane , fau l t  or j o int strikes paral lel to 

the stream channe l . 
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The dominant types o f  slope movement resul ting from streambank under­

cutting within the Range are debris s l ide s , debr i s  avalanches ,  sma l l ­

scale slumps , debr i s  fal l s  and very rare l y  rock fal l s . Whi l e  stream­

bank unde rcutting is known to r e j uvenate s lope instabi l i ty , in many 

i nstanc e s  it i s  not the cause of in itial failur e .  For exampl e ,  the 

initial failure o f  mo st l arge -scale slumps is not thought to be the 

result of streambank undercutting but subsequent r e j uvenation of slope 

in stabi l ity in the toe region of the se s l opes i s .  

Many riparian slope movements that involve Pl io-Pl e i stocene mar ine 

depo s i t s  along the f l anks of the Range are largely the result o f  stream­

bank undercutt ing . Here , earth fall s ,  e arth topples and earth slumps 

predominate . 

1 0 . 3 . 5  GROUNDWATER 

Groundwater c an be d e fined broadly as a l l  water below the ground surface . 

However ,  the term may be restricted to water that i s  not r estrained in 

soi l  by c apil lary tens ion , or l inked to so i l  or rock miner al s .  Al though 

soi l  cap i l l ary moi sture , absorbed water and water of hydrat ion may not 

be cons idered true groundwater , they are part of the total ground mo ist­

ure system . Groundwater has been mor e  narrowl y def ined in Sower s  & 

Royster ( 1 97 8 )  as that part o f  the so i l - rock-water system that i s  free 

to move from point to po int under the i n fluence o f  gravity . Thi s  

defini tion i s  used here . 

An eva luation o f  the e f fect o f  soil capil lary mo i s ture , absorbed water 

and water o f  hydration upon s lope stab i l i ty was not attempted . The 

importance o f  such wate r in promoting d i s integration of bedrock outcrops 

i s , however ,  recogn i sed in the study area , some a spects of which have 

been outl ined br i e f l y  in Section 1 0 . 3 . 3 .  

Free groundwater i s  re garded a s  a ma jor causat ive factor in most slope 

movements within the study area . Evidence for thi s  inc lud e s  the 

occurrence of s lope movements at local i t i e s  where groundwater seeps and 

spr ings emerge at the surface . These occur in areas where structur a l  

d i scon t inuities wi thin t h e  bedrock fac i l itate movement o f  groundwater 

to the surfac e . In the , study area emergent groundwater and slope in­

s tabil ity have been observed in con j unction with : ( 1 )  j oint sur face s 
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in mas s ive or bedded sandstone ; ( 2 )  bedding plane sur face s  in sequences 

o f  al ternating sandstone , siltstone and argi l l ite ; ( 3 )  within fau l t  

b reccia zone s ; and ( 4 )  at the base o f  upthrown fault scarps . 

( 1 )  Jo inted sand s tone bluffs are frequently sites of rock fall act ivity , 

due to fai lure along one or more prominent j o int sur faces ( see 

section 1 0 . 1 . 1 ) . These j o int sur faces are sometime s sites o f  emer­

gent groundwater , usua l l y  highl ighted by hydroph i l i c  vegetation on 

an otherwise barren outcrop . Cons iderable volumes of pres sur i s ed 

groundwater may occur in these joints part icularly at depth , such 

a s  that encountered in open jo inted greywacke sand stone in the 

Kaimanawa Range 1 00 km to the northwest of the study area by Hegan 

( 1 980 ) . Whi l st groundwater pre s sure is l ikely to be substantial ly 

greate r at depth than at the sur face it i s  po ss ibl e that sur face 

pre s sures may be su f f i c ient to overcome the fr ic tional re si stance 

o f  j o int surfaces to result in rock fal l  activity . Within the 

Manawatu Gorge dr i l l  hol e s  have been bored into sandstone outcrops 

at l o ca l i t ie s , where rock fal l s  are currently active , in an attempt 

to reduce groundwater pres sures and thereby minimi se the inc idence 

o f  rock fal l s . Here , groundwater flow i s  seen to be c l imat i c a l l y  

i n fluenced , wi th period s  o f  highest groundwater flow occurr ing 

dur i ng wet winter months , the t ime o f  greatest rock fall activity . 

( 2 )  I t  has been noted that where a water -carrying stratum c rops out on 

a val l ey s lope , the inc idence o f  slope movement i s  notably greater 

and the s i ze o f  movement l arger than at localities where groundwater 

seeps are absen t .  The best exampl e s  occur in association wi th 

bedded sequences of s trata compr i s ing the Tamaki Lithotype where 

groundwater penetrates along one or more steeply dipping bedding 

plane s . The intersect ion o f  an aqui fer with the ground sur face 

produces e ither a concentrated flow in the form o f  a spr ing or a 

di ffuse f low in the form of a seep . Flow i s  highly variable 

though gener a l l y  greate st during wet winter months . The high 

incidence o f  slope movements , such as debr is sl ides and debr i s  

ava lanc he s , that are coinc idental with groundwater seeps and 

springs and which predominan tly f a i l  during periods of greatest 

groundwater flow has led to the conc lus ion that emergent ground­

water pl ays an important role in the init iation of many shal low 

tran s l at ional movements . 

( 3 )  I n  the s tudy area substantial volume s o f  groundwater eme rge along 
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ma j or faul t bre c c ia zones . No measurement o f  the volume o f  water 

invol ved was attempted during t h i s  s tudy . Nonethe l e s s , it i s  o f  

in tere s t  t o  note that during the excavat ion of the Rimutaka Deviation 

through Tor l e s s e  b edrock , sub stan t i a l  vol ume s of groundwater were 

e ncountered at depth w ithin fau l t  bre c c i a  zones ( Ke l l er , 1 9 54 ) . 

S im i l arl y ,  during the excavation o f  the Moawhango to Tongariro 

tunnel , in Torl e s s e  bedrock t hat i n  part c ompr i s e s  mel ange , ground­

water f l owed into t he tunnel at an average rate of 1 0 5  l i tres/sec/km 

(Hegan , 1 98 0 ) . 

Emergent groundwater i n  fau l t  bre c c ia zon e s  is known to promot e  

s lope i n s tab i l i ty in the study area . For exampl e ,  with in the 

Ruahine Fault breccia zone at loc a l ity T2 4/6 5 6 0 7 2  emergent ground­

water has r e su l ted i n  r i l l ing and gul lying . Where gul l y  i n ci s ion 

has been grea t e s t  shallow s lope movemen t s  have occurred ad j ac e nt 

to the gul l y . Whether or not the pre s ence of emergent groundwater 

fac i l i tated the i n i t ia l  deve lopment of large-scale s l umps within 

thes e  bre c c ia zone s or has promot ed subs equent s l ump movemen t  i s  

unknown . I t  i s ,  however , con s idered pos s ible that high ground­

water pre s sure s  at depth and substant ial groundwater f low a t  the 

surface in con j unction with the greater porosity of fau l t  brecc ia ­

ted bedro c k  may b e  ma j or causal fac tor s o f  some large - s c a l e  s l umps . 

Thi s  would exp l a in the a s soc i a t ion o f  the s e  movements wi th ext en s -

ive areas o f  bre c c iated bedroc k  a long ma j o r  fault zone s . 

( 4 )  The eme rgence o f  groundwater a s  spr ings a t  the ba se o f  fau l t  s carps 

is a parti cularly common feature a s soc i a t ed wi th the Late 

Quaternary trace o f  the Well ington Faul t  ( Map 4 ) . Groundwater 

e sc ape s to the surface pre sumably by s eepage up the high angl e 

faul t  p l an e . The s e  springs genera l l y  f l ow a l l  year around and 

where drainage is impeded they form fau l t  pond s or areas of swampy 

ground on t he downthrown s id e  o f  the f au l t  trac e . Where the emer­

gen t  wat e r  f low is sub s tant ial , s l umping o f  the scarp may occur 

adj acent to the spr ing . 

Within the s tudy area , s lope movements involving colluv ium and bedrock 

mat e rial s frequently occur i n  areas where groundwater i s  seen to emerge 

at the surface via a s tructural d i s continui ty .  The importan c e  o f  thes e  

s truc tural d i scontinui t i e s  upon s l ope s t ab i l i ty h a s  been s tr e s s ed i n  

S ection 1 0 . 1 . 1 . Groundwater seeps and spr ings a long l ines o f  s truc­

tural d i scontinuity co inc iding with a h i gh i n c idence o f  s lope movement s  

i s  he re cons idered c l ear evidence that b edrock s tructure and groundwater 
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toge ther are ma j o r  causal factors o f  many s l op e  movemen t s  in the s tudy 

area . 

1 0 . 4  SEISMIC FACTORS I NF LUENCING SLOPE S TABI LITY 

1 0 . 4 . 1  I NTRODUCTION 

3 2 0 . 

New Zeal and l i e s  across the boundary between the I nd ian and Pac i f i c  

plates . The boundary i s  a 2 00 km wide zone that cuts d iagonal ly across 

New Zealand at an a z imuth o f  0 5 00 from the H i kurangi active margin in 

the northeast to the F iordl and marg i n  in the southwe s t . Within this 

boundary zone cons iderab l e  de format ion is be ing accommoda ted along a 

7 0 - 1 0 0  kID wide ' ax i a l  tectoni c  bel t ' Thi s  deformat ion i s  a r e su l t  of 

strain generated by compre s s ive forc e s  from the eastward movement o f  

the Pac i f ic pl ate r e l at ive to the Ind ian plate a t  a rate o f  5 0  mm/yr 

( Walcott , 1 9 7 8 ) . Two typ e s  of deformat ion in crustal rocks occur 

w i thin this boundary zone : a s e i sm i c , e la s t ic deformat ion resulting in 

fau l t  d i splacemen t s ; and an a s e i smic duc t i l e  flow . The relat ive pro­

portion s of the s e  var i e s  along the l ength of the boundary zone . 

The mos t  abundant and d e ta i l ed informat ion on the nature o f  the boundary 

zone and i t s  internal de format ion come s from pre s ent-day observa t ions 

of i ts vertical movement s , patterns o f  hor i zontal shear and its s e i smi­

c ity . Large and rapid amount s  of ver t ic a l  Quaternary upl i f t  o f  the 

central mountain s y stem of the North I s l and , of which the Ruahine Range 

i s  a part , are i n ferred to be a re sponse to the compr e s s ion across the 

boundary zone . Measured rate s o f  compre s s ion are con s idered to be 

suffic i ent to i nduce observed rates of ver tical movement ( Wa l cott , 1 97 8 ) . 

Internal de format ion i s  indicated by hor i zontal shear ing , much of which 

occurs along s l ip surfac e s  within the boundary zone that c l o s e l y  

para l l el t h e  direction of plate movement ( Wa lcott , 1 9 7 8 ; P 1 4 8 ) . 

There i s  however a c l ear d i screpancy i n  the amount of hor i zontal move­

ment observed to have taken place on ma j o r  faul t s  and the amount of 

movement deduced from pl ate t e c toni c s  and from strain measurement s .  

The rate o f  hor i zontal d isplacement across faults has be en e s t imated 

by dividing t he o ff s e t  of river terrace s  acro s s  the fault trace by the 

i nferred age of the terrac e .  Cons iderable d i s agr eement c entr e s  around 

the age o f  spe c i fi c  o f f s e t  a ggradat iona l  terrace sur face s . Con s equently 

e stimate s of the rate of hor izontal d i splacement for par t s  of the 

s ou thern North I sland vary b e twee n  24 mm/yr (Wel lman , 1 97 2 )  and 1 3  mm/yr 



( Suggate & Len sen , 1 9 7 3 ) . The currently a c c epted plate tecton i c  rate 

and the rate c a lculated from strain mea sur ements indicate hor i zontal 

d i splacement rates of 4 5- 5 0  mm/yr ( Wal cott , 1 97 8 ) , that is three t imes 

the rate o f Suggate & Len sen ( 1 97 3 )  and twi c e  that of Wel lman ( 1 9 7 2 ) . 

Thi s  anomal y  i s  explained by some form o f  de formation o ther than by 

d i spl acements on ma j or fau l t s , and i s  pre sumably di str ibuted over the 

width o f  the ax ial tectonic bel t on numerous m inor faul t s , by rotation 

of blocks between the ma j or fault s  or by duc t i l e  f low in the crust 

(Walcott , 1 97 8 ) . 
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S e i smic i ty i s  indicative o f  active de formation and the d istribution of 

crustal e arthquakes in New Zealand ind icates that deformat ion i s  wide­

spread throughout the boundary zone . The scattered nature o f  s e i smic 

activity i s  evident on both regional and local scal e s  for both large­

and sma l l -magn itude even t s . The h i stor i c a l l y  l arge earthquakes in New 

Zeal and have been concentrated near the axis o f  the boundary zone ( Eiby , 

1 97 5 ) . Si nce mo s t  o f  the re l ative d isplac ement in an earthquake zone 

occurs during these earthquakes ( Brun e , 1 968 ) , then the mos t  rapid 

s e i smic de formation is probably occurring a l on g  this axi s . 

Ase i smic d e formation along this ax i s  within c l o sely spaced bel t s  o f  

shear may b e  greate r s t il l .  The locat ion o f  thes e  belts o f  shear i s  

l argely unknown but may corre spond to areas o f  mel ange terrane where a 

l arge c omponent o f  the de formation , a s  hor i zontal shear , results in 

rotation , bend ing and flowage o f  l ithologies compri s ing Torl e s s e  bed­

rock ( see Chapter 7 ) .  

The fol lowing section outlines the i n fluence o f  s e i smic activ i ty within 

this zone upon the southern Ruahine Range and examines its role in 

relation to s lope s tabi l ity . S l ope stab i l i ty c an be greatly al tered 

during s e i smi c activi ty ,  e i ther through ground di splacement by earth­

quake- genera t ing faul t s , or through secondary movements such as s lope 

failure s due to s e i smic s haking . 

1 0 . 4 . 2  UPWARPING AND FAULT UPLIFT 

The pre sent day re l i e f  o f  the southern Ruahine Range i s  largely the 

resul t o f  a c omb i nation o f  t e c tonic upwarping and suc c e s s ive episode s  

o f  vertical faul t upl i ft ,  much o f  which h a s  taken place i n  Quaternary 

t ime s . It is unl ikely that t e c tonic upl i f t  has bee n  uni form over the 

whol e Range , but rathe� is cons idered to be greater in the north of the 

s tudy area t han at the Manawatu Gorge wher e  the ' Manawatu Sadd l e ' r e -
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pre sent s minimal upl i f t  r a te s . Tec tonic upl i f t  along much o f  the axial 

ranges of the North I s l and i s  thought to exceed 7 mm/yr (Wellman , 1 967 ) . 

The c ro ss-sect ional a symmetry o f  the Range i s  sugge stive o f  greater 

fau l t  upl i ft a long the steeper e astern than the we ste rn s ide of the 

Ran ge . The s outh and westwa rd dip o f  the surface of marine planation 

i n  the north o f  the area indicate a general t i l t ing of the block we s t ­

ward . The asymmetry o f  the Range matches the a symmetry o f  the pohangina 

Ant i c l ine lying immed iately to the wes t  of and paral l e l  to the Range 

( Te Punga , 1 9 57 ) , upl i ft on which is s t i l l  occurr ing at a suggested rate 

o f  1 . 1  mm/yr dur ing t he l as t  0 . 8  m i l l ion years ( Boell storf & Te Punga , 

1 97 7 )  . 

In the s outheast o f  the s tudy area a t  T24/5 1 7 94 5  an Ohakean aged sur­

face has been vert i c a l ly d i splaced 12m giving an average rate of d is ­

placement s ince this t ime o f  around 0 . 9  mm/yr . In the northeas t  of the 

s tudy area succe s s ive gen erat ions of trun c a ted spurs indicate that ver­

t i c a l  fau l t  d i splacement along the eastern flank of the Range in pre­

Late Quaternary t imes has been considerable ,  recurrent and episod i c . 

However , the rate a t  whi c h  vertical fau l t  d i splacement occurred dur ing 

the se t ime s in t h i s  area is unknown ( see Chapter 6 ) . 

Several authors have ind i ca t ed that there i s  l e s s  active fau l t ing in 

this area than is suggested by Kingma ( 1 962 ) or might be expec ted from 

a t e c ton i ca l ly ac t ive region and have thu s  c ome to the conc lus ion that 

perhaps muc h  of the upl i ft of the Range may have to be accounted for by 

upwarping rather than fault ing ( Li l l ie , 1 9 5 3 ; Sma l e  e t  a l . ,  1 9 78 ) . 

Whatever the mechani sm i t  would appear that t e c tonic upl i f t. ha s not 

yet cea sed . 

Previou s reports di scussing s lope stab i l i ty and ero s ion have e i ther 

emphas i sed rapid upl i ft of the Range as a s i g n i f ic ant factor in main­

taining the youthfulne s s  of s treams and in cont inuing the flow of gravel 

out of the Range (Mo sl ey , 1 9 7 7 ) , or sugges t  that pre sent day active 

e ro s ion may be a consequence of recent increases in the rate of upl i f t  

( Cunningham & S t r ib l ing , 1 9 7 8 ; p 6 ) . Upl i f t  o f  the Range has occurred 

i n  geo l og i c a l l y  recen t  t ime s . Opinions o f  the duration o f  upl i f t  vary 

b e twee n  0 . 5  m i l l ion and 2 m i l l ion year s ; consequently , e s t imat e s  o f  

rate s o f  upl i ft vary cons iderably .  I n  geological termS upl i f t  of the 

southern Ruahine Range has been rapid and in r e spons e  streams draining 

the Range have cut i nto the bedroc k  to produce steep s ided val leys . 

Cont i nual but epi sodi c  upl i ft o f  the Range has led to the youthful 



appearance o f  deeply-d i s sected , steep- s id ed val l eys be ing perpetuated 

through Quaternary t ime . Pre sumably stream downcutting and s lope in­

s tabil i ty were greate s t  dur ing periods of rapid upl i ft . 
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There i s  no doubt that tectonic upl i f t  and subsequent stream downcutting 

i n  the past have produced val ley s l opes that are at pre sent susceptible 

to failure , irre spec tive of the fac tor that f inal ly resu l t s  in s lope 

movement . Whether pre sent day tecton i c  upl i f t  rates may be cons idered 

to be average or " ac c e lerated " , i s  debatable . I t  i s  here cons idered 

very doubtful that the amount o f  upl i ft o f  the Range within h i s tor ic 

t ime s has contributed s igni ficantly to the observed increas e  in s l ope 

i n stabi l i ty in thi s area . 

1 0 . 4 . 3  FAULT RUPTURE AND SEISMIC SHAKING 

As the s tudy area l i e s  within the main s e i smic region of New Zealand 

( Eiby , 1 9 7 1 ) , ac t ive fau l t  tra c e s  are not uncommon ( see Chapter 6 )  and 

e ar thquake activity is relative ly frequent . 

Rupture o f  the ground surfa c e  a long a fau l t  trace i s  a s sociated wi th 

fau l t  movement that may b e  i nstantaneous or c reep ing , and which may or 

may not be accompanied by se i smic shaking . 

A .  Fault Rupture and S l ope Stab i l i ty 

Within New Zea l and mas s  movement r e su l t ing d irectly from fau l t  rupture 

along a c t ive fau l t s  is wel l  documented ( Fyfe , 1 92 9 ;  Hender son , 1 9 3 3 ; 

Ongl ey , 194 3 ) . I n  1 9 3 1  a d e s truct ive earthquake ( M  = 7 . 9 )  rocked Napier 

( approx imate ly 100 km to the northeast of the s tudy are a )  during which 

there was considerable ground rupture and mas s  movement ( Hender son , 

1 9 3 3 ) . In 1 9 4 2  an earthquake (M = 7 . 0 ) in the Wairarapa d i s tr i c t  

( 7 0  kID to t h e  southeast o f  t h e  study area )  w a s  a l so accompanied by 

ground rupture and mass movement ( Ongl ey , 1 94 3 a ) . 

Within the s tudy area there are fau l t s  o f  known pre-Quaternary age 

a long which re j uvenated movements in Early and Late Quaternary t ime s 

resul ted i n  dextral tran scurrent and vertical d i splacemen t s  to upl i f t  

muc h  o f  the Torl es se bedroc k  and P l io -P l e i s to c ene mar ine depo s i t s . 

There i s  no wri tten evidence o f  fau l t  rupture having occurred in h i s ­

t o r i c  times i n  t h e  s tudy are a . Thus , evidence sugges t ive o f  fau l t  rup­

ture being accompan i ed by i n st ance s  of s lope s t abi l ity during this t ime 

i s  non-e x i s ten t . However , many deep-seated s lope movemen t s  inc luding 

r i dge-top feature s  and s lumps in this area are a li gned along faul ts , 
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e spec ial l y  the Ruahine and Wel l ington Fau l t s  (Maps 5 and 6 ) . Such 

a l i gnments are sugge s t ive of s lope movemen t s  having resu l ted from fault 

rupture i n  prehi stor ic t ime s . Nearly a l l  o f  the documented ac t ive 

fau l t s  i n  thi s area have moved more than once and in many c a s e s  r e ­

peated movements have taken p l a c e  a long the same trace . Consequentl y ,  

there may b e  several generat ions o f  fault rela ted slope movemen t s  pre ­

sent . I t  i s  equally l ikely that some o f  the se deep- seated s lope move­

men t s  post-date faul t rupture and are the r e su l t  of s e i smic shaking or 

o t her non-s e i smic inf luenc e s  wi thin early hi storic time s ( see Chapter 

12 ) . Repeated movement s  o f  faul t s  along the same Fault Zone have 

resul ted in zones o f  extensive fault brecc i ation . As previou s l y  

mention ed ( Se c tion 1 0 . 1 . 1 ) , t h e  ma j o r i ty of large- scale r o c k  slumps 

occur where l arge tracts of brecc iated bedrock are mapped along ma j or 

fau l t  trac e s .  The pre sence o f  the se brecc ia zone s  i s  here considered 

a maj or causal factor in the deve lopmen t  of large-scale rock s l umps in 

the s tudy area . 

Fau l t  rupture o f  earth material s ,  particularly along contact faults 

separat ing Torle s se bedroc k  and Pl io-Ple i s tocene mar ine depo s i t s , has 

produced areas of phys iographically overs teepened terrai n  where earth 

s lump a c t ivity is common . 

Fau l t  rupture o f  col luvial and a l luvial mater i a l s  has produced fault 

scarps of variable he i ght ( see Chapter 6 ) . At some local i t i e s  subsequent 

c o l l apse of the se s c arps is here considered to be the r e su l t  of r e j uven­

ated fault activit y .  However , the ma j or i ty o f  fault-scarp col l ap s e s  are 

tr iggered by non-se i smic proc e s se s .  Fau l t  s carp col l apses inc lude slumps 

and debris s lide s of smal l  extent . 

Slope instab i l i t y  along l ines o f  fault rupture can be c l early demonstrated 

with in the southern Ruahine Range . I t  i s , however , d i f f i cu l t  in the ma j or­

i ty of cases to veri fy whe ther episodes of instab i l ity co inc ided with fau l t  

rupture or occurred a t  a later date due t o  s e i smic shaking or non-tec tonic 

eve n ts such a s  rainstorms . Nonethe l es s , fau l t  rupture i s  c learly an im­

portant i n f luence upon s l ope stabi l ity a s : ( 1 ) a tri gger ing mechan i sm i  and 

( 2 )  a means o f  produc ing both phys iograph i c a l l y  over steepened s lope s and 

wide zone s o f  b re c c i ated material conduc ive to s l ope in stabil i ty . 

B .  S e i smic Shaking and S lope Stabi l i ty 

Deep earthquake shocks occur as common l y  a s  shal low shocks ,  particular l y  

i n  t h e  North I s l and , but there h a s  rar e l y  been more than minor damage 



a s so c i ated w i th them . Consequently muc h  of the fol lowing d i sc u s s ion 

centres on the e f f e c t  of shal low shocks on slope s tabi l ity . 

Earthquakes have not been witnes sed a s  having triggered large - s c a l e  

slope movements in t h e  s tudy area . However , i t  i s  important t o  note 

that e l sewhere within the North I sland and parti cularly in the South 

I sl and in areas of s imilar phys iograph i c  terrain , very large-scal e 
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s lope movements have been triggered by e ar thquak e s  within h i storic 

t ime s .  Many such movemen t s  have been known to block rivers and form 

' earthquake dammed l ak e s ' .  Adams ( 1 98 1 a )  has recorded the exi stence o f  

1 5  h i s toric land s l ide-dammed lakes that have r e su lted d irectly from 

earthquake shak i n g , e l even of which were formed in an area of more than 

5 0 0 0  km2 dur ing the Bul l e r  earthquake (M = 7 . 6 )  in 1 9 2 9 . At l ea s t  n ine 

other New Zealand l akes dammed by land s l id e s  were probably formed by 

prehi stori c  earthquake s . Two l arge land s l ide-dammed lakes to the north 

of the s tudy area - Waikaremoana and Col en so - were formed in prehi s ­

toric time s but in both c a s e s  i t  i s  uncertain that damming r e su lted from 

an earthquake t r iggered l andsl ide ( Adams , 1 9 8 1a ) . Thu s , al though a 

se i smic or i g in for many o f  the prehi s to r i c  lakes seems probabl e  i t  i s  

pos s ib l e  that Some l a k e s  have formed by damming due to s torm tr i ggered 

land s l id e s  or other non- s e i sm i c  events .  

Onl y  one type o f  landsl ide within the s tudy a r ea involves suf f i c i en t  

volume s of material c apabl e  o f  forming l ands l id e  dammed l ak e s . The s e  

are rock s l umps ( Maps 5 and 6 )  mo st o f  which occur i n  s i tuations favour ­

able for the blocking o f  s tream channe l s . The steep s ided , n arrow 

r iver valleys are ideal for bloc kage of drainage leading to the form­

at ion of lakes but a dam wi l l  onl y  result i f  s lump movemen t  is total . 

Partial s l ump movemen t s  into s tream c hanne l s  form debr i s  f lows that 

rapid ly move down stream so d amming does not eventuate . Sma l l - s i zed 

l ak e s  have mos t  probably formed in the past , as a resul t of s l ump­

damming , in the southern Ruahine Range . However , l it t l e  evidence o f  

the i r  ex i s tence remains today because even very large s l umps are un­

l ikely to dam streams permanently , the lakes soon f i l l ing with water 

and the out fl ow rapidly inc i s ing through the d ams . 

To date , forma t i on and f a i lure of land s l ide-dammed l ak e s  have caused 

l ittle damage i n  New Zealand . However , they are rea l i sed a s  be ing a 

s igni f i cant geologi c hazard in mountainland within a s e i sm i c a l l y  a c t ive 

zone l ike the southern Ruahine Range . 
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To the south o f  the s tudy area , in the Rimutaka Range , Robins ( 1 9 5 8 ) 

examined the direct e f fe c t  o f  the 1 8 5 5  earthquake (M = 8 . 1 ) on the 

fores t  vegetation and s l opes of the Orongorongo Val l ey , We l l ington , 

where numerou s shal low l ands l ides c au s ed by the earthquake formed scars 

4 00m in length and 2 0 0m in width . The debr i s  s l ide and avalanche scars 

resul ted from sudden s l ope movement a s  a result o f  s e i smic shaking 

rather than by s low eros ional proce s s e s . Debr i s  accumulated a s  exten s­

ive scre e s  at the base o f  va l ley s lope s . Many of the scars and screes , 

although long s i n c e  revegetated , r emained v i s ible at the t ime of Robins ' 

( 1 9 5 8 )  report . The susceptibi l i ty o f  the s e  mountainland val l e y  s lope s 

to sha l low s lope movements during s e i sm i c  shaking i s  due to the combined 

influences o f  a thin l ayer o f  l oo s e , porou s colluv ium , overlying and in 

sharp contact with greywacke bedrock and s te ep valley s lopes ( see 

sect ion 1 0 . 2 . 6 ) . 

S e i smic shak ing o f  the soil and col luvium mantle i s  l ikely to cause 

debris sl iding and debr i s  avalanching and where the und er lying bedrock 

is involved s l umping may occur . S e i smic shaking is a l so l ikely to 

trigger other forms of movement , inc luding topples and fal l s , part icu­

larly where the shear strength of the material has alr eady been s ever e l y  

reduced b y  di scontinu i t ie s . The e ffect s  o f  se i smic shaking of earth 

mate ria l s  f l anking the Range can vary , depending on the water content 

of the mater i a l , from r e l a t i ve l y  dry earth s l id e s  and slumps to wet 

earth flows . In poorly consol idated a l luvium standing at the ang l e  of 

repo se s e i smic s haking w i l l  create open f i s sure s and br ing about col l apse . 

I t  cannot be demonstrated that any sho c k s  have or iginated from active 

fau l t s  within the s tudy area during h i s toric t ime s , the t ime period 

dur ing wh ich many o f  the shal low s l ope movemen t s  in the southern 

Ruahine Range were triggered . Nei ther shal low nor deep - s eated s lope 

movements su spec ted o f  hav ing been tr iggered by s e i sm i c  s haking occur 

on s lope s fac ing a par t i cu lar dire c t ion . S lope movements may have been 

tri ggered by earthquake shocks generated some d i stance from the Range , 

or a l ternat ive l y  t hey may have been tr i ggered by movement at d epth 

along fau l t s  within the Range but w ithout obvious surface rupture . The 

Wel l in gton and Ruahine Faul t s  cut through bedrock of h igh shear s trength 

which can s tore l arge amounts of e la s t i c  s train energy . Sudden r e l ea s e  

o f  t h i s  energy a s  a r e s u l t  of fau lt d i splacement would produc e  a n  earth­

quake w i th cons iderab l e  s e i smic shaking potential . Many of the fau l t  

trace s  i n  the s tudy area within a l l uvium a n d  Pl io-Pl e i s tocene marine 

d epo s i t s  are thought to be spl inter fau l t s  originating from movements 
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along ma j or fault zones . Con sequently considerable seismic shaking may 

be assoc iated with fault movements not only along ma j or fault zones but 

along all  ac tive faul ts in the study area . 

Dr W D Smith o f  Geophy s i c s  Divi s ion , DS I R ,  considers that only ear th­

quakes of magni tude 6 or greater in the epi central area would generally 

trigger land s l ides ( c ited in Cunn ingham & Stribl ing , 197 8 ) . S ince 1940 

there have been s ix such earthquake s �  two occurred in 1 94 2  and the others 

in 1 94 7 , 1 9 5 1  ( Stephens ,  1 9 7 5 ;  p 88 ) , 1 9 58 and 1 9 7 5  (Mosley , 1 97 7 ;  p 3 1 ) . 

There i s  no direct evidence to suggest that s lope movement in the study 

area occurred dur ing any o f  the se earthquakes . Nonetheles s ,  it ha s been 

postulated that an increase in seismic act ivity during historic t ime s 

may have resu l ted in increased slope movement during the 1 94 0- 1 9 7 0 per iod . 

Stephens ( 1 97 5 )  sugge sted that the large number o f  historical ear thquakes 

(M ?5 ) centred within 1 0 0  km o f  Raparapawai catchment , had a profound 

influence on mass movement occurrence and eros ion rates in this area . 

Records o f  shal low earthquake s (def ined as those with focal depths o f  

4 0  kID or l e s s )  known t o  have occurred in New Zealand between 1 8 4 0  and 

1 97 5 , wi th inten sities greater than MM 6 . 5  (Mod i fied Mercal l i  Scale o f  

E iby , 1 9 66 ) , indicate that s e i smic i ty h a s  var ied over thi s  t ime per iod . 

However , there has been rather l e s s  s e i smic activity than on average 

s in ce 1 94 0  ( Smith , 1 9 7 8 a ) . 

Hatherton ' s  ( 1 97 0 )  charts o f  North I s l and earthquake epicentres show no 

particular conce ntrat ion in the vic inity o f  the southern Ruahine Range 

and no other record s could be found tha t attr ibute a par ticular l y  high 

frequency of earthquakes to the study area . No statistically s ign i ficant 

increase in earthquake frequency between 1 9 3 9  and 1 9 7 5  within the s tudy 

area ha s been re corded . I t  there fore seems unl ikely that the incidence 

o f  increased slope in stab i l i ty in the s tudy area during historic time s 

can be attributed to s e i smic activity alone . However , it i s  here con­

s i dered likely that s e i smic shaking in both prehi stor ic and historic t imes 

has been an important factor in triggering a l l  forms of slope movement . 

1 0 . 4 . 4  CONCLUS I ONS 

The absence of documented evidenc e o f  s lope instabil ity result ing 

d irec tly from fault rupture or s e i smic shaking sugge sts that the in­

crease in observed s lope instabil ity within historic time s in the 

southern Ruahine Range has not been greatly influenced by act ive faulting . 

However , in view o f  the frequent occurrence o f  s e i smic events o f  damaging 

intensity within h i s toric t ime s , both throughout New zealand and parti-



3 2 8 . 

cularly i n  areas adj acent to the s tudy area , the potential o f  s e i smicity 

i n  initiating s lope i nstabil i ty within the southern Ruahine Range should 

not be underes t ima ted . S lope instabil ity i s  l ike ly to be mos t  s evere 

s hould s e i smic activity coinc ide with saturated ground condition s . 

1 0 . 5  HUMAN FACTORS I NFLUENCING S LOPE S TAB I LITY 

1 0 . 5 . 1  INTRODUCTI ON 

In stud i e s  dealing w i th problems of erosion and s lope s tabi l ity i t  i s  

general l y  accepted that a dense forest cover i n  healthy cond i t ion sub­

s tan tial l y  enhances the s tabil i ty of s l opes and that deterioration o f  

the forest cover b y  natural o r  induced c auses results in progr e s s ive 

i nstab i l i t y  and eventual s lope movement .  Such a premi se can only be 

substan t iated when and where the or iginal cond i t i on of the vegetation 

cover can b e  accurately a s s e ssed and where observed c hange s in the vege­

tation cover are c l o sely mon i tored through t ime . I t  c annot be substanti­

a ted that the vegetation cover of the southern Ruahine Range was ever i n  

perfe c t  cond i t ion b u t  from observations dating from the l a t e  n ineteenth 

century to t he present day it is read i ly apparent that the vegetation 

has undergone maj or c hange s . Thi s  chapter outl ines the se changes to the 

fores t  compo s i t ion and s tructure , many of whi c h  were in evidence prior 

to European s e t t l emen t  but have undergone an accel erated rate of change 

during h i storic t imes ( c  1 8 7 0  A . D . ) . Causal factors r e sponsible for this 

change to for e s t  stru c ture and compo s ition commonly referred to i n  the 

l iterature as " fore s t  d e te r ioration " ,  are outl ined . As forest deter ior ­

ation has acceler a ted duri n g  hi s toric t imes muc h  o f  the blame for this 

deterioration has been attr ibuted to c au s e s  o f  human origin . I t  i s , 

however , impo s s ib l e  to d ivorce natural c ausal factor s , operative during 

historic t imes , from a d i sc u ss ion on fore s t  deter ioration . Consequently 

natural causal factors currently c ited as dominant c au s e s  of fore s t  

deteriora tion a r e  inc luded . 

The e ffect o f  for e s t  deterioration upon s lope stab i l i ty i s  examined and 

an opi nion as to whether human-related factors or factors of natural 

origin have been dominant i n  promoting s l ope movement is expr e s s ed . 

1 0 . 5 . 2  THE NATURE OF CHANGES TO THE FOREST VEGETATION 

In an ideal protection fore s t  the treetops are u sual ly continuous enough 

to form a c l o sed canopy ; ,  there is gener a l l y  a l ower t i er of s econdary 

trees and shrub s , a ground t ier of ferns , mos s e s  and seedl ings , and a 
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fores t  floor cover o f  dead or decaying plant mater ial . Bare soi l , s tone s 

and expo s ed roots are rare . Death or windthrow o f  trees w i l l  occas ionally 

occur , and the consequent canopy gap will be replaced within a few 

d e c ades . Land s l ides w i l l  a l so occur , and on the result ing exposed sur­

face s  a suc c e s s ion of gra s s e s  and shrubs wi l l  eventual ly g ive way to 

fore s t , perhaps wi thin a c en tury ( Cunni ngham & Stribl ing , 1 97 8 ) . 

Little i s  known about the cond i t ion o f  the for e s t  vegetation cover in 

the southern Ruahine Range prior to European s e t t l ement . An early report 

by Col enso ( 18 8 4 ) contains vivid descr iptions of s evere for e s t  d amage 

and extens ive slope movements that he observed during c ro s s ings of the 

Ruahine Range in 1 8 4 5  and again in 1 84 7 . "Here and there an immen s e  

mas s  of earth had s l ipped qui etly down t h e  upr i ght c l i f f s  bringing the 

l arge tre e s  with it . . .  i i n  two or three spo t s  dur ing the day I 

noticed a doub l e  s l ip or sub sidence o f  this nature . . .  " ( Co l enso , 

1 88 4 ; p 1 0 ) . Many o f  the observat ions were from the Waipawa and 

Makaroro river catchments j us t  to the north of the mapped area . Dur ing 

the early period o f  European settlement , observat ions of the mapped area 

by local residents indicate that the for e s t  undergrowth was extremel y  

d e n s e  a n d  that there was l it t l e  o r  n o  s ign o f  damage t o  t h e  forest cover 

until l ate in the 1 9 3 0s . " From the f arming c ountry pra c t i c a l ly no s l ips 

could be seen on the Ranges "  ( Hubbard , 1 9 7 6 ) . However , the latter 

s ta tement is here considered to be mi s l eadi n g  because i t  is equal l y  

appl i c able t o  many views o f  the Range , even today . Thi s  po int i s  made 

i n  o rder to empha s i s e  that mos t  o f  the eros ion , both in the pas t  and at 

pre s ent , is  not l oc ated along the Range front within view but occurs 

deep wi thin the Range at s i te s  l arge ly h idden from view . It is there­

fore con s i dered that the magnitude o f  eros ion , within that part o f  the 

southern Ruahine Range compri s ing the s tudy area , during the period o f  

early European settlement has been gro s s l y  underestimated . Consequently , 

i t  would be incorrect to a s sume that the vegetation cover o f  the Range 

w i thin thi s area was comp l e te prior to 1 9 3 0 . Rather , i t  i s  l ikely that 

the vege tation cover was i n  good cond ition but did show s i gn s  of deter­

ioration , p ar ticular ly i n  areas where s l ope movement had a l ready occurred . 

Duri ng years o f  European settlement the for e s t  vegetation underwent a 

rapid c hange , the result o f  whic h  i s  very muc h  in evidence today . " The 

c anopy is open and i n  places has completely col lapsed , expo s in g  s econdary 

trees and shrubs to wind and temperature extreme s they are not abl e  to 

withstand ( s i c ) . Repl acement o f  the canopy has o ften been retarded by 

heavy browsi n g  o f  seedl ings and shrubs . Debri s  avalanche s are abund ant ; 



by compar i son , s igns o f  a return to for e s t  are uncommon " ( Cunningham & 

S tr ibl ing , 1 97 8 ; P 1 8 )  . 

1 0 . 5 . 3  FACTORS RESPONSIBLE FOR CHANGES TO THE FOREST VEGETATION 

COVER 

Thi s  sect ion discusses some of the factor s o ften quoted a s  r easons for 

change s to the fores t  cover in the southern Ruahine Range . 

A .  Fires 

3 3 0 .  

Evidence o f  pre-European fires i n  the southern Ruahine and northern 

Tararua Range s  has been found by Esler ( 1 96 3 ) . In addition , change s to 

the vegetation resulting from European fires during the 1 8 8 0 s  and again 

in 1 9 1 5  and 1 94 6 have been recorded in pohangina and Cattl e Creek 

c atchments ( Elder , 1 9 6 5 ) . The se fires are thought to be responsible 

for anomalous patche s of scrub evident today in the pohangina Saddl e  

area . The area affected b y  these f i r e s  i s  relativel y  sma l l . There i s  

no other evidence o f  any extens ive f i r e s  i n  the southern Ruahine Range , 

although i t  i s  probable that dur ing c l earance o f  the flanks of the Range 

fires may have become uncon trol led and spread into the lower fore s t  

margins and up some o f  the outer spurs ( Elder , 1 96 5 ) . Dur ing the summer 

o f  1 9 7 8  fire broke out on the right bank o f  the we stern end o f  the 

Manawatu Gorge , above the roadway . The vegetation cover was comple tely 

stripped to expo se the bedrock . Sheetwash and weathering proce s s e s  have 

perpetuated the instabil i ty of this burnt-over area to the pre sent day . 

B .  Man and I ntroduced Anima l s  

There i s  no doubt that the forest compo s ition has further c hanged s ince 

the time of European settlement . The fore st was axed , sawn and burnt on 

the lowlands ad jacent to the Range front s  and up to the base of the 

Range from as early a s  1 8 7 0 . S e l ec tive mill ing of large tree s from 

within the Range occurred wel l  into the 1 9 2 0 s . 

Some o f  the f ir st introduced anima l s  to be brought into the area included 

domestic cattle and sheep , many of which penetrated con s id erab l e  d i s tanc e s  

into the Range , particularly along stream beds and ridge crest s , to 

forage within the forest . At thi s time the forest boundary was unfenced 

and common farming practices entailed the overw inter ing of stock within 

the forest ( Elder , 1 96 5 ) . Opos sums were first l iberated in the Pohangina 

Val l ey in 1 8 9 3  ( Pracy , 1 9 66 ) . Thi s  was fol lowed by many other l iberations 

on both s ides of the Range during the 1 9 2 0 s  and by 1 9 5 3  opo s sum co1onis-



ation was considered compl ete throughout the forested area . Opos sums 

caused severe damage to the mid-valley s l opes of the southern Ruahine 

Range by the repeated defol iat ion of  pre ferred spec ies  such as Me tro­

sideros robusta and Weinmann i a  racemosa . By the late 1 9 5 0 s  the mid­

val ley slopes c ontained an abundanc e  of dead tree s , which have s inc e 

col lapsed , interspersed with scattered N .  fusca , P .  ferrugineus and 

other l es s  palatable tree s .  Red deer were releas ed in the upper 
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Pohang ina ( George , 1 9 7 9 )  and at Delaware i n  1 9 2 2  ( Elder , 1 96 5 ; Logan & 

Harri s ,  1 9 6 5 ) and by the mid-1 940s had spread southward throughout the 

fore sted area . Deer population numbers peaked in the 1 960s but s igni f i ­

cant e f fe c t s  upon plan t  viability due t o  browsing were evident b y  the 

1 9 5 0 s  ( Jame s  & Beaumont ,  197 1 ) .  Deer and other ground browsing animal s  

( goats , sheep , cattl e )  e a t  fol iage up t o  2 m  above the ground and can 

remove the current year ' s  growth or el iminate c ertain palatab l e  plants 

al together . Intensive animal brows ing c an prevent tree s eedl ing develop­

ment that would otherwise repl ace openings in the forest canopy . Thi s  

i s  mo st read i l y  seen on gras sed s l ip fac e s  where even the deve lopment o f  

s hrub species  may be inhibi ted ( Cunningham & Stribling , 1 9 78 ) . 

Goats were first seen in the Raparapawai catchment in 1 91 9 .  They were 

l ater l iberated in the Manga-a-tua catchment in the 1 93 0 s , and spread 

northwards to reach the Tamaki catchment by 1 9 5 5  and the upper Pohangina 

River by 1 9 5 9 . The goat population is considered to have peaked around 

1 9 5 6  but now goats have almost di sappeared from the forested areas . 

Pigs were abundant in the Oruakeretaki and Manga-a-tua catchment s  be fore 

1 92 0 . In 1 9 5 5  the ir presence in the Mangapukakakahu catchment was thought 

to be the maj or cause o f  erosion there . As a consequence of increased 

hunting pres sures , pig numbers were reduced cons iderably in these catch­

ments by 1 9 5 8  ( Elder , 1 96 5 ) . 

Bark �ating by goats and deer , tree rubbing by goats , deer , pigs , she ep and 

cattle and s cratching by opos sums damage the bark and promote t i s su e  decay 

and serious in j ury to tree s . Hares , rabbits , rodents and other introduced 

mamma l s  are not present in high numbers and their influence upon the vege­

tation is probabl y  s l i ght by c ompari son with opos sum s , deer and dome stic 

brows ing anima l s . However , all  are capabl e  o f  damaging the vegetation . 

As a result o f  the high density o f  browsing animals within the forest 

t hroughout the 1 94 0 s  - 1960s i t  i s  considered l ikely that soil compact ion 

by trampl ing c ould have . been an insid ious but important factor influenc­

ing plant heal th . Compaction by anima l s  r educes soil aeration , impede s  



sub- surface dra inage , and greatly alters the habitat of soil fauna 

which , in turn , affects plant growth and pave s the way for d i sease 

( Cunningham & Stribl ing , 1 9 78 ) . 
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The overa l l  impre s sion from the l iterature i s  that the Ruahine fore s t s , 

up unti l  the t ime o f  European settlement , evolved in the absence of 

browsing animals and reached a del icate state o f  balance with the steep 

s lopes and c l imatic cond itions of the t ime . Thus the ensuing intro­

duction of mammal s  had a pro found influence on this ecosystem , altering 

the forest structure , expos i ng sub-canopy plants to storm damage , inf lu­

encing the water cycl e and encouraging the prol iferat ion of fungal and 

insect pathogens . I n  the words o f  McKe lvey ( 1 9 6 0 )  " Introduced animal s 

have weakened the pre c ipitation-absorbing and soil- stabi l i z ing ind igenous 

protec t ion fore s t s , causing accel erated eros ion and inc reased flooding" . 

C .  Native Anima l s  

Not all  damage i s  done b y  introduced animal s .  Certain native birds such 

as wood pigeon s and kakas c an be respo n s ible for tree defoliation or 

bark damage . Insects too may play an important role in defoliation 

( Meads , 1 9 7 6 ) . Insects become important as pathogens in vegetation 

initially damaged by browsing mammal s  ( Batcheler , 1967 ) . Logan ( 1 9 7 1 )  

and Pracy ( 1 9 7 1 )  report that whi te scale insect has been respons ible for 

defo l i ation of Me trosi deros robu sta and weinmannia racemosa , and was 

first noticed in the west Tamaki catchment in 1 9 5 5 . 

D .  Cl imatic Factors 

Change in the forest cover has al so been attributed to cl imatic factors 

such as wind , prec ipitation and temperature .  In the southern Ruahine 

Range windthrow appear s to result in the toppl ing or breaking of 

emergent l iving tre e s  rather than wholesale fell ing o f  large tract s  of 

fore st . S i te s  o f  windthrown trees were most commonly observed along 

r idges and steep s ided valley slope s ad j acent to stream c hanne l s . Wind­

thrown trees  in  the latter l ocations are largely due to the funnell ing 

effect of s trong wind gus t s  up or down the valleys . Forest damage by 

very s trong winds in  hi stori c  t ime s has been documented by Elder ( 19 6 5 ) , 

Esler ( 1 9 6 9 )  and Logan ( 1 97 1 )  I mos t  o f  which i s  thought to have occurred 

during a pe riod o f  gal e  force winds in 1 93 6 . 

Mountain vegetation may ,be s everely damaged by sudden increases in pre­

c ipitation . Cunningham ( 1966 ) describes extens ive damage to forests  
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dominated by N .  fusca foll owing the heavy snowfal l of 1 9 6 1 . He also 

note s that damage from snow avalanches can occur in sub-alpine scrubland . 

Intense rainstorms o f  short duration result in slope instabi l i t i e s  of 

various types that o ften compl etely remove the vegetation cover . Elder 

in 1 9 5 6  spoke i n  terms o f  "a re treat o f  forest due to c l imat ic change s " . 

In  1 9 6 5  he was more cautious about attributing the deter ioration o f  

Libocedrus and Dacrydi um bi forme , and the retreat of the mountain beech 

timberl ine , to c l imatic c hange . It  has been sugge sted that c l imatic 

changes could be the primary factor causi ng the death of old even-aged 

and exposed Weinmanni a  racemosa ( Stephen s , 1 97 5 ) . There is s t i l l  l ittl e 

c lear evidence o f  the e f fe c t  o f  c limati c  changes on the forest vegetation 

in the southern Ruahine Range . For exampl e ,  influence of the 1946-47 

drought on the vegetat ion of the Range is l i ttle known . Elder ( 19 5 8 )  

concluded " I t may b e  expec ted that a vegetation as sumed t o  b e  adapted to 

high average humidities with a l ow exposure to sunl ight would be vulner­

abl e  to any prolonged and s unny period " . Drought may s ignificantly in­

fluence vegetation vulnerabi l i ty ( Mosley , 1 9 7 7 ) . 

There i s  no c lear mani fe s tation o f  the e f fe c t s  of temperature fluctuations 

on the Ruahine vegetation ( Cunningham & Stribl ing , 1 9 78 ) . 

E .  Factors o f  Unknown Origin 

The pos s ibil ity of some unknown factor damaging the southern Ruahine 

fore st has o ften been raised . Logan ( 1 9 5 5 )  de scr ibing for e st deter iora­

t ion in the southern Ruahine Range , wrote "This upper level fore s t  is not 

abl e to regenerate i t s e l f  and has not been able to do so s ince be fore 

animal s were ever introduc ed into the forest . What has caused the 

rec e s s ion of the upper for e s t  margin can only be gue s sed at , but it i s  

not animal l i fe " . Pracy ( 1 9 7 1 ) commented that " The profu s ion o f  dead 

tree s  sugge sts other factors have been invo lved in the dec l ine o f  the 

vegetation " . Jame s ( 1 97 3 )  cons iders that some forest mor tal i ty cannot 

be l inked with mammal s .  " There appears to be a natural downslope move­

ment of some for e s t  c ommunities ; for example ,  the wide spre ad mor ta l i ty 

o f  cedar and pink pine at the upper t imbe r l ine . S imilar trend s  are shown 

by mountain totara ( Podocarpus hallii ) and red beech . The mortali ty i s  

particularly not i c eable a t  the upper l imit o f  each spec i e s , and i s  o ften 

accompanied by a l ack of e f f e ct ive regeneration " ( Jame s , 1 97 3 ;  P 97 ) . 

Acc ording to Robins ( 1958 ) the general decl ine o f  the podocarp e lement in 

New Zealand mixed fores t,s is mere ly a phase in the trend toward s a re­

placement of podocarp for e s t  by broadleaf forests  that is evident in the 

New Zealand fore s t  patter n . 



F .  Other Factors 
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Mos l ey ( 1 97 7 )  po ints out that slope instabil ity and mas s  movement , once 

init iated , may in itse l f  inhibit redevelopment o f  a cont inuous forest 

cover ( p  2 5 ) . Fault rupture and seismic shaki ng may affect the vegetation 

e i ther d irectly through l oosening root systems or indirectly by promot ing 

slope failure with consequent removal of the vegetation . 

The unheal thy condi tion o f  some tree spec ies , for example Weinmannia 

racemosa , may be explained i f  the tree s '  normal cyc l e  includes wide spread 

col lapse o f  the old even-aged tree s followed by a new even-aged canopy 

( Strand , 1 981 ) . 

1 0 . 5 . 4  DI SCUS S I ON 

The vegetation o f  the southern Ruahine Range i s  complex , i s  undergo ing 

change , and i s  in many areas in i l l  heal th . Changes to the forest com­

pos i tion and structure seem to be wide spread and are ,  in the opinion o f  

the author , the re sul t o f  a combination o f  factors as obviously no s ingle 

factor is responsible for thi s  s ituation . The previou s l y  publ ished con-

tributory factor s  are l i sted in order o f  importance : ( 1 )  brows ing animal s ,  

e special l y  opos sums , have certainly damaged selective canopy tree spe c i e s  

and deer have undoubtedly inhibited regeneration i n  the understorey ; 

( 2 )  c limatic factors have brought about changes in fore s t  compos it ion 

and resul ted in local i sed damage to l iving c anopy tree s ;  ( 3 )  insect and 

pathogen attack may al so be an important factor ; ( 4 )  the effect of fires 

and m i l l ing on the overal l pattern of forest deter ioration has been 

local i sed and o f  minor importance ; and ( 5 )  the e ffect of other factor s 

i s  indeterminate . I t  i s  not pos s ible to f irmly s tate to what extent each 

of the se factors has promoted fore s t  deter ioration . 

Large ly overlooked but briefly mentioned by Cunningham ( 1 966 ) and Mosley 

( 1 9 7 7 )  i s  the po s s ible damaging effect o f  continual slope movement upon 

fore st compo s i tion and s truc ture . Observations o f  many slope movements 

in thi s area ind icate that the ir effect upon the vegetation i s  more 

wide spread than i s  at first apparent . The se e f fects are twofold : 

( 1 )  movement o f  loose and angular scree downslope o f  an initial scar , 

bur i e s  or damage s the under storey and inhibits regeneration for long 

periods but has l ittle e ffect upon the canopy . Thi s  insid ious creeping 

o f  scree may there fore account for the pauc i ty o f  under s torey vegetation 

downslope of some eros ion scar s ; ( 2 )  Mos t  slope movements r esult in 

the removal o f  a l l  vegetation from the s it e  o f  failure thereby creating 
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gaps i n  the canopy . Opening o f  the canopy expo s e s  the r emaining tree 

spe c i e s  to windthrow and recolon isation of s lope movement scars i s  s low . 

I n  general , a few species  o f  grasses  are pre sent , but for the mos t  part 

the plants are herbs , e . g . Raou l i a , Tara xa cum , Gnaphal i um ,  Acaena , 

Epi l obi um , wahl enbergi a ,  Euphra s i a , Pra ti a , the tall pampas gras s  Arundo , 

the fern s  Pol ysti chum and p teri s ,  together with small woody shrubs such 

as Coprosma , Ca s s i ni a  and Hel i chrysum ( Robin s ,  1 9 5 8 ) . 

The pau c i ty o f  revegetated scars with a for e st tree cover i s  the r e sult 

o f  numerous epi sodes of  intermittent movement at  the same s ite , the 

vegetat ion cover not having sufficient t ime to mature .  I t  fol lows that 

s lope movement and subsequent revegetation of sl ipped areas is br inging 

about a change in the compo sition and s tructure of the for e st vegetation 

in thi s area and is there fore part of the proc e s s  of fore s t  deter ioration 

l argely unrelated to browsing animal s .  

The maj ority o f  s lope movements fail dur ing or fol lowing per iod s o f  heavy 

rainfal l ( se e  section 1 0 . 3 . 2 )  as a consequence of soi l  and colluv ium 

s aturation . A good vegetation cover may r educe the frequency o f  satur­

ation by : ( 1 )  intercepting mo i s ture ; and ( 2 )  r educing the amount of 

water t hat is retained as groundwater through increased rates o f  trans ­

piration . O n  t h e  other hand a depleted vegetation cover promot e s  saturation 

and eventual s lope movement .  As wel l , rainwash , surface runo f f , local 

r i l l i ng and gul lying are e nhanced . 

Periods o f  heavy rainfal l accompany ma j or s torm events that are derived 

predominantly from the northwe s t . Hence soil and colluvium upon s lope s 

with a northwe sterly aspe ct are l ikely to become saturated more frequently 

t han other s lope s . A relat ionship between soil and col luvium saturation 

and the incidence of s lope movement is indicated by the d i s tr ibut ion of 

s lope movement scars t hroughout the study area , t he greatest number of 

erosion scars occurr ing on north- to we st-fac ing slope s ( se e  section 1 0 . 2 ) . 

Whil e  it  i s  accepted that deplet ion o f  the for e st vegetat ion a s  a r e sult 

o f  overbrowsing has  increased the susceptibility o f  so il  and colluv ium 

to saturat ion which in turn has increased slope instabi l ity , i t  i s  not 

considered l ikely that slope movements are the direct r e sult of fore s t  

deterioration b y  browsing anima l s  because :  

( 1 )  Change s in both the structure and c ompo s i t ion o f  t he for e s t  vege­

tation and extens ive slope movements were in evidence pr ior to the 

introduct ion of browsing animal s ;  



( 2 )  Brows ing animal s cannot account for extensive slope areas devoid 

of c anopy tree s ; 

( 3 )  S l opes upon which the under storey has been eaten out and upon 

which there are l arge numbers of dead and dying forest trees  are 

not necessarily s i tes  of slope movement ; 

( 4 )  Brows ing cannot account for slope movements where the fore s t  i s  

cons idered to be in good health ; 

( 5 )  Browsing i s  unlikely to explain the northwe sterly aspect o f  the 

worst eroded slope s . 
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I n  addit ion , Mosley ( 1 97 7 )  noted that in areas o f  stream bank under­

cutting repeated failure o f  r ipar ian s lope s prevented the e stabl i shment 

o f  a forest cover whereas on ad j acent s lope s not affected by s treambank 

undercutting there exi sted a good forest cover . He concluded that 

animal browsing could not have caused the changes in vegetation cover 

nece s sary to produce this pattern . 

A general i sed picture o f  the forest vegetation today con s ists o f  a dying 

and much thinned out secondary canopy beneath which a spar se understorey 

e s sential l y  compri se s  grasse s and s hrubby spe c ie s . There are extens ive 

areas where the canopy i s  absent and wher e  grasses , ferns and herbaceous 

spec ies form a dense ground cover . Areas of bare ground within the con­

fines of the forest are largely the resu l t  of s lope movements which are 

currently at varying stage s of revegetation . 

The capabi l i t y  o f  this vegetation cover to s tabilise  valley slope s i s  

now di scus sed i n  relat ion t o  root depth . Forest tree s are general l y  re­

garded as hav ing better s lope stabil i sing capabilities than shrubby 

spe cies or grasses . Some of the ero s ion-inhibit ing effects which forests 

have on soils are summar ized in Se lby ( 19 7 6 , p 5 4 ) . In particu lar , the 

reinforc ing e f fect of a strong root mat in many instanc e s  is thought to 

be the difference between stab i l ity and failure with deep root systems 

giving coherence and s trengt h  to the so i l  to r e s i st downs lope movement . 

Root system s  o f  even the large st trees  within the study area rarely 

exceed depths of more than one metre . Numerous mature podocarps were 

observed to have maximum root depths of only O . 5m by Mos l ey ( 1 97 7 ) . He 

al so indicates that one o f  the most common tree specie s , Weinmannia 

racemosa , i s  regarded as a shal low-rooting tree and that there is l ittle 

evidence that the forest in any part o f  the s tudy area has ever had root­

ing depths in exc e s s  o f  one metre (p  3 2 ) . Root systems , in al l but one 
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o f  the s oi l s  mapped in the west Tamaki c atchment , pene trated to the base 

of the soils to a maximum thicknes s o f  0 . 7m ( Hubbard , 1 97 8 ; Table 1 5 , 

p 1 7 1 ) . I n  the r emaining soil  a water logged hor i zon at 0 . 5m depth pro­

vided adve r s e  conditions for root growth ; consequently there was a marked 

decrease in root abundance and a decrease in shear strength in this hor i zon . 

Compari son o f  rooting depths with depth o f  s lope movements sugges t s  that 

many s lope movements , in particular debri s  s l ide s , r e sult from failure 

within the root-zone at depths o f  l e s s  than one metre ( Table 1 0 . 1 ) . Thi s  

concur s wi th observat ions b y  James ( 1 963 ) , S tephens ( 19 7 5 ) , Mo sley ( 197 7 )  

and Hubbard ( 19 7 8 ) which suggests  that the forest vegetation on steep 

val l e y  s lopes within the Range i s  unable to prevent shal low movements 

resulting from fai lure within col luvial mater ial s .  

Howeve r , the ma jority o f  s lope movements are d e eper s eated and result 

from failur e  below the l evel o f  most tree root systems . The s e  movement s  

may re sul t from failure within colluv ium , at the col luvium-bedrock contact 

or  wi thin bedrock ( see Section 1 0 . 1 . 1 ) and fail irrespective o f  the type 

or condition o f  the vegetation . I t  i s  there fore concluded that in general 

the instabi l i ty of steep val ley s lope s , particularly where s l ope movement 

has occurred , may be mor e  c losely related to the phy s ical character i s t i c s  

o f  the colluvium , t h e  pre sence o f  a sharp col luvium-bedrock contact and to 

a l e 5 ser extent the nature of the bedrock , thaa to the compo s ition and 

structure o f  the for e st vegetation cover . There is , however , evidence 

that the stab i l i ty o f  some val ley s lopes has dec l ined as a consequence of 

the removal of the vegetat ion cover by s l ope movement particularly within 

hi storic t ime s .  For example , many o f  the eros ion scar s vi sible in the 

1 94 0 s  appear to have become partially r evege tated by the 1 96 0 s  but have 

again become s ites of slope movement in the 1 9 7 0 s  ( see Chapter 1 2 ) . 

The susceptibil i ty o f  the s e  sites  to further failure i s  l ikely to reflect 

the combined influences o f  unstable col luvium , a s low rate o f  vegetative 

recolon i sation of e roded areas and susceptibil ity o f  these areas to sur­

face runof f  proc e s se s . Al so to be cons idered i s  the probabil i ty that 

gras se s ,  fern s and s hrubby spe c ie s  are l e s s  l ikely to achieve the same 

degree o f  stab i l i ty as that o f  the or iginal fore st cover . The progre s s ive 

enlargement of the s e  site s dur ing suc c e s s ive episodes  o f  failure indicat e s  

that t h e  s urrounding forest vegetation may have been weakened a s  o ften it 

is unab l e  to prevent upslope retrogre s s ion o f  the s l ide . 

Enlargement o f  o l d  ero s ion scars and increased incidence o f  new s c ar s 

during hi storic t imes ( se e  Chapter 1 2 )  i s  bringing about a gradual but 
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progr e s s ive decline i n  slope s tab i l i ty . The thre shold o f  slope s tab i l i ty 

may therefore be decl ining a l so to the extent that a storm with a l e s ser 

return period will tr igger s lope movements whereas previously a s torm o f  

greater r eturn per iod was nec e s sary to trigger similar slope movement 

types .  In addition , the trend toward s increased number s  o f  eros ion scars 

of l arger s ize during hi stori c  time s may be a result of the increased 

frequency o f  storm events for which supportive evidence i s  cons iderabl e 

( see Section 1 0 . 3 . 2 ) . 

1 0 . 5 . 5  CONCLUS IONS 

Changes in the s tucture and composition o f  the forest vegetation were in 

evidence prior to European settlement . Thes e  c hanges were largel y  the 

comb ined result of natural forest evolution and s lope movement s under 

specific  c l imatic , geomorphic and tectonic cond itions in existence at 

that t ime . The introduc t ion o f  browsing anima l s  early in the twentieth 

century greatly acc e l erated the rate of change to the vegetation cover 

l argely through the in fluenc e of additional pre s sure s  which included 

depredat ion of the under s torey and sel ected d eple t ion of tree spec i e s  by 

preventing the ir regeneration . 

During thi s period o f  fore s t  deterioration there occurred an increase in 

s lope movement activity whi c h  further opened the forest canopy and de s­

troyed l ar ge tracts of forest down slope o f  initial  fai lure site s . Re ­

colonisation o f  these sites by gra s s e s  and shrubby spe c i e s  has been in­

compl ete as further fai lures have occurred in more recent t ime s to lay 

bare substantial areas of val l ey slope . Cont inual s lope movement 

activity has brought about a rapid change to the compo s i t ion and struc ­

ture o f  the forest vegetation and i s  therefore con s idered to be part of 

the proce s s  o f  for e s t  deter ioration . I t  i s  here considered that forest 

deteriorat ion in thi s  area has primarily been the result o f  progres sive 

vegetation cover removal by continual s lope movement processes  and to a 

l esser extent due to depredat ion of the under storey and selected deplet ion 

o f  tree spe c i e s  by brows ing animal s .  The combined proc e s s e s  of over­

browsing and increased slope movement activity have e ffectively reduced 

the s tabil i ty of val le y  s lopes by increas ing the susceptibil ity of soil 

and col luvium to fai lure . There i s  cons iderabl e evidenc e to suggest that 

failure o f  these materials  i s  brought about as a result of saturation 

both with i n  the root zone and at deeper l evel s  below mos t  tree root 

systems . The d i s tr ibution o f  erosion scars throughout the southern 

Ruahine Range shows that the majority occur on slopes with a northwe sterly 
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aspect ,  the direct ion from which maj or storm events approach this area . 

Hence soil and col l uvium are l ikely to become saturated and fai l  more 

frequently upon the se slope s than upon s lope s facing in other d irection s . 

Successive episodes o f  s lope movement sever e l y  reduce the s tabi l ity o f  

the se s lope s . A s  the ma j ority o f  slope movemen ts occur dur ing o r  shortly 

after per iod s  o f  heavy rain fa l l  it i s  cons idered probable that s lope 

stabi l i ty in thi s area is in general pr imar i l y  governed by c l imatic 

factors and to a l e s ser extent by the condit ion of the forest vegetation . 

I ndeed , s imilar s lope movement type s have been triggered by storm events 

in neighbouring mountainland areas where forest and soil cond itions are 

at present regarded to be in be tter condi tion than tho se in the southern 

Ruahine Range . It fol lows that the observed increase in the number o f  

n ew ero s ion scar s and enlargement of older scar s , within historic t imes , 

i s  predominantly the result o f  increased fr equency of storms a s  propo sed 

by Grant ( 1 96 5 , 1 9 6 6 ) combined with and exacerbated by the progr e s s ive 

deterioration of the fore st vegetation . 

Other factors contributing to slope instab i l i ty include the nature and 

thickne s s  o f  slope materials ( see Section 1 0 . 1 . 1 ) , slope steepnes s ,  l ength , 

a spect and degree o f  d i s sec tion ( see sect ion 1 0 . 2 ) and se i smicity ( see 

Section 1 0 . 4 ) . 

The sum total o f  these factor s has increased the probabil ity that an event 

of given magnitude will now tr igger slope movement in this area when pre ­

viously i t  would not . 
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1 1 . 0  INTRODUCTION 

C H A P  T E R 1 1 

LATE QUATERNARY EROS I ON EVENTS 

Wi thin upper catchment reaches of the southern Ruahine Range there are 

34 0 .  

a number o f  di scontinuous depositional surfac e s  o f  al luvial origin , each 

recording at l east one epi sode of erosion . Chrono logical accounts of 

pas t  erosional events in the Ruahine Range ( Grant , 1 9 78 ) and , more 

spec i f ically , in the We st Tamaki River catchment ( Hubbard , 1 9 7 8 ; Grant , 

1 98 1 a )  have been l argely based upon soi l  pro f i l e  development and vege­

tation maturity on alluvial terrace and fan sur faces . Thi s  chronology 

is aided by ages determined by : ( 1 ) a tephra , the Aokautere Ash ; and 

( 2 )  radiocarbon dating of wood . There i s  evidence for two early 

erosional events dated at about 2 0  000 years B . P .  and 12 000 years B . P . ,  

respectively ( Hubbard & Neal l , 1 98 0 ) , followed by a succe s s ion of 

erosional events ( Tabl e 1 1 . 1 ) dating from the 1 3 th century to pre sent 

day ( Gran t ,  1978 ; 198 1a ) . 

TABLE 1 1 . 1 :  Periods o f  eros ion in the southern Ruahine Range and West 

Tamaki Bas in . 

Eros i on periods in  the 
Ruahine Range 

( a fter Grant , 1 97 8 )  

Eros ion 
period 

Tentative date A . D .  
Ero s ion 
per iod 

Ero s ion per iod s in the 
We st Tamaki Basin 

( a fter Grant , 1 98 1 a )  

Tentative date A . D .  

Waihirere clo sed c .  1 4 0 0- 1 4 5 0  Waihirere c .  A . D .  1 2 7 0  - c . A . D .  1 3 7 0  

Matawhero 

Wakarara 

clo sed c .  1 6 0 0  Matawhero c .  A . D .  1 5 3 0  - c . A . D .  1 6 2 0  

c . 1 7 8 0  - 1 8 3 0 s  \'1akarara c .  A . D .  1 7 8 0  - c .  A . D .  1 8 3 07 

Ear l y  Modern 188 0 s  - 1 8 9 0 s  Tamaki c.  A . D .  1 8 7 0 - c .  A . D .  1 9 0 0  

Modern mid 1 9 3 0 s  to pre sent Waipawa late 1 94 0 s  to present 

The fol lowing account combines information from the se sources and pro­

vides addi tional evidence to support the recognition of these erosion 

events in o ther catchments e l sewhere throughout the study area . Al so , 

evidence i s  presented to suggest that eros ional events within upper 

c atchment reaches were coeval with epi sod e s  of extens ive aggradation in 

l owland areas adj acent to the Range front . 
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1 1 . 1  EROS IONAL HI STORY 

1 1 . 1 . 1  DEPOSITS OF THE OTIRAN S TAGE ( see Table 5 . 1 ) 

The oldest dated deposit found in the Range consists of colluvial gravel s  

within We s t  Tamaki River catchment a t  loca l i ty T2 3/581 1 6 2 . Here , a 

0 . 2 5-0 . 4m thick tephra bed , ident i fied as Aokautere Ash ( Hubbard & Neal l , 

1 9 8 0 ) , occurs within and i s  overlain by at l east 1 0m of col luvial gravel . 

The age o f  the ash approximates 2 0  000  years B . P .  and its  pre sence within 

the s e  gravel s  suggests that : ( 1 )  the Aokautere Ash was depo s ited in an 

environment o f  active erosion and deposition ; and ( 2 )  gravel s  were no 

higher than this point ( l O . lm above the l evel o f  the present river c hanne l )  

when Aokautere Ash was depo s ited ( Hubbard & Neal l , 1 98 0 ) . The col luvium 

i s  overlain by 1 . 9m o f  loess that pre sumably accumulated towards the end 

of the Ohakean Substage , and during Aranuian time ( Table 6 . 1 ) . 

1 1 . 1 . 2  WHITEYWOOD CREEK FAN 

Thi s  compri s e s  an areally extensive fan-shaped deposit o f  al luvial mater ial 

up to 1 5m thick within which there is ev idence o f  at least three l ev e l s  o f  

aggradat ion . The apex o f  the fan can be traced into the lower reac he s  o f  

Whi teywood Creek ( T2 3 /6 98l92 ) ,  a tributary o f  t h e  W e s t  Tamaki River , 

thereby sugges ting that much o f  the material compr i s ing this fan was 

derived from thi s tributary . The absence o f  lateral terr ace remnants 

within the middle and upper reaches of Whiteywood Creek make it d i f f icult 

to de f i ne the exact source area o f  the large volume of mater ial  compris ing 

the fan . S imilarly , the absence o f  correlative terrace remnants in the 

principal channel of the We st Tamaki River , upstream o f  Whiteywood Creek 

j unc tion , indicates the loca li sed nature of this aggradational depo s i t . 

At the base o f  this al luvial fan at loca l i ty T23/698191 , on the l e ft bank 

of Wes t  Tamaki River , is a bur ied soil which overl i e s  an undated gravel 

depo s it which in turn overl i e s  greywacke bedrock ( Fig . 1 1 . 1 ) . Above the 

bur ied soil i s  a second grave l hori zon from which wood identi fied as 

Griselinia l i t tora l i s  ( broadleaf ) has been radiocarbon dated ( NZ 4 3 1 4 B )  

a t  1 2  1 5 0  ± 1 5 0  year s B . P .  ( Appendix Vb ) , suggesting that active depo s i tion 

was occurring on the fan about 12 000 years ago . A 2m thick l ayer of fine 

gravel and s i l t  mark the end o f  this second period o f  gravel aggradat ion . 

A s eepage zone , high l i ghted by the line o f  Cortaderia ful vida vegetation 

( Fi g .  1 1 . 1 ) , indicates the posit ion of this  l ayer of fine gravel .  The 

third per iod of aggradation is represented by the upper gravel unit upon 

whi c h  a mature stand of rimu has grown ( Fi g . 1 1 . 1 ) . Tree r ing dating o f  



F IGURE 1 1 . 1 :  Whi teywood Creek fan depo s i t  i n  which at least three 
l evel s o f  gravel aggradation are recorded . The basal 
gravel ( blue-grey colour ) and uppermo s t  gravel depo s i t  
a r e  undated . The midd l e  l evel h a s  been dated at 1 2  1 5 0  

3 4 2 . 

± 1 5 0  years B . P .  Each l evel o f  gravel aggradation i s  
separated by a thin accumulation o f  f ine gravel and s i l t . 
Here , emergent water seeps and hydroph i l i c  vegetation 
high l i ghts the boundaries between succe s s ive gravel 
depos i t s . The terrace surface supports a thick s tand o f  
Dacrydi um cupressinum dated b y  tree r ing dat ing a s  be ing 
approximately 4 5 0  years old . Figure is 2m high . 
Local ity T2 3/698 1 9 1  on the l e ft bank o f  we st Tamaki River . 
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seven old r imu indicates an age o f  about 4 50 years ( Grant , c i ted in 

Stephens , '1 9 7 7 ) . Thi s  gives a minimum age for the last per iod of 

aggradat ion which is thought to have been re sponsible for blocking the 

entrance of a sma l l  tr ibutary on the l e ft bank of the West Tamaki River 

at T23/6 9 0 l 9 0  within which c arbonaceous si lts accumulated . A sample of 

wood found at the base of the 3m thick carbonaceous s i l t s  has been 

radiocarbon dated 'NZ 4 54 7 c ) at 7 7 0  ± 60 years B . P .  ( Appendix Vb ) . Thi s  

date i s  thu s considered to r epresent the commencement o f  the last period 

of fan aggradation at thi s local ity , approximat ing to early Waihirere t ime . 

On the bas i s  o f  so i l  pro f i l e  development , Hubbard ( 1 978 ) has identif ied 

another aggradational fan depo s i t  at T2 3/6 9 0 l 8 0  and a bur ied soil at 

T2 3/684 l 7 0  of comparable age to that developed on the surface of 

Whiteywood Creek fan . She suggests that the surfaces upon which the se 

so i l s  have developed may repre sent lateral down val ley continuations o f  

a s ingle depo s i t iona l  epi sode . 

1 1 . 1 . 3  WEST TAMAKI TERRACES 

On the l eft bank of the Wes t  Tamaki River at local ities T2 3 /688 l 7 5  and 

T2 3 /68 6 1 7 2  there are remnant a l l uvial terrace sur faces at about 2 . 5m 

above present r iver l evel . The sur f i c i a l  so il suggests that the se 

terrace surface s  predate the upper surface o f  the whiteywood fan ( Hubbard , 

1 97 8 ) . The terraces support a mature podocarp-hardwood fore st . The 

bases o f  some o f  the s e  trees have been bur ied by later alluvium o f  be­

tween 0 . 3 - lm thicknes s , which supports a l e s s  mature vegetation dominated 

by pepperwood and mahoe . Tree r ing dating o f  several large mahoe trees 

i ndicates that the uppermost a l luvium wa s deposited dur ing the l880s , 

that i s , dur ing the Tamak i eros ion per iod ( Grant , 1 9 8 1 a ) . Tree ring 

dating of l arge podocarps were inconc lus ive and Grant ( 1 98 l a )  was unable 

to determine with c e r t a inty in which erosion per iod the lower portions 

of these terrace s  were deposi ted . He conc ludes that depo s i t ion o f  these 

terrace deposits occurred e ither dur ing the Matawhero or the Waihirere 

periods . 

1 1 . 1 . 4  HUT CREEK FAN 

At the j unction o f  Hut Creek and the main channel of West Tamaki River 

( T2 3/6991 97 ) there is a sma l l  fan depo s i t  with a weakly developed so il 

that supports a s tand o f  red beech (Nothofagus fusca ) . Tree r ing dating 

indicates that trees first became establ i shed on this fan dur ing the early 

l88 0s . Thi s  give s a minimum age for the uppermo st 2m thick veneer o f  
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al luvial gravel at this s i te o f  depo s i t ion in  the Tamaki ero s ion per iod 

( Grant , 1 9 8 1 a ) . Beneath thi s veneer o f  al luvial gravel stumps o f  

Nothofa gus fusca , with approximately the same diameter as  the largest 

now growing on the surface o f  the fan , are bur ied . The s i ze o f  the 

stumps ind icate that the dead trees were 9 0 - 1 0 0  years old at the time of 

the Tamaki depo s i t ion , thu s  an ear l i er depo s it ional per iod preceded the 

Tamaki eros ion period of 90-100  years , whi c h  approximates the dating for 

the Wakarara erosion period o f  Grant ( 1 981a ) . A soil within sur face 

gravel s  o f  a fan depo s i t  at T2 3/684 1 7 0  is at a s imilar stage o f  devel op­

ment to that of the uppermo s t  veneer of gravel s  on Hut Creek fan and i s  

cons idered to b e  o f  s imilar age ( Hubbard , 1 9 7 8 ) . 

1 1 . 1 . 5  DRY CREEK FAN 

An extens ive terrace surface i s  preserved in  the lower r eaches o f  west 

Tamaki River catchment . Gravel s  compri s ing thi s  terrac e have bur ied a 

wel l  developed so i l  to depths varying between 3m at T2 3/68 2 1 66 to 2m at 

T2 3/68 2 1 6 2 . The gravel s  are angular and very fre sh-looking , and there 

has been l ittle time for so i l  developmen t  ( Hubbard , 197 8 ) . Tre e  r ing 

dating sugges t s  that the vegetation became e s tabli shed around A . D .  1900  

indi cating that d epo s i tional activity probably c lo sed on the fan sur face 

during the 1 8 9 0 s  which was a very active pha se of the Tamaki eros ion 

per iod e l s ewhere ( Grant , 1 9 8 1 a ) . Since thi s  time further depo s i t ion o f  

alluviurrt o n  the terrace surfac e s  dur ing A . D .  1 9 1 5 - 1 9 2 0  covered the sur­

face formed in the 1 8 8 0 s  and buried the bas e s  o f  numerous tre e s  growing 

on the 1 88 0  surface ( Gran t , 1 9 8 1 a ) . 

1 1 . 1 . 6  RAPARAPAWAI TERRACE 

On the l eft bank of Raparapawai stream at T 2 3 / 5 8 0 0 5 6  S tephens ( 1 97 5 )  

located a 3 . 5m high aggradational terrac e , much o f  which has s ince been 

de stroyed . Wood identi fied as Podocarpus spi ca tus extracted from a 0 . 2m 

thick paleosol at 1 . 8m depth has been radiocarbon dated ( NZ 3 8 7 9c )  at 

680 ± 40 years B . P .  (Append ix Vb ) . The period o f  aggradation r epre s ented 

by the grave l horizon beneath the paleosol i s  undated . The gravel hor izon 

overlying the paleosol may be interpreted as be ing the product of a period 

o f  ero s ion that corre sponds in t ime wi th the Waihirere eros ion per iod o f  

Grant ( 1 98la ) . 

1 1 . 1 . 7  MISCELLANEOUS TERRACE S URFACES 

Throughout the s tudy area there are a number o f  localities  at which terrace 



surfaces  are preserved . The se surfaces were observed to f i t  into two 

general groups : ( A )  high-level terrac e s  with tree -sized vegetation ; 
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and ( B l  low-l eve l terraces o f  varying heights with a range o f  vegetation 

types including tree s , shrub s and gras ses  to tho se wh ich ar e non-vegetated . 

A .  High-Level Terrac e s  

H igh-l evel terrace remnants occur in Andersons str eam ( T2 3/ 6 0 5 l 7 8 ) ,  i n  

Cattle Creek ( U2 3/7 1 3 2 2 1 )  and in Coppermine stream ( T2 3/ 5 5 4 0 3 4 ) .  Each 

surface i s  approximately 1 0m above present day stream l evel and i s  

mantled b y  a weakly deve loped soil o f  s imilar thickne ss and appearance 

to that on Hut Creek fan . Remnant tree stumps ind icate that trees of 

approximately 1 00 years age grew on these surfac e s . The se terrac e s  are 

considered to be of s imi lar age and were probably deposi ted during the 

Tamaki erosion per iod o f  Grant ( l 9 8 1a ) . Eac h terrace depo s it represents 

deposit ion , o f  a considerable volume of unweathered al luvial grave l , 

dur ing a s ingle ero s ional event . In each case the terrace has formed at 

a stream j unct ion where the tributary stream that provided the gravel 

joins the mai n  stream channel .  Downstream extens ion of these high-level 

terrace s  i s  either very short or non-existen t  so that correlation relative 

to other surfaces i s  d i fficul t . 

B .  Low-Level Terraces 

Low-leve l terraces occur in mos t  catchmen t s ; the better examples are 

pre sented here . The he ight of the se sur faces is var iabl e and there i s  

n o  cons i stent relation ship between terrace height and maturi ty of vege­

tation . These terrace surfac e s  are under l a in by a very weakly structured 

soil that over l i e s  unweather ed grave l s . In the we st Tamaki catchment , 

low l evel terraces covered with Meli cytus ramiflorus occur at T23/697 l 9 5  

and T2 3/684 1 69 . They are in general no more than 0 . 5m above stream level 

and are thought to be l e s s  than 98 years old ( Hubbard , 1 97 8 ) . Other 

vegetated surfac es  of probabl e  equ ivalent age are 0 . 5-2m in he ight and 

occur in Mangapuaka Stream ( T2 3/62 7 1 l l ) ,  in pohangina River ( T2 3/6902 3 4 ) 

and in Makawakawa Stream ( T2 3/ 6 2 0 1 86 ) . At loc a l i ty T2 3/584 0 5 2  in the 

Raparapawai stream catchment , Stephen s  ( 1 97 5 )  dated a 2m high terrace 

sur face on the ba sis  of age of its vegetation cover . U s ing an increment 

borer he determined the minimum age of r imu tree s  to be approx imately 

200 years old . In al lowing for a reasonable t ime for the vegetation to 

estab l i sh on a freshly depos ited aggradational gravel sur face , Stephens 

estimated the age o f  thi s  surface to be at l east 2 5 0- 3 0 0  years old (p 6 3 ) . 

Insufficien t  evidence prec lud e s  the a s signing o f  thi s  period o f  terrace 
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formation to a spec i f ic eros ion per iod . Mo st low l evel terrace s  are 

sub j ect to s treambank overflow and indeed are e i ther veneered with recent 

alluvium or have been d i s sected by channel s cour . I t  i s  uncl ear to which 

eros ion period the formation o f  many can be attr ibuted but most of them 

were probably depos ited e i ther dur ing the Tamaki or Waipawa eros ion 

periods of Grant ( 1 98la ) . 

In h i storic t imes the format ion o f  al luvial terraces has coincided with 

periods o f  s lope instab i l i ty during storm events . Severe s lope instabi l ity , 

sediment transport and terrace formation occurred in 197 5 during the pas s ­

age o f  Cyc lone Al i son acros s  the area . As a result o f  thi s  storm many 

c atchments contain terrace surfaces o f  bare gravel that are sti l l  in evi­

dence today , for exampl e ,  in  the We st Tamaki River catchment at T 2 3/699l 9 9 . 

I n  1 97 8  a local i sed s torm caused severe damage to val ley slope s in the 

North Oruakeretaki S tream catchment , as a result of which the main stream 

channel became choked with al luvial grave l . The formerly boulder-armoured 

stream b ed was trans formed overni ght into an even- surfac ed bed compr i s ing 

f ine al luvial grave l s  up to 1m thick . S ince this storm event the s tream 

has inc i sed into the f ine gravel to form 1m high lateral terrace depo s i t s  

along i t s  bank s and the former boulder-armoured streambed is  o n c e  again 

expo sed . Many such terrace systems are to be found in upper c atchment 

reaches where they are formed by a bui ld-up of gravel behind log dams . 

When the dam breaks the stream rapidly inc i s e s  into the grave l  as a re­

sult o f  which the former streambed i s  abandoned and i s  pre served in  part 

as lateral terrace remnants .  Terrace s  formed in such a way are generally 

short-l ived as sub sequent storm events resulting in high flood flows gener­

ally de s troy these unconsol idated depo s i t s . S t i l l  other sur face s  are pre ­

served for suffic ient pe r iods of time for the e stabl i shment o f  a meagre 

vege tative cover . The ma j ority o f  depo s i t ional terrace surface s  o f  thi s 

nature have been formed during the Waipawa ero s ion period o f  Grant ( 1 98 la ) . 

1 1 . 2  DI SCUSS I ON 

Evidence of ma j or eros ional periods dating back to Late Quaternary time s 

i s  preserved within upper catchment reaches o f  the southern Ruahine Range . 

The gravel depo s i ts in  which Aokautere Ash i s  bur ied pres erve evidence o f  

a maj or period o f  erosion that occurred during the Ohakean Substage o f  the 

Otiran ( last glacial ) S tage . At this t ime the Ruahine Range was sub j ected 

to a sequence of alternat ing c l imatic fluctuations . Dur ing the cold 

glacial periods solifluc tion i s  known to have been wide spre ad in  the 

Wel l i ngton d i s trict ( 2 0 0  km to the south of the study area) ( Cotton & 

Te Punga , 1 95 5 )  and simi lar periglacial condi t ions probabl y  existed in  the 
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Ruahine Range (Hubbard & Neal l , 1 9 8 0 ) . Resultant increased eros ion rates 

in mountainland areas produced gravel s  that now form extensive terraces in 

lowland areas ad j ac ent to the Range . The pre sence of Aokautere Ash within 

loess upon aggradational terrace surface s  o f  Ratan age in the south o f  the 

s tudy area ( see Section 6 . 6 . 1C )  sugges t s  that here loe s s  accumulation was 

approximately coeval with a maj or eros ion period in the Range s  during 

which this ash was preserved within aggradat ional grave l s . Thi s  eros ion 

per iod i s  thought to have begun at about 20 000 years ago and based upon 

a radiocarbon date from the we st Tamaki c atchment ( NZ 4 3 14B , Appendix Vb ) , 

i s  thought to have ceased about 1 2  0 0 0  years ago . These date s suggest 

that a period o f  mountainland eros ion in the southern Ruahine Range spanned 

mos t  of Ohakean t ime . 

At l ea s t  five erosional periods within Holocene t ime s have been recorded 

in upper catchment reache s of the southern Ruahine Range . Grant ( 1 9 6 5 , 

1 966 , 1 97 8 , 1 98 1 a , 198 1b , 1 9 8 3 )  attributes each episode o f  erosion and 

sedimentation to periods of sustained increase in the frequency of maj or 

rainstorms ( see Section 1 0 . 3 ) . Some eros ion i s  the result o f  a s ingl e 

storm such as that which occurred dur ing Cyc lone Al i son in Marc h  1 97 5 .  

As previously outl ined ( se e  Chapter 1 0 )  c l imate i s  regarded a s  being the 

mos t  important c ausal fac tor o f  eros ion in the southern Ruahine Range during 

hi stori cal time s . Pre sumably this relationship has exi sted throughout the 

Holocene as one of the mos t  important factors r e spon s ible for triggering 

eros ion periods . Older eros ion periods i n  Ohakean time s coinc ided with a 

known per iod of c l imatically induced increased eros ion rate s . Thus i t  i s  

l ikely that the ma j or i ty o f  eros ion periods recorded i n  this area have 

been triggered by long term c l imati c  o s c i l l at ions and/or short-term heavy 

rainstorms . Evidence from the southern Ruahine Range sugges t s  that erosional 

per iod s in Ohakean ( 2 5  0 0 0- 1 2  0 0 0  years B . P . )  time s were of cons iderably 

greater magni tude than in Holocene t imes . 

S ince the 1 3 t h  century each successive eros ion period , apart from the pre­

sent day Waipawa period , has been o f  l es ser magnitude than previous periods 

and all but the Tamaki pe riod exceed in magnitude that o f  the pre sent 

Waipawa period ( Grant , 1 98 3 , fig . 2 4 ) . The Wa ipawa ero s ion period has been 

characteri sed by increased eros ion rate s i n  headwater val l ey s l ope areas , 

increased supply o f  coar se sediment to stream channe l s  and increased rate s 

o f  bedload transportation from upper catchment areas onto adj acent lowland 

areas . A quant itative measure o f  eros ion rates in all  upper catchment 

reaches wi thin the s tudy area during the pre s ent Waipawa erosion period has 

been attempted ; the results and consequence s  o f  which are out l ined in 

Chapter 1 2 . 
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PAS T , PRESENT AND POTENTIAL PATTERNS OF S LOPE FAILURE 

1 2 . 0  INTRODUCTION 
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The few hi stor ical accounts which refer spe c ifically to eros ion in the 

southern Ruahine Range record the presence of s lope movement dur ing the 

early twentieth century but unfortunatel y  no e s t imate of the magnitude o f  

eros ion c an be determined from these account s .  An attempt to quantify 

the magni tude o f  erosion in the s tudy area and to estab l i sh a trend in 

the ero s ion rate , wi thin hi storical time s , i s  outl ined in this c hapter . 

The scope o f  thi s  s tudy was , however , l argely governed by the availabil ity 

o f  aerial photographic coverage . In an area the s ize of the southern 

Ruahine Range there are problems in obtaining sequential photographi c  

coverage that : ( 1 )  spans the entire area ; ( 2 )  i s  d evoid o f  c loud cove r ;  

and ( 3 )  i s  o f  a n  appropriate scale for use i n  such a study . The se 

constraints l imited thi s  s tudy to two period s o f  t ime . The ear l i e s t  

ava ilable coverage i s  provided b y  two photographic s e r i e s  ( SN 2 3 0  and 

SN 1 8 1 )  flown between 1 9 4 6  and 1 9 4 9 . The second period for whi c h  entire 

aerial photographic coverage is available ( S N  3 72 1  and S N  5 1 6 3 ) spans 

the years 1 9 7 4  to 1 97 8 . Thus from the se two t ime periods measurements 

o f  areas o f  active ly erod ing s l ips about 28 years apart is pos s ibl e . 

From d i f fe rences or s imilarities  in the d i s tribution and amount o f  

eroded areas , current trends in the rate o f  eros ion can be ascertained . 

Re ference to addi tional but incomplete aerial photographic coverage dur ing 

the i ntermediary years provide s valuable c lues to the t iming of an 

accel erated erosion period that occurred within this time interva l . 

In thi s chapter l arge-scal e ,  deep- seated ma s s  movements are d i scussed 

s eparately from areas of actively eroding s l ip s , the latter being 

large ly of shal low tran s l ational origin ( see Section 1 0 . 1 . 1 ) . Fall s  

and topples are few i n  number and too small  to measure but where good 

examples have been located , they are plotted on Maps 5 and 6 .  

1 2 . 2  METHODS 

Mea surement of upper catchment areas and of large-scal e ,  deep-seated 

slumps with an obvious ovate outline was achieved using a Hewl ett Packard 

digitiser . Areal measurement o f  ridge-top f eatures o f  indeterm inable 

shape was not attempted . Areal measurements , in hectar e s , were r epeated 

unti l  f i gures accurate to two dec imal plac e s  were obtained . 
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Areas o f  active l y  eroding s l ips ( exclud ing old erosion scars that have 

s ince revegetated)  that were pre sent dur ing the period 1 94 6-49 were 

traced o f f  aerial photographs at a sca l e  of 1 : 13 600 ( series SN 2 3 0  
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and S N  1 8 1 ) . With the aid o f  an epid iascope , the se images wer e trans­

ferred onto a base map drawn at 1 : 2 5  0 0 0  scal e (Map 5 ) . Areas of 

actively eroding s l ips present in the period 1 97 4 -78  were traced off 

aerial pho tographs at 1 : 2 4  000 scale and 1 : 10 000 sca l e  ( series SN 3 7 2 1  

and S N  5 1 6 3 , r e spectivel y )  and proj ec ted to 1 : 2 5  0 0 0  scale in the same 

manner ( Map 6 ) . Photographi c  di stort ion was kept to a min imum by trac ing 

only tho se areas of active ly eroding s l ips within the middl e  portion of 

each contact print . Measurement of the areas of actively eroding sl ips 

was carri ed out in upper c atchment areas only us ing a dot grid of 1 0 0  

dots /cm2 , These resul ts  are pre sen ted i n  Tabl e s  1 2 . 1  and 1 2 . 2 ) . Thes e  

areal mea surements were not ad j u s ted for the s lope angl e o f  the ground . 

1 2 . 2  SHALLOW TRANSLATIONAL ACTIVELY ERODING SLIPS 

1 2 . 2 . 1  DIS TRIBUTI ON 

During the 1 94 0 s  the total area o f  actively eroding s l ips occurring on 

both the we stern ( 18 0  ha l and eastern ( 160  ha l flanks o f  the Range was 

e ss entia l l y  the same ( Tabl e s  1 2 . 1  and 1 2 . 2 ) . However , the d i s tr ibution 

of these areas of active ero sion along each flank is uneven . On the 

western f l ank 6 1 %  of the total eroded area was located within three 

deeply d i s s e c ted c atchments - Piripiri , Pohang ina and Makawakawa catch­

ment s  ( Table 1 2 , 1 ,  column 6) at the northern end o f  the Range . In 

addition , l arge areas o f  actively erod ing s l ips occurred within three 

moderate ly d i ssected catchments further to the south , e . g . Mangatuatou , 

Opawe and No . 1 Line catchments . Only sma l l  ar eas o f  actively erod ing 

s l ip s  occurred within the least d i s sected catchments both in the north 

( Konewa and Te Ekaou ) and in the south ( Te Awaoteatua and Maungatukurangi )  

o n  the we stern f l ank o f  the Range . 

I n  contrast ,  areas o f  active l y  erod ing s l ips on the eastern f lank of the 

Range during the 1 94 0s were more evenl y  d istr ibuted . Nonethe l e s s , mor e  

than hal f  ( 5 5 . 7 % )  o f  the total eroded area o n  this flank was located 

within catchments northward of Mangapuaka c atchment ( Table 1 2 . 2 ,  column 6 )  . 

Thi s  included a substantial area o f  active l y  eroding s l ip s  within the 

Mangatera footh i l l s  ( to the northeast of the Range ) at this t ime ( Table 

1 2 . 2 ,  column 6 ) . 

Dur ing the 1 97 0 s  the location o f  act ively erod ing s l ips remained un­

c hanged despi te an ave rage increase of 9 1 %  in eroded area s in c e  1 94 6  



TABLE 1 2 . 1 :  Cal culat ion and compari son o f  the area in act ively eroded s l ips within upper catchments along the wes tern 
flank o f  the southern Ruahine Range for the years 1 9 4 6 - 4 9  and 1 9 7 4-7 8 . 

Column number 1 2 3 4 5 6 7 8 9 1 0  
Upper Area in  actively % o f  total % o f  total eroded % increase/ 

Catc hment 
catchment eroding s l ips e roded area within area in the decrease in 

area 1 94 6- 4 9  1 97 4 - 7 8  e a c h  catchment southern Ruahinc Range eroded area 
( ha )  % ha % 1 9 4 6 - 4 9  1 97 4 - 7 8  1 946-49  1974-78  between 1 94 6-74 

Maungatukurangi 4 4 5  0 0 2 0 . 4  0 0 . 5  + 2 0 0  

Whare roa 7 2 3  2 0 . 3  5 0 . 7  1 . 1  1 . 4  + 1 5 0  

Makohine 484 2 0 . 5 3 0 . 6  1 . 1  0 . 8  + 5 0  

Tokeawa 519  5 1 . 0  1 0  1 . 9  2 . 8  2 . 7  + 1 0 0  

4 9 3  1 0 . 2 0 0 0 . 6  0 
'd - 1 0 0  Te Awaoteatua OJ 

No . 2 Line 2 92 5 1 . 7  8 2 . 7  2 . 8  2 . 2  c + 6 0  

No . 1 Line 4 7 7  1 4  2 . 9  1 9  4 . 0  7 . 8  5 . 2  
-M 

+ 3 6  
S 

Dunda s  Creek 2 9 1  2 0 . 7  3 1 . 0  1 . 1  0 . 8  >4 + 5 0  

Ohinetapu 1 5 5  3 1 . 9  6 3 . 9  1 . 7  1 . 6  
<J) 

+ 1 0 0  
+J 

Mangatuatou 368 1 2  3 . 3  1 3  3 . 5  6 . 7  3 . 6  OJ + 8 

7 98 1 9  2 . 4  2 0  2 . 4  1 0 . 6  5 . 5  
'd + 5 Opawe 

Porewa 4 98 3 0 . 6  1 3  2 . 6  1 . 7  3 . 6  + 3 3 3  
+J 

Te Ekaou 6 6 1  0 0 3 0 . 5  0 0 . 8 0 + 3 0 0  

Hakawakawa 3 982  34  0 . 9  1 0 5  2 . 6  1 8 . 9  2 8 . 7  
c + 2 0 9  

Konewa 1 3 3 4  2 0 . 1 2 0 . 1  1 . 1  0 . 5  0 

Pohang ina 3 3 2 0  58  1 . 7  1 2 0  3 . 6  3 2 . 2  3 2 . 8  +1 0 9  

P i r ipiri 6 3 9  1 8  2 . 8  3 4  5 . 3  1 0 . 0  9 . 3  + 8 9  

Wes tern f l ank 1 5  4 7 9  1 8 0  1 . 2  3 6 6  2 . 4 1 0 0 %  1 0 0 %  5 3  5 6  + 1 0 3  
Wes te rn and easter n  f l anks 2 7  1 3 2  3 4 0  1 . 3  6 4 8  2 . 4 1 0 0  1 0 0  1 0 0  1 0 0  + 9 1  

LV 
U1 
0 



TABLE 1 2 . 2 :  Cal culat ion a nd compar ison o f  the area i n  act ively e roding s l ips with in upper c atchments a long the eastern 
fl ank of the southern Ruahine Range for the years 1 94 6- 4 9  and 1 9 7 4 - 7 8 . 

Col umn number 1 2 3 4 5 6 7 8 9 1 0  
Upper Area in a ctively % of total % o f  total eroded % increase/ 

Catchment catchment eroding s l ips eroded area within area in the decrease in 
area 1 94 6 -4 9  1 9 7 4 - 7 8  each catchment southern Ruahine Range eroded area 
( ha l  % ha % 1 9 4 6-4 9 1 9 7 4 - 7 9  1 94 6- 4 9  1 97 4 - 7 8  between 1 94 6 - 7 4  

We s t  Tamaki 1 2 50 2 0  1 . 6  4 8  3 . 8  1 2 . 5  1 7 . 0  + 1 4 0  

Eas t  Tamak i  foothil l s  1 4 4 5  1 1  0 . 8  7 0 . 5  6 . 9  2 . 5  - 3 6  

Mangatera footh i l l s  1 0 6 1  2 4  2 . 3  5 0 . 5  1 5 . 0  1 . 8  - 7 9  
'U 

Rokaiwhana 1 0 4 2  1 0  1 . 0  3 4  3 . 3  6 . 3  1 2 . 0  (J) + 2 4 0  

Rokaiwhana foo thil l s  6 14 1 0 . 2  2 0 . 3  0 . 6 0 . 7  � + 1 0 0  
• .-1 

Otamaraho 1 7 2  2 1 . 2  1 0  5 . 8  1 . 3  3 . 5  E +4 0 0  

Mangapuaka 7 7 7  2 1  2 . 7  4 0  5 . 1  1 3 . 1  14 . 2  \..I + 9 5  
(J) 

Otamarahu 3 4 6  3 0 . 9  1 0  2 . 9  1 . 9  3 . 5  +l + 2 3 3  

Mangapukakakahu 4 38 8 1 . 8  1 3  3 . 0  5 . 0  4 . 6  (J) + 6 3  
'U 

North Oruakeretaki 8 5 5  1 9  2 . 2  2 1  2 . 5  H . 9  7 . 4  + 1 1 

South Oruakeretaki 2 7 5  4 1 . 5  7 2 . 5  2 . 5  2 . 5  +l + 7 5  

Raparapawai 1 0 4 5  1 6  1 . 5  3 5  3 . 3  1 0 . 0  1 2 . 4  0 +1 1 9  
� 

Manga-a-tua 8 9 5  1 4  1 . 6  2 7  3 . 0  8 . 8  9 . 6  + 9 3  

Coppermine 6 3 0  5 0 . 8  1 6  2 . 5  3 . 1  5 . 7  + 2 2 0  

Mangapapa 8 0 8  2 0 . 2  8 1 . 0 1 . 3  2 . 8  + 3 0 0  

Eastern f lank 1 1  6 5 3  1 6 0  1 . 4 2 8 2  2 . 4 1 0 0  1 0 0  4 7  4 4  + 7 6  
We stern and eastern flank 2 7  1 3 2  3 4 0  1 . 3  6 4 8  2 . 4  1 0 0  1 0 0  1 0 0  1 0 0  + 9 1  
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throughout the Range ( Tables  1 2 . 1  and 1 2 . 2 ) . Much of this increase was 

located within P ir ipir i ,  Pohangina and Makawakawa catchments , which at 

thi s time conta ined 7 0 . 8 % o f  the total eroded area in the southern 

Ruah ine Range ( Tabl e 1 2 . 1 ,  column 7 ) . Further to the south No . 1 Line , 

Opawe and Mangatuatou catchments contained substantial erod ed areas , 

though by the 1 97 0s  they had a l e s s er percentage than in the 1 94 0 s . 

Konewa , Te Ekaou , Te Awaoteatua and Maungatukurangi catchments continued 

to be s i tes of l east actively eroding s l ip s  ( Table 1 2 . 1 ,  column 7 ) . 

The even di stribution o f  activel y  erod ing s l ips on the eastern f l ank of 

t he Range was still apparent in the 1 9 7 0 s  with 51 . 7 % of the total eroded 

area on thi s f lank occurring within catchments northward of Mangapuaka 

catchment ( Table 1 2 . 2 ,  column 7 ) . Here , a reduction in the percentage 

of the total e roded area s ince the 1 94 0 s  is due to stabil isation o f  

farmed foothi l l  areas wi thin East Tamaki and Manga tera catchments ( Tabl e 

1 2 . 2 ,  column 7 ) . 

It  could be interpreted that greater areas o f  actively erod ing sl ips in 

the north of the s tudy area are a consequence of larger catchment s i z e . 

Indeed s treams i n  the north o f  the area are longer and catchments are of 

larger size where the Range i s  wides t  ( 1 3  km) . However , the pre sence o f  

substantial areas o f  active l y  e roding s l ips in the southeastern sector 

o f  the Range ind i cates that factors other than catchment s iz e  are important 

in determining the location o f  actively eroding s l ips . In the south , 

where the range i s  narrow ( 7  km) it  can be shown that eastern catchment s 

are shorter and steeper so  that val l ey d i s section i s  greater and val l ey 

s lope s are s te eper ( Tabl e 1 0 . 3a )  than in we stern catchments . Thes e  

d if ferenc e s  account for the greater area o f  actively eroding s l ips within 

southeastern catchment s compared with southwestern catchments . 

1 2 . 2 . 2  TRENDS 

Of the 3 2  catchments surveyed in this study , a l l  but three show an in­

crease i n  the area of active ly eroding s l ips between the years 1 94 6-49 

and 1 9 7 4 - 7 8 ; a period of about 2 8  years . The three exceptions have one 

factor in common . Within each catchment a substantial area o f  original 

forest vegetation was c l eared during the early 1 9 0 0 s  and replaced with 

pasture . As a re sult of fore st c learance , the slope s in these areas 

became un stab l e  and the effects were s t i l l  apparent on the 1 94 6- 4 9  aerial 

photographs . Much of the eros ion at that t ime is thought to have been 

the result of shal low s lope movements , such as debr i s  s l id e s  and debr i s  

avalanche s ,  sheetwash and wind eros ion . By the 1 9 7 0 s  the area of 
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actively erod ing s l ips within the se catchments had decl ined by 1 00 %  in 

Te Awaoteatua catc hment ( Table 1 2 . 1 ,  column 1 0 ) , by 7 9 % in the Mangatera 

footh i l l  area and by 3 6 %  in East Tamaki catchment ( Tabl e 1 2 . 2 ,  column 1 0 ) . 

No attempt was made to quant ify the area of actively erod ing s l ips on 

pastured s lope s associated with earth material s flanking the Range . 

However ,  visual compar i son of Maps 5 and 6 ind i cates that areas o f  

active ly eroding s l ips within the se lower catchment reaches have decl ined 

s ince the 1 94 6 - 4 9  period . 

Of tho se upper catcnments to show an in crease in the perc entage o f  actively 

e roding s l ips dur ing the 28 year period , the most dramatic increases 

have o c curred in Porewa , Te Ekaou , Maungatukurangi and Makawakawa catch­

ments on the western flank of the Range ; and in Rokaiwhana ,  Otamaraho , 

Otamarahu , Coppermine and Mangapapa c atchments on the eastern f lank of 

the Range . I n  each catchment the perc entage o f  actively erod ing sl ips 

has increased by between 2 0 0 %  and 4 00 %  ( Tabl es  1 2 . 1  and 1 2 . 2 ,  column 1 0 ) . 

Catchmen ts with minimal increases in area of actively erod ing sl ips 

( between 0% and 5 0 % )  dur ing thi s same t ime period inc lude Makohine , No . 1 

Line , Dundas Creek , Mangatuatou , Konewa and Opawe catchments , all  on the 

western f l ank of the Range and North Oruakeretaki catc hment on the 

eastern flank . Most of the remaining catchments show an increase in 

percentage of actively erod ing s l ips o f  between 5 0 %  and 1 5 0 %  ( Tables  

1 2 . 1  and 1 2 . 2 ,  column 1 0 ) . 

Results o f  thi s work , in general , agree with findings of previous authors .  

James ( 1 97 3 )  e s tabl is hed that 1 . 7 %  of the s lope area within a smal l 

portion o f  Pohangina catchment was active l y  eroding in 1 94 6 . By 1 96 3  

thi s area had i ncreased t o  2 . 7 % o f  catchment slope s ,  an increase o f  6 0 %  

i n  1 7  years ( p  98 ) . Table 1 2 . 1 ,  column 3 of t h i s  study ind icate s that 

in 1 94 6 , 1 . 7 %  of slope s within part of the Pohangina catchment surveyed 

in thi s s tudy were actively erOd ing . By 1 97 4  this area had increased 

to 3 . 6 %  o f  catchment s lope s , an increase o f  1 09 %  in 2 8  years ( Table 1 2 . 1 ,  

column 1 0 ) . 

Between 1 94 6  and 1 9 7 4  there wa s a 1 2 0 %  increase in the actively erod ing 

s l ips in No . 1 Line and Raparapawai c atchment s ( Stephens , 1 9 7 5 ) . This 

present s tudy ind icates that dur ing this same period there was a 1 1 9 %  

increase in the area o f  ac tively erod ing slope s within Raparapawai 

catchment ( Table 1 2 . 2 ,  column 1 0 )  but only a 3 6 %  increase in No . 1 Line 

catchment ( Tabl e 1 2 . 1 ,  column 1 0 ) . There i s  l ittle correlation be tween 

the results of this s tudy and those of Mos l ey ( 197 7 ,  Tabl e 7 ) . 
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Al l but two catchments conta in a s ign i f icant area of actively eroding 

s l ips during the 1 94 6-4 9 period . The s e  two catchments ( Te Ekaou and 

Maungatukurang i )  were e s sential l y  devoid o f  actively eroding s l ip s  at 

thi s t ime . There fore , the appearance o f  an area of  actively erod ing 

s l ips within each catchment by 1 97 4 , though small in areal extent , ha s 

re sulted in a greatly exaggerated percent increase in actively eroding 

s l ip areas ( Table 1 2 . 1 ,  column 1 0 ) . 

The sum total o f  a l l  c atchment areas on the western flank of the Range 

i s  greater than that on the eastern fl ank of the Range ( Tabl e s  1 2 . 1  and 

1 2 . 2 ,  column 1 ) . I t  i s  there fore not surpr i s ing that the total area of 

actively erod ing s l ip s  on the western fl ank is greater both dur ing the 

1 946-4 9 and 1 97 4 - 7 8  period s . I t  i s ,  however , intere sting to note that 

the area o f  actively erod ing s l ips expr e s sed as a percentage o f  the 

total area on each flank of the Range indicates that in the per iod 

1 9 4 6-4 9 a h i gher percentage ( 1 . 4 % )  of s lope s on the eastern flank were 

actively erod ing compared to 1 . 2 % on the we s tern fl ank ( Tabl e s  1 2 . 1  and 

1 2 . 2 ,  column 3 ) . However , dur ing the interval 1946-19 7 4 , there occurred 

a greater increase ( 1 0 3 % )  in the area o f  act ively eroding s l ip s  on the 

western flank of the Range c ompar ed wi th a l e s ser 7 6 %  increa s e  on the 

eastern f l ank ( Tabl e s  1 2 . 1  and 1 2 . 2 ,  column 1 0 ) . By the 1 9 7 0s the per ­

c entage o f  actively eroding s l ips o n  e a c h  fl ank o f  the Range was identical 

and measured 2 . 4 % ( Tabl e s  1 2 . 1  and 1 2 . 2 ,  column 5 ) . 

The h i gher percent increase on the we s tern flank of the Range i s  due to 

the greater rate at which ac t ively eroding s l ips have expanded in areal 

extent dur ing the years 1 94 6  to 1 9 7 4  ( Table 1 2 . 4 ) . An increas e  from 5 3 %  

i n  1 94 6  to 5 6 %  in 1 9 74 i s  matched by a corre sponding decrease on the 

eastern flank from 47 % in 1 9 4 6  to 4 4 %  in 1 97 4  ( Table s 1 2 . 1  and 1 2 . 2 ,  

columns 8 and 9 ) . 

The sum total o f  upper catchment areas w i thin the southern Ruahine Range 

approximate s 2 7  1 3 2 hectare s ( Table s 1 2 . 1  and 1 2 . 2 ,  column 1 )  o f  which 

approximatel y 2 . 4 % ( Tabl es 1 2 . 1  and 1 2 . 2 ,  column 5 )  is  considered to 

have been active l y  eroding during the years 1 97 4 - 78 . Thi s  f i gure com­

pare s favourably wi th an a s s e s sment of eroded areas in  the southeastern 

Ruahine Range by Cunningham & S tr ib l i ng ( 1 97 8 ,  p 3 8 )  of 2 . 7 % .  These are , 

however ,  mean values and do not r e f l e c t  the true cond it ion of ind ividual 

catchments within whi ch areas of act ivel y  eroding s l ips vary between l e s s  

than 1 %  and u p  t o  6 %  o f  ,total c a tc hment area s . On the western f l an k  o f  the 

Range , catchment s  within whi c h  a h i gh perc en tage o f  the total catchment 



area i s  actively eroding include No . 1 Line ( 4 % )  ( Ohinetapu ( 3 . 9% )  ( 

Mangatuatou ( 3 . 5 % )  ( Pohangina ( 3 . 6% )  and Piripiri ( 5 . 3 % )  ( Tabl e 1 2 . 1 ,  

column 5 )  and on the eastern flank , the west Tamaki ( 3 . 8 % ) , Otamaraho 

( 5 . 8 % )  and Mangapuaka ( 5 . 1 % )  catchments ( Table 1 2 . 2 ,  c olumn 5 ) . 
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During the 2 8  year interval between 1 94 6  and 1 97 4  the area of  act ively 

e roding s l ips on the wes tern flank of the southern Ruahine Range in­

creased by 1 0 3 %  ( Table 1 2 . 1 ,  column 1 0 )  increasing in area from 1 8 0  ha 

to 3 66 ha ( Tabl e 1 2 . 1 ,  columns 2 and 4 ) . On the eastern flank , the 

area of active ly eroding s l ips increased by 7 6 %  ( Tabl e 1 2 . 2 ,  column 1 0 )  

from 1 6 0  h a  to 2 8 2  ha ( Table 1 2 . 2 ,  column s 2 and 4 ) . This  tota l s  an 

ove rall  increase in area of active l y  e rod ing s l ips of 9 1 %  for the 

southern Ruahine Range in 28 years from 3 4 0  ha in 1 9 4 6  to 648 ha by 

1 9 7 4 . 

1 2 . 2 . 3  TIMING OF SLOPE INSTABI LITY 

The maj ority o f  actively erod ing s l ips pre sent on the 1 94 6 -4 9 aerial 

photographs are s t i l l  c learly vi s ible on aerial photographs taken 1 5  

years later i n  1 9 6 1 . I t  appears that thi s  intervening period was not 

one of marked i ncrease in s lope movemen t  because many of the original 

s lips had not enlarged greatly as a r e su l t  of subsequent movement s .  

Also , very few new s i t e s  of  active s lope movement were initiated dur ing 

thi s per iod . Within thi s 15 year interval some revegetat ion of e ro s ion 

scars had taken place but in spite of  thi s  the ma j ority of scar s appear 

to have been s i t e s  of continuing movement up to 1 9 6 1 . 

Compar i s on o f  aerial photographs taken in 1 9 6 1  and 1 96 6  indicate s a 

substantial i ncrease in the area o f  actively erod ing s l ips in almost 

all catchments over thi s  five year per iod . The same trend was noted 

by Stephens ( 1 9 7 5 )  in Raparapawai catchment . This  increase r e sul ted 

predominantly from enl argement and amalgamat ion of old eros ion scars 

identif iab l e  on earlier photographs but many new areas of active eros ion 

were al so initiated . A trend o f  enlargement o f  old erosion s i t e s  and 

init iation o f  new ones was again very apparent in 1 97 5 .  Thi s  was the 

last ma j or epi sode of extens ive slope movement in the southern Ruahine 

Range . 

For reasons s tated previously , a measure of  the rate of increase in 

areas of activel y  eroding s l ips at  the s e  t ime s was not pos s ib l e . 



The re lat ionship between the above epi sode s  o f  increased slope instab­

i l ity and per iod s o f  heavy rainfall i s  d i scus s ed in section 1 0 . 3 .  

1 2 . 2 . 4  EROSI ON RATES 

3 5 6 . 

Eros ion rates have been calculated using a method employed by James ( 1 97 3 )  

in which he measured areas o f  active l y  erod ing s l ips from aer ial photo­

graphs taken at d i f ferent time s . Thi s  method was a l so used by Stephens 

( 1 97 5 )  and Mos l ey ( 1 97 7 ) for other part s  o f  the Range and by thi s  author 

for all  catchments within the study area ( se e  Section 1 2 . 2 ) . 

A .  Annual Increase in Eroded Area 

The annual increase in eroded area is greater on the wes tern f l ank ( 4 2 9  

m2 /km2/yr ) than o n  the eastern flank ( 3 7 4m2 /km2/yr ) o f  the Range ( Tabl e 

1 2 . 3 ) . I t  i s , however , noticeable that the highe st increase in eroded 

areas on the wes tern f l ank occurred within a few catchments in the 

northwestern part o f  the s tudy area . Here , the high rates o f  increase 

occurred within the l arge s t  catchment s , e . g .  Makawakawa ( 6 3 7m 2 /km2 /yr ) 

and Pohangina ( 667m2 /km2 /yr ) , within which there have been extensive 

areas o f  acti ve l y  eroding s l ip s  s ince the 1 94 0s ,  mos t  of the se having 

enl arged subst antially in l ater ¥ear s . Alternative l y , some of the 

smaller catchments , e . g .  Piripir i , show high rates of increase ( 8 94m2 / 
2 km /yr ) because o f  the presence of l arge- scale ,  deep- seated slope move-

ments that have triggered shallow debr i s  s l ides  and debr i s  aval anche s .  

In contrast , high rates o f  increase i n  erod ed area on the eastern flank 

are mor� evenly d i str ibuted along the l ength of the Range but are highest 

north of Otamarahu catchment ( Table 1 2 . 3 ) . The higher rate s o f  increase 

in eroded area throughout the north o f  the study area are thought to be 

due to the presence o f  s teeper val l ey slope s , and deeper val l ey and 

slope d i s section ( see Section 1 0 . 2 )  in an area sub j ect to higher , more 

intense rain fal l .  

The highe st rate o f  increase in eroded area ( 1 66 1m 2 /km2 /yr ) occur s within 

Otamaraho catchment ( Tabl e 1 2 . 3 ) . Thi s  rate is approximatel y  twice that 

of adj ac ent catchments ,  within which the strata are compo sed o f  ident ical 

l ithologies with s imilar structural atti tud e , val ley slope s are of 

s imil ar steepne s s , aspec t and a l ti tude , the condit ion o f  fore st vegetat ion 

cove r i s  not noticeably d i fferent to that in ne ighbouring catchments and 

the dominant types of s �ope movement are the same . The reasons for the 

increased instabil i ty o f  s lopes within Otamarahu catchment are not cl ear . 



TABLE 1 2 . 3 :  Calcul ation o f  annual ero s ion rates 1 94 6- 7 4 . 

Annual increase Al'1nua1 
we s te rn catchmen t s  i n  eroded area eros ion rate 

(m2 /km2 /yr ) * (m 3 /km 2 /yr ) t 

Maungatukurangi 1 6 1  4 8 3  

Whareroa 1 4 8  4 4 4  

Makohine 7 4  2 2 2  

Tokeawa 344 1 0 3 2  

T e  Awaoteatua - 7 2 +  - 2 1 6  

No . "2 Line 3 6 7  1 1 01 

No . 1 Line 3 7 4  1 1 2 2  

Dunda s  Creek 1 2 3  3 6 9  

Ohinetapu 6 9 1  2 07 3  

Mangatuatou 97 2 91 

Opawe 4 5  1 3 5  

Po rewa 7 1 7  2 1 51 

Te Ekaou 162 4 8 6  

Makawakawa 6 3 7  1 9 1 1  

Konewa 0 0 

Pohang ina 667 2 001 

P i r ip i r i  8 9 4  2 6 8 2  

4 2 9  1 2 8 7  

* Calculations based o n  f i gure s  from Tab le s  1 2 . 1  and 1 2 . 2  

Eastern c atchments 

wes t  Tamaki 

Eas t  Tama k i  foothil l s  

Mangatera foothi l l s  

Rok aiwhana 

Rok aiwhana foothi l l s  

Otamaraho 

Man gapuaka 

Otamarahu 

Mangapukakakahu 

North Oruakeretaki 

South Oruakeretaki 

Raparapawa i 

Manga-a-tua 

Coppermine 

Mangapapa 

TOTAL CATCHMENTS 

Annual increase 
in eroded area 

(m 2 /km 2 /yr ) * 

8 00 

- 9 9+ 

-64 0 }  

8 2 3  

5 8  

1 661 

8 7 3  

7 2 3  

4 08 

8 4  

3 90 

6 4 9  

5 1 9  

6 2 4  

2 6 5  

3 74 

4 05 

Annual 
eros ion rate 
(m 3 /km2 /yr ) t 

2 4 0 0  

- 2 9 7  

- 1 92 0  

2 4 6 9  

1 7 4  

4 98 3  

2 61 9  

2 169 

1 2 2 4  

2 5 2  

l l 7 0  

1 94 7  

1 55 7  

1 8 7 2  

7 9 5  

1 1 2 2  

1 2 1 5  

+ Negative val u e s  i ndicate a reduct ion i n  area o f  act ivel y  erodi n g  s l ip s  i n  the se c a tc hme n t s  be tween the years 1 94 6 - 7 4  
t Calculation s based on observation t h a t  average depth o f  eros ion s c a r s  i s  3m . 
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The negative values in tabl e 1 2 . 3  ind icate a reduc tion in the area o f  

active ly eroding s l ips between t h e  years 1 94 6- 7 4  within foothi l l  catch­

ments that are predominantly pastured farmland (di scu ssed in Section 1 0 . 2 )  . 

B .  Annual Ero s ion Rate (volume ) 

Whi l e  many o f  the translat ional s lope movements are of l e s s  than 2m 

depth ( se0 Section 10 . 1 . 1 ) , other tran s l ational debris aval anches , rock 

s l ides and rotat ional slumps o ften fail at d epth s between 2m to several 

tens of metre s .  Here , the calculation of volume s of material derived 

from slope movements is based on the average depth of the mos t  common 

form o f  s lope movement .  

On the ba s i s  o f  extensive field observation , a mean depth of 3m has been 

assumed . As thi s i s  a constant , then vol ume variation will be the same 

as area variation . As expec ted , the results ( Table 1 2 . 3 ) ind icate that 

the highest annual ero sion rate occurs in those catchmeT).ts i.n the northern 

sector of the s tudy area where the annual increase in eroded area i s  

greate st . On the we stern f l ank o f  the Range the se rates range from 

1 9 1 1m 3 /km2 /yr in Makawakawa catchment to 268 2m 3 /km 2 /yr in P iripiri 

c atchment . On the eastern fl ank of the Range high eros ion rates occur 

in catchments throughout the length of the Range from Coppermine 

( 18 7 2m 3 /km2 /yr ) in the south to we s t  Tamaki ( 2 4 0 Om 3 /km2 /yr ) in  the north . 

The highe st eros ion rate o f  any catchment throughout the Range was deter­

mined for the Otamaraho catchment at 4 98 3m 3 /km 2/yr ( Table 1 2 . 3 ) .  

Compari son o f  annua l ero s ion rates obtained in this study generally 

concur with tho se o f  S tephen s ( 1 9 7 7 ) but di ffer from tho se of Mo sley 

( 1 97 7 ) . For example , on a per catchment ba sis , stephens calculated a 

rate o f  2 00 0 - 3 000m 3 /km 2 /yr ( Table 5 . 1 ,  p 3 0 )  for we st Tamaki catchment 

whi c h  c ompare s favourably with a rate of 2 4 0 Om 3 /km 2 /yr ( Tabl e  1 2 . 3 ) 

obtained in thi s study . Both resul t s , however , di f fer marked l y  from a 

rate of 5 8 50m 3/km 2 /yr determined by Mosley ( 19 7 7 , Table 7 ) . S imilarry ,  

s tephens ( 1 9 7 7 , Table 5 . 1 ) calculated a rate of 1800-27 0 Om 3 /km2 /yr for 

Raparapawai catchment ; i n  this s tudy 1 94 7m 3 /km 2/yr ( Table 1 2 . 3 )  wa s 

obta ined but thi s differs from 5 2 0Om 3 /km2 /yr determined by Mo s l ey ( 1 9 7 7 , 

Tabl e 7 ) . However , d i s turbingly , no corre lat ion exists between calcul­

ations o f  the annual eros ion rate for No . 1 Line catchment . S t ephens 

( 1 9 7 7 , Tabl e 5 . 1 )  obta ined a rate of between 2 2 6 0- 3 3 9 Om 3 /km2 /yr whereas 

1 1 2 2m 3 /km2 /yr ( Table 1 2 . 3 ) was cal culated for the same catchment in this 

study . 



TABLE 1 2 . 4 : Annual eros ion rate s , 1 9 4 6-7 4 , southern Ruahine Range . 

Upper Area o f  Annual Annual 

Catchment 
catchment ac tive l y  eroding increas e  in erosion 

area s l ips ( ha )  eroded area rate 
( ha )  1 94 6  1 97 4  (m2 ;km 2;yr ) (m 3;km2;yr ) 

western f l ank 1 5  4 7 9  1 8 0  3 6 6  4 2 9  1 2 87 

Eas tern f l ank 1 1  6 5 3  1 6 0  2 8 2  3 7 4  1 1 2 2  

TOTAL CATCHMENTS 2 7  1 3 2  3 4 0  648 4 0 5  1 2 1 5  

TABLE 1 2 . 5 :  Annual eros ion and sed iment transport rates , New Zealand 
and overseas .  

Locality 
Annual eros ion; 
transport rate 

(m 3 ;km2 ;yr ) 

Comments Author 

NEW ZEALAND EROSI ON RATES : 

Tongawai catchment 7 4  
Opihi 84 
Opuho 66 

2 5 0 - 5 0 0  
Hapuakohe Range 

1 0 0 0  

Tangoio , Napier 1 5 00 

OVERSEAS EROS I ON RATES : 

South I sland high country , 
tussock vegetation . Grey­
wacke and schist . 

Under for e s t  ) greywacke 
Under pastur e )  range 

Under pastur e , 5 yr return 
period s torm . Tertiary rocks . 

Cuff , 1 97 4  

S e l by , 1 9 7 6  

Eyl e s , 1 9 7 1  

Areas o f  steep 
r e l i e f  

Mean value Includ e s  mountainous area s .  
5 0 0  

Young , 1 9 6 9  

Mountain areas 9 1 5  Schumm , 1 9 6 3  

Papua-New Guinea 8 0 0 - 1 0 0 0  Pain & Bowler , 1 9 7 3  

Japan 1 0 0 0  Tanzawa mountains . Tanaka , 1 9 7 6  

Swi s s  Alps 4 00 - 1 0 0 0  Clark & Jager , 1 9 6 9  

Himalayas 7 0 0  Curry & Moor e , 1 97 1  

NEW ZEALAND TRANSPORT RATES : 

Fol gers Lake 

Mangahoa 
Roxburgh Lake 
Frazer Dam 

1 9 2 5  

1 5 8 0  

2 5 9  

3 2  

Tukituki stream , Ruahine s .  d e  Leon , pers com 

Tararua Range , greywacke 
) 
) 

South I s l and schist Thompson , 1 9 7 6  

3 5 9 . 

Tor l e s se Stream 1 2 5  8 th I sland , greywacke Hayward & Blakely , 1 9 7 6  

8hotover River 
catchment 8 2 0- 2 34 0  8th I sl and , schist Min . o f  Works ,  1 9 7 5  

(modifi ed from Stephens , 1 97 7 )  
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The average annual erosion rate for the wes tern flank of the Range i s  
3 2 . 3 2 

about 1 2 87m /km /yr compared w�th 1 1 2 2m /km /yr for the eastern f lank o f  

the Range . Thi s gives a n  average annual eros ion rate for the entire south­

e rn Ruahine Range of 1 2 1 5m 3 /km 2/yr ( Tabl e 1 2 . 3 ) over an area of 2 7  1 3 2  

hectare s .  The annual erosion rate was calculated for ten catchments along 

the eastern f l ank of the southern Ruahine Range by Mo s l ey ( 1 97 7 ) . Eight of 

thes e  catchments occur in the pre s ent s tudy area and two l i e  to the north 

of the s tudy area . H i s  calculations were based on the a ssumpt ion that the 

mean depth of eros ion scars in thes e  ten c atchments i s  3m from which he 

calculated an annual erosion rate of 2 8 7 Om
3 /km2/yr ( p  2 8 ) . Thi s  figure i s  

approximately twice the annual erosion rate calculated i n  the pre sent s tudy . 

The above quoted annual erosion rate obtained by Mos ley i s  con s idered to 

have been inf lated by the inclusion o f  exceptional ly high erosion rat e s  

of 5 2 00m 3/km 2/yr and 5 8 5 Om 3 /km 2/yr obtained for Raparapawai and west 

Tamaki catchments , r e spect ively . Evidence to suggest that the s e  f i gure s 

are not r e pr e sentative o f  the magni tude o f  eros ion currently tak i ng plac e 

in these two catchments i s  the c lo s e  corre l ation between annual e ro s ion 

rates c alculated by s tephens ( 1 97 7 ) and during this study . I f  it i s  

a c c epted that t h e  annual erosion r a t e s  determined for Raparapawai and 

west Tamak i  c atchments by Mo sley ( 1 9 7 7 )  are incorrect , and they are then 

excl uded from c a lculat ions of erosion rates then the annual erosion rate 

for the r emaining six c atchments s tudied by Mosley ( 1 9 7 7 , Tab l e  7 )  along 

the easte rn f lank of the Range is 2 20Om 3/km 2/yr . Figures obtained in 

the pre sent s tudy for the same s ix c atchments indicate an annual ero s ion 

rate o f  1 900m 3 /km2 /yr . This higher correlation il lustrates the point 

that the annual erosion rate for catchments along the eastern flank of 

the southern Ruahine Range i s  not a s  substantial as was previously thought . 

For thi s reason i t  i s  cons idered l ik e ly that the average annual eros ion 

rate for the sou theastern Ruahine Range approximates to 1 1 2 2m 3 /km 2/yr 

rather than to a rate of 2 8 7 Om 3 /km2 /yr as propo sed by Mos l ey ( 1 97 7 )  and 

that h i gher annual erosion rates of around 2 ooOm 3 /km2 /yr are locally 

restricted to the northern secto r  o f  the s tudy area . 

Periods during which a higher than average erosion rate existed i n  the 

southern Ruahine Range is not r e strict ed to present time s . I t  c an be 

inferred , from the d istribution o f  aggradational alluvial terrace sur ­

fac e s  and fan deposits within the Range , that ero s ion rates in the past 

we r e  at times cons iderably h i gher than at pre s e nt . One such period o f  

val l ey s lope e rosion anm s ub s equent terrace aggradation , r ecorded in t h e  

northea s tern s e c tor of t h e  s tudy area , has b e e n  dated at around 1 2  0 0 0  
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yea r s  B . P .  ( see Chapter 1 1 ) . Thi s  date corre sponds with a per iod of 

extensive terrace aggradation i n  t he southe a s t  o f  the s tudy area dated 

a t  around 1 3  0 0 0  years B . P .  ( see Chapter 6 ) . I t  i s  here sugge s ted that 

the overall pattern during po st-glacial t imes i s  one o f  declining 

ero s ion rates ( see Chapter 1 1 ) . 

I t  i s  c l ear that contemporary erosion rates i n  the southern Ruahine 

Range are not exceptional d e spite increas e s  i n  eros ion rates within 

hi stor ical t imes and i n  particul ar s i n c e  the 1 94 0s . Per iod s of eros ion 

are episodic i n  nature and d i ffer i n  i n te n s i ty and duration through 

t ime . Per iod s o f  instab i l i ty i n  whic h  erosion rates are often acceler­

ated are separated by periods o f  l e s s  a c t ive eros ion . periods o f  in­

stabil i ty may b e  c aused by many factors such a s  increased tectonic 

activity ( inc luding upl if t , fau l t  d i splacement and earthquake shaking ) , 

chan ge s i n  weather and c l imat i c  patterns ( e . g .  onset o f  glac iations or 

the duration and frequency of intense rainstorms ) .  The pas t  and/or 

present e ffect s  of any one or comb ination of these factors w i l l vary 

con s iderably within r e l a t ively smal l  areas so t hat eros ion rates may 

vary s i gn i f icantly over short d i stanc e s . Thus areas with h igh eros io n  

r a t e s  c a n  be found w ithin s hort d i stance s  o f  areas with l o w  erosion r a t e s . 

C .  Long Term Eros ion Rate 

In order to compare pre sent-day erosion rates with eros ion rates of the 

past Mo s l e y  ( 1 97 7 ) e s timated a long-term m i nimum eros ion rate by calcu l ­

ating t he volume o f  mater i a l  r emoved from four val l eys along the eastern 

f l ank o f  the southern Ruahine Range . As he po inted out , this met hod i s  

based upon some very r e s t r i c tive a ssumption s , the mos t  impor1:ant of which 

is the t ime period during which upl i ft o f  the Range occurred . On the 

a ssumpt ion that upl i ft of the Range has occurred in the l a s t  1 . 5M year s , 

Mo s l ey a t tained an erosion rate o f  8 68m 3/km2 /yr . On the bas i s  o f  a 

sugges t i on that upl i f t  o f  t he Range has i n  fact occurred within the l a s t  

0 . 8M year s , Mo sley recalculated the erosion rate at 1 6 3 8m 3 /km2 /yr ( p  2 7 ) . 

A minimum long t e rm ero s ion rate o f  1 00 Om 3 /km2 /yr was cons idered repre­

sentative . Mo s l ey then deduced that s in c e  about 1 94 0  A . D .  the annual 

erosion rate of 2 7 8 Om 3 /km2/yr i n  t h i s  area has approximately doubl ed 

from t hat o f  the long term m i nimum ero s io n  rate . 

The annual increase i n  eroded area within c atchments i n  the northeast o f  

the s tudy area i s  h i gher and a typical o f  erosion rates i n  other c atch­

ments further to the south . I t  therefore fol lows that a mean l ong term 

ero sion rate , based upon thes e  c a tchments ,  wil l  be an over e s t imate .  
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D .  Comparative Eros ion Rat e s  

When erosion r a t e s  from t h e  southern Ruahine Range ( Table 1 2 . 4 )  a r e  com­

pared w i th eros ion rates determined from e l s ewhere ( Table 1 2 . 5 ) , they 

more c losely approx imate tho se determined from overseas mountainous 

areas and in New Zealand from the Hapuakohe Range than tho s e  r a t e s  

determined from South I s l and high country areas . 

The erosion rate o f  1 2 1 5m 3 /ha/yr for the southern Ruahine Range i s  com­

parable to mo s t  o ther areas l i s ted in Tabl e  1 2 . 5 .  Al though short term 

( 3 0  yrs or l e s s )  bedload transport rates do not nec e s s ar i ly ind icate 

ero s i on ra te s , they have been included to give an indication o f  their 

c omparative magni tude . D i fference s  may be explained by any number o f  

factor s , the mo s t  s i gn i f icant o f  which include abs ence o f  measurement o f  

suspended load s , s ize o f  the c a tc hmen t ( s )  under cons ideration , the pro­

por tion of lowland areas a s  opposed to upper c atchmen t  area , the nature 

of the bedro c k , the amoun t  o f  val le y  d i s section , the c l imat i c  r egime o f  

the area , aspect o f  the catchment ( s )  and the type o f  vegetat ive cover . 

The s i gn i f ic ance o f  the erosion rate determ in ed for the southern Ruahine 

Range is that i t  i s  equal ly a s  high a s  for tho s e  areas where eros ion 

rates of a s imil ar magni tude are cons idered a ser ious prob l em . 

1 2 . 3  LARGE- SCALE , DEEP-SEATED MASS MOVEMENTS 

1 2 . 3 . 1  S TATE OF ACTIVITY 

Large - sc al e , deep- s eated mas s  movements within this area are o f  gravita­

t ional o r i gin and i nvolve very l arge quant ities of e i ther earth or bed­

rock materia l s .  The ir c la s s i f ication i s  d i scus sed in Chapter s 9 and 1 0 . 

An a s s e s sment o f  c ha n ge s in their s ta t e  o f  act ivity be tween the years 

1 9 4 6  and 1978 has been attempted by comparing aerial photographs spanning 

thi s t ime pe riod . Detail s  o f  location ( Maps 5 and 6 )  and c l a s s i fi c a t io n  

(Appendix VI ) a r e  outl ined . 

Photographic interpretation o f  thes e  mass movements indicates that a l l  

have moved down s l ope at l ea s t  o nc e  and s ome have undergone s everal epi­

sod e s  of movement .  Further , whi l s t  some movements c learly pre-date 

hi s torical time s , others have fail ed in recent t ime s . The se d if ferenc e s  

hav� bee n  used a s  a bas i s  for grouping mas s  movemen t s  w i th s im i l ar 

failure history . 
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A .  Group A 

Thi s  group compr i s e s  a l l  the ridge - top f e a ture s , earth slumps and 

earth s l ide s and the ma j or i ty o f  rock s l umps . The age o f  this group 

of mass movements i s  l argely unknown . All failed pr ior to 1 9 4 6  and 

none show s igns o f  subsequent downs lope movement .  At l o ca l it i e s  

where compl ete removal o f  the s l umped mas s  h a s  occurred , e . g .  

loca l i ty 5 8  in No . 1 Line catchment , the re-establ i shment o f  a dense 

forest vegetat ion at these s it e s  is interpreted a s  evidence o f  a pre­

h i s tori c  age . At the maj ority o f  loc a l i t i e s  downslope movement o f  

the s l umped mas s  was minimal and did not s everely a f fect the o r iginal 

fore s t  vegetation . An attempt by s tephens ( 1 975 ) to date the move­

ment o f  one slump within Raparapawa i c a tchment , us ing tree r ing dat ing , 

proved unsucce s s ful . Earth s lumps and e arth s l ides to the we s t  o f  

the Range have been c l eared o f  the ir o ri ginal fore s t  cover s o  no age 

e s t imate s can be made . Where earth s l iding has occurred , the entire 

mas s  of material has been removed . Such removal would require a con­

s ide rable period o f  t ime . 

B .  Group B 

Thes e  mas s movement s  are not present on the 1946-49 aer ial photographs 

but have f a i l ed at some t ime prior to 1 97 4 -7 8 . Thes e  include l o ca l i ­

t i e s  4 ,  S a  and S b  i n  pohangina c atchment and l oc a l i t i e s  2 0  and 2 1  i n  

Makawakawa catchment .  

C .  Group C 

The se ma ss movemen t s  are i nd i stinct on the 194 6-4 9 aerial photographs 

but s how an obvious s l ump outl ine by 1 9 7 4 -7 8 .  These include local i ­

t i e s  3 2 a  ( Rokaiwhana catchment ) ,  3 5  ( Ot amaraho catchment ) ,  4 9  

( Mangapukakakahu c atchment ) ,  5 3  ( Raparapawai catchment ) and 6 7 , 68 , 

6 9 ,  7 0  ( Manga-a-tua c a tc hment ) .  I t  c annot be proven that further 

epi sodes o f  s l ump movement s i nc e  1 94 9  have occur r ed at each l ocal i ty . 

However , sha l low tran s lational s l ide s a s soc i a ted with a l l  o f  thes e  

mas s  movements have noticeably increased in area . 

D .  Group 0 

The se inc lude mass movements that show obvious slump out l i n e s  on the 

1 94 6 - 4 9  aerial pho tographs and have f a i l ed prior to 1 9 7 4 - 7 8 . An 

example i s  local ity 7 3  i n  Copperrnine catchmen t . Ana l y s i s  o f  aerial 

photographs taken in 1 96 1  indicate that this s lump f a i l ed prior to 1 9 6 1 . 
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E .  Group E 

Thes e  i n clude mass movemen t s  that are not visible on the 1 9 4 6 - 4 9  

photographs but a r e  known t o  have f a i l ed i n  recent year s . The s l ump 

at local i ty 7 2  in Coppermine catchmen t  fai l ed in August 1 9 7 6  ( Mo s l ey 

& Blakely , 1 97 7 ) . 

Slumps are o ften s i te s  o f  obvious debr i s  s l ide and debri s  aval anche 

a c tivity . In particular the headwal l ,  lateral scarps and toe s l opes are 

prone to shal low tran s lat ional s l ide act iv i ty . Here various stages in 

seral devel opment of the regenerated vege tation not only highl i ght the 

outl ine o f  the slump but a l s o  indicate that there have been several 

episod e s  of i n s tab i l ity dur ing whi c h  s ha l l ow translat ional s l iding 

occurred . I t  i s  not certain whether d i sc r e t e  episod e s  o f  tran s lational 

s l id ing are due to periodic s l ump movemen t  or whether other i nfluenc ing 

factor s cau se the headwal l  and l a teral scarps to per iodically fai l .  In 

Raparapawai catchment the increased inciden c e  o f  shallow tran sl a t ional 

s lope movement on the toe s lope and around l ateral and headwal l  scarps 

of the rock s l ump a t  local i ty 6 1  has been attributed to gradual down s l ope 

movement o f  thi s  s lump s i n c e  1 9 4 6  ( St ephens ,  1 97 5 ,  p 6 8 ) . Whil s t  shal l ow 

tran slational s lope movemen t s  a s sociated w i th the s lump a t  local ity 6 1  

a r e  c learly increasi n g  i n  areal exten t , n o  evidence was found i n  the 

current s tudy to sugge s t  that thi s  was due to downs lope movement of the 

s lump . 

At l o ca l i t i e s  where recent s l ump movement cannot be demonstrated but 

where sha l low trans lat ional movements have occurred nonethe l e s s , e . g .  

Group C s l umps , i t  i s  more l ikel y  that tran s l at ional s l id ing i s  not due 

to renewed s l ump movement but to proc e s s e s  such as streambank under­

cutting , or the result o f  s e i smic shaking and s torm events . 

Shal low trans lational s l id e s  are not a feature of areas where r idge-top 

feature s have formed . The ir s tate o f  act ivity has remain ed unchanged 

s i nc e  1 94 6 .  

Some earth s l id e s  and earth s l umps show increased shal low tran slational 

s l iding i n  headwa l l  and toe s lope areas since 1 94 6 ,  e . g .  at local ity 8 6 . 

Thi s  i s  not t hought to be due to recent downs l ope movement o f  the slump 

but instead i s  considered to be the result o f  c l imatic influe nc e s . Other 

earth s lumps , however , show d i stinct s i gn s  of increa s ed s tabil ity , particu­

larly where the gra s s  covering on headwal l  and l ateral s c arps and i n  toe 

s lope areas has reverted to a shrubby vegetation , e . g .  loc a l i t i e s  7 7 -7 9 .  



3 6 5 . 

The s e  earth s l umps show no c hange i n  their state o f  activity s i n c e  1 94 6 .  

1 2 . 3 . 2  S TAB I LI TY 

Movement o f  s l umps and r idge-top featur e s  may r e l i eve str e s s  w i thin earth 

or rock materia l s  and therefore t emporar i l y  enhance the s tabil ity o f  

s lope s  at these s i t e s . However , movement o f  a mas s  a l so r e sul t s  in 

a lowe r i n g  in material strength . Onc e  movement has occurred 

the probabi l i t y  o f  repeated movemen t s  occ ur r ing at t he se loca l i t i e s  i s  

great l y  increased . At many o f  the l o ca l i ti e s  where mas s  movements have 

been documented , the strength of the mater i a l s  has been sever e l y  r educed 

a s  a resul t of e ithe r  extens ive fau l t  bre c c i a t ion or by d i sruption of the 

material during former l arge- scal e ,  d e ep-seat ed mas s  movemen ts .  Henc e 

fau l t  zone s and s i t e s  o f  former mass movement determine to a large extent 

the l o cat ion of mor e  recent slump movement s . 

I t  i s  here shown that at each o f  the local i t i e s  recorded in Appendix V I  

a t  l ea s t  o n e  phase o f  downslope movement h a s  occurred and a t  some l o c a ­

t ions repeated movement c an be demonstrated . However ,  i t  i s  not pos s i b l e  

to e s tabl i s h  whether s lopes at these local i t i e s  a r e  o f  greater o r  l es s e r  

stab i l i t y  than adj acent s l opes because i t  c a n  be s hown that s imilar ma s s  

movements are j u st a s  l i ke ly t o  occur a t  l oc a l i ti e s  wher e  former mas s  

movement had n o t  taken p l ac e , for examp l e  l o c a l ity 7 2 . The r o c k  s lump 

at l o ca l i ty 6 1  i s  cons idered to be i n  a precarious pos i t ion and may s l ide 

into Raparapawai S tream c hannel ( Stephen s , 1 97 5 ,  p 7 0 ) . I t  i s  h i ghly 

probab l e  that the r idge-top benches a t  loca l ity 1 8  will re spond to grav i ty 

col l apse during , for example ,  an inten s e  r a i n s torm ( Hubbard , 1 9 7 8 , p 17 9 ) . 

I t  i s  sugge sted therefore that l arge- sc a l e , d e ep-sea ted mas s  movemen t s  

i n  thi s environment a r e  inevitabl e  a n d  may o ccur on any s l ope . Many such 

movemen t s  i n  the future will be unpred ictabl e . On the o ther hand , some 

future movemen t s  can be predi c ted at tho s e  local i t i e s  where down S l op e  

moveme n t  i s  pre sently i n  evidenc e . Because c o l l apse o f  these large - s c a l e  

mas s  movements may b e  hazardous to man , i t  i s  important to identi fy and 

document their presence . 

1 2 . 3 . 3  VOLUME 

An e st imate o f  the volume o f  material invol ved in individual mas s  mov e ­

men t s  has b e e n  determined . The depth o f  the concave plane o f  f ai lure 

along which rotational s l ump movement takes place is h i gh l y  variable 

both w i th i n  a s i ngle s lUmp and b e tween s lump s . Muc h  o f  this variation 

is determined by valley-slope height , s t e epn e s s , l ength and s i z e  of the 
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s l ump . Thi s ,  in turn , a f f e c t s  the degree o f  curvature of the plane of 

f a i l ure . A measure o f  the volume s o f  material involved in slumps i s  

po s s ib l e  b y  a s suming a constant depth for al l slumps . Then , a s  for a l l  

trans l at i onal s l ide s , t h e  vol ume equal s  a r e a  t ime s average depth . At 

loca l i t i e s  where s lumped mas s e s  have been tot a l l y  removed from s it e s  o f  

f a i l ure , i t  h a s  been determined that t h e  average depth o f  s l umps i n  this 

area approximate s 6m depth . 

The s i ngle l arge s t  mas s  movement involving earth mater i a l s  ( local ity 9 0 )  

i s  e st imated t o  contain approximat e l y  4 . 6  x 1 0 6 m 3 of ma terial ( Tabl e  

1 2 . 6 ) . W i th i n  T e  Awaoteatua and No . 1 Line c atchments several earth 

movements ( sl ide s and slump s ) occur within sma l l  loc a l is ed areas in the 

l ower reaches o f  each catchment . Six earth s lumps within Te Awaot ea tua 

catchmen t col l e c t ivel y  contain 3 . 4  x 1 0 6 m3 0 f  e arth mater i a l s  and within 

No . 1 Line catchment thr e e  earth slumps total 3 . 7 x 1 0 6 m 3 ( Tabl e 1 2 . 6 ) . 

The majority o f  s lumps i n  the southern Ruahine Range are rock s lumps and 

occur within uppe r  catchment reache s .  The s ingle large s t  rock s lump in­

c orporate s approximate l y  2 . 4  x 1 0 6 m 3 o f  bedrock ( Tabl e  1 2 . 6 )  within 

P i r ip i r i  c a tchment ( lo ca l i ty 2 a ) . Other rock s l umps of substantial s iz e  

i nc l ude l ocal i t i e s  3 0  ( Roka iwhana ) ,  9 8  and 9 9  (West Tamak i ) ,  3 6  and 3 8  

( Mangapuaka ) ,  5 3  and 6 1  ( Raparapawa i ) , 4 (Pohan gina ) and 2 3  and 2 4  

( Makawakawa ) .  Vol umes o f  bedrock material a t  thes e  loc a l i t i e s  and at 

o thers throughou t the Range are indicated i n  Tab l e  1 2 . 6 .  

1 2 . 3 . 4 CONSEQUENCES OF LARGE-SCALE , DEEP-SEATED MASS MOVEMENTS 

The consequenc e s , both within and beyond the Range front , of fai lure o f  

l arge - scal e , deep- seated ma s s  movements d epend o n  several factor s , in-

c l uding : ( 1 ) the amount o f  downslope d i splacement of each mass movement 

during a per iod o f  instab i l i t y ;  ( 2 )  vol ume o f  mater i a l  involved i n  each 

movement ;  ( 3 )  the number and location o f  mas s  movements within upper 

catchment reache s ;  ( 4 ) the number o f  mas s  movements that f a i l  s imu l -

taneously dur ing a period o f  instab i l i ty ; ( 5 ) the groundwater cond i t ions 

pri or to and dur ing a period o f  i n s tabil i ty ;  and ( 6 )  the f low cond i t ions 

o f  s treams at the time o f  a peri od o f  i n s t ab i l i ty . 

Mo s t  o f  the potential s i z e s  b f  l arge-sc al e , deep- seated mas s  movemen t  

have b e e n  ide n t i f ied b y  the pre s ence o f  e ither an ovate slump outl ine or 

a l inear r idge-top feature . Each represents a phase of downs lope move­

ment whi c h  a t  mo s t  loc ai i t i e s  has r e su lted i n  only minor amounts of 

verti ca l  d i splacement . When further downs lope movemen t  occurs a t  thes e  
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local i t ie s  the ir potenti a l  a s  a hazard w i l l  be dependent upon how muc h  

downs lope d i spl acement takes place . Should d i splacement b e  minor , the 

e ffec t , particular ly at tho s e  loc a l i t i e s  within the Range , wil l be 

minimal . Then further headwa l l , l ateral s carp and toe s lope instab i l ity 

wi l l  be evidenced . A potent ial hazard may arise at local it ie s  such a s  

8 4  and 8 5  where minor vertical d i splacemen t  o f  e arth s l umps could r e su l t  

i n  parti a l  or total c l o sure o f  a road . 

Should a ma j or vert ic a l  d i splacemen t  occur a t  any o f  the documented 

loca l i t ie s  ( Append ix VI ) where down slope movement has occurred previous l y , 

resultant damage w i l l  l arge l y  be a func tion o f  the s i ze and vol ume o f  

materi a l  involved i n  t he movement . Within upper catchment reaches many 

o f  the roc k  s l umps cont a i n  considerable vo lume s of bedroc k  ( Tabl e 1 2 . 6 ) , 

d i splacemen t  o f  which could result in the damming o f  streams to form a 

s i zeable land s l ide - dammed lake ( see S e c t ion 1 0 . 3 . 2 ) . 

Such debr i s  dams may const i tute a hazard o f  considerable magni tude d e ­

pending upon whether t he dammed water was r e leased gradua l l y  through 

downcut ting of the s lump debr i s  or whether the dammed water was r e l ea s ed 

suddenly due to coll apse o f  the debr i s  dam . I n  the event o f  c o l l apse o f  

a debr i s  dam , a debr i s  f l ow i s  l i ke l y  t o  form that could b e  c apab l e  o f  

trave l l ing a sub stan t i al d i stance t o  reach t he Range front and beyond . 

The probab i l i ty of l and s l ide-dammed l ake s forming a s  a resu l t o f  rock 

s lumping i s  h i gh for a l l  catchments within which rock slumps and r idge­

top feature s occur . The narrow , deeply-di s s ec ted val l eys in this area 

are conduc ive to d amming . The greate s t  potential for the format ion o f  

land s l ide-dammed l ak e s  occurs i n  tho s e  c atchments documented i n  Table 1 2 . 6 .  

Damming w i l l  not occur a t  loca l i t i e s  where mass movement feature s  are 

smal l .  However ,  debr i s  f lows are l ikely to r e sult from such moveme n t s . 

The s i ze and d i stance trave l l ed by a debr i s  f low w i l l  depend upon how 

many mass movements f a i l  a t  any one t ime . I f  more than one s l ump f a i l s  

s imul taneously t h e  greater i s  t h e  c hance o f  a re sult ant debr i s  f low 

reaching the range front . Location within c a tchments is a l so important 

because a debr i s  f low resulting from mas s  movement c lose to the range 

front is l ike ly to flow beyond the confine s of the Range onto the ad­

j acent lowland . Conver sely , a debr i s  flow ori ginating from a mas s  move ­

ment i n  the h eadwaters o f  catchments i s  u n l i k e l y  t o  reach t h e  range front 

on a c count of the s i nuous s tream channel s  where the speed of a flow would 

be s lowed and eventually the kinetic energy d i s s ipated . However , acc e l er­

ated streambed aggrad a t ion would occur in these reache s . 
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TABLE 1 2 . 6 :  E stimated vo lume s o f  materi a l  contained in l arge-scal e ,  
deep-seated mas s  movements . 

Cla s s i f icat iont Total 
Area Volume volume 

Catchment 
locat ion type o f  ( ha ) (m 3 x 1 0 6 ) per 

number movement catchment 

Te Ano Whiro 90 e . s1 7 6 . 5  4 . 5 9 4 . 5 9 

p ir ip i r i  1 r . s1 1 2 . 3  0 . 7 4 

2 a  r . s1 3 9 . 1  2 . 3 5 

1 0 1  e . s 1 1 1 . 6  0 . 7 0  

1 0 2  e . s1 4 . 3  0 . 26 4 . 05 

Pohang ina 3 r . s1 4 . 9  0 . 2 9 

4 r . s1 2 0 . 7  1 . 24 

Sa r . s1 7 . 9 0 . 4 7  

5b r . s1 8 . 5  0 . 5 1 

6 r . s1 1 0 . 1  0 . 61 

7 r . s1 1 0 . 4  0 . 62 

8 r . s1 5 . 7  0 . 34 

l 3  r . s1 3 . 2  0 . 1 9 

1 4  r . s 1 1 . 7  0 . 1 0  

8 4  e . s1 1 6 . 0  0 . 96 

8 5  e . s1 7 . 9 0 . 4 7 5 . 8 0  

Konewa 8 7  e . sl 2 . 7  0 . 1 6  

88 e . sl 6 . 2  0 . 3 7 

8 9  e . s l 3 . 3  0 . 2 0 0 . 7 3 

Makawakawa 2 0  r . s1 1 0 . 6  0 . 64 

2 1  r . sl 6 . 5  0 . 3 9 

2 2  r . s1 6 . 4  0 . 3 8 

2 3  r . s1 1 6 . 1  0 . 97 

2 4  r . sl 1 9 . 5  1 . 17 

2 5  r . sl 2 . 1  0 . 1 3 

2 6  r . s1 4 . 7  0 . 2 8 

2 7  r . s1 4 . 6 0 . 28 

8 6  e . sl 3 4 . 0  2 . 04 6 . 28 

Opawe 8 3  e . s1 6 . 6  0 . 4 0 0 . 4 0  

Ohinetapu 5 2  r . s1 2 . 9  0 . 17 0 . 17 

t explanation o f  abbrevia t i on s  i s  given i n  Appendix VI . 
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TABLE 1 2 . 6 :  ( cont )  

No . 1 Line 57 r .  sl 5 . 2  0 . 3 1 

5 8  r . sl 5 . 8  * 

5 9  r . sl 5 . 5  0 . 3 3 

77  e . s l 4 5 . 4  2 . 7 2 

78 e . sld 5 . 6  * 

7 9  e . s ld 5 . 1  * 

8 0  e . sld 1 0 . 4  * 

8 1  e . sl 8 . 2  0 . 4 9 

8 2  e . sl 7 . 7  0 . 4 6  4 . 3 1 

No . 2 Line 7 6  e . sld 1 0 . 3  * 

Te Awaoteatua 74a e . sl 1 4 . 9  0 . 8 9  

7 4 b  e . sl 7 . 7  0 . 4 6 

7 4 c  e . sl 4 . 2  0 . 2 5 

74d e . sl 8 . 4  0 . 5 0 

7 4 e  e . sl 4 . 5  0 . 2 7 

7 5  e . s l 1 6 . 9  1 . 01 3 . 38 

We s t  Tamaki 11 r . sl 8 . 2  0 . 4 9 

98 r . sl 1 5 . 3  0 . 92 

99 r . sl 1 6 . 9  1 . 01 

1 0 0  r . s l 5 . 3  0 . 3 2 2 . 74 

Rokaiwhana 2 8  r . sl 4 . 5  0 . 2 7 

3 0  r . sl 2 6 . 0  1 .  5 6  

3 2 a  r . s 1 2 . 9  0 . 1 7 

3 2b r . sl 4 . 2  0 . 2 5 

3 3  r . s l 3 . 3  0 . 2 0 

3 4  r . s 1 8 . 8  0 . 53 

3 5  r . s l 4 . 5  0 . 2 7 3 . 2 5 

Mangapuaka 3 6  r . s l 1 8 . 1  1 . 09 

3 7  r . s1 6 . 3  0 . 3 8 

3 8  r . s l 2 1 . 5 1 . 2 9 

3 9  r . s1 1 l . 4  0 . 68 

4 0  r . sl 1 2 . 2  0 . 7 3  4 . 1 3 

Otamarahu 4 6  r . sl 1 3 . 0  0 . 7 8 0 . 7 8 

Mangapukakakahu 4 8  r . s l 9 . 7  0 . 58 

4 9  ' r . sl 3 . 3  0 . 2 0 0 . 78 

* mat e ri al has been removed from s it e  o f  mas s  movemen t . 
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TABLE 1 2 . 6 :  ( cont ) 

South Oruakeretaki 54 r . s 1 5 . 3  0 . 3 2 

5 5  r . s 1 3 . 6  0 . 22 0 . 54 

Raparapawai 53 r . s l 2 2 . 1  1 .  3 3  

6 1  r .  s l  14 . 4  0 . 86 

6 2  r . s1 9 . 7  0 . 58 2 . 7 7  

Manawatu 1 08 e . sl 14 . 7  0 . 88 0 . 88 
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Other impor tant fac tors inc l ude the ground water condi tions prior to and 

dur ing an epi sod e  o f  mas s  movemen t  i n stabil i ty . Under cond i t ions o f  

s a turat ion the greater i s  the chan c e  o f  mas s  movement f a ilure and the 

greater i s  the potenti a l  for flowage than when the mo i s ture content of 

the bedrock is low . Furth er , if an epi sode o f  mas s  movement coinc ide s 

with a peri od o f  high stream flow the r e su l tant debr i s  f low w i l l  travel 

considerably greater d i stanc e s  than dur ing a per iod o f  normal stream flow .  

Damming o f  a stream bed could occur i f  cons iderab l e  down slope di splace­

ment o f  some earth s l umps were to occur , e . g .  at loc a l i t i e s  7 4 a - e , ( Te 

Awaoteatua S tr e am ) , 7 7 , 8 1  and 8 2  ( No . 1 Line Stream ) , 8 3  ( Opawe Stream ) , 

8 6  ( Makawakawa S tream ) , 8 7- 8 9  ( Konewa S tr e am )  and 9 0  ( Te Ano Whiro 

Stream ) . Where damming does not occur earth flows wil l  form . The 

great e s t  potent i al for earth flow development is within lower c a tchment 

reaches of streams draining westward from the range front . Here the 

ma j o r i ty of earth flows would be con f ined to stream chann el s  inc i sed 

within P l io-Pl e i stocene marine depos i t s . S i l t a t ion of streambed s  and 

po s s ib l e  s tructural damage to highway bridges would be caused by earth 

f lows in thi s are a . 

In the event o f  a ma j or epi sode o f  mas s  movement occurr ing in t h i s  area 

it i s  conside red l ikely that debr i s  f l ows would have l e a s t  impact on 

lowland f arming areas border ing the we stern f l ank of the Range and 

gre a te s t  impact on lowland farming areas border ing the eastern f l ank o f  

the Range . Thi s  i s  becau se stream channe l s  w i thin the Range are in 

general longer and l e s s  steep on the we stern f lank than on the eastern 

f l ank , hence there i s  l it t l e  c hance o f  a debri s  flow ma intaining 

suffic ient momentum to reach the Range front . Al so , the greater i s  the 

poten t i a l  of we stward draining streams to store mas s  movement detritu s . 

In add i t i on , debr i s  f l ows upon emerging from the western range front 

would be c hann e l ed along deepl y e ntrenched s tr eam cour s e s  that have i n ­

c i sed i n to Plio-P l e i s tocene depo s i t s  t o  d epths o f  3 0m or mor e . Here , a 

deb r i s  f l ow woul d  have l it t l e  or no e ffec t upon farmland adj acent to 

s tream c h annel S ,  al though aggradation could be considerable . I n  contra s t , 

a d eb r i s f l ow upon emerging from the eastern range front wou l d  i nf i l l  

s ha l lowly entrenched streambeds ,  thereby r e s u l t ing i n  overbank f l ow , 

e spe c i a l l y  adj ac en t  to the Coppermine , Manga-a-tua , Raparapawai and 

Rokaiwhana S tr eams and West Tamaki River . I n  some streams a debri s  f l ow ,  

o n  emerging from the e a stern range fron t , would travel upon a n  a l luvial 

fan surface t hat is perched above the level o f  surround ing farmland . 

Eastward o f  the r an ge front ( va l l ey throats o f  Mos ley , 1 97 7 )  such debri s  
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flows woul d  be unre s tr i c ted by channel bank s  and would fan outward s over 

ad j ac ent farmland caus ing muc h  de struction . Such a proce s s  c ould occur 

at the va l l ey t hroats o f  North and South Oruakeretaki Streams , Mangapu­

kakakahu , Otamarahu , Mangapuaka and Otamaraho S tr eams . 

The poten t i a l l y  mos t  dangerous l ocality , to human l i f e , occurs downstream 

o f  Mangapuaka and Otamarahu val ley throat s .  W i thin Mangapuaka c a tc hmen t  

there are three l arge-scal e ,  de ep-s eated rock s l umps ( local i t i e s  3 8 - 4 0 )  

l o ca ted a l ong the main channel ,  and within Otamarahu catchment a large 

rock slump occur s  a t  locality 4 6 . Al l o f  the s e  rock s l umps are found at 

l e s s  than 2 km d i s tance from the Range front . Both stream c hann e l s  are 

re latively stra ight and l ac k  barriers that may restrict or s l ow down 

debr i s  flow movement . Should any one o f  the se rock s lumps c o l l apse , huge 

volumes of rock debris wi l l  be added to the already choked streambed 

where further aggradation and down stream fluvial transportation of detritu s  

would cau s e  ser ious management probl ems . Should s imul taneou s col l apse o f  

rock s l umps within these catc hment s  occur , approximately 2 . 7 x 1 0 6 m 3 o f  

detritus would be r e leased into Mangapuaka S tream from local i t i e s  3 8- 4 0  

and approximate ly 0 . 8  x 1 0 6 m 3 would be rel eased at l oc a l ity 4 6  into 

Otamarahu Stream ( Tabl e  1 2 . 6 ) . The r e sul tant d ebri s  f lows could endanger 

the l ive s of peopl e l iving a long Kumet i  Road . An add i t ional danger l ie s  

i n  the po s s i b i l ity that i f  a triggering mec hani sm c r eated s imul taneous 

c o l l apse of several rock s lumps then it would be l ikely to tr i gger other 

mas s  movement feature s  w i th i n  the s e  catchments , such as rock slumps at 

l o ca l i t i e s  36 and 37 and r id ge -top features at loca l i t i e s  4 1 , 4 2 , 44 and 

4 5 . Alt hough such an event i s  speculative , the consequenc e s  would be 

c a l amatou s , wide spread and long l a s t ing . 

1 2 . 4  PREDICTING AREAS OF FUTURE S LOPE INSTAB I LI TY 

Natural s lope s undergo progr e s s ive fai lure in t ime . Mo s t  of the for c e s  

involved i n  such fai l ur e s  a r e  d ependent upon t h e  e f f e c t s  o f  r e gional 

tectonic s tr e s se s , amounts and forms of weather ing produc t s , phy s ical 

and c hemic a l  a c t ion of groundwater and seasonal var iations o f  rainfall .  

The t ime requ i red for deep-seated movements to d evelop i s  almo s t  im­

po s s ib l e  to evaluat e . In contras t , near- surfac e fai lures such as debri s  

s l ide s and debr i s  ava l anche s tend t o  be more sen s i t ive and are tr iggered 

almo s t  immedi a te l y , e i ther dur ing or shortly after the trigger i ng con­

d i tions have o ccurred . 

There i s  no sure way to evaluate the stab i l i ty o f  an ex i s t ing s l ope , or 

to pred i c t  whether o r  not a l ands l ide w i l l  o ccur . Howe ve r , ana l y s e s  o f  
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s lope movements can provide i n formation on the mechanics and patterns of 

the ir formation . By us ing information from ex isting or former slope move­

ments , one can extrapolate and make pred ic t ions concerning pos sibl e sites 

o f  future slope movement .  Pred i c t ions are somewhat easier to make in 

areas where slope movemen t  has already occurred . It is not so easy to 

define , in advance , s i tes where there i s  potential for movemen t  that ha s 

not yet occurred . However , by u s ing known phys iographic and geologic 

c r i teria together with dens i ty o f  known epi sodes of slope movement , an 

attempt has been made to pred i c t  areas of future instabil ity (Map 7 ) . 

Much o f  this pred i c t ion i s  based on the premise that areas involved in 

s l ope movement in the future w i l l  be l arger than tho se compr i s ing the 

suspe c ted activity or known movement becau se most slope failures enlarge 

with the pas sage o f  t ime . Moreover ,  many unstable area s  are much l arger 

than f i r s t  suspected from the obvious overt ind ications of a c t ivity . 

Particularly i n  steep terrain l ike the southern Ruahine Range , f a i lure 

may progress to the top of a slope , or to a maj or change in l i thology or 

slope angl e .  The extent to which s lope movements deve lop i s  dependent 

largely upon fac tors outl ined in sect ions 1 0 . 1  to 1 0 . 5 .  

In making predi c t ion s over a given t ime range , there is a d i f f icul ty that 

pred ictions based upon observations dur ing a period in which the c l imat i c  

condi tion s are l e s s  severe than the average w i l l  prove too optimi s t ic . 

Tho se made during a per iod in whi c h  the c l imat i c  conditions are more 

s evere than the average may appear too pe s s imistic . For this r eason , a 

t ime scale has not been included . 

1 2 . 4 . 1  AREAS SUSCEPTI BLE TO INSTABILITY 

Map 7 i s  des ign ed as a guide for use in the evaluation of slope movement 

potent ial . I t  i s  not int e nd ed to pred i c t  pre c i se boundar ies of movements 

but rather to identify and rank on a broad scal e areas o f  di f f erent 

potential for movement . Subdiv i s io n  i s  based largely upon phys iographic 

factors ( e . g . s lope s teepne s s  and a spec t )  and on drainage pat t erns ( i . e .  

den s i ty and degree o f  d i s sec tion ) . within each broad subdiv i s ion , influ­

ence s  relevant to slope movement potential such as rainfall regime , 

materia l s  invol ved and structural attitude of d iscontinu i t i e s  are indi­

c ated . Where po s s ible the predominant form of slope movemen t  mo st l ikely 

to occur under thes e  cond i t ions i s  indic a ted . 

Within these subd ivision s there are c ertain vulnerable locations that are 

c onduc ive to s lope movement . Typical locations include : ( A )  areas o f  

steep s lope ; ( B )  bank s  undercut b y  s tre am action ; ( C )  areas o f  drainage 



concentrat ion and s eepage zone s ;  ( D )  areas o f  former slope movement ; 

( E )  areas o f  fractt re concentration ; and ( F )  fault zones .  

A .  l reas o f  s teep Slope 
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o 
The ma j o r i ty o f  va ley slope s  within the Range are be tween 2 5 - 3 3 . How-

ever , steeper SlOpE S o f  between 3 5 - 5 0
0 

are part icularly common along ma j or 

drainage channel s  : n area s  where val ley inc i s ion is deepest . The steepest 

s lopes are , howeve not necessar i ly the mos t  vul nerabl e because a spect i s  

part icularly impor ant i n  thi s area ( see Section 1 0 . 2 ) . North- , northwest­

and northeast- faci l g slope s are i n  general more susc eptible to instabil ity 

than other s lope s . Hence the amount , duration and intens ity o f  rainfal l ,  

together with othe: '  c l imatic i nfluences or i ginating from a northwe sterly 

d i rection greatly .n f luence the s tabi l ity of these slope s .  The greatest 

potential for slop � movement occurs on such val ley slopes . Other val ley 

slope s  within the lange are l e s s  susceptible to instabil ity predominantly 

because they are 1 !SS steep and l i ttle d i ssected . Such s lope s  occur in 

the northwes t  o f  t Ie  area within Konewa and Te Ekaou catchments that com-

pri se an area of m lr i ne planation . Here , valleys are not a s  deeply in­

c i sed as e l sewhere and steep val ley slope s are restricted to a narrow 

str ip immediately ld j acent to drainage channel s .  The remainder of the 

valley slope to th � r idge crest i s  l ittle d is sected as there are few 

tr ibutary c hanne l s  upon thi s part of the s l ope . S imilarly ,  in the south­

west of the area , )etween No . 2 Line and Whar ite Tr ig . and inc luding the 

northern end of T �arua Range , valley s lope s are in general cons iderabl y 

l e s s  susceptible t )  s lope movement . The greater s tabi l ity of this area 

is primari l y  the r � sult of l e s s  well developed vall ey inc i s ion hence 

valley s lope s  are 10t as steep as el sewher e . There are fewer tr ibutary 

channel s  on val l e  slope s  hence val ley s lope d i s section is cons iderably 

l e s s  than e l sewher ! .  Al so o f  cons iderable importance i s  that rainfall 

amount is susbtant ially less in this area than further to the north . 

The most common ca l se o f  l and s l ides on s lope s within the Range is collu­

v ium and soil s l i  ing over the underlying material . Thi s  permeable ,  

loose , unconsol i d  ted material o f  low shear strength c annot mainta in a s  

steep a slope as � he underlying material and i s , consequently ,  i n  del i­

c ate bal ance . ThE mo st common forms o f  s lope movement on s teep slopes 

are debr i s  sl ide s and debr i s  avalanche s . Any of several factor s , such a s  

sudden heavy rainf all s , earthquake shaking o r  the excavation o f  the toe 

o f  a slope may r e � ult in movement .  

Val l ey s lopes , w i t hin a foothi l l  area l y i ng immed iately to the east of 
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the Range are , i n  part , equal l y  as steep a s  tho s e  wi thin the Range � how­

ever , the stabi l ity of these s lopes appears to be con siderably greater . 

These slopes are l e s s  susceptible to movement than those within the Range 

large l y  becau se they are 5 0 0m lower than the he ight of the Range and due 

to a ra inshadow effec t , the amount of rainfall i s  con siderably l es s .  

Lowland areas immed i ately ad j acent to the Range con s i s t  o f  moderate to 
o 

steep s lopes ( 1 0 - 2 5  ) that have developed on weakly indurated mar ine 

depo s i t s  of low i nherent shear strength . Al though s lope movement at 

pre sent i s  not part icularly wel l developed , there is evidence to suggest 

that the se area s in the pas t  have been , and in the future are l ikely to 

be , suscept ible to instab i l ity o f  con s iderabl e magnitude . 

B .  Banks Undercut by Stream Activity 

Banks along stream reaches w i th i n  the Range are particularly suscept ible 

to i n stab i l ity . Here numerou s slope movements are the result o f  stream­

bank undercutting into unconsol idated mater i a l s  princ ipa l l y  r ipar ian 

terrace and fan a l luvium or col luvium .  Debr i s  fal l s , debr i s  s l ides and 

somet ime s sma l l - scale slumps form as a result of streambank undercutting 

at these local ities . Streambank undercutting into Torlesse bedrock is 

rela t ively uncommon but doe s occur at the points of maximum curvature o f  

streams . Gener a l l y  undercutt i ng o f  bedrock slope s i s  restric ted t o  areas 

where the bedrock has e i ther been d i srupted as a result of large-scale 

slope movements or has been brecciated a s  a result of fault movement . 

Rarely w i l l  streambank undercutting occur where a discontinu i ty strikes 

par a l l e l  with the stream channe l . Streambank undercutting into steep 

bluf f s  of weakly i ndurated mar ine depo s i t s  creates instab i l ity along the 

lower reaches of wes tward draining streams . Here earth fal l s ,  earth 

toppl e s , earth s lides and earth slumps are l ikely to occur a s  a resul t .  

C .  Areas o f  Drainage Concentration and Seepage 

The majority of s lope movements are concentrated a long exi st ing stream 

channe l s . The denser the concentrat ion o f  streams , whether ephemeral or 

perennial , the greater the i n c idenc e  of slope movement .  The deeper the 

d i sse c ti on of the stream , the s teeper and longer are the s lope s ad j acent 

to the stream channel , and hence the greater the instab i l i ty of such slope s . 

Groundwater seepage i n  a s soc i at ion with areas o f  s lope instab i l ity has 

been documented in fau l t  zone s , upon s lopes where soi l s  are prone to 

s aturation and in areas where s tructural d i scontinui t i e s  such as fau l t  



3 7 6 .  

plane s , bedding planes and open j o ints permit seepage o f  groundwater to 

the surface .  The dominant forms o f  slope movement in these areas include 

slumps , debri s s l ide s , debri s  ava l anches and rock s l ide s . 

D .  Areas o f  Former Slope Movement 

The presence o f  hummocky ground with character i s t i c s  inco n s istent with 

the general regional s lope or the pre sence o f  scarps , benches and de­

pression s  are o ften an indication o f  l arge-sc al e slope movement . Onc e  

such movements have been identi f i ed , they serve as a warning that the 

general area has been unstable in the past and that further instab i l ity 

is l ikely to occur in the future . To date , 109 such loc a l i t i e s  have been 

documented (Appendix VI ) , both within the Range in bedrock mater i al s , and 

in are a s  ad j acent to the Range in earth materia l s .  These movement s  have 

been identi f ied as slumps , and r idge-top benches , scarps and depr e s s ion s . 

E .  Areas o f  Fracture Conc entration and Bedding P l anes 

Slope movements involving Tor l e s se bedrock are primarily control led by 

the presence o f  l ithological and s tructura l  di scontinuities that may be : 

( 1 )  inherent within t h e  bedrock ,  e . g .  bedding pl anes ; or ( 2 )  the r e su l t  

o f  subsequent deformat ion , e . g . c leavage , j o in t s  and fau l t s . The hori ­

zontal and vertical continuity together w i th spatial d istr ibution and 

wid th of these di scontinuities l arge ly determine the size , shape and 

depth of failure within bedrock material s .  Bedding plan e s  are the mos t  

c ommon d i scontinu i ty a s so c iated with s lope movements that invo lve Torl e s se 

bedrock . The continu i ty and frequency o f  bedding plane surface s  i s  part i ­

cul ar l y  wel l  deve loped in t h e  regularly bedded strata compr i s ing t h e  Tamaki 

Lithotype and l es s  wel l  deve loped in the tec ton ically d i srupted fol iated 

strata o f  the Whar ite Lithotype . Slope movements r e su l t ing from bedding 

plane failure are there fore most commonly found in a s soc iation with val l ey 

s lopes unde rlain by strata c ompr i s ing the Tamaki Lithotype . These s lope 

movemen t s  include some debr i s  aval anches and a l l  rock s l ide s . Val l ey 

s lopes suscept ible to such failure occur where bedding planes paral l e l  

the s lope . The mo st favourable locations occur where slopes are steeper 

than the d ip of the bedding p l anes ( se e  Sect ion 1 0 . 1 . 1 ) . within the 

study area the s e  s lope movements are genera l l y  of smal l  s iz e . The i r  

development i s  l imited becau s e : 

( 1 )  The ma jor ity o f  val l ey slopes are e a s t-west a l igned and there fore 

l i e  acro s s  the northeast-southwe st strike o f  the s trata and o ther 

prominent di scontinu i t i e s  such as f aul t s  and one j o in t  set .  Val l ey 
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slope s  susceptible to bedd ing plane movements are there fore pre­

dominantly restric ted to small tributar i e s  and gul l ie s  that are 

al i gned paral l e l  with the northea st-southwest strike of the strata ; 

( 2 )  Bedd i ng plane d ip i s  predominantly steeper than val l ey slope s , 

thu s  bedding plane s seldom crop out on slope s at incl inations con­

duc ive to s l id ing . However , smal l-scale f l exures in the bedrock 

somet ime s l e ssen bedd ing plane d ip to angl e s  l e s s  than that o f  

val ley slope s and thereby increases slope instab i l i ty ; 

( 3 )  Frequent locali sed reve r sa l s  in d ip d i rection o f  bedding planes 

further l imit tho se s ites where dip d irection coinc ide s with valley 

slope ( see Section 1 0 . 1 . 1 ) . 

S lope movements r e su l ting from failure along j oint surfaces are most 

commonly assoc iated with outcrops o f  very thick sandstone and outcrops 

of alternate ly bedded sand s tone and argill i te . The two dominant j o int 

systems with which rock fal l activity has been recognised have poor 

hor izontal and vertical continuity . Hence rock fal l s  tend to be of smal l  

s ize and local i sed i n  occurrence .  The s tructural attitude and orientation 

of joint surfaces with r e spec t  to val l ey s lope contro l s  rock fall activity 

to a large extent ( see Sect ion 1 0 . 1 . 1 ) . Cleavage and low angl e thrust 

faults are not recogni sed fracture sur faces with which slope movements 

c an be d i rectly related . 

Fracture surface s  wi thin earth mater i a l s  are poorly developed and d i f f i ­

cul t t o  recogn i se . Beddi ng planes in earth mater ials are few because o f  

the ir mas sive nature , and a r e  rarely found in s ituations conducive to 

s l iding . However , l imited s lope movements r e sulting from sl iding along 

bedding planes have occurred in the pa st so mu st be cons idered areas 

susceptible to future instabil ity . 

F .  Fault Zones 

The ma j o r  faul ts i n  this area d i splace Tor l e s s e  bedrock and are considered 

to be act ive ( se e  Chapter 6 ) . Nearly a l l  act ive faults are known to have 

moved more than once and repeated movemen t s  have taken place along many o f  

the fault l ine s . There fore future movemen t s  c an a l so be expected to occur 

on ex i s t i ng fau l t  l ine s .  Movement of the fau l t  will caus e  slope instab­

i l i ty e i ther by ground d i splacement or as a result of seismic shaking 

( se e  Section 1 0 . 4 . 3 ) . 

Faul t zones compr i s e  extens ive areas o f  fau l t  brecc iated and d i s rupted 
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bedrock . In many c a s e s  bre c c i a t ion has d e stroyed previous l y  existing 

s tructural e l ements within the bedro c k , thereby r educ ing the shear s trength 

of this material . S lope i n stabi l i ty w i thin areas o f  fault brecc iated bed­

roc k  a r i s e s  when such material comp r i s e s  s teep val l ey s l opes and i s  thus 

susceptible to gravitat ional fai lure . In t h i s  s tudy a d irect rel ation­

ship between faul t zon e s  and the inc idence of l arge-scal e ,  deep-seated 

rotational s l umps has been e stabl i shed . However ,  not a l l  s l opes cros sed 

by thes e  faul t traces are of e qual susceptibl ity to slope movemen t  be­

cause exten sive fault bre c c i ated bedrock is not pre sent at a l l  loca l i t i e s  

a l o n g  the e n t i r e  l e n gth o f  a fau l t  trace . Al so , i t  ha s b e e n  noted that 

the wider the zone of fau l t  de formation the greater is the potenti a l  for 

s lump developme n t . However , fault zone width is h ighly var iabl e , being 

up to 3 00m in width at some local i t i e s  and l e s s  than 1m in width in other s . 

In addi tion , the susceptibi l ity o f  s l opes within fault zon e s  to movement i s  

greatly dependent upon the ir s teepn e s s . For exampl e ,  where a fault trace 

cros s e s  areas o f  low rel ie f , val l ey s l opes are l e s s  susceptibl e to move­

ment t han in local i ties where a trace c r o s s e s  steeper val ley s lopes in 

areas o f  h i gh r e l i e f . 

S lope instab i l i ty within fault zones a l so ar i se s  through rap id stream d is­

s e c t ion and gul l y  deve l opment into the non-cemented or weakly c emented 

fau l t  gouge . Many shallow forms o f  s l ope i nstabil i ty are a s so c i at ed with 

these areas . Fault zones are par t i cularly susceptible to s lope movement 

and are considered s it e s  of h i gh potential for further s lope instab i l i ty . 

1 2 . 4 . 2  TIMI NG OF FUTURE SLOPE MOVEMENTS 

In the fu ture , as in the pas t ,  many shal l ow and deep-seated s l ope move ­

ments w i l l  occur during the wetter winter months when prec ipitation o f  

moderate inte n s i ty dur ing several c on s ecutive days i s  common .  The ma j or­

ity of s lope movements , however , are a s so c iated w i th l e s s  frequent per iods 

of intense rainfall of short durat ion dur ing the pas sage of cyclonic 

s torms . Cyc lones o f  the intens i ty of Cyc lone Al i son in March 1 97 5 ,  during 

which extens ive s l ope movement occurred , are c o n s idered to have a r e turn 

per iod of 40 y ear s ( c i ted in Hubbard , 1 97 8 ) . Both shal low tran s l at ional 

s l ides and deep-seated rotational s l umps are l ikely to be triggered during 

such storm s . 

Not to be ove rlooked i s  t he probable high inc idence o f  s l ope movemen t  

t hat could r e s ul t  from t h e  e f fe c t s  o f  e ither f a u l t  rupture or s e i sm i c  

shaking greater than MM V I  ( se e  sect ion 1 0 . 4 . 3 ) . Earthquake a ct iv ity 

during h i s tor ica l  t imes provides an e s t imate of the return periods for 
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earthquake inten sities that are r e li ab l e  i f  they are o f  the order o f  the 

observation per iod or l e s s . On thi s  b a s i s ,  Smi th ( 1 9 7 8 a )  calculat ed a 

r e turn period o f  ten years for earthquake inten s i t i e s  o f  MM VI i 5 0  

years for a n  inten s i ty o f  MM VI I ;  1 0 0  years for an inten s ity o f  MM VI I I ; 

and 2 0 0  years for an inten s ity o f  MM I X  for this area . Although the 

frequency o f  high inten s i ty earthquake s  i s  no t great in this area , i t  

does occur within the main s e i smic r e gion o f  New Zealand and corresponds 

with the area of h i ghest earthquake r i sk .  Thi s  area mus t  be expec ted to be 

periodically sub j ec ted to earthquake shaking of the highe s t  inten s i t i e s  

whi ch w i l l  probably r e su l t  from fau l t  movements within the study area 

along the m a j or active wel l ington and Ruahine Faul t s . Supportive evidenc e 

include s the observat ion that a l l  active fau l t s  are known to have moved 

more than once along the same fau l t  l ine . Thu s futur e movement s can be 

expected to o ccur al ong exist ing fault l ines . In the event o f  an earth­

quake o f  MM VI or grea ter , s lope movements wil l  be exten s ive and drama t ic . 

Shal low tran s lational debr i s  s l ides and debr i s  avalanche s ,  and deep-seated 

rotati onal slumping will be the dominant forms o f  slope movement to occur 

within the Range . Howeve r , the mos t  d e s truc tive e f fects o f  such move ­

ment s  a r e  l ikely to be f e l t  during w e t  weather beyond the r ange front a s  

a r e su l t  o f  debr i s  flow activity ( see S ec tion 1 2 . 4 . 4 ) . 

1 2 . 5 PREVE NT I VE AND CORRECTIVE MEANS OF S LOPE S TAB I LI SAT I ON 

There are e s sentially two governing bod i e s  concerned with erosion control 

in the v i c i n i ty of the southern Ruahine Range . 

The New Zeal and Forest service carr i e s  out a n imal control and r evegetation 

schemes ( Hathaway , 1 9 7 7 ; Cunningham & S tr ibl ing , 1 978 ) within the Range 

in an endeavour to control valley s lope eros ion and prevent the produc t s  

o f  slope movemen ts reaching stream chann e l s .  The animal control pro ­

gramme involves the trapping and poi soning o f  opos sums and aer i a l  and 

ground shoo ti ng of deer . Revegetation s c heme s within the Range compr i s e : 

( 1 )  pol e  planting of spec ies o f  popl ar or w i l l ow along undercut stream 

b anks and on extens ive terrace flats to prevent gravel r emobil i sa t ion and 

streambank undercutting ; and ( 2 )  aerial seed ing and fer t i l i s in g  o f  val l ey 

s lope s . To control surface runoff in steep terrain s l ope treatment c an 

only b e  e f fe cted by vegetative planting . At pre s ent only s l opes that 

have f a i l ed are be ing revege tated as the fore s t ed slope s  are cons ider ed 

to be s u f f i ci en t ly vegetated to control surface runo f f .  S it e s  be low 

l 2 00m whi c h  are no t severely eroding can general l y  be e f fe ctively treated 

by aerial sowing with pine o r  l upin seed ( at a cost o f  about $ S O/ha ) or 
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with s e l ec ted gra s s e s  and c l over plus fer t i l i ser ( a t  about $ 2 7 5/ha ) 

( Cunningham & Stribling , 1 9 7 8 ) . The l a tter i s  a favoured method bec au s e  

i t  can init iate plant suc c e s s ion back to indigenous vegetation . Above 

about l 2 00m ,  and on more severe s i te s , inten s ive pl anting ( at a cost o f  

about $ 5 00/ha ) m a y  be effective in control l ing erosion . More s evere 

s i t e s  s t i l l may require special measur e s  which , because o f  their very 

h i gh c o s t , have general l y  been avoided in New Zealand . Al l erosion control 

measure s ,  particularly tho s e  involving herbaceous plant s , mus t  be accom­

panied by inten s ive animal contro l ( Cunningham & stribl ing , 1 97 8 ) . Ground 

p lanting pines has l argely been abandoned becau se of cost , al though thi s 

pract i c e  wa s once widespread ; exampl e s  are readily apparent throughout 

the southern Ruahine Range . The main thrust o f  revegetative work in the 

next few years is to be c oncentrated in catchments along the e a s tern 

f l ank of the Range ( Appendix l I b )  with par t i cular emphas i s  on the we st 

Tamaki , Rokaiwhana , Mangapuaka and Manga-a-tua catchments . Stre ams o n  

the we stern f lank o f  the Range t o  receiv e  part i cular attention inc lud e  

Pohangina , Makawakawa and No . 1 Line catchments .  

The Manawat u  Catchment Board i s  largely concerned with stabi l i s ing stream 

reache s at the base of the Range . It is considered that sed iment tran s ­

por t  r a t e s  h ave b e e n  accel erated b y  d e forestation o f  former , natural d e ­

pos i tional a r e a s  where val l eys broaden and become l e s s  steep ( the val ley 

" throats "  o f  Mosley , 1 9 7 7 ) ( Bl akel y , 1 978 ; Mos l e y  & Blake l y , 1 9 7 7 ) . 

These workers sugge s t  that the mos t  obvious c ours e  o f  action i s  to " en­

hance the n atural tendency of the s treams to s tore soil and rock eroded 

from the val ley side s in the val ley bottom , by j ud ic ious use of s tructura l  

and veget a tive techniqu es " . An example o f  a suc c e s s fu l l y  constric ted 

natural fan d e s i gned to curb the flow of streambed detritus is the Kumeti 

Gravel Re serve ( Mangapuaka Stream )  ( Bl akel y , 1 9 7 8 ) . The cost o f  the s e  

works to date and f o r  the next f e w  year s i s  shown in Appendices I a  and l b . 

1 2 . 6  EFFECTIVENESS OF THESE S TAB I LI SATION TECHNIQUES 

As many o f  the programme s concerned with stabi l i s ing val l ey s l ope s have 

only been in operat ion for a rel atively short period of t ime , it i s  d if f i ­

cult to a s s e s s  their c hance s  o f  suc c e s s  on a l ong term bas i s . None the l e s s  

during t h e  l as t  s ix year s , a t ime i n  which the revegetation o f  val l ey 

s lopes and cul ling o f  noxious anima l s  was increased , regenerat ion o f  

native tree spec i e s  has been observed . Thi s  regeneration can pr e sumably 

b e  attr ibuted to the e f f,ec t ive redu c tion in noxious animal number s to a 

contro l l ab l e  level . Al so during this s hort period o f  t ime there has been 
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cons iderable regenerat ion o f  both native and artificially s eeded gras s e s  

and t o  a l e s ser extent woody spe c i e s , upon some ero sion s car s . The value 

o f  thi s  initial vetetation c over l i e s  in its abil i ty to restrict surface 

runof f  pro c e s s e s  and to foster the growth o f  native plant spe c i e s  in an 

endeavour to re-estab l i sh a fore s t  vegetat ive cover on these s teep val l ey 

s l ope s . The e ffec tivene s s  of the vegetation cover , irrespective of i t s  

s ta ge o f  seral deve l opment ,  in s tab i l i s ing the s e  val l�y s l opes i s  however 

governed to a l arge extent by o ther fac tor s . 

I n  a mountainland environment like the southern Ruahine r ange wher e  geo­

logi c , environmen tal ( te c tonic and c l imatic ) and physiographic i n fluence s 

contribute s ign i f ic antly to promoting s l ope instabil ity , the pre sence o f  

a heal thy and compl e t e  vegetation c over can only but ame l iorate the mag­

n i tude of erosion . 

The dominant types o f  s lope movement in the southern Ruahine Range include 

debri s s l ide s and debris avalanche s , l argely o f  tran s l ational origin , t hat 

r e su l t  from failure within c o l l uvial o r  sur f i c ial bedrock mater i a l s  at 

shallow depth s . The depth of f a i lure of the maj or ity o f  these s l ope move­

men t s  r arel y  exceeds t he maximum penetr ation depth o f  the deepe s t  rooted 

tree spe c i e s  thereby ind i cating that s l ope movement is influenced to a 

greater extent by factors other than the vege tation cover . S lope movement 

i s  frequently init iated by environmental influenc e s  particul arly o f  

c l imatic or i gin and l es s  frequently o f  t e c tonic origin . The e f fe c t ive­

ness and succ e s s  o f  the vege tation cover in s tabi l i s ing shal low s l ope 

movemen t s  is there fore greatly dependent upon the frequency and magnitude 

of rainsto rms and e ar thquak e s . 

In consider i ng revege tat ion o f  ma s s  movemen t s  i t  i s  nec e s sary to e s tabl i s h  

whether t h e  cost o f  preventive measur e s  o f f se ts t h e  consequenc e s  o f  the 

movemen t  and a l l owance mu st be made for the uncertain t i e s  in our abi l ity 

to evaluate the po s s ibil i t i e s  of s l ope movement . I t  w i l l  often be the 

c a s e  that we c annot prevent s l ope movement .  Mos l ey & Blakely ( 1 97 7 )  in 

di scus sing pos s ible eros ion control measure s  with respe c t  to a l and s l ide 

in Coppermine s tr e am ,  state that no man a geable techn ique s  could have pre­

vented the l ands l ide . 

I n  thi s s tudy a t  l e a s t  1 0 9  o ther mas s  movement features have been identi ­

f i ed . Al though some appear a t  pre sent to be s t ab l e , further movements 

a t  the s e  l o ca l i t i e s  are , inevit abl e ,  unpredictab l e  in t ime and beyond con­

tro l . Others have been maj o r  source areas o f  sediment in the pas t  and are 

likaly to c ontinue t o  be a maj or source area of s ed iment for many years to 
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come . Even if  they could be physically contro l l ed ,  it i s  not economic 

to do so . It i s  therefore better to a scertain the po s s ibl e detr imental 

e f fects of pos s ible future ma s s  movements and to take measures to mini­

mise thei r e ffects . 

1 2 . 7  CONCLUSIONS AND RECOMMENDATI ONS 

Thi s  i nve s tivaton , toge ther with other i nves t i gations pertaining to the 

area ( Mo sl ey , 1 97 7 ; Blakely , 1 9 7 8 ) , c l e arly s how that there are two main 

areas from which streambed sediment i s  derived . I nstab i l ity of upper 

c atchment slope s , in the form of translationa l debr i s  slide s , debri s  

avalanches and to a l e sser extent rock s l id e s  o f  shal low depth , together 

with occas ional l arge-scale , deep-seated rotational s l umps and r idge-top 

feature s ,  provide a substantial volume of col luvium and bedrock detritu s  

to stream channe l s .  Much of thi s  d etritus remai n s  within the confine s 

o f  the Range as bedload , grave l  wave s , a l l uvial fan and terrace d epo s it s  

and as  col luvium ad j acent to stream channe l s . The remai nder of d etri tu s  

i s  tran sported downstream to lower channel reache s . Dur ing per iods o f  

f lood when stream flow i s  h i gh , stored detr i tus within upper catchment 

reache s  is often remobi l i sed , some of which may include mater ial d er ived 

from older depo s i t s  that have long been s tab i l ised and vegetated . Thi s  

reworking o f  older stored material s const itute s the second sourc e  area 

of con s i derabl e vol ume s of bedload detr i tus . Both source areas contr ibute 

s i gn i f i cantly to the probl em s  of downs tream management of transported 

fluvial detritus , solut ions to whi ch inc lude the stab i l isat ion of upper 

catchment s lope s and channe l source ar eas within the Range and channel 

source areas downstream o f  the Range . 

It i s  important that areas o f  s hal low s lope instab i l i ty on steep val l ey 

s lope s wi th i n  the Range should be revegetated at the ear l iest opportuni ty 

because areas devoid of vegetat ion undoubtedly increase in areal extent 

with t ime . We c annot afford to l eave the s e  areas to natural regeneration 

because i t  i s  not known how long such regeneration w i l l  take , or what 

ero s i on could occur i n  that t ime . I f  corrective measures are not under­

taken at the ear l ie st pos s ible t ime , the cost o f  revegetative work become s  

i ncreas ingly more prohibitive . 

I t  i s  recommended that future revegetativ e  work be c arr ied out by the 

cheape s t  means avai labl e for which a reasonabl e  l evel of suc c e s s  seems 

attainabl e . The costing o f  the var ious methods o f  revegetat ive work 

c urrentl y  employed in thi s environment have been outl ined in Section 1 2 . 6 .  

The mos t  economical method i s  that of aer ial s eed ing . Thi s  work should 
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be c on centrated upon areas where shal low tran sl a t ional sl iding has 

occurred bu t only where sufficient soil or c o l l uv ium rena ins to provide 

a medium i n  whic h  seeds can e stab l i sh . Where transl ational s l iding has 

exposed the underlying bedrock the chance s of r evegetat ing such s i t e s  i s  

minima l  a s  much o f  the seed w i l l  be washed o f f  dur ing per iod s o f  rainfall . 

Where the ero sion i s  too severe to respond tc aerial seeding , such a s  o n  

s cars that are currently active sourc e  areas o f  detritus , other mean s o f  

stab i l i sa tion s hould o n l y  b e  appl ied i f  the c o s t  o f  this work c a n  be 

j us t i f ied . Attempts to stab i l i se the s e  s it e s  by tree pl anting in the 

past have too often been to no ava i l . However , fai lure in s t ab i l i s ing 

such s i t e s  has not a lways been due to the s eve r i ty of the eros ion but to 

the result of inexper i ence in the use of appropr iate techniqu e s . For 

exampl e ,  some attempts to stab i l i se areas o f  a c tive eros ion have bee n  

approached by endeavouring t o  revegetate unstab l e  scree s l ope s a t  the 

base of l ar ge s c ar s . Layering of wil l ow pol e s  o r  plant ing of pines acro s s  

such s lopes has some t imes met with l ittle su c c e s s  because the continued 

supply o f  detritu s , as a result of further c o l l apse around the margins o f  

t h e  i n i t i a l  scar , has e i ther uprooted or bur i ed these plants . A mor e  

j ud i c i ous approach i n  these c ir cumstan c e s  may have been to plant the 

margins o f  the initial scar in an attempt to curta i l  further suppl i e s  o f  

detri tus being added to the scree s lope a t  the base . Onc e  the sour c e  o f  

detritu s  has been s lowed or e l iminated the r ema i nder of the s l ope w i l l  

revegetate natural l y . Given suf f i c i ent t ime to s tabi l ise , the rate o f  

revegetation could the n  b e  a c c e l erated by seeding . 

Pol e  planting o f  w i l l ow s take s along streambanks within the Range has in 

places succes s fully curtai led further l ateral bank undercutting . However , 

their e ffec tive n e s s  in other places where stream bed load mobil ity i s  h i gh 

has been o f  l ittle value . I t  i s  considered impractical to try to s tab i l i s e  

many o f  t h e  c h annel source areas o f  detr i tus w i thin the Range bec au s e  o f  

their h i gh suscept i bi l i ty to further streambank erosion . I n  addi t ion , 

many o f  these depo s it s  are active ly removed during period s o f  peak f l ow 

despi te the presence o f  a mature vegetation cov er . I t  i s  here recommended 

that future r evegetation programmes be approached in a mor e  sc ienti f ic 

way . perhaps certain areas with varyi n g  d e gre e s  o f  severity o f  ero s ion 

could be u sed a s  exper imental plots upon whi c h  d i f ferent revegetation 

techn i ques u s i ng a var iety of p l ant spec i e s  could be attempted . In t h i s  

way , experi en c e  i n  the u se o f  appropr iate techn iques for spe c i f i c  types 

o f  s l ope instab i l ity could be deve l oped . An awareness o f  the capab i l i t i e s  

o f  t h e  various vegetative techniques would go a long way toward s  el iminat-
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ing the o f ten ineffectual choosing o f  s i te s  ( o f ten the mos t  severely 

eroded ) to be s tabi l i sed . Thi s  in turn would minimise the time , mater ial s 

and e ffor t at s i t e s  where the chan c e s  of suc c e s s  are negl igibl e . 

In a s sociation with continued revegetat ion programme s ,  i t  i s  imperative 

that the New Zeal and Forest Service maintain sufficient control over the 

noxious animal population to enable the growth of a strong vegetat ion 

cover throughout the Range . Thi s  recommendation was emphas i sed by 

Cunningham & S tribl ing ( 1 97 8 ) . 

I t  i s  sugge s ted that c ertain local it i e s  where further s l ope instabil i ty 

is inevitab l e  shou ld be l e f t  to run thei r  course . The se inc lud e  local i t i e s  

where extens ive outcrops of bedrock form s te ep- s ided val l ey s lope s ad­

j ac ent to s tream channe l s , areas o f  rapid gul l y  d i s se ction and areas 

where act ive s treambank undercutting of the toe slope s of  l arge - sc a l e 

mass movemen ts i s  l ik e l y  to promote shal l ow and/or d eep- s eated movements . 

Stabi l i sation o f  the sediment source area down s tream o f  the Range front 

is at pre sent achieved by temporarily s toring gravel in one reserve in 

Mangapuaka s tream referred to local ly as  the ' Kume t i  Grav e l  Re s erve ' .  

The purpo se o f  such a reserve i s  to s l ow the rate of  grav e l  movement from 

the upper catchment s torage areas in the Range to those r eaches that 

drain through dairy farm land at the ba s e  of the Range . Th is  is  achieved 

by spread ing flood f lows through an area of regenerating bu sh which s lows 

the ve locity of the f l ow and encourages depo s i t ion of coarse and med ium 

s i ze d  grave l .  P l anting of exotics within the re serve , together with con­

s truc tion of d ivers ion groyn e s  and retard s ,  has a l so be imp l emented . 

Thi s means o f  s tabi l i s a tion has proven to be suc c e s s ful . 

A works programme outl ined in Blakely ( 1 9 7 8 ) recommends t he e s tabl i shment 

of s imi l ar gravel reserve s for each o f  the eas tward draining catchments 

along the southern Ruahine Range . The e s tabl i shment o f  such re s erve 

areas for the purpo se of gravel s torage is of key importance in the long 

term stabil i sation pro gramme for thi s area and should be given high prior­

ity . Such re serves are not required for westward draining catchments as  

the se  s treams upon l eaving the con f in e s  o f  the Range are d e eply entrenched 

within P l io-Pl ei stocene marine depo s it s , hence the exces s ive quantit i e s  of 

bed l oad are of no threat to ad j a c ent farml and . 

There i s  general concensus that a s  the final perimeter o f  the Fore s t  Park 

becomes e s tabl ished it shoul d  be fenced ( Cunningham & S tribl ing , 1 9 7 8 ) , 

primari l y  to exc lud e  dome stic s tock from upper c atchment r eache s . On the 
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eastern f l ank o f  the Range i t  has been suggested ( Blakely ,  1 9 7 8 )  that 

thi s fence l i ne should form an extens ion o f  the proposed gravel reserve s 

and be d e s i gned so as to include w ithin the r eserves all s teep and 

eroding spurs a long the foot of the Range . I t s  construction will greatl y  

a s s i s t  the proce s s  o f  natural regeneration o f  the somewhat depleted 

fores t  w i thin upper catchment areas . 

Final l y , muc h  could be achieved by promo t ing awareness o f  the probl ems 

o f  erosion through increased publ i c  u s e  of the park . perhaps through 

schoo l s  or soci e t i e s  a planting campaign of designated areas could be 

undertaken w i th the ob j ec t  of establ i shing gravel reserve s s im i l ar to the 

one on Mangapuaka S tream . Recommended s ites would be those suggested 

i n  Blakely ( 1 978 ) . 
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Appendix Ia : Manawatu Catchment Board expenditure on ero s ion control 
and inve s tiga t ion s into the ero s io n  prob l em along the 
s outheastern Ruahine Range front . 

F inan c i a l  
I nve s tigations 

S tatus QUo Yearly 
Year Work 

Maintenance 
Total 

1 9 7 4  - 1 9 7 5  $ 2 3 , 28 8  $ 2 3 , 288 

1975 - 1 9 7 6  $ 5 1 , 62 5  $ 5 8 , 4 8 5  $ 1 10 , 1 1 0  

1 9 7 6  - 1 9 7 7  $ 6 5 , 8 3 0  $ 7 5 , 9 3 8  $ 1 4 1 , 7 6 8  

1 9 7 7  - 1 97 8  $ 4 1 , 87 3  $ 5 4 , 54 2  $ 96 , 4 1 5  

1 9 7 8  - 1 9 7 9  $ 1 , 04 0  $ 7 2 , 7 5 1  $ 2 , 08 3  $ 7 5 , 8 7 4  

1 9 7 9  - 1 98 0  $ 74 , 6 04 $ 3 , 14 4  $ 7 7 , 7 4 8  

1 98 0  - 1 9 8 1  $ 7 3 , 2 1 7  $ 1 1 , 9 5 0  $ 8 5 , 16 7  

$ 1 8 3 , 6 5 6  $4 09 , 5 3 7  $ 1 7 , 17 7  $ 6 10 , 3 7 0  

Appendix Ib : E st imated government subs idi es (on a bas i s  o f  3 1 )  required 
by t he Board dur ing the next f ive year period . 

1 9 8 1  - 1 98 2  

1 98 3  - 1984 

$ 94 , 000 

$ 1 5 0 , 000 

1982 - 1 98 3  

1984 - 1 9 8 5  

Source : Manawatu Catchment Board , Palmerston North 

Appendix I I a : Fore st Service expenditure o n  s l ope and streambed 
zation in the southern Ruahine Range . 

F i nancial Southwe st Southea st 
Year Ruahines Ruahines 

1 9 7 5  - 1 9 7 6  $ 2 , 004 $ 2 2 0  

1 9 7 6 - 1 9 7 7  $ 5 , 0 06 $ 1 , 4 5 3  

1 9 7 7  - 1 9 7 8  $ 9 , 3 8 9  $ 2 7 , 7 6 1  

1 9 7 8  - 1 9 7 9  $ 4 , 4 5 1  $ 1 5 , 84 3  

197 9 - 1 98 0  $ 9 . 06 6  $ 1 7 , 3 6 9  

1 9 8 0  - 1 9 8 1  $ 3 , 4 1 9  $ 1 1 , 8 9 9  

$ 3 3 , 3 3 5  $ 7 4 , 54 5  

$ 1 3 0 , 000 

$ 1 1 1 , 500 

s tabil i -

Yearly 
Total 

$ 2 , 24 4  

$ 6 , 4 5 9  

$ 3 7 , 1 5 0  

$ 2 0 , 2 9 4  

$ 2 6 , 4 3 5  

$ 1 5 , 3 18 

$ 107 , 88 0  

Appendix l Ib :  E s timated future expenditure by t h e  Fore s t  Service o n  
s lope a n d  s treambed s tab i l i sation . 

F inanci a l  
Year 

1 9 8 3  - 1 98 4  

1 984 - 1 9 8 5  

1 98 5  - 1 9 8 6  

Southwes t  
Ruahines 

$ 1 5 , 000
+ 

$ 1 8 , 000 

$2 3 , 00 0  

Southeast Yearly 
Ruahines Total 

$ 1 6 , 000 
+ 

$4 4 , 000 
$ 1 3 , 00 0 *  

$ 3 2 , 000 $ 5 0 , 000 

$ 4 0 , 000 $ 6 3 , 000 

+ E s timated expendi ture on aerial seedi n g  and fer t i l i z ing o f  valley s lope s . 
* Estimated expendi ture o n  pol e  planting and streambed stab i l i za tion . 

Source : New Zea land Fore s t  Servi c e , Palmer s ton North . 



APPEND I X  I l Ia : Faunal l i st for l imestone block T2 3jf7 5 3 0  

Macrofo s s i l  identi f ic a t io n  b y  H J Campbel l : 

A2 

C l ionidae 

Por i fera 

Foraminifera 

Lingula sp . 

Di s c i n i s c i nae gen . 

Hal obia hochs t e tt eri Moj s i sovi c s  

Hal obia sp . 

? A thyri s sp . 

Sul cirostra 

Pi sirhynchia 

Aulacothyri s 

Brachiopoda inde t . 

Gastropoda i nde t . 

? Arces tes sp . inde t . 

Ammonoidea inde t .  

Para l l el odon sp . 

Hal obi a l i l l i ei Marwick 

? Parahalobia sp . 

Oxytoma sp . 

Pect inacea ind e t . 

Ostreacea indet .  

a f f . Pl i ca tula sp . 

? Pseudolimea sp . 

B ivalvia i nd e t . 

Crinoidea ( 2  f orm s ) 

Echinoidea ( 2  forms ) 

? Serpula sp . 

ostracoda 

Conodonta 

Vertebrata ( te e t h )  

Macro fos s i l  ide n t i fication b y  I W Keyes :  

Hybodus sp . ( El a smobranch tooth ) 

Macr o fo s s i l  iden t i fication by J G Begg : 

? Dicyc locidari s denticul a ta F e l l  ( Interambulacral plate ) 

Conodont ident i f i c at ion by J R S ime s : 

Gondol ella navi cula Prioniodina excava ta 

Gondolella Pol ygna thiformis 

Gondolella sp . 

Enantiogna thus ziegleri 

Prioniodina sp . 

? Hindeodell a  suevi ca 

Foramin i fera iden t i f i c a t ion by C P S trong : 

Nodosarid Foramini fera 

Lenti cul ina 

Pseudonodosaria 

Astacolus 

Lingul i na 

Pol ymorphinids 

Eogut tulina 

Pyrul i noides 

Aqgl u tina ted foraminfera 

Trochammina 

Ammobaculi tes 

Nodosaria 

vaginu l i na 

Frondi cularia 

Spiri l l inids 

? Spiri l l i na 

Mil i ol ids 

? Hemigordi u s  
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APPENDIX I I Ib : Comments on the identi fication , interpretation and s i gn­

i f i c ance o f  the f aunal content o f  T23/f 7 5 3 0  ( extracts 

from unpub l i s hed manuscript and/or pers . corns . 

Macrofa una ( H  J Campbel l )  : 

The l imes tone may be regarded a s  a b ivalve-brachiopod -echinoderm shell 

lime s tone .  The mos t  abundant forms are halobi id bivalve s and terebratul id 

and rhynchonel l id brachiopod s .  The fauna (Appendix I l I a )  includes two 

inarticulate and at least four articul ate brachiopod s .  At least one 

terebratu l id form i s  pre sent . No spi r i ferinid forms were recogni sed . 

At least two rhynchonell ides are pre sent , both o f  which are regarded a s  

cosmopo l i ta n  Upper Tr iassic forms ( Ager , 1 9 6 5 ) . Neither has been re­

corded from New Zealand b e fore now . 

A s i ngl e gastropod columel l a  was identi f ied from acid r e s idue and 

several indeterminate gastropod c ro ss - sections were observed in hand 

spec ime n .  

Two small ammono ids were identi fied o f  which one spec imen may b e  r e fer­

rable to the genus Arces tes . 

Several wel l -preserved spec imens o f  a small Para l l elodon sp . are present 

and one sma l l  o s treacean and one form o f  Oxy toma were ident i fied . 

Crinoid and echinoid e lements are abundant . 

Halobiid b ivalves are part i cu l ar ly abundant o f  which Ha lobia l i l l i ei 

( Marwick ,  1 95 3 )  i s  the mos t  common . Thi s  form i s  regarded a s  being 

restricted to the Ore tian s tage ( Marwic k , 1 95 3 ;  Campbell 1 95 5 )  a s  de­

fined for . sequences of the Murihiku Supergroup . Where faunal s imilar i ­

ties c a n  be recogn i sed , thi s  mol luscan-based local stage scheme i s  u s ed 

for Torl e s s e  s trata . In thi s c a �e. , the macrofauna of T2 3 /f 7 5 3 0  may be 

regarded as Oret i an . Tradi tiona�lY , correlation between the Oretian 

stage and world Tri a s s ic has been poor but in the absence o f  s trong 

direct l in e s  of correlation the s tage has logically been attributed to 

Late Karni an-Early Nor ia n  t ime ( Campbel l , 1 97 4 ) . 

Halobia l i l l i ei has been described from Torlesse strata once b e fore 

( Campbel l , 1 98 2 ) . Rocks recogn i sed a s  being spec i f ically Oretian in 

age within the Torlesse are rare but Halobi a spe c imens and faunas 

attributed to the Halobia Zone ( Campbe l l  & Warren , 1965 ; Andrews et al . ,  

1 97 6 ; Speden ,  1 9 7 6 )  may be shown to be Oretian in some c a se s . 
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Halobia hochstet teri Mo j si sovi c s  i s  present but in fewer numhers than 

H .  l i l l i ei . I t  i s  regarded a s  ranging from Ore t ian to Otamitan t ime in 

New Zealand ( Marwick , 1 9 5 3 ; Campbel l  & McKe l l ar , 1 9 6 0 ) . 

Overal l , thi s macrofauna i s  markedly d i f ferent from any Oretian fauna yet 

described from e i ther Murihiku or Tor l e s se terranes o f  New Zealand . I t  

i s  the f i r s t  Ore ti an l imestone t o  b e  recogn i s ed from e i ther New Zealand 

or New Caledonia ,  i t  is remarkabl y  d iverse and it contains forms hitherto 

unrecorded from New Zealand . 

An add i t ional i tem that has been ident i f ied from the macro f auna i s  an 

e chinoid p l a te ? Di cyclocidaris den t i cu l a ta Fel l  ( Dr J G Begg ) . 

Conodonts ( J  E Simes ) : 

The conodont fauna ( Appendix I l Ia ) i s  rich and wel l  pre served , particularly 

the more robust platform conodonts . Ramiform conodonts are a l so abundant 

but are far more prone to breakage . The mos t  striking feature o f  this 

conodont fauna is the abundance o f  the platform conodont Gondol ella navi cula 

Huckriede ( Appendix I I Ic , photo A ) . Thi s  speci e s  has been previou s l y  

recogni sed from New zea l and a t  Mount Mason ( Jenkins & Jenkins , 1 9 7 1 ) . 

Whi l e  the specimens from T23/f7 5 3 0  are Oretian in age , the Mount Mason 

spec imens are of Warepan age . 

A second d iagno s tic conodont Gondolella pol ygna thiformis Burdurov and 

Stefanov is recorded from New Zealand for the fir s t  t ime ( Appendix I I I c , 

photo B )  . 

Correlation o f  the New Zea l and Tri a s s i c  with the wor l d  Tri a s s ic i s  a id ed 

by this fauna . Of particular s i gn i f ic ance i s  the j oi n t  occurrence o f  

conodonts and halobi i d  bivalves , both o f  which have a r e s tr i c t ive t ime 

r ange . The New Zealand Ore tian S ta ge has been correlated with the lowe r ­

mo s t  Nor i an o f  t h e  wor ld Tr i a s s ic . 

Conodont colour i s  a pre servational f eature that has been d emonstrated to 

be a valuab l e  indicator o f  the thermal metamorphi sm o f  the rock ( Ep s te i n  

& Eps te in ,  1 97 7 ) . These conodonts are a l i ght amber colour a nd have a 

CAl ( co l ou r  a lteration index ) o f 1 . 5  based on the recommended reading o f  

the l ighte s t  e lements only . A reading o f  CAl l ind i c a te s  a maximum 

temperature o f  90
0

C which , in turn , ind ic a te s a maximum d epth o f  bur ial 

o f  9000 ft ( 2 74 3m )  ( a s suming 1
°

C = 1 0 0  f t  ( 3 0m ) . 
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Foramini fera (C p S trong ) : 

Thi s  s amp l e  i s  dominated by nodosarid foramini fera . other calcar eous 

taxa include the pol ymorphinid s , a s ingle spiri l l inid genus and rare 

agglutinated foraminifera (Appendix I l I a ) . 

Tri a s s i c  foraminifera i n  New Zea l and are poorly documented and compari son 

w i th overseas l i terature i s  proving to be d i f ficult on account of the 

poor preservation o f  the spe c imens and because of the probabl e  endemic 

nature of much of the fauna . 

The age and correlation o f  this sample based upon foramini feral evidence 

is at present unknown . 

Other fauna 

Sample T2 3/f7 S 3 0  contains abundant o s tr acods , many of which are intact 

but unfortunately preservat ion is by a crude s i l ic if i cation proce s s .  To 

date l ittle i s  known about the ostracods from this sample . 

Teeth and dermal o s s i c l e s  o f  elasmobranchs are wel l  preserved . The 

e la smobranch remains inc lude a tooth o f  Hybodus sp . ( I  W Keyes )  . 



A6 

APPENDI X  I I I c : Conodont fauna from fos s i l i ferous l imes tone block T23/ 

f 7 5 3 0 . Fos s i l  ident i ficatio n  by J E S ime s . 

A .  top view B .  top view 

B .  l ateral view 
A .  l ateral view 

C .  

E .  F .  

D .  

A .  Gondol e l l a  navicu l a . Top and l ateral views , x 100 . 

B .  Gondo l e l la po lygnathi formis .  Top and l ateral v i ews , x 14 0 .  

C .  Gondo l e l l a  navicula j uven i l e , x 160 . 

D .  Prioniodina excavata , x 1 1 0 .  

E .  Enantiognathus z iegler i , x 1 0 0 . 

F .  ? Hindeod e l l a  suevic a . 



APPENDIX IVa : Abbreviations used to denote loc a l i ty o f  rock samples 

and corresponding petrological s l ides . 

A7 

Coppermine s tream 

Cros s  Road 

Co No . 1 Line S tr eam 

No . 2 Line Stream 

No . 1 

Dundas s tream 

East Tamaki S tream 

Konewa s tr e am 

Maharahara Track 

Makawakawa S tream 

Andersons Stream 

Diggers S tr e am 

Makohine S tream ( No .  4 Line ) 

Manawatu Gorge 

Manga-a-tua Stream 

Mangapapa Stream 

Mangapuaka ( Kumet i ) S tream 

Mangapukakakahu Stream 

CR 

Dn 

ET 

Ko 

Mr 

Mk 

MkA 

MkD 

Mh 

MG 

Ma 

Mg 

Mp 

Mpu 

Mangatera S tream and Foothi l l s  Mte 

Mangatuatou Stream Mtu 

No . 2 

North Range Road Stream NRs 

Ohinetapu Stream Oh 

Opawe S tr eam Op 

Oruakeretaki S tream Or 

Otamarahu Stream 

P ir ipi r i  Stream 

pohang ina River 

Porewa Stream 

Raparapawai Stream 

Rokaiwhana S tream 

Te Ekaou Stream 

Tokeawa Stream 
( No . 3 
Line ) 

Wes t  Tamaki River 

Whareroa Stream 

Ou 

Pr 

Po 

Pw 

Rp 

Rk 

TE 

Tk 

WT 

Wh 

Each rock samp l e  and petrological s l ide i s  pref ixed by l etter s ( a s  

above ) fol lowed by a number . The letters denote the catchment from 

whi c h  the rock sample was col l ec ted . The number denotes the location 

within the catchment .  Each location from which sampl e s  were collected 

i s  shown i n  .Appendix IVb . 
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L EG E N D  

Bou n d a r y  o f  s t udy a rea 

R iv e r  

St ream 

R o ad 

C re s t  l i ne 

Trig S t a t ion 
Dry we<ltner track 
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R N  
RANG 

N 

IVb R O C K  S A M P L E  A rm PET R O LOG i C A L  

S L I DE L OC A L I T I E S . 
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APPENDI X  IVc : Maj o r  trace e l ement analyses o f  spil itic rocks from the southern Ruahine Range . 
(Analyse s  carried out by Dr B Roser , Geology Depa r tment ,  Unive r s ity of We l l ington . )  

Si02 
Ti02 
Ab 0 3  
Fe 2 0 3  
FeO 
MnO 
MgO 
CaO 
Na 2 0 
K2 0  
P 2 0 S 
Lo s s  

TOTAL 

Fe 2 0 3 T  
V 
Ba 
Cr 
Cu 
Ga 
Nb 
Ni 
Pb 
Rb 
Sr 
Th 
y 
Zn 
Zr 

MG3 MG5 

4 8 . 8 0 4 1 . 38 
0 . 7 9 1 . 64 

1 3 . 36 1 3 . 05 
2 . 24 9 . 2 5 
6 . 17 3 . 99 
0 . 19 0 . 57 
6 . 95 4 . 61 

1 3 . 95 1 5 . 18 
1 .  96 2 . 7 5  
0 . 03 0 . 5 1 
0 . 04 0 . 1 6 
5 . 28 6 . 8 1 

99 . 7 6 99 . 90 

9 . 10 
2 4 0  

2 8  
2 56 

80 
1 6  

< 1 
58 

< 2 
< 2 

7 5  
1 . 7  

1 9  
64 
4 0  

1 3 . 6 9 
3 7 3  
2 1 5  
1 2 8  

85 
16 

5 
7 3  

3 
1 6  

1 5 5  
2 . 7  

3 7  
1 2 4  

9 6  

Cr2 

5 1 . 44 
2 . 3 3 

1 2 . 8 3 
3 . 3 0 

1 1 . 4 8 
0 . 26 
3 . 1 2 
4 . 66 
4 . 03 
0 . 06 
1 .  00 
5 . 08 

99 . 5 9 

16 . 06 
42 

108 
5 

27  
28 
41 

6 
2 

< 2 
349 
5 . 1  

80 
185 
486 

Or9 

48 . 1 1 
3 . 14 

16 . 91 
4 . 2 9 
5 . 92 
0 . 2 2 
3 . 99 
4 . 54 
2 . 59 
2 . 61 
1 .  0 3  
6 . 3 1 

99 . 66 

10 . 8 7 
2 05 
4 6 5  
1 7 6  

4 6  
2 2  
60 

1 3 2  
3 

1 0 2  
3 6 0  
6 . 6  

5 4  
1 4 6  
4 8 3  

pwl 

5 0 . 8 0 
2 . 48 

1 5 . 76 
2 . 1 7 
5 . 3 9 
0 . 1 3 
3 . 1 2 
8 . 84 
5 . 84 
0 . 09 
0 . 2 3 
4 . 66 

9 9 . 5 1  

8 . 16 
3 2 5  

9 1  
61 
44 
2 2  
1 9  
4 5  

< 2 
< 2 
248 
2 . 5  

3 7  
9 7  

1 7 4  

Rk2 

67 . 24 
0 . 56 

14 . 43 
1 .  3 7  
2 . 86 
0 . 08 
2 . 01 
1 . 94 
3 . 67 
2 . 1 8 
0 . 1 0 
3 . 3 1 

99 . 7 5  

4 . 5 5 
1 00 
505 
110 

24 
15 

8 
24 
17 
83 

286 
10 . 5  

21 
60 

163 

OUTCROP 

MkD4 

47 . 4 7  
0 . 8 1 

1 2 . 4 9 
2 . 92 
3 . 9 3 
0 . 1 2 
2 . 26 

1 7 . 6 9 
1 . 85 
0 . 01 
0 . 2 3 

1 0 . 04 

99 . 8 1 

7 . 28 
2 3 4  

3 8  
4 08 

4 3  
1 8  

3 
1 14 

2 
< 2 
1 5 3  
2 . 2  

19 
7 0  
4 4  

Mk5 

4 3 . 60 
1 .  3 9  

1 8 . 2 1 
4 . 5 1 
2 . 8 2  
0 . 2 3 
2 . 88 
8 . 94 
3 . 61 
3 . 34 
0 . 3 0 
9 . 80 

9 9 . 64 

7 . 6 5 
2 1 5  

5 8 5 0  
7 8  
4 6  
1 8  
1 1  
3 7  

< 2 
1 0 6  

1 1 8 7  
1 . 8  

2 8  
7 4  

1 0 9  

Mk6 

3 8 . 7 7 
2 . 4 5  

1 3 . 8 6 
4 . 5 6 
7 . 09 
0 . 2 0 
2 . 4 6  

1 1 . 98 
4 . 44 
0 . 8 9 
0 . 6 1 

1 2 . 16 

9 9 . 4 7 

1 2 . 44 
3 17 
1 5 1  
1 2 6  

53 
19 
2 9  
5 8  

< 2 
4 2  

3 2 2 
3 . 8 

53  
2 05 
2 7 0  

Mh3 

4 6 . 67 
1 . 86 

1 3 . 1 5 
0 . 8 5 
0 . 5 1 
0 . 06 
0 . 5 2 

1 5 . 62 
6 . 8 9  
0 . 2 6 
0 . 94 

12 . 2 1 

99 . 5 3 

1 . 4 1 
1 2 0  

9 5  
2 7 2  

1 5  
1 0  
5 3  

8 
2 

1 1  
2 3 4  
5 . 1  

7 5  
4 3  

3 6 0  

No . 1 
( 5 )  

3 0 . 65 
2 . 09 

1 1 . 2 3 
2 . 98 
4 . 5 9 
0 . 2 2 
2 . 7 5 

2 1 . 9 7  
2 . 6 9 
1 . 3 3 
0 . 7 1 

1 8 . 60 

9 9 . 8 1 

8 . 08 
2 8 6  
2 4 3  

5 2  
3 0  
1 6  
2 3  
2 6  

< 2 
5 6  

2 9 0  
3 . 0  

34 
94 

1 6 9  

No . 2 
( 4  ) 

51 . 1 9 
3 . 3 9 

1 2 . 2 1 
1 . 4 7  
6 . 5 0 
0 . 17 
1 .  7 4  
9 . 4 8 
4 . 7 3 
0 . 1 9 
1 . 6 9 
7 . 00 

99 . 7 6 

8 . 69 
2 54 
1 4 7  

16 
59 
2 0  
5 0  
27  

6 
6 

1 8 2  
4 . 8  

7 7  
1 8 6  
3 56 

Mtu4 

4 6 . 3 9 
1 .  08 

14 . 4 0  
5 . 2 0 
6 . 18 
0 . 2 3 
3 . 7 1 

1 2 . 2 4  
2 . 48 
0 . 2 2 
0 . 1 1 
7 . 54 

99 . 7 8 

1 2 . 07 
3 0 5  

7 1  
1 3 8  

7 8  
1 6  

2 
78 

< 2 
8 

14 5 
1 . 3  

3 1  
1 1 5  

5 7  



FLOAT 

Mkl Mk2 Mk3 MkA2 Mal Rp2 0  No . 1 ( 1 )  Tkl 

Si02 4 0 . 3 6  45 . 9 3 64 . 5 3 34 . 4 3 4 9 . 89 4 5 . 4 3 4 2 . 5 1 4 9 . 68 
Ti02 2 . 5 1 3 . 03 0 . 2 8 2 . 84 0 . 2 0 2 . 05 2 . 04 1 .  3 6  
A1 2 0 3  1 1 . 3 9  1 7 . 0 3 1 7 . 7 4 12 . 1 9 1 6 . 2 7 14 . 3 4 1 9 . 5 0  1 9 . 06 
Fe 2 0 3  7 . 85 1 . 5 0 1 . 8 1 10 . 4 6 1 .  05  1 . 88 2 . 2 3 3 . 17 
FeO 3 . 4 7 8 . 7 5 3 . 05 1 . 1 3 0 . 58 7 . 6 5 5 . 84 4 . 3 8 
MnO 0 . 2 1 0 . 1 6 0 . 1 0 0 . 1 3 0 . 2 2 0 . 1 7 0 . 17 0 . 1 5 
MgO 1 .  2 0  1 .  92 0 . 60 1 .  51  0 . 56 1 .  64 2 . 68 3 . 1 0 
CaO 14 . 7 9 6 . 1 3 0 . 54 17 . 3 7 1 3 . 8 2 1 0 . 2 0  1 0 . 3 8 7 . 66 
Na 2 0 4 . 6 7 5 . 55 3 . 9 5 3 . 11 1 . 8 1 5 . 7 3 3 . 3 5 4 . 92 
K2 0 0 . 68 1 . 09 4 . 1 0  1 .  7 9  0 . 95 0 . 14 1 . 81 0 . 7 1 
P 2 0 S 0 . 4 3 0 . 86 0 . 00 0 . 6 5 0 . 2 2 0 . 68 0 . 3 0 0 . 1 3 
Lo s s  1 2 . 55 7 . 5 5 2 . 9 3 14 . 63 14 . 8 0 1 0 . 2 0  9 . 3 3 5 . 6 5 

TOTAL 1 0 0 . 1 0 99 . 50 99 . 63 100 . 2 3 1 0 0 . 36 1 0 0 . 12 1 00 . 14 9 9 . 97 

Fe 2 0 3 T  1 1 . 7 0  1 1 . 2 2  5 . 2 0 11 . 7 1 1 .  7 0  1 0 . 3 9  8 . 7 2 8 . 04 

Ba 64 9 208 8 7 2  1 7 2  5 3 1  1 5 9  667 3 2 0  

Cr 7 2 4 9  < 2 4 1  5 2 3  8 2  1 1 5  

Cu 2 7  3 6  3 2 0  7 3 8  2 1  4 7  

Ga 1 2  19 55 18 7 1 6  2 2  1 5  

Nb 2 6  46 2 5 7  2 1  2 3 1  2 1  1 2  

Ni 2 5  103 < 2 58 7 3 9  2 9  4 2  

pb 3 3 8 < 2 7 4 < 2 < 2 

Rb 2 5  5 2  1 5 7  7 1  3 1  4 65 1 1  
S r  5 3 6  283 442 2 6 1  6 5 6  2 3 6  4 08 4 6 6  

Th 2 . 7  2 . 6  2 5 . 4  1 . 7  < 0 . 5  2 . 8  1 . 7  1 . 3  

V 2 2 7  2 2 7  < 2 2 6 2  2 3  3 06 3 8 3  2 06 

Y 3 7  44 1 4 7  4 3  5 4 3  2 7  2 1  :t:' 
f-' 

Zn 1 2 5  1 5 2  284 1 9 0  1 6  2 1 0  8 0  74 0 

Zr 2 05 286 1 1 76 2 1 6  3 1  1 4 7  1 5 3  94 
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APPENDI X  Va : Late Quaternary Tec toni c  Data 
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2 6 0  

Loc 
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ABBREVIATI ONS - TABLE HEADINGS 

New Zealand Map Seri e s  

1 : 5 0 , 000 scal e ( in 
quarter sheets )  

Loca l i ty number plotted on 
upthrown s ide 

Grid r e ference to nearest 
1 0 0  metres 

Nature o f  tectonic f eature 

Displ aced reference f eature 

Length in metres 

He ight or depth i n  metres 

Trace or fold 

S trike of feature 

ABBREVIATIONS 

Aggradational 

Degradational 

Diverted stream 

Ea st 

Fau l t  gu ided stream 

Fau l t  gouge 

Grid re ference 

Hawera S er i e s  terrace surface 
( see Tabl.e 6 . 1  for explanation ) 

I ntermitten t l y  continuous 

Kawhia-Oteke age o f  strata 
compri sing Tor l e s s e  
Supergroup bedrock 

Linear Depre s s ion 

Local fan 

Lineation 

Mound 

North 

Offset spur 

Offset r iser 

Lk Length in k ilometres 

FPLANE Faul tplane 

Dir Direction o f  dip 

Am Amount o f  d ip in degrees 

VERT Ver t ical d i splacement 

Up Upthrown s ide 

Amm 

HORZ 

S 

Amount i n  me tres 

Hor i zon.tal d i  splacement 

Sense o f  hor i zontal dis­
placement 

Pm age Age o f  formation d i splaced 

Rf Re ference c ited and remarks 

TECTONIC DATA 

o s  

pr 

rd 

ru 

rg 

S 

sc 

sd 

Sh 

sl 

tc 

te 

tr 

TS 

u s  

w 

Wc 

Wn 

Ww 

Off set stream 

Pre ssure r idge 

Riser down stream s ide 

Riser ups tream s ide 

Ridge 

South 

Scarp 

Saddl e  

Shutter r idge 

S lope 

Trace 

Terrace 

Trench 

Torl e s s e  Supergroup bedrock 

Uph i l l - facing scarp 

we s t  

Castlecl i f f i an aged 

Nukumaruan aged 

waitotaran aged 

marine 
deposits 



WELLINGTON FAULT 
Ai r 

Feature 
NZMS Photo 

Loc Gr Re f 
2(,0 

Run No Na Dp 1m IIDm 

T24A 0 2 0  4 7 9907 2 3 8  4 0  u s  s 1  3 0  1 . 0  

T24A 0 2 1  4 8 4 9 1 4  2 3 8  4 0  se s l  4 5  2 . 0  

T24A 0 2 2  4 8 4 9 1 4  2 3 8  4 0  S c  sl 6 0  2 . 5  

T24A 0 2 3  4 8 5 9 1 6  2 3 8  4 0  u s  5 1  3 0  1 . 0  

T24A 024 4 8 5 9 1 6  2 3 8  4 0  u s  s l  6 0  1 . 0  

t-----
1'2 4 A  0 2 5  4 8 6 9 1 7  2 3 8  4 0  u s  5 1  4 5  0 . 5  

1'2 4 A  026 4 7 1 8 9 2  2 3 8  4 0  Se a'l 9 3 0  1 6  

T24A 0 2 7  4 7 3 8 9 3  2 3 8  4 0  t r  a g  1 4  3 . 0  

1'2 4 A  028 4 7 3 894 2 3 8  4 0  t r- ag 5 . 0  0 . 5 

T24A 029 4 7 38 9 5  2 38 4 0  Se ag 1 5  1 . 0  

T24A 030 4 7 4 8 9 6  2 3 8  4 0  u s  ag 3 5  0 . 5  

T24A 0 3 1  4 7 6 8 97 2 3 8  4 0  Se ag 900 5 . 0  

T24A 032 4 7 8 9 0 1  2 3 8  4 0  se sl 20 4 . 0  

T24A 0 3 3  4 7 9'l02 2 3 8  4 0  sc s 1  4 5  4 . 0  

T24 A  0 3 4  4 7 9 9 0 2  2 3 8  4 0  se sl 4 5  4 . 0  

T24A 0 3 5  4 80902 2 3 8  4 0  S e  s 1  1 0 0  3 . 0  

T24A 036 480902 2 3 8  4 0  Se sl 3 0  0 . 5  

T24A 0 3 7  4 8 1 9 0 3  2 3 8  4 0  Sc sl 1 5  0 . 5  

T24A 038 4 8 1 9 0 3  2 3 8  4 0  Sc sl 30 0 . 5  

T24A 0 3 9  4 8 1 9 0 3  2 3 8 4 0  Se sl 4 5  3 . 0  

'r2 4A 040 4 7 8 9 0 0  2 3 8  4 0  Se sl 4 5  3 . 0  

T24A 0 4 1  4 7 9900 238 4 0  u s  s l  7 0  1 . 5  

1'2 4 A  042 480901 2 3 8  4 0  se s l  7 5  8 . 0  

'1'24A 043 4 8 1 902 2 3 8  4 0  Se 5 1  5 0  8 . 0  

T24A 044 4 8 1 9 0 3  2 3 8  4 0  S e  s l  5 0  

T24A 0 4 5  4 8 1 9 0 3  2 3 8  4 0  U 5  s l  1 5  1 . 0  

1'24A 046 4 8 2 904 2 3 8  4 0  s c  s l  1 5  3 . 0  

T24A 047 4 8 2 904 2 3 8  4 0  5e 51 7 0  4 . 0  

T:! 4A 048 4 8 3 ')07 2 3 8  4 0  d s  s l  2 5  2 . 0  

T24A 049 4 8 3 907 2 3 8  4 0  se sl 3 0  3 . 0  

T24A 0 5 0  4 8 4 9 1 0  2 3 8  4 0  p r  s l  1 8 0  3 . 0  

1'24A 0 5 1  4 8 5 9 1 1  2 3 8  4 0  p r  s 1  3 3 0  2 . 0  

T24A 0 5 2  4 8 5 9 1 2  2 3 8  4 0  u s  5 1  7 5  0 . 5  

T24A 0 5 2  4 8 5 9 1 2  2 3 8  4 0  us 5 1  7 5  1 . 0  

T24A 052 4 8 5 9 1 2  2 3 8  4 0  u s  5 1  7 5  

T24A 0 5 3  4B 6 9 1 2  2 3 8  4 0  u s  5 1  7 5  0 . 3  

T24A 0 5 3  4 8 6 9 1 2  2 3 8  4 0  u s  s l  7 5  1 . 0  

Tr Fold F Pl ane Ve r t  Hor z 
Fm 

S t r  Lk Di r Am lip Amm S Amm 
a'll: 

0 0 5  ic W Wn-c 

0 3 0  ie W Wn-c 

0 1 0  i c  W Wn-c 

0 1 0  ic W Wn-e 

0 2 0  ic W Wn-e 

0 2 0  ie W Wn-e 

0 0 5  i c E Wn-c 

0 2 5  i c Wn -e 

0 1 0  ie E Wn-e 

0 2 0  ie E Wn -e 

000 ic Wn-e 

0 0 5  ie W Wn -e 

0 3 0  i c  W Wn-c 

0 3 0  i c  W Wn-e 

0 3 0  ic W Wn-e 

0 3 0  ie W Wn-e 

04 5 ie NW Wn-c 
0 3 5  i e W Wn-e 

0 3 0  i e  W Wn-c 

0 5 0  i e NW Wn-e 

0 2 5  i c  E Wn-e 

0 2 5  i e  W Wn-c 

0 1 0  ie E Wn-e 
0 1 0  i c  E Wn-e 

0 1 0  ic E Wn-e 

0 1 0  i e  E Wn-e 

005 ie W Wn-e 

0 0 5  ic W Wn-c 

0 1 5  i c  E Wn-c 

0 1 5  i e  E Wn-e 

0 1 5  i c  E Wn-c 

0 0 5  ie E Wn-c 

0 2 0  ic E Wn-c 

0 2 0  ie E Wn-e 

0 2 0  i c  E Wn -c 

(J 2 0  i c  E Wn-c 

(J 2 0  ic E Wn-c 

A1 2 

Remarks and Re f 

I ns e t  E , grades 
i nto 'lrav i t y  sc . 
fault pond . 

I ns e t  E . two 
scarps a t  head 
of s l ump . 

I n s e t  E . 'lrades 
into 'lrav i ty se . 

I n set E . tr 1m 
wide se faces E .  

I n set E . se faces 
E . 

In set E . 04 0
0 

a t  
N end . t r  1m wid e 

I n s e t  E . gr at S 
end 

In se t E o  

I n s e t  E .  

I n s e t  E .  

I n s e t  E .  

I n s e t  E . 

I n s e t  E .  Spring 
at S end . Sc . o 
var i a b l e  h e i gh t . 

Inset E .  

Inset E.  

I n se t  E .  

I n s e t  E .  

I n s e t  E .  

I n s e t  E .  

Inset E .  

I n s e t  E .  

I n s e t  E .  

I n s e t  E .  

Inset E .  

Inset E .  

Inset E .  

I n .,e t  E .  Spring 
at N end . 

I n set E .  

I n s e t  E .  ci s  20m 

I n s e t  E .  

I n s e t  E .  

I n s e t  E .  Sm high 
at N end . 

I n s e t  E .  t r  1m 
wide . 

I n s e t  E .  tr 1m 
wide . 

I n s e t  E .  See on 
photo . Now a 
farm track . 

I n s e t  E o  tr 1m 
wide . 
I n s e t  E .  tr 
1 .  Sm w i d e .  



A13 

Air 
Feature Tr Fold F plane Vert Horz 

NZMS 
Gr Ref 

Photo FM 
Remarks and Re f 

260 
Lac 

Run No Na Dp Un HOm Str Lk Dir 11m Up I\mm S I\mm age 

'I'24A U�J  48691 2 2 38 40 us s1 7 5  0 . 5  020 ic E Wn-c I n set E .  tr 
1m wide . 

'I'24A 0 5 3  4 8 6 9 1 2  2 3 8  40 us s l  7 5  0 2 0' ic E Wn-c Inset E .  tr 

destroyed by 

farm track . 

T24A 054 486 9 1 3  2 3 8  4 0  u S  s l  7 5  0 . 3  0 2 0  ic E Wn-c Inset E .  

T24A 054 4 8 6 9 1 3  2 3 8  4 0  uS s l  80 1 . 0  020 ic E Wn-c Inset E .  

T24A 054 48691 3 2 3 8  4 0  u s  sl 100 0 . 5  020 i c  E Wn-c Inset E .  

T24A 0 54 48 69 1 3  2 3 8  4 0  us s l  1 0 0  0 . 5  020 ic E Wn-c I n set E .  

T24A 055 4 8 7 9 1 4  2 3 8  4 0  u S  s l  2 5  0 . 5  020 ic E Wn-c Inset E .  Cut 
by farm trac k .  

T24A 055 4 8 7 9 1 4  2 3 8  4 0  u S  sl 4 5  0 . 5  020 ic E Wn-c Inset E .  

T24A 0 5 5  4 8 7 9 1 4  2 3 8  4 0  u s  s l  1 5  0 . 5  020 . ic E Wn-c Inset E .  tr 
destroyed by 

farm track . 

T24A 056 489916 2 3 8  4 0  sc sl 30 1 . 0  005 ic E Wn-c Inset E . possib1e 
shr across 

stream . 

T24B 201 504930 237 40 us sl 50 1 . 0  0 1 5  i c  E Wn Cut by stream . 

Swampy ground at 

S end o f  tr . 

T2 4B 201a 506932 237 40 op s l  0 1 5  i c  W d 20 Wn sd at point o f  

of fset 2 0m wide , 
6m deep . 

T24 B 2 0 1 b  5099 3 3  2 3 7  4 0  s c  s l  1 50 2 . 0  0 1 5  ic E Wn Mod i f ied scarp 
along base of 

" I upl: . 

T24B 201c 5 1 0934 2 3 7  4 0  s c  s l  1 50 0 1 5  i c  wn Col lapsed scarp 
face . 

T24B 2 02 509936 2 3 7  4 0  sc l f  2 5  1 5  01 5 ic W Ii tc truncates Wn 
spur at S end . 
gr taken at N 
end of tc . I f  
capped w i th 1 - 2m 
ag grave l s .  

T24B 203 5 1 1 9 39 236 40 sc l f  2 5 0  1 5  0 1 5  ic W Ii Swampy ground at 
base of scarp . 
I f  capped with 
1-2m ag grd ve 1 s . 

T24B 204 5 1 3 9 4 1  2 3 6 4 0  sc I f  2 7 5  1 5  0 2 0  i c  W H Inset B .  I f  
capped with 1 -2m 
ag grave l s .  

T24B 2 0 5  5 1 4 9 4 2  2 36 4 0  sc I f  7 5  4 . 0  020 ic W H Inset B .  

T24B 205a 5 1 59 4 3  2 36 4 0  s c  I f  2 5  0 . 5  020 ic W H Inset B .  

T24B 206 5 1 7 94 7  2 36 4 0  s c  a g  3 8 5  1 0  010 ic W H Inset B .  gr 
taken at N end . 

Surface dg at 
S end . 

T24 B  207 5 16946 2 3 6  4 0  sc ag 2 50 2 . 0  0 3 5  ic W H Inset B .  

Rejuvenated 
scarp 30 cm high? 

T24B 208 5 2 1 9 5 1  2 3 6  4 0  s c  ag 6 5 0  1 5  010 ic W H Inset B .  

T24B 209 5 2 0 9 5 2  2 36 4 0  sc ag 80 1 . 0  0 1 5  ic W H In set B .  

T24B 2 1 0  5 2 1 9 5 3  2 3 6  4 0  Id s l  1 5 0  1 . 0  0 1 5  i c  W WW Inset B .  Swampy 
ground in 

depression 5m 
wide . 

T248 2 1 1  5 2 2 9 5 4  2 36 40 Id sl 1 7 5  4 . 0  0 1 5  ic W Ww Inset B .  Swampy 

ground in 

depress ion . 

T24B 2 1 2  5 2 2 9 5 2  2 36 4 0  tc ag ic H I n set B . unable 
to l ocll te t h i s  
feature in f i e ld. 



A14 

Air 
Feature Tr Fold F Plane Vert Horz 

NZMS 
Loc Gr Ref 

Photo FM 
260 Remarks and Ref 

Run No Na Dp lln HOm Str Lk Dir lim Up Amm S Amm age 

T2 4 B  2 1 3  5 2 3 9 5 3  2 3 6  4 0  us sc 1 2  1 . 0  005 ic E Wn I n set B.tr 1m wide . 

T24B 2 14 5 2 4 9 5 3  2 3 6  4 0  md I f  50 4 . 0  020 ic W H Inset B .  Steep 

E side cut by old 

stream channel . 

T24B 2 1 5  5 2 4 954 2 3 6  4 0  sc I f  185 5 . 0  0 1 5  ic W H Inset B. d i splace 

ment highest in 
middle of fan 
tapers to 2m 

height at pe r i -
phery of fan . 

T2 4 B  2 1 6 5 2 3954 236 40 sc te 90 1 5  0 1 0  ic W H Inset B .  gr taker 
a t  S end . Two 
bench leve l s  6m 

below. 

T24B 2 1 7  5 26958 236 4 0  sc te 6 2 5  1 5  0 1 0  ic W H Inset B .  Base of 
scarp wet and 
swampy . 

T24 B 2 18 5 2 9962 2 36 4 0  u s  sl 60 2 . 0  0 1 5  i c  E d 2 0  Wn 4m wide . Spring 
o f f se t  s tream 
20m· 

T24B 2 1 9  5 2 9962 236 40 sc sl 3 5  6 . 0  0 1 5  i c  E Wn Sc runs into 

headwal l  of slump. 

T24B 220 5 3 2966 2 3 6  4 0  u s  sl 55 6 . 0  0 1 5  i c  E Wn tr 6m wide . 

Shallower tr a t  

S end 2 5m long , 

2m wide . Spr ing . 

T24B 2 2 1  5 3 3967 2 36 4 0  us sl 80 0 . 5  0 1 5  ic E Wn sc west facing on 

E side of tr . 

T24B 2 2 2  5 3 3967 2 36 4 0  u s  s l  4 0  2 . 0  0 1 5  i c  E Wn tr decreases in 

depth nor thward . 
5m wide . . 

T24B 223  5 34968 2 36 4 0  u s  sl 9 5  3 . 0  0 1 5  ic E Wn tr 2m deep a t  S 
end , 2 . 5m long , 
5m wide . 

T24B 2 2 3a 5 3 5 968 2 3 6  4 0  us sl 8 . 0  1 . 0  0 1 5  ic E Wn tr 1m wide . Gas 
pipeline separat:e� 
tr at local ity 22 

from that at 2 2 3 A  

T24B 2 2 4  5 3 6 969 2 3 5  5 2  s h  sl 1 2 5  1 5  0 1 5  ic E d 3 5  Wn os 3 5m .  

T2 4 B  2 2 5  5 3 7 9 7 0  2 3 5  5 2  sc sl 35 2 0 1 5  ic W Wn 

T24B 226 5 3 7 9 7 1  2 3 5  5 2  s c  sl 50 1 . 5  0 1 5  i c  E Wn 
sc height de-
creases upslope . 

T24B 2 2 6a 5 3 7 9 7 3  2 3 5  5 2  u s  sl 2 0  0 . 5  005 ic W Wn tr 2m wide . 

T2 4 B  2 2 6b 5 3 7 9 7 3  2 3 5  5 2  uS s l  4 0  0 . 5  005 ic W Wn tr 3m wide . 

T24B 227 53 9 9 72 2 3 5  5 2  u s  s l  2 3  2 . 0  0 1 5  ic E Wn tr 6m wide curves 
around h i l l s ide . 

T24B 228 5 4 1 97 7  2 3 5  5 2  sc ag 3 2 0  1 5  005 ic W H Inset C .  

T24B 229 5 4 2 9 7 9  2 3 5  5 2  s c  ag 90 1 3  0 0 5  ic W H I n s e t  C . r e j uven-
ated . Col l apse 
features along 
scarp change in 

str ike . 

T24B 2 3 0  5 4 3 980 2 3 5  5 2  sc ag 60 2 0 1 0  i c  W 6 . 0  H Inset C .  

T2 4 B  2 3 1  5 4 4 9 8 1  2 3 5  5 2  s c  ag 8 0  4 0 1 0  ic W 2 . 0  H Inset C .  

T24B 23 2 544982 2 3 5  5 2  sc ag 9 . 0  4 0 1 0  i c  W d 9 . 0  H I n se t  C . d istance 
between 2 channe l s.  

T2 4B 2 3 3  5 4 4 98 2  2 3 5  5 2  sc ag 5 . 0  4 0 1 0  i c  W H Inset C.  

T24B 2 3 4  54 5982 2 3 5  5 2  sc ag 7 0  1 0  010 ic W H Inset C .  

T24B 2 3 5  54 4981 2 3 5  5 2  s c  ag 1 7 5  2 . 0  0 1 0  ic E d 40 H Inset C .  2m sc on 

E side o f  tr . 

T24B 2 3 6  54 5983 2 3 5  5 2  sc ag 4 5  8 . 0  0 1 0  i c  E Wn Inset C .  



NZMS 
Loc 

260 

T24B 2 3 7  

T24B 2 3 8  

T24B 2 3 9  

T24B 240 

T24B 2 4 1  

T24B 2 4 2  

T248 2 4 3  

T248 244 

T24B 2 4 5  

1'2 4 8  2 4 6  

T24B 2 4 7  

1'2 4 B  2 4 8  

'l' 2 4 Il 2 4 ') 

'l'24El 2 50 

T24B 2 5 1  

T248 2 5 2  

1'24 B  2 5 3  

1'24B 2 54 

1'24 B  2 6 1  

T248 262 

T24B 263 

1'2 4 0  608 

T 2 4 D  609 

T23D 6 1 0  

T 2 3 0  6 1 1  

T 2 3 D  6 1 2  

T2 3 fl 6 1 3  

1'2 3 D  (, 14 

Gr Ref 

5 4 5 98 3  

5 4 7 9 8 5  

5 4 8 98 6  

548986 

548987 

5 4 8 98 8  

5 50990 

5 5 1 9 9 2  

5 5 1 99 2  

5 5 2 904 

5 5 2 994 

5 5 3 996 

!) r-; )l)<H) 

5 5 .3 99() 

5 54 9 9 7  

:) 5b999 

5 5 6999 

5 56000 

5 4 7 9 9 5  

5 4 7 996 

5 4 99 9 9  

5 5 5008 

5 5 6 008 

5 56009 

5 5 7 0 1 0  

5 5 7 0 1 0  

5 5 801 1 

5 5 8 0 1 1  

Air 
Photo 

Run No Na 

2 3 5  5 2  us 

2 3 5  5 2  t r  

2 3 5  5 2  u s  

2 3 5  5 2  s c  

2 3 5  5 2  sc 

2 3 5  5 2  s c  

2 3 5  5 2  sc 

2 3 5  5 2  s h  

2 3 5  5 2  sc 

2 3 5  5 2  s h  

2 3 5  5 2  us 

2 3 5  5 2  s h  

n,1 1 (, �;c 

2 3 4  1 6  us 

234 1 6  s c  

2 3 4  1 6  sil 

2 3 4  1 6  s e  

2 3 4  I e  s il  

2 34 1 6  s c  

2 3 4  1 6  se 

2 3 4  1 6  us 

2 3 4  1 7  sc 

2 3 4  1 7  us 

2 3 4  1 7  sd 

2 3 4  1 7  s c  

2 3 4  1 7  se 

2 3 4  1 7  sc 

2 3 4  1 7  sc 

Feature Tr Fold F Pl ane 

Op Lm HOm Str Lk Oir Am 

s l  2 5  2 0 1 0  ic 

te 60 2 0 1 0  i c  

s l  3 0  0 1 0  i c  

s l  6 0  3 0 1 0  i c  

s l  4 0  4 cn o i c  

s l  9 0  0 . 5 0 1 0  i c  

s l  6 0  6 0 1 0  i c  

r g  1 00 6 0 1 0  i c  

s 1  1 00 6 0 1 0  i c  
s l  60 4 0 1 0  i c  

51 40 2 0 1 0  i c  

s l  60 4 0 1 0  ic 

,; ] 20  1 2 . 0  O ] () j c;  

s l  (, 0  6 . 0  0 1 0  ic 

s l  1 0 0  4 . 0  0 1 0  ie 

r g  60 1 0  0 1 0  ic 

sl 25 1 0  0 1 0  ic 

sl 20 4 . 0  0 1 0  ic 

a g  1 2 5  1 . 0  000 ic 

a g  1 2 5  0 . 5  000 i e  

8 1  4 0 0  1 . 0  0 2 0  ic 

sl 70 0 . 5  0 2 0  i e  

s l  1 0  1 . 0  0 1 0  i e  
r g  2 . 0  0 1 0  

s l  3 0  1 . 0  0 1 0  ic 

s 1  9 0  6 . 0  0 1 0  ie 

s l  90 5 . 0  0 1 0  ic 

ag 1 0  1 . 0  0 1 0  ic 

A1 S 

Ver t  Horz Fm 
Remarks and Ref 

Up Amm S Amm age 

W Wn Inset c .  Lies to 
E o f  locat ion 2 3 6  

W 1 0  Wn I n s e t  c .  
!:'aul t pond . 

E Wn I n s e t  c .  Unstable 
h i l l s i de . 

E Wn Ar t i f ic i a l  pond 

on W s ide of W 
facing se . 

E Wn d s  a long base of 
W fac ing se . 

E Wn Subdued W fac i ng 
sc . 

E Wn-c Two para l l e l  
scarp s . Sc to W 
i s  2 0m long by 2m 
h igh . F l a t  sur-
face between 

scarps 

E d 9 0  Wn-c S tream o f f s e t  
southward . 

W Wn -c Sc . faces ea s t .  

E d 6 0  Wn -c S Om long W facing 
se . O f f s e t  s tr e am 
southward s .  S end 
[o f  sh eroded . 

E Wn-c I w  
E d 6 7  Wn-,: S 

eroded . l\btlndofil:( 
:.", L r c'd.rn C l l d flllCl cl l  
N end o f  s h .  

l': WIl-I,' 

E Wn-c 

E Wn-c 
-- --

d (, 0 Wn-c Stream o f f s e t  
southwa rd s . 

W Wn-c East facing sc 
d i e s  out north-
ward s .  

E rl 2 0  Wn-c Stream o f f s e t  
southward s .  

W H Sc par t l y  mcdif iec 
by sma l l  dra inage 
channe l .  D i splace: 
topmos t  te surface 

W H E facing subdued 
s e  Swampy ground 
on E s ide o f  sc . 

W pn-c Swampy ground tr 
8m wide . E fac ing 
sc on W side o f  tr . 

E Wn-e S end d isappears 
i n to for e s t . 

E Wn -c tr Sm wide . 

W 0 . 5  Wn-e 

E Wn-e 

E Wn-c 

E Wn-c swamp on W s id e  
spr ing . 

E 2 . 0  d 1 H 



A1 6 

Air Feature 1'r Fold F P l a n e  Ve r t  Horz NZMS Ref Photo Fm Remarks and Ref Loc Gr 
260 Op lln HDm S t r  Lk Oir Am Up Amm S Amm age Run No Na 

1'2 3 0  6 1 5  5 6 2 0 1 5  2 3 3  18 tc s l  1 5  2 . 0  0 1 0  ic Wn-c Two tc on photo 
not located in 
f i e l d . 

1'2 3 0  6 1 6  5 6 3 0 1 6  2 3 3  1 8  s c  s l  4 5  2 . 0  0 5 5  i c  N 

1'2 3 0  6 1 7  5 6 4 0 1 7  2 3 3  1 8  I d  s l  90 0 . 5  0 2 5  i c  Wn-c Two para l l e l  
depr e s s ions w i t h  
spring at head 
of each . 

1'2 3 0  6 1 8  5 6 5 0 1 8  2 3 3  1 8  s c  s l  7 5  2 . 0  090 ic S Wn-c Bord e r s  S edge 
o f s lump. 

1'2 3 0  618a 5 6 5 0 1 8  2 3 3  1 8  sd rg 0 2 5  Wn-e L i e s  between two 
paral l e l  te . 

1' 2 3 0  6 1 9  5 66 0 1 9 2 3 3  1 8  sc sl 46 2 . 0  0 2 5  ic NW Wn-c L i e s  between fan 
track and Copper 
m i n e  Rd . sc on 
l ine with other 
traces para l l e l  
t o  E s ide of s l ump . 

1'2 3 0  620 5 7 1 02 1  2 3 3 1 8  sc r g  1 0 0  4 . 0 0 2 5  i c  NW Wn-c Id at base of se · 
1m h i g h  r idge 
along E s ide of Id . 

1'2 3 0  6 2 1  5 6 2 0 1 4  2 3 3  1 8  sc s l  3 0  2 . 0  0 4 5  i c  SE Wn-c Le s s  regular in 
outl ine further 
up slope . 

1'2 3 0  6 2 2  0 6 4 0 1 6  2 3 3  18 us s l  1 0  1 . 0  0 3 5  ic SE Wn-c tr a t  base of E 
facing 4m h igh sc 

1'2 3 0  6 2 3  5 5 7 00 1  2 34 1 7  s c  s l  6 0  
I 

4 . 0  0 1 0  i c  E Wn-c i se reduces in 

I he ight northward . 

1'2 3 0  6 2 4  5 58003 234 17 sc sl 10 4 . 0  O l O  ic E Wn-c 

I T2 3 0  6 2 5  5 58 0 0 3  2 34 1 7  s c  s l  3 0  6 . 0  0 1 0  i c  E Wn-c 
T 2 3 0  6 2 6  5 5 9004 2 3 4 1 7  sc s l  1 5 0  1 5  0 1 0  ie E Wn-c 8m wide . 

T2 3 D  b 2 7  :) 6 1 006 2 3 4 1 7  sc sl 2 2 5  1 0  0 1 0  l C  E Wn-c lim wide . tr c u t  
by streams a t  
S end . 

'1' 2 3 0  6 2 8  5 6 2 007 2 34 l 7 uS s l  7 5  4 . 0  0 1 0  i.e W Wn-c 4m wide . Swamp 
at S end . 

T2 3 D  6 2 9  5 6 2 008 2 3 4  1 7  u S  s l  5 0  4 . 0  0 1 0  i e  W Wn-c 8m wi.d e . Con t a i n s  
pond . 

1'2 3 0  6 3 0  5 6 2 008 2 3 4 1 7  u s  s l  2 0  0 . 5 0 1 0  i c  W Wn-c 1m wide is 
extens ion of tr 
a t  62 9 .  

1'2 3 D  6 3 1  5 6 2 008 2 34 1 7  s c  s l  4 0  3 . 0  0 1 0  i.e E Wn-c sc faces W wi th 
flat bench on 
E s id e .  

1'2 3 0  6 3 2  5 6 3009 2 34 1 7  us sl 25 0 . 5  0 1 0  ie W !Wn-c tr 1m wide . 
1'2 3 0  6 3 3  5 6 3 0 0 9  2 3 4 I T  md sl 6 5  3 . 0  0 1 0  i.e E !Wn-e subdued E facing 

sc r:t l on<J l-: w i d t ,  
o f  md . 

T2 3 [) 6 3 4  S(, 4 () 1 0  2 3 4 l 7  sc s l  1 5  3 . 0  0 1 0  ie E Wn-c sd Cl t  N e nd o f  s c  
and to the we s t .  

1'2 3 D  6 3 5  5 6 4 0 1 0  2 3 4  1 7  s c  s l  3 4  5 . 0  0 1 0  ic W Wn-c md at lac 6 3 3  

converges with 
N end of Bc . 

T 2 3 D  6 3 6  5 6 5 0 1 1  2 3 4  1 7  u s  s l  3 5  2 . 0  0 1 0  ie E Wn-c tr 3m wide . 
'1' 2 3 0  6 3 7  5 6 5 0 1 1  2 34 1 7  U S  5 1  1 8  1 . 5  0 1 0  ic E Wn-c tr Sm wid e .  
T2 3 D  6 3 8  5 6 6 0 1 2  2 3 4  1 7  s h  s l  1 2 5  4 . 5  0 1 0  ic E d 80 Wn-c Swamp pond on 

W s i d e . 

'1'2 3 0  6 3 9  5660 1 3  2 34 1 7  se s l  2 0 0  5 . 0  0 1 0  ic W Wn-c se faces e a s t . 
1'2 3 0  640 567014 2 3 4 1 7  t r  s l  3 0  3 . 0  0 1 0  i e  E Wn-c 5m wide . 
T 2 3 D  ('41 5 6 B O l 5  2 3 4  17 tr sl 41 2 . 0  O l D  I e:  E Wn-c 8m w ide . 
'r2 30 642 5 6 8 0 1 6  2 3 4 1 7  s h  s l  3 0  4 . 0  0 1 0  i c  E d 30 Wn-c 

I �ia�p�e s tern 
'1'2 3 0  6 4 3  5 7 0 0 1 8  2 3 3  1 9  d s  ag 7 5  0 1 0  i.c E H 
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T2 3 D  644 5 7 1 01 8  2 3 3  1 9  t c  t e  1 0 0  01 5 ic 

T2 3 D  6 4 5  5 7 2 0 1 9  2 3 3  1 9  sc t e  6 5  2 . 0  0 1 5  i c  

T 2 3 D  6 4 6  5 7 2 0 1 9  2 3 3  1 9  us 5 1  3 5 1 . 0  0 1 5  i c  

T 2 3 D  647  5 7 2 02 0  2 3 3  1 9  1 d  te 70 0 . 5  0 1 5  i c  

T2 3 D  6 4 8  5 7 2 0 2 0  2 3 3  1 9  sc te 3 0  2 . 0  0 1 5  i c  

"-

T 2 3 D  6 4 9  5 7 30 2 1  2 3 3  1 9 u s  5 1  1 00 4 . 0  0 2 0  i c  

T 2 3 D  6 5 0  5 7 6 0 2 3  2 3 3  1 9  tc sl 1 7 5  0 3 5  i c  

T 2 3 D  6 5 1  5 7 7 0 2 4  2 3 3  1 9  tr s l 90 3 . 0  0 3 5  ic 

T2 3 D  6 5 2  5 7 7 02 4  2 3 3  1 9  sc rg 50 4 . 0  0 3 5  i c  

T2 3 0  6 5 3  5 7 7 02 4  2 3 3  1 9  1 d rg 1 4 0  0 . 5  0 2 0  i c 

T 2 3 D  G 5 4  5 7 8 0 2 5  2 3 3  1 9  1d rg 4 5  0 . 5  0 2 0  ic 

T 2 3 D  0 5 5  5 7 8 0 2 5  2 3 3  1 9  s h  s 1  1 . 5  0 1 5  ic 

T2 3 D  6 5 6  5 7 8 0 2 5  2 3 3  1 9  u s  5 1  1 0  1 . 0  0 1 5  i c  

T2 3 D  6 5 7  5 7 9 0 2 6  2 3 3  1 9  sh sl 60 1 . 5  0 1 5  i c  

T 2 3 D 6 5 8  5 80028 2 3 3  1 9  s h  s1 7 0  6 . 0  0 2 5  i c  

T2 3 D  6 5 9  5 8 1 0 2 8  2 3 3  1 9  sh 5 1  1 5  1 . 0  0 2 5  ic 

T 2 3 D  6 6 0  5 8 1 0 2 8  2 3 3  1 9  us sl 1 0  L O  0 2 5  ic 

T2 3 D  6 6 1  5 8 2 0 2 9 2 3 3  1 9  s h  5 1  1 3 8  6 . 0  0 2 5  i c  

T2 3 D  6 6 2  5 8 3 0 3 0  2 3 3  1 9  us s1 6 5 2 . 0  0 2 5  ic 

T2 3 D  6 6 3  5 8 3 0 3 0  2 3 3  1 9  us sl 20 3 . 0  0 2 5  i c 

1'2 3 D  664 5 8 4 0 3 0  2 3 3  1 9  u s  s l 1 4  3 . 0  0 2 5  i c  

T 2 3 D  6 6 5  5 8 4 0 3 0  2 3 3  1 9  us sl 7 . 0  3 . 0  0 2 5  ic 

T 23D 666 5 8 4 0 3 1 2 3 3  1 9  sh s l  7 5  3 . 0  0 2 5  i c  

T2 3 D  G67 5 8 4 0 3 1 2 3 3  1 9  us 5 1  2 5  2 . 0  0 2 0  ic 

T2 3 D  668 5 8 50 3 2  2 3 3  2 0  us s l  1 0  1 . 0  0 1 5  i c  

T2 3D 669 5 8 5 0 3 2  2 3 3  2 0  u s  5 1  2 5  l . 0 0 1 5  i c  

T 2 3 D  6 7 0  5 8 5 0 3 2  2 3 3  2 0  us sl 4 0  3 . 0  0 1 5  ic 

T 2 3 D  6 7 1  586 0 3 3  2 3 3 2 0  us s 1 2 0  3 . 0  0 1 5  i c  
T2 3 D  6 7 2  5 8 G 0 3 3  2 3 3  2 0  5h 5 1  1 5  3 . 0  0 1 5  i c  

T 2 3 0  6 7 3  5 8 6 0 3 3  2 3 3  2 0  5h sl 70 4 . 0  0 1 5  l C  

T2 3 D  6 7 4  586034 2 3 3  2 0  Sc s l  1 5  1 . 0  020 ic 

T 2 3 D  6 7 5  5 8 7 0 3 5  2 3 3  2 0  Se a g  4 5  2 . 0  0 2 0  i c  

T 2 3 D  G 7 G  5 8 8 0 3 5  2 3 3  2 0  sh s l  46 5 . 0  010  i c  

T 2 3 D  1> 7 7  �) B 7 0 3 �) J 3  2 0  s c  ae; 1 "' 2 . 0  0 1 5  i c  

F P l ane Vert Horz 
FM 

Dir Am Up Amm S Amm agc 

E Wn-c 

E Wn-c 

W Wn-c 

E Wn-c 

W Wn-c 

NW Wn-c 

SE Wn-c 

SE Wn-c 

SE Wn-c 

Wn-c 

Wn-c 

E d 14 Wn-c 

E 1·In-c 

E d 2 5  Wn-c 

E d 5 0  Wn-c 

E Wn-c 

E Wn-c 

E d 4 0  Wn-c 

E Wn-c 

E Wn-c 

E Wn-c 

E Wn-c 

E d 5 Wn-c 

E Wn-c 

E Wn-c 

E Wn-c 

E Wn-c 

E Wn-c 

E Wn-c 

E d 3 7  Wn-c 

E Wn -c 

E H 

E d 2 "  -, Wn -c 

E Il 

A l 7  

Remarks and R e f  

Uns tabl e  s lope . 

Id to W of tc . 

tr 2m wide . 
Spr ing and swamp 
a t  s end 

5m wide 

sc faces E .  

8m wide tr . 

10m wide . Spring 
at N end . 

1 0m w ide . Sd 
acroSs rg 

1 0m wide . 

8m wide swamp on 

upstream s ide . 

1m wide t r .  

Swamp and pond 
on upstream side 
Drainage at S end 
blocked by s l ump. 

Swamp and pond 
on upstream s i de. 

Stream cuts 
through N end . 

Large swamp on 
upstream s ide . 

Ar t i f ic ia l l y  

dammed 5 m  w i d e  tr . 

Dra i n s  southward 

Dra i n s  northward 

Dra I n s  southward 

Large swamp on 
upstream s i de . 

3m wide tr . 

5m w ide tr . 

2m wide . 

Sm w ide swamp on 
upstream s ide . 
Spr ing . 

S trata dip 

Swamp on up-
stream side . 

S tr e am d e s troyed 
S end o f  s e .  ag 
surface t i l  ted 
3

0 
to E .  

Stream ins 
w 's t  < ;  (d. oL�_ 
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Run No Na Op 1m HOm S tr Lk O i r  Am Up Amm S Amm 
T2 3 0  6 7 8  5 8 7 0 3 5  2 3 3  2 0  s c  a g  6 . 0  0 . 5  0 1 5  i c  E H Stream d r a i n s  

a l o n g  western 

s id e  of sc . 

T 2 3 D  6 7 9  5 8 9 0 3 7  2 3 3  2 0  us sl 17 l . 0  04 5 i c  W Wn-c 2m wide - 3 

s imilar t r ' s  i n  
same local i ty .  

T 2 3 D  6 8 0  5 9 0 0 3 7  2 3 3  2 0  u s  s l  2 5  1 . 0  0 5 5  i c  E Wn-c 2m wide tr . 

T 2 3 D  6 8 1  59003 7 2 3 3  2 0  u s  s l  8 . 0  0 . 5  0 5 0  i c  E Wn-c 1m wide tr . 

T23D 682 5 9 00 3 7  2 3 3  2 0  us sl 1 5  0 . 5  03 5 i c  W Wn-c 1m wide t r . 

T 2 3 D  683 5 9 1 0 3 7  2 3 3  2 0  s c  s l  4 5  2 . 0  0 1 0  i c  E Wn-c Cut by e a s t  
d r a i n i n g  s tream .  

T23D 684 5 9 2 0 3 8  2 3 3  2 0  sc 51 70 2 . 0  0 1 0  i c  E Wn-c Cut by e a s t  
dra i n i n g  s t r e a m .  

T 2 3 D  6 8 5  5 9 3 0 3 9  2 3 3  2 0  pr sl 2 2 5  8 . 0  0 1 0  i c  E Wn-c Swamp fed from 
spr ings . 

T2 3 D  686 5 94 0 4 0  2 3 3  2 0  s c  s l  1 0 0  9 . 0  0 1 0  i c  E Wn-c Swamp on west 
s ide .. Large pond 

T2 3 U b87 5 94 04 1 2 3 3  2 0  s c  5 1  7 5  4 . 0  0 1 0  i c  E Wn-c Swamp on we s t  
s id e . 

T 2 3 D  b88 5 9 5 0 4 2  2 3 3  20 5C ag 2 2 5  1 . 0  0 2 0  i c  E H Cut in two places 
by s t reams . Grid 
taken at S end . 

T2 3 U  llll9 bOOO48 5 2 8  64 fp 2 2 5  Inset A .  Dr a l n -
age r e s t r i c ted 

by al luvial 
depo s i t s  at S end 
Pond 8 0m wide . 

T2 3 D  690 6 0 2 0 5 0  5 2 8  64 tr s l  8 00 0 1 5  1C E Wn-c I n s e t  A .  Swamps 
and pond s .  

T2 3 D  6 9 1  6 0 3 0 5 1  5 2 8  6 4  pr sl 600 005 ic Wn-c I nset A .  

T23D 691a 604 0 5 2  5 2 8  64 5C ag 1 1 5  1 0  01 5 ic E H I nset A .  1 2 - 1 5m 
wide swamp on 
west s ide . 

T2 3 D  691b 6000 5 3  5 2 8  6 4  5C sl 100 070 i c  W Wn-c I ns e t  A .  
Ar t i f i c ia l l y  
dammed to form 
pond . Spr i n g  anc 
tc further 
down slope . 

T 2 3 D  6 9 2  604054 5 2 8  6 4  5C ag 1 4 0  1 . 0  0 1 0  i c  E H I n s e t  A .  sc cut 
by stream d r a i n-
ing along W side . 
Rejuvenated at 
base o f  6 9 1 a . 

T2 3 D  69 3 6 0 5 0 5 4  5 2 8  6 4  5 C  a g  1 0 0  3 . 0  0 1 0  i c  E H I n s e t  A .  

T2 3 D  6 9 4  605054 5 2 8  64 sc ag 5 0  0 . 5  0 1 0  i c  E H I n s e t  A .  
Subdued scarp 
mod i f ied at N end 
by e r o sion . 
ds on W s ide . 

T2 3 D  6 9 5  6 0 9 0 5 9  5 2 8  64 sc a g  2 5 0  G . O  040 i c  W H I n s e t  A .  

T2 3D 696 60004 5 5 2 8  64 Id ag 5 0  0 . 5  0 2 5  i c  E H I n s e t  A .  2 m  wide 

T2 3 D  697 60004 5 5 2 8  6 4  s c  5 1  4 0  2 . 0  0 2 5  i c  E Wn-c I n s e t  A .  Spr i n g  
on W s ide . 
Unstable s lope . 

T2 3 D  698 6 0 1 046 5 2 8  6 4  s c  s l  6 0  0 2 5  i c  E Wn-c I n s e t  A .  

T 2 3 D  6 9 9  6 0 2 047 5 2 8  6 4  p r  s l  2 7 5  1 C  E Wn-c I n s e t  A .  
Art i f ic i a l l y  
dammed pond i n  

depr e s s i o n  
between two md . 

T 2 3 D  7 00 6 0 3 04 8  5 2 8  6 4  s c  s l  5 0  2 . 0  0 1 5  i c  E Wn-c I n s e t  A .  On l i n e  
w i t h  2 spr i n g s . 
S tream cuts thru 
N end of sc . 
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-
TnLJ 7 l H  [' 0 4 0 ',0 52B [)4 sc 8 1  1 00 O . S O i S  i c  E H I n s e t  A .  SWumI' 

and d r a i nage 

ulong west s i d e  

o f  sc . 

1'2 30 7 02 6 0 5 05 1 5 2 8  6 4  s e  a g  2 1 0  2 . 0 0 0 5  i c  E H I n s e t  A .  s c  
borders E s i d e  0 
pond in par t .  

'1'230 703  (,06056 528 64 se ag 1 5 0  2 . 0  0 1 0  i c  E H Inset A .  d s  

cuts through sc 
at N end . 

T 2 3 0  704 6 07 054 5 2 8  64 5e ag 7 5  1 . 0  0 1 0  ic E H I n s e t  A .  Subdued 
sc . 

'1'2 3 0 7 05 (:, 0 7 0 5 4  5 2 8  64 sc ag 90 1 . 0  0 1 5  ic E H I n s e t  A .  Spring 
at S end . 

T23D 7 0 6  6 0 8 0 5 5  5 2 8  6 4  5C ag 1 3 5  5 . 0  0 0 5  ic E H I n s e t  A .  Stream 
flows N along 

W s ide o f  sc . gg 
in stream bank . 

T230 707 6 1 00 5 8  5 2 8  64 s c  ag 3 0 0  5 . 0  0 1 0  i c  E H I n s e t  A .  Swamp 
on W s i d e  o f  s c  
i s  1 00m wide at 
N end . 

T 2 3 0  7 08 61 1 06 0  5 2 8  64 us sl 4 0  1 . 5  3 4 0  ic W Wn - c  tr 6m t r .  

T 2 3 0  7 0 9  6 1 206 1 5 2 8  64 us s l  20 1 . 0  000 ic W Wn-c tr 2m wide . 

T 2 3 0  7 1 0 6 1 2 0 6 3  5 2 8  64 pr ag 7 5  8 . 0  000 i c  E Wn-c sc on W side , tr 
on E s id e  a t  
1 0c 7 1 1 . 

T 2 3 D  7 1 1  (,1 2 0 6 3  :) 28 64 Id ag 7 5  4 . 0  000 i c  W H Id 7m wide . 

T 2 3 0  7 1 2  6 1 3 064 528 64 5C ag 200 1 . 5  000 i c E H 

T2 3 D 7 1 3 (, 1 3 0()4 5 2 8  (,4 s c  .:..11] 1 0 0  1 . 0 000 i e  E 

1'2 30 7 1 4  6 1 4 064 5 2 8  6 4  5 C  ag 75 4 . 0  045 ic SE H Mod i f i ed by farm 
track . 

'/'.! \ I )  7 1 ') () 1 ( J O L ') 1) ) 7  (,7 �;C' d q  l !j ( )  (, . 0  O I l)  I e  1-: II �-; lrcum f o l l uws 
base of sc on 
W s i d e . 

'r2 3 0  7 1 6 (, 1 8 06 9  5 2 7  6 7  s c  a g  2 5 0  5 . 0  0 1 0  i c  E H Old channel am 
wide , 2m deep 
cuts sc . 

'l'2 3 11 7 1 7 (, l ')1I7 1 1) 2 7  V7 sc dt) 2 S () 6 . 0  0 1 0  i e  E H 

1'2 3 D  7 1 8  6 2 1 07 3  5 2 7  6 7  5c ag 50 4 . 0  0 1 0  i c  W H Mod i f ied by 
f luvial erosion . 

1'2 30 7 1 9  6 2 4 0 7 7  5 2 7  6 7  5C 51 3 2 5  0 1 0  i c  E Wn-c I n s e t  1 - gr a t  
N end . 

T2 3 0  7 2 0  6 2 2 0 7 2  5 2 7  6 7  5 C  s l  1 0  0 . 5  0 1 0  i c  E Wn-c sc faces W w i t h  
bench on E s ide . 

T 2 3 0  7 2 1  6 2207 2  5 2 7  67 us 51 12 l . 0  0 1 0  i c  W wn-c tr 1m wide . 
Unstable slop e .  

1'2 3 D  7 2 2  6 2 2 0 7 2  5 1 7  6 7  u5 5 1 3 0  1 . 0  0 1 0  i c  W Wn-c tr 3m wide . 
Unstable s lope . 

1'23D 7 2 3  6 2 3 0 7 6  5 2 7  67 US 51 7 0  1 . 0  0 1 0  i c  W Wn-c tr 8m wide . 
Swamp and spr ing . 

1'2 3 D 7 2 4  6 2 4 0 7 7  5 2 7  67 u s  5 1  1 1  1 . 0 0 1 0  i c  W Wn-c tr 2m wide . 

1'23D 7 2 5  6 2 4 0 7 7  5 2 7  6 7  u s  s l  3 0  1 . 0  0 1 0  i c  W Wn-c tr 2m wide . 
sd at N end . 

T2 3 D  7 26 6 2 4 07 8  5 2 7  6 7  or te 1 2 5  0 1 0  i c  W d 1 5 0  Wn-c Inset 1 ;  Unstabl 
slope wi th spr ings 

1'2 3 D 7 2 7  623079 5 2 7  6 7  s c  a g  1 2 5  0 1 3  i c  E Wn-c 

1'2 3 D  7 2 8  6 2 5 0 7 9  5 2 7  6 7  sc ag 75 3 . 0  000 ic W H Inset I .  Spr ing at 
N end . sc cut by 

farm trac k .  

T2 3 0  7 2 9  6 1 9082 5 2 7  6 7  I d  sl 1 2 5  000 i c  K-O sd at top o f  I d  
acroSs r g .  
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1'2 3 D  7 3 0 6 2 0083 5 2 7  6 7  s e  s 1  2 5  2 . 0  000 ie E H Swamp and spr i n g .  

T 2 3 D  7 3 1  6 2 0084 5 2 7  6 7  so s1 2 5  2 . 0  000 ic E H SWamp and spring 
on W s ide . 

1'2 3 D  7 3 2  6 2 7 08 2  5 2 7  6 7  se 5 1  4 0  1 . 0  0 1 5  ic W Wn-c 

T2 3 D  7 3 3  6 2808 3 5 2 7  6 7  t c  5 1  7 5  0 1 0  ic Wn -c 

T2 3 D  7 3 4  6 2 9084 5 2 7 6 7  U 5  5 1  7 . 0 0 . 5  0 1 0  ic E Wn-c tr 1m wide . 

1'2 3 D  7 3 5  6 2 5 0 8 5  5 2 7  6 7  t r  r g  1 5  0 . 5  0 1 0  ic W Wn-c tr lm w id e ,  sd 
across r g  at 
S end . 

1'2 3 D  7 3 6  6 2 7085 5 2 7  6 7  t r  s l  2 00 6 . 0  0 1 0  i e  W Wn-c tr 7m wide . 
S lopes 5 . fg 
d r a inage . 

1'2 3 D  7 3 7  628087 5 2 7  6 7  s c  s l  3 0 0  6 . 0  0 1 0  ic W K-Q se face s  E .  
Para l l e l s  W s i d e 
o f  t r  at 7 % .  

T2JD 7 3 8  6 2 9088 5 2 7  6 7  s c  s 1  1 0 0  3 . 0  0 1 0  ic W K-Q 
T 2 3 D  7 3 9  6 3 0089 5 2 7  6 7  te s l  1 7 5  0 1 0  i e  K-Q Unstable h i l l s i de 

Many springs . 

T 2 3 D  7 40 62 8088 5 2 7  6 7  u s  s l  1 5  0 . 5  3 4 5  i e  s w  K-Q tr 1m w i d e .  

'l'2 l D  7 4 1  \)2 BOgQ :) 2 7  \ , 7  u�> ,; ) 2 1.) l . ll � 2 :-) i c  SW K-() tr Jm w i d(: . 
1'23D 7 4 2  6l8llS'! ', 2 7  (,7 sd rg K-O 3 0m wide . 

T 2 3 D  7 4 3  6 3 0()94 5 2 "  1 sc 5 1  1 5 0  1 . 0  3 4 5  i e  S W  K-O 
T 2 3 0  7 4 4  630094 r:1 ) () 1 sd rg 0 1 0  i e  W 2 . 0  K-O sd 1 2m wide . 

1'2 3 D  7 4 5  6 3 1 09b 5 2 () 1 sc 5 1  7 5  2 . 0  0 4 5  i e  W K-C) 
T2 3 D  7 4 G  6 3 ()097 5 2 6  1 Se s l  2 0  3 . 0  04 5 i e  E K-O 
T2 3 D  7 4 7  6 3 2 0 9 7  5 2 6  1 se s l  7 5  . 0  0 4 5  i e  E K-Q 
T 2 3 D  7 4 8  6 3 2 092 526 1 se s l  5 0  . 5  0 0 5  i e  E Wn-e 

T 2 3 D  7 4 9  6 3 2 0 9 2  5 2 6  1 us s1 2 5  1 . 0  000 i e W Wn-e tr 2m wide . 

T2 3 D  7 5 0  6 3 3 094 5 2 6  1 us sl 5 0  2 . 0  000 ie E Wn-c tr I - 3m deep c u t  
by farm track . 

T 2 3 D  7 5 1  6 3 3094 5 2 6  1 sc a g  4 5  1 . 0  0 1 0  i e  E H Swamp on W s id e .  
T 2 3 D  7 5 1 a  634096 5 2 6  1 u s  s l  1 5  1 . 0  0 2 0  i e  E Wn-e t r  1 . 5m wide . 
T23D 7 5 2  6 3 3098 5 2 6  1 Se s 1  60 2 . 0  0 0 5  ic E K-Q Spr i n g  and swamp 

on W s ide . 

T2 3 0  7 5 3  6 3 3098 5 2 b  1 sd rg 1 0  5 . 0  0 0 5  E K-Q sd 1 0m wide . 

1'23D 753a  6 3 3 0 98 5 2 6  1 us sl 3 0  1 . 0  005 ie E K-Q Un stable h i l l side 
- s lump .  

T2 3 D  7 54 6 3 3 0 9 9  5 2 6  1 u s  5 1  50 5 . 0  000 ie E K-O Swamp and SprIng 
on W s ide . 

T2 3 D  7 5 5  6 3 3 0 9 9  5 2 6  1 us s l  3 0  . 0  000 ic E K-O Old stream gap 
between 7 5 4  and 
7 5 5  r e j uvenated? 

T2 3 D  7 5 6  6 3 4 0 9 9  5 2 6  1 us s l  50 . 0  000 E K-Q Present s t r e am 
gap at S end o f  
7 5 6 . 

'1'2 3 0  7 5 7  6 3 5 1 0 1  5 2 6  1 u s  s l  2 3  . 0  000 ie E K-Q tr 3m wid e .  

1'2 3 D  7 5 8  6 3 5 1 0 3  5 2 6  1 u s  s l  30  1 . 0  0 0 5  i e  E K-Q tr 2m wide . 
T2 3 D  7 5 9  6 3 6 1 06 5 2 6  1 sc ag 1 5 0  6 . 0  005 i c  W H 2m ag grave l s  

epo s i ted on '1:5 .  
'1' 2 3 D  7 6 0  6 3 8 1 1 0  5 2 5  7 4  s c  ag 2 0  2 . 0  0 2 0  i c  W 

T23D 7 6 1  6 38 1 1 0  5 2 5  7 4  u s  a g  5 . 0  0 . 5  0 1 5  i e  W H t r  2 m  wide . 
T23D 761 a 6 3 9 1 1 1  5 2 5  7 4  u s  s l  2 5  1 . 5  0 1 5  i e  W H !:;c faces E .  
T 2 3 D  7 6 2  6 4 0 1 1 2  5 2 5  7 4  sc s l  90 1 . 0  0 2 0  ic E H wamp w i t h  channe 

rut through sc . 
T 2 3 D  7 6 3  6 4 1 1 1 2  5 2 5  7 4  pr s l  5 5  2 . 0  0 3 5  i c  E K-Q n s e t  F . 



NZMS 
260 

T2 3 D  

T2 3 D  

T2 3 D  

T 2 3 D  

T 2 3 D  

T2 3 D  

T2 3 D  

T 2 3 D  

T2 3 D  

T 2 3 D  

T2 3 D  

T2 3 D  

T2 3 D  

T 2 3 D  

T2 3 D  

T2 3 D  

T 2 3 D  

T2 3 0  

'!'2 3 D  

T 2 3 D  

'1'2 3 0  

'!' 2 3 D  

T2 3 D  

T2 3 D  

T2 3 D  

T 2 3 D  

'!'2 3 D  

'!'2 3D 
'1'2 3 0  

T2 3 D  

T2 3 D  

T2 3 0  

T 2 3 D  

T2 3 B  

T23B 

T 2 3 B  

T23B 

T 2 3 B  

T 2 3 B  

T2 3 B  

Loc 

7 6 3  

7 b 3  

7 6 3  

7 6 3  

7 6 3  

7 6 3  

7 6 4  

7 6 5  

7 6 6  

7 6 7  

7 6 7  

7 6 7  

7 6 7  

7 6 7  

7 b 7  

7 68 

7 6 9  

7 7 0  

7 7 1  

7 7 2  

7 7 3  

7 7 4  

7 7 4  

7 74 

7 7 4  

7 7 4  

7 7 5  

7 7 b  

7 7 7  

7 7 8  

7 7 9  

7 8 0  

7 8 1  

2 9 6  

2 9 7  

2 9 8  

2 9 9  

3 0 0  

3 0 1  

3 0 2  

Gr Ref 

64 1 1 1 2  

b4 2 1 1 3  

64 1 1 1 3  

64 2 1 1 3  

6 4 2 1 1 3  

6 4 2 1 1 4  

6 4 3 1 1 5  

6 4 4 1 1 7  

6 44 1 1 7  

6 4 5 1 1 8  

6 4 5 1 1 8  

6 4 5 1 1 8  

6 4 5 1 1 B  

64 6 1 1 9  

C 4 C 1 l 9  

6 4 7 1 2 1  

6 4 9 1 2 4  

6491 2 4  

6 5 0 1 2 6  

6 5 1 1 2 7  

(J 0 1 1 2 7  

6 5 2 1 2 7  

6 5 2 1 2 7  

l) S 2 1 2 7  

6 5 2 1 2 7  

6 5 2 1 2 7  

6 5 2 1 2 7  

6 5 3 1 2 9  
6 5 4 1 2 9  

6 5 4 1 3 2  

6 5 4 1 3 1  

6 5 8 1 3 8  

661 1 4 3  

6 7 0 1 5 5  

6 7 3 1 5 9  

6 7 7 1 5 5  

6 8 1 1 7 0  

6 8 4 1 7 5  

6 9 1 1 8 5  

6 9 8 1 9 8  

A i r  
Photo 

Run No Na 

5 2 5  7 4  u s  

5 2 5  7 4  u s  

5 2 5  7 4  u s  

5 3 5  7 4  u s  

5 2 5  7 4  u s  

5 2 5  7 4  us 

5 2 5  7 4  u s  

5 2 5  7 4  s c  

5 2 5  7 4  u s  

5 2 5  7 4  u s  

5 2 5  7 4  u s  

5 2 5  7 4  u s  

5 2 5  7 4  u s  

5 2 5  7 4  u s  

5 2 5  7 4  u s  

5 2 5  7 4  u s  

5 2 4  6 9  S c  

5 2 4  6 9  sc 

5 2 4  6 9  us 

5 2 4  6 9  os 

5 2 4  69 sc 

5 2 4  6 9  us 

524 69 us 

5 2 4  () 9 u s  

5 2 4  C 9  u s  

5 2 4  69 us 

5 2 4  6 9  u s  

5 2 4  69 us 
5 2 4  6 9  us 

524 6 9  sc 

5 2 4  6 9  u s  

5 2 4  6 9  sh 

5 2 3  7 4  s h  

5 2 3  7 4  s h  

5 2 3  7 4  s h  

5 2 3  7 6  u s  

5 2 3  7 6  u s  

5 2 2  7 0  u s  

5 2 2  7 0  u s  

5 2 1  7 1  u s  

Feature Tr Fold 

Dp lin HDm S t r  L k  

s l  2 0  0 . 5  0 3 5  i c  

s l  3 5  1 . 0 0 3 5  i c  

s l  5 5  1 . 0  0 4 0  ic 

5 1  2 0  0 . 5 03 5 i c  

5 1  4 0  1 . 0  0 3 5  i c  

5 1  3 3  0 . 5 0 3 5  i c  

51 6 . 0  1 . 0  0 1 5  ic,  

ag 100 4 . 0  0 1 0  ic 

ag 1 0  2 . 0  0 1 0  i c  

s l  5 0  2 . 0  0 4 0  i c  

51 2 5  B . O  0 2 0  ic 

sl 50 1 . 0  0 2 5  ic 

s l  4 5  0 . 5 0 2 0  ic 

sl 1 4 0  1 . 0  0 3 0  ic 

s l  90 1 . 0  0 3 0  ic 

s l  1 5  1 . 0  0 3 0  i c  

a g  4 0  1 . 0  0 1 0  ic 

ag 90 3 . 0  0 1 0  i c  

s 1  1 2 0  2 . 0  0 1 0  ic 

0 1 0  lC 

ag 1 5  2 . 0  0 1 0  ic 

s l  1 5  0 . 5  0 3 0  i e  

sl 22 0 . 5  0 3 5  ic 

s l  2 5  1 . 5  040 i c  

s l  7 . 0  1 . 5  0 3 5  i e  

51 4 0  1 . 0  0 2 0  i e  

s l  5 0  2 . 0  0 3 0  i e  

51 100 2 . 0  000 ic 

sl 4 0  1 . 0  0 2 0  ie 

s1 6 7 5  0 0 5  i c  

s l  5 0  0 0 5  ic 

sl 2 5 0  2 0  005 ic 

sl 1 2 5  2 0  005 ic 

s l  2 5 0  1 0  0 2 5  i e  

5 1  1 2 5  1 0  0 2 5  ic 

sl 1 2 5  0 3 0  ic 

sl 1 2 5  0 3 0  i c  

sl 1 2 5  030 i c  

5 1  2 5 0  0 2 0  i c  

s l  6 0  1 0  0 1 0  ic 

A 2 1  

F Plane Ver t  Harz 
FM 

Remarks and Re f 

D i r  Am Up AmID S AmID age 

E K-O I n s e t  F .  

E K-O I n s e t  F .  

E K-O I n s e t  F .  

E K-O I n s e t  F. 

E K-O I n s e t  F .  

E K-O I n s e t  F .  S t r i ke 
swings to 010 
il t  S end . 

E K-O tr 2m wide . 

w 4 . 0  H 

E H Swamp on W s i d e .  

E K-O I n se t  G .  

E K-O I I n s e t  G .  
I 

E K-O I n s e t  G .  

E K-O I n s e t  G .  

E K-O I n s e t  G .  

E K-O I n se t  C .  

E K-O 

E H Eroded at S end . 

w 3 . 0  H U n s table slope 

w i t h  sprlngs 
a t  N end . 

E K-O tr 4m wide . 

E d 3 0  K-O 
- - r--- ---

E 2 . 0  1I 

E K-O Inset H.  

E K-Q Inset 11 . 

E K-Q I n s e t  B .  

E K-O I n s e t  II . 
t-- - --------�--� .. 

E K-O I n s e t  fl . 

E K-O Sc filees w. 

E K-O faces w .  

E K-O 5C filces w .  

W K-O 

E K-O 

E K-O Pos s i b le o f f s e t  
;; trcJ.m . 

E K-O Par t i a l l y  eroded 
by st.rBf'lffi. 

E K-O Par t i a l l y  eroded 
by s tream . 

E K-O 

E K-O 

E K-O 

E K-O 

E K-O Unstable h i l l sidE . 

E K-O tr 5m wide -
sba l 10ws 

K-O towards nor th . 



A2 2 

BEAGLEY ROAD FAULT 

Air 
Feature Tr Fold F P lane Ve rt Harz 

NZMS 
Re f 

photo FI1 Remarks and Re f 260 Loc Gr 
Run No Na Dp lnl HOm Str Lk Dir Am Up Amm S Amm age 

T24B 2 7 1  5 5 3 9 8 9  2 3 5  5 3  US 8 1  7 5  2 . 0  060 ic NW Wn Swamp w i t h i n  t r  

1'2 4 B  2 7 2  5 5 9 9 9 1  2 3 5  5 3  5C 51 1 0 0  0 5 0  i c  NW Wn Subdued 5C faces 

SE 

T24B 2 7 3  560')91 2 3 5  5 3  5C 51 7 5  0 5 0  i c  NW Wn Subdued 5C faces 

S E  

T24B 2 74 5 6 1 99 1  2 3 5  5 3  s c  s l  �O 2 . 0  0 5 0  i c  NW Wn Subdued 5C faces 

SE 

T2 4B 2 7 5  5 5 3 9B 9  2 3 5  � 3  uS 51 75 2 . 0  0 6 0  ic NW Wn Swamp w i t h i n  t r  
o n  5 E  s ide 

T24B 276 5 5 3 9 8 9  2 3 5  5 3  5C 5 1  3 5  2 . 0  0 6 0  i c 5E? Wn Flat bench Bm wide 

on SE side of NW 
fac i n g  sc . 

T24B 2 7 7  5 54 9 8 9  2 3 5  5 3  us 51 35 G . O  0 6 0  1C NW Wn 5c on NW s i de o f  

t r  faces SF: . 

Swampy ground . 

T24B 278 5 54989 2 3 5  5 3  us s1 S5 1 . 0  0 6 0  i c  NW Wn Sc on NW s ide of 

tr faces SF:. 

Swampy ground . 

T24B 2 7 9  5 5 5 989 2 3 5  5 3  u s  sl 50 4 . 0  060 i c  NW Wn Sc on NW wide of 

t r  faces SF: . 

Swampy ground . 

1'2 4B 280 5 5 7 989 2 3 5  5 3  sc s l  3 5  2 . 0  0 5 0  ic NW Wn Subdued sc faces SE 

1'2 4B 281 560990 2 3 5  5 3  5C s1 45 4 . 0 0 5 0  i c  S E ?  W n  Sc may be sh as 

stream is d iverted 

at r i ght a n g l e s  to 

i ts o r i g i na l  

course . po s s i b l e  

dext r a l  d i splace-

ment towards SW . 

1'24B 2 8 2  5 6 2 9 9 1  2 3 5  5 3  5 C  5 1  6 0  6 . 0  0 5 0  ic NT,oJ Wn ci s . 

JAMES H I LL ROAD FAULT 

T24B 264 56 5998 2 3 4  1 7  s c  s 1  4 0  3 . 0  045 i c  NW Wn S c  faces SE 

1'2 4 B  2 6 5  566998 2 3 4  1 7  5 c  s 1  1 3 0  6 . 0  04 5 ic NW Wn Sc faces SF: 

1'2 4B 266 568999 2 34 1 7  sc ag 10 2 . 0  0 4 5  i c  NW 2 . 0  H S c  face s  S E .  Dis-

places te sur face . 

T24B 267 568999 234 1 7  5C ag 8 5  2 . 0  0 4 5  i c  NW 2 . 0  H S c  face s  SE . Dis-

places te surface . 

1'24 B  2 6 8  5 6 9 999 2 3 4  1 7  sc ag 1 5  2 . 0  04 5 i c  NW 2 . 0  H S c  faces SE . Di s -

places te surface . 

T24B 2l)9 5 7 1 \)9Y 2 3 4  1 7  us 8 1  100 4 . 0  0 4 5  ic NW wn S C  fuc:es S E .  
Swampy ground . 

1'2 4 B  2 7 0  S 7 l 000 2 34 1 7  u s  s l  4 0  0 . 5  04 5 i c  NW Wn Subdued tr peters 

out towards the NE . 
.1 ___ 

COPPERMINE ROAD FAULT 

f---
T24B 294 5 6 2 9 9 9  2 34 1 7  sc s l  6 0  2 . 0  060 ic NW Wn 5c broken by s tream. 

T24B 2 9 5  5 6 3 9 9 9  2 3 4  1 7  s c  s l  9 0  2 . 0  0 6 0  i c  NW Wn Sc broken by s tream. 

T2 3 D  7 9 1  5 6 5 0 0 0  2 3 4  1 7  sc s1 80 2 . 0  0 2 0  ic NW Wn Sc faces e as t .  2 m  

wide bench on up-

thrown s ide . 

1' 2 3 ll  7 9 2  5 6 5 0 0 1  2 3 4  1 7  us s l  3 . 0  0 . 3  0 2 0  i c  SE Wn 1'r O . Sm wide on 

l e f t  bank of sma l l  

stream. 

T2. 3 ll 7 9 3  566002 2 3 4 1 7  sc 51 1 3 0  2 . 0  0 2 0  l C  NW wn Subdued in out l inc . 

1'2 3 D  7 9 4  5 6 6 0 0 3  2 34 1 7  us 8 1  4 0  0 . 5  3 :;0 i c  S F:  W n  Curves around h i l l  

s ide . 2m wide t r . 

T 2 3 D  7 9 5 566003 2 34 1 7  u s  s l  2 5  1 . 0  0 3 0  ic SE Wn 1'r 2m wid e .  

1'2 3 ll 7 %  5 6 7 0 0 4  2 3 4  1 7  sc s l  4 0  3 . 0  0 1 5 ic NW wn Sc faces E .  Sub-

dued i n  o u t l i ne . 

1'2 3 D  7 9 7  568005 2 3 4  1 7  sc s1 1 2 0  2 . 0  0 1 5 ic NloJ Wn Sc faces E .  S ub -
dued 1 n  outl i n e . 



Air 
Feature 1'r Fo l d  NZMS Photo 

2 6 0  
Loc Gr Re f 

Run No Na Op Un HDm Str Lk 

T2 3 0  7 9 8  5 6 8 006 2 34 1 7  sc s l  2 5  1 . 0  0 1 5  i e  

T 2 3 0  7 99 5 6 9007 2 34 1 7  Se s l  1 2 0  3 . 0  0 1 5  i.e 

T 2 3 D  8 0 0  5 7 0007 2 34 1 7  sc s l  7 0  3 . 0  0 1 5  i.e 
T23D 801 5 7 1 008 2 34 1 7  sc ag 1 8 0  2 . 0  0 3 5  i.c 

T 2 3 0  8 0 2  5 7 2 009 2 3 4  1 7  s c  a g  1 7 5  1 . 0  0 3 5  i e  

T2 3 0  8 0 3  5 7 3009 2 34 1 7  se ag 4 5  1 . 0  0 2 5  ic 

T2 3 0 804 5 7 5 0 1 1  2 34 1 7  s c  a g  2 0 0  1 . 0  0 2 5  ie 

T 2 3 0  8 0 5  5 7 6 0 1 1  2 34 1 1  se ag 2 0 0  1 . 0  0 4 0  i.c 

MANGARAWA FAULT 

1'248 2 8 3  5 58966 2 3 5  5 4  s c  ag 2 0 0  2 . 0  040 i c  

1'248 2 84 560966 2 3 5  5 4  S c  ag 30 1 . 0  0 5 5  i c  

1'2 48 2 8 5  5 6 1 967 2 3 5  5 4  Be s l  l 7 5  2 . 0  0 5 5  ie 

T248 2 8 6  5 6 2 96 7  2 3 5 5 4  s c  s l  8 0  2 . 0  0 5 5  ie 

T24B 2 8 7  5 6 4 9 6 7  2 3 5  5 4  se sl 1 3 0  3 . 0  0 5 5  i c  

T24B 2 8 8  5 6 5 967 2 3 5  5 4  us sl 4 5  1 . 0  0 5 5  i c  

1'2 4 8  2 8 9  5 6 7 % 7  2 3 5  5 4  sc rg 7 5  6 . 0  055 ic 

T24B 290 5 68968 2 3 5  54 5C 5 1 2 5 0  8 . 0  0 5 5  i c  

1'2 48 2 9 1  5 7 0968 2 3 5  5 4  sc 51 1 5 0  8 . 0  0 5 5  i c  

T24B 292 5 7 3968 2 3 5  54 se rg 1 7 S  8 . 0 0 5 5  i c  

T24B 2 9 3  5 7 8 9 7 1  2 3 5  5 4  md 300 8 . 0  0 3 0  i c  

WHARITE FAULT 

T2 4 B  2 5 5  5 3 9998 2 3 4 1 5  u s  51 5 . 0  0 . 5  03 5 ie 

1'248 2 5 6  5 3 9 9 98 2 3 4  1 5  u s  s l  5 . 0  0 . 5 0 3 5  i c  

T24B 257 5 4 0998 2 34 1 5  u s  sl 20 1 . 0  035 ic 

T24B 2 58 54 1 99 8  2 3 4  1 5  uS s l  2 5  2 . 0  020 ic 

T24B 2 5 9  5 4 1 9 9 9  2 34 1 5  U5 s l  2 0  4 . 0  0 3 5  i c  

1'248 260 5 4 1 9 9 9  2 3 4 1 5  US rg 2 0 . 5  0 3 5  i c  

1' 2 3 0  601 5 4 0000 2 3 4  1 5  us 81 20 1 . 0  0 1 0  i c  

F Plane Vert Horz FM 

Dir Am Up Amm S Amm 
age 

NW Wn 

NW Wn 

NW Wn 

NW H 

NW H 

NW H 

NW H 

NW H 

NW 3 . 5  H 

NW H 

NW Wn 

NW 7 . 2  Wn 

NW 7 . 2  Wn 

SE? Wn 

NW 1 5 . 6  Wn 

NW Wn 

NW 1 5 . 6  Wn 

NW Wn 

NW H 

SE Wn 

S E  W n  

S E  Wn 

S E  Wn 

S E  Wn 

S E  Wn 

E Wn 

A2 3  

Remarks and R e f  

Subdued E fac i ng Se. 

2m wide bench on 
upthrown s id e  of se. 

Spr i n g  a t  N end . 

ds at S end o f  sc . 

se eut by s tream . 

I ns e t  O .  S c  peters 
out towards sw end 

I n set O .  s e  mod i -
f i ed b y  recent 
channel real ign-
ment scheme . 

In set D .  Spr ings 
on l ine o f  fau l t  t c .  

In s et O .  Line o f  
spri ngs at base 
of se.  

Inset O . Subdued 
SE fac i ng se . 

I n s e t  D .  
d s  issuing from 
spr ing . 

I n s e t  O .  Two para 
l le l  sc ar'ps each 
showing s im i l a r  

I 
"�""'" "' ""' ' ' N "  
d l sp1acement . 

I n s e t  O .  S C  faces 
S E .  

I n s e t  O .  Probable 
7 5m s t ream o f fset 
a t  N end of sc . 

I n s e t  O .  sc faces 
S E . F a i n t  tc to 
NW o f  s c .  

I n s e t  D .  S teep SE 
f ac i ng 5e a long E 
s ide of md . 

W f.ac i ng on E 
s i d e  o f  t r .  

W facing 5C on E 
s id e  o f  t r . S tream 
euts through sc 
between 10cali t i e s  
2 5 6  and 2 5 7 . 

W f a c i ng sc on E 
side of t r .  

W f a c i ng se on E 
s ide of tr . 

W fac i n g  5e on E 
s i de o f  tr . 

tr 1 0m wide . 

Stream i s sue s  from 
sprlng .  



A24 

A i r  
feature T r  fold F P l a ne Vert Harz 

�
�P�h�ort�0�� __ .-__ .-__ -'r--1 ____ � __ -r __ -'r-__ r-__ r-____ i--' ____ 1

FM 
Loc Gr Re f 

NZMS 
2 6 0  

Run No Na Op Lm HDm St r  Lk 

T2 3 D  6 0 2  54 0000 2 3 4  1 5  us s l  1 5  1 .  0 0 1 0  i. c  

T 2 3 D  6 0 3  5 4 1 0 0 1  2 3 4  1 5  us s l  2 5  4 . 0  0 1 0  ic 

T2 3 D  604 5 4 1 00 2  234 15 sc s l  7 0  0 . 5  3 5 0  ic 

T2 3 D  605 5 4 1 004 234 15 sc s l  60 0 . 5  3 5 0  ic 

T2 3 0  606 5 4 2 006 234 15 sc 5 1  1 0  4 . 0  3 5 0  i. e  

T2 3 0  607 5 4 2 007 2 3 4 1 5  u s  s l  1 5  4 . 0  3 5 0  ic 

TOTAPA FAULT 

T24A 001 4 5 2 9 4 0  2 3 6 3 4  sd rg 3 0  10 0 1 0  ic 

T2 4A  002 4 5 3 9 4 2  236 3 4  sd rg 15 1 0  010 ie 

T24A 0 0 3  4 7 5 94 6  236 3 4  sd rg 3 0  10 010 i.c 

T24A 004 465 956 236 3 4  fg SOO 010 ie 

T 2 4 A  0 0 5  4 c,9944 236 35 sd rg 2 0  10 0 5 0  ie 

T24A 006 461945 236 3 5  sd rg 2 0  5 0 5 0  ie 

T24A 007 462 9 45 236 35 sd rg 2 0  5 0 5 0  i.e 

T24A OOll 464945 n() 3 'i us s I l O S  1 0 5 0  i. c  

T24A 009 4 6 5946 2 3 6  3 5  s e  r g  2 5  6 0 5 0  ic 

CROSS ROAD FAULT 

'r2 4 A  0 1 0  462') 1 7  2 3 7  ]6 sc sl 1 0 0  6 0 2 5  ic 

T 2 4 A  0 1 1  4 6 3 9 1 ll  2 3 7 36 tr sl 4 0  2 0 2 5  i e  

T 2 4 A  0 1 2  4 6 4 'l l ll  2 37 36 sc 8 1  4 5  10 0 2 5  i e  

T 2 4 A  0 1 3  4 6 4 9 1 8  2 3 7  3 6  sc s 1  3 0  6 0 2 5  i c  

T 2 4 A  0 1 4  4 6 8 9 2 2  2 ] 7  3 6  s c  s 1  2 0 0  1 0  0 2 5  i c  

T24A 0 1 5  4 7 2 9 2 5  2 3 7  3 7  sc 5 1  2 0 0  4 

T 2 4 A  0 1 6  47 5 9 2 8  2 ]7 ]7 sc sl 7 5  8 

T 2 4 A  0 1 7  4 7 7 9 2 8  2 3 7  37 sc 51 2 0 0  II 

T24A 0 1 8  4 7 8 9 2 ll  2 3 7  3 7  te sl 1 2 5  

T 2 4 A  0 1 9  4 7 9929 2 3 7 3 7  s c  s 1  1 2 5  6 

MISCELLANEOUS fAULT 'rRACES 

0 5 0  i e  

0 5 0  ic 

060 i e  

0 3 5  i e  

0 2 5  i e  

T 2 3 D  7 8 2  5 7 80 3 1  2 3 3  1 9  u s  s 1  5 0  2 . 0  0 3 5  i e  

T 2 3 D  7 8 3  5 7 9 0 3 1  2 3 3  1 9  uS 8 1  4 5  2 . 0  0 3 5  i e  

T2 3 D  7 8 4  5 8 0 0 3 1  2 3 3  1 9  u s  s l  5 0  1 . 5  0 3 5  i e  

T 2 3 0  7 8 5  5 8 00 3 2  2 3 3  1 9  uS 5 1  4 5  1 . 5  0 3 5  ie 

T2 30 786 5 8 2 0 3 3  2 3 3  19 uS s l  5 . 0  0 . 5  0 3 5  ie 

T 2 3 0  7 8 7  5 8 3 0 3 4  2 3 3  1 9  uS sl 30 1 .  0 020 ic 

T230 788 5 9 3 0 2 5  2 3 3  2 0  sh s l  6 5  3 . 0  0 3 0  ic 

T2 3 D  7 8 9  59402G 233 2 0  tc s l  200 030 ic 

Oir Am Up Arnm 

E 

E 

E 

E 

W 

E 

E 

E 

E 

SE 

SE 

SE 

NW? 

SE 

W 

W 

w 

W 

W 

NW 

SE 

SE 

NW 

NW 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

S 
Remarks and Re f Arnm age 

Wn Stream i s sues from 
spr i n g .  

Wn 

Wn Swamp on W side 
o f  sc . 

Wn Swamp on W s ide 

o f  sc . 

Wn 4m wide f l a t  bench 
on W s ide of s c .  

Wn W fac ing sc on E 
s i de of tr . 

We Contact between 
We and K - O .  

W e  Contact between 

We and K-O .  

K-O 

K-O gr at nor ther'n end . 

K-O 

K-O 

K-O 

K-O Swampy 1m wid" . 

K-O Subdued searl' 

K-O I n s e t  E .  Subdued 
scarp faces e a s t . 

K-O I n s e t  E .  Spr ing 
and swamp . 

K-O Inset E .  SC faces E 

K-O Inset E .  Spr ings , 
local subsiden c e . 

K-O ! Inset E .  Se height \ VarieS from Gm to 
1 5m .  Local sub­
s idence . 

K-O Inset E .  Line o f  
springs . 

K-O I n s e t  E .  Face NW . 

K-O Inset E .  Face NW . 

K-O I n set E .  F l a t  Sur­
face between 0 1 8  
a n d  01 9 .  8 m  wide . 

K-O Inset E .  gr a t  
northern end . 

Wc 

We Tr 1 0m wide . 

We 

Wc Tr 7m wide . 

We Tr 4m wide . 

Wc 

d 50 Wll 6m wide swamp all 
upstream s ide . 

Wn De s troyed by 
cultivation . 



APPENDIX Vb :  Radiocarbon dates collected from s tudy area 

Fos s i l  Metric 
NZ New T� 

record grid 
radiocarbon 

Old T� New T� 
corrected Wood 

Col lectors 
laboratory for secular iden t i f i c a t ion 

number re ference 
s ample no . a ffect 

Gri sel i ni a , mo st M Marden 
T2 3/fl T2 3/698l9l NZ 4 3 14 11 8 0 0  ± 1 5 0  12 1 5 0  ± 1 5 0  probably G .  P R Stephens 

li ttoral i s  V E Neal l  

T2 3/f2 T2 3/69 7 l 8 9  4 5 4 7  7 9 0  ± 6 0  8 1 0  ± 7 0  7 7 0 ± 60 Pi ttosporum 
C Hubbard 

NZ sp . 
M Marden 

T24/ 5 l 7946 ± ± Metrosideros V E Neal l  
T2 4 / f l 2  N Z  4 6 5 1  12 900 200 1 3  3 00 2 0 0  

robus ta M Marden 

T2 4 / f l 5  T24/4 76958 NZ 5 2 3 1  3 . 4 3 0 ± 8 0  3 5 3 0  ± 8 0  3 7 00 ± 90 
Dacrydi um 

C Lees 
cupressinum 

T2 4 / f l 7  T24/ 5 l7945 NZ 5 3 2 0  1 0  3 5 0  ± 1 0 0  10 650 ± 1 5 0  Leptospermum sp . 
M Marden 
V E Nea l l  

T 2 3 / f l 9  T23/658l68 NZ 5 2 7 4  8 160 ± 1 2 0  8 400 ± 1 3 0  Compos itae wood C Lee s  

V E Neall 
T24 / f l 9  T24/ 5 l 7 946 NZ 5 5 9 1  1 2  6 5 0  ± 1 5 0  1 3  000 ± 1 5 0  G Lensen 

M Marden 

T2 3 / f 2 0  T2 3/607045 5592 ± 387 ± 57 4 4 2  ± 5 7  
G Len sen 

NZ 3 7 6  5 6  
M Marden 

N14 4/f589 
N144/3865 l 6  

NZ 3 8 7 9  6 8 0  ± 6 0  7 00 ± 60 6 8 0  ± 4 0  
Podocarpus 

P R S tephens 
T2 3D/5 8005 7 spi ca tus 



A 2 6  

APPENDIX VI 

Changes in the S tate o f  Activity o f  Large-Scale ,  Deep-Seated Mas s  Move­

ment Featur e s  in the southern Ruahine Range between the years 194 6-4 9 

( Map 5 )  and 1 97 4 - 7 8  ( Map 6 ) . 

Symbo l s : 

e s l  earth slump 

e s ld earth s l ide 

r sl rock slump 

r t b ridge-top bench 

r t d r idge-top depre s s ion 

r t s r idge -top scarp 



Aerial Ph :>tograph State of Act i v i ty 
NZMS 

Loca l i ty Gr id 
2 7 0  Catchment Lithotype Feature 1 94 6  - 1949 1 9 7 4  - 1 9 7 8  

N o .  Re f .  
No .  

photo Photo 1 94 6  - 1 94 9  1 9 7 4  - 1 9 7 8  
Series Run 

No . 
�e r i e s  Run 

No . 

T 2 3 B  1 6 7 5 265 p i r ipiri Whar ite r s l  SN2 30 5 1 9  6 5  S N 3 7 2 1  C 1 2  S l ��p o u t l i n e  vi s i b l e .  Total forest Not moved s i nce 1 94 6 .  Debr i s  

cover excep t for smal l  areas o f  s l ides around l a t e ral scarps . 1 n-

bare ground at toe o f  s l ump . Ridge crease in d e br i s  s l ide  ac t iv i ty at  

top depre ss ion and scarp above toe of s l ump. Scarp and depression 
s l ump out l i ne . unchange d . 

T 2 3 B  2a 678256 p i r ipiri Wharite r sl SN 2 3 0 5 19 6 5  S N 3 7 2 1  C 1 2  S lump outl in e  v i s ib l e . Thick Not moved s ince  194 6.  Deb r i s  s l ide 
forest cover ove r much o f  slump SCars s t i l l  unvegetated . Marked 
are a .  3 sma l l  d e br i s  s l ides near increase i n area of bared ground 

headwa l l . Many s l ides a long toe along toe s l ope l argely due to 

slope are unvegetated . Former stream bank undercutting . 

sma l l  s lump features and debr i s  

s l ides are tussock covered . 

T 2 3 B  2 b  6 8 0260 P ir i p i r i  Whar i t e  r t s SN230 5 1 9  6 5  S N 3 7 2  C 1 2  N . E .  striking scarp w i th pond at No change . 
base of eastern dowhthrown s ide . 

Very sma l l  area o f  bared ground on 

scarp face . 

T23B 2c 68 2 248 P i r ipiri Whar i t e  r t d S N Z 3 0  5 1 9  6 5  SN3 7 2  C 1 2  Scarp and depre s s ion v i s ibl e . No Few sma l l  debr i s  s l ide scars on NE 
bared ground . s ide  o f  scarp and depre ss ion . 

T 2 3B 3 6 9 5 2 4 0  Pohang ina Whar ite r sl S N2 3 0  5 2 0  6 1  SN3 7 2  D 1 3  Slump outline v i s i b l e .  Moved mass Not moved s in c e  1 94 6 .  One sma l l  
i s  forested . S c rubby vegetation debr i s  s l id e  on toe slope . 
around headwa l l  scarp . No bare 

ground in headwa l l  area or along 
toe s l ope . 

T 2 3 B  4 6 7 8 2 3 8  Pohang ina Whar i t e  r s l  SN2 3 0  5 2 0  6 1  SN3 7 2 1  D 1 2  No s l ump outl i n e .  Ridge top scarp S l ump o u t l ine v i s i b l e .  Debr i s  s l id e  
v i s ib l e . Total area forest scars around head w a l l  a n d  a long 
cove red . toe s l op e .  Headwa l l  scars colon-

i s e d  by Shrubby vegetation . Ridge 

top scarp shows no add i t ional 

ve rt i c al  movemen t .  

T23B Sa 6 8 0 2 3 3  Pohang ina Whar i t e  r s l  SN2 3 0  5 2 0  6 1  SN3 7 2 1  D 1 2  No s l ump outl ine . No bare ground . S l ump outl ine v i s ibl e . No toe 

Total area forest covered . Ridge eros ion .. Headwa l l  area marked by 

top scarps no t noticeab l e . small debr i s  s l ides . Ridge top 

scarps show no t iceable vert i c al  

d i splaceme n t . 

T23B 5b 6 8 2 2 3 1 Pohangina Whar i t e  r s l  SN2 3 0  5 2 0  6 1  SN3 7 2 1  D 1 2  Same a s  S a .  S l ump out l i ne v i s ibl e . vegetation 

undusturbed . No headwa l l  or toe 

eros ion . Ridge top scarps show 

no ticeable ver t i ca l  d i splacement . 



NZMS 
Local ity Grid 

2 7 0  Catchment Lithotype Fea!:ure 1946 
No . Re f .  

No .  
S e r i e s  

T2 3 B  6 6 8 1 2 2 5  Pohang ina Whar i te r s l  S N 2 3 0  

T 2 3 B  7 6 4 8 2 3 4  Pohangina Wharite r s l  S N 2 3 0  

T2 3 B  8 6 5 0 2 3 3  Pohang ina Whar ite r 5 1  SN2 3 0  

T 2 3B 9 6 9 3 2 1 7  Pohang ina West Tama k i  r t s S N 2 3 0  

T 2 3 B  1 0  6 9 5 2 08 West Tama k i  West Tamaki r t s S N 2 3 0  

U 2 3A 1 1  7 0 3 2 0 7  w e s t  Tamaki West Tamaki r s l  S N 2 3 0  

U 2 3A 1 2  7 0 8 2 0 2  West Tamaki West Tamaki r td/rts S N 2 3 0  

T23B 1 3  6 7 4 2 1 6  Pohangina I1harite r s 1  SN2 3 0  

Aerial Ph �tograph 

- 1949 1974 

I Photo�
, 

. 
Run -er� e s  

No . , 

5 2 0  6 1  S N 3 7 2  

I 
5 2 0  5 8  SN 3 7 2 1  

5 2 0  5 8  S N 3 7 2  

5 2 1  7 0  SN3 7 2 1  

5 2 1  7 0  S N 3 7 2 1  

5 2 1  7 1  SN3 7 2 1  

5 2 1  7 1  SN3 7 2 l  

5 2 1  6 8  S N 3 7 2 1  

- 1 9 7 8  

Run 
Photo 

NO . 

D 1 2  

D 1 0  

D 1 2  

E 1 3  

E 1 3  

E 1 3  

E 1 3  

E 12 

State of Activity 

1 9 4 6  - 1 9 4 9  1 9 7 4  - 1 9 7 8  

Slump outl i ne v i s ible . S l umped Not moved s ince 1 94 6 .  Some debris 
mass is fore sted . Headwall and s l ide scars revegetated . Others 
lateral scarps are covered in remain as bare ground . I 
shrubby spec i e s . Headwall scarp I 

outlined by recent debr is s l ide 

scars . 

Slump outline v i s ibl e .  Forest Not moved s i nc e 1 94 6 . Increase in 
covered . No debr i s  s l ide scars in debris s l ide scars in headwa l l  and 
headwa l l  or along toe s lope . lateral scarp areas and a l so along 

toe slope . 

S l ump o u t l i ne v i s ibl e . Forest Not moved s ince 1 94 6 .  Increase in 
covered . Large debr i s  s l i d e  scar debr i s  s l ide scar area a t  toe o f  
along toe s lope . Small scar near slope to include most of the area 
headwa l l .  o f  the slump . 

Short l i near scarp facing south . No change . 

No s l ump structure on val l ey slope 
below. Densely vegetated w i th 

leatherwood . 

Short l inear scarp facing to NE .  No change . 
Densely vegetated wi t h leatherwood . 
No s l ump structure on valley slope 
below . 

OUtline d i f f icul t  to d i scern be - Not moved s i nc e 1 94 6 .  No further 
neath fore s t  vegetation . Scrub slope a c t iv ity in headwall are a .  
covered debr i s  avalanche scars ex- Increase in bared ground along toe 
tend down l ength of va l l ey slope . slope . 
Small debr i s  s l ides around headwall 
scarp . Large area o f  bared ground 
along stream bank at toe o f  slope . 

Scarp and depre s s ion v i s ib l e  but are No change . 
heavily vegetated with fore s t .  

OUtline o f  s lump v i s i ble . Forest Not moved s ince 1 94 6 .  Shrubby 

cover largely d e stroyed - vegetated vege tation predominate s . S ma l l  
by shrubby spec ies . Small debris areas of toe eros ion . No bare 
s l ide scars at toe to s l ump ad j acent ground in headwa l l  area o f  s lump . 
to stream bed . 



Aerial Photograph State of  Activity 
NZMS 

Locality Grid 
2 7 0  Catchment Lithotype Feature 1946 - 1949 1974 1978 

No . Re f .  
-

No .  photo Photo 1 94 6  1 9 4 9  1 9 7 4  - 1 9 7 8  �eries 
-

Series Run Run 
No . No . 

T23B 14 6 7 3 2 1 5  Pohang ina Wha r i te r s l  SN2 3 0  5 2 1  6 8  SN3 7 2  E 1 2  Slump outline v i s i b l e . Mo s t  o f  Not moved S lnce 1 94 6 .  D i f ference 

s lump surface c lothed in shrubby in vegetation cover between s l ump 

vege tation· Few large emergent trees scar and surrounding slope very 

in central part o f  s l ump . No bare obviou s .  N o  bare ground . No 

ground .  Sma l l  toe e ro s ion debr is additional toe erosion . 

s l ide scars . 

U23A 1 5  7 0 4 1 8 0  East Tamaki West Tamaki r t d SN230 5 2 2  7 2  SN3 7 2  F 1 3  Depression v i s ibl e .  Pastured . No No change . 

bare ground . 

U23A 16 700180 East Tamaki west Tamaki r t d SN230 522 71 S N 3 7 2  F 1 3  Depression v i s ibl e .  Part i a l l y  i n No change . May o f  o f  tectonic 

pasture and par t i a l l y  i n bus h .  No origin if trace of  We l l ington Fault 

bare ground . passes along t hi s  val ley . 

T2 3B 1 7  6 7 8 18 8  west Tamaki West Tamaki r s l  SN2 3 0  5 2 2  6 8  SN3 7 2 1  F 1 1  Slump outline vi s i bl e . Den s e l y  N o t  moved since 1 94 6 .  No bare 

clothed in leathe rwood veget at ion . ground on east facing slump . Bare 

No old erosion scars , no bared ground opened up on north facing 

ground . Headwall scarp is suggest- s l ump. Considerable debr i s  s l ide 

ive o f  two slump features side by activity i n stream chann e l s  

side . immed iately below s l ump feature s .  

T23 B 18 6 7 5 1 8 1  west Tamaki West Tamaki r t b SN230 522 67 SN3 7 2 1  F 1 1  Bench scarps v i s i b l e  below very Not moved s ince 194 6 .  No bare 

steep scarp paral l e l  to ridge . ground . No ol d eros ion scar s .  

Benches may b e  part o f  large slump S l ight increase i n debr i s  s l ide 

structure at  t he t op o f  t h i s  catch- ac t ivity on s lopes adjacent to 

ment . No headwa l l  erosion scars . benches . Scars confined to water-

Large debris avalanche known as ways . 

' Catspaw ' l i e s  next to bench 

feature s .  

T23 B 1 9  661 168 Rokaiwhana West Tamaki r t b SN2 3 0  5 2 3  7 4  SN3 7 2 1  F 1 1  Benches difficult to pick out be- Not moved s ince 1946 . No bare 

neath dense leatherwood vegetation . ground . Increase i n debr i s  s l ide 

No bare ground . activity along waterways beneath 

bench features .  

T23B 20 6 4 3 1 7 9  Makawakawa Wharite r s l  S N 2 3 0  5 2 2  6 3  SN3 7 2 1  F 9 No s l ump outline presen t .  Heavy Headwa l l  scarp d i scernible - no 
forest vegetatio n .  No bare debris bare ground . Gu l l y  and stream 
s l ide scar s .  di ssection have caused extensive 

debris s l ide activity that has 

since revegetated . Small debris 

sl ide scars of recent o r i g i n  ad-

jacent to stream channe l s .  



, 
Aerial Ph :>tograph 

N ZMS Local ity  Grid 
2 7 0  Re f .  Catchment Lithotype Fea1:.ure 1 9 4 6  - 1 94 9  1 9 7 4  - 1 9 7 8  No . Na .  photo Photo 

I Series Run Series Run Na .  No . 

T2 3B 21 6 4 0 1 7 8  Maka'Nakawa Wharite r sl SN2 3 0  5 2 2  6 3  SN3 7 2  F ') 

T 2 3 B  2 2  6 2 9 1 8 5  Makawakawa Whar ite r 5 1  SN2 3 0  5 2 2  62 SN3 7 2  F 9 

I 
T2 3B 23 6 2 2 1 8 5  Makawakawa Wharite r s l  SN2 30 5 2 2  6 2  i SN 3 7 2  F 9 

I 
T2 3B  2 4  5 96 1 9 3  Makawakawa Whar ite r s l  SN2 3 0  5 2 2  6 0  SN 3 7 2  F 7 

T2 3 B  2 5  600184 Makawakawa Whar ite r s l  SN2 3 0  5 2 2  6 0  S N 3 7 2  F 7 

T 2 3B 26 60617 5 Makawakawa Whar ite r s l  S N 2 3 0  5 2 2  6 0  SN 3 7 2  F 7 

T 2 3 B  2 7  6 0 4 1 7 4  Makawakawa Wha r i te r s 1  SN2 3 0  5 2 2  60 SN 3 7 2  F 7 

T23B  28 6 5 5 1 5 2  l:{okaiwhana West Tamaki r s 1  SN2 3 0  5 2 3  7 2  SN37 2 G 10 

State of Ac t i v i ty 

1 94 6  - 1 94 9  1 9 7 4  - 1 97 8  

No slump o u t l i ne v i s i b l e . Heav i l y  Headwa l l  scarp v i s ibl e .  Much 
I forested . No toe ero s i o n . deb r i s  s l ide a c t i v i ty around head-

wall scarp and a long toe o f  s lope . 

S l ump out l ine  v i s i bl e . Heavi ly Not moved s ince 1 94 6 .  I ncrease in 
fore s ted . Smal l  de bri s  s l ides a t  debris s l ide a c t i vity around head-
toe of s l ump . wall scarp and a long toe o f  s l ope . 

S lump o u t l i n e  v i s i b l e . Heav i l y  N o t  moved s ince 1 94 6 .  Headw a l l  
fore sted. Headwa l l  scarp has rnix- scarp i s  large ly bared ground . 
ture o f  tree and scrub vege t a t ion . Large de bri s  s l ides around three 
No bare ground . Sma l l  debr i s  s ides o f  s l ump along toe s l ope 
s l ides at toe of  s l ump . adj acent to strearns � 

S l ump out l i n e  v i s b l e . Upper hal f  Not moved s inc e  1 9 4 6 . No bare 
grassed i lower h a l f  i n  bush . ground in headwa l l  area . Scarps 
Numerous small l at e ral  scarps wi t hi n s t i l l  present . F u l l y  eros ion a t  
s lump outl ine . No bare ground . toe of  s lump has caused much d e b r i s  
Smal l  area o f  toe slope lost bush s l ide a c t i v i ty . 
covering due to eros ion - scrub 
covered . 

S l ump out l ine vi s i b l e . Heav i l y  No chang e .  
forested . No bared ground in head-
wall area or along toe slope . 

S l ump outl i n e  v i s ib l e . To tal area Not moved s ince 1 94 6 . Large areas 
is heavily forested apart from of exposed ground in middle o f  
narrow debris avalanche scar s - s lump . Large recent debr i s  s l ide 
gra ssed . No toe erosion � at  eas t e rn end .. 

Near vertical l i n ear headwa l l  scarp Not moved s inc e  1 9 4 6 . Greater area 
- could be a rockfal l .  Scarp i s  o f  bared ground on toe slope at 
tussock covered . Slumped mass western end . Headwa l l  scarp u n -
vege t a  ted 'N i t h  trees and scrub . changed . 
Little bare ground at toe of slump . 

S lump o ut l ine v i s i b l e .  Dense fore s t  N o t  moved since 1 94 6 .  Fore s t  ve ge -
vegetation down c e n tre o f  S l ump . tat ion and shrubby cover appear to 
Margins d e l i neated by shrubby have th inned-out .  No bare ground 

spec i e s . NO bare scars - no toe in headwal l  area . Sma l l  d e b r i s  
erosion . very steep headwa l l  scarp . s l ide Scar along toe s lope . 

>' w 
o 



T2 3B 

T23D  

T2 3D  

T2 3 D  

T2 3 D  

T2 3 D  

T2 3 D  

T2 3 D  

T 2 3 0  

Loca l ity 
No . 

2 9  

3 0  

3 1  

3 2 a  

3 2b 

3 3  

34 

35 

36 

Grid 
Re f .  Catchment 

6 5 0 1 5 0  Rokaiwhana 

6 5 6 128 Rokaiwhana 

6 4 1 1 3 9  Rokaiwhana 

6 4 1 1 34 Rokaiwhana 

6 3 9 1 3 7  Rokaiwhana 

6 3 9 1 3 2  Rokaiwhana 

6 4 3 1 2 8  Rokaiwhana 

6 3 5 1 2 9  Otamaraho 

6 3 3 0 9 9  Mangapuaka 

Lithotype Fea�ure 

Wharite r t d 

West Tamaki r s1 

West Tamaki r t d 

West Tamaki r s l  

West Tamaki r s l  

West Tamak i  r s l  

West Tamak i  r s l  

West Tamak i  r s1 

West Tamaki r s l  

Aerial Ph otograph 

1946 - 194 9 1974 - 1 9 7 8  

Series Run 

SN2 30 5 2 3  

S N 2 3 0  5 2 4  

SN230 524 

SN2 30 5 2 4  

S N 2 3 0  5 2 4  

SN2 3 0  5 2 4  

S N 2 3 0  5 2 4  

S N 2 3 0  5 2 4  

S N 2 3 0  5 2 6  

Photo 
eries No .  Run 

7 2  iSN 3 7 2 1  G 

69 S N 3 7 2 1  G 

6 1  SN37 2 1  G 

6 7  SN 3 7 2 1  G 

6 7  SN3 7 2 1  G 

67 
SN3721 G 

6 7  
6N 3 7 2 1  G 

67 
N 3 7 2 1  G 

SN37 2 1  G 
1 

Photo 
No . 

1 0  

1 0  

9 

9 

9 

9 

9 

St a t e  of Activity 

1 9 4 6  - 1949 1 9 7 4  - 1978 

Depr e s s ion not obvious beneath No c hange . 
dense 1eatherwood vegeta t i o n .  Para-
l l e l s  ridge above suspected but 
unnumbered s l ump feature . 

S l ump o u t l i n e  v i s ibl e . Pastured 
hummocky ground surfac e .  No bare 
ground . No toe erosion . 

Depre s s ion vi s i bl e  despite dense 
1eatherwood vege tation . 

No change . 

No change . 

Out l i n e  not obviou s .  Shrubby vege- Recent scouring at toe of s l ump . 
tat ion dominan t .  Grassed debris 
avalanche tra i l s  cut through scrub . 
No bare ground . 

Slump outl in e  visible . Upper part 
is foreste d . Toe slope covered i n 
shrubby vegetation . One  large are a 
o f  bare  ground on t oe  slope . 

Out li n e  vis ible .  Forested central 
portion w i th shrubby vegetat ion 
along lateral and headwal l  scarp . 
Considerable bared ground along toe 
s l ope . 

S lump outl i ne v i s ibl e . Mostly 
covered i n shrubby 'regetation -
very few trees . Very sma l l  areaS 
o f  bared ground along lateral margin 
of s l ump . No headwal l  or toe 
slope erosion. 

Out l in e  not obviou s .  S l ump is 
covered by shrubby vegetation a lo ng 
o l d  debris avalanche scars with 
forest vegetation in between . No 
bare ground on slump. No toe 
eros ion . 

Not moved since 1 94 6 .  Deb r i s  s l ide  
scar on toe s lope increased in area . 

Not moved s ince 1 94 6 .  Increase i n 
area of  debris s l id e  activi ty 
across width of s l ump along toe 
s lope . 

Not moved since 1 94 6 .  Two large 
debr i s  s l ide  scars on mid s lope and 
3 large scars acroSS toe of s lump . 

Not moved since 1 9 4 6 . Marked in­
c re as e  in debr i s  s l ide activity 
along toe of  slump . 

Outl ine visible . Pastured . No bare No change . 
ground . Faul t  trace across centre 
of slump . 



Aerial ph otograph 

millS 
Local ity Grid 

270 Catchment Lithotype Feature 1 94 6  - 1 9 4 9  1 974 - 1 9 7 8  
No . Re f .  

No .  
Photo photo 

Series Run s e r i e s  Run No .  No . 

T2 3 D 3 7  6 2 1 1 2 l  Mangapuaka West Tamaki r sl SN230 5 2 5  7 1  ISN37 2 1  H 8 
I I 
I 

I 
T23D 38 6 1 7 1 1 2  Mangapuaka W e s t  Tamaki r sl SN2 3 0  5 2 5  7 1  IS N3 7 2 l  H 8 

I I 

T23D  39 6 1 3 1 1 2  Mangapuaka We s t  Tamaki r s l  SN2 3 0  5 2 5  7 1  S N 3 7 2 1  H 8 

T2 3D 40 6 1 0 1 1 2  Mangapuaka west Tamak i  r sl SN2 3 0  5 2 5  7 1  S N3 7 2 1  H 8 

T2 3D 4 1  6 0 6 1 1 0  Mangapuaka West Tamaki r t d SN2 3 0 5 2 5  6 9  SN37 2 1  H 8 

T2 3 D 4 2  6 0 6 1 2 7  Mangapuaka Wharite r t d SN2 3 0  5 2 5  69 S N 3 7 2 1  H 8 

T2 3 D 4 3  6 0 1 1 2 2  Mangapuaka Wharite r t d SN23 0  5 2 5  6 9  S N 3 7 2 1  H 8 

T 2 3 D  4 4  5 9 9 1 1 9  Mangapuaka Wharite r t 5 S N2 3 0 5 2 5  6 9  SN 37 2 1 H 8 

T2 3D 4 5  5 9 8 1 1 6  Mangapuaka Whar ite r t s SN2 3 0 5 2 5  6 9  S N3 7 2 1  H 8 

T2 3 D 4 6  6 1 2 1 0 5  Otamarahu We s t  Tamak i  r s l  SN2 30 5 2 6  6 6  S N 3 7 2 1  H ') 

State o f  

1946 - 1949 

S l ump outline v i s i bl e .  Headwal l  

area forested . S nrubby vege tat ion 
along toe slope . No headwa l l  o r  

toe eros ion . Gully of c entre of  

s lump has large area o f  bare ground 
a t  i t s  head . 

Slump outl ine v i s i b l e  - enhanced by 

areas o f  shrubby vegetation along 

margins of s lump . Central part 

heavily fore sted . Small debris 

s l ides a t  t o e  o f  s lump. 

Slump o u t l i n e  v i s i bl e . Much o f  

slump covered i n sr.ruDby vegetation 
- few l ar ge trees remain . No bare 

ground . 

Sl ump outl ine v i s i bl e .  Sma l l  

revegetated deb r i &  s lide scarS . No 

bare ground . 

Depre ssion vis ible . Densely vege -

tated . No bare ground . 

Depress ion vi s ible . Densely vege-

tated . No bare ground . 

Depre s s ion v i s ible . Densely vege-
tated . No bare ground . 

Scarp v i s ib l e . Dense l y  vegetated . 

No bare groun d .  

Scarp v i s i bl e . Densely vegetated . 
No bare ground . 

slump outline vi sibl e .  Central 

po rt ion i s  fore sted . Headwall 
scarp and l ateral scarp dominated 
by silrubby vege tat ion. Sma l l  areas 
bare ground along lateral margin 
and toe s lope . 

Ac t i v i ty 

1 9 7 4  - 1 9 7 8  

Not moved s i n c e  1 94 6 .  Extensive 

debr i s  s l ide a c t ivity i n scrub 
covered toe s l ope area . S l id e s  ex-
tens ive l y deve loped along s i d e s  o f  

gul l y .  

Not moved S l.nc e 194 6 .  Debr is  s l ide 
activity along toe s lope has in-
creased area of bare ground . 

Not moved s ince 1 94 6 .  Debr i s  s l id e  

ac t iv i ty along toe slope has in-

creased area o f  bare ground . 

Not moved s inc e 194 6 .  Increase in 
debris s l ide a c t ivity a long margin 
o f  s l ump . 

No chang e . 

No change . 

No change .  

No change . 

No change . 

Not moved s i nc e  1 94 6 .  Increased 

debr i s  s l ide ac t iv i t y  along toe 

s lope . >' 
w 
N 



I Aerial ph otograph 
NZMS 

Local ity Grid 
270 Catchment Lithotype Fea'Cure 1 9 4 6  - 1949 1 9 7 4  - 1 978 No . Re f .  
NO .  

Photo Photo 
Series Run e r i e s  Run 

No . No . 

T2 3D 47 6 00 1 0 0  Mangapukakakahu wes t  Tamaki r t d I SN2 3 0  5 2 6  6 5  S N 3 7 2  I 6 

T2 3 D  4 8  6 03 0 9 9  Mangapukakakahu wes t  Tamaki r s l  SN2 3 0  5 2 6  6 5  SN3 7 2 1  I 7 

T23D 49 6 0 1 0 9 6  Mangapukakakahu W e s t  Tamak i  r s l  SN2 3 0  5 2 6  6 5  SN3 7 2  I 7 

T23D 5 0  5 82 1 0 1  Oruakere taki Whar ite rtd/rts SN2 3 0  5 2 6  6 2  SN 3 7 2 1  H 6 

T2 3 D  5 1  5 6 9094 Mangatuatou Wharite r t d SN2 3 0  5 2 6  6 1  S N 3 7 2 1  I 4 

T2 3 D  52  5 5 7 1 0 9  Ohinetapu Wharite 17 s l  SN2 3 0  5 2 6  6 0  SN3 7 2 1  H 5 

T2 3 D  5 3  5 74087 Raparapawai Whari t e  r s l  SN2 3 0  5 2 7  6 1  SN3 7 2  I 4 

T23D 54 5 92 0 7 0  S t h  Oruakeretak ' Whar ite r s 1  SN2 3 0  5 2 7  63 SN 3 7 2  I 6 

State of Activity 

1 9 4 6  - 1 9 4 9  1 974 - 1 978 

Dep r e s s ion heav i ly vegetate d . No No change . 
bare ground . 

S l ump ou t l i n e  v i s i b l e . Mostly Not moved s ince 194 6 . S l ight ,n-
shrubby vege ta t io n .  No headwa l l  crease i n de bri s  s l ide  a c t iv i ty o n  
erO S lon . Smal l d e br i s  s l id e  scar s toe s lope . 
along toe s l ope .  

Ou t l ine not obvious .  Mos t l y  shrubby Not moved s ince 1 94 6 .  Total width 

vegetatio n .  Large areas of bare of toe s lope i s  bare ground -

ground at base o f  s l ump . extends for conSiderable d i s tance 
upslope . 

Depre s s ion and scarp v i s i b l e  but No c hange . 
covered i n heavy vegetation . No 
bare ground . 

Depr e s s ion v i s ibl e .  Heav i l y  vege- No change . 
tated . No bare ground . 

S lump outl ine v i s i b l e . Heavily Not moved s ince 1:346 . Debr is s l id e s  

fore s ted . Two large d e b r i s  s l ide s  par t i a l l y  revetated but  s t i l l  much 

at toe o f  s lump . bare ground . Sma l l  s l ide  i n headwal l  
area . 

S l ump outl i ne not obvious . Ridge- Not moved s ince 1 9 4 6 . Depr e s s ion 

top-depre ssion around head of s t i l l  v i s i bl e . Greater stream 

catchmen t .  Stream draining t hi s  d i s se c t ion with increased debris 
sma l l  catchment i s  l ined with re- s l ide activity up centre o f  s lump . 
vegetated and bared debri s s l ides . Increased toe erosion w i th much 
Much o f  catchment heavily forested . bared ground . 
No headwa l l  ero sion . Debr i s  
avalanches and s l ides along toe 
slope .  

Out l ine of s l ump v i s ib l e  - obvious Not moved s i nce 1 94 6 . No headwal l  
signs o f  rotat ion . Moved ma s s  o r  lateral scar s . Increased debr i s  
heav i l y  fore sted . Headwa l l  area s l id e  ac t i v i ty along toe slope . 
c lo t hed  i n  shrubby vegetatio n .  No 
headwal l  eros ion .. Few sma l l  areas 
o f  bared ground a l o ng lateral 
mar g i n . Debr i s  s l ides along toe of 
s lump. 

>' w 
w 



Aerial Ph )t.ograph S t a t e  of Activity 
NZMS 

Loca l ity Grid 
270 Catchment Lithotype Feature 1 94 6  - 1949 1974 - 1 9 7 8  

No . Re f .  
No .  

Photo Photo 1 94 6  - 194 9 1 9 7 4  - 1 9 7 8  
S e r i e s  Run "eries Run No .  NO . 

T 2 3 D  5 5  5 9 0 0 7 2  S t h  Oruakeretaki Wha r i te r s l  S N2 3 0  5 2 7  6 3  S N 3 7 2 1  I 6 S lump out.l ine v i s ibl e . Dense Not. moved s i nce 1 94 6 .  Increased 

forest. vege t at i on a l l  around slump \debr i s  s l id e  a c t i v i t y  along toe of 

but s lumped mass is c l o thed in s l ump . 

shrubby vege tation w i t h  only a few 

tall tree s . No headwa l l  e ro s ion . 

Debris s l ide scars a long toe slope . 

T2 3 D  56 5 7 00 7 6  Raparapawa i Whar ite r t d SN2 3 0  5 2 7  6 1  SN3 7 2 l  I 4 Depress ion v i s ibl e .  Heavi l y  vege- No change i n  the nature o f  t h e  

tated . No bare ground . At base ,depre s s ion I however there is con-

of slope are revegetated erosion siderably more de bri s  s l ide  and 

ava lanche a c t i v i ty a t  the base of 

t h i s  s l ope . 

T2 3 D  5 7  5 5 5 08 3  No . 1 Line Wha r i te r 5 1  S N 2 3 0  5 27 5 8  SN 3 7 2  I 3 Out l in e  v i s ib l e  but doesn ' t  give Not moved s ince 1 94 6 .  Marked in-

appearance o f  a s lump featur e .  crease i n  amount of barP.' ground 

Moved mas s  heav i l y  for e s t ed . Bare wi thin the s l ump p a r t i c u l a r l y  in 
ground around margin and along toe headwall and a long toe s l ope areas . 

slope . 

T 2 3 D  5 8  5 46089 No . 1 Line Whar i te r s l  S N2 3 0  5 2 7  58 S N 3 7 2 1  I 3 Slump o u t l i n e  v i s ibl e . Open canopy No change . 

forest on s lumped area contrasts 

w i th dense forest cover on ad jacent 

slope s .  N o  bare groun d .  

T2 3 D  5 9  5 4 4 08 8  No. 1 Lin e  Wharite r s l  SN2 3 0  5 2 7  5 7  S N 3 7 2 1  I 3 S l ump o u t l i n e  v i s i bl e .  For e s t  N o t  moved s ince 194 6 .  Debr i s  s l id e  
cover down c e n tre  o f  s l ump , shrubby in neadwa l l  area enlarged . Large 

vegetation around margin s .  Sma l l  areas o f  bared ground in toe s lope 
headwa l l  erosion scar .. Unstable area but doesn ' t  appea r  t o  have 
toe slope w i t h  extens ive areas of enlarged. 
bare ground . 

T2 3 D  6 0  5 6 0 0 7 5  Raparapawai Wharite r t d SN2 30 5 2 7  59 SN 3 7 2 1  I 4 Depre s s i on v i s ibl e  be ne at h dense No change . 
leatherwood vegetat. ion .  No bare 
ground , or old e ro s ion scars . 

T 2 3 D  6 1  5 6 3 0 7 1  Raparapawai Whar ite r s l  S N 2 3 0  5 27 60 SN3 7 2 l  I 4 Outl ine o f  slump v i s i b l e . Central Not moved s ince 1 94 6 .  Marked in-

part o f  s l ump heav i ly fore sted . crease in bared ground around head -

Debris s l i de scars in headwall and wa l l  region and On toe s lope at 
l ateral scarp areas .. Sma l l  scar on eastern end . Central forested part 
toe slope at  e as t e rn end . o f  s lump unchanged . 



Aerial Ph �tograph State o f  Activity 
NZMS 

Local ity Grid 
270  Catclunent Lithotype Feature 1 94 6  - 1 94 9  1 974 - 1 97 8  No . Re f .  
No. 

Photo �e r i e s  
Photo 1 94 6  - 1 94 9  1 97 4  - 1 97 8  

Series Run Run Na .  No . 

T2 3 D  6 2  5 7 0068 Raparapawai Wharite r s l  SN230 527 61 SN3 7 21 I 4 Outline o f  s lump v i s ibl e .  Mo stly Not moved since 1 94 6 .  Debris 
dense forest cover . Revegetated avalanche scars show s igns o f  
debris avalanche scars in toe area . opening up again , in the higher 
Very l i tt l e toe o r  headw a l l  parts o f  the s lump but are s t i l l  
erosion . tussock vegetated i n lower par t s . 

Headwa l l  scarp opened up again . 

T2 3 D  63  5 5 5 07 1  Raparapawai Wharite r t d SN2 3 0  527 5 9  SN3 72 I 4 Depression v i s i bl e . No erosion No change . 
scar s .  Densely vegetated . 

T23D 64 5 5 3 067 No . 2 Line Wharite r t d SN2 3 0  528 58 SN3721 J 4 Depre s sion not obvious through No change . 
dense l eat herwood vegeta tion . 

T2 3 D  65 5 58064 Manga-a-tua Wharite r s l  SN2 30 528 5 9  � N 3 7 21 J 4 Slump outl ine v i s ibl e . Tota l l y  Not moved s i nce 1 94 6 .  Def i ni t e 
forest covered apart from narrow change in vegetation cover in head-
debris avalanche scars . No bare wall area to shrubby spec i es . No 
ground . current headwa l l  ero s io n . Gul ly 

erosion with debr i s  s l id e s  a t  base 
of slump. 

T2 3 D  6 6  5 6 3 062 Manga-a-tua Wharite r s l  SN230 528 5 9  SN3 72 1  J 4 Slump outl ine v i s ibl e .  Predomin- Not moved s ince 1 9 4 6 .  Vegetation 
antly shrubby vegetat ion . Li t t l e  cover looks thinne r .  Bare ground 
bare ground . in headwal l  and a l ong toe slope . 

T23 D  67 560058 Manga-a-tua Wharite r sl SN2 3 0  528 5 9  5:<3 7 2  J 4 Outline o f  s lump vague . Forest Out l i ne of s l ump nore obvious but 
cover on s l umped mass . Shrubby further movement of the slump i s  
vegetation around margins .  Re - d i f f i cul t  to prove . Thinned out 

vegetated debr i s  avalanche scars forest cover in centre of s l ump . 
in headwal l area . One patch o f  Debr i s  avalanche scars opened up . 
bared ground i n  headwa l l  a rea . Toe erosion acro s s  width of  s lump . 

Large area of  bare ground on toe 
slope . 

T23D  6 8  565056 Manga -a-tua Wharite r s l  SN2 3 0  528 59 S:-; 3 ' 2  J 4 S l ump not obvious in outl ine . Outl ine v i s ibl e .  Forest in centre 
Forest vegetat ion all s lumped ma s s . of slump s t i l l  intact . Shrubby 
Shrubby vege t a t 1 0n around margins . species dominate headwa l l  and 

Few areas o f  bared ground along marginal areas . Bare ground in 

headwa l l  and mar g i n s  o f  s l ump . headwa l l  region . 

T2 3 D  6 9  5 6 7 0 4 2  Manga-a-tua Wharite r s l  SN230 528 5 9  SNr 2 J 6 S l ump out l i n e  not obviou s .  Outl i ne vague but sma l l  headwal l  
Pastured . Long narrow debris scarp has developed . I ncreased 
avalanche sca r s . debris avalanche activity on  higher 

slopes and s l ide scars o n  toe s lope. 
Area within s l ump ha s been s i te o f  
former· l arge s i zed fa i l ure most of 

which have now grassed over . 



I 
Aer ial Ph )tograph 

State of Activity 
NZMS 

Local ity Grid 
270 Catchment Lithotype Fea-c..ure 1946 - 1949 1 974 - 1 9 7 8  

No . Re f .  
No .  

Photo Photo 1946 - 1 94 9  1 9 7 4  - 1 9 7 8  
Series Run 3eries Run 

No . No . 

T23D 70 5 7 0040 Manga-a-tua Wha r i t e  r s1 SN2 30 5 2 8  5 9  SN37 2 1  J 6 S l ump o ut l i ne  not obvious . Same as  69 but ·"i th a large very 
Pastured . Long narrow debr i s  deep gul l y  up centre of s l ump lined 
avalanche scars . with extensive d e b r i s  s l ide scar s .  

T23D 7 1  5 78 0 3 8  Manga-a-tua Whar ite r t s S N 1 8 1  2 3 3  1 9  SN3 7 2 1  J 6 Ou t l ine o f  scarp vis ible around head No change . 
o f  c a tchment . Pastured . 

T23D 7 2  546035 coppermine Wharite r 51 SN18 1 2 3 3  1 6  SNS I G 3  Q 5 No indication o f  s l ump o u t l i n e  or of  Slump fai l ed totally in Augu s t  1 9 7 6.  
any bare ground in t h i s  are a .  Thid Large bare s l ip face with sma l l  
forest vegetation . area o f  trees near centr e . 

T23D 7 3  5 4 8 0 3 2  Coppermine Wharite r 5 1  S N l 8 1  2 3 3  1 6  SN5 1 6 3  Q 5 Slump ou t l ine v i s ibl e . Covered in Total area covered in 1 9 4 6  w i th 
shrubby vege t a t io n .  One sma l l  

I 
shrubby vegeta t i o n  col lapsed - a l l  a r e a  

b a r e  ground o n  toe slope . For e s t  bare ground . Forested upper par t 
vegetation above s lump may be part o f  slope s t i l l  i n ta c t .  
o f  a larger s lump feature that ex-

tends upslope from t he f a i led area . 

T2JC 7 4 a  500800 Te Awaoteatua P l io-Ple i s t  e s l  SN2 3 0  5 2 7  5 3  SN3 7 2 1  I 1 Headwal l  scarp v i s i b l e  w i th few Slump not moved s ince 1 9 4 6 . Head-
small areas o f  bare ground around wall scars par t i a l l y  r evegetated . 

steepest part . Hummocky grass sur- Areas o f  toe e ro s ion v i s i b l e  in 
face . Sma l l  a r e a  o f  toe e ro s ion .. 1 9 4 6  have healed . S i gns  o f  r e -

generation by Shrubby spec ies .. 

T 2 3 C  7 4 b  4 95 0 8 1  T e  Awaot e a tua P l io - P l e i s t  e s l  SN2 3 0  5 2 7  5 3  S N 3 7 2 1  I 1 Very steep headwall scarp with areas Not moved s ince 1 9 4 6 . Headwa l l  

o f  bare ground . Predominantly scarp covered wi th shrubby vege-
grassed surface w i th Some shrubby t a t i o n .  Some areas o f  bare ground 
regeneration .. S l umped mas s  i s  i n  v i s i b l e  i n  1 94 6  have heal ed . Bare 
place at base of  slope . S teep toe ground present at  e a s t ern e nd o f  
slope is unstable due to stream s l ump outl ine . Gre a t e r  a r ea o f  
bank undercutti ng . toe erosion than in 1 94 6 .  

T 2 3 D  74c 504082 Te Awaoteatua P l io-Pl e i s t  e 5 1  SN2 3 0  5 2 7  5 3  �N 3 7 2 1  I 1 Two h eadwal l  scarps v i s ible indicat No t moved s ince 1 94 6 .  Much o f  
i n g  d i f f e rential d i spl acement of s lumped area i s  covered i n  regener-
s lumped mas s .  Small area of  bare ated shrubby vegeta tion . Very 
ground along headwal l  scarp . L i t t l e  l it t l e  evidence o f  bar e ground . 
toe slope erosion along stream ban k . 
slumped mass largely i n place at 
base o f  s l op e . Grassed surface . 

T 2 3D 74d 5 08082 Te Awaoteatua P l io - P l e i s t  e s l  SN2 3 0  5 2 7  5 3  SN 3 7 2 1  I 1 Shor t ,  steep headwa l l  scarp w i t h  N o t  moved s ince 194 6 . Toe slope is 
few smal l  areas o f  bare ground . largely covered in regenerated 
Long, s teep toe s lope with erosion shrubby vegetation . No ar e as  o f  
scars along stream bank due to bare ground e i ther along the head-

stream unde rcut t i ng . S lump mass in wa l l  scarp o r  along the toe s lope . 

��R�������:;;���()!���:;;�()r<?�:��� .. �m�.�� � �  m�"_ �� ��� .. . 



I NZMS 
Loca l i t y  Gr id 

2 7 0  I Ref .  Catchment Lithotype 
No . No .  

, 

T2 3 D  7 4e 506084 Te Awao te atu a  Pl io-P l e i st 

T2 3D  7 5 508092 Te Awaoteatua P l io-Pl e i st 

T 2 3 D  7 6  5 18 0 9 3  No . 2 Line P l i o -P l e i s t  

T2 3 D  7 7  5 1 5 0 9 9  No . 2 Line p l io-P l e i st 

--I----
T 2 3 D  7 8  5 2 0 0 9 6  No . 1 Line Pl io-P l e i s t  

T23 D  7 9  5 20099 No . 1 Line 1P1 io-Pl e i s t  

T23D 80 5 2 1 10 1  No . I Line �l io-Pl e i st 

Feai:.ure 1 9 4 6  

S e r i e s  

e s1 S N 2 3 0  

e sl SN2 3 0  

e sld SN2 3 0  

e s l  SN2 3 0  

e sId SN230 

e sId SN2 3 0  

e s ld S N 2 3 0  

Aerial Ph )tograph 
- 1 9 4 9  

Run I Photo 

NO . 

\ 
5 2 7  5 3  

5 2 7  5 3  

5 2 6  5 5  

5 2 6  5 5  

5 2 6  5 6  

5 2 6  56 

526 56 

.. 

1974 

.ieries 

SN3 7 2  

S N 3 7 2  

SN 3 7 2  ' 

S N 3 7 2  

S N 3 7 2  

S N 3 7 2 1  

S N 3 7 2  

- 1 9 7 8  

Photo 
Run 

No . 

I 1 

1 1 

I 1 

I 1 

r 1 

I 1 

1 1 

State of Activity 

1 9 4 6  - 1 9 4 9  1 9 7 4  - 1 9 7 8  

scarp a n d  depre s s ion acro S S  s l umped 
ma s s ind i ca te d if fe r e n t i a l  movement 
o f  the s l umped mass .. Sur face is 
gras sed . 

S tee p l ate c.l l  s carp along wes t ern Not moved s inc e  1 94 6 .  Some of 
side of s lump ou tl i ne . Sma l l e r slump ar e a reverting to shr ubby 
ver ti ca l d i spl acement in headwa l l  vegeta t ion . Very l i tt l e e v i d ence 
area . Gra s sed surface wi th no areas of bar e  ground . 
o f  bare ground v i s i b l e .  S l umped 

mate r ia l tot a l ly removed 8 

S l ump o u t l i ne v i s i bl e .  Hurmnocky Not moved s i nce 1 94 6 .  Few small 
pas tured sur f ace . Mul t ipl e  head- headwal l  scar s .  
wal l  and l ate ra l  scarps may ind i -
c a te seve ra l episodes o f  s lump i ng . 

S l ide ou t l in e  v i s ib l e .  Pastured Not moved s ince 1 94 6 .  No bare 

surfa c e .  Very steep headwal l  and ground - former scars hea l ed . 
l ate ra l scarp along western s i de .  

No toe ero s ion _ Sma l l  d e b r i s  s l ide 
scar on headwall .  

S l ump o ut l ine v i s ible . Very Not moved s inc e 1 9 46 . st eep s ided 

hummocky pastured surfac e . Toe toe s l opes revegetated w i th 
s lopes on two s ide s a r e  very steep shrubby veget a t ion . No bare ground 
ad j acent to stream chann e l s  - few at al l . 

sma l l  areas o f  bare ground on the se 
steep s lope s .  

S l ide outline vi s ible . Pa s tured .  Not moved s ince 1 94 6 . S teep s ided 

Bare ground along steep l ateral later al scarp r ever ted to shrubby 

scarp and along toe s lope ad jacent vegetation . S im i lar ly s tr e am bank 
to stream channe l .  now bush covered . No bare ground 

on e i ther of these s lope s . 

OUt l i ne v i s ib le .  Part o f  s te ep Not moved since 1 94 6 .  S teep scarp 
scar p i s  covered w i th shrubby vege- covered with shrubby vegetation . 
tation . Very sma l l  areas o f  bare No bare ground . 

ground . 

S l ide ou t l i n e  vi s ibl e . Steep head- Not moved s ince 1 94 6 .  Former areas 

wal l and l a teral scarp . Pastured . o f  bare ground have grassed over . 

Sma l l  a r e a s  bared ground along Sma l l amount of toe e ro s ion . 
lateral scar p  . 



Aerial Ph otograph State o f  Activity 
NZMS 

Loca l i ty Grid 
270 Catchment Lithotype Feature 1 94 6 - 1949 1974 - 1 9 7 8  

No . Re f .  
Na .  

Photo Photo 1 94 6  - 1949 1974 - 1 97 8 
Series Run �eries Run 

No . No . 

T2 3 D 8 1  5 2 3 1 04 No . 1 Line P l io - P 1 e i st e sl S N 2 3 0  5 2 6  5 6  S N 3 72 1 I 1 S l ump outline v i s i bl e . Pa stured . Not moved s ince 194 6 .  st eep scarp 

Steep headwal l scarp . Very l i t t l e 
! reverted to s hrubby vegeta t i on 

I bare ground . cove r .  No increase in bare ground . 
T 2 3 D  82 5 3 0096 No . 1 Line P l io-Ple i s t  e s l  SN2 30 5 2 6  5 7  SN 3 7 2 1  I 1 Outl ine v i s ib l e . Pastured . Xuch Not moved s inc e  1 94 6 . t1uch bare 

I bar e  ground along s teep scar ps . ground along steep scarp - has not 

I healed s ince 1 94 6 .  S l umped mass 

at base of s lope has narrowed the 

s tream channe l .  

T 2 3 D  83 5 5 3 1 4 7  Opawe :t'lio-P1e i s t  e s l  S N2 3 0 52 4 58 S N 3 7 2 1  G 4 S l "ump ou t l in e  v i s ibl e .  Co l lapsed No c hange . 

high level terrace edge . Pastured . 
No bare ground . No toe erosion . 

T23B 84 5 5 2 1 62 Opawe )"l io-Pl ei st e s l  S N 2 3 0  5 2 3  6 1  S N 3 7 21 G 4 S l ump outl ine v i s i bl e .  Pa stured .  Not moved s ince 1 94 6 .  A l l  previouoo 

I Three large debr i s  s l ide scar s i n  deb r i s  s l ide scars healed . No barE 

headwal l  area and a t  base o f  s l ump . ground . Planted recen t l y  i n  p i ne s .  

T23B 8 5  5 6 8 1 8 5  Te Ekaou I P l io-P l e i 5 t  e 5 1  SN2 3 0  5 2 2  5 6  SN3 7 2 1  F 5 Slump o ut l i ne  v i s i bl e . Pastured . Not moved s ince 1 94 6 . No bare 

Small debris s l i de scars around ground . Previous scars a l l  h ea l e d .  

headwal l  scarp . 

T23B 8 6  5 8 3 1 9 0  Makawakawa P l io-P l e i s t  e sl SN2 3 0 5 2 2  5 8  SN3 7 2 1  F 5 S l ump outline v i s i b l e . Pastured . Not moved since 1 94 6 .  !1any areas 

Large propor t ion of bare ground of bare ground gras sed over . 

around headwall scarp and In toe Fewe r , sma l le r areas of  bar e  ground 

area . s t i l l  pre s ent . 

T2JB 8 7  5 8 1 20 7  Konewa P l io-P l e i s t  e s l  SN2 30 5 2 1  5 8  S,13 7 2 1  E 6 Sl ump out l in e  v i s ibl e .  Pa s tur ed . No chang e .  

No bare ground . 

T 2 3 8  8 8  5 8 4 2 09 Konewa P l io - P l e i s t  e s l  SN2 3 0  5 2 1  5 8  SN3 7 2 l  E 6 S l ump outl ine v i s ib l e . Pastured . NO chang e .  

N o  bare ground. 

T 2 3 B  8 9  5 8 8 2 1 3  Konewa p l io - P l e i s t  e s l  SN2 3 0  5 2 1  5 8  SN3 7 2 1  E 6 S l ump out l ine v i s i b l e .  Pastured . Not moved s i nce 1 946 . Bare ground 

Bare ground around headwal l  scarp . i n  headwa l l  scarp area . Steep toe 

Se vere toe erosion along steep fac e .  reverted to a shrubby vegetation 

cover w i th onl y one sma l l  area o f  

bare ground . 

T2 3 B  9 0  6 5 2 2 6 4  Te Ano Whiro P l io-Pl e i s t  e s1 SN2 3 0  5 1 9 6 1  S N 3 7 2 l  C 10 S l ump outl i ne v i s ib l e . Much of Not moved since 1 9 4 6 . Mos t  o f  bus!" 

headwa l l  scarp a n d  s lumped maSS has o n  s lump h a s  been c l eared by man . 

establ i shed forest vegetat ion . No bare ground . Former headwa l l  

Sma l l  area of bare ground in head- scar has grassed over . 

wal l are a .  



Aer ial Ph otograph State of Activity NZMS Local ity Grid 
270 No . Re f .  Catchment Lithotype Fea ture 1946 - 1 9 4 9  1 9 7 4  - 1 97 8  
No .  

Ser ie s 
Photo Photo 1 9 4 6  - 1 9 4 9  1974 - 1 9 7 8  Run ; f' r i e s  Run No .  No . 

T2 3D 91 5 6 7 01 8  Coppermine Pl io-P l eis t e sl S N 1 8 1  2 3 3  18 SN5l63 R 6 S lump out l i n e  v i s ible ( two s l ump Not moved since 1 94 6 . Areas of 

, fea tur es s i de by s ide ) . Pastured . bare ground have g ra s se d over . 

, I No bare ground . Recently planted w i t h  tree s .  

T 2 3 D  9 2  5 7 3027 Manga-a-tua 'Pl io-Ple ist e s l  SNl81 2 3 3  1 9  SNS 1 6  R 7 Slump outl i ne v i s ibl e .  Steep head- Not moved s inc e 1 94 6 . Sma l l  bare 

wal l  with l arge vertical displace- areaS o f  ground . Shrubby vege-
ment . S lumped mas s  i s  a t  b a s e  o f  tati on cover r emoved s ince 1 94 6 . 
s lope . No bare ground . S lump Two s l ump features opened up on 

l ar ge l y  covered in grass but head- adj acent s lope . They are present 
wal l  has regenerated shrubby vege- on 1 94 6  photographs but are stable 

tat ion on i t .  and covered with regenerated 

shrubby vegetation . Date of recent 

movement unknown . 

T2 3D 93 5 7 9 0 2 5  Manga-a-tua Pl io-Pl e i s t  e s 1 S N 1 8 1  2 3 3  2 0  
i

SN5 163 R 7 Obvious s i gn s  of s lope instab i l i ty No change . 
along l ine o f  fault trace . I r r e gu-

I 
l ar o u t l i n e  around headwa l l .  Sma l l  

vertical d i spl acement has taken 

place . S lump i s grass covered.  No 
bare ground . 

T 2 3 D  94 580027 Manga-a-tua P l io-Plei s t  e s l  SN 1 8 1  2 3 3  2 0  SN5163 R 7 Outline v i s ible with sma l l  vertica l  No chang e .  

I d i sp l acement in headwa l l  area . 
Grassed surfac e . No bare ground . 

T2 3D  9 5  5 8 1 0 2 9  Manga-a-tua P l io-P l e i st e s l  S N 1 8 1  2 3 3  2 0  SN5163 R 7 Long narrow chu t e - l i k e  outl ine with No Change . 
smal l vertical d i s placement i n head 

wa l l  are a . Grassed . No bare ground . 

T2 3 D  96 5 8 9 0 2 9  Manga-a-tua P l io-Pleist e s l  SN1 8 1  2 3 3  2 0  Not co ered by Large s lump feature with stee p No change . 
SN 3 7 2 1  o r  S 5 1 6 3  late ra l scarp around western side 

and subdued s h a l l ow depr e s s io n  
around headwa l l  and e a stern s id e . 
gras sed su r fac e . No bare g round . 

T 2 3 D  9 7  590038 Manga-atua Pl io-Pl ei stl e sl SN181 2 3 3  2 0  SNS163 R 9 Two s emi-circ u l ar headwa l l  s carps . No change . 

I 
Ver t i c a l  d i sp l acement smal l . Dis-

placed mass e ssentially in place . 
Grassed su r face .  No bare ground . 



Aerial Ph otograph State of Activity 

NZMS 
Locality Grid 

270 Catchment Lithotype Feat:.ure 1946 - 1949 1974 - 1978 
No . Re f .  

Na .  photo Photo 1946 - 1 94 9 1974 - 1978 
Series Run Series Run 

No. No . 

S l ump outline v i s ible . Na areas No change . 

98 6 7 3 1 6 2  Tarnaki Tarnaki r sl SN2 30 5 2 3  76 SN37 2 1  F 1 2  o f  b"re ground . Total area of 
T23B west 

s l ump densely forested . 

Slump outline visibl e .  Densely Increase i n area of bare ground 

T2 3B 99 686177 West Tarnaki Tarnaki r sl SN2 3 0  5 2 2  70 S N 3 7 2 1  F 1 2  forested . One small area of bare along headwal l . 

ground in headwal l  area . 

SN3 7 2 1  F 1 2  
Slump outline visibl e .  Densely NO change . 

T23B 100 692186 West Tarnaki Tarnaki r sl SN2 30 522 70 forested . No bare ground . 

Slump outline visibl e .  Small areas Marked increase in amount o f  bare 

isN 3 7 2 1  D 1 0  
o f  bare ground around headwal l  and ground along the toe slope . No 

T23B 101 6 5 1 2 4 3  Piripiri Plio-Pleist e sl SN2 30 5 1 9  6 2  toe slope . Felled bush vegetation indication of downslope movement 
lying on ground . Grassed . of slump. 

Slump outline visibl e .  Narrow Increase i n the slope erosion but �N 3 7 2 1  0 1 0  
areas of bare ground around head- otherwise there i s  l ittle change . 

T2 3B 1 0 2  647�42 piripiri plio-Pleist e sl SN2 30 519 62 wal l . Felled bush vegetation No indication of downslope movement 
lying on ground . Grassed . of s lump . 

) 
Slump outline v i s ible . Slumped further downslope movement of ) No 

) mass essentially in-situ on hill s l umped ma s s  has taken place . 

r24B 1 0 3  555994 Mangapapa p l io-Pleist e sl SNIBl 2 3 5  5 2  slope . Deep depress ion below head- Ponded water accumul
'
ates in de-) M wall outline . Grassed . press ion in wet winter months . ) '" 

) '" 
Trace of well ington z Ser i es  of headwall scarps up h i l l - NO change . ) Ul  

) g5  side indicate that downslope move- Fault strikes across the base of 
T24B 1 04 5 3 5 969 Mangapapa plio-pleist e sl SN181 2 3 5  52 ment has taken place . Grassed . thi s  s l ump . Gas pipeline runs down ) .... the l ength o f  this slump . ) � ) M  Z Series o f  headwall scarps mark No change . Well ington Fault trace ) Ul  
r24B 1 0 5  5 3 1965 Mangapapa plio-Pleist e sl SNIBl 2 3 5  52 ) [;; position o f  at least two slump strikes across these slumps . 

) 0  
features . Grassed . 

) [;1  Slump outline v i s ible . Small pond No c hange . 
T24B 106 5 1 394 3 Mangarnanaia Plio-Pleist e sl SNI Bl 237 4 0  ) � in headwa l l  scarp area . Grassed . ) 0 

) E- Several l i near depres s ions indicate change . ) 0 No 
z downslope movement has taken place ) :t> 

504935 Mangamanaia Plio-Pleist sl SN1 B l  2 3 7  4 0  ) at more than one locality wi thin >I:> 
T24B 107 e 0 ) this large mass movement feature . 

) Grassed . 



Aer ial. Ph o tograph State of Activity 
NZMS 

Loca l ity Grid 
270 catchment Lithotype Feacure 1946 - 1949 1974 - 1978 

No .  Re f .  
No .  photo Photo 1946 - 1949 1974 - 1978 

Series Run �eries No. Run No .  
) >< M Slump outline visible . Discontinu- No change . ) "' �  

T24A 108 485915 Manawatu River plio-P 1 e i st e sl SN181 2 3 8  4 1  ) 0 \2 ous faul t  traces al igned along head 

) f;! U) 
of slump . Grassed . 

�8 � Slump outline visible .  Very small No change . 

T2�A 109 4 5 1 4 4 1  Manawatu River plio-pleist e s1 SNIB1 236 34 
) �  ::;; 

areas of bare ground around head-

) Z  � wall . 
- -



APPENDIX VII : Re ference numbers o f  rock samples in the Mas sey Univers ity Reference Col l ection sampled from the 

southern Ruahine Range 

Field 
number 

PO s 

MG s 

Rk 2 

Mh 3 

Mk l  

MkA 2 

Tk 1 

Mh s 

RP 2 

Rp e 

Wh 3 

MP l  

Mte 3 

NRs 3  

M . U .  
number 

MU 3 

MU 2 1  

MU 2 5  

MU 2 8  

MU 3 2  

MU 3 5  

MU 3 9  

MU 4 2  

MU 4 6  

MU 5 1  

MU 67 

MU 76 

MU 7 9  

MU 8 2  

MU 9 1  

MU 94 

MU 98 

MU 102 

MU 105 

MU 1 1 1  

Metric 
grid 

re ference 

T2 3/660 2 3 5  

T24/4869 5 1  

T2 3/64 5 1 4 1  

T23/S 0604 5 

T2 3 / 5 9 3 1 9 0  

T23/605 1 6 3  

T2 3/5120 5 1  

T23/50604 6 

T23/564069 

T23/568074 

T2 3/5 2 50 2 5  

T23/56 2 1 1 3  

T23/5 1 2 0 4 1  

U 2 3/ 7 1 2 2 2 6  

T23/60 1 1 1 3  

U2 3/7 34183 

U2 3/7 1 2 17 5 

T24/4 8 0 9 2 2  

T2 3/646145 

T2 3/525025 

F i e ld 
number 

No . 1 ( 5 )  

Mk 2  

RP 20 

Op l 

Rk 1 0  

RP 7 

MG l 

No . 1 ( 2 )  

RP l 

MG 4 

MP 2  

No . 1 ( 4 )  

M . U .  
number 

MU 1 9  

MU 2 2  

MU 2 6  

MU 2 9  

MU 3 3  

MU 3 7  

MU 4 0  

MU 4 4  

MU 4 8  

MU 5 2  

MU 68 

MU 7 7  

MU 8 0  

MU 8 3  

MU 9 2  

MU 95 

MU 9 9  

MU 1 0 3  

MU 1 06 

MU 1 1 3  

Metric 
grid 

reference 

T2 3 / 5 9 3 1 9 0  

T24/ 4 8 7 9 2 8  

T 2 3 / 6 2 8 1 8 5  

T23/5 5 7 087 

T2 3 / 5 9 1 1 8 9  

T 2 3/ 5 7 1 088 

T 2 3 / 5 8 9 1 2 1  

T2 3 /64 9 1 4 3  

T2 3 / 5 7 008 0 

T24/4 9 2 944 

T2 3 / 5 5 3 08 5  

T 2 3 / 6 5 6161 

T23/5 7 1 1 2 9  

T24/4 8 8 9 2 8  

T2 3 /6 5 5 1 3 6  

U 2 3 /7 1 1 1 6 1  

T23/5 7 7 07 6  

T24/4 8 6 9 5 1  

T 2 3/ 5 1 5 0 3 7  

T 2 3 / 5 6 0088 

Field 
number 

No . 2 ( 4 )  

Mk 3 

No . 1 ( 1 )  

Mtea 

MGG 

Mh4 
No . 1 ( 6 )  

M . U .  
number 

MU 2 0  

MU 2 4  

M U  2 7  

M U  3 0  

MU 34 

MU 3 8  

M U  4 1  

MU 4 5  

MU 4 9  

MU 6 3  

MU 7 1  

MU 7 8  

MU 8 1  

MU 8 7  

M U  9 3  

MU 9 7  

MU 1 0 1  

M U  1 0 4  

M U  1 08 

MU 1 1 4  

Metr ic 
grid 

re ference 

T24/4 8 5 9 5 0  

T2 3 / 5 8 114 9 

T2 3 / 5 9 1 1 8 9  

T2 3 / 5 5 007 2 

T2 3/58 7 1 9 0  

T2 3 / 5 5 3 0 8 5  

T2 3/63 5181 

T2 3 / 6 5 6 1 6 1  

T2 3/568074 

T2 3/54 7 04 7  

T2 3 / 5 6 9 0 7 0  

T23/64 9 1 4 3 

T23/608 208 

T2 3/594080 

U2 3/7 3 1 18 2  

U23/7 1 0168 

T24/4 8 8 9 2 8  

T24/4 9 2 94 4  

T2 3/5 16 0 3 7  

T23/555087 



APPENDIX VII : ( cant ) 

OP 2  MU 1 1 7  T23/5 7 1 1 2 9  Un 2 MU 1 2 1  unknown Mte 6  MU 1 2 2  U2 3/7 2 7 1 7 3  

Mte 7 MU 1 2 3  U2 3/ 7 2 0168 ET 3 MU 1 2 4  U2 3/7 1 3 162 Rk 9 MU 1 2 5  T23/66 1 1 4 1  

Pr 3 MU 1 2 8  T2 3/67 3 2 5 1  Mg 3 MU 1 2 9  T24/ 5 3 8 9 92 Dn l MU 1 3 0  T2 3/562096 

MkD 7  MU 1 3 1  T2 3/64 3199 MkD 9  MU 1 3 2  T23/6 3 6 1 9 3  Rk4 MU 1 3 3  T2 3/657 1 64 

RP 12 MU 1 3 5  T2 3/58 1 056 Co s MU 1 4 5  T2 3/54 0 0 3 2 0u 2 MU 1 5 0  T2 3/6 05 1 07 

MkA l MU 154 T23/6 1 3 1 55 Co 1 0 MU 1 5 8  T2 3 / 5 4 6 0 4 1  Or 7 MU 1 5 9  T2 3/601064 

Or 1 3 MU 1 6 1  T 2 3/5 9 2 0 7 2  Rk l 3  MU 162 T2 3/64 6 1 4 1  MkD s MU 1 6 3  T23/664 1 8 0  

Rk 1 6 MU 1 6 9  T2 3/660163 WT l MU 1 7 1  T23/698208 P0 7 MU 17 3 T23/6992 3 2  

Rk I S MU 1 7 8  T23/6 5 2 114 Or 4 MU 1 8 5  T 2 3 / 5 9 3 0 8 2  RP 17 MU 1 8 6  T2 3/569070 

WT2 MU 1 8 9  T 2 3/68 2 1 6 2  ET2 MU 1 9 0  U2 3/7 1 0 1 6 5  
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