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AB.STRAC'l' 

The HinuercJ. Forr.wtion is an extensi ~,e Upper Pleistocene 

terrestrial deposit of al luvial origin, underlying t he pla ins 

of the .n&milton basin antl the Haur&.ki Lowland. Th·:> t extures 

and sedimentary stTuc~ures of ten strat i grephic sections nre 

stud:!..ed ir, deta il, an.r.:1 indics.te uniformity of the Hinnf:ra 

Fo rmation on n r ~g1 onn l s cale . Four dominant lithotypes occur : 

r l:yo1i t- ic and pu11Jiceous gravelly snndo, quartz sands, puinice 

c:Ilt , ::; nd rhyolit ic c.;;indy gravel::; . A va riety of pTirnnry 

~nd pos~-depoaitional s truc tur es is p r e~ent, and four types 

of crc3~ - atrYtification (Rho, Nu , Epsi lon and Sigma) a nd throe 

typea of horizontal s tratific~tion ore describ~d. '.;.'ex t u:ret 

indicate rapid depositi on in sn environment o f fluctua tin g high 

turbulent energy. RelBtive energies of the differint sediment a ry 

~truc Lure~ ~ra su~gested from the relaticns of 3tructur es to 

t~xt4re , Sedime n tGry 3tructures nre alRo relntea to flow regime. 

3jx ~2 c i~s ~ r e erected for the Hinuera Format~on on the basis of 

lithe, logy, t,~ x turc, sedime11tary stri.;.ctureG, and flow regime, which 

indicate deposition by D brs ided r i ver system. Dt=po;:;i t ion ·.-.r:~ 3 

contemr6ra ~eo u ~ witt i nt ens e volca nic activity int~~ Central 

ii olc a nic r, .:, ;sion, v:hjcr1 ccn:bined w:i.th the cold, wet climat e cf:::. 

i:; lo.cial period, led to th e 31lp},1Y of J.arge amounts of Gediment 

to t r. ,J river :::-y.=::temG af the regior., and agr.ra datiom:,1 f,H1s ·•:ere 

constructGd in tl,e Ha ur ak i Lo•uland and t h e Eam:ilton Basin. The 

s ix facies are incorporated into a suggested physiographic model 

o f the Uinuern Formntion. 



CHAPTER ONE 

1. 1 THE: HI1'UERA FORMATION 

The Hinucra Formation is a terrestrial deposit of 

alluvial origin and underlies the extensive plains of 

the Ha milton Basin and the southern half of the 

Hauraki Lowland. Less extensive deposits are mapped 

along the present course of the Waikato River between 

Karapiro and Whakamarumaru, and in the vicinity of 

Reporoa (Fig. 1.1). The formation is approximately 

1950 square kilometres in areal extent (estimated area 

fro m f our mile geo l ogical maps) and is up to 90 metres 

thick (Kear and Schofield, 1964). 

Humerous well exposed quarry and road-cut sections 

show rapid latera l and vertica l changes in texture, 

lithology, and sedimentary structures within the formation. 

Cress stratification is almost always present, although 

variab l e in scale and other characteristics. Lithologies 

range from pure pumice gravelly sands, sands, and silts, 

through rhyolitic and pumiceous gravelly quartz sands to 

clean quartz sands containing abundant feldspar and 

ferromagnesian minerals, with interbedded peats. 

1.2 GEOLOGICAL' HISTORY 

The stratigraphic terminology, lithologic character, 

and ages of the rocks in the Hamilton Basin are summarised 

in Table 1.1 ( a fter Kear and Schofield, 1964); formational 

nomenclature is presented for the post-Miocene rocks only. 



Fig. 1 .1 Lo~ality map showing areal rli8tribution 

of the Hinuera Formation. 
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The Upper Tertiary Kaiko~ra Orogeny was characterised 

by widespread block-faulting of the pre-Tauranga Group rocks, 

forming basins of Upper Cainozoic sedimentation between the 

bounding ranges. The climax of the orogeny is marked by 

a regional unconformity between the Waitemata and Tauranga 

Groups. 

The general similarity of lithologies and paucity of 

auterops in the Tauranga Group make it difficult to unravel 

a complex history of Tuaternary sedimentation influenced 

by climatic changes, fluctuating volcanic activity and 

oscillating base levels. All Upper Cainozoic deposits are 

included in the Tauranga Group, which is dominated by 

terrestrial sedimentation ~erived from rhyolitic provenances, 

mainly the Rotorua-Taupo region. The Tauranga Group is 

divided into three subgroups (Table 1.1). The Franklin 

Subgroup is of Opoition to Nukumaruan age and is non-marine 

except for the basal sandstones of the Kaawa Formation. 

The dominant members of the overlying Walton Subgroup are 

the Puketoka Formation and the Karapiro Formation. 'I'he 

basal Puketoka Formation, of Nukumaruan to Castlecliffian 

age, ccnsists of pumice gravels and soft, unconsolidated 

ignimbritic material (Mccraw, 1967) and is interfingered with 

the Pakaumanu Ignimbri te, possibly the e.arlieat of the 

ignimbrites erupted from the Central Volcanic Region. The 

Puketoka Formation may be largely the result of sheet wash 

from the Pakaumanu Ignimbrite and is possibly part l y colluvial 

and partly alluvial in origin. The Karapiro Formation, of 

Castlecliffian to Hawera age, is of alluvial origin, ~onsisting 

of cJ.ays, sands, and gravels which include fragments of 



volcanic r6cks and greywacke (Kear and Sch6field, in pres~), 

and, apart from red weathering, is very similar to the 

Hinuera Formation. Interfingered with the Karapiro 

Formation are weathered greywacke gravels, the Waeranga 

Gravels (Kear and Schofield, 1964), locally derived from 

the nearby ranges. 

Overlying the erosional topography of the sediments 

of the Walton Subgroup is a mantle of volcanic ash. Three 

groups of ash can be recognised (Mccraw, 1967): Kauroa ash, 

the eroded remnants of a deeply red weathered ash, Hamilton 

ash, and Wairoa ash. 

The Hinuera Formation is the basal and volumetrically 

most important members of the Piako Subgrotip. Deposition 

of th~ Hinuera Formation began during the Last Glaciation, 

about 20,000 years B.P., and probably continued until about 

10-12,000 years B.P., durine which time extensive aggradation 

partly buried the underlying ash mantled topography of the 

lowlands. The ancestral Waikato River initially flowed 

through the Hinuera Valley towards Matamata and the Hauraki 

Gulf. This course was abandoned, resulting in the present 

unusual configuration of the Waikato River at the head of the 

Hinuera Valley, known as the 11 Hinuera disjunction" (Schofield, 

1965). · The river then flowed through the Maungatautiri 

Gorge and Karapiro to the Hamilton Basin where an aggradational 

fan began to build up. The subsequent history of the river 

was one of continuing deposition and shifting river courses, 

the most recent of which can be identified from surface 

morphology. The present micro-topography of the Hamilton 

Basin is largely the result of this migratory alluvial activitJ 

(Mccraw, 1967). The latest phase in the evolution of the 



Waikato River and its floodplain is entrenchment into its 

own deposits. This was interrupted by deposition of the 

Taupo Pumice alluvium from the Taupo eruption of 130 A.D. 

The present river probably carries less sediment load and 

is more sluggish than at any time in its history. 

1.3 PREVIOUS WORK 

Hochstetter (1867) noted the unusual morphology of the 

Waikato River near Maungatautirit and Cussen (1889, 1894) 

discussed the changes _in the courses of the Waikato River, 

particulnrly with reference to the old course of the Hinuera 

Valley, and noted that the plains of the Hamilton Basin 

consisted of pumiceous and rhyolitic sands deposited by the 

Waikato River. Henderson (1913) also discussed the 

abandonment of the Hinuera Valley and observed that the 

Waikato Basin was a plain formed by the "smothering of an 
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old land-surface with loose pumice sands of fluviatile origin". 

Henderson and Grange (1926) elaborated only slightly on this, 

noting that 11 the Older Pleistoce~e · land surface" is covered 

by a fan built up of loosely consolidated pumiceous gravels. 

sands and silts of fluviatile origino 

Healy (1946) proposed the name Hinuera Formation for the 

coarse sands and gravels -that built up the aggradational fan 

of the Waikato River, noting their current bedded nature, 

and that they showed a "fair degree of sorting". The history 

of shifting river courses was further elaborated on and a 

maximum thickness of 75 metres was recorded from Healy•s 

borehole data. Thompson (1958) recorded the lithology of 

the Hinuera Formation in the vicinity of the Atiamuri Dam site 

and correlated this with t~e Hinuera Formation at Karapiro, 



described by Healy (1946). The Hinuera Formation has since 

been mapped as current bedded fluviatile pumice, rhyolite and 

ignimbrite sands and gravels (Grindly, 1960; Kear, 1960; 

Healy, Schofield and Thompson, 1964; Schofield, 1967}. 

Schofield (1965) described the lithology and texture of 

the Hinuera Formation in slightly more detail, and elaborated 

extensively on the surface form and the effect of climatic, 

volcanic, and base level controls on the deposition of the 

sediments. Schofield (1965) also chose the type section 

(N66/193336) from the implied type locality in the Hinuera 

Valley (Healy, 1946). The surface form and its relation to 

old river courses was also discussed by McGraw (1967) who 

extended the concept of the Hinuera Formation forming a large 

low-angle fan by recognising the common three-part fan pattern, 

with decreasing grain size away from the fan apex. 

To date the texture, lithology, mineralogy and sedimentary 

structures of the Hinuera Formation have not been described 

in any detail. 

1.4 PURPOSE OF STUDY 

The aim of this study was to obtain information about the 

texture of the sediments of the Hinuera Formation and to relate 

thi6 to particular depositional facies within the alluvial 

environment. A secondary aim was to .determine whether or not 

any relationship exists between texture and sedimentary 

structures, and if possible to incorporate this informati0~ 

into an alluvial facies modelo 
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1.5 METHODS OF STUDY 

A total of ?1 samples were taken from eight exposures 

in the Hamilton Basin, the Maungatautiri Gorge and the 

Hinuera Valley. At each exposure, detailed stratigraphic 

columns were erected incorporating information on thickness, 

composition, texture, and sedimentary structures. All 

samples were treated by standard techniques of washing and 

splitting and were sieved at i¢ sieve intervals. Samples 

containing significant amounts of material smaller than 4¢ 

were analysed by standard pipette methods. Size parameters 

of mean grain size, sortingt skewness and kurtosis were 

calculated for all samples by graphical methods. 

Localities are indicated by one-mile sheet numbers (NiMS1) 

and grid references. All sample numbers refer to those in 

the collection of the Department of Earth Sciences, University 

of Waikato. 

1. 6 ACKNC\'11.EDGEMENTS 

The writer would like to thank Mr, Campbell s. Nelson for 

generous advice and criticism given during this study, and for 

readinc and suggesting improvements in the manuscript. Thanks 

are also due to .Professor J.D. McGraw, Dr. M.J. Selby and Mr. 

Terry Hume for fruitful discussion and advice, Mr. Rex Julian 

s 

for developing and printing the photographs, and to Mrs. Judi 

Boyle for the typinf, of the manuscript. '£h.:;..nk::; ,.ere :... l s o •.) ;:~, r c: .._ ~:.r:·.:l. 

to H1·. I'im Oliver fc,r permission to uae unpubli.sh•1d d,,msi t:, cliAta. 



9 

.:.': 'I' ;1 A ': I - - - S Fi: A F H I C .SE C rrICi - - - -

'l'en sections of the Hinuera Formation (Figs. 2.3-2.12) 

were studied in detail at eight exposures (A-H). 'rl1e grid 

references of these are given in Table 2.1 and the localities 

shown in Fig. 2.1. 

Stratigraphic Grid Reference 

Section Fig. No. 
(NZMS 1) 

A1 2.3 N65/676427 

A2 2.4 II 

A7. 2.5 11 
;; 

B 2.6 .N56/795525 

C 2.7 N65/812437 

D 2.8 N65/956435 

E 2.9 N66/001337 

F 2.10 N66/103275 

G 2.11 N66/164273 

H 2 .12 N66/193336 

Table 2.1. Grid references of stratigraphic sections. 

Three sections (Figs. 2.3-2.5) were studied at one 

exposure (N65/676427) to compare the degree of textural, 

lithological and structural variilbility between 5ections 

a few metres apart with the variability of sections up to 

48 km apart. The sediments of the type section (Section H, 

N66/193336) 1 deposited within the confines of the . Hinuera 

Valley, were compared with sediments deposited in the less 
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restricted cnviroa~ent of the Hamilton Basin. 

J everuJ char~cteriutics of the Hinuera Form&tion emerge 

frow tte mass of detail comprising the str~tigraphic sections, 

and ere summarised in the following Lroad generalis~tionfi. 

11 -

( 1; ':'wo ,3ppc1.rentl;;' paradoxic,,l features erriereed frou: this 

.study. The first is the variability of t~e Hinue~a 3ediments 

ir. de: (, /3. i l. ?l o two st.rati 1:;raphic columns r.i.:r-e alikf.: , and the 

ee:qnence of lithologies, te:xtnres, ar,d S5dirnent.ar;:, .:;tructu!'C~ is 

~E dif ~crent in the threA adjacenL Aoctions (A 1 , 

1;65/676427) as bet iveen any other sections. 'l'he Hinue r.:> Furmn ti on 
., 

i~ chara cterised by rapid lateral and vertical chances in the 5 e 

The second feature is the uniform appearance of the llinuera 

Formation on a regional scale. ~ithin the limit~ of litholoEi~N], 

t -s xturt-,1, and sed5 ,1·!!:nt.~!'~' structural vari::;.bility mr.?ntioned &bov0, 

tr,e .:\:ar.:1.ctc:istic appeat'ance of the for111:-:1 t.ion iri outc1•i:.1r; "''' 

unconsolidated, coarse, current-bedd~d sediillects v a ries litt:~ o~ ~r 

i ~3 7?~Y wid~ areal extent. ;..xposure:s in UJt:, Haundd Lo·.~lanrl 

~i pr.ear very simils.1· to tho.:;;e in ti:ie Hinu<:ra V&.lle:f I t h e Wmngr, b u!· iri 

Gorge, ~nd th~ Hamilton Basin. 

( i ~ Cross-Gtr~tified, moderRtely to ~oorly sorted, rhyoliti~ HnJ 

Lulk of the ~inuera s2dimenta. 

(ii) Cross-stratified, moderately to well sorted 4u2rlz a an ~~. 

(iii) rumice silt. 

(iv ["oor l;y :;;tr;, t ifir-:d or s tr11,:t ur e lefifi I VCl'.Y po,, rl;,• ::;;.:,rted, 

J0~inantly rhyolitic HMndy gravel~ or sr~velly nnnJs. 
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(3) The morphology of the cross-stratification 

displayed at each section enabled current directions to be 

ascertained, although a detailed study of paleocurrent directions 

was beyond the scope of this investigation. Some exposures 

showed consistency of current direction for several metres 

vertically and for tens of met~ea laterally; others showed 

very rapid lateral and vertical changes with reversals 

through 180° occurring within tens of centimetres. 

Any paleoenvironmental model of the Hinuera Formation 

must explain the deposition of four major lithotypes, 

the variations in current direction, the high degree of 

variability of the sediments in detail, and the regional 

uniformity of the formation. 
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CHAF'l:'Ef: •rm::EE 

s ···nrH ~ :~Tf,r: 1 S ! R U C T U R E Z 

The primary sedimentary structures of the Hinuera 

Formstion are dominated by cross-stratification, with less 

common tyres of horizontal stratification. A variety of 

post-depositional structares are present, ulthough of limited 

occurrence. Each of -these sedimentary structures i s 

discusse d in turno 

;, .1 CRC.::. 3-S'l'E/,Tll;,ICATlON 

Cross-stratificution is almost ublquitouo throughout tha 

Einu()ra Formation and is the most obvi.ouG feature,:,; seeri in. 

exr·osures of the sedi.ments. A detailed deecriptj_on and 

inte ~pret~ tion of the sedimentary structures was not the 

pr imc1.ry ai r:-, of this stud:v, but an attempt; is ma.di; to rc1.tiom1lise 

t he observation~ mode in the field with reference to recent 

literature on the subject. The terminology of Mc~ee and teir 

(1953) i 8 follow~d for description, hut not cl~s6ifica tion, of 

t Le cross-stratificati on. 

Random measurements were made of the length and m~ximum 

height of 142 set~ of cross~strHto. hn effort was made to 

keep the number of measurements of t he different types of 

croa~-strnt a in proportion to their occurrence Lu prevent 

in t rod uction of 5 sampling bias, but otherwise no statistical 

controls were used. 

Lenl th was plotted a s a function of height o n semi-log 

1a r er for ease of presentation (Fig. 3.1). The two parameter.·::: 

are r oughly proportional, with a length to h e ighL ratio of 6:1, 

increasing to a bout 8:1 when length dimensions are in the order 

of mr.tres. The maximum and minirnwn height of a set 

measured was 70cm and 4mm rec pectively; the rna:d.rnuri1 and 



minimum leneth measured was · 6.42mm and 1.8cm respectively. 

Histograms were plotted to show the frequency of cross-bedded 

sets as a function of length (Fig. 3,2) to height ( Figs. 3,3 

and ::;.4). In Fig. 3,3, the scale of the abscissa is 

reduced by one tenth for lengths over one metro for ease of 

presentation, and does not erroneously affect the distribution 

pattern. 

Fig. 3.2 shows a marked deviation from a normal distribution 

of set lengths, with a marked deficiency of sets of 40 to 50cm, 

and from 80 to 100cm in length. Jt is possible that the 

trimodal pattern of set lengths is simply a result of 

insufficient measurements. There does not appear to be any 

relationship between the modal values indicated and the 

lithology or texture of the cross-beds concerned, and work 

to d~te does not suggest any explanation. 

}'ig. 3,3 shows that sets up to 10cm in height a:re most 

abundant in the Hinuera Formation. To determine whether or 

not a trimodal distribution in the scale of cross-stratification 

exists for the heigh parameter, a histogram of occurrence as 

a function of height was plotted on a larger scale than F'ig. 

for heights between O and 20cm (Fig. 3.4). Although 

generalisations drawn from such limited data can he at best 

only tentative, cross-strata with set heights between 4 and 

5cm, 9 and 12cm and 13 and 18cm appear to be uncommon. In 

proportion to the length to heighlr&tio observed (Fig. 3,1), 

the lack of heights between 9 and 12cm and 13 and 18cm 

ccrrespond to the lack of 'lengths of sets between 1f0 and )Ocm 

and 80 and 100cm respectively. The scarcity of heights 

between 4 and 5cm corresponds to the division between small 

and large scale cross-stratified units made by Allen (1963a). 
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Thus there appears to be a m~rked trimodal distribution 

of cross-stratified set dimensions with corresponding modes 

for height and length parameters in their observed ratio 

( F'i g. 3. 1 ) • On the basis of the above, cross-stratified 

units of the Hinuera Formation are here tentatively clRssified 

with resp~ct to scale·· for ease of description, using the 

height parameter (Table 3.1). 

Scale of Height of 

Cross-Stratification Cross-Stratification 

Small scale Less than 5cms 

Large scale 5-15 cmB 

Very large scale Greater than 15cms 

'I'able 3. 1 Classification of the cross-stratified 

sets in the Hinuera Formation on the 

basiG of scale. 

Four types of cross-stratification were observed in the 

Hinuera Formation (Fig. 3.5). These are descritcd using 

Allen's (1963a) six criteria for classification of cross­

stratified units (Table 3,2). 



Type 1 Nu cross-stratification 

·rype 2 Rho c ros .5-stra t j_ f i c <iti on 

T ype 3 Sigma cross-stratificat i on 

'f ype 4 Epeilon cross-stratification 

Schematic block diagrams illustrating t he varieties of 
cross-stratification occurring .in the Hinuera Format i on. 
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Criteria Type 1 Type 2 Type 3 Type 4 

Group i ng Grouped Grouped Grouped Solitary 

Ma E,ni t ude Srnall Large Large Large 
scale scale scale scale 

Character of 
Lower Bound- Erof:ional Erosional Erosional Erofdonal 
int: ~urface 

Shceo.pe of 
Scoop- Scoop-Lower Bound- Pl.=rnar Planar 

in e '.1urface 
sha ped s haped 

Angu l ar Re-
l at io r. o f 
Cross-strata Di Ecor dant Discordant Concordant Discordant 
to l o wer 
bounding 
~urface 

Lithol o gy Homoge no us Heterogenous Heterogenous Heterogeno 1..E 

Tnb le 3 .2 Description cf the cross-s tra tified sets in 

t t e Hinuera Formation usiLg Allen's (1 96 3a ) 

criteria. 

Ty-pes 1 a nd 2 c ross-stratification corrbspor,d t o NcKee a nd 

~eir's ( 1953 ) trough cross-stratification, and be t h fre quen t ly 

displa y t he "festoon" variety first described ty I-\night ( 1929 ). 

Typee 3 and 4 correspond to McKee and Weir's planar cross-ctratif-

ication. This nomenclature, ccmbined with the clasaification 

presented on the basis of scale (Table 3.1), i s adequate to 

des cribe the cross-e:tratification of the- Hir.uer;:;. Formation for 

tle ~ur poses of this study. However, a mere recent a nd 

sophisticated c l as s ification scheme is avaiJ.able ( Al l en, 1963a) . 

Using t~e six descriptive criteria as presented i n Tuble j . ? , 

hllen recognised 15 cross-stratification types which he named 

using letters of the Greek alphabet. 



Type 1 is identical to Allen's Nu cress-stratification 

.( r1 g. 3 • 6 ) • Type 2 i~ similar to Pi cross-stratification, 

differing only in the lithological heterogenity of the 

cro~-:s-s tra ta. Type 3 most closely resembles Xi cross-

2tr fttificfition, but ic fundamentally different i1-:.. that each 

set is underlain by an erosional surface, and that the 

cross-strata o! the set appear to be concordant to the 

lower bounding surfaces. The cross-ctrata arc also 

litholoGicully heterogenous. Type~ is identical to 

AlJen's Epsilon cross-atratification (Fig. 3.9). 

j1 

ln accordance with Allen's suggestion that the nomenclatu~e 

be extended to include new types, type 2 is here tentatively 

called fho cross-stratification (Figs. 3.7, 3.10and 3.11), and 

type 3 is called Sigma cross-stratification (Fig. 3. 8). Rho 

croG~-Etr~tification is by far the most abundant sedimentary 

structure in the Hinuere Formation, and is preserved in rhyolitic 

and yiumiceous sandy gravels, gravelly sands, EH,d slichtly g.ravel l y 

s&nds, and highly pumiceoue gravelly muddy sands, muddy sandy 

g rRvels, gravelly sands, and slightly gravelly ~ands. (See 

Fie;. 4.15for textural classes.) Nu crosG-stretii~cation is 

ccm1;,on, r.no is pre.served in pumiceous slightly gravelly quart.z 

e:.&nds, \iighly pumiceous quartz sands, ar,ci. quartz 1::1ancl1c . • 

cross-stratification is rare, and is pres erved in high]y 

pumicecus gravelly sands and rhyolitic pumiceous gr:~veJ.ly ,, ?.nd s . 

Epsilon cross-stratification is also rare, ana is preserved 

j_n 1, umiceou::; rhyolit:ic f; ]i.(';htly f>: i-· r,v c ll.Y sa ndc-~ . 

Dec pi tr:.? rt:cent work, particuli.lr] y by Allen ( ·1•}6):.1, ·1,;( ; l.J J , 

a goot deal of co~fusion remains as to the origin of different 

typ~s of cross-stratification, althouch it is certain thAt ther n 

i s no Gingle simple explan~tion. 
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Fie, 3,6 

Fig . 3 .. 7 

Nu cross stratification in moder s tely well 

sorted pumiceou~ quartz sand, Mic r o - r •: l i P f 

is the result of weakly limonitic cemented 

laminae. Grid Ref. N65/676427, Hand Jens 

is 6cm long. 

Rho cross stratification in moderately well to 

very poorly sorted rhyolitic and pumiceous 

gravelly sands. Grid Pef, N66/193336 (Type 

section of Hinuera Formation) . [ica]e in cm. 
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[ i gma cross stratification in poorly sorted 

pumiceous gravelly sands, showing cros s -str~t~ 

concordant to a planar, &roEiona1 lower b uun ci inc 

surface •. Note o7erlying bed of very po o rly 

sorted, structureless sandy grave ls (see s ~ction 

7. .,, 
, ) . ,. ) . Grid Ref. N66/103275. 

long. 

Epsilon cross-stratification ( R), in poorl y 

sorted rhyolitic and pumiceous 5Jight l y gr&velly 

q:_.a rt z sand. Also shown is Type 2a hm:L~on t,d 

stratification (A), in moderately to very ~oorl1 

sorted rhyolitic and pumiceous rravelJ y and 

slightly gravelly qunrt~ sands, and Nu croRs-

st1°a.t.i fication (C). Grid Ref. N65/67642?. 

Hand lens is 6cm long. 



It can be inferred from cosets of cross-strata that 

erosional and depositional processes have operated, the 

erosional processes accounting for the surfac~s between 

sets, and the depositional processes for the growth of 

sets and the shapes and attitudes of cross-strata. 

Field evidence does not indicate whether or not the two 

processes acted simultaneously as a set was formed, nor 

does it indicate the vertical extent of erosion between 

s ets. Basically, the migration of asymmetrical rip~ les 

l .e a ds t o the formation of destructive types of cross-

bedding (Allen, 1963b). The varying ability of sediment 

to settle from suspension onto the surface of a migrat ing 

ripple train advancing by stoss-side erosion and lee-side 

deposition is believed to control the accumulation of 

distinctive types of cross~bedding 1 depending on sediment 

supply and ripple size, geometry and velocity (A llen, 10G3b). 

Nu crosG-stratification is believed to be formed by 

t h e migration of trains of linguoid small scale asymmetrical 

ripples (Allen, 1963a). Pi cross-stratification (Allen, 

19 63a) may be formed by the migration of lurate or linguoid 

large scale asymmetrical ripples. The heterogeneity of Rho 

cross-stratification is thought to be . the result of fluctui"::! tion:3 

in sediment supply and current velocity, and it is suggested 

that it may form in the same way as Pi cross-atratifica tion. 

In the absence of any comparative structure in the relevn nt 

li t erat ure, and the lack of exp erimental work, no mod e of 

origin i ::. sur:r.;e s ted for S'i.gmn c:ro r; :;- ~; l.ru t:i f i e :, l,j on. 1·:p .. ; ·j I t"111 

cross-stratification is known to have formed by deposition on 

planar erosional surfaces of point bars. 



h striking feature of the large scale forms of 

cross-stratification in the Hinuera Formation is their 

lithological heterogeneity. This was obeerved in some 

detail, and is illustrated by several of the figures 

in this \'/Ork, and in particular by Figs, 3.10 and .3.11. 

Cross-strata range from 1mm to 5cm in thickness and are 

formed from Alternating bands of a wide range of textures 

and lithologies, although dominated b.y three major 

aasociationn: pumice or rhyolitic granules and small 

pebbles; concentrations of ferromagnesian minerals, 

sometimes iron-stained; and moderately sorted qu&rtz 

sands . The dips of cross-strata vary from nearly 

horizontal to 45°, with the most common values between 

15° and 30°. Pebbles show only moderate to weak 

imbrication. No relationship could be established between 

t 110 dip or thiclmes.s of cross-strata ancl grain si t'.e or 

,_. sor .. :i..ng. 

Moss (1962) has shown that most natural sandy and 

gravelly sediments are deposited as compos:uters,, ~n:d not;, 

as is commonly assumed in grain size analysis, as single 

homogenouo particle populations, Moss used ~hape ana l ysis 

of elastic particles to show that up to three distinct 

parti~le populations could occur in a single sedimentary 

lamina of any particular water-laid sandy and gravelly 

sediment. Thie conclusion has been supported by several 

workers ('ranner, 1964; Vj_sher, 1965, 1969; and others) 1 

who have resolved cumulative grain size diGLribution 

curves into straight line segments, each repre s enting a 

log normally distributed population of material deposited 

by a different physical process (see section ~.1). 

7 'i _), 





Fig. 3.10 Rho cross stratification in moderately to 

poorly. _sorted pumiceous and rhyolitic grave llJ 

sands, showing the heterogeneity of cro ss - s tr3tR 

jn the Hinuera Formation. 

Rho 

poorly sorted highly pumiceous g r a velly sand s 

and sandy gravels. At the centre of the .rl,otr,.,· :·•, 

is a pocket of structureless rhyo)itic and 

pumiceous sandy gravel. 

Hammer is 33cm long. 

Grid Ref. Nt 6/103275 . 



(1S63) concluded that apart from "traction clog" deposits, 

all depositional sedimentary structures built of clean 

sandy and gravelly sediment are the result of traction 

carpet-saltRtion load interactions. Each sedimentary 

lamina making up these structures is apparently characterised 

by a single saltati6n popul~tion. The sudden textural chanBe 

from one lamina to the next occurs because only certain 

saltation population particles are deposited until a critical 

stage is r eached, whereupon a ne11 saltation population is 

deposited ( Moss, 1963). Hence, traction current bed l6ad 

sediments are deposited in small "packets" or laminae, each 

with their own grain size distribution, the latter be ing 

dependant on the relationship between the transporting 

med ium and the bed load. 

A phenomenon commonly present in the cross- s trata of 

the Hinuera Formation is the non-uniform distribution of 

grain sizes within individual laminae. Cross-stratified 

gravelly sand5 frequently showed a decrease in me~ian grain 

size down the slope of the laminae, with resultinG concen­

trations of pumice and rhyolitic pebbles ana granules near 

the top of the set of cross-strata (Figs. 3.12 and 3.13a). 

This may be explained in terms of Bagnold's (1954) dispersive 

stress theory. The intergranular dispersive stress increa~ e1 

as the square of the particle diameter, and hence differentia : 

stress on the larger particles may be large enough to force 

them to the surface of the slip face where the dispersive 

stress is zero. Jopling (1965) used flume experiments to 

·, 
investigate grain size distributions of sedimentary laminae. 
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!tho cross-strati ficri tion, showing a dt?cre n:,, e in 

median grain size down the slor:e of tLE, laminae. 

Granules and pebbles are rhyolitic rnck frHgment r 

with some pumice; sand sized particles are 

quartz and ferromagnesian minerals, For 

explanation see text (pp, 37 

:c::ef. N65/812437, 

to Y·O ) , c: rid 



a 

b 

Fig. 3.13 

0 10 20 30cm 

Scale 

Non-uniform grain size and lithology distribution in 

cross-stratified sets of Hinuera sediments. F'or 

expla nation see text (pp.3_7- 1+1). (a} rhyoli tic 

gravelly quartz sand ( b) highly purniceour.: 5ra ve .! ly 

quartz 3and (c) pumiceous gravelly quRrtz sand with 

concentration of ferromag:nesia11 minernls. 



For gr&velly cands, the median grain size increased down 

the forest slope. The coarse fraction of the sediment 

load was deposited at the top of the forest slope, probably 

as the result of dispersive pressure caused by grain 

collisions, but a process of slip, or gravitational sliding, 

reversed this distribution in the downslope direction. 

It is suggested that deposition of the sediments of the 

Hinuera Formation was commonly sufficiently rapid that the 

coarse fraction remained at the top of a sedimentury laminat 

and waG preserved in this stage by deposition of the next 

lamina before appreciable slip-off could occur. 

Many sets of cross-stratification are preAent in whicn 

the median grain size increased down the slope of the laminae. 

This occurred in r hyolitic sandy gravels, but waa ~ore coramon 

in highly pumiceous sandy gravels with pumice granules and 

small pebbles concentrated at the bottom of indivldunl lamin~e 

(Fig. 3.13b), and may be explained by leas rapid deposj.tion 

enablin g gravitational sliding to reverse the original grain 

size distribution. 

Another uncommon phenomenon involving non-unifor~ ~rain 

si~e distribution of individual laminae is the preservation 

of 11 packett.; 11 or lersoid laminae of pumice r.;ran!lles and small 

pebbles, isol~ted from the upper and lower bounding surfaces 

of the set (F'ig. 3.12c). These laminae of pure pumice 

alternated with, and were concordant with, laminae of well 

sorted quartz sand, occasionally showing a similar morphologyi 

and laminae of highly concentrated ferrornagneui:,n rn:i.n er:lJs . 

A progressive change in the lithology of laminae from one end 

of the set to the other is observed in some cases. 



The above sediment distribution features cannot be 

exp lained in terms of dispersive stress theory and 

gravitational sliding alone. Other factors such as fall 

velocity and turbulent diffusion, which contributes to 

the sorting processes largely responsible for the formation 

of primary sedimentary structures (Brush, 1965), must be 

consider·ed. in any explanation of such comp lex sediment 

d ic t::- i butions. 

An im portant factor in consideration of the sedimenta ry 

s t r uc tures formed during the deposition of the Hinucra 

'+ '\ 

sediments is the extremely wide range of specific graviti e a 

ir1vol ved i n the d i fferent li thoJ.ogies 1 from hea v y ferroma r, n e,':i i c.n 

mine rals ( average density 4.3), through quartz (2.7) a nd 

r hyo1itic rock fra gments (1. 88-2.15)*, to pumice (0.65-1, 0 4)•. 

Po s sibly the most important, and &s yet largely unknown 

f a ct o r, is the hydrodynamic behaviour of p umice, both when 

d ry and when waterloiged, Without such experimental l y 

d erive d informa tion, the detailed interpretation of the 

cross-stratification in the Hinuera Formation in hjdrodyn a mic 

terms is, at beet, limited, 

3,2 HORIZONTAL STHATIFICATION 

Three distinct types of horizontal 5tratification are 

present i~ the Hinuera Formation, and are here cla s ~ified 

ac cording to thickness after McKee and Weir (1 953) (Table 3. 3 ). 

• mc,:,, n effec tive field c.lens:i. tje:~ (Cl.ivt!r 1 19 6';! ). 



Beds 

Laminae 

Table 3.3 

very thick-bedded 

100cm 

thick-bedded 

30cm 

medium-bedded 

10cm 

thin-bedded 

3cm 

very thin-bedded 

1cm 

laminated 

0.3cm 

thinly laminated 

Classification of str~tificatio~ 

according to thickness. After 

McKee and Weir (1953) as modified 

by Ingram (1954). 

(1) Type 1 : Thin to medium-Ledded horizontal etratif-

ication. This refers to poorly defined horizontal or near 

horizontal strata, 4 to 25cm thick, preserved in very poorly 

sorted rhyolitic and pumiceous sandy gravels, and corresponding 

to the horizontal bedding described by Doeglas (1962). 

to medium bedded horizontally stratified sediments are 

Thin 

volumetrically unimportant, but physically disti nctive units 

(Fig. 3.14), observed at only three exposures (B, F, snd Ji ). 

Lithologically similar deposits are occasionally structureless 

or massive (F~g. 3.8). 





Fig. 3.14 

Fig. 3.15 

Type 1 horizontal stratifica tion in very 

poorly sorted rhyolitic and pumiceous sandy 

gravel~. Grid Ref, N66/193336 (Type S ection 

of Hinuera Formation). Scale in cm~ 

Type 2b horizontal stratific3tion in pumice 

s ilts and sandy silts, showing d~r k lHminae o f 

fine sediment alternating with li ghter l nmi nae 

of coarser sediment. Note o~Gn s ionol pe ~hle 

sized pumice fragments (top left and up per right 

centre). Grid Ref. N56/795525, Scale in cm, 



(2) Type 2 : Thinly laminated to laminated horizontal 

stratification, of two texturally distinct varieties. 

Type 2a : This refers to horizontal or very gently 

dipping, laterally continuous sets of laminae, eHch only 

a few grains thick, preserved in moderately to very poorly 

sorted rhyolitic and pumiceous gravelly and slightly gravelly 

quartz sands (Fig. 3.9-A), This type corresponds to the 

horizontal stra tification described by Harms and Fahnestock 

( 1065), and was observed at only one exposure (N65/G76427). 

Type 2b : This refers to horizontal sets of laminae, 

2 t o .8 mm thick, p reserved in some pumice silts &n d sandy 

silts, consisting of alternating layers of fine a nd coars e 

s edi.ments (Fi g . 3.15). The structure corres p on ds t o the 

pa rallel strat ifica tion described by Harms and Fahnestock ( 19 6 ~) 1 

~nd is particblnrly well developed in a large, lens-shRped 

de p os i t, approxi mately 60m across a n d up to 2m thic k , at 

N56/79552,. Many of the pumice silts and sandy silts iri 

t h e Binuera Formation show ·no horizontal stra tifi cation and 

ap p ear massive. 

3. 5 POST-DEPOSITIONAL S 'rRUCTURES 

Several different post-depositional structures occur in 

the Hinuera Formation. They are not common, and most were 

observed at one exposure (N65/676427). 

Liquefaction or partial liquefaction, resulting in a 

sudden increase i n s ed i ment mobility, appea rs to ha ve ·p l ayed 

an important part in the formation of many o f these po s t­

depositional · structures • . Liquefaction originates in 

coh e s i onles a s e dim ent when the pore-water pres sure increases 

to a value at which the shearj.ng strength is zero. When 

l 



the shearing strength is zero, the sediment behaves like 

a liquid (van der Lingen, 1969). Pore-water overpressure 

can be caused by shock, differential loading, or. differences 

in ground-wa ter level (Graff-Petersen, 1967). Sediments 

in the fine sand to silt range are the most susceptible to 

liquefi ction (Williams, 1963); if liquefaction is in feet 

the mechanism causiqg post-depositional defor mation in the 

Hinuera Formation, then the process has intolved the 

mobilisation of sediment as coarse as ~edium and coarse 

s and. 

Liquefaction appears to be restricted to cert a in beds 

in a Gequence. In Fig. 3.16 the bed on whic h the hamMer 

rests appears to have beeome liquefied. The resul tin1::: 

structures may be exp lained in terms of a mechanism outlined 

by Van der Lingen (1969) to explain the liquefaction structure s 

in turbidites. Liquefaction commences at centres where 

packing is least dense (Williams, 1963), resulting in the 

development of irregular synclines and anticlines in the 

sediment. Sediment and water move towards the anticlin~~, 

and the confining layers yield to this distortion by plastic 

deformation. 
... 

'rhe liquefied sediment can act dia~j_ric1~lly 

and may locally rupture the confining layers, forming an 

expulsion structure (above and to the left of the hammer in 

Fig. 3.16), or may inject into the confining layers forming 

a flame structure (right centre~ Fig. 3.16). An alternnt:i.ve 

origin for the structures in Fig. 3.16 is tha t the broad 

do~e-shaped stiuctu~es are erosional features, and th~ t the 

overlying beds were draped over the domes. This latLer 



"5.t7 



Fi g. 3,17 

}:x}-lulsion structure and f lam e st r:~ctu r es 

resulting from poet-deposit ional liq uefact i on. 

· Also shows Nu and Epsilon c rosG - Gtr~tifice t i nn 

o nd Type 2a horizonta l s trat i fic ~t i on, Gr j d 

Ref. N65/6764.'.2?. Hammer i s 33cm lon g . 

11 lnject~on 11 structure. Liquefied pt.mic-=ous 

sand has a cted diapirically and distorted the 

overlying confinine beds, which ha ve subs equentl y 

been planed by eros ion a nd Nu cro s s-s trat ified 

beds deposited above the eros i onal s urfa ce. 

Grid. Ref. N65/676427. Hand lens is 6cm lone. 
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possibility is rejected because of the presence of expulsion 

structures (above left of hammer) and convolutions (immediately 

to the right of hammer), both of which were probably caused 

by liquefaction. Moreover, if the dome-shaped structures 

were erosional in origin, it is unlikely that they would 

have remained upstanding under the hydrodynamic energies 

necess a ry for the de~6sition of the overlying sandy gravels 

and gravelly sands. To the right and centre of Fig. 3.16 

there is a small monoclinal structure which may have formed 

as a result of the withdrawal o f the underlying liquefied 

bed during the formation of the dome-shaped structure below 

and t o t h e left of the monocline. 

Fig. 3.17 shows another 11 injection11 s ~ructure, probably 

also the result of liquefaction. The p&le pumiceoas s a nd 

in the centre of the photograph liquefi 0d to form au irre gu lar 

anticlinA ~hich diapirically distorted the overlying confinin g 

beds, but did not r upture them. Erosion subsequently planed 

t he ~nticlinal form of the overlying beds, as evidenced by 

c u t-off laminae, and Nu cross-stratified bids were deposited 

above the erosional surface. 

Fig, 3.18 shows a small scale expulsion structure in 

which medium to coarse quartz sand has liquefied and ruptured 

the confining bed of pumiceous sandy gravel, and caused upw&rd 

displacement of the overlying stratificati0n. 

Another post-depositional structure observed at only one 

l oca lity (N65/676~27) was a type of convolute lamination 

(Fig. 3.19), which probably also r es ulted from Jiqnefact:ion. 

'l'li,? l!:imina tions are emphasised by limoni tic-cemented laminae 

o f fine quartz sand. Only the fine grained laminae in the 

distorted interval show convolutions the coarser crained 
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Fip; •. 3.18 

~'ig • . 3. 19 

Expul.sion s true t ure. ~ Purniceou:, sand has 

ruptured the overlying confi ning. beds and 

distorted the stratification abov e . Grid 

J~ e f. Scale in cm. 

Convolute lamina t i on, emphasised by limonitic 

cemented laminae of fine quartz sand. Grid 

Ref. N65/676427. Hand lene is 6c1n long, 



~nits are not convoluted. This is in agreement with the 

belief that convolute lamination is limited to fine sand 

and silt (Kingma, 1958; Dzulinski and Walton, 1965). 

Fig. 3.20 ~hows the combined effects of liquefaction 

and post-depositional slumping, which 'has resulted in small 

scale intrastratal faulting. Beds of pumiceous and rhyolitic 

gra velly and slightly gravelly sands show displacements of 

up to 2cm along fault planes, indicating brittle deformation. 

Overlying these coarse sediments are laminated pumice silts. 

The silts appear to have liquefied and invaded the underlying 

sediments, as evidenced by the compressional convolutjons of 

the laminae in the pumice silts. Where these thixotropic 

fine-grained s~d i rnents have punched into the coarser sediments, 

the latter exhibit plastic deformation. It is suggested that 

where brittle deformation has occurred, the water content of· 

the sediments was insuffitient to allow plastic deformation, 

and intrastratal faulting resulted, possibly from differential 

loading. The overlying liquefied sediments were able to 

punch into the coarse sediments only when the water content 

of the latter was sufficiently high to allow plastic deformation. 
1 • ; . t; , .. , ' 

There is no evidence to suggest that intrastratal fnultint 

and liquefaction occurred other than simultaneously. 

Fig. 3.21 shows large scale scour and post-depositional 

deformational structures. The predominant primary structure 

iG horizontal stratification, an~ one bed is Epsilon cross-

stratified. ~t least two cyclAs of scour, de position and 

deformation are shown. The sequence of event ~ producin~ 

the resulting complex structures is sug[ ested to be as follown. 

A brood scour was eroded in a sequence of horizontally stratifi ed 

beds and became partially fill1:Jd with a further sequence of 

horizontally stratified beds. denosited concordant to thR 
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Fig. 3.20 

Fig. 3,21 

Small scale intrastratal faulting. 

explanation see text (pp. 20~) Grid 

Ref. N56/795525, Scale in cm. 

Large scale scour and post depositional 

deformation of predominantly Type 2u 

horizontally stratified beds, , fhe dark, 

massive bed at left centre is pumice ~andy 

silt. For explanation see text (pp.49 to 51 

Grid Ref. N65/676427. rrammer is 33cm long. 

\ 
j • 



51 

.erosional surface. The latter were subsequently deformed, 

possibly as a result of gravitational slumping due to 

overloadinB following abandonment of the adjacent channel. 

These post-depositional structures were then rartially 

traded, as shown by cut-off laminae. A very similar cycle 

·or events followed, culminating in the formation of the 

large post-depositi6nal contortion to the left of tbe 

ceptre of the large, massive body of pumice silt to the 

left of the photograph may have combined with gravity 

slumping to produce partial rotation of the originally 

horizontally laminated beds near the centra of thiD 

contortion. A sequence of Epsilon cross-stratified and 

horizontally stra1:ified sandy gravels and Nu cross-stratified 

s ands were then d~posited, and further post-depositional 

deformation ~ esulted from complete or partj_a l liquefaction. 

It would a11pear that under suitable conditions , the 

fin~ 6rained units of the Hinuera Formation are susceptible 

to post-depositional deformation. It is also ~pparent 

that fulfilment of these conditions is uncommon. On the 

evidence available, liquefaction is the most likely mechanism. 

The origin of the pore-water overpressure neceRsHry for 

' 
liquefaction may be differential loading, or differences in 

ground water level. It is suggested that these conditions 

may be mot wherever rapid deposition in an alluvial environment 

is coupled with relatively major shifts of stream channels. 
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4.1 GRAIN SIZE DISTRIBUTION CURVES 

Grain size distribution curves were plotted for all 

sc-1.11;r,les on arithmetic probabilit_y paper with the allsci.s.sn 

scale in phi units, giving a lee-probability plot. Gther 

types of plots, such as arithmetic cumulative fr8quency 

plots and frequency histograms, are difficult to read and 

interpret, and changes in slopr:• 1 amount of inixin6 , trunc;;,tion 

points, and other parameters cannot be easily observed or 

comp~.red. The striking aspect of the log-probability plot 

is that the tails of the simple "S" shaped arithmetic 

c1:;rr.ulG. ti ve frequency curve appear as stre_ie;ht lit1es, Dnd the 

curve usually exhibits two or three straight line segments 

intiicating that grain size distributions do not follo~ a 

sir.::plE• log-1;ormal law. The consistency of the position of 

truncation points, slopes, and other characteristics for 

various depositional environments suggest that log-probability 

~lots reflect meaningful relations (Visher, 1969 ); ~pencer 

(1963) suggested that all elastic sedimenis consiGt of three 

or less log-normally distributed populations; and lh~t sortinc 

is a ~e&sure of the mixing of thesG populRtione. Each lor;-

uorma} population has its own mean grain size ar;d ;;tarn.lard 

deviation value. The interpretation of str2ight line segments 

in lee-probability plots is that each straight line reprebents 

a separate log-normal population (Visher, 1969). 

The major problem in the study of gnd.r. si,-.e d:Lstrill\lti.on :, 

of .sediments is the reJ.ation of sedimentary r,rol.: i. i: ·;cc·s Lo 

tGr.tural response0. 

distributions to modes cf sed i. m011t transport, with ~:.:1 c }, ;~tr:d.t '.ht 

liu: .segment of the log-probability plot i•q;rcEr:rd.inr: materi~,l 



transported by a different physical process. 

Sediment may be transported in alluvial channela by 

three mechanisms: by rolling or sliding over the stream 

bed, formin[:, the contact load; bybounching along the b12d 

in~ diffuse layer imocediately above the bed, frirming the 

saltation load; and by turbulent suspension throughout the 

entire stream cross-se6tion formitg the suspension load. 

The contact load and the saltation lo~d combine to form the 

bed load. 

Visher's intcrpretstion of the relation of the grain 

size diatribution curve to sediment transporting mechanisms 

is shown ic ~ig. 4.1. 
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Pe:Lation of sediment tram;port dynamics to populntict. ­

and truncation points in a grain size distribution. 

(After Visher, 1969)c 

Grain rd.ze distributions may be characteri sed b_y th,~ nuriucr, 

degree of mixinc, size rung~, percentace, and degree of sortin& 

of each lo i_l: normal-population. If it is nssumed tl:a t ench 

transportation process is reflected in a single log-normal 



populution within a single grain size distribution, the 

~roportion of each population should be related to the 

rclaLive importance of the corresponding process in the 

formation of the whole distribution. The sorting, size 

rnn~e, degree of mixing, and points of truncati0n or 

the~e vopulations may provide information on curren t s, 

ratec .of deposition and provenance, 

Vish er (1969) noted that the grain size distribution 

curve::; of modern fl uvial sediments are characterised -IJJ: 

(1) a well developed suspension population formine of up 

to 20 percent of the sample, 

(2) a truncation point between Guape~sion and saltation 

loads between 2,75 and 3.5¢, This may represent the maximum 

particle size t~at vertical turbulence components c a n maintain 

in suspension. 

( ?•) ,, tr imcation point between .saltation and con tac I. loads 

between 1.75 a~d 2.5¢. This may represent the junction between 

the S tokes and Impact Law formulae (Fuller, 19 61) which Visher 

interprets as the size where inertial forces cnuse rollin5 or 

s liding of particles rather than saltation. 

(4) a slcpe of the saltation population straigl1t lin e se gment 

in the 60° to 65° range. 

The 71 grain size distribution curves plotted for samples 

of the Jlinuera Formation showEld a hj_gh degree of variabJ ll t,y. 

Approximately one third of the curvGs were of sigtnoidal shape 

with the tails forming straight lines, ~;i ving three str~, i[';ht 

lin0 s.Jgments (F'ig. 4.2a) simil=lr to Visher's p .-.ll.tern. 

simp]e sigmoidal curves are characterised by: 

'l'he,.; c 

(1) a poorly developed suspension population, usually lezs than 

5 percent, but up to 20 percent of the ~ample. 
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1 
·,' t t · ~ c.. , a .runcF.t ion point between suspension and salta tion loc.1dG 

l, f> • '";' =· ·1 ::;, · i .,. ·, .· 7., 5rt. ~ .... , ..,e _ ._.c... t;.A. ... 1a /• 'P• 

( .3) a tr 11nca.tion point between saltation and cont;:_._c t loads 

bct~een -3.0 acd 2.5¢. 

\.
I L. ) . , a slope of the saltaticn population segment in 

~,-oo r -~~nge. 

0 
the 55 to 

(~ ) a VGry well <lev~loped s~ltation population fo rmin g u~ to 

~O perce n t of the s ample. 

'fl-..e notab le diff~rences betweeu thel',t1 charactt?ristics i;ITid 

tho~ ~ of Vlsher•s dis~ribution curves for fluvi al sediments 

&rA the very co~rsc limit for the s~ltatiou population (-3.0¢ 

c f "1.75.0), the greater range in the slope: (sortinc) oi' the sf:}b tion 

pop ul::: ti o1i r:;cgmen t, and the small suspen.sion pop>, l a tion ( 5. : r. f 

2t 1 . ) • The curves for t h e Hinuera Formation samples suggest 

t h~t in st le3st one instance, material of small pebble size 

( -3. C¢ ) has bee n tranuported in saltation. 

':Je t·"e f:n s1:.l tation and conta.ct load is e.t about -1.0¢, vihi;::h jr:; 

very rnu::h co orvc r than Visher' G truncation lir:1it ( 1. 75¢) 1 ,Jnd 

indicates tll.'.'i t verJ co&.rse sand has been tr:::iTLs ported in r;:;.llt i..: ti -:: .• 

The coarse truncation point of the sa]tnti cn population r e f lect s 

r.r,e s hear at the depositional interface (Visher, ~1')6';-') 1 with 

hi,.;lt shear produced by high bed layer cur-rent velocities. I f 

;iEher's interpretation of this is correct, tha t the coarse 

truncation point is the particle ai~e where inertial forces 

causa rolling or sliding rather than saltation, then a depoaJtiona l 

envirorunent of unusually high energy is indicated. 

;suriport ed by a coarse sal ta t i on suspension trur,c:d,ion 110 "ir1 t. 

rte position of this fine truncation point may reflect tur1ul~nt 

energy at the depo i, itional interface ( Visher, 1<; (iCJ) und tl1e f ,;1ct 

tl!o.t the fine truncation point for the saltation population 



of Hinuern sediments is commonly 0.5 phi greater than the limit 

indicated by Visher for fluvial sediments indicates a very high 

turbulent energy. The amount of the saltation popul~tion iA 

partly de: iende:nt on the rate of deposition (Visher, '1 S•69) and e 

saltation population of up to 90 pe~cent in the ~inuer ~ ~ed i me,~Ls 

indic~tes r bpid deposition. 

'Phe s 1ic,ipension po·pula tion re flee L, the conui t.ions above 

th e depo~itional interface. 8orting of this population and 

mixin g with the saltation population appear to reflect turL~le~c e 

i n t h ,:, ov8rlying fluid and the pr es,:nce of a boundnr;i' l :;ycr 

(V isher, 1969). The sm~ll, poorly sorted suspension population 

pre s ent in almost all the Hinuern sedimen~ curves ind i cat~~ t h nc 

strong currentG produced a boundary layer whic h restricted tl1 e 

amoun t and surtinc of the suspension population inclujed i n th~ 

gr3in size distribution. Most curves show a moderate degree 

of mi x ing betwe~ri the saltation nnd suspenzion po :;;1 lations 

(Fii._,;. 4.1). In true suspension there is no variatjon of 

s ediment concentration between the surface and the de positional 

interfa ce, allowing some of this material to be deposited by 

inter·u. ctio·:1 with coarser material at the sc~diment-v,a ter inter f·; c: e. 

Strong mixinIT between saltation and suspension population s Al r c ~ r ~ 

to be rel a ted to highly va.riable energy conditions, which 

result in partial destruction of the boundary layer (Visher, 

The variation in the slope of the salt8tion popul~tion, 

which is a mess1.re of .sorting, also suggests hi ghly v:1ri ub l e 

energy conditions • 

.3o~iie distribution curves for IJinueru sediment:-; show ~· :-:11n 11 

~uspension population, a well developed saltation popul~tion, and 



appa~ently no contact load population (Fig. 4.21). Certain 

f luvia l depo s its do not Ehow a contact load popula tion ( Vi 5her, 

1969 ). · The reason for t his is unknown, but Visher sugcests 

ti1at i G il'l 1~robably rel.;-,ted to the remova l of part of the 

c c;-; :·i: cE,t fractions and to the strong shear at t he d epositional 

ln t erfa c~ in de posits formed by continuous currents. An 

a ltern~tiv a explnnatiori · is that material of the appropriat e 

~r 3i.n s i ze ~a s no t s vai l8 ble at t he t i me of depos i ti on • 

. :, 1·ew curves show a saJ.tat:i.on popul.::. tion cn l y ( 'F' i g . 4.2c) 

* hich m3y be t he result of a n extreme decree of mixing betw e en 

su~p ens i on and saltation popula tions. 

'rhc remi:lin i ne; two thirds of the gra:i.n s i ze d i stri'outio!1 

cu r ves p l ott ed for Hiuuera sediment::; cannot be described '3nd 

in t erpreted in terms of t hree or less stra igh t line s egment s, 

bu t a re most complex with commonly four and up to five or six 

a tra iGht line segments (Fig . 4.2d). The inference j ~ that 

t he r e bre up to five or six log-normally distributed populationc 

present. Two independant lines of reasonin g may be pursue d to 

e xplain this apparent anomaly: the first considers the mixing 

of two or more log-normally distributed populations in bimodal 

or polymodal sediments; the second considers the concept of th e 

sedimentation unit and the effect of s ampling procedures on gru jn 

size distribution curves. 

Tanner (1964) noted that sediment size distributions commonly 

plot, on probability paper, as ziz-zag lines. He show e d that t ws 

e r more log-normal distributions can be plotted o n probabilit y 

paper and then mixed in any desired pr oportions, K non-lo c -norm~l 

plot is obtained. If two distributions are combined ty simple 

addit i on in equal proportions, the combined cur vE shows three 

strai[ht line Ge3ments (Fig. 4,3), Variation~ in the chara c-

teri s tics of thQ combined curve depend on the nu111ber nnd pro1H••· t: io n :~ 



of the mi~ed ropulationc. 

'Pwo compont2nts (1 and 11) with uiffel'r-.:nt means, 

mixed in equ,'31 proportions, and the combinntion 

obtained by Gimple mixing. 'l'wo inflection 

points c1 r,p eo.r. After Tanner (1964). 

.'.:i ') 

Dyer (1970) showed that when cumulative grain cize distribution 

curves are plotted on arithmetic probability parer for bimodal 

u~nJy gravels, a zig-zag trend was obtained for most curves • 

.:.; pencer ( 1963 ) considered the effects of .r.;or-ting on biruodal 

e;r ,:dn size distributions and .sho'lie1 that all t h<:: Mis:::i::;:o:ip!:, i 

delta bediments may be adequately descrited ty t wo cepar~te 

Joe-normal grain size populations, or the two mixed together in 

va rious vroportions as a resul~ of sorting. Pettijohn (1957) 

dre w ~ttention to the fact thRt materials in the -1 to -2 phi 

and 3 to 5 phi rfJnge seem to be c.efic:i.ent in c lar. tic sed.i.men.tr.; 

G..s a whole, and su :·: r;ested that the r,roce,::s of rc,ck d.isinte r; ra t i , ,n 

may yield products of varying grain Eize nnd p~oducc more of 

certain sizes and les~ of others. Three fundamental populatjons 

appear to exist in claatic sediments as a result of rock 

brea~down alonG joints or bedding planes yieldin~ gr~vel sized 

particles, granu~l uiG:i.ntegration and ;.1lJr;, ~ .. io11 _y ·i1:ltli111 •: r:r:.-i n,.-: 

of snn~ size and chemic~l decomposition yieJdin; clay. 

Spencer (1963) stated that all the grain size distribution curv~ ~ 

he :;;t.1.HHed could be adequately de::;cr:i.bed h,y either tlie thre(· 



fundanental populations, mixtures of the three, the truncated 

for~ of any particular combination, or mixtures of truncated 

forms. 

Ge 

Very few Hinuera sediments are unimodal, most ax·e bimodal 

or trimodal, and aome were quadrimo~al (See section 4.2.1). 

The rr~ater the number of modes in any particular sampl~s, the 

more complex is the gr~in size distribution curve for that 

:..:;ample. 

It is AU Gfested that the complex grain size distribution 

curves for ~olymodel Hinuera sediments are, in part ut least, 

the result of mixing of up to four provennnce dependant, log­

normally distributed populations, each with its own mean 

gr::,in size, in proportions determined by sorting processes. 

Another factor in the consideration of grain size di ~ tri­

bulion curves . iG the interpretation of the sedimentation unit, 

which become s critically important when dealing witl1 sediments 

as heterogenous os the Hinuera Formation. 

discussed the concept of the sedimentation unit, and summarised 

the problem by stating that the precise definitj_on of the 

sedimentation unit depends upon the scale factor, and upon the 

desired degree of resolution. Otto (1938) defined the sedimen­

tation unit as "that thickness of sediment which was depot,.i. t.;-d 

under ef3Gen tially constant physical condi tions 11 • A set of 

crois-strata (McKee and Weir, 1953) is generally accepted by 

field geologists as the basic ~edimentation unit, and it wa~ 

on tltis basi.3 that all. F.amples in this study were tal<en from 

s : n ~le sets of cross-strata. However, a.s stH ted liy Pet L i;jnt111 

(1957), cross-laminations record local and short-timed fluctuations 

in the velocity of the depositing current. i i os :::: ( ~9G.~) ccnclud eJ 

that a sample from a sinBlC sedimentary lamina is uaualJ.y a 

compQE, ite with ur to thr·ee pa1,ticle populatione-., ll.nd 130 a ~-;t, ,nplt> 

l 
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derive(1 fro,r: , say, five laminae mn.y conta :in up tc, 15 particle 

po p;;l.::1 ;~ion.a,;, For the purposE:s of environn1ental stuoj_e;.; or. U1e 

inveE ·tigation of depositional processes, Mo::.:::: believe~ tha.t sucL 

a ea.r .. r,le dces not represent a d:iscrete sedi.mentation Ll.lJi t. 

J opling (19G4) ccncluded that well-definE:d laminae c~n be 

d0posited under a fairly wide ran ge of flo~ conditicns (includinc 

1wiform conJitir.rn~,-) 1 ;,m<l tho.t i....ntil more rEfinco. intc·r r rr:tivi:,· 

techniquG-s l-, ecr,me ,iv,:d lab le, thcorisin1~: on the 11 &ss0;;ntia lly 

conRt,.ir;t." condi tiono of deposition i :::: no L ju.s tifi ed . Vi.:; h c, r 

(~ ·:· 65 , 1<:, G9) h ;_ ,. s .s ince :prc,duced ntO!'E• <'ld equa te h :te q :,re tivc. 

tec tn ~auec with hiE reccgnition of lo g-normal pa pu lationa within 

1rn.d.n c-Ji.Ze distri bu+.i.ons , derendan t. on mode ::, o J' s 1:, ;.1i rr.tn t tx·;,, n5 !. 01·t , 

but appe&rs to i gnore th0 conEider~tions di3cusGed by Joplj~~ . 

5ecuus e cf this unc ertainty, a sot i s here intcr1reteri to lie 

within Ut to's definition of a sedimentation unit. Ho~vever, 

tbe c,,;mposi t i: n.;1tu:ce of single laminae c-tr,d tbe ext:r:u.,e h0te:ro­

geneil.,y of laminae wl tbin sets of the Hi11usrB 1"orm,1tion V01\Y 

protnbly ccntribute to t h~ complexity of tt e Bra in 2i ze distiibution 

curves obtained. 

4. 2 fr;'ATLSTICAL .PAR AM.2'rEf'. .S 

Statistical par·ameters . ('l'allle 1., .1, after Fo:1..k £,nd ~,'f,::·d, ·1<J:, ~,.) 

were calculated for all samples. The verbal limits for t~ese 

parameters, as suggested by Folk (1968), are included in Tahl o 

!+. 1 • The results of nnalyses are p res ented in Appendix I. 

cra in size scale with verba l e quiva lente is presented i.n ~all ~ 

1...2. 

It should be noted that ir. the characterisation of size 

frequency distritutions, ctandard cteviotion is a measure cf 

the spread (Jf phi uni ts of the sa.mple; r;eg~,; ti 110 or 1,0:;i ti ve 

fl. 



Graphic Mean 

M = z 

¢16 + ¢50 + ¢84 

3 

Inclusive Graphic Standard Deviation 

crr = ¢84 - ¢1G ¢95 - ¢5 
----+----

4 

Verbal Classification: 

a1 under o. 35<1> 

0.35 to 0.50¢> 

0.50 to 0.71</i 

O. 71 to 1.0¢ 

1.0 to 2.0lj) 

2.0 to 4.0cj> 

over 4. O,p 

Inclusive Graphic Skewness 

6.6 

very well sorted (vws) 

well sorted (ws) 

noderately well sorted (mvs) 

rrode:rately sorted (ms) 

poorly sorted (ps) 

very poorly sorted (vps) 

. extremely poorly sorted (eps) 

SkI = ~16 + ¢>84 - 2¢50 + · ¢5 + ¢95 - 2¢50 

2(¢84 - ¢16) 2(¢95 - ¢5) 

Verbal Classification: 

Sk1 from +1.00 to +0.30 

+0.30 to +0.10 

+0.10 to -0.10 

-0.10 to -0.30 

-0. 30 to -1. 00 

Griaphic Kurtosis 

~ = ip95 - (j,5 

2.44(q,75 - <j,25) 

Verbal classification: 

~ under 0.67 

0.67 to 0.90 

0.90 to 1.11 

1.11 to 1.50 

1. 50 to 3. 00 

over 3.00 

strongly fine-skewed (sfs) 

fine-skewed (fs) 

ne.a.r-syrrmetrical (ns) 

coarse-skewed (cs) 

strongly ·coarse-skewed (scs) 

very platykurtic (vpk) 

platykurtic (pk) 

mesokurtic (mk) 

leptokurtic (lk.) 

very leptokurtic (vlk.) 

extremely leptoJ<urtic (elk) 

62 

Table 4.1 Statistical Parameters ( after Folk and Ward, 1957) • 
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MTLLIMETE11S PHI (¢) WENTWORTH SIZE SCALE 

BOULDER - 256 -8.o 

- 192 -7.5 LARGE COBBLE 

,__ 128 -'?'. 0 

- 96 -6.5 SMALL COBBLE 

I - 6h ~6.o 
VERY LARGE PEBBLE ...:I 

~ 

32 - -5.0 
;:., - - .:,; 
r.r. 

LARGE PEBBLE e) - 16 - - -4,o 

MEDIUM PEBBLE 
,__ 8 -3.0 

SMALL PEBBLE - l+ -2.0 
GRANULE - 2 -1.0 

VERY COARSE SAND 
- 1 - - o.o 

COAHSE SAND 
- 0.5 - - 1.0 

MEDIUM SAND A z - 0.25 - 1-- 2.0 <>: 
CJ) 

FINE SAND 
- 0.125-- 3.0 

VERY FINE SAND - o. 062 .c:: L~. 0 

SILT 
o.ooy· 8.o 0 - p 

... -
CLAY .... 

Table 4.2 Grain size scale for sediments 



s~ewness indicates asymmetry towards the coarser or the finer 

fraction respectively; platykurtosis and leptokurtosis 

indicnte a poorer and better sorting res~ectively in the 

central part of the distribution as compared with the tails. 

1+.2.1. A~ge Grain Size 

Two measures of average grain size are used in thiK study; 

mean ~rain size and mode. 

Mean size iG a function of the size range of materials 

avail a ble, and ·t~e amount of energy imparted to the sediment 

which defends on current velocity or the t~rbulence of the 

transporting medium (Folk, 1968). 

A histogram of mean grain sizes for the Hinuera Formation 

i s presented in Fig. 4.4. The range of mean grain sizes i s 

from -2.45¢ (s1riall pebble) to 6.03¢ (medium silt). 

The range and general coarseness of mean grain size indicates 

thut a wide range of grai& sizes was available and that this 

material was transported by currents of high velocity or turbulence. 

It ie notable that there is no decrease in mean grain size in the 

sections studied between Cambridge and the Taupiri Gorge. 

Important textural studies by Friedman ( 1961) andSevon ( 1966) 

used grain size parameters to distinguish different environmente 

of elastic eedirnentation, but comp~rison with mean grain size 

er other parameters.of Hinuera sediments cannot te made as only 

fine and medium sands were used by these authors. 

Modal grain sizes for the Hinuera sediments samples w0re 

determined from sieve analysis data. v~ry fev, ~,<.1rupJ.es wcri:· 

unimodal, most were bimodal and trimodal, and so~e were 

(~uadrirnodal. Fie. 4.5 is a histogram 1n which modal grain 

sizes are plotted as ~ function of the numerical occurrence of 



'3o 

N 20 

\0 

N ,o 

0 
-lt- 0 4-

Hi ~to gr ~m u ! mean grain sizes (Mz ) plo t t ed 

az a fun c ti o n of thei r numerica l o c cu r re nc e (r ~. 

'"'ll 
~ 

~ 
q) 

"'ti 
C 

~ ~ 

J 
II) ~ 
:, I. 

d 

' 0 C 
t. " en 

'1 
:ii .... 
.i 
~ 

~ 
E 
,JI 

function of their numer i ca l oc cu rrenc e (N ) i n 

Hinuera s e d iments. 



etich mode. A quadrimodal grain size distribution for Hinuera 

sediments is shown, with gravel modes at -2.5 to -3.0¢ (.small 

pebble) and -1.0 to -2.0¢ (granule), and sand modes at Oto 

1.0¢ (coarse sand) and 2.0 to 2.5¢ (fhe salld). ·rhe mode at 

-1.0 to -2.0¢ is not in accordance with the widely recognised 

scarcity of fDrticlas of thia si~e range in cla~tic sediments 

(Fettijohn , 1957). If is suggested that the two gr&vel mode~ 

are the re~ult of physical disintegration of the source roc k~ , 

the t•o sond modes are tte result of the release of mineral 

grai~s from the· course rocks during this precess, 

The modes for each sample were relat~d back to the strni g~t 

lin e .see;n1ent3 of their respective grain size distribution cur'.··.::: s , 

und the transport ~echanisms inferred from thesE segments 

(see section 4.1). In all but a few instances, the small peb ble 

mode was tr&nsported as contact load. The granule mode w~s 

trahSJ,orted as bed load, either in sBltation, or more commonly 

as conti.'<ct load. 

~5 salt~tion load. 

The coarse sand mode was always transported 

The fine sand mode was usually coarser than 

the suspen~ion-saltation truncation point, showing trsnaport by 

sctlh,tion also. rowever, a moderate degree of mixing i~ shown 

by thE latter tCTo populations (see section 4.1) and the fine sand 

modal value is frequently within this zone of mixing. 

4.2.2. Sorting 

A histogram of sorting values is presented in Fig. 4.6. 

Sa~ples ranged from very well sorted to very poorly sorted . 

Sortj ng is dependant on four major factors (F'olk, 1')6t1) (1) the 

size r .:;.nr; e of m":l.terial supplied to the environrrient (2) the t:rpP 

of deposition (3) current characteristics and (4) th e rutc o!' 

supply of de tritis compared with the cffjciency of the sortinc 
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agent. It has already been shown (section 4.2.1.) that a wide 

range of particle sizes was supplied to the depositional agent 

of the Hinuera Formation. The generally poorly sorted sed i ment s 

indicate rapid de position by strong, fluctuating currents ~nd/or 

a rapid i~flux of sediment into the stream system. 

Sorting is generally strongly dependant on grain size ( Folk , 

1966 1 1968) 1 and this trend can be evaluated by plotting mean 

siz,e ( L1Z) as a function of sorting c~·"i), A sinusoidal relationship 

between si z e and sorting is generally ob tained (Folk, 1966, 1963 ) 

( Fig. 4. 7). Fol k (1966) believes that this sorting trend is 

c a uaad by the high frequency of pebbles, Eand &nd clay in na ture, 

with a relative lack of granules and fine silt. 

Fig. 4.8 i s a scatter plot of mean size against sorting. A 

V- sha ped trend is shown which fits onto the sinusoids: trend o f 

Folk. As the mean grain size of the 5rav;;ls j_ncr eases how e v e r, 

they continue to become more poorly sorted rather than better 

sorted. This is probably a function of rapid deposition, prevcn li n g 

washinb out finer sediments. The mode of granule ai z ed material 

in Hir,uera sed i ments does not appear to affect the sinusoidal 

relationship, 

4.2.3 Skewness 

3kewness is environmentally sensitive; kurtosis is not 

(Friedman, 1961). Awasthi (1970) used the sign of skewness to 

differentiate between environmental conditions of deposition of 

Recent sands of the Solani River system, Roarke, India, corr e lating 

positively skewed sediments irrespective of numerical value with 

a clam and s teady environment of sedimentation, untl n~gbtlvcly 

skewed sediments irrespective of numerical value with turbulent 

energy conditions of the depositing medium. 

Friedman (1961) noted th~t coarse crained river sands nnd 

gravels had variable, unpredictable skewnesG charRcteristics And 
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could not be employed as an indicator of the ,depositional 

enYironment. Only medium, fine, and very fine sands were· 

uaed in Friedman's etudy 1 and these were generally positively 

.:it evmc,.ss valu1~ .,:: beb,een +0.77 and -0.75 were o'ct,;1ir:ed ::.or 

sediments of the Hinuera Form~tion, Distritution obout zero 

i ~; t:6'1.;r· J.y 5Jmmetdcal, .with only a ,slight tendency towa.rds 

positive ske~nes~ (Fig. 4.9). 

·:. h.en s l .l': \1•nt'!ss is plotted as a function o.f mean gr.-J~Ln sj ze 

for Hinuera sediments (Fig. 4,10), a trend towards positive 

s k e:w1,.er::1::: v:i th dEJcreasing graiu size is evider,t. .i\ l} samples 

with a mean grnin size finer than 1.5¢ (medium sand) are 

poGitively skewed. Positive skewness in medium and fine 

ie believed to be the result of the unidirec-

tional flow of the depositing medium (Fricdmmt, 196-1) 9 a 

rc :i.s. ti0nship '!i hich does not hold for coaroE' grEiin ed ~f .. diments. 

It is suggested that rapid deposition, which prevents a ~ashing 

out of fineE, is an alternative explanation for positive 

s kewness in fine grained Hinuera sediments. 1',or coarser 

sediments, there is no relation between Ekewness and mean 

grain size, and samples from within n few metres, and even 

tens of centimetres, may show reversals . in the sicn of 

Two samples (~195 1 W196) from opposite ends of a 

single cross-str~tified set were opposite in sign of skewn"~S 

which may be an indication of r~pid 1 short-lived fluctuations 

in tlie depositing medium of the coarse-gra.ined Hinuera ~,ed:i.ments 

Uxasth:i., 1970). It is notable that the sign cf ske~nes~ tends 

to be constant at nny one locality (Appendix I), sutgestins H 

reJ r;t.ive conr-:intenc:y of energy throue;hout a depo(;j tion;"] p li r,c,, 

at any one place. 
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4.2.4. Kurtosis 

Samples ranged from very leptokurtic to very plutykurtic 

( 2i g . 4.11), with a slight tendency towards leptokurtic values. 

~urtosis in itself is not environmentally diacnostlc, tut its 

relation to other grain size parameters is important. A p1ot 

of kurtosis (KG) against mean Krain size (Mz) (Fig. 4.12) shows 

a ~light tendency towards platykurtosis with increasing grain 

t~:L ze. With one exception, all pl&tykurtic or very pl atykurtic 

sc-.m plc,s have a me~n grain size less than 0.5¢, 

~o lk ~nd Ward (1957) found that when mean eize, sortin r , 

and GkewneaG were coplotted in three dimensions, a helix 

r~sult~ d, \•1it-h kurtosis varying along the helix (1r.ean vo. E:ortin~; , 

~inuscidal; vean vs. skewnes s , sinu5oidal; sortinc vs. ckewne s s , 

cLc·culo.r). Helical trends have since been found for many other 

distributions with two distinctly separated populations (e.c. 

Dyc;r, 1970) . However, plots for sediments of t he Hinuer~ 

Formation show a sinusoidel re lat ion between mean frain size anJ 

sor ting ( Fi [:; , 4. 3 ), but no relatio11 betweer. sl-:ewnr:>se and 1-::urtofiis, 

(Fifi. 4,13) or between sorting an d skewnes~ (Fi g. 4.14). '['his 

is very probably the reEult of the polymodality and heterogeneity 

of the Hinuera Formation. 

1'EXTU1':1L PLO'l'S 

The proportions of gravel (less than -1.0¢), sand (between 

-1.0 .ind 4.0¢), and mud (greater than 4.0¢ i.e. s:i.H r, lus clr:q) 

were calculated for 75 sa~ples from erain size analysis dot~. 

Dry matf~rial tl·,clt p&.ssed through the 240 mesh (!+ .0¢) si<1ve efter 

sieve &n~lysis was added to the mud weight obt3ined by wet 

sieving and to the total sample weight. The results (Appendix 

II) are plotted on a triangular crRvel-sand-mud diagram (Folk, 
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1968), enabling the samples to be placed in one of fifteen 

rnaj or textural groups ( Fig. 4.15a). Folks divisions are used 

here with the exception that the sandy gravel/t;ravF.:lly r-;and 

boundary is plnced at 45 percent gravel instead of 30 percent 

gravel for the reason that a more natural division of samples 

is obh1. in?.d. The natural breaks at 5 percent and 30 percent 

gravel reported by Folk, Andrews, and Lewis (1970) do not 

appear to exist in th~ sediments of the Hinuera Formation. 

All the samp les plot within 11 major textural groups 

(F'i(S. 4.15b). The most significant features to appear are 

that th~re are no true ~ravels and that the samples generally 

show a low content of mud: 77 percent of the samples contain 

less than 10 percent mud and 69 percent contain less than 

5 pf:rcent mud. By far the rnost common textures are gravelly 

and slightly grovelly sar.ds 65 percent of the sam~lcs fall 

into thesd two groups. Nine percent of the samples are mud s 

or sandy muda, and arc clearly texturally distinct from the 

other samples. 3ecause of their uniqueness the proportion 

of muds in the Hinuera Formation is probably exaggerated by 

a s.,,i.:-r.pling bias. From pipette analysis data, five of these 

samples were p lotted on a triangular s&nd-silt-clay diagre~ 

(af ter Folk, 1968) and classified accordin3 to ~olk 1 s teztu ra] 

75 

div isions (Fig. 4.1b). None of the sam;les c~n~aine<l significa nt 

p~oportions of clay sized material, and are silts or sandy sil ts . 

It is concluded that the currents that deposited the 

gr~velly and slightly gravelly· sands and associated sediment s 

generally washed their deposits fre e from significant amcunt~ of 

silt ,;;_n·J clay, and had a sufficient.1:/ 11.ic;I, de[:r·cc ,>f comp n :. ,.·ncr' 

tc more significant amounts of gravel. In cnnt ro st, the cu1T e nt-.s 

th ,; t deposited 1:he silts and sandy silts had s ufficient cou1pe t rc·11c0 

· to mo,•e on 1y small quantities of fine sand, alU1011r;h the:i r der .o:-;i..t ,:: 
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were washed free from significant clay sized material. 

Altern~tively, the latter grain size may not have been 

supplied to the depositional agent. 

~.~ C-M HELATIONS 

~~assq;a ( 1957, 1964) presented plots of sninples from 

known e;1Vironments us inc two gNlin size di.:::trihution par·am e ters: 

C, tL:') coar::;est one percentile I and !vi, the median gre.in si zc. 

The valu e of C iG refresentative of the minimum competence 

of the transporting agent, and~ is a statistic characteristic 

of t .!1e tot Gl range of particle sizes undergoing trans1,;ort b:r 

t his ;;, gent. The value C=M constitutes a limit for the 

coardinateG (C,M) und is ~pproached for samples in which the 

con rs-? half of the :;;ediment iD well sorted, or ,;hen the fir~;t 

.::ir1 d fiftieth percentiles lLave nearly corresponding particle 

.~: l.Zf.!5 • The relative displacement of plotted points from the 

linG C=l-1, m8 :, ::;u1·ed parallel to the M- axis and ex:9ressed j.n phi 

units is an index of sorting in the coarse half of the sediment 

s.-unples. 

PassegB (1964) interpreted the coraposite CM patLErn for 

riv0r transported sediment in terms of transport modes. A 

tr :.'l c ti ve G1Jrrent ( Pas .·. :ega, 1957) muy transport its J.oad in 

three ways (Gee section 4.1). In any river, all or none of tb0~ ~ 

mechanisms may be present, or the contact load or the entire 

bed load may be absent. Transport by suspenGion only, or 

saltation and suspension is common under fluvial regines. 

Passega ( 1]6't) e<Jtablished the relp.tions between .sediment 

textures and modes of transport for three environmerits of the 

Mississippi River (Fig. 4.17). The CN pattern fer the 

lvJi::;.si.ssippi River i1:; divisible in~e; l;hroe segment (1, 11 ~ind IlJ 

of Fig. 4.1?) which represent sample::. from the 11k1in channel, the 
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subHqueou~ bN~k a nd t h~ protected backwater environments , with 

CM va lues corres pondinc to tr~nsport by traction , sa lta tion and 

The value of C at tl.r-: r,oi nt of in f l ec!;i c,?1 

ht, t ::e c:: seg-menc 11 ·and III of the CM p9.tt.e r n (point r.: c,f Ji' j i:. • I f . 1',J} 

i :;; .:i (;.Si ;<:n,: t ec1. C :J .J.11 d C orreSTJOnds to the lar r.e ca P"' 1' ;. s C '1 ~. .. h ]0 c ·, · - .. • C.."' L, ..... ~· ... . '"' \ .',. . , , ca,1 

Similarly, the value Cu (po int~ 

u j· Fi r:; . !1.1'1) :i.r t.he coarsl:'d, particle whi c h can be transported 

Eull (1962) nnd ; oyGe (1963) hnv~ success ful J.y 

t e ; t.erl th e ::i f' :'licn tion of the CM pat tern in di ffercn tia ting v2.r :'c.ow; 

"'0~,Q:.,.L tion~,l r,nv"ironmen t::; v:i tllin :, llu\•iul tie posi tG . 

;, Ci·.; r,at t crn ·;,.-,.s con;,; tructe d i'or the Ii inue ra 1;cri:1Dtion on 

&r i.l~m s ~i c paper, plott in~ C, the fir~t percentile, aG e fu nction 

cf t·: , tbc w1diFHJ d ·l,.mete r 1 in Phi units (:f'i s . 4.13). '!' h -: 71 

t uk 0 n frc~ Ji~crcte s adim8n t a tioh units (see S9 c tion 4,1 pp . 60- 61 ~. 

'i.ii," 1·0:.;t.;it.ing pattern is similar to thnt e1c;t ::1 bli1,L~cl by F::,. ::;·,:r: i;u 

; 196~ ) for tractive current de~osite. There is, ho wever , a 

ccn s ider uble displ~ceme nt of the inflection points of the CM 

i ~ttern towa r ds the coa r se end of the first perce~ t ile (C ) axis 

~t~n c ompared to FnssoHa's (19 64) pattern, and the pat terns 

'l' l1t, nw x imum diameter trc1.nsported in su::;r,er1sion (Cu) is n. '-1V.: 

c.,r cG ;.J rse s:;;nd. The maximum di.s.mete1· tra nsported i n ~a.l t :; tion ( (> : ) 

is -1.1¢ or [ranule size . Transport of sucl1 relatively co [.t n ;e 

ma tcrilil i n aRlt3tion and s uspension necessitates considerable f]c ~ 

velocit i,:,s. Knowin c the grain size and mod e of transport enabl e~ 

s::. E1 1:, indication oi fJ.O\' veloci ty to be ob tai.ned frou; gr ;d n :'- ! ;'(' -

r·lot li.i1 ~·: the above particle: r;h·,c.s in the a ppror,ri. ~1 :,~ f ioldc of 

j 



sediment tracsport indicateG maximum flow velocitiea in the 

ord~r of Bo to 10J cm/sec. 

8 ·1 

The curve OPQ in the bed load transported segmenL matches 

?nssega 1 s (196 4) pattern, and is apparently the result of ? 

gap in gra in si~es between sediments th~t can be transported 

by saltaticn and these thut are easiest to transpor t by r~1ling. 

faE s ega (1 964) su~gcstd · that the value Cr, here -3.~¢ or peb b~ 0 

size, correspond6 t o t he optimurr, diameter at. which gr;:-..inE; i-!!"e 

easiebt to roll under t he conditions of sedi ment~ t ion, indicuLinf 

a high energy environment. 

'l'he dizpersion of point s of the segments er .. f' v:i t.11 vaJ.,u:.,.c; t: : ·,, t 

'U'c l::ir c er than rwrmal for the value of M is probnb:Ly due t o 

l'olline; of individual pa.rti cles on an e:,,.rlicr fo 1·mcd fJn"'r ,ier,r::·: i t 1 

a ~ suggested by P~~aega (1964). 'l'he clisp ersio:1 ·of point s 0 f t.i .,:, 

se6 int::nt RS •uith ·,ralu~s of C that are ::;maller tlian norrr,al for th ,: 

value of M sho w~ a l a c k of coarse particle~ in the~e samples , 

;·,;1i.cn are 1:,um ice silts, and indic&.tes e. lac k of coir.petence of 

t r:,, t rF,wspo.:-ting agent. 

4. 5 RJ::Lf,TION OF TEXTURE TO SEDIMENTARY STRUC'.l'URES 

Incorporation of sedimentary structures into plots of 

textural parameters suggests that sedimentary structures ~re 

primarily dependant on grain size and to a leseer extent on 

sorting (Figs. 4.19 and 4.20), but are independant of ekewness 

and kurtosis. Too fe ~ sampleg of Epsilon and Sigma cress-

ctratification and Type 2a horizontal stratification were 

analysed for any meaningful relations to be established. 

Hho cross-stratification is preserved in moderately well 

to very poorly sorted sands, slightly gravelly muddy sands, 

slightly gravelly sands, gravelly muddy sands, nnd sandy 
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gravels, with a mean griin size of 1.5 to -0.75¢ (medium to very 

coi:irse sand). 

Nu cross-stratification is preserved only i~ moderately 

well to poorly sorted sands with a mean grain size of 2.75 to 

2.25¢ (fine sand). 

Type 1 horizontal stratification is always in very poorly 

sorted sandy gravels with a mean grain size of -1.5¢ (granule) 
~ 

or greater. Rhyolitic rock fragments u~ to 10.3cm in di~meter 

and pumice frRgments up to 24.6cm in diameter were found in this 

structure at one locality (N66/164273). 

Type 2b horizontal stratification is restricted to pumice 

silts nnd sandy silts with a mean grain size between 3.25 and 

6.03¢ (very fine sand to medium silt). Samples were analysed 

from both fine and coarse laminae of this structure. Fin.e 

laminae (W164, W165) have a mean grain size between 4.75 and 5.5¢ 

(medium to coarse silt) and are poorly to very poorly sorted. 

Coarse laminae ( W166) have a mean grain siz,e arour..d 3.5¢ ( very 

fine sand) and are well sorted. This suggests a difference in 

the energy of the . transporting agents which depcsited the coarse 

and fine lamine of Type 2b horizontal stratification. The 

coarse laminae appe~r to have been deposited by low energy 

currents, and the fine lamine by settling out of suspension in 

a tranquil environment. Pumice fragments up to 3cm in diameter 

were found within the laminae of Type 2b horizontal stratificntion. 

These have obviously been transported by some mechanism other 

than that which deposited the laminae, It is apparent that 

these large pumice particles have floated into the depositional 

environment and have been deposited either afteP recession of the 

' transporting medium or after becoming water-logged. 



Incorporation of sedimentary structures into the CM plot 

shows a separation of structures dependant en mean grain size, 

and a less well defined separation dependant on the first 

percentile (Fig. 4.21). Compari son with Passega's (1957) 

tractive-current pattern indicates that Type 2b horizontal 

s tratification is formed from suspension load sediments, N~ 

cros s-stratification is formed from saltation load sediments, 

and Rho cross-stratificition is formed largely from contact 

1oad s ediments. Type 1 horizontal stratification a ppear s to 

b e very coarse contact load sedi men t deposited by currents with 

a hi gh degr ee of competence. 

An attempt was made to re l ate sed i mentary struc t ures to 

t he s hape of grain size distribution curves, as simi lar s e dimen ta ry 

s t ructures should result from similar sedimentary processes. 

The curves of samples o f each type of sedimentary structure 

~ere superimposed on each other, as were the curve~ of samples 

from each stratie;raphic section. Apart from a separation of 

curves for Types 1 and 2b horizontal stratification, which is 

largely a function of mean grain size, sedimentary structures 

could not be characterised by the shape of their grain size 

diGtribution curves. However, curves from samples of the sHme 

structure from the same stratigraphic section often had similar 

s hapes. Fig. 4.22 shows the grain size distribution curves 

for one stratigraphic section (F), and their relations to 

sedimentary structures. 
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?ig . l; . 20 Textural plot showing the relation of sedi.mentnry 

s truc tur es to the ratio of sand - gr~vel-mud . 
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Grain size distribution curves from one 

locality, section F, (NG6/10327j) s howing 

t he relation of the sedimentary structures 

present to t he shape of the curves. 
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I N T E H F R S T t T I O N --- ----

5.1 FACIES 

The cediments of the Jlinuera F'ormation are reJatively 

uni form over wide areas. However, detailed stratigraphic 

sections show that textures, lithologies and sedimentary 

structures are variable, and that rapid changes of current 

direction took place during deposition of the sediments. 

four major lithotypes are present: (1) cr~ss-etratified, 

moderately to poorly sorted, rhyolitic and pumiceouo gravelly 

and sli ghtly gravelly quartz sand, (2) cross-stratified 

modera tely to well sorted quartz sands, (3) laminated pumice 

silts, end (4) very poorly sorted, poorly stratified rhyolitic 

.sandy gravels. Cross-stratification is restricted to the 

first two ]ithotypes and is of fout types. Rho cross-

~tratification is dominant, and occurs mainly in pumiceous and 

r hyolitic moderately to poorly sorted gravelly sands. Nu 

cross-stratification iG common and is preserved mainly in 

moderately well sorted quartz sands. Epsilon and Sigma 

cross-stratification are uncommon and occur in the same 

lithologies as Rho cross-stratification, 'fhree distinct 

types of horizontal stratification are present. ·Type 2a is 

found in pumiccous and rhyolitic moderat~ly to poorly sorted 

gravelly sands. ~he other two varieties are found in the 

two less important liihotypes; Type 1 in the very poorly 

sorted sandy gravel~, and Type 2b in pumice silts. 

A very wide range of grain sizes (large cobblec to clny) 

was supplied to the river system which deposited the Ilinuera 

Formation, although there is a notable paucity of clay sized 
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material. Textural evidence indicates deposition of the first 



lithotype under rapidly fluctuating and highly V3ri~ble energy 

conditions by currents of generally high velocity and with a 

high turbulent energy. The very poorly sorted Type 1 

horizontally str~tified sandy gravels were deposited by 

currents of even 6reater competence, and tl,Le Typo 2b }1orizontr.ilJ;i 

stratified silts deposited in a much lower energy environLl cnt. 

The relation of scdimen~ary structures to the CM plot shows 

that Rho croDs- s tratification is deposited mainly from conta ct 

Joad s c,diments. Epsilon cros~-stratific~tion and Type 2a 

horizon t al stra tification occur in sediments havi ng th~ snme 

~_:rf.!in size range :;is Rho cross-stratified deposits and are 

probably alao cont&ct load sediments. Nu cross-Rtratific~tion 

i s for~ed from saltation load sediments. ?ype 1 horizontal 

stratification is formed from contact load sediment under very 

high energy conditions; Type 2b horizontal stratification is 

formed from suspension load sediments in a relative]~ tranquil 

environment. 

Ha~ms and Fahnestock (1965) related bed forms and the 

resulting forms of stratification in the deposits of the Rio 

Grande to flow regime. Large scale trough cross-stratification 

(Rho cross-stratification) forms by dune migr3.tion in the UJJpcr 

part of the lower flow regine, Small scale trough cross-

stratification (Nu cross-stratification) forms by ripple 

migration in the lower part of the lower flow regine. 'l'abular 

cross-stratification (Epsilon cross-stratification) is form ed at 

poinL bar margins or by bar migration in shallow channels in 

the upper or lower flow regine. Horizont~l stratification 

(Type 2a horizontal stratification) is the product of plane bed 

transport in the lower part of the upper flow regime. 



On the converging lines of lithological, structural, and 

texturGl evidence of the previous three chapters, six fqcies, 

related to flow regime, are erected for the Hinuera Formation. 

FacieE A'i. Rho cross-stratified, moderately to poorly sorted 

rhyoli tic and pumiceous gravelly and slightly e;rr-ivelly quartz. 

sends, formed in the upper part of the lower flow regime. 

facies constitutes the bulk of the Hinuera Formation. 

"? tu .. • Epsilon cross-stratified gra~elly sands chowing 

t.he .same texture(; ancl li thologies are facies A 1 1 ·formed in 

th.:: UJ~por· or lo,·Jer flow regimes. 

This 

Ft,cies B. Nu cross-stratified, moderately to well sorted quartz 

sands, formed in the lower part of the lower flow regime. 

: ,'lei es C1. TypG 1 horizontally stratified, very poorly sorted 

rhyolitic sandy gravels, formed in the upper flow regime. 

Fa cies C2. Type 2a horizontally stratified, moderately to 

poorly sorted gravelly sands, formed in the upper flow regime. 

Facies :,. Type 2b horizontally stratified pumice silts formed 

rnainly by deposition of suspension load from low energy currents, 

and so is not related to the flow regime concept involving 

transport of bed load material. 

· 1n the · following section an attempt is made to incor~orate 

the six facies into a paleoenvironmental model of the Hinuera 

Formation. 

5. 2 P;'i.L.80BNVIRGNMi~NT 

The geomorphological form of the Hinuera Formution in the 

0 Har.iiltcn Basin is that of a very low angle ( ler:;s than 0.1 ) 

alluvial fan, its apex with the Maungatautiri Gorge forming the 

apex, and its toe abutting against the ranges of Mesozoic rocks 

to the north and northwest, through which the Wniketo River now 

flows via the Taupiri Gorge. Sediments eroded from a hinterland 



of dominantly rbyolitic provenance were tw + d · -,.·a.nspor .. e, J.n a 

channelled river t o the llamilton Basin, where tbe river was 

forced to de r o~i·t ·t 1 ~ b t' ~ is oau ecause of tte sudden decreR~e 

ir ... sioi;.e. Continued sediment supFlY formed a lar~e 

&ggradational fan. The Hinuera Forwation in the Huuraki 

}o~lan d ha~ a broadly similar fan shape, with the a iLuera 

The Hinuera fan i~ uLusuR1 

in t \'.o '..1 spec ts. The stratigraphic sections in the res trjcted 

~r ea o f t h i s Rtudy s how no decr ease iL menn ~rain s ize frc m 

t he apex to wards the toe of the fan, and calculations fro m 

~CfO Grap hical contours on the fan (Schofield, 1965 ) s hew th ~t 

t ~e Elop e near the ap ex is about 0°06 1
, and les s than 0° 03

1 

on trie main body of the fan. Slopes of this order are ruore 

cl~~.racte;ristic of flood plains thar. alluvial f,rns (BliE3£-nt;:.;cl; , 

De r otii U .on of t h e i:i.inuern F'on1ation t.etween 10 to 12, () t)O 

~nJ 20, GCO years E.P. (S~hofield, 1965) oc curred durinf & cold 

~ariod corresponding to t t e Otiran Glaciatioc. 
. . t. . -~ggra ~:2. :;_vr.a .L 

prnces Ges forrnihg the HiLuera fan wPre under thr ee poosi~le 

co~trols at tLls time: clim6te, volcanisffi 1 and t ~c 0 lev el 

The coltl climate probably increased t~e extent 

of -~he snowlinE= in the North Island Uillet, 1950), but tLc 

effect of the lowered snowline on the area of vegetation is 

not knc.wn. However, the climate and the time was toth cold 

and wet, giving at least a greater rotential erosive cupucity 

than during inter3Jacial times. 
Perhaps the mozt important 

central on tr.e deposition of the Hinuera Formation n ts t-.he 

influence of volcanic activity. 

~itt a period of intense volcanic activity in . the Centrn~ Yo!c~~ic 

Region (Grindley, 1960) which had two major effects. 
';i1e iirst 



was a great ir..creAse in the sunulv of doffiinantly rhyolitic 

ma terial to rivers draininR the region. The seconJ was 

t he destruction cf large areas of vegetation, which c~mbined 

with tlie :prev&ilinr'; wet climate, J.ead tc acceler.s.tccl erosic,r.. 

and th e aupply of even greater amounts of sediment to 

locEl river sys te~s. Bas e level .con t rol of s edimentation 

x~s probably only local~ · Ultimate base level (sea level), 

~a s lo ~ 1urin g t h~ time of deposition, and affected c s di m~n-

t&tion nor t h of t ~v Taupiri Gorge. Ho~ever, s edi t. ent ~ticn 

;·,it i.in the 1:amil t on .Basir, 'tntc p:r·cb&b1.Y under the cc:n Lr,; 1 of 

loc ~l t ~se l evel dete~mined by the Taupiri Gorge, ~nd 

de nosition of the Einuera Formation wus under conci~e~tal 

con t rols only, ind ependant of the effects of glacio-eua t ~ti c 

Deposition of tte Hi~uera Form&tion ceHsed whu~ c] i Q~tic 

v:a.rn,ing , coinciclEnt with a lowering of volcanic acti·1ity iE 

the Ce&tral Volcanic Region, resulted in les s erosion and a 

drasti c red~ction in the amount of sediment supplied tc the 

local river systems. As a consequence, the ancient J~ikato 
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~iver bqd grester erosional co~petence, &nd w~s able to entre~ct 

it s elf in it2 own deposits. 

The ~an-like form, and the lithologieE, textures, end 

sedimentary structures of the sediment3 cf the llin~era 

Fo:~ation, indicate deposition in a braided river system • 

. :iJ.liams and Rust (1969) described very similar textu~es 

and s edim6ntory st ructures from tbe deposits of t~e braid~d 

Dcnjek [ iver, Yu~on, C&nada. 'l' here i s a i.: trikin (~ r-dw:i l :: 1·i!:; 

in th~ g raiG size distribution curv~s, the cu,v~~ fr o~ the 

~ · l ;::.,· i· ,r, ·,·r ""''c1i'ment,3 showi1v~ the so.me rHn~e of ::t!·: 1:i.bbt 1JODJ f'; { _ , ,._ u" c.. 

linf' set;ment comtinations and truncation points ;.;,c., thos,:. f,,r 



·- ~ .. .. 

sediments of the Hinuera Formation. The major lithotypes of 

the DonjeK Hiver sediments correspond to those described from 

the Hinuera Formation. and there are similarities in the 

facies relationships of the two groups of sediments. 

Large and small sc3.le trough cross-Etratific&.tion (Rho and 

Nu cross-stratification respectively) are renorted a~ ~Atng 

cc,rcir,on, ai1(i. the li tholog'ical het eroger.ei ty \·1hic h chara.cteris <os 

H~o cros ~-3tratification in the Hinucra Formation i~ also 

des cribed f1~m the equivalent structure in the Donjek ~iver 

sediments. 

Doeglas (1 962) described the sedimentary structures of two 

braided rivers in France, the Durance and the Ardeche. Festoon 

cross beddinr ( Rho cross-stratification) is again the moEt 

common structure, and laminated silts and etratified gravels 

are also described. An important feature described by Doeglas 

from braided rivers is low, natural levees of coarse sediments 

( cobbles and pebbles), buiJ.t up by primary channels. Coeglas 

summarised characteristic sedimentary structures and textures 

c! braided rivers, which correspond very closely to those -0f 

the Hinuera Formation. 

A range of sedimentary structures similar to those of the 

Hinuer~ ~ormRtion is described from the Rio Grande by Parms and 

. •. 

Fahneshock (1965), Large and small scaJe trough cross-str2tific~tion 

(Fho and Nu cross-stratification respectively) are ag~in tte m0st 

common sedimentary structures. ·parallel stratified beds (Type 

2b horizontal stratification) deposited from suspension nre ~lso 

reported. 

Further evidence for the deposition of Hinuera Form~tion by n 

traide6 rive~ is the similarity of the er plot tc a pattern 

de.scrited by Bull ( 1962) for Lraided stream depo.si ts o::. ;,,J 1,ivi..J.1 



f2.ns. Ho~ever, Bull's pattern does not cont'a1.·n. the· · suspension 

de posits found in the Hinuera Formation. 

In the above 2tudies o. f the deposits of brai'der.1. · rivers , 

the Ruthers ~ere ab le to relate eedimentcrv Etructures, t ex tures 

~nd lithologies to bed forms and stream morpholo~y. The 

paleo environmental inter~retation of ancient sedimentR 

only he based on the sedimentological record pres0~ved ic the 

deposits~ and this then compared to studies of present-day 

environments. Becaus e of the close sin:ilarity of t:H, sedimentnr:r 

structures, litho::..ogie.s ;;nd textures o:f th0 2edim~:-;.ts :in tr.ir; 

Gt udy to the braided river deposits descri~ed in ~h~ liter~ture , 

a f hysiographic model of the Hinuera For~ation can te erecte6 

with some degree of confidEnce. 

3;.,rG are the most important n:orphological fe i, tm·es of 

braided rivers (Doeglas 1 1962; Allen , 1965; Har~s and 

Fahnesh&ck , 1'.:; 65; \',Uliams and Rust, 1969; Swith 1 1971; 

and ot hers). There are three types of bars; longdituJinal, 

transverse, and point bars. Point bars are uncommon in braided 

rivers (1illiams and nust, 1969). Longditudinal bars are common 

in streams with gravel and sandy gravel b2ds, while transverse 

bars are typical of braided streams with well sort e d sandy beds 

(Smith, 1971). ~he sedimentary structures and the lithologieG 

snd textures of the Hinuera Formation mny be explained by the 

variable activitie~ of these bars dependant on flo~ regime as 

related to stream discharge, and a physiographic model cf the 

Hinuera Formation is suggested on this basis. 

Normal ~ischarge during the deposition of the Hinuer~ 

Fcrmation ~as p~obab l y relatively high, largely a$ B recult o! 

the prevailing wet climate. ;,·;he ther or not a river is mear,d erir .. z 

or braided is go?erned mainly by th~ rcl~tion bet~~en s !ope und 



cl ~a chPr t0 , and the very low angle en the Hinuer~ surface 

ii" ·• , C (' C t ' ' • t t ' > • • l • 
: , _. .. ..... , _, •• ~i ti': ort.io.ec river that deposite::d the forma t icn 

tn.::. titJ l sl_or._ • C 1
1

• '-\1r- f•, n ,, ,ae- ·· reo·1ter t] -'- ] ~ · - , .. - ~ ..,,. o ...:< -K~n precen,,, J"J•'.· r,are 

0 up to:;, A high norm&l di3tharge is a possibl~ c~plun~ t ion 

f' .:· r the: h i ~:l1 turtulenl: energy indicated by the tf.·~:tural 

cL:,.r:-::.ct ,::>ri.:-tic1;; cf t.h0 ::'inuC:ra Formation . 

Gn the basia of th~ above, the eix faciec de~cribed in 

~o~e~of the HinuArE Formation . 

tull< o f t:,c f,Jrrna;;:l.on, 1·.as depo[;itec. either l:y th e :1,i::r :;t i c:n cf 

jun ds on longditudinal bars or by the lliigration cf :ongdituJi~Dl 

bar r,v1;.J.an cr. e f s. ce t opof;raphy , or a combination of tot~., during 

noniaJ d.isch:1r g;e. r:.:i.cies A2 formed from longditudina'. ba::c 

m:. ; r .a. tio1i in n.s.r-ro i, 1 shallo·.,., channels under the :,a ;:, e conditions. 

raeie :3 C1 ·:; c:s for-med during 1:criods of hi;;L dischc:rge t.y r.io ve.~e- nt 

o: cobi:J.a .s a.r.d petbles down ;i.va.lar.che faces 01 l.or.r:;ditudi1."'l t1..r:, 

ir_ t o fa .:i. :jncent sl,aJ. low chA.nnels, Low, linear, mid-ctannel ~c~nrls 

were const r ucted, which become exposed as the flco i ~aters 

recede d . The.se c r: rres~ond to the natural lE:vce.:: of :.;r:1 ided 

::;t:::·c:an.G desc;.·i.t;;d cy Doegl.'ls (1962) . 

di.sct:;1.rges . During floo,1 periods, tLe r::.'iE.-'::' covt':rcd. its 

ilood~lain , and on fallin ~ diccharge , sandy silt~ ~ere de ~czitcrl 

aE ·a t t in ven~er in areas beyond ' the mnin ctanne:~ . C" 

in :;;.l;3r.done r1 channelG :,.r.d other topO ;£r"!J!ric : o":: ;, ,.i: Jcl .,,j l i·, . ":r r,· 

.· .' 

deposited from cuspension in backswamp-like environ~e~t . ~ ,.~erbar :, 

deposition resulted in the formation of fscic~ 0 . 
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tara w~re formed. ?he migration of small scale rinpl0s ever 

tt~s£ L~ra formed facies E. 

'I'i'd.s ph:,siographic model is surr.m1.o. rized in Fi::- 5. 1 and 

~ 2 ~n c r rt i] l ustrnted in, ~1· ~ Sc.~ 
.,. - o• .... • - • The model surp0r~a the 

conclusionG of : olman and Leopold (1957) on the r€loti nn nf 

vsr t ic~} to horizontal acretion and the constr~c&ion of flood 

1'}11:; buJ.k of tL~ Hii:uera Formation is forn,ed frot1 

i~-ch~~nel ~edimenlation , and overbank deposits (facies ~) 

con1titut~ an l y a minor ~roportion of it s s~dimen~s . 

rr.i;:;r:, t oY-t o c t i on of chc,nnels a croGs tl!e entire ·:1i. cith of the 

L.oo ri-:-Jl -:- in. Overbank cte,osits of apprec i able ~hiokLeS5 ~re 

~ocnd only ?t the top of stratigraphic secticnG; else~ter~ t ~ey 

L;.;_vc Le en c.:·mr~ete);y erocier] or reduced. to thir. int•::rc c?l:;.tions . 

Tt~ p r ~2ent micro-tcpo graphy of the Hinuera 2urf:ce 1 consis-

tic[ of low a~plitud~ ridges and swnles i ~ also e~ ~lained ~y 

t :.,e -"ito·.''= phy2io[r::tphic model. The ridges are lo~ , lin~~r , reid-

ch~ nncl mounds conFtructed durins flood di5charge (fecieE D1'. 

o~erben~ silts and occasional peats accumulated in absndone~ 

ch&nnels adjacent to thes e chcnnel bars. This relationsti ~ is 

illuc trst~d in FiG • 5.2. 

~he sediwe~tological characteristics of the aix fficies of 

t:1e Hinuera F'ormation are summarised in Table 5.1 



·7--
~--;-_ --) 
.., ~ ""' 

Fi;_~. 5. 1 
PhyE,iocraphic model sr.owinp; facie s r el stio-cs:-.i1 •:: 

in the Hinuera Formation. 
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Fig. 5 . 2 Fel ~, _tionships of three facit::.s of t h e Einuera 

F~rmation, showing ridge and swa]e toro g r Bphy . 

Linear channe l bars of rh yolitic sandy gr~vAls 

(Facies C1) form low amplit ude ridget. Fu~ice 

~ilt3 (facies D) accumulate in swales formed 

by a ba ~doned channels. Rho cross-~tratified· 

rhyoJ i tic aur1 pumiceouc gravell;, sand::: ( L, cie!:: 

A1) underlie both. Grid Hef . !156/795525. 

~ammer near centre of photograph is 3~ crn ~on g . 



Facies 

h.1 

A2 

B 

C1 

C2 

D 

I,orninant r.: c,r,1.i_ nun t .:iE:diment(;!_ry Flow 
Litholo~y 'I'c;ctural Sorting 

Structure Regime 
( ::-·ield Determination) Group 

rhyolite and 
pumice 

rhyol:ite and 
pumice 

q1.1artz 

rhyolitc 

rbyolit.e :Jn.d 
r,urnic e 

p11m.i.c e 

gravelly modera.te Rho upper 
S&.nd to poor cross-Btratif- lower 

ication 

gr;{velly raoder3.te Epsilon upper or 
sand to poor cross-strati f- lower 

ication 

sand moderate Nu lower 
to good cross-stratif- lower 

ication 

sandy very pool' Type 1 horizon- upper 
gravelly tal strati fica-

tion 

[;l''l Vi) l J.y mod .ere t c Type 2a horizon- upper 
S~..tnd to poor tal r, tr,· t :L fi cc:i ·-

ti.on 
·-'-

fdlt poor to Type :?b horizon- depo:::ition 
good to:l. s tratii'ica- from SUS-

tion pension 

Jerli.men tn ] ogic::i1 ch:ir:wt,"?rir·U c.s of Lb,· Gi x .f:, cie:. of the 

E.i.11u,·r:, Forn1:, t'Lori. 

Depositional 
i'.:nvironment 

Channel 

Deposits 

0Vc!rbank 
de ;;ot::i ta 

,o 
00 
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Appendix I 

.Sa mple No. Mz 0I(¢) C: k .., I KG Grid . Ref • 

'.·'.' 140 o.84 1.80 +0 . 1~9 0 . 94 N65/676 1+27 

w141 2.12 0.67 +0.24 1.11 " 
\': 1 Lf2 - 0.43 1. 71 -0.06 1. 06 II 

w143 0,95 1,13 +0.14 1, 03 II 

'.V144 1,22 1,25 +0.06 0,97 It 

i'i 145 0. 35 0.29 +C . 03 1.16 II 

w146 2, 77 0,75 +0.28 1,29 II 

'.,'.147 1, 28 1, 39 -0. 34 1.58 II 

i'J148 - 0.21 2.32 +0,60 1,03 II 

w149 0.85 2. 55 +0,29 1.06 It 

·:: 150 2. 65 0.56 +0 .20 1.32 II 

V/151 2. 01+ 0.83 +0 . 08 1. 16 II 

'N 152 5, 13 1.94 +c.30 1.1 0 . It 

\'!153 0. 06 0.90 o . oo 1. 36 " 

••11154 0 . 25 1 . 11 -0.30 1. 20 " 

W155 0 . 50 1.05 -0.03 1.22 II 

·:1156 2 . 43 o. 68 +0.09 1.17 It 

'.'.' 157 0. 38 1.62 -0,22 1. 06 II 

W158 1.1 6 1.63 +0.1 6 1.18 II 

1:: 159 1.39 2.03 +0.13 1.54 II 

1::160 -0.29 2.62 +0.29 1.04 II 

w16 1 -0.27 1. 77 +0.06 1. 02 ti 

W162 1. 94 1.36 +0.01 1.38 II 

'.//163 6.03 2 , 1+9 +0.41 1.)6 1·,)6/'?0~;5;:,5 

w164 4.74 1, 94 +0.25 1.22 " 

V/165 5.63 1.85 +o.46 o.65 " 

\'1166 3. 41 o. 44 +0.33 1,04 ti 

i'/167 2.16 0.74 +0.01 0.97 N65/812437 



"'! t · ~-~ 
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Appendix I ( continued) 

Sarr:p l e No . Mz 0/¢) SkI K.G Grid . Ref . 

'X 163 - 0 . 10 1. 92 - Oo25 1. 13 N65/812437 

·::169 - 0.50 1. 60 - 0. 12 0. 80 " 
"'. 170 o . 45 1. 04 - 0.26 1. 38 11 

'.',171 - 1. 15 1. 84 +0 . 11 0. 76 II 

:1·172 1. 00 . Oo58 - 0 . 05 2 . 20 II 

','/ 173 - 0. 08 1. 23 -o.o'i 0. 81 II 

1•:174 0 . 02 1. 48 -0 . 32 1. 06 11 

·::175 - 0. 14 1. 41 - 0 . 75 0 . 92 11 

'.', 176 1. 21 0. 74 - 0. 02 0. 93 \\ 

("177 - 0. 43 1. 28 - 0. 04 1. 09 II 

·.•;178 o.64 0. 97 - 0. 25 1. 30 II 

;·.:179 0. 63 o. 88 - 0. 13 1. 18 II 

'.'/ 1-30 3. 3;., 1. 42 +0 .1 5 1. 00 1-:66/001337 

::; 1? 1 o. 86 0 . 89 +0 . 06 1. 25 II 

..... 132 0. 61 1. 33 - 0. 23 1. '14 " 

·;; 183 5. 09 1. 25 +0 . 77 1 . 45. N66/103275 

-.:i 184 0. 51 0. 87 +0 . 11 c . E-9 II 

\\'185 o. 86 0. 97 - 0. 02 1. 12 11 

.. ':186 0. 78 0. 94 +0 . 06 1. 36 II 

';']187 0 . 26 1. 00 +0 . 36 1 . 1 1 " 

·:;188 0 . 53 1. 27 +Oo19 1. 28 II 

•;, 189 1. 27 o. 84 +0.05 1. 03 \\ 

i/!190 - 2. 45 2.75 +o. '+4 0. 65 II 

'.'.'19'1 - 2. 00 2. 96 - 0. 33 1. 6 '7 II 

',•1':12 2 . 17 1.87 -0. 03 1. 3.) ti 

·;i1J3 :, . 70 ?. • 92 +0. 37 1 . ?>5 I! 

'.': 1 ') 4 - 0 . 59 1.83 - 0. 10 o . q2 N66/ 164273 

- 0 . 4P. 1. 73 - 0 . 30 0 . 80 11 

,•;1 'J5 
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Appendix I (continued) 

Sa mple No. Mz 0I( ¢ ) <.!k 
u I K Gr i d. Ref. 

G 

r: 196 0 . 80 o. 68 +0 . 13 1 . 43 N66/16 u2 73 

··;-197 0 . 22 1. 21 - 0 .1 5 1 . 17 " 
W1°:18 0 . 37 2.62 +0. 27 1.18 II 

W199 0 . 91 0 . 91 - 0 .1 6 1. 71 It 

'!!20 0 - 0 . 15 1. 50 - 0 . 27 0 . 92 11 

\/'201 - 0 . 63 1 . 93 - 0 .1 6 o.88 II 

1.'}202 - o . 43 1 . 40 - 0 . 31 1. 16 ti 

,•; 203 0 . 69 0. 77 +0 . 20 1 . 32 II 

'H 204 0. 89 0 . 80 +0 . 29 1 . 21 " 
','.' 205 - O. ltO 1. 54 - 0 .1 7 1.1 5 ff 

;'i206 - 1 . 49 2 . 25 +0 . 26 o. G4 NG6/P3..3 ~6 

~}207 1 . 27 1 . 77 - 0 . 28 0 . 96 II 

l!.' 208 1 . 28 0 .55 +0 . 15 1. 23 ti 

·::209 0 . 30 1 . 38 - 0 . 02 1. 05 fl 

'.J.i 210 1 • 2.3 2 .62 +0 .22 0 . 94 II 
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A_ppendix II · 

Sample no. Mud nl Sand % Gravel =,.; 
Textural 

/v Closs 

;·;14c 4.76 77.75 17.50 gS 

V.142 1.05 63.56· 35.39 g.S 

\'i 141 4.03 95.97 0 s 

''!143 1.49 94 .17 4.34 ( g );3 

W14 1+ 3.28 ·. 93.33 3.39 ( g) .s 

\i/145 1.90 82 .36 15.7'+ r.;S 

\~· 146 8.83 91 .17 0 (• v 

·,1:147 3.03 88 .07 8 . 90 gS 

:·1148 7.34 34 .78 57.88 msG 

':'!149 13.37 63 .1~6 23 .1 7 g m!: 

'N 150 4. 63 95.37 0 f. 

1_i; 151 4.30 95.70 0 s 

\
1!152 64 .8;, 35.17 0 sM 

\'1153 1.33 89 .83 8 .84 gS 

\'/154 0.85 85.93 13.22 gE: 

v;155 1,77 89 .65 8.57 gS 

'!! 156 3 .42 96.51 0.07 ( g)2 

\'1157 1.36 79.36 19.28 g2 

v;158 5.74 88.46 5.80 E~ -~ 

Vi 159 11.30 79.67 9.03 gm.:3 

i.'.'160 7.76 L14. 97 47.27 rr.sG 

\'.'1 61 4.41 60.94 34.75 gS 

'N162 7.14 9·1 . 29 1.57 ( g )S 

·a163 84.44 15.56 0 sM 

'N 164 61.22 38 .78 0 i:;F 

·:v165 95.17 4.83 0 J.; 

1.·1166 4.76 95.24 0 s 

w167 3.89 95.95 0.16 ( g)S 

VJ168 3.23 69.23 27.54 gS 
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Appendix II (continued) 

Sample i"~o • Mud ?·b Sand % Gravel ,· / Textural 
Cl.:;.ss 

\1!169 0.71 60.66 38.64 gS 

\'/170 0.58 89.07 10.03 gS 

:;171 0.80 1+5.87 53.88 sG 

';'J172 0.15 99 , 15 0.70 ( g )2. 

V/ 173 0.22 74,48 25.30 gS 

·:.: 174 o.84 76.41 22 ,75 0-r:, 
, ,u 

·,.•;175 0.62 67.21 32.17 gS 

'!/ 176 0 99 .58 O. l12 (g)S 

\'i177 0 72.44 27,56 gS 

'ii 178 0.21 92.59 7.20 c-r.! 
Ou 

\'.' 179 0.55 93.67 5.78 gS 

·.•:1co 34.84 64.53 o.63 ( r; ) rr. ::. 

.,'}'181 0.31 95.66 4,03 ( g )S 

w182 a.Go 86.01 13.39 f!' C:. 
~~ 

'Ji 183 97. 70 2.30 0 >' ,., 

w184 1,57 9~.35 4.08 ( g ).S 

'.li 185 0.20 96,73 3.07 ( ~)S 

'.'i186 o.~o 97.58 2.02 ( .. J. ~ C! 
\ b..,I..J 

·:·187 0.38 87 .74 11.88 gS 

·11188 2.89 89.06 8.05 gS 

w189 1. 07 98. 11 0.82 ( e;)S 

W190 2.14 30.77 67.09 S•J 

·.:;19 1 1.59 34. 78 63.62 sG 

·:1192 15.33 78. 47 6.-20 gmS 

'J193 34.20 65.54 0.26 ( g ):-: f; 

\'-i 194 2.61 57.34 40.06 tS 

W195 1. 41 64.57 34.02 cs 

w196 1. 61 96.81 1.58 ( g) .s 
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/i.ppendix II (continued) 

Sample No. Mud 'X, Sand o! Gravel % 
·rex tura l 

;v Class 

'!: 197 1. 28 83.66 15.07 gS 

Vi198 11.95 56.81 31.24 gmS 

W199 1.55 92.88 5.57 gS 

i!: 200 1.60 70.59 27.82 gS 

W201 2. 49 56.68 40.83 gS 

W202 1.22 70.93 27.84 
_,. 
~..._') 

1N203 1. 36 96.97 1. 67 ( g) s 

w20'+ 2.44 96 .86 0 .72 ( g) ;3 

w205 1 . 74 68 .69 29.58 gS 
~ 

\'/206 0.93 41.51 57.56 sG 

· w207 0. 94 77.54 22.47 vs -' 

w208 2.30 97.50 0.20 ( g) S 

1·:209 2. 03 81.33 16.65 p;S 

IV 210 17.50 59.38 23 .1 2 gmS 


