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SUI.{MARY

Tþe geornor.phic featupes of Southeasterrn ltleurier-t

Peninsu-La ane ma-pped, clescnibed and the:Lr possible orígin
an cl age cons i clere d .

As many lanclforms in the areâ are ínfluenced by Ïred::ocl<

structur:es and as the stnatigraPhy of the regÍ-on thror'¡s l-ight
on the. seguence of historical evertts, detailed geologicaJ" and

geomonphological mapping is presented.
Ër-'om fiel-d evíclence the palaeogeognapiry of the area at

virrioLts points :'-n time he.s been recotis't'r,r;c-bec1" A Pala"eozoic

oraogeny developed a fold be1t, the ].¡ase c¡f which was intr"uded

by a gr.ernite ilìass appno>limately l+80 mi-LIio¡r years ago.

Although there i.s infe::ential evidenee of deposítj-on du-¿'-r-ng

the Devanj-an, the 200 miltion yearrj following the in'Lirusi.on

witnessed consiclenable erosíon r,¡ith 1-he exposrme of the
granite oceurring by the tilrre of the Late Palaeozoj-c

glaci.a'tion.
A Late Palaeozoic iee shee't over"node Fleurieu

Peninsula frorn the southeast, accen"lua't5"ng the pnegJ.aci"il

relief . Thene is no incon'l--¡overLil¡l.e evidenee of mul-t-i"ple

glaciation in the anea and g;1-.rcigene sedilnen'fs dre not ¿ìs

extensitre as pneviously thought. Tire expressi"on of the La'te

Palaeozoi.e glaciation ín the pnesent landscape is consi-dered"

Two major' landsunfäces of erosi.ott, the Spring lfou.nt

srrnface arrd -the Gr"een l{ills sunface, have been distinguished
on the basis of elevation and dístinctive du::ic::ust cappings.
Two maÍn sunfaces of aggnaclation occun in intenmon'bare

situations ín the Uppe:: I{indnansh Va1ley and the Waitpínga
anea both of whieh have been datecl by refer:ence to Tentiany
manine l-imestones " Fnom the clistnibu'Lion of the limestones
the noles of Tertiary tectonism and eustasy are examined"

The monphology, of the present coastline reflects
stnuctune, present pnocesses ancl a stight nise in nelative
Sea leve1. Eviclence exi.sts fo:: for.men Quaterna::y shorelines
at elevations of 200 t (60m) , 100t (30m) , 201 (6m)-, Br-101

(2.4m-3m), -36t (-f0.8m), and -66r (-19.8m), the tast fottr of

t'



which .r. jot-t",ryçt1eq tlbJ_t-Lte !esult of glacio-eustaqY_.
qebniques ane used to analYse theMo t

development of the drainage network of lrrraitpinga Cneek,

Riven ternaces in McKnight Cneek, a t:ributany of ltlaitpínga
theCneek, are interpneted as cl-imatical- caused duniqg

Late Pleistocene and Holocene" Funthen evidenee of cli¡natic
cùãng" duning the Quatennar:y is affonded by the nelatíonship
of fossíI panabolie cliff-top dunes to the pnesent wind règime.



This thesis is based on oniginal reseanch

cannied out in the Depantment of Geognaphy,

Univer.sity of Ade1aide. It contains no

matenial pneviously submitted for a degrree

at any univensity, and to the best of my

knowleclge contains no mate¡'ia3- pneviously

published or wnitten by anothen author,

except when due neference is made in the

text of the thesis.

Signed

Robent P. Bounman



CHAPTER Ï

INTRODUCTÏON

1. TOCATTON AI'TD DËSCR]PT]OhI OF THE STUDY ARHA

The stud5r anea is situa'Lecl on southeastern Ël..euirieu

Peninsul-a, South Austnal.ia (Figure 1), The sc:ntile-t'R ancl

sou,1-heaster"n boundaries of the ::egion are fonmed by the
coastl:""ne 'between Parson BeacÌr and Midclletou Bea-clt, but
inla¡rcl the boundanies ane more diffuse, br.oad-ty coincidinp,
with the v¡a'tensheds of the Inma-n and Hirrdrnarslt l1-'r"ver:s and

Vüaítpinga Cneek (L'i.gu.re 2). T'ogethen thcse dna.:Ln an ar:ea

of some l-50 uriles' (gB4 km2).
The main stneams of the s'tucl.y arrea have er,'odc"-d Lrerlow

a neasl level summit su^rface underlain b-¡ Preca:lù>r-ian and

Canbnian bedr:c¡ck and capped by l-ateni-be. It' :ranges in
elevat-ion between 1400r (420m) and 800 ? (2Lt0rn) " The

tlind¡narsh R.tven downstrealn fnom tÌ:e Hindmarsh Ëa.ll,s, -hhe

Inman River. and its maj-n tribr.r'i:any B¿rclc Valley Cireelc, occutr)y

an ancient bednock clepressi.on up to 10 'rai-Les (t.6ltm) w:i-de¡

ih* Irrm*rr- Tnou-gh , rvhich tr ends in a gener'ë".l ea-st-ç¡est
dire.ction across Fl-eurieu Penj"nsulc1" Ro:rges of secoitdeiry
hillsr up to 700r (210m) j-n eLevation, flank the streaßts
v¡hich drain the Inme¡ Trough 

"

fnter"¡nontane bas;ins occurn in tire lJpper Hindrna:'sh

Val}ey, upstream of the Hindm¿¡.1:sh lralls at approxiit,ate1y
8001 (240m) a"s.l. and ín the d::ainage l¡asin of the
Þ'Ipitpinga Creek at about 300t (90m) a.s.1" (Figure 3). The

basins occupy aneas of 4.5 nilest (tt.5km2) ancl 3 nriles2
(?. 7km2) respectively.

The l-ot^rer: reaches of the fnman and Hindmar"sh Rivens
and the main left bank tnÍbutany of Wai'Lpinga Ci:eek are
occr"rpied by nive:: tenraces, which mark the forntc¡:: l-evels a't

whích the stneams flowed,
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2,

At the coastlÍ.ne saudy beacires a.nd/on sp:l-ts have

developecl at If orseshoe BaY , at Parson, trlai.'tpinga ancL King
Beaches, and in the area bett¡ee.n. Rose:'t-La Head a.nd Port
Ë}lÍot, vrhere the Inlna¡ Trou¡Jh intersects the sliore of
Encounter Bay " Steep coa.stal clíffs are re-stricted to
outcrops c¡f resistarrt metasedimentany and gnan"Lt:ic -r"ocks,

which also form the festoon of islarrds of Encounter Bay

and Backstai-r-s Passage r

2, AlTlS AND }"IETHODS OF STUDY

The main purpose of thi-s stud5r i.s to excemine the
dístril:utir:n r age and onigin of the dj"verse pla:"rate surfaces
of sou'the¿rstenn Fleurieu Pe-ninsula" These inclu.cle nivet'
terraces, shore platforms, ancient, exhumed gla-cÍated su"rfaces
and fl-uvÍc.,l surfaces of erosi.orr.al and deposítional" origirr"

The major aspects of the s't-udy include:
ê. rnapping of geomorphj.e unít's

'l b. an assessment of the influence of structur:e
on landform development

c. eviclence of clinatíc change expnessed in
inherited glaeial lanclfonms, palaeosol.s ,

niven ter.'r'aces and fossj-l pai:"r.bolic duries

d. the effec'Ls of lateni'tÌc wea'Elter:ing on land
surfaces duning the Cainozoic

ê. the nelationship of durnicr:usts and var'Íous
pl"anate surfaces 'Lo Cainozoie sea level-s

f " the expression of tire Late P¿Llaeoz<¡ic:

glaciation in the present landscape.
Many fea'tures ih the landscape are the rnesult of

cunrently openating geomonphie pnocessee on similar Processes
ivhich openated in the recent geological past. Despite the
evidence o-f climatic change, tectonism and mi.grating shonelines
in the study ar?ea during the Pleistocene and Hol.ocene, these
peniods vrene ones of nelative stability and uniformity v;hen

compared with eanli.er geological times. Thus fol,lowing a

discussion of the geology of the area, the molre necent
Iandfonms are considerecl in or:den to describe the study area

\
(l



ir"

me.an|ngfully, ancl because th.e more aneient lanclfonms

been consider"abl.y noclifíecl si-nce their fon¡nation"
In the stucly alrca ther:e is extensive evidence of two

anomalous mnrPhogen e-b=lc s j¡ste-nrs c,penating in the. past, nameJ-y

eroçiaon surf aces cappr:d by pal.aecisols, and renna.nts c¡f ä'rt

exhnrnecl Late Falaeozo:i-c glacía1-eC landscaPe" Tn view of 'the

wiclespreacl d:i.r-:1-ributj.on ancl sÍgni.,fícanee of these inhenited
fonms in the landscapei, cliscussions of them constitute the

major section of thís 'bhesis 
"

nqr_llg the courÉe of tilj.,ç study sevenal months were

spent in the fj-elct. Ëiel-cl wo::'1.. includeci the mappíng of
rnorplrologic;:.I units or! Aclas-bra s'ceneograph:.c a.enia"I photo-'

graphs at a scale of l-:1581{0. Mapping was car"ried out on

the basis of convex and eoncê.\¡(:l brealcs in slope as wel-I aS

that of noek units o Cross secLions vrel:e pr:epared from the

I:63360 map sheets of the Geolop;í.ea.J- Sunvey of sotttii

Austi:a]ia, a.l.though in some j-nsta.nces ti-ie- geologj-c;rI

inte-r'pr:etati.ons requirecl v'evis ic:t-t 
"

El-evations of r:i.ven terra"ces, maT.i,ne tennaces and

fossils were fixed by Dumpy l.evel-Ïing. I{and auger'j.ng was

under:taken to col1ec-b secli¡len'ls frorn rj.ver tennaces , Rosetta

IIead, lrlew.ì.airci FIi11. a-nd Riclgc-,wery Hi11. Sj->¡ selec'bed samples

of sedirrent-s wepe subjected to mechanicaf analysis in
attempts to cle ter"lnine thein or:igi.ns. In additíon lrlany more

sedinrents \^Jere examined micr:oscopically.
Ma¡y resiclen'i:s of the aï,ea \.,?ere ínte:rviewed concerning

the focations and logc of bonea as well as evídence of
geomor:phic chartge in the landseape dui:ing histonic¿rl time'
Pnevious published v¡ork descr,,j-h-¡ing the area \^Ias consulted as

well a$ nuch unpublishcd rnatenial, In addj-tion attempts

have been macle to utilise theories and concepts fnom r:eLevan't

systematic studies.

p

more

have

\x/
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3. PREVIOUS TN]VËSTÏGATTOhIS

Conrtiissi<-rned by' the Soutir Austr"a.l.Í.an Govennment,

\ri-ctoni.an Govennnen't geologi.st A"R.Co Selwyn nia.cÌe the firs-t
geologicat study of 'the area during a reconnaissûnce slrlavey

of the country be'tween Cape Jervis and l"loun.t Ser'}e (Selwynt

1860). In tlie valley of the Inman ß.j.ve:: SeJw5rn cl:iscor¡er"ed

the renowne<l tSeJ.wyn lìockr , a glaciated pavement which

constitu'tes the first obser"ved evicJ.ence of glaci.ation in
Aus'cr"alia ( Cra.wfond, Ig 60 ) .

In aR article entitlecì tThe Geol.ogy of the iiouthea.st ?

i:lanson (1866 ) r:epon-Led on sofile geologi.cal aspects of the
Port Ëiliot and Victor lÏanbour areas. These aspects \^¡eire

corrunented on by \,^/oods (L866 ) who cr:itj-cj-sed some of llansonrs
conclusions.

A geological rrrap of the Hund:r'eds of EncoilnteÌ' IlaSr atrcì

Yankalilla tvas producecl in 1892 by 1ì.Y.L. B::own, the
Gor,'e::nmen"L GeoJ-ogist, who es"b¿Lblished a threefol.d
classifieation of rocks : Pni-mary, Shale and Sandstc¡ne

Foirmation, and Tertiary. Furthernot'c, the g1acial origín
of the nuTneraous exo"bic enra'Lics was recognised"

David and Howchin (1897) duning a search fon the
lSelwyn Rockr encourr-Lered and descr'ibed evídence of glacial
act.ion in the Inman Valle5r, tnrhile Duffíeld (190I) studied
geological fea'Lures in the Vic'bon Harboui: area"

Pricle of place among the geological investiga-tons
of Fleu::j.eu Peninsula must go to Pnof,essor Wat-Ler llovrchin,
who, in a series of papers be-bween ]BgB and 1931, descnibed
the geology of the negion in considenabl-e detail (fon a list
of the pubtished wov:ks of Howchin see Trans, RoA, Soe. S, Aust,
1933, Vol "57 2242-245) 

"

Guppy (1943) continued geologica.l research of the area
when he carried out a reconnaissance investigation of parts
of the Hundneds of Encounten Bay and Goo1wa fon a B.Sc.(l{ons.)
degr"ee at Adelaide University.

Following ma.pping of the Yanka}lil-a and .Tervis geology

map sheets 1:63360 senies, Campana, lrlilson and l{hittle (1953)



c

extended thein s'tudies into the Encounter' l3ay and lfilang
aneas, and detailed resu-ïts of thj.s worJ( were published í.n

1955 (Campan;r ancl Wi.lson, Ig55) 
"

The Ëncgunten ;.rircì i'1iIan¡1 geoJ-çgy map sheets 1:63360

senj-es wene nappe-d by Cr.aiufoi:d ancl Thomson (1959) and

'HorwftS a.np[Thor¡¡sq-n {19 60 ) r:espec'L-rlvely. Unprrblished

exp1iilt.l-tory no'Les of th€r$e maps I-IeDe macle available to the

wl"iter by the S"A. Geol.ogica]. Sui:vey and tlre results of the

mappi:rg of the I'lit-ang ancra were publisheci l:y I{or:v¡it-z (}960),

. Ëea'Euï'es of the l,a'te Pa.laeo 7-ai-c glac:i-e'l-iorr of
Fleurj.eu Penin¡:itl-a wrjl-e exaninecl by lJot¡eir (1959) as par't of
a doc'toral theE;is a'L the Unj-vensíty of Melbcu:rnerivhiie other
publj-cations .i.rrcl-u<le a nuint'er ort the s'b::atigr:apiry and

stiructures of the basenent ::ocks I e. 8. Forbeg ( 19 5 7 ) , Daily
and Milnes (1S71, 1-972 ) 19'13) - Ser¡eral papens have a-ppeareci

on the Encor"mten Bay Gr.rnitc+s, a sllmrna-ry of r,+lij-ch äppear in
MÍl-nes (1967).

The pnersent study ä.rea. was mentioned by Brock (1964)

and although he caprie<l out no det¿ril eci wor:l< here several of
his findings apply to 'this regior:. Other recen't wonJ<s v¡hícli

make rnent-ion of the study area incJ-ude Crounell- and Ëra]<es

(197la, 19711)), il;-mris (1972), l4j-lnes ancl i3c,urman (1972),

Bour¡nan and LJ-rrclsay (1973), and M.i-Ines (:l-973) 
"

Bounmar (1969) macle a pr.elÍ"rninary investigation of the
geonorphology of the. Vic'bor Harbou.r.' area as par'-E of ¿¿

B"A, (llons.) <legr:ee in 'ttre Depa.r'tnr.ent of Geog-r-aphy at the

Univcrsity of Aclelaicle, This rvci.lc incl.uded stuciies of some

of the Late Pal-aeozoic glacial features a-nd Cainozoic
lancìsur.faces of the ar(la. The present investi-gation
constitutes an extension of this preliminany study.
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5O A NOTE ON }1EI]RTCATÏON

As all naps h¿rve not yet been conve::te<l to the met::íc
system, and because thene j.s not an exact even numbev.'

convension fnom feet to ncltres, it was dec:LdeO 'that contour
maps woulcl be shown in irnpenS-al uirits. Where heights and

distances are neferr'ed to in the text they alle given i;:r
imperíal units v¡i.'th the approxima'Le metnic ertruivalent il:
bnae]<ets, e.g. I mile (I"6km), 20t (6m). Horízontal
scales on all maps arre shown in both uni.ts. The map of
the terraces of McKnight Creek with heigirts aecurate tc:

.01| is shown in both ímperial a"ncl metnic units o as are
ventieal scaJes on cnoss sections.
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CI]AP'THR ÏI G},1OLOGY

]- " TN1IRODUCTÏ OI{

Al"though tJris strrciy j"s pr.ima.ni-J-y concernecl with
geomorphie pr.ocess .-tnd evofutj,on, de.tai.l-ed geolop;i,ca1

i.nves'tÍ"¡¿ati,ous hcaVê pnoved esE;en"tiaI foir a ful-Ier r¡rden-

standing Of geonrorphi-c events " Many la:rclforns j"n the study

area are c.¡f strur:tura1 or:ì.gin: OF thei.r clevelopment has been

s't rongly infl-uencecl )ry stnuctu.v'¿rl con'Lrol-s such as jointing,
cleavage a.nd J-íth6.i.ogy. The study of stratigr;rphieal
relat:'-onsliips ancl 'the fossí1 reconcl facil.:Ltate dati-ng of
seclimen'tany Segtìcllces and fot'uten georno::irhol.ogic;.11 events,
\,rl-ÌiIe sedj-metrtar,y s-[ructu::es i1]-ust::a-Le former" enVi.r"onmen'iS

ar-rd flow d:-r.ecti.o¡rs rlu::íng deposition.
A cietailed lcnov¡leCge of Þasement r:ocl< geol-ogy ís

invaluable Ín this a.lrea j:eceruse of the wi-despre.rd occunnence

of ennatics nela'i;erd 'to Late Pa-t.aeozoj.c glarciation, Mos'b

rltternpts, to r"ecognise Late Pal.reozoic gla-cial o-r fluvio-
gI-acial deposits ]rer:e i:est on the r:ecogn:Ltion o.f exotic
pebbles and boulcle:rs. Moreover, as 'the clirection of
glacien movement is most neliably inclí-ca't-r¡d by the. pnovenaiìce

on origín of enra,'[ics, fami.liar:ítv w-Lt]r basement rock source

areas ir¡ vital j"n 'the- assesËmcnt of the d.j.nec"L-i.on of glaci'er:

novement,

2, REGTOÌ{AI GEOI..OGY ( Figurc+ 1)

a) Ko,nntanl;oo Grattp metased'írrtentairy roeks

Kalmantoo Gnoup metased:'.rnentar"y r"ocks con.çtitufe the

basement rocks of the stucly anea a-ncl are '[he olclest rocks in
the anea trhere detailed v¡orlc rvas canried out. They

eonformebly over-lie the :rçcks of the Adelaide Sltpergnoup,

ancl, on fr:ssit evidence, have l:een dernonstra.ted to be of
Lower Carnbnian age (Daity, J-969; Dai-Iy and Milnes r l-971'

L972, 1973).

,)
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Metasartdstones, netasitts'tones, l-¿rmínated phyllites,
and sehi$[s of the i(zurmantoo Croup form a lar:gely reFetitiol¡s
senies of nocks on the eastern side of the Mount Lofty Ranges '

The rocks har¡e been affected by several phases of foldingt
(Offl-en and 1=J"erning, 1968) ' but broadly they stnike nontheast

southwest and Cip s'[eeply to the southeast, Schistosity
is wel} cìerrelopecl in the KanmdJìtoo Group ntetasedÍ"mentany

::oelcs and cê-re is neecled to dis"tínguísh ít fnon bedLcling'

Rubi.elium*s'trÕntiu:n data on whoJ-e rock sa"mples fron the

l(anniantoo Group nietasediments has establíshed an age of
487 t 37 il1,5l, for ttre me-l-amorphj.c event r'¡hich affected these

nocks and which is consicler:ecl to be coirrei.dent with the

emplacement of the Eneounter B.:.y G::anites (Dasch, Milnes ancl

Nesbitt, 197l).
The res:lstanee of the Kanmantoo Group rocks to

wea-thering is neflectecl ín the higtrest poj-nts Ín the

tcrpography, fon VJitson llil] 7671 (232m) 
"

l"lount Desert 97Br

(29Srn), Qlg?i.qr" il_ill 52Br (15Brn), B^rown I{i11. 835' (250m),

Kenby lli,I1 93Bt (2BIm), Peeral-I:Llfa ÌIill 950t (2BSm), Mouut

Billy 6501 (195m), Towen of Bal:el. 1050t (31-5n), strangv-ray

Hilt 1050t ( 3ltim) a:-rcl Inn'Lan [Ii]l 907 ' ( 2 71m) a'îe all under'-

lain by this gr:oup of rocks, Ridgev¡ô.y IlíI] 51"71 (155¡n)

and Newland Flil-l 568î (170m) are exceptí.ons, beíng cornposed

chiefly of aeolian sands 
"

A detail.ed stratignaphical study of the Kannantoc>

Group metasec.l-imentary nocl<s in the study anea has been

completecl recently (Daily ancl I'filnes, 1972, 1973). The

Kanmantoo Gr6up metasediments in tire stucly arìea incfude the

Tunkalilla an<l Balquicioer Fonmations of the Bnown I{ilI Sub-

group, and the Petre1 Cove Formatio¡r and t{iddleton Sandstone

of the V'lattabenri Sub-gnoup.

L

,]
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b) Eneoun'bc¿t, BaA Granil;es and igneou.s d"gkes

The l,incounte:: Bay Gr"anj-tes fonm i:eadIa.nc1s and islaucls
ín Encounten lSay frorn Pont ÏìI1.:lot to \¡iest Island" Ttlese

inelud.e Fr.'enchmatr Rocl<, Colirmo<lc:ne Poín't , the Sis'[et's , Pul.len
(or Seagull) Isl.ancl, F::ee:nart i(nob, Gr'aní-te Tslanc1, Inlnight

Islanfl, Roset'ua i{ead and l{est Islanci" 'Ihe g:ranÍte int-rus;ion

is appnoxÍ.rna'cel5z concor:'dant with the str.il(e of the Kanmantoo

Gnoup eountr.y rocl< ai"lrl extencls southv¡es'L to Cape I'riill-ouSEhby

(K;:.nganoo .islan<ì), a dístatrce of mot'e than 50km" The term
rËncoun-Len tsely Gnan:'-tesr (piil-nes and Bour:¡nan.- L972) has been

usc¿d to clescribe the :i"gneoris r:oclcs of the Encounten Bay aI'ea

¿nc1 those at Cape lttillJ-orrghby, these tvco 6utcr"ops being
considered lrarts of the Salr(.- j"n-t:n¡.sj-rte mas.e, l1ecent wot'k

by Dasch, MiJ-nes a:rc1 lrlesbit'u (1971.) establíshed sj.milan
ages fo:: metarnor.phi.sm ancl intt:'rtsion ancl high initia.l Srs 7 /Sr8 6

nce'[ios, suggesting tirat the grauritisati.on occunrecl through
remobilisa'tion of cr,ustal r'ocl<, vahich proT-rably oceunned at
gr.eat ciepth,

The Pages r a group of 'l-h¡:ee s¡na-ll :Lslands between

l(angat:oo l-stand and 'the maj-n-l¡rrrd were ma-pped ðìS 8,nc?nite on
-Lhe Banker rnap sheett, L2250000 senies. Howevetlr subsequeltt

investiga'tj.ens ( Ì3out nal , 19 69 ) irave demonstrated that the

islands ane rtot gran.t'-te, bu-t- al:e fonmed of Kanrnantoo Gnoup

I'OCkE '
MíInes (1967) tentatír¡eIy suggested a sequelice of

:relative ages in the Ëncollil"uEr.r Bay Gre.¡.j.tes fr:orr the POrt

Elliot looaIity, "the-ue being f ron'L c¡ldest to youngest
ponphyritic gran:L-te r even grained gnanite, ned aplíte and

aplite d}rkes ancl pocls , fine grained grani-be, prophynitic
mienogranite, schorl-r'ocl< <lyl<es and poos, atbítisation,
greisen mater.ial and quartz ve j-ns. LâÌ1ge megacrysts of
mier.ocline felrlspnn occun in the pr:ophynitíc granite, the
first intrusive pirase, to wl:ich phase countny rock xenoliths
arê ::estnieted. The xenoliths, which are generally little
altered, and up to 401 (12m) in diameten, are coillrrìorl.

Several of the lar"gest xenoliths are possibly noof pendants
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as thein or:ient.rtion parallels the bedding of the

suruounding metasediments (l{i.J-nes, 1967) .

The Encounten Bay Grzurites have now been datecl by

three groups of wot:Jcens, a.]1 utilisi¡g díf fer"ent methocls "

Ever.nclen ancl Richanils (1962), using tire potassium-argon
rne'Lhoci on bj.otite, establj.shed an age of 457 mi}.l-ion lleclns

B.P"; Fer-nder' (l-gtt)) anrivecì a-t a¡l crge of 415 t rt2 mj.lIíon
yeal:S B"P. enrpl-oying the unanium*tea"cl t-echnÍ-'que on zincon
ccncentnates; ancl Dasch, Mj.l"nes and Nesbit-E (1971)

utilising rubidium-'str"ontj.urn, and strontium íso'bope data.

on wiìole rock sanples de¡ived an isochron age ¡rf 4Bi' I 00

rnj.l-Iion years B.P"

The granites of Ëncot¡llter Ba5r dÍ-splay well developed-

joint pa'L'uepns, the rnajonity of which trend trontþeast*
southwest, and southcast-nonthwest. AstÏ¡a¡a (195 8i

suggested that some of the joints ð,re tensiolt joí'nts
associated r^¡ith the emplaeement of the granite, while
o-Lhens, cha.r"r.ctenj-sed I:y sm'¡oth :join't fa-cesr are eonsidez:ed

the resul-t of later tlectoni.c movement actinp; in a N.N.l'J.

S "S.E " direction, prorìucing s:econcicary shea:r -joi.nts 
"

i3asi.e Ígneous <iykes crlop or;.t in s:everal l.ocalj-ties
near Ror,e'i:ta Head and 4 mites (6"l{lc:n) rlonthwest of Cnozier
Hill in the bed of the Rive:r fnlnan. Nr: age de'Lenminati-o¡rs

have been carr:'-ed out on these dylces, br.rt -thev lnay be da*ued

neJ-atively to other geological events " As they intr-ude
the granite they aue youltger than the gnanite, ald aS they
ê,re folded within the Kanmantoo Gnoup noeke they mus'L pre-
date the folding ( Uitnes, 1973) . Consequentl.y, cìating

of the amphibolite dykes eoul-d neveal relat:'-onshi-ps between

o]:ogen5' and intnusj.on,

c) Late PaLaeozoie gLøeigene deposits
The major-i'ty of necent r+orkens, for examPfe, Lu.dbi:ook

(1957, 1965, L967, 1969a, 1969b)' Evans (1964)r Fr:eytag
(1963, 1965), Paten (1969), and Harris and DfcGowran (]971)

favoun a Sakmanian (Lower Lol+en Pe:rmian) age fon the

t
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glacigene sedimerrts in Sou'th Aus'fralia" lIoweven, other"s
inclu.ding Crowc*Il and Fr"ake-s (197ra., 19?-l.t)), i¡l¿urless (1960),
Balme (1957), and lrlopfnen (1964) sugqest tlr¿rt the deposits
may extend back j-nto the S-LephanÍarr (Upper" Upper
Ca:rbon:tferous) i and tlri,r'f gJ"acia'biorr was almost cent.zinly
initiated dunin¿¡ the Ca"r"Ì:oni.ferous . Ëor these. ueasons,
tlre glaciation ¿ulcl 't-he associatecl se<limen'ts will be nefe-r'ne<l

to tlie La'te Pa-J.¿reozoi.c"

The Late lralaeozoic deposíts atle of glacial onigi-n,
consis't:'"ng of g.l.acial ti"l-1 and fJ-uvioglaci¿it (includÍ"ng
valave) secliments" Defini'Le glar:ial till is rare, ancl :lt-
is difficult to disting,r:..ii;Ìr fluvioglacial sedírnents; from
newonked boulcler clay" l,ithifica'i:jon of the deposits ís
varial:Iee some being ea.sily broken in the hand, vrhile
othe::s have been used, thougir wi.th lj-'ttle success, for"
btrilci:-ng ste>ne (l.Iovrchin, 19tOb). The sedi.ments are
re.cogn:t'.sed as gJ.acigene by the pref:ience of f¿¡.ceted or
stniatecl exotj.c pebbl.er; of f.'lat-j.z.on uLo::pholcgy.
Never.'l-he:l-ess, tiri-s does not preclude the poss j"bilitv 'that
they arìe rewc¡rke<1 glacial oi: fluvioglací-al sed"iments, As

no noeks olden than llocerle and young;er than t-lle Late
Palaec-¡zoic have ]:een reccgnised ín the anea, th-is per:lod
of some 200 mi.l-1^¡ott ]¡ea¡s was one of non-cleposition qTì

enosion. Altenn.itively, Uppen Palaeozoíc anrJ Mesozoia
sedinen'is vJere later" r.emor;ecl by erosíon. r In either: cä.sie

there is anrple 'tir¡re f-'or consider-a.bl-e newo::kíng of the
glacigene seclineuts, posing a pr.obJ-eni only conpJ-etely
soluble by accurate age deter"¡rrinaticns.

rRecent work by Wellman (19?1) has demons'tna.'Lecl that the
basalt flows of Kangaroo Island, fonmerly co¡ìsidered 'to be
of t,ate Cai.nozoj-c âg€, are actually Jurassic. Tniassic
sedinrents rûay undenlie the basalt. Although no l¡asalts
have been found on Fleunieu PeninsuJ.a, the Mesc¡zoj.c on
Fleur,ieu Peninsula m&y no'L have" been an era of iontinuous
eros.ion but one of deposi'tion a¡rd enosion.
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0utcrops of tiIl occul: at King Beach, east of
Porters Hill (Gl.asto¡bur:y I{ilI of Fiowchin, 1910a), ne¿ì11-'

rFainlands Studt, nonth of rGlenaynr , northr+est of Ada::e

HilI, south of Strarrgv;ays FÏill ancl in Ducknest Cneek.

I.fumerous grarrite boul.ders oceulr orr the la.nclr^.ranc1 s;ide of
Rosetta llead arrcl to tire northwest a1-ong the cclas-h"

Although some of these m;.r-y be due to mafìs movement arid

coastal- transpo::t of boulders from neanby granite outcrops
unclen non-glacial coirclítions, the presence of exotic
granites and otl:en errati.cs demonstrates reworl(i.ng of
glaciaì- deposi'us.

Possibl-e gIaei.el va-Ilve deposj-'t s have been describecl.

fnom Pc¡-r't E]l:Lo't (l4ilnes, 1967; MiLnes and I3ouunanr L972) ,

and King Beach (Crowell a.nd Fi:akes' 1971a) " Laminated,
fine grained deposits at these sites resernble glaci;rl'
varve$ , but it shoufd be l:or"ne j-n rni-nd that non'-g1acia1.,
non-seasonal nhythmi-tes related to :l;rr:ine tunbÍ.d-it5r
currents, to the se'i:tIing of r¡olcanic dust in l¡rkes : or
-Eo the tife cyeJ-es of o::gauisrns sueh as diatoms ccnrl ft).tlfl

in non-gfaciat corrdi-tions (lla.rland, 9.!- gI' 1"966).

Gallorvay and Ë::iksson (f971) recetttJ..y re-Lntenpret'ecl
supposed glacial var\¡es ín the SnoLry llountains ¿{s fltt'"'iaj-
or snov¡:lelt deposits j-n whj-eh bancii-ng has. been accentua-tecl

by chenic¿il preci-pita'Les.
Crav¡ford and Thomson (1959), Thomson and Honwí.tz

(1962) and Tl:omson and Arrit¿rn:l-s (1971) indicate that par't
of the ck'ainage basin <-rf L:lre l¡lai[pinga Creek is unden]airr
by Permian glacial on fluvioglacial sediments., However,

Eocene fossiliferous limestone encountered ilr a bone surrk

on the 'Glenmeretf propenty at a depth of 120t (36m) ancl

at a height of 300r (90m) a.s.]. proves -that the deposits
ane of Cainozoic age (Bour.¡nan and Lindsay, 1973) (Iiigune 4).

lNot tGlen¡nen t as on Encounter map sheet 1: 63 ,36 0 sertes
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!'/i thout a

.l-:lmestone,

stnatigraphic narken such as the Eocene

glacigene cLrld re.rn¡orked glaci-gene secl-j-¡ltt-¿tt Ls ilr
virtually Í.nrpossible to distinguish from eachthe area are

other,
0 t Dr.is coII !_19 _5 + )r- vrho.e e_îlapp in g vi as f o I 1ol,¡e d by

GlaessneT) and Parkin (1958), sugges'bed 't-hat the ar'ea from /
Ricigeway llill i¡rimediately nonth to ¿ left banl< tributary
of the Wai'tpinga Creek is u-nderlair¡ by 'I'entiary sands ¿lrld

claysrbut he dicl not s'[ate -bhe evi<]ence fort]iis conclusicl¡ì"
Floiureven, the absence of boulcìer"s anCr pebbles ne -l-ated to tJ-re

La'be Palaeozoic glaci..rtíon, a$ r¿e1l as the pa-ur-.,ity of
secliments greater than sa-ncl s-i.ze in the clnain*rge basin ¿ìre

higirly suggestí"ve of conside:-'able ::et^io::1<in55 of Late
Pal¿reozoic glaeial d.eposits .

Two large e::r;rtics of coarse*f3r"a.íned Ënt:c¡unter B;ty

Gra¡ites sevenal met::es in cliameter' I^Ie:ne noted in the t:l-dal
zone on the fan eas'[:er:rr side of lda.i't1:ii:rg;*. Beac]r. These

boulder-q \^Jere most likely vtaslie-cl fro:,rt Late Fal-.reoza)-e

glacial de1>osits, 1.ong since eroclecl" Iloviever) they Inô.y

ha.ve clenived fro¡n gr:a.rrite oLi'r:croirs searçard of thei-r presen't
position by stonln vra-ves, the e-ffec'l-iveness of vraves in
transponting hr.rge r"ock mas.ses be.:Í.ng rvel-1. docuntented.

tixotic boulders of ned quartzi'ie and microgranite wen'd

foultd in the s¡na-l-l creek wir ich flov¡s flro¡r south of Nelvi and

HilI to the coas't northeast of King lleach. T'he sandy cl.ays

through which it flows reseml:-'l.e glacigene sediments els;e-

Where in the ared. 'Howevê.r'î 1.hr.. inte-npretation Of these
sediments as gla-cigene nus't l:e approacl,led v¡ith cauti.on, as

the exotic pe.bbles may have beel ernpJ-acecl by e.boniginal ¡:ran.

Samples of pebble graveJ- coIlected from -the bore site
on the t Glenmener propenty, and denived fr:orn beneath the
Eocene linestone, contained sul:rourrded pebbtes of quartz',i'Ee,
quantz ancl schist. Two of these pe.J:bles clisplayed polishing,
faceting and s'bniations ( Li.ndsay, 1966 ) " Cleanly this
gnavel may be denir¡ed fnom Late Palaeozoic glacial oll

fluvioglaej.al deposits .
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Ilgl.t-å_f . Fielc1 of gr.anite e'n¿ìtics 1 nii.le (l-.61<m)
[^7. S .1,/. of lrtaitpinga Hill .
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A Jrr"evÍotrsly unnra,pped anea of La'Le Palaeozoic
gi-aci.a1- deposits was díscovered in the arell southwest of
VJaitpinga. Hil-I (Plate 1). At least a dozen gnanite
ennatics occtìr, all. but one- of thern bein¡¿ of coalrse grai-ned

Enco¡¿nte:. Bay Granites, -bhe except.ion resernblítrg ig:,eou.s

rocks of the Souttr Ëast of South Aus'L:raLia. More ernatics
at shallo'n¡ depth Occu¡a scattered. over cr. fairly v¡ide area?

these being encor-tntened during cultivation (Mr" Ga'rnet

Parsons * Þers. co¡nm.) " In this area: &D excellent example

of a po1íshed, solecl, fa.ce'Lerl , Striated, and sirub*corne:led
quartzÍ.-te pebbl"e was foundo Tt meets virtuallV al-l of. 1-he

cniterj.¿t of von Engeln (1930) fon the necogni'bion of glac.Ía-l

pebbles,
Apa.rt fro¡n this area. grani"te ematics írmnediately

\^rest of the V/aitpi.nga <h"ai.na-ge basin êre rare. Large

bould.ers of nreta-sa-nclstone several nle'fres l'-n d.iairie'ter¡ oc:cur'

in dam sites southeas't of Mount Des:er'[. Ex.posu]res of
under:I5ring basenient nocl<s nearÌry are cleeply we¿rthereclr'thirrly
bedded, micaceous clayey s j.I'cstones " Thu,s both on s j-ze anci

nature the boulders may b<+ I-,ate P¿ll ae;o:¿oic erraties derived
fnom resístant rnetasandstones to tlte eas-t"

d ) T ez'tì.az,y

(i) tr'oss;í.Liferous Eocenl L'itnastone

Richty fossilj-fenous lirnc-:storre v¡as encottn'Le::erl dr.rri.ng

driIlinp; operaticns on the rGlenneret propenty of Mr, J"

lrlanwick in the clnainage basin of the VJa.itpinga Cr:eek in 1964

(Linclsay, 1966). The bore penetpated 110r (33rn) of sa-nds '\
of fossiliferou-s limestone and a

14.

'hhín
j"nentany

and c1ays, Bi

band of ebble

(2. !tm)

s, which nest on Kanlnantoo Group me'tased

basement nocks" Sampl.es fr"om the bo-r'e site were iden'tified
as Eocene sandy lilneston €s.¡ pale gilelen and cream coloured,
specklecì bnown wit'h inon-stained ::ounded quartz grains âLnd

ferrugi,nor.rs. pe1l-etS, Apar:t from echirloid and occasional
molluscan fragments, the forarniniferal micnofaurra includes :
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Cr espLnína king seotensis Vtade

Kav,r,ería p s eudo ca?'Lü eæa. (Parn)

IúasLíneLLa ehapmani Glaesslìell and trrlade

Gen " cf . BaLíttiyteLLa sp 
"

Spra'bkì.na perLrtta (Andreae)

l?eusseT.La sp. af;f. .Ë. fí.nLayi Dorreen
Lanarc k'ùna sP " af f . L . a,í'.r en siç Carten
llaLkyardí,a sp,
T,indenina sp 

"

T'his is an Eocene assemblage rese.mbling that of 'tl:e

'J Tortachilla Limestone of tle St. Vi.ncent Basin and the
Buccl.euch tA] f-inestone of the Murray Basin (Bour¡narr a¡.C

Lindsay, 1973) .

(i:'-) )Ligocene (?) - !¿oeene hryoaoaL Lintestone

'l Tentiany .fossíliferou-si J-imestone occurs in the U.1,rper"

Ilindmarsh Valley and the L.'lyponga I'lain at elevati.ons Llp to
'.,1 Boor (240n) a.s.l-" Outcrops of 'thj-s limestone are m;tpped

on the Milan g geol-ogy map shee-L 1:6 3 ,360 serÍes nean t'he

Hinclnr¿rrsh Falls ( llowchin , 19 2 6 ) and ne.an Wood Cone . l"la.urJ.

(Ig7 ?-) c-:stabl-ished -t-h at the latter occurriellce is not na-turaI,
but was empl.rcecl by man dur,ing agri.cultural activities"
The extent of the Iímestone has been estabJ.ished by c1r'-i.l-1i.ng,

which h¿rs p::oved a maximun thickness of 385r (115.5n) uncler.

the }lypong'a Pl-ain.
Glaessner (1953) assigrred these beds to the Oligocene-

Miocene, conrela'ting them with the Pont Vüi1lunga beds 
"

Laten Ludbnook (cited in Thomson and Honwítz, 1962) necogni.sed
a Batesfonclian (!ya.: Miocene) fossil asseniÌ:lage fnom a bo::e

near t Clovendaler in the tlppen Hindrnarsh Valley.
An isolated fnagment of Tentiany lj-mestone from the

Lower Hindmansh Vallèy (Section 98, Ilundned of Gool-wa) was

neported in Bleys (1950), but it may not have been in situ,
(íii) Iez,res'bríaL Ca'tnoz.oíe sediments

Cqnsidenable depth of sands and clays overlie bo-th

the Eocene limestone of the l{aitpinga airea ancl the 0ligocene
(?)-Míocene l.ímestone of the Uppen Hinclmansh Va11ey and
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Myponga Plain "
CIenr'l.y -tiiese sediments are of Cainozoic

age so tha'b terrestx,ial Miocene and Pliocerle deposj.-Ls a-lrnos'b

certainly occu.rì, all-hcugh this llas not J:een establ:tshed on

pal.aeontologj.cal evidence,

( iv) Latez'í, l;e

The termrfateritet is use.c1 j-n this thesis to describe
iron,..rich paJ-Aeosol profiles cl'raractenised by considerable
depths of wea-bherj-ng. Such pnofiles cap many surrunj-ts of
tire a.rrea such ¿ts Br:own llill, I(enby Hi1I, Peeralill-a Hli-Il,
Spring Mount, lùilson Hill and Mount Desei:t. At lovrer
eleva't-ions ferricre-Le, defined here as an j-non-rich crust
forrned by seconrìany i-ron accunula-Lion ancl not associatecl
witti dee.p l.¡e¡rther:i:rg, occurs" These forma-t-ions Ìrave

colÌsi¿erãfrfe a"ge rôanges, but nLost of thern belong to the
Tenti-ary.

e) Quaternany deposits

Pleistocene and Rctcent- cleposi.ts include SiYqI a}luvi.r,
marj.rre d-eposi-ts nea.r the preserrt shoreline, beacir and L¡ack-

shone cleposits often capped by calcrete, ancl high l-evcrl

alluvial matr?.r-'

. The major stre¿',¡n$ of 'tÏ¡e ö,rreô., the Tnman a-nd Flindmansir

Rivens a:rd the. ViaÍ-tpi-nga Creek dis;play river ter.naces fc¡:nme<l

of alluviat fills. Va.r'i-ous types of all.uvia have Ì-¡een

distingu-ishecl and p-Lace.<i. in the fol.l-owí.np; nelative .lge

sequence from oldest to youngest (Bou-rmatt, 1969). ^/'

ê. Ihe Ma uruga CLay - Grey, sandy clay containing
fenses of black carbonaceous ma"tenial., occurring
ups'tneam frc;ln the In¡rr-¿r-n Gorge in the Inman River:,
ancl upstream from Vlorclles Bnidge in the tlindmansh
Riven.

bo Adare CLay redclish,yellow, sandy clay wit-h
numenous nocl.ules of calciu¡n carÏ¡onate. A bone

frìagment recorrered fro¡n the Adane Clay in the
lower Hinclniar.sh Riven was dated at 12 1600 B.P.
(G.¡k-2356) (GiIl and Bounman, L972),

't' 
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c. Brrzckan Sand - darlc grey and black clays ald
sands forming low terraces and flood plains.

P::esent stx'eam channel loads, which are often
forned of rvhite sands.

Fligh level outwash de-posits covelr areæof- the
I.^traitpinga. draínage basin, and form screes and fans at the
bases of sone hít1s such aS Bror¿n Hi1l, wherê the5r merge

seawards with othen alLuvial deposits.
Tpunc¿rted remnants of consolida-ted P1eístocene beach

ç and clune deposits exist at Newland Head and Port lJlliotr
where an extensive calcrete crust indicates tlie:Lr extent.
Both clepos:Lts display cross-bedcìíng, contain smalJ- shel.1

fragments and al-e cìonso1idated. by calca.leous ceni*nt. The

beach deposits may be disting¡-rished from the dunes by the

smallei: amplitucle of cross-be<lcìing ancl Ï,y eoanser grains
and shell fpagmeuts. A very conplex Sequence of beach

cLeposits and cal.c::ete crusts, rc;s-ting ttlì CORTO o1-l

Ke¡man-Loo Group metase<liment-ar.y rock.so occur$ on lilewl.ancl

{ead. The calcrete which caps these deposits j-s llohrhere

as extensive as tha't shov¡n on the Eneou¡r'ter geology map

sheet, i:6 3 ? 360 series. 0n this map calcnete enc-ircles
Ridgeway HilI, but apart from sollìe smerll exPosr"lnes along
the 'top c¡f the cliffs none ottt-c::ops north of Ridgevray Ilj.ll
(c.f" Figures 1 and 4)" Other calcrete occurs on Gna¡ite
Islan<l, Rosetta I{ead and the },lewl-and Lowla¡rcl. Consolidated
beach deposits occun in the tída1 zone a¡d ex.t.encl Lrelow sea

leve1 at Boomer Beach, Et1counter Bay, liaítpinga Bea.ch a.nd

Parson Beach. Intact micno-fossil- shells found plastened
to pnecipitous clif fs 30 I ( 9ni) a. s . l-. non'Lhea-st of Newl.a¡cl

Ilead rnay be related 'Lo similar deposits.
Shell. beds, appraoxirnately 20t (6m) a..s.1. ? east of

the Hindmarsh River mouth, contain the follolving fossíls:
7strea sinuata, Anada:ra trapezia, AnapeLLa pingu'ts',
Benbieum imbrícata, Bracltyodontes hírsutus, GLyeimeris

Iu
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I

Further Anacl.ara shel-I beds

scarp backi.ng the Newl-and

styía'DuLaris, Liot'La austraLì.s, llacoma deLtoidaf is,
Maetra austraLí,s, Nassaz'ius pauperatus, Tut'bo undulata.,
Venenupes erebreLameL\ata. Both Anad.az'a and 0s'b'¡'ea ê.ne

ver?y thick shel-led, and as a result it has been sugges'ted

that they \^Ierre living nean the shonel-ine (Guppy, 1943).
vrere located at t e foot of a

low}an<i, ðt a simi.lar elevation.
are inclucied in beachof 20t (6¡n). Recent shell fragments

rock abou.t Br (2.4rn) a.s.1. at the foot of a c1i.ff at YíIki
(Bou::man, 1969).

Unconsolidated sand dunes, some of them

by vegetation, parallel considerable lengths of
coas'Lline. Two systems of Recent sand dunest
and the other unvegetatecl ovenlíe the calcrete
Newland Head forming cliff-top clunes,ç" These

firrnly fixed
the present
one vegetated
capping ¿tt

clunes almost

¡.t reach the summit of Ïliclgeway Hill..
Estuan-ine deposi-ts occltn in places on the Victon

Ilar.boun ancl l'lewla-nc] lowlands " These alle ma::J-y ín natu:re

and contain nLlmerous brackish rvater shells of the speci.es

Coæiei.la badgerensì,s (FIowchin, 19I0a). These alne of vetry

necent ager and the marl. is pr-obably stil1 forning (Dr.

Mary lrlade - pers. comrn. ), especially on the Newlancl lovrJ-and,

which is cover-'ed by v;ater- for long periods in witrte.r.
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CT]APTËR ÏÏÏ COAST:AT, GËCI"íORPTIOLOGY

1. ]NTRODUCTÏON l'ioRPHOL0CìY 0Ë TIIE COh$TLÏNE

In the study area the confj-g_uration of the coastlíne
refleets -Lred:rock structure and th_e clirection of r"Jat'e a-tta_ck"

Ttre coast from the nLou.th of Coolawang Creek to Ner'¡l.and Head

ty..endS apppoxilnately t^leSt-ea-st. Two lain beac.hes . PaI'Son

Beach and \,Jaj-tpinga Beach, 1 mile (1.6km) and 2 miles (3.21<m)

long respec'tively, make up the najonity of this secEíon of
t¡e coast" Outcrops of Kanniantoo Gnoup metased:itnetrta::y

roc)cs separate the two beaches, and form the renaincier. of
'che coa*stline 

"

The positíons of the beaches ê.ire related to fold
s"ür"uc'tures in the bas;ement rocl<s. Al'bhough in this area

the bed::ocl< generall-y 9Ípl at high .ingle.s to the sou-Lheast 
'

folcl:Lng has caused a repetÍ-ti-on of be<ls (l"fa-digan, 1925;

Daily and }filnes, 1973).
Thus Panson Beach oceurs vri-thin a bl-o¿td-scal-e

syncJ--inal- stnuc'Lure, and Viaitpínga Beaeh irithin än antíciin.ti.
Structure. The axes of the st::uctures plunge to the ,2ou"th-
r¿est (Daily and Þfilnes, 1"9?3) . Varíous enosive pr'ocesses

have acted on these structures, whicir, at the coast,
corresponcl wíth topog::aphic depnessions nolÂ/ filIed v¡ith
beach and dune sands "

The Kanmantoo Group metasedj.tnenta-ry rocks outcroppirrg
on -bhis section of the coast, and from Newland Head to 0 .6

miles (f km) southwest of King Beach, are those of the
Balquiclder Formation of Daily a-nd Milnes (L972, 1973). This
fonmati.on suppo:rts precípitous eoastal ctiffs nanging uP to
35 0 | ( 10 5m) in height , northeast of New1a¡rd llead " Genenal-ly

the coastline follows tl:e stril<e of the thick beclded coarse
graíned metasandstones, which form the steep cliffs. It
migh'E be infenned that the orientation of the cliff line may

or"iginally have conresponded to a fault zone, as the::e Ís
both geological ald geophysical eviclence fon faulting on

¿ tr i /

l¡ .. .¿alfÈi/\

a

,'

1

,l



Pl-ate 2. Structurally contnol]ed bays 0.6 mil.es (}kn)
sõïÏFr.'est of King Point, the pnomonton5r on the far night
of the photogr.aph. The rocks in the foreground a::e
those of the Balquidden Forrrration, thick bedded me,Ca-
sandstones, in'Eerbedded v¡ith thin inter.vals of meta-
sil-tstones, Tire lower: cliff s in the middle distance
have fo;.med on Less resistant phylli.tes and schists
(Daily and Milnes, 1973), The gnanite headland,
Rosetta Flead, is visibl-e near the hor"izon,
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the southe¿rster"n mar.gin of the I'{ount Lofty Rar:ges (}lonony"

19?1-) , I{ôwêver, the present nto:'p}to}:gy tif Ll're c1-'iffs is
explícab1e in tenlns of bednocl< structureg a-n<l strong wave

attacl< frorn th.e oper¡ $outhern Clce.ln. In rietail the c1if.f:
Iine does not fc¡Ilov¡ the stnike of the bai;enLen't rocks
exactly, and as the B;rl.c1uiclder Formatiott irlcludes thi:r
intervals of ear:ily er:ocled uretasiJ.'Fstones, small ber5rs anC

inlets are comrron" At the souther-n pant of Ner¡¡l¿rnd Ileael,

where the str.ilce of the 'bedlroclc trencls seaiva::d, differrential
erOSic¡n iras developed a rugged a¡rd ir.regular cOaStJ:i¡re and

ncarr the northc.rstenn section of tb-e cli..ffsuwher'e the s'tni.lce:

near'l"y pa:lalle.}s the coas'i2 smal-1- cuspa'te" Ì:ut structur:allv
control-Ied ba-ys have fonmed (Pl=ate 2). Loeated a"long ti:ti
base of 'the cliff line are occõ16:l.onal se::::ai:e shore pliati.oninr

and l:oulder beaches.
Appnoxinr.:.te1y 0"6 niles (I krn) southwest of l(in¿¡ Beaclt

the elif fs decrease ma::kedly j-n eleva'tj.on, r"eachi rig on1.5r 30 r

(9¡n) to 601 (1Bm) ao s.1," Tlrj"s topogral:hic change coj-iicici<¿s;

with a change to the less resistan-t phy-i.li'tes ancl sch.i.sts

of 1-he Petr,el Cove Ëorma-tion (Deri.1.y cì.ncL lfi.i.ues r -l-973) "

At King Point the coastli¡re pro-Lrudes seawaÌ.dß wher:r:

i't has been pnc'[ectecl frorn the fut]- force cf waves ]:v the
r"esistarit gn;:ni"[e outcrop of Vles-L Islanc]" A Targcz part of
King Poj-n't is composed of very well pneser.ved L¿te Pal-aeoz-oic
gla-cj.gene seclimc:nts inctucling large gr"aníte er'::a'hÍcis (llotvcrhi.n,

1910a). Cnov¡e1l ancl Frakes (19?la) concludecl tha'E the
gnanite boulcler"s at t(ing Point were transponted from \,,ies't

Island by wave action duni.ng a highen stand of the sea-r bttt
the presence of exotic er:ratj-cs (Ifilnes and Bourm..:n, I972)
favours a glacial origin, Tt n¿Ìy seem r.emankable that i;hese

ancient and easily enoded deposits should form a headland,
but they lie pi:otected in the lee of a srrrall outcr'op of
basenent rock.

Differentiat erosion accounts for- the plan norph.ology
of the remainc-len of -Lhe coastline considereci. Bays have
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been ei'oded in -l-ess nesistant rockb, whils'c ireadlands äre
occupierl by, or are pnotected by ::esista¡rt ou-l-crops .

S¡na1l coves oeeun on either side of Rosetta Ïlead, eroded

in the less resis'Lant, finely l:edded netase.cli-mentary r,'ocks"

The large bay, which exterrds fr'orn lìosetta He¿td to the
gr.anj-te outcnops of Pont Elliotrhas ,levetoped i.n soft
glacigene, mar.ine and al-lur¡ía1 deposits. Tv¡o o-t"her najor
bays include Horseshoe tsa5r and that extending fr.om Frcrnchman

Rock to the baselnent nock outcnops at Middleton'

a) l,laue z,efnaetion
Minor" va::iatiorrs i-n the onientation of the coastline

are explicable j.n terrirs of wave ref¡"actiou patter.trs i,mposed

by:
( i ) the nes is't-ant g-:raní-te outcnops of [,]est Ïs lan <1 ,

Rosetta Head, VJ::ight .[s l"urd, Gr.anite Is larrcl,
Pulfen Is1and, Ï'reemeln Knob, Co:nmodore Poin-t

and Frenchma:r Rock;
(íi) by snall outcrops of basement :rocks a.trd

lithj.fied glaeigerre secliinents ;

(j.ii) and b5z reefs a¡d shore platfo::tns eroded
acnoss mar-íne ealcareous sandstones.

As a resul.t verry eornplex ttTave nefraetion and diffpact:'-on
pattenns <leveIop, whieh comespond to the configunatj"on of
tlre coastline (Figure 7). Thj-s is evídenced by the
developmeut of maly sand spi'tsr e.B, Police Poínt spi,t,
Ha.yborough spi.t, Chí'l-on spit, Inmalt spit (Bottrnlanr lg69)
and several smal-l spi"ts nean Yilki. The thesis that some

of these spitsr €.8. Police Poin"L spit in particula-nr mâY

have developed as a result of the altern¿rtj.on of two
dominant winds blovring fnom opposite dir:eetions, was

considered (Bourman, 1969) and found inadequate. Thus

the alternative Ìrypothesis of wave ::efnaction is favoi-tred"

b ) Rec ent eoastctl ero sion
The coastl-ine immediatety east of Middleton is under:-

going consi.derable erosion, and has done so since the tunn
of the centuny. Aenial photographs taken in 1.949 and :1966
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cJ.ear.ly inclicate that erosion. of the ¿¡lluviaf deposits,
whi.cjr fc'r-nl "Lhe shorelj"ne, ha,"; cau-sed tJre cliffs to ret::eat
by several metres in the 27 year pe:r:'iod" Floclge (1932)

wro'Ee: tUp to al:ou't 20 years ago I'licldfetorr \^T¿ìs famed for
-t'ts v¡onclcrful beach, At lov,r tide j.t was J:roÌ:ably nearl5r a

quarten of a. rnile f::oll sandhíll -to secì, and so fír¡n that:
vehi.cl-en ec"ruld be dr.:iven for mif.es along its reaches in an

easterly dj-rectj-on" But the sed- encroached quite su.dclerrly

and ther.e is now com¡>a.r.trtíve-Ly but l..i'ttl-e beach and oncliilcary
high ti-cLes pnactir:alIy neach the s¿irrcì hi1ls"r Pho-Log.r"ai:hs

taken of the beach ín the Late nj"neteenth century con.fÍi:'rn 'ùhat

it r.vas of extenr*j.ve. w:'-clth (Pl,ate 3) " Today there are nö

sanci dunes at all baeking the beach, a:rd a't hÍgh tide (Plate 4)

the sea reaches 'r-he base of the a-ll-rivi.a-l- clif.fs, exeõ-väting
nater.ial slumped from the c.l"iffs.

Mr. A. Neighbonr of Goolt.;a maj"nte.ins tha-t the coa-s-t has
been eroclecl as much ð.s 0"25 nliles (0,4 km) Cru::i-ng h:'-s

oÏ-rser"va'ti.ons of -the beach si.nce lBg 7. He claimr.; th¿rt tire
basemeirt rock otttcr.ops neart'lie mou.ilr of MídclIe-ton Creei< Ìra.ve

been ci>ÌFosed h)y coar;tal. erc,sion sj.nce tha.t tíue, Thís out-
crop of rock serve$ as a datuni f:lorn wirich es'tj"mates of cc;as;tal
eros:Lon rrury be :nca-su.red on e.e::ial- photogr.aphs 

"

Coastal eror¡ion is very cornmorì throu.ghout rnany ¿îT.edÉi of
Austr-al-ia today. Glacr'-o-eustatic rises ín sea level" of
-Ehe order of 10cm/100 years, incne.asecl storniiness and t]re
interference of m¿ln have been cited ð.s the causes of this
p:roblern (Thom, 196B). The napid erosion at I'fidclleton does
not seerirto be related. to the effects of man as ther.e are rìo
records o-f manis -i.¡rtenference with this sec'tion of coast.
Possi.bl,y incireased storrnines;s and a slight nise in sea level
may have be.en significant in con'l-nibu'ting to the erosion"
The tidal natur.e of the lowen rea-ches of the Tnman and
FJindmansh rivers supports the view of recent r.íses in sea
level (Bourman, 1969). Flor'rever, the main cause of the
enos.ion may be nelatecl to tectonism, foir the initiation of
the enosi.on coincided with an eanth tne¡non about 1902" The

tremon rva.s qui-Ee sevene, causing cr.aeking of some of the



Pla're 3 " View of Miclcll.eton Bea.ch -La'l<en dur:i'ng the
ïãCä-TS'Q0 t s, illustnæ.-i"ing the forrirer Ì:ro¿ad extent
of the beach. The people in the photogra-ph are
thoE;e of tlre Basþam f¿m:i.J-y (Pþotogna¡r| by couptesy
of M.iss P. Ila.shaln) .
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Plate 4
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buildi.ngs in -Llie Goolvra area (Mr. J"S, Dodcl, pers. comm. )

The lfi-c'tclleton Bea.eh lies witTrin tire Mur:ray Basin
pnoviirce, which could l¡e subsidi-ng r,elativel.y to -Ehe nea::by
uplands of the Mou¡rt Lcif ty p:rovince. Ëvi¿e.)nce .from -Lhe

southeas'L of South Australj,a íl.lustr,a'tes th¿rt the Mu:nray

area l-ras subsided ::elativel-y to t.he l{ount Gambier regj-on
(Sprj.gg, :--9r¡2) . Moreover:, a fau1,t line may lie bur^íeci on

the eestern flal'rk of t-he Mount l,o-Ë.ty lìanges, pðssing, 'uirr'ough

the Pont EIi.i.o-t-Î"ÍiddIe'ton area. 0u-Lcrops of Kanmantoo
country rocks e-ither sj-de of the suspected fa.r-rlt zone <ìi.splay
disl-r:ca-Led s'lri-kei onien't-¿:tÍons, -th;it on the ea.stex'n sj.cle

being pe::penclicular -bo the regiorral- s;tr"ilce on the lves1- " In
aclditj-on, de-t.r,iled gr,lrí't)r contours; in this al:ea har¡e treen

i-nter.p::eted a.s indica'u*i.ng a î f¿tul.'t.-l-ike structune, at clepl-h,
wit]"r a, J'arge density cc;rntr.astrw:'-th 1;he down-'thror^rn si<ìe to the-

eastr (Ilonony, 19 7l-) .

Thus the cf:l.use r¡f exte¡rsive coa.stal erc¡síon a-l;

l"liddleton Be¿rch is pro3:a.b1y relat-ed to subsi.clencr: of the
land, especí.ally as markq+d. ingr.es¡.::Lon has been noted to the
east, but not the wes'l a:[ the suspecteci fault" T]rís effect
has been coin¡:oundecl by a sl'í"ght r:ise in sea leveI, ancJ iras
been nost notice;rble at tliddleton lleach, r^lhere the coastline
is fc.rr.mecl on easi-ly e::ocled clays 

"

T'he bays arrd coves of Ëncou,nter Bay a.re nonmally
occupi.ed by sanciy J:eacì-res. Sone of the sancl is denived
from s;trearns, espeeieilly the Inman and Hindmarsh Rivers 

"

Du-r"ing v¡inter. fl.ov¡s, sedinen'i:s from these strealns often
extencl offshore c1s far, as G:ranj"te. Tsl.and" Duning the past
50 years, the Jreach eas'f of the Inlnan Rive:r mouth has
extended seaw¿.rds up to 50r (i,Sr.r) v¡híle the coast southwes'E
of the }Jindmarç:h River mouth has suffered erosion,
neeessita"ting the construetion of gi:oynes (Mr:. J. Abbott
pers" comrn,)" The clraí-nage bas:in of the Inman River and
its ma.i-n charrnel Ïrave undergone much more enosion since
Eunopean occupance than the Híndrnar.sh River (Bourman, 1969) 

"
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Thus the diffenent vol.umes of mate¡ial delivened by the
streams mcr.! pantly account for the opposite changes at
the coastl.ine 

"

Flowever., niuch of the Ï:each sa.nd is apparently cìerive<l

by coa.stal. erosion an<l su::face vJcl.sh, especially i¡r aneas

backed by easil5r eroded sands ancl clays. Pocke'L l¡eaches

at l(ing Beach and Petrel Cove il.lustra'Ee this point
aclrrrirably a$ they arle associated with isol-ated outcrops
of Late Palae.ozoie glacigene, or" r:eworked glacigene sedínren'cs.

c) Longsho'2"ø dní,ft
Sone of the beach sands of Hncoun"Ler l3ay contaj"n heavy

¡nineral sancls eonsis;ting essen-f i.ally of magnetíte., il-men:Lte,
gannet, ste*urolite , green spinel , tounmaline , kyanite ,

i:utíIe and zi.r"coil. Ther:e welre i-n'cerpr'eted as or:íginating¡
c)riefJ-y -f::om the me-tarnorphic aureoles formed duning the
intrusion of acici magma into 'the sur:noundíng countr'y rocl<
(Thomas, 1923) " lf this !{êr"ê the ccf.si€, -Lhen the
distril:u'tion of '[hese hea1.¡y lninera]. sancls rnight irrdicatc
the domin¿rnt clirection of longshone clr:ift. Ifov¡even, the-

Ìreavy rniner"afs are c'ìr¿rived flom '[Jre netanorphic r.ocks as

a whole, and not simply fronr thc con-lact metarnor"phism zorre

(4.R, Milnes, pers. comm. ) . Thus they have no use as dnift
indicators.

The clirectíon of J-ongshore clrift in Encouuter:' Bay j-s

vaniable, as is evidenced by the formation of the spits
descrj.bed above. Ilov¡ever? the dinectj.on of dnj.f f over"all
Ís probabl-y fnom the southwest and west to the east, unden
the infl-uence of strong winds fr"orn the southwestern clua::te::
(Johnston, 1917), Sand has accumulated on the southwes'Lenu
sides of the groynes near the mou'th of the Flindm¿rrsh River,
and 'the mou'bhs of the Inman and Hindmarsh Rivens have bee.u

deflected to the eas't , srlpportíng the view of west-east drift.

d) Changes in positions of niuer moul;hs

Some i'.ntenesting changes have occurred in the positions
of the mouths of the Hindmar"sh and Inman Rivens and

Waitpinga Creek in h j,stonj-cal tíme. It was reported in
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Bourman (l-969) tha.t the IIincl¡na::sh River shor:'tened its course
by al¡nost Ct.25 niiles (6,4 krn) i,viren it broke -Lhrough a narrovJ

divide of sancl dunes duníng; floo<ling in 1946. Some

confusion sunl'ound.s 'this irLi:erpretation" Mt'. G" Parsons

of hlaitpinga maintains that the river broLe thror'rgh to the
sea of i'ts: own accor:cl:in 1943" Mn" lf" Needs of Vi.ctor
Harbou.r cl-aÍms that rnembers of the R.A'4.F,, stationed at
Mount Brecl<.rn in 194fi, cut through the sand hills from the
niven to the s*", in an at-l-empt to lower flood v;¿¿-Lers in the
region folloning hearry nains of .Ianuar.y l.Tth and l8thr 1946 2

when Vict-or IIarbour" experienceci 7 ,'17 " (l-9,tl3cm) raÍn (IJurea"u

of Me-teorology) 
"

An ae:::'-a.l- pholograph cj.ated 2.4/l.L/\5 shows that the
Riven l-ii.ndmar'sh -hhen fJ-owed to the sea well- northeast of its
pr"esent mouth " Thus it seenìs rnost pr'ob¿rble tha'L .L'he course
cìrange was completed duning the floods of 1.946. Ilolvever',

the posi't-Lons of 'l-he mouths of. both river:s fluctuate
consideraliiy, clepend.ing otr tl'ie intera.ct--luon of niver aud

coastal. processes, so -L-lt¿r't the fínal cha.tlge :l-n '[1ie posi-tion
of 'Úre mou'i.h mary have been a-Lccourplishecì oven a pr:rj-od of
several ]reõ-rs.

Aer:lal photog::aplis s1:annirig the per-iod frc-'im 1945 to
1-972 revea.l. numerous fluc'l-ua-t-ions in -Lhe posj-'Liolr of the
¡nouth of the fnrna.n Ri,ven .rncl- flrrthen ¿rI'Eer"a'[i-ons to the nLoutl-t

of the Inman River: in L927 are r.e.corde.c i¡r Cl-e-]-and and

Iio';vehin (1931). The positi.or:r of tire mou-th of -Lhe hlaitpi-nga
Creek has also changed in his;'Lorical time. No::mal.l.y sancl

l:ans close- off the mouth of l'iaitpínga C::eek, lea<ling to the
j.nunclation of the alluvial flats seawar'ds of the l'Iaitpinga
Gonge dur"ing floocls (Plate 5), Rive:rine sedírnerl-ts mark the
forrner outlet of \rJaitping.r Cr'eek, wirich is nohl closed off by

scrnd dunes. The cheinge in position of 'bhe Waitpinga Cr"eel<

mou-Lh occu::r'ed in about 1940, (Mr. V. Dent'ris per's. cornm. ).
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Pl¿ete- 5. The or:.t1et of l'Jaitpinga Creek (cen-tre c¡f
ho-Lograpl: ) is bJ-ockecl by a sand ban, eausing the
nundation of ihe all-uvia,] f late " The former. outl"e'[

of the creel<, noT"I blockeci by sand dutr<..s , is in the
right centre. 'Ihe chanp;e in the position of the
mouth occunred rl-n about ]940. (Photograph by
countesy of S.A" Archíves) ,
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2, FOIìt'lElì STANDÍj 0F T'I{E SEA DURïNG TFIIì QUAT',ERI,IARY

a) Tntrod.uc'bion

Inlor.ker"s in ::egions adjoining the study area have
reco¡4ni"secl flights of ternaces on benches, which have l¡e.e¡r

Í.nter-pr.cted as result-ing frorn P1eístocene glc:ci.o-eustatj.c
híghen stånds of the sea"

In sou-"l-hv¡est County Aclelaide, irlard (1965? 1966) ,'/
clescnibed formen shorelines standing at 600| (180m), 540|
(162m), 370f (t_10¡n), 105' ,rl.5m), 35' (10"5m) , 26' (?"8:n),
I0r (3n), and 8r (2,.1+¡n) t0f (3m). The atìea v¡a,g

consiclered 'to be esser-rtial.ty tecto¡rj.cally st¿.ble cluring the
Qua'bernany, so 'tha-t the shor:'elines r'tere rLnterpreted as

91-acio-eustatic featu:res " In the l:{ount Corirpass-Mi1ar-rg

êrêc:" Þlaud (l-972) , corl?elate ci su::faces at 600 t (180m), 550 |

(165n)r r+00f (120m), 200¡ (60m), 100r (3!m), 60t (lBni),
ttOr (IZ"n)r 26' (7.8m), 10' (,3m), 7t (2.hn), 3r (0"9m) v¡i-'th

higirer: Qua.ternary s tauds or" t-he sea postulated by hia-r.cJ ancl

uÏessup (]965 ) . This r,s¿is dc:re despi"t-e 'L-he iacl< of eviclence
of diagnos-Lic shc¡r'eline fe¿rtures ancl,/or t-hei:r. ager
especi.al-Iy fon ti-:e seven h.ighest sur'f.rces. The 600 r (180m)

surface, vshich sunrounds,Gerrrnel Hi1l", rÀ;as exami-necl by 'tlie
wníte:r v,rhc-r cons:Lclers it 'to be an e'bch sur"face because it
can be t:naced into a weathe::ing f::o¡rt underJ-ying Genrmel H-i,11

e,nd sorne o'Lher nearby l-aterític nesiduals.
If all- glacien ice on the ear"th were to melt i.t is

estj.mated that sea leve-1. v¡oulcl rise by appi:c,ximately 1.40 t

( 139) to 2 00 I ( 60nr) (J(ing, 19 6 6) ,/ Ttrenefore , this is
pnobrabL.y the maxi:num elevation that Quatennary shonel.i¡le
featur'es can be expected to be located in a tectonical.l-y
stable area. Despite the detaileci geological rnapping and
investigations canriecl out in the lfcunt Lofty Ranges r ncr

evidence of manine Pleistocene fossits have been for¡rcl at
the higir elevations where the Pleistocene shorelines are
believed 'Lo have stood (Tv¡iclale, Da.ily and Ï,inman, 1966).
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In the s'[u.dy area, -Lhere ís no evidence of possib].e
Pleistocene shonel-irres a-[ e-levatione greaten than 200 | qq0m)

aos.1. althougfi beclrock belçþes occull on the Ì^le"gtern slde
of Brov;n Hill at *bout 6C0r (1!0rn). They are not etch
benches as 'they s'L¿rncl well below the level of the Brov¡n

IJi1l e'üch sunface" Ho\,Jeve-r, projec'[:i.ons of the sloçres on
-bhe benchesrliril< up, wi.th 'the Green ilj"1.1s erosj.on surface
and they have been inte::p::e.tec1 tental-ively as p¿ìnts of the
Green llj-lis surface (Bour:nan, 1969) " 'I'here is no evídeltce
to suggest that tire benches are relatecl to a 600t (180m)

Quatenrrany irigher stand of the sea"
l{or¡rhometric eviclence cCIupled \^rith the identifica"tion

of st::ancled, ferrugi"nisecl r,iven grc-ivels sugges-ts that the
Gneen l{illss su-rface develope.cì. in r"ela'utlon to a sea }evel
som,e 200 r (60m) 4.s.1. (see CÌrapten IV). It is posr.;ible

,) that the shone.tine at 200r (6011) ís of Pleístoeene age,
but more likeiy it '¡:r:presents a Pliacene et¡ent. T'his

conelusion is Ìrased on the l¡,rek of fer.ruginisation of lcrrown

Pleis'tocene secJi"ments in the area. Neverthel-ess evide-n.ce

fnom Nev¡lar"rd licad a.nC VJai'Lpinga Hill sugges'i-s that a

Pteistocene shorel-j.ne stood at- approxímately 2û0I (60m)

ð.S"lo

b) 2001 (60m) eh.o:re,Líne

Itt Newlancl l{ead and south of Waj"tpínga IIi}1 massj"ve

ca.lcrete erusts form gentl5r seaward shelving benches at
ef-ev"rtj.ons neclr 2001 (60m) ,â."s.1.0 (Ti'late 6) " A cornplex.

sequence of deposits occurs on Newl¿lnd Llead. (Figune B).
The sequ.ence res'ts on a bench at abor"tt 120I (36nr) a"s.l.
eroded aclross Karime.trtoo Group metasedirnerr'Eany rocks. 'I'he

r.ed sancl$rwhich a:re interpreted as palaeosols, i.n two

places rest dinec-LJ-y on calcrete in whícir smal-L-scale l<arst
featur,es have cieve"toped, Fou:r layet's of calcrete nest on

calcareous sands. Bedding stnuctures ai:e only apparent 'in
one of these deposits, whene rveathenÌ.rrg has brought
honizontal. l:eds into relief " The contact betv¡een this
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Plate 6. Irlear leve] calcnete ca
ZoTr--e6om) a.s"1. south of V/aitp
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calc::e'ce cnust is about 3t (0,9m) thíck.

Plate 7, Contact between horizontally bedded
Glffious sands , and underlying necl sands on
Newland I{ead,



29.

deposi't ancl ttre undenlying :red sat:ds :'-s pi:onounced and

sub-h6nj-zontai (I'l"ate 7) "' 'I'h¡e coa-rse nature of the sa¡ld

grains, the ciispos j.tion of 'tlle bedding a:rd the Presence of
shell fragmen'tr; suggest rì:ha*c the cal-caneous i:ands are be¿:eh

deposí-ts rathe"r '[Tra-n clune sa:rd.s" At the Ëjulrmj-'U, the
caler:e'te, which :is crowdecì wi.th sirell- fnagmeuts, ís aliou't

I21 ( 3 .6tr) thiel< 
"

Tire srinmi-i ca.Icreter clÍ¡:s seat"¡¿rn<l gently' a-nd a't the
coast cc?fl bê traced at a con.stant e"Levation over distences
excee<iin¡1 350t (105m) " T'he sequence of seciiments on

NevrLancl flead ha.s been oe"scr:'il:ed as aeolianí'Ee (Cralvfond,

1959), l:ut :'-t seeilÌs that on evidence presented abover many

of the cieposits are ]¡each $rïrdri. Moreoverrthe pnesent
srunmit of Newl-and llead cloc.s: not dÍ.sp1"ay a dune morpholo¡¡5'.

Ilor¿ever, if the d.epos-its õ-]:e. aeolian, the honizontal
di-sposi't-ion of -t"he calcrete le-yens nri.ght be the i:esu1t o.f

nar.íne tr:unca'tion of aeo-1.i.¡rn dç:posits .

The $equellce of clepos;i-Ls on Neruland Head :lepresen'cË

cyclic marine alcl -Ler.restri.¿t.L pira.e;es, in which cieposi.ti<ln

of beach s¿:nd w¿is followed I¡ythe for¡natiorr of a palaeos;cli"

There are foup rnajon calcr"e'ue J-ayens in the sequence, all
of v¡hich Ïrave developed on calcareous sands. They nay

indiea-te four periods of minor transgression and negres;si.on-

Although the obser"vecl sequence could Ì:e accounted for i.n
'[errns of a f]-uc'Lua'tÍ-ng eust¿'.tic sea leve1, tectc¡nic uplift
pnobaÏ:ly played ¿r r:ofe in a.lter-nati-ng maríne anel terrestiríal
condi'Líons,

A similara scrquence, i.ncludi.np, foun horizont-al" calcrete
layers associ¿lted witir pa-Laeoso1s, vras clescrÍbed by Crocken
(1946) fr:onr a. c.l.íff exposure. at Sca"eJ-ç:s Bay, Ëyr-e Peninsula.
The section is referred to as an aeolianite sequence, bu't

the honizon-EaJ"ity of the c¿rlcnete la.yers suggests a manine

influerrce. fn thiç insta.nce, the deposits nest" on granite,
and the unconfo:nrnity is si'buated at p::esent sed level.
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c) Toot (3om) shore"Í,in,e

'Ihere ís $orne c:vicience for a Plei-stocene

shoreline st"urdin.g epproxirnately 100 | ( 30m) a. s " 1.
(i) A pronouncecl surface tnr:neating caf careous

beach a.nd/or dune sands eapped by calcrete occuril a't about

100 t ( 30m) ¿1." S .1" on the western side of tr^la-''-tpi-nga Creek

rrean the coas't. A símílar- sí'l,ua'Lion hacl been noted at
Cape Jervis bV Broclc (19?1) r¡here a l:encl"l at 135r (39.9m)

1501 (45m) tnunca-fes aeoli-anite of pr"esuned I"Î€:istocene

age'
(ii) At King Poi.irt a honÍzontal- surfacei at an

elevatic¡rr of 100 r ( 30m) :ls clet¡elopecì åeross Late Palaeoz<li.c

glacigcne sedíments, v,rher.e gJ,;rci-al enra'Lics reurorked by

marine activity vrelre finst noted by }lor,rchin (191,0a) 
"

C::owe11 ancl Fr.akes (1.97la) described Quaternary shorel-íne
deposi'bs in the sal1e Loca-li'c52.

(iii) Calc.rreous cieposits at a sj.rnil"ar elevaticn nearr

the summit of Gnanite Isl¿-ncl a¡id on the saddle a:Î Ro"';ett¿r

H<+ac| may ¿¿Iso be r'elatecl'Lo tl:j.s hig:Jrer sta.nd of the sÕP+e cls

may the gently se.rv¡a::d slopì-ng; s\rrfaces bettteen Rosetta lJeacl

and King Poj.nt.
(iv) l]acking the Newland lowl-¿:¿äd, tvio pror-ior-rnce<l

erOSional benches,'lruncati"rrg l"ate PaJ-¿reozoic g;larcigene

deposÍ.ts, occu¡r (Bou::man, 1969) , TheV slo¡.re .'.]eawal'd at
elevatíons between crbout 135 î ( 39 . 9rn) and 100 | ( 3Úm) a" s .1"

No díagnostÍ.c shoreline deposi-ts have been loca'bed on these

l:enches, but they may be related to a iCJ0t (30m) shoreline.

d) 20 | ( 6n) shoreLine
There is wícìespread geoJ-ogica1. atrd geornorohological-

evidence iir the stucly allea fol' a shorelíne standing
appnoximately 20t (6:n) a.s.1"

(i) Maríne shel-ls have been locatecl at 20t (6rn) itr a

railway eutting east of the mouth of the Híndmarsh Riven
(Duffielci, 1901) . Tl:e fossil assembl.age csf the shell. becl,

which can be't'raced for at least Li0r (12m) at a constant

\
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elevation, has l:een lis-i:ed in the geology secti.on. The

possibi.l.ity tha'[ the shc].ls ldclre emplaceci by abonigj-nes has

been consictered" Flolvever, sorne of tire shells are ex-Lnemely

small and woulcl rro'L h¿lve attracted the attention of
abo::igi.nes . IioreoveP, the sh.ell- bed has an on:lentation and

clistri.bution su.gplestive of in situ deposition" It has been

suggc.ste.cl that 'Lire pelecvpod Anadara crrec¿ trapezia, which is
not pï,frfien'tly living irr the Encounl.ei: Bay area, is a sub-

fossil. rela'Eecl 'L:o a vrarner climati.c phase of the Quatennar3r
(Spri.gg, Ig52). Ilowever, it has ¿tlso been suggested tirat
Anarjaya is relate d to sh¿r-I.lovl mud fl.at env:'-v'onments, lvltere

t{arrn condj-[:tons t^¡oulc1 pr'evaíl. Near the coast the shr"-Ils

were cieposited in a muclcly environnlent, but elsewhere in the
study area Anadaya shells are cemen'tecl togethen in a mat::ix
- -Àof call¡aneous beach sancls.

(ii) Other oceurrerlces of st:rancled shell beds,

incl.ucl i-ng Ari,ada.t3s., \,üere found to unc-lenlie bcth 'the Nerul-and

lor^rlan,l and the Victor H¿¿r'bour: lowlancl (Bounman, 19fì9;

Gill ancl Bourman, lg72-). Although not occurning a'e the
sunface, the$e shell beds stancl a.t approxinre,tely 20t (6m)

a. s.I. The Nelvland and Victor Ij¿rr.boun loivlands are backed

by conca,ve breaks in slope and a pronounced i:ttt degnadecl

clif-f f.ine', which stands as much as 1 urile (l""6km) j.nl¿rnd

fnom the pnesent coastline. The degnaded cliff line j.s

intenpneted as 'Lhe site of the z}t (6nr) shor"elíne. The

mar":lne onigin of the Lovrlands is suggestecl by the presence

of mari.ne fossíls and massive calc::ete, which caps calca.neous

sandstones " On the Newland lov¿land the calc::ete ca-pping is
cover.ed by only a shallow black soil-, but the eal-cnete of the
Victor: Harbour lowland has been molre deeply covered }:y sands

and clays washed fnon the backing highen iand, and fro¡n the
Inman and Hindmarsh Rivers.
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Typical sections through 'tire lowlands ane as follows:

1. Neu¡land lowland
0 - 6rt (.15in)

6rt (.15m) - 2.5r
2.5r (.75rn) 4r

Grey, black so j-l
Hand, nassive calcnete
Vesiculan calcrete
composed of silj.ceous
sancls of beach onigín,
cemented by calciulrr
carbonate

( .75m)
(1"2m)

Izt (3.6m) * 14r (4.2rn)

Gney sandy soil
Recl clay
Calcre'te
Sand (presurnabl-5r beach
sand) witii nodules of
calcrete and snall
t eockl.er shaped shells
at about 3m"

VJhi'be sai-rd

Johnson (f944) poínts out that even if there ar,e

mar"ine deposits on a terraee, that terrace need not have
necessa-rily been formed by marine agencies. A mj-non

mar.'ine tra-nsgression courld iresul-t ín the depositíon of
marine sediments on a surface, t?re broad outl-ines of t¡h.ich
were d-ue 'Eo river act j.on. Convensely a marine platf onm

could ì:e suÌ¡sequently covened with fluvial- deposi'ts,
theneby maskí-ng its or:igin.

The Victon Hanbou-¡: lowland is flaniced by the two
largest str:eams in the study area, and the backing
esearproetrt is scalloped as if unclencut by meandering streams.
Thus the onig"Ln of the \ricton Ha::bour l-ov¡]and appearas quite
complex. Neventheless, the presence of mar"ine shells at
the base of tire backing escanpmen't sugges'ts that 'this was the
approximate site of the 20t (6m) shoireline.

2 o Victor. liarboun lor.¡land
0 - 3r (.9m)

3¡ (.9m) 5! (l-.5m)
5r (l-.5m) gr (2,7n)
9r (2.7m) l-zt (3"6¡n)
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. (iii) Near, Yil]ci a pforrou'ncecl red alluvi.rl fill
te:lïrace occupyíng a va}l.ey cut in bedrock api:eans nelated

to the Z¡t (6m) sb.orel:]ne (Fígune 9). Al'thougli the top

of the terna,ce stands about 30t (9rn) a"s.I., '[:here is

evicleirce that 'LTre seav,'arrl S,;icle Of the tennace has ::etneated

th::ougÌr coas"La-} erosion, só tha'b the present elevati-on of

the se,rl¡ancl sicle c¡f tþe ternaee does not pepresent the height

to v¡Ìrich .the a-llu.viaI fi.l"} was or-lg;:"-na11y gr:aded (Bour:utant

1969). Similar, red a}].r.rvr,'a1 fil} cleposits at compa.::a.h1e

el evati,ons occur in snall <le-press j-ons on the nonthenn s-Lcle

of the saddle o:l' Rose'tta lleacl" The :red all-ut¡i'al fill of

Yll"]l<i ten::ace h¿rs l:een erluatecl v¡j-'th the ::eddish a-Iluvi-al

fills of the mai-n stre;urL tennaces. The altuvi-al SuÏ'face

baeking the sea" ctiffs a.t I"Íid.dteton Beach may also be

nelatecl 'to the 201 (6rn) shoreline bttt ::ecent eoastal

erosion ]-ras cornplic:a'[ed t]:i.s areð. " enítie aI evidence

may have been dest::oYed "

(ív) East of 'tire rnou"LTr of the i'lindmarch. Iìiver" 'Lhe'

20t (6rn) shoneline is expressecl a'q a pronotlncecl marine

berrclr, vihich eätends e¿Lstwa-r:cl a]:nost to Watson Gap (P'ounmarn,

1969). The te:r::nace is followecl by the Pont El,liot-victon
T{arbour. ra:Llvray line " l\l-tiroug}r pnobab.l-y modif j-ed duning

rai.lvtay eons'["J.Llc'tion, the tenrace is a n¡rtural featune aS

its width is r,¿r::iable and fcaP in ezcess of 'that req.ui"r'ec1

for the rail-wa.y lj-ne" The pl=atfor:m, which is at l-east

230t (09m) in wícl-Lh, is b¿¿ckecl b)t a- steep cliff line up to

100t (gonr) hi,gh? erodecl ¡Ln Lètê Palaeozoic gJ.acigene

sediments. Al-ong this section of tl'le coasti.ine the 201 (6m)

shore].ine stoc;d parallel to and only slightly inland firom

the pnesent shor"e.
(v) Behincl Parsor"l Beach and wai'tpinga Beaeh a

platfor:m has been enodecl across eoRsolidated ealcaneotrs

beaeh anci/on clune sands of Pleistocene age (Plate B), a

calcrete capping has pllesel'Verl the benches f::ont erosion'
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Plate B" Catcrete capped bench appno>rimately 20t (6m)

ã.ff¡acki.ng Parson Bea.ch" Unconso.l-:iclated but
pa"rtly vegetaied redclish s¿,1d clunes lleË-l- on the calcsete
äu.rfaäe. 

'- There is much eviclernce. of occupance by
aborigines in tl:is ¿.r-lrea.

Plate 9. Pained rive.n tern¿r"ces neal? e mou f
ng Cr-eek " Stranded marine cobl:les alle
bottc¡n left of the PhotograPh "

vi-sibleCoola.t+a
in the
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The Jrl;r'bform is well preserved at Pat'son Be¿;.ch whet-e j-t is
of unifoirm olevation a'ù 20.r (6m) r)\¡er a cljst¿:nce of 3i;0r

(10!rn) " Inlancl fnon Pai:son Beach a smal-1 a-tluvial fí:Lt
ter:race grades to the Salne elev'a.ticln as the calcrete. capped

bench.
(vi) \rleçtwa::d along the co¿rst a small l:each has

formed a-E the mcuth of tire Coolawang Creelc. The uppelr part
of the bea.ch sl-opes a't- 15o ¿rnd is covened with coÌ¡Ì:l-es up to
Bir (20crn) in diameten" This slope fopms a. narkecl con'tpast

with the fow angle slopes onthe sandy papL of the beach.

Paír'ecl al.luvial. tcrnaces at the rnouth of -hhe Coolavialg

stand a."t an el-er¡ation of 201 (6m). At this level a

stranded co-Oble beach, similar. to the pnesent oner pr"ovj-<les

funther eviclence of the 201 (6n) sh.oreJine (Pf ate 9) 
"

(r'ii) Mre.::e the I',lai'cpinga Cr:eek flov¡s :fnom its Songe

onto an al]uvial flood ¡:lir.in abor.t'b I niile (1,6lcm) from the
coast -bhene is a- narked bneak in slope ín the thalweg of
the sfream, (See Figure 14) " The hneak in sJ-ope ln¿ry not
be the r"esul'E of rejuvenation as i't conresponds with a

change ín nock ty¡re. Neventheless, the 20t (+6m) shor'el:i-ne

woulcl Jrave stood ne.an this bneak írt sIope"
(riiií) I¡rtact rnic¡'o*fossil shel-ls o"[ Quatei]nal-'y age

(D::, Ilelene Laws l¿gqÊ. ggpg.) we:r,e -founcl pla.sterecl ol:1 the

bedroe]< of the cl-iffs nortTreast of Newland llead at a.n

efeva'tion of about 301 (9¡n). F1c>t¡eve::, i.t is dífficu.it 'to

cietermj.ne if the shell-s \t'ê::ê cieposited clunÍ-ng a hi.gher: s'tand

of the sea, oir v¡hether thev \dene blot¿n there cluning a lower-

stand of the se¿.
(ix) By cletailed levelling it has been demons'Lrated

that the. high tennace of the Inm.l-cr and Hindmarsh Rivev:s, the

Adaye pa.ined" terrace of filltop oní.gi,r'r gra<les to a shoreline
at about 2a1 (6rn) nean th.e eoas-L (Bounman ) 196I ' 1969 ) "

The terrace has been interpr.etecì as developing in rel"r'iion to
the z}t (6¡l) shor"eline. The ciis;tal- end of the femur'.of a

'lange extinct m.r:rsupial (l4r'. P. Aitlcen - pe-Iq-" golr,11.)

recovered from the Ar]are Cj,ay at a depth of 16 | (4 . Bm) r¡Ias
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dated at 12>600 yea.ns B"P" (Gak-2356). Provj-ded-Lhatthe

Adare Cla.y was deposj-ted i,n nela'tíoir to the hi.ghen sea stand

at 2.01 (6m), tire a.br)ve date would appnoxirna"Le 'the time of

this sea star¡Cr"

e) Bt (2"gtn) * 10r (Trn) s'hov,eLí'ne

Símil.¿:-r. lj.nes of eviclenee suppoilt a highen shor.eli'rre

at I t ( 2. t+m) to l-0 I ( 3ur) a. s.l.
(i) At Yill{i the coastal ::oad foll-ows a stnanded

sho::.e pl;rtform up to 100' (30m) wicle. Flene ttre former

shonel.:ì.ne in inci:ic.r'Eed by a s'Leep ¿rhandoned cliffline ¿:bout

30t (9m) Ïrigh, cut ín t-he::ecl allur¡ial fill of the Yí]^l(i

terrace. At the base of thís clif f , beach ::oclc occur"q at

an eleva.l-ion of a.bout B I ( 2 . Am) a. s.1. It is composc+<1 of

shell flagments, beacþ sa.nd and small rnar'íne pebbles cenented

by cal,c:Ì.u¡n canl;ona.te. Alftrough the shelf s are fnagmen'bed

so¡ìe \^re3re j.derrtif ieci by Dr'" I{elene Lav;s of the S.A" l:fuseum

as follows:
N ì'n eL 1. ct l; o y qu. rtt: a oPe::cr:Iurn

Zemil;t-e7.La 8P, columbellidae
Ilemhieium 8?,

CaeozeLania granari-a
Atl 0f the shells ar.e modern and indicate a Hol0cei:e

age fon the beach roek and fon the shoneline on whi'ch they

rest.
(íi) Paired a1luvj-al- fi}ltop ter::ace treads formed

on gr:ey .rIluviu.m and named the Brec'lcatt fiLLtop terraea in
the lower neaches of the Tn¡nan and ÍIinctmat-sh Rivers, grarde

to Bt (2.4n) 10t (3m) 4"s.1" at the coas'L (Bounmane 1968,

1e6e).
(iii) Immecli.rtely bacJcirrg the beach ¡rt l{orseshoe Bayt

Port Elliot, there is a mar'lcecl beneh at about 10r (3m) a's'l',
whieh is utilj-sec] as a camping grouud. It ma)t be nelated to

the Bt (2.4n) to 10'r (3nr) shoreline.
. (iv) sand dunes? nor^r well fixed with vegetation and

which b-r'oadl5r pa::allel the pnesent coast, are possibly

r,elated to the B I ( 2.4m) to 10 | ( 3m) shor:eline. Such dunes
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occur along tLre coast fnoin Yj-Iki to the mou'Lh of the Ïn"man

Riven, a.ncl nontheast of Pol''f Ellj-ot 
"

f ) Lou)er s'bands ot' the lel,
Eviclence of strandline¡: for"med cluning stancls of ser3.

leve1 Lot¿e¡' than at present occulls at G::een Bay, along the
coast of the Newla.nd and Vict.or Harboun lowlarlcis, and ¡rt
Pansorr a-r-id. ÞIaitpírrp;a Beaches " Tn these l-ocalities
consotid.c:r't€,.d beach and/or du-ne sands e:<tend belot''j preseri't

sea level.. Regarclless of whether the deposit is clune olr

beach sa.nd it must hat¡e dcveloped in r"e.lation 'to a lower FiLsa

leveI.
I'ur:the.r evidenee for' -Loç¡e:r stancls of ther E;s¿ acrfltÈs fnorn

the seqrrences of cutting a-nd filling postulatecl fon tl:e
developlnent of the tenraces of the m¿ij.rr streatls (Figr.ire f 0).
l,o!,t sea- sta,nds alte requireci for the excavat-ion of the vi:lleys
now occupieci by ti-re Adar:e Cl.ay ancl the Br"eck¿in Sancl. Tire

abscllute depth of the necl Adane Clay j,s not lcuol'¿n i¡ith
centainty, as it j-s ciiff ieult to dis;'Linguish f luvial
dep'.:sits fi:em the underlying glacigetre secliments. Reco:rds

fr.om a Ì¡ore sited neara the mouth of the Inman lliver sugg,est

that the clepth of 'L-he formet' valley could be as much as

701 (2tm), a figur:e supported i:y bon{ngs in -the J-ower ncl¿iches

of the llinclmarsh Riven. Th.is level- conresponcls r.¡ith cl

mar'lcecl br"eale in the submarine topognaphy bett'qeen -66 t {19 "B¡n)

and *7 2t ( 21.6m) seawa:rd of Viest Isl-anc1, Roset"ha Head, Sìeal

Island and Pont Ëlliot (Bou:rnan, 1969).
Bones sunl< iir the bottorn of Encounter Bay (Johnston,

1917) harte encounter:ed cappj.rrgs of thand limes'toner, whicir
is p::esumably calcrete, in a maximum depth of waten of 2I1
( 6.3m) " This appnox:'.mate J-evel rnay be rela.ted to the
shoneline during -the dissec'tion of tire Adane CIa.y, as mäy

the gentl5r slop:i-ng sunface between -36 t (-10, Brn) and -6ô t

(-19 . Bm) contours . Sinrilar catcif j-eci deposits mappecl in
Gulf St. Vj"ncerrt a'L a depth of -36r (-13.8m) may be related
to this lower stand of the sea (Sprlgg, 1952).
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g) Nature of sea L<¿ueL chan.ges cluning l;'lze Holocene
Fla-i-ls (1964) poj.n-te'd out that thei:e ane two ma:'-n

viev¡s on sea level. change duri-ng Flolocene times:
(f ) Sea leveJ rose rapirlly fro:n 17 ,000 to 6 2 000

y.B.P" and then slowly to 3r000 y.B.P", r,.lithout b..rvinp;

rr'-sen a.bove present sea level- si.nee the last in-tergç1ac.l'-al-.
(7-) Sea level., ät least once, ancl perha-ps sever.al

t j-rnes dur:'-ng the l:iolc.rcÈ:ne, stood higher th.an 'at present 
"

Aften extrmiuíng evidence along the east coast of
Austnal-ia, II¿¿ils conclucled that there wa.s no evidence fon
a L¿rte Holocene highen stand of the sea thene.

As descr j-bed a-bove, the::e ís ample evidence f or. a

higher starid of the se-a at 20t (6m) a.s.Io On the basis
of a C14 clerte (see al¡ove) ít j-s L¿:.te Pleistocene to Early
Holocene in ;r¿¡e" In addition ther.e is evidence fo'r. a

Ho.J-ocene highe.n stancl of the sca a't B t (2 "lr,m) * 10 t (3m) 
"

These .former sl-ror"el-i.nes might i-''e accounted for sinpl-y by
tectcnic upli-f't during t.]re äolocerre" FJovre\¡€l?r a.ssociated
nj.ve:r ter"races are gr.rdecl to thc-:se shoilelines a.ncl have
developed by a-'l-'Ler.nate phases of cuttj,ng ancl filling"
Consequen'tly a fluctua'ting shor"el ine pos:'--L-lon above. and
belor,¡ the pr.esent slioreline is nequined. This seqr-tence
of events is rnost reasorLably a.ccounted for by a
eusta-tj-ca1,ly contnoJ..i-ed sea 1eve1. Minon tecton-lc uplíft
ma5z þ¿ys accolnpanied the eustati.c f-'luctua'tions 

"

Hohrevet , within the study region ther.e is no
indication c,f -bcctonj-c ti1.tin65 on ciisloca-t-ion of the fonmen
shorelines over a dis'bance of 15 miles (24lcrrr) to 20 niles
(32km). Ï"urthermo:re, simÌ.Iar sequences have been
described fon the Aclelajrle and Sr::uth East regions by
Aitchison et. al, (:1954) and Spnigg (19S2) (Ëigure lt-).
Bnock (1961.[ ? 197t ) ciescr":"-bed a post*Pleis'Locene shor,e].i.ne
at 26t (Bn) on Fleurieu- Peninsul.a, while the shorelines at
26t (Em) and 10 ' (3rn) mentionecl by Maucì (L972) may be.
cor"relative wi_tÏ[Lhe 2,01 (Bm) and Bt (2.rlm) * 10r (3m)

shor"el-ines of the study area r
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Consecluently, because of the widespre.a-d c1j-s-trÍbution
of these f onmen shor"eJines' over a va.::'ie'fy of 'tectcni.e

pr.ovinces they may be ascribed essentially to eustatic sea

level fïuctuations. The e.vidence presented favouns the
second of the vievrs mentioned by Ï{aíIs (}964), tha.t, dr-rring

the Ilolocene, sea level has s-i:oocl higher tharr at pnesent.

1r) Sea LeueL cho:n.ges dwz,ing the pa.st L00 Aears
Stuclies of wor.lcl-wide tide gauge neeords have

d.emc¡nstnatecl that sea l.evef r"ose at leas1- l0cni in the past
100 yeans (GilI 1 1972) and may Ì¡e nising cu'nrently at r'be

nate of 30cm/100 yeê.r's (EJ-*Ashny, 1971) . In 'bhe s'Lucly

anea, thene j-s inferentia-l- evídence of a nesent::íse Ín.qea
leve.l-:

(i) The lowen reaches of the Inman and Hindmansh

Rivers ¿r.1.^e tidal- fon up to 1 mile ( 1" 6l<n) fnom the coast u

The tidal range of Linconnter Bay j-s onl1z 2"11.1 (0"72ni) 
"

As the scouning effect of nj.vens of the di"mens;ions of the
Inman and ljindn¿rrsh River's r,,'ould be tÍ.mi-bed 'Lo occaÊii.ona.L

fl-ood s'tages, erosion belov¡ mean sea leve1 would Ì¡e minimal.
The ticlel- natur'e of these s'Lrea:ns thus appe¿lrrs to be r,elated
to a slight r.j-se in relative sea leveI"

(íi) Recen'L coa.stal erosion nean the. mouth of tile
I{indmarsh l{iven, a-nd a'l- Middlete¡n, mcry be pantly due -tso a

nise in sea Ievel.
(iii) Bourman (1969 ) concludecl that 'che Police Point

spit has not €lrown signÍficantly t-owards Gral-lite Isla.ncl
duning the pas't I00 yeans. This concl.usion rnight neflect
the effeet of the wo:rl-d wide nise in sea level of the pas'E

centuny 
"

i) Sumrnary

Evid.ence has been pnesente.d for- shorelines a-'L 20Al
(60m),100r (30rn)r 20' (6m), Br(2"4m) 10t (-3m), *36t
(-1.0 

" Bm) and -70 | C-äfm) . In aclclitíon, evicience fron the
study area supponts the view that sea level Ìras risen
sligìrtly in the past 100 yeans,
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(j-) Ages ctf t'he formctr-'shov'eLines
As the shoi:'el-ines ¿1t 200 t (60.rn) .rncl 100 r ( 30ni) tnuucate

calcaneous beach and dunê s¿:ncls of pr:esumed Pleistocene ä8er

they are ascrl:bed to the Pleistoeene, although 'L"he hígher
shonel:1ne might be of Plíocene age. The -70I (-21m)

shonelj.:.re ís also Pleistacene in age, because during this
lower- stand of the sea the Ï¡rman ¿rnd Flll"ndmarsh Riveirs cu'L-

deep valleys in i.rhich Late L'.l.eistocene sediments vrere

sul;sequer:'tly clepos irled.
The z}t (6m) shorel^íne nelates to 'the deposition of

the Ada.i:e CIay, llhich has been da-tecì ê.t 12?600 years 8.P., a

Lnte PleÍstocene a.ge. 0n the basis of the seqtrences of cut
and fill recoi:ded in the ¿il."l-ur¡ia"l- deposits of the area,'tlle
rema-tnÍ-irg shorelines at -36t (-10"8m) and B1 (2.4ni) 10t
(3m) are youngerbhan the 2001 (6m) shorelinc+, a.tr<l probairly
belong to tire Earl1r llol"ocene. ai-rd I'{idd,-l-e i]olocene respecti.vely.

(í:L) Tlte yo'l.es of eustatic and tectoníc effeets
itt s.brancl'Lng 't'lte. fonmer shoneLì,nes

Ape*:rt f:rom the tr+o hj-g;hes-t- shore-Iines, the remaj.nder
are in'uer.p::eted càs essentia)--Ly the nesul'E of a fluctua.'ti.ng
eustati.c sea Ievel, postuJ-a'ted from the al-ternate phases

of incision anct ag¡lracia'bion of the maírr stneams of the regiott.
Tirís evidence of a fl.uctuaLing base level wou.Lcl be very
difficult to aecourrt fo:: sol-e1y ín tr-.rms of tecl:onism since
i'[ would r-'equi::e success-ive positj-ve e"rrcl negatj.ve movements

of the ]and rel-at:i-ve to tlie sea. TIc:wever, 'Lec'Lonism has

affected the al:ea- in histor'ie tirLe ¡ so that this influence
cannot be entirely disconnted. Small tectonic c¿ffects nay
have been supeni:lposed on a clornÍn¿urt fluctua'bilig eustatic
sea level"

3 " Coas"oaL du,nes

a) PareboLie dunes
A vegetated- panaholi.c dune sys-Lein occurs on the

NewLand lÏead area Ï:acJcing Y'la-itpinga Beach (Pl¿rte 10). At
I,rlaitpinga Beach the coastal sands crre exposed 'l-o strong
wincis pr"li,manily fnr:m the Sou-bhern Oceen. Because the anea



Plate 10 " Vegetatecì , fossil para)>olic dunes ircrth of
ider.rl.ãñ?:i--iieacì. llhe dunes , titi: axi-al or':l-et:tation of
which ís shown by 'klie arro\'l (/'t), rest oll ¿l c.rlcl'ete
surface (C), whicit j"s sancì f:rere c1-[ Neur]-and He¡rd" Ti:e
ca"Lcre-L-e surf¡rce (C¡ ln;ìy be ¡:elated to a fornict. s;hore-
Iine 2001 (6Orn) a.s.1. The resu-I"'L¿¡.nt (R) of ef:fective
winds i-s a^l-urost nr:r'ma-L to the axe$ of the foss:Ll- dunes.
At (x) s¡:-nd is ire.:lrrg bloi¿rr tov;ar:ds tlie top of the cl:i.f.f
r¡nclerthc i^nfluence c,,f the p::'esent vríncl negine" Com¡lare:
with Pla'te L2" (Re1:rocluced by perm-issÍon of the S"A"
Lancis Dept, ) .



ãcl

:is unprOtected,calm days are u.nconmorrr a featune expressed

in the abor:igine me-ani.ng fon l¡Iaitpinga, twindy pl"acet
(Praite and To11ey, 1970) 

"

The fielcl of parabolic clunes -is ivel1 fixed wi'th

vegeta'tion" Not onl.y grasses but al-so bushes ancl stun'becl

toeesl hoicl the sancl, giving the impnession that it is
Sorne time since the dunes I\?ere mol>rlIe" The fossil natune

of .the dunes was furthep sr.rggestecl by comparison of the axj-a1

dune or:ietrtation r,vj-'t-h the present v¡ind :regime 
"

The rvincl r,ecc-:r.,f ing stat j o:r near.est to the dunc f iel<1

l:'-es B " 5 miles ( 13 . 6km) to the northea.st at Victor T{arbour.

In this clis;bance the land nj-ses to 5671 (170m) aus.I.n
which protects tire v¡ind necor"ci:'-ng station from the fu.11

force of the sou'ther.lies and southwester:'lies ' i{i ghe:: l.and

lies in the non'LhtveE;t- ancl nor"'l-heast sectors, and wi'nds froni
these zones are PossiÏ:ly chanrrelJ-ed along topographic
cJ,epness-Lorls to Solne erctent. iloweverr aS these al?e off".
shore winds they may harre rn:Lirimal effect on clu.ne

onienta.tion (see ,.lennings? 195'7). Ì'acto::s othe:r than wind

ciinect:Lon, su,ch as vegetation, local topogna.phic changes ,
pnesence of rnc¡isture, potential for erosj.on of stabilÌseel
clurres¡ mã.)r :'-nflu.errce the orien.'ta.tion of du¡-res. I'lowevelll,

Jerinirrgs (1.957) concurs v¿ith L,andsber¡; (1"956) whc

clernons-[rateci that the r.v-i-nd. neg;:r-tne is the dominan'l-

deter.m:'-rrant of the ¿rxia1 tren<l of parabolic du-nes,

It stroul-ci be ¡oted tha'L- dinec'bion and spe-e.d of vri.ncis;

at VÍetor' Ilanbour are not recorded- instnrtmentally, but
fnom a wind vane and fr"on obser.vations baseci on the rough

Beaufor.t Chart. liur:'ther:mo:le, obsenvations are u-sua1"ly a.t

30t (9n), r.¡hi1e it is the speed ancl clirection of' the w:Lnd

nean the ground which is cnitj-cal in initia'ting sand

lnovern.ent 
"

1 ï'on
see

deta-luled botanical descniption of these plants,
Cleland (in Cleland and llowchin, 1931).
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The trea::est active pa,::aboli.c clunes to the Newland

Hill area occu-r, on Sir Richard Perlinsula and Younghusbanrl

Peni.rrsuJ-a, er-ther. side clf -Lhe Mur"nely I'lou-bh. The dunes

her:e ex-Ee-nci. to heigl"rts ir: excess of q 5 t ( lSm) a. s .1.
Tire configuration of the contours on the Encounter map sheet,

1163360 ser:'i-es r.eveals thc axía.l- oiri,entation of t-he dune s.

Tht'-s o:rieutatiol"r l:as bee.n confirmecl by exa-:nining aeï'.ia-l

photos, rvhieh sltoin:r panabo.LS-c cluues tretrding a'ü a beari-ng

of 2330" Paï.abolic dunes: on the sorith coast of Kangaroo

Island clisplay a siinilar o:rieu-[¿rtj"on"

A v¡incl vec'Lor rliagnan ivas cons'L-r.uctecl after" ind.ivídu¿r}

veeto:ns J: .¿ere calculatecl f.rrom the fonmula of Landsber-¿ (1956)

12 .)

b = s)*i-rj(\'j V'L)"

whe::e s j.s a scaling factor of 1-0-3 , n is the frequency of
the wj.nd :-n a given directjc,,n with :;pe:ed v in ¡1.P.h., V-L j-s

the specrcl of 10 nl.p.h,, "Lhe "Ehresho.Ld speed for sand

dnif'Ling and corrcsponds -l-c¡ LJeaufo::'f llumben 3, a.rrd i j-n the
Beaufor''h speed rrumì:er.

\d:inc1 necoi:ds at 1"500 hou::s welle u.sed to construct
tjre. wind nesul-tan'[, beeaus;e at t]rat "i:inre, due to dr'ying
aird hea-ting, ther"e :[.s rnax.:Llnum poten'L:laI for' -fu::bulent

lifti.ng and rnovelnent of sanil (dli-scussccL in CanLpbell, l-9 6 B ) .

The r:c¡.Íiul-tant cra.lcuIa-tecl fo¡. tvinds a't- 1,500 hours was fnom

23Lto clemonstna"tÍ.ng the c]-ose corr'e.spcn,rjence of the axj-al-

tr.enCs of "the .rcti-ve pan;ibolic dunes vri'-th the wind neg:i-rne 
"

T'wo otheir y¡:i1d nesttlt¿rnts t¿ere ctlleulated, one fc'r
aII e:iTfective wi,nds at bo-[h 0900 hours and 1500 houns

cornbj-ned, ancl tlre o'Eher, following the work ojr' Jenní.ngs (1957)

for: atl- effecti-ve ons'lzor'e tnzinds necorcled a'E 0900 houns and

15 0 0 hc:ur:s . The, resu]-t¿arrts \^rerîe 24 50 and. 2]0o res¡rectively.
Thus -i.n this area the wind r:esultant ruhich corr:esponds Ï-lest

v¡ith the active panabolic <lunes is th¿t cal-eulated for aII
effective ivincis at 1500 hr:ut's.

The gai:laLnds of vegetated panabol-ic dunes at Nenland'

Head sh.ow a significantly differen.'l: axiaL orie.ntati.cn f:'lom

that of the actj-ve dunes" The fonnen t::encl at 2B1o being

J=¡
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or.íentated at 4Bo wes'f of tl're trenci of the latten. A

closc cxaminatÍon of the ,ae-nial pho'to¡¡napÌrs of Younghusirand

Peninsula ret¡ea]-ed -Lhe presence of smal1, vegetated
pa::abolic clunes, wíth a clif'f erent orientation to the active
durres af the area, but atigned paraÌle1 tr: the f ixed
par:abol.ic clunes of Nev¡land l{ead. Many panabolic dunes of
the Mur^ray Mallee also display an or:ientati"<¡n similan Lo

the vegetated parrabolic dutres of the Encour¡ter Bay area.
Effective rv:"-nd nesul-tants of the eur"nent wind negÍ"rne

tnenct alolrg 234Ú_ at Victor l{arbout" 250c) at Tailem Bencl,

2460 at BeruÍ anrl 27go at !'Jaikerie" At aÏt of these
Ioea1i-Lies the axj-al trencì of the fj,xed panabol.ic dunes is
appncxÌmately west east " Conse.quent ly it is not
unreasonable to suggest that the fixed panabolic dunes of
this area of Sorr"t-h Austral-ia wenê established i^rhen the: wi-nd

system ulas located sever"al clegnees of latitude soutlt of its
present positi.on.

This palaeoneteroJ.og,j,cal neconstructj.on could al"s:e>

account fon mone arid conditi.ons duping -tTre forlnaLion of
-t-he parabolic dunes, which are uow v'rel1 f ixecl wi'th
veget-ation, al.though in a coastal si't-uation anidity j"s nct
a praerequisite "for. dune br-rilding.

The parabolj.c dunes of Nei^rl-ancl Heacl nest on calerete
of presunted (?) PJ-eistocene age, ancl they are consi.der:'ecl

to l:e of flolocene .lge " Eviclence of clina-t j.c change dunr'-ng

the Holocene is discussed elsewhere in this thesÍs, alrd the
par:abol-r.c dunes of Newlancl Head rrray be conrelated v¡ith an

ar"id phase of the Quatennany"

b) CLiff-top du¡t.es

The vegetateC dunes of Newlan<l llead ar.e trot only
panaboli-c dunes, but are also clif f-top dunes. .Jenni.ngs
(l-967) suggests fou.n aI'tennative hypo'theses 'to accoun'h for"
clíff-top dunes;

(i) Advance of dunes from an ernbaytnent or lagoon
shone onto the outen c.oast.
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Cii) Advance of dunes up a gentle bednock slope,
follor^red by coas'Ea} rìecession resulting :ln clíffs topped
b}t durres, '

(iií) üi-se in sea l-evel -to 'Lhe- sununit of a pre*
ex.lsting cl:iff ; emplaeenent of dunes follovred ):y a fa1l in
seÊÌ l-evel i-sola-Ling t-lie eÌif f -top dunes.

(iv) I'all of sea level fac:llita'Li.ng the aecumufation
of clunes on the coastal plai-n to such an extent that the
dunes over.top the pre-existirrg cliff . A subsequent nise
in l;ea level- r'esults in coastal erosion r:etunning the
shoneline to the onigi.nal ctiff "b'heneby isol.ating the cliff-
top dunes"

T'he positj.on of the shor'el"ine has fl-uctuated d-u.n:Lng

the Quater"nany, at elevat j.ons up 'bo 200 ¡ ( 60m) . The

cliff-top <1r:.nes r"each up to 350r (105m) a..s.1. and rni,65l'r't,

th.er-e.fone, be related to the h:Lgher. sea starids of the
Plej.stocerìe. HovJever, e*s; the ctj.ff-top dunes are of
Ilolocene age. ¿rncl the higÏrest FIoloeene shoneline for. which
tlrere-: is evicl.ernce onl"V neaches 2At (6m) a.$,1.rhypo'thesis
( iii. ) can be cli.scou.ri'betl 

"

The amoun'l- of coastal- recessi-on in the nesis'La-nt
rocl<s of the Kan¡ran'L-oo Gr-oup rec¿u.ired fon hypothesis (j-i)
is; probably'Loo gr,ea't to be achieved in the tine available,
and l-Ì¡.e posÍ-'Li.oir of thc. shoreline du,ring 'tire FTotoeer:.e has
probably not ch.angecl very nuch 

"

Sea l-evef stoorJ ¿Ls much as 361 (l0.Bnr) below pr:esent
sea level dur.itrp, the Hul-r-rceJie so Lha'E hypc.rL'hesÌ.s (iv) is ¿{

possib.i.Iity, but there Ís no other- evidence to suggest that
-i-t is acceptable.

The axia.l onien-t-¡itj"on of the par:abolic cliff--Lop
dunes and thein dis-Er:ibution sug6,;e-st that l,{aitpinga Beach
pr:'ovicled the sand sou-rce with the dunes migr,ating up a

sand ramp to the sumrnit of Ne-w1and Head " Thus , in this
instance, h5rpothesj,s (i) is the most acceptable, accr:unting
for alL of tl-re observed fac'bs.



43.

c) other dunes

Youngen unvege-[atecl du¡es Þack pants of \a]aitpinga

Beach at lower el.evati.ons than the ve-getated panabolic

dunes. At one si-Ee j.nunediately wes1- of Newtand ÏIead

a nanrow weclge of sand is nrigrating tonar"ds the surnnit

of Newland Head undei: the influence of the present v¡ind

negine, a.nd is para1.]el to the resultant of ef fect:'-ve

winds.
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CI]APTTiì ÏV LANDSURT'ACilS AND DIJRTC1IUSTS

T. ÏN:IRODUCTÏON

The stucly alrea is not only polygenetic, har¡itrg
developed underthe influence o:t a vanÍ-e-l-y of cl:i,rnatic
negirnes, bu'c a,e:1"'t exhj"bits evidence of at least ti,vo major
er.osion surfaces, is also niul.ti.cyclic (see Figur:'es 5 and 6) 

"

' The er"osional o::igin of tire two ma.jon la.ndsu:rfaces ¡'-s

de:nonstnateci. by -Lhe;ir: tr.uncatj-on of cr:n-to'rted bednoclc of
var.ied :resistar:ce to er:osion" Ëvidence of the e-r'osion

sunfaces e>ris'[s as dissee'Eed retnnants of surfaees c;f ]ow
nel-ief fonming a series of nougtrl.y acco:ndant spu¡is and

i:idges at Ïrigh elevau-ions in the present topogra-phy"
Aggnaclo-tional sunfaces occur in ti+o main aï'ec:s;

in the Upper ÏIÍndmansh V¿rltey ð"t an elev.rtion of o-bout 750î
(225n) å.s.1., and in the VJaitpi.nga aree. a"'l- an elevati-ori or"

app'noximately 3001 (90¡n) a"s"1" The rel.at-r-onships of the
Iandsurfaces, thein a.l+sociated clunicnusts arrd Tertiar"y
lj-mestones ane shov¡n in Figune 12.

2 N THE SUI'{IiIT SURFACË - TFiË S]-]]ITNG i'ÍOUNT SURT-ACË

The narne Sp::ing llount surfa,ce has been a"ppi.i-ed to th*
summit sunface (Bou::inan, 1969) because of its exteusive
development in the Spníng Moun-L area, 1,0 :ni]-es (ltikm) nor-bh-
I^rest of VicLr¡n l{anbour' to\iünsTrip.As tl:e hig}res"E, oldes'l and

most extensive enosj-on sur-face, it is cornelative v¡i,th the
Pa.r'awa high pJ-ain descnil:ed by l3r:ock (1964, 1971) as

occunnj-ng on the spine of Fl.eurj-eu Peninsu.la southwest of
Spnirrg Mount.

The Spning Moun't sunfa.ce trun.ca'ces steeply dipping
Cambnian and Pnecarnbrian nocl<s. It characteri-stically occuns

high in the landsc.rpe and is capped by a nelict l"rtenite
pnofile. In the area investigated the najor remnants of
the sunface sunnouncl Spr:ing l'lount 1373t (t+12m), lienl-ry Hill
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937 r ( 2Bl-nr) , Peer"alilla Hill 9501 ( 27snr) , Mount Desen'L
968 r ( 291n) , and V,li1son ll:tll 7 671 ( 230n)

a) Natur.,e af 'bhe Lateri.l;e on the Spring I,Iou.nt; sut"faee
The te-nnrinology and classification of weathering

p::ofi1.es is confused (see, fon example, paton and T,f.i-lliams,
1972) " I{owever', fon t}re purposes of thj"s study the term
llate¡.'itet wj.1.1 be usecl to desc:::Lbe 'bhose wea'tTreri.ng profiles
which dispiay a 'Enansition fnom an indunated inon rich zone,
throrigh a mot'brecl weathcned zone stained by iron oxides, to
a wea'bhered pa.l.Lid zonc), whici: rests on unweatherecl hedrock
(Mai5:;nien, 1966) 

"

The characten of the indunelLed zone varies throughout:
the study area. Coarse, weakly magnetic, sub*spherical
pisoliths overlie v¡eathe:red zones at lfiLson Hirl" Floivevei:,
on Peenal-ill"a Hill massirte limorlir-*ic sanclstone, and richt.y
red-col.our:ed pisoliths cemented by 1:'-monite*y:ich matnix
fonm tl,-le indunated r,o-ne. AbuncLan't-- cavities -in the latten
type give the noelc a vesicuran appear¿rnce (Heath, r.962) " rn
many alteas the .indurated zone has j-reen er.odecl aird only a
loose lag of limonite-rich boulde::s nemains.

The g::eatesL obser"vccl thj.ckness of erust in the sturly
anea occults on Peenalill-a- Hi^ll r¡hene the índura'Lecl ,¿orre

has been mirred fon road metaf and for- use as a flux" Tn
all, some 12-111 1000 tons of one ira.ve been i:ernovecl. The
'Ehiclcness of the in<luna-becJ zone is very var"iabl-e, but an
open c.ut neveaLs a thickness of Br (2.4m), shafts indicate
a depl-h of at Least 20t (Gn), v¡l-ri_1e estímates of .Lhe

max:l"mu-m thickness are as nruch as 30 | (gn) (l-Teath, 1962).
This a¡;proaehes tire thiclcness of cnusts elsev¡hene i¡r
Aus'tna-liarwhene they may exceed q0r (r"2ni) (Dur:y, 1971).
The ir:on-r"ich irrdura,-üed e apping on Peenarir-la llíll-, r+hich
eovens an area appnoximately 700r (210m) by 22at (66rn), is
expnessed topognaphically by a p::omì.nent nise on the suinmit
of the hi1I.
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Samples c¡f the iron*r:ich inclur'¿rted zone on Peena,lil"la
Hifl r^reï,e ehemically analysecl r,vhen the economic sígnifícanee
of the cleposi't was being assessed (l¡ihj,t"tenr 1962) " The

following, is a pa-r'tí-al analysis of ttre cluricnust:

Tot-al Fe (goethite, hemat-ite) 39 " 35%

Si02 2l.55ea

4120 3 2,70e,

The pet'centages of the thr"ee major eonstitu-ents of
iron, silica and alur¡iri-nium, normalísed- 'to 100% give values
of 61"7t, 33.9tó a-trd 4.4eó, reirìpectively.

Durry (1969 ) clerír¡ed a ::a,tional descriptive
cLassific.atj-on of tdunierustç pi?operr complete.Lv free of
genetic :i..nplr'cations, l¡y us:ing the proportions of silica,
alumi.nir-r¡n and i,ron present in duricrns'bs. \¡,1hen pl-ott-ed

on a terluauy di.agt:am sevell named 'Eypes j.n the fe-nsial-1i-tic
r4ange v¿ere es-Lablished. Thus on the second approximati.on
of Du.r,yr s (1969) ci-assificatj.on the ciur:lcr'ust of the
Spring I'fount plateau a't Peeralilla I{il1 li¿all.s :into the
fe:nsilitic crus'f Trð-nge (Fígure 1.3) i¡r lthich tire 't5rpica1

crystalt:lne nineral.s are hematíte and q.ua.t.tz " Although
Dr:ryrs cl;iss.ifical-ion has the ardvan'Lage of ob jec-tivity,
the.crj-'terí¿r clo not ta]<e acce¡unt of t]re mine::alogica]
constil;u'Lj.on of the duricrusts, as the'y ane soJ.ely dependent
on chemie¿I composi.tion"

The m,ain exposures of the latenite pnofile occuir in
road cut'i:ings on the plateau surface betv¡een VJj-lson HilI
ancl Moun"L l)esert and in a kac¡l:Ln quamy nor"th of Cut llil.l"
at l'f.R. Mi.J-ang (1:63r360 series) 005196. The v¡eatirened

cut and fill structur.es near l"lount Desert may be the nesult
of the ac1j"ons of the streans i^¡hich e::oded the original.
sunface of low relief. These exposures displa)¡ both
mottled and pallid zones , and j.n one pl-ace ( 0 .6 mil-es ( lkm)
east of Lüilson Hill) ttre cont;r.ct betv¡een the pailid zone

and the univeathenecl bednock is visible. A depth of
weathering of the order of 50f (tSm) to 100t (30rn) is
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sugge.sted by the expo$ures" In companison, Bncrclc (1964)

pnoved a depth oT deep t'reathering on the plateau su::face
in excess of q0r (12m) by augeri.ng" Howeve:r, the most

d-etail^ed accor.rnt of 1-he rna.x-intum lcnov¡n depth of latei:j-'tic
weathering in -hl:e anea comes fnoin bone log information
(S.4" Geol. Sur.v" - bore log recor:cis)"

A bor-e collared on the pla.'Lea.u surface 1300r (390m)

ê.so1.r appnoximately L.2 mil-es (Zlcm) vrest of Spr:ing Moun't,

penetrated a sequence, typical of a latenite pnofile
(Tab].e 1) 

"

The profile in Table I appears to be ant in sí'bu

later"ite weatheii:ing pr:ofile as the bore is si.tuated o¡r the
plateau summi-t ancl not i¡r a val.}ey v¡hene unconsofj-da-teci

material could have accumul-ated. Moneoven, the pnof:lle
displays mottlirrg and kaol"inisation typical of late:rjte
profi,les r äs well as tire presence o:íl fna.gments of v;eatherecl

bedrocl< and the gracluarl trans-Ltion from vre-a'ther.'ed to
unwea't-hened i:edrocl< in 't-he lo'¡er pa::t of 'L:he bore fog.
Al.though no iron stone crltst is recoi:ded in the pnof í1.e,
weakly magne'Lic pi.solithsjoccun at the surface"

An examination of the distribution of the deeply
weatheirecl l-aterite2 profi-le of the stu-dy area l'eveals that
it j,s nestric'bed to ttre hÍ-gh pla-teau sununíts ' The lov¡est
obsenrrecl occuryence of 1:rimary l"¿te::i"te is 'that on the
McËarlane Hi.Il * lrlright I{i]"I nídge at 4001 (12tlm) a"s'L.,
but this arrea has pr"obabl"y suffer"ed dov¡nfaulting on -i:he

nrargins of the Mur:r:ay Da.sin (Tholnson and lïorr"rítz, 1962).
E1ser¡hene 'bhe pnirn;rny latenite falls within a range of
appnoximately 670 t ( 210m) , between 1"450 t ( 435m) and 780 I

(234m) ú[.s"1.

2rfri" is the equivalent of the pni.many latenite devetoped 5o

í.n eítu we"a'ehering as descnibed by Playfond (I954) and

Finkt (I971\.
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45 t

50 r

50 t

55 r

0 - 6t ("1.5m)

61 ("15rn) 5î (1.5m)

5? (I.5m) - 15t (4.Srn)

15t (4.5m) - 45r (13"5m)

Clayey brov¡n ancl onange soil
Grit'ty limonitic ned elay
Mottl.ed pink clay
Þlicaceous yelJ.cvrish*pir"rl< clay
l¡eceming reddish-pink
fficaceous buff colourecl clay
Slightly gr:itty micaceous
kaol"i.ni.tÍc clay. tight crealn
to Ì¡uff *col.oured 

"

SligTrtl5r giri.ttl' highly mottled
red*r+hite-yeJ-lotu elay
Claly u,j-'Lh fnagrnen-bs of
weatl"le::ed fennuginised schist
ancl crumbl:lng quar:tz fragments,
mottlecl pink
Lí¿;ht pinlc colou::ed ela5r

Gnitty light pi.nlc coloune,d clay
Gni"Lty clay r+i'ch mottlec] lvhite-
cream kao]:lnisecl patches
Slightl.y gnitty mo'ttled cllêcl.rl
clay
YeJlov¡ gnitt5' clay with schist
fragrrents
Merl,ium gnit qu.artz and yelloto
clay
Yellow g;rit'uy kaolj"nísed cIaY
with sehist fi:agments
Grey gnitty ]raolinític cJ-aY
v¡ith schist fnagments

(13.51:l)

(.1-5.Oni)

(19.Srn)
(2].0m)
( 22 .5m)

70 r

g0 r

(15 . ûm)

(16 
" 5m)

(2.1.0m)

(2.2.5n)
( 27 .0m)

55r (16.5m) - 60r (18"0¡n)

60t (18"0n) * 65t (19.5n)

65 |

701

751

90? (27.Onr) 120t (3ß"0ur)

120r (36.0¡n) * 130! (3,'0nr)

l-30r (39.0m) 140r (42.Orn)

1401 (42.orn) 1701 (51"0m.)

170r (51.0m) 1751 (52"5rrr)

175t (52.5¡--n) - 195' (58.5m) Gney c]-ayey gnit with schist
ancl lc¡¡.oLínite

IgSt (SB"5m) 230r (69"0¡n) Gney gnitty clay. Schist
bedrock
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b) Nature of the Spring Mount sunfaee
Brock- (]971) suggested that the l¿rÌ:enitr.c pla'Leau

nemnants of, Fleunieu Pe¡rinsula former.ly constitutecl a

Ia::ge asymnretr.-i"ca1 dome. The l"a"bei:j.te r.emnants are not
evenly distr.ibuted on ei'then side of the centr"al spine
or dr.airirlg€ divide, but a gne.rter number of them occun'co
the souttr c¡f it. Thi.s distributi.on could nesult fr"orn -the

uneven dissection o-f the later"j"te sunface follov,iing tilting
of tÌie sur:face to the southeast, rvith molre latenite
surr'íving on the ge-ntl.y slopírig section of the tilt block.
Ano-ther- possíbility Ís that colrditions no;:'11"r of the
draÍnage divide we¡re not as stritabl-e fon latenitie
wea.-thening as conditj-ons -Lo thc south" '

Regional slopes of the reconst:ructc¡d pla'be-au su.nfa.ce

are evenywher:e slight " Fr:om Spr:Lng Mount to trlilson l-lif I
tire slope is 0 , Bo , fnom }{ount Deser"t t-o i'Jilson ÏIill 0 " 50,

ancl fr:om Spr-ing l"fount to Peer.a1illa Hi.l-l 0.90" Loc.rl,
pnesunËbly valley side, slopes ä.ïre steeper" exceedti-ng 2 "50
ín places , asj on the flarrks of l'tilson F1il.l. Thus , <lespite
the fact tha'l- nel-ief ampl,itude of the pl-a'[eau rer¡na,nts

exceeds 67[ìt (210m), sunface sJ"opes arç: r¡eny gen"L-le and

dr,ai.nage on the surface would h¿ve l¡ee¡r extremely s1r-rggish.,

provi.ding the conditions envisaged T.ry V/ooinough Q.927) for
the for:mation of deep v¡eatheniirg profj.les 

"

Aften conside::i-ng the evol-ution of Fleunieu
Pe¡rinsula in the li-ght of severa.l mode-ls of landscape
development, tsr.ock (1971) suggeste<l that -Eire summí"[

si¡nface of Fleunieu Penirrsula could be reganded as a

peneplain su:rface. Vanious featllres of old landscapes
Ìrave been recognised by Mulcahy and Bettatiay (1.97Ï) which
might be used as cnitenia fon the recognition of peneplaín
surfaces. These include¡

(i) a lovr nel-ief ampi"itude
(íi) gnades of l foot (.3m) per rnile (1.6lcm)

of ancient river systems



( iii.)
(iv)

(v)

lro

l¿rteritisat:l"on to depth of 150 t (45m)

cloakÍng of divicles by a nan'ùl-e of
late:ritic t sand¡:1;i.:i"n I in exeess o-f 2At ( Orn)

tlrick
thin al]uvial and col-luvíal deposits less
than 6"5? (2nr) thick in valleys
limite.cì piresent clay enosional mc:clífication
except in ar.ea$ of ír-rstabil:lty"

(vi)

The suruîit sunfetce of F.l-<+un:"-eu Peninsula clísplarys
eviclence of (i) , (iÍ) , (iii) and (vi.), t'lirch uncon*;oJ.icìated,
highly sÍliceous san.d oceurs thr-ougliout Fl-eur"ieu Pe¡rirrsula
and it may have had i'ts onigin r.is a l-ateni'bic ¡sandpJ-aj.n!,

Thin a-lluvial and colluv j.al deposits oeeurì in some areas,
but it is cliffieult to cletermine j-f they ane a recent
phenr:menon or whethen tÏ:ey develoJ:ed cluni.ng t-he for"mation
of the sunface 

"

Flclvevc-:r", firany of the abor¡e criter:La. .rlso appty to
-l-and*sunface.:s whieh maJr l1¿ve det¡eloped 'thr"ough ped-i*
planation (Dury and- Li:-ngford*Sirri,th, l.96lt) " Irlothíng in
the morphol.ogy of the sr-l:rface i.s cl:i'tieal- in detenni-ni-rrg
its gen.esis. As such it is p::obtrbly best cìescnibed
sirnpJ"y e.s ¿ln er'osi-orr s';:rf ace of l-ov¡ rrel.Ìef .

c) UpLí.ft of Sprt-ng I'Íoz*ttt; eunface
Noting 'bhat the later.itiseC er,osion surface of the

high platear: as mðpperl on the lllilang nap sheet, 1:63ri160
senje.s tiltu av;ay fr.or,r tÏ:e lJiJ.J"unga. fault cannying l,iealc

clips to the east and sotr,theas,tr Thomson .¡nd i'lonwj.tz (1961)

sugges-Led 'bhat the anea- may have behaved as a tilt l:l-ock
with the maj or movement tal<ing pJ-ace along the Ì¡lj.Ilunga
fault l-ine. IÏere the total throw of the fault may be as

much as 2000 ? (600m) (T.'homson and Hoirlitz, 1961) " Hovrever,
the regional slc'pes on -t"h.e ::ennants of the lateritic
plateau ane ext:remely slight, and thus they may neflect
oniginal draÍ"na.ge slopes and not teetonic t:i-lting. Another:
posjÊibil5-ty is that oniginal dr"a.i.nage :nay have been to tl-re

north and v.rasl laten reversed by ''tectonism¡ âS tc+etonic
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tilting to the south ar¡<l east <loes appedr: to have oceurned

since the MÍe,r:ene" I:f, the laterite of' ttre Spning Mount

Suï,face is of I'liocene on pre-F1i-ocene ä8e I l^¡hich seems to

be the cctse (see betow) , then unless pos;t-Miocene tiltÍng
occurned parts of the la'terite sul"face (e"g' Wilson Hill)
would have been submergecl by the l'liocene seas w}ìich neaehed

up'to 800t (?4CIm) a"s"l. As there is no evidence of the

l{j,ocene seas sribmerging parts of the plateau su:rface, the

ínterpne.ta-bictn of post*Iliocene- t:'.]ting j.s favourecl.

campana, v,líIson and l\Thittl.e (]953) pr:oposecl that the

Tertiary orogeny üras marked by rtangenti.ll stresses actíng

upon a -Ehiclt set of P¡c¡tenozoic, Palae6z6ic anci Tentían¡¡

sedilnents I ín r+hi.ch broacì domín.g \^7as fotl0r¿ecì by cnacking,

bl.ock faulti¡g or th::usting a.cconrlj-l-rg to the degr"ee of
pJ.as'ticity of the fo::mations invol-ved'

In vietq of the lack of conclusi-rte geologi'ca} evidenee

fon this t¡eo::y, Bnoclc (196tt) favoul:'ecl an isos'tæ-tic uplif'c
of lïleu,nietl Peninsula as a sín¡¿J.e tr:etonic unit, fnon the

Ëocene on\¿órf,ds. AceOrciing 'to this intenl:netation, slopes

on the high pla"teau sunface woul-d nepresen"b origi¡ral
dnainage slc;pes.

d) Age of t;T'te Sp'ri,ng Mount sur'faee

The higtr plateau surface is usually assigned a PTre-

Te.r:tiany a.ge because of the absence of l'lesozoic serliments

in the area " On K.ang.rnoo Isl-and Jurassic l:asa.It apparen'[ly

makesup pant of the Ïrigh plateau sul'face, indieati-ng a post-

.Iunassic age fon the suï'face. 0n both Fleuníeu Peninsula

and Kangargo Tsland mueir erosl'.on occunl:ecl duníng the Per:m"ian

and in pne*Permian t j.mes. consequentl.y patì.t$ of the

plateau surface nay reppesent nesur':rectecl Pe::mi'-:-n enosion

SurfAces. In Sone aïaeas gl"rciatecl beclrOek surfaeeS anci

glacigene secliilents occur only short distances below the

high plateau sur.face r supponting this hypothesi's '
In the Adetaicle area on the Par"a f ault block: ê0

a.ncient land sunfaee whích appe.ans to ]:e the ec¡uívalen"r of

the suminit sunface of the Moun'L Lofty Ratrges t now dislocated
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by faul-ting, is being exhu¡necl f::om i.¡er¡eath ë. coveTì of EanJ-y

Tertian¡r seclirnents (Aitchison, et. 41.0, "!"954) " Tf the
Spning l"lount sunface and the exl,ru¡oecl stirface of -Ltre Pa::a

t¡locl< ane cornelative, then they ane bo'Lh of the sia.ne p::e-

Ten"ti"any o1r Cr.etaceous age-" A Cretaceq.ulf; age for the
surnrrrit surface is e\uen rnotae favoured in víerv of its possiþI.e

t::uncation of .Tunassic ¡locl<s on 1(angil':roc"' Ïslanci.
Pnovided. tirat 'Lire high leveI erosicn sur:feee d-eve-l.oped

pnion to the d.eposition of th.e Oligr:ceiie. t?) * M:ioeene

li¡nestone in the Upper" Hj-ndmai:sh Vall.ey, then it piredates the
Mj.ci-'Tertiany. Ffoweverle if the surface cieveloped after: th.e

deposition of the li.ntestone, 'Èhrougir the ¡rnocess pos'tulated
by Ke:rnedy (1962), whereby a sunface of l-oia nelief might

derrelop dr.rring uplift of the l-.rrrd mass, pi:oriidecl th"l'b

denudation (total loivering of the l-and surface) outpaces

er-,osic''n (ventical stre¿em ineisic¡n) , th.en the sur-face pos't-

dates the liicldle Tertiary. Thís moc1el= i-s cons:i.cler"ecl- beÌ-loi,,'

cluning discr¡.ssion of '[he age of the l"rterite ci:r.r-st tnrhich

caps th,e sunfa-ce. Although the age cf a dunic::ust- of an

enÕsion su:rf¿ice <loes not nêcess;rr"ily irrcl.íeate the a55e of 'Lhc

erosion sunface, in 'flie stud,V area the d j-str'íbut:ion o:f,

dur"icrusts r:eveal-s some'bTri,ng of tire moCre of evol.ution of
the landsur.faces , wlrich in tur'n 'thr:ar+s¡ l"ight on 'LTiei:r ageÉ,

3 SURFACHS DËV'ËT,C) Pl D AF'1,'Hi.ì lli-íll ËR0s:toN 0F 'TlJll

I,ATËIìTTE \.'IEATHF]RT]{G IìF.O-I' I i-.ÏJ

The dismember'merlt of 't:ire l"ate:rite vre¿'htreritrp; pnofile
r.esulted -ln 'bhe formation of minor sunfaees bel-oi^¡ th.e level
of the plateau, but h-lgh in tli.e p::esen"b rel-ief "

Vùhene 'the weatþering p:rofile hat bcen ineonLl:i-etely

enode<l t]:e r:esultir:g EjuÌ"face occl.ll?s on t:runcated l"a'Leri.-Le.

Thj-s sunf'ace is tJre e.quivalent of pant of the r:iclge ancl vale

section of Bnoe]< (I96tt, 1971) " Hotvever, BnocJ< does not

cleanly di-stinguish be'tween trunc¿l.têd laterj-te and etch

su.Ï-faces. In this study the two are conside.r'ec1 as sepafeite

units of th.e l.andseape " The etch sur:f ace (Bt:o¡¡n I|åLL ,zte'Ìt

suz,faee, Bourman, tgGg) occu'r-¿: viher:e the oven]yíng v¡eat-iier'erl
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"

lateritic p:rofiie has Ï¡een conpJ-e'tely enocled, leavÌ-ng bed::ock
benches, vrTrieh arìe poughly accondant with tire wea'hhening
fi:ont 

"

Althou¿¡h bo"th 'truncated latenite and. etch surfaces; ar'e

tri.clespneercl l;hroughout the stucìy area, tireiir rel.a"tÍonships and

positions i-n the landseape al.É best obscr.ved al.ong spurs
lshích extend fnom tÌre l'fount Desent ar.ea paralle1 to
'l-r:ibu'ta::ies of the \,Ia:'.tpinga Cneek (see Figure 6).

Bclth surfaces are diacl'rr"o¡roiis and are stíIÏ. clevelopi:rg 
"

Consequentl-y neither sur:face is of any cyclic s5.g,nif ica¡lc(:,
except insclfa-n as neither. coul"d develop un'bil the latenite
pnof ile had f ormed, ancl was so disposed tl'lat dissection of
j.t could occun " Certainly the cleveloprnent of tl'lese sunfaces
j-s not depctrclent upon a fixed negional base ler¡e1 of eros-i-on.

The dis'Lributj-oil of these two sr-ri:faees in the preserit
lanctscape h¿rs been a-ffeeted by the follovring:

(i) Tnitial ir:regulani-L-ies in thr* Spr.ing l'iount sur:face
resul'ting fr"om str.tictural inf luences and drainage slopes.

(ii) The dep'th of 'Lhe }ateritj.c 'lveathenirrg profil.e
whj.ch affects -Lhe elevation of the weathering frontr ê.S"
nearì Spning; Moun-t r,¡hei:e the wea,'bhening ex'tencls to 23tt (6Sm)

thc etch sur"face stands appno>rim.ately this clistance I¡elow
the summit sur"fa-ce, but on Bnor'¡n ÏÍilt the depth of
weathening is much less and 'thtxe i.s only an ele.vat:l-ona-I

dif:fenence of about I+01 (f Zni) T:etween the sunmit and etch
surfaces.

(iii) 'Ihe clegnee of disseetion of the l;r'herite
pnof ile, wh:teh distingu¡'-shes t1¡e eteh sur"face fnom the
truncated Ïatenite sunface.

(iv) Faulting or" til-tíng of the sunfaces ¡ 4.8" the
laterite sur.face and its assoeiated e'bch surfaee h¿rs been

offset by faul-ting on McFanlane Hill as mentioned above 
"

ConsecluentlSz the etch and tnuneated la-te::ite sunfe*ces

have considenable elevational nanges, atthough their" inter'-
refatíonships and nelation to the Spr:ing Mount çupface are
cl-ean. l.leventheless, r.ecent soil cover and r¡eÉje'la-tion often
obscune bounclar.ies Ï:etween tlte thnee, rendering deta.i.led
field mappi.ng dif ficult.
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Both surf¿-lces ane diachroncus ancl have consider:able
age re.n[tes. Ilov¡,aven, thev bo'th ¡-ros;t,3ate tire later'iLe,
the age of r+hich sets the lowen age lilnj.t forthe su'r-"faces

nesultirrg frorn its enosion" Depending orr the model, of
latrdscape development usecl in ec¡nÊ:.i.dening the rnocie of
fonmation of the high pla"Leau surface, the laterite corrld
be as old as the }lesozoíe or as young as the Fliocene
( see belor.¡) 

"

4. GREEN HTLLS EROSTOi'{ SI.IR}-ACH

a) Disl;riþution.
A second ext-en.qive e::osion sur"fa.ce oec.ults an<1 is:

rramed tlie Green I'liLLs surfacø (Boi-rr"rnan, lg69) becaulse of
j-'ts marked development near- 'the Greerr Hill.s Ìromestead 4

nliles (6,ltlcm) Ì,tr"I,1.\^¡. from Vic'Lor HanJrour, where it for.ms

the dnainage div-lcle bet-ween the Inman and llindnar."sh Ïìivers.
fni'cíal}y nappecl in 'this area and e.j.then s:-de of Baclc

Val1ey Creek, thi.s s;urface has nov¡ been necogniseci 'L-hr.ou.gh--

out large areas of Fleur.j-eti Peninsul.a. It is best
developed ai"ong the depress;ion occupi.ed by the Inman,
YankaIiIl-a a"nd Bungala lìivers ancl the:'-r tr-ihuta"ries.
The Green Hills surface stands helov¡ the older, Spring
Î'{oun'b surface and its rel¿r-'l-ed etch an<1 t:lr:ncated sui:'f¿rces 

"

It vapies in eleva.tion fnom approxirna.te.Iy 6501 (i95n)
inland to 200r (60m) near the coast. Ilclwevelr, mos'e

nemnants of thís erosion sr.lrfaee stand between 3001 (90nr)

and 500t (150m) a.s.l-.

b) Base Leuel duning l;he enosion of 'bhe Green HiLLs su"rfaee

Str:ea-m thalwegs of the ¡nain cha.nnel of I,üaitpinga
Creek arrcl selected tributarÍes constructed fr:om the 1:500û0
Encounten and Torrensval-e sheets a't a contour interval of
50r (15n) (Figure ]4) throlv soilìe light on the base level
du::ing the eroeion of the Green Hills surface. To simplify
the iclentification of the tr.ibutaries of Vtraitpinga Creek
they have bee¡r narned aften 'the owners o1= -Ehe pnoperties
thnough v¡hich the5r flow (Figune 15).
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( i) Itn'Lekpointsr .

Causes of convex br.eal<s in a stnean pr:ofi1e may
incl.ude the ef fects of ::,ock bans, ti're ef fec'ts of tri]:utan5z
strcärus , in'bei:n.itten'L shore.line <lros j.on, tectonic or
eust.e'tic cha-nges in base Jevel, and changes j.n bedload/
disch,rnge rela.tionshíps, which woul'd include the ef fects
of. c-l"inlatic ehange

A k¡riclt¡roint occulls in the main channel at
app::'o>'"ima't-ely 200t (60m) to 2S0r (ZS¡n) a.s.l-" As the
nret-asecli;nentany nocks of the Kanmantoo Gr.oup display
vanying nesis'Eance to el:osion the ]c-niekpoint might l¡e
struetural in origin" Ilowevei:, knickpo_ints occur at
simil-ar. eleva'tions in Parson, Peance, Mount Desent and
Henderson cneel<sn a1-1 of which flor,q thi:ough rocks of the
Kanma¡rtoo Gnoup. rn view of the contcntecl natur:e of the
basernent nocks ít woul-d Ì¡e extnemel-y fontu:i'tous for" 'Lhe

accor.dant knickpoints in all of the channels to Ï:e of
s'Enucturar ori6¡in, The j.nfluence of tribut.ar'y strearns
can be discounted a.s knickpoi.nts occur in channels wliicli
have no significant tribu'taries and it ís unrilcely th¡rt
sj-rnila.n changes in l:edloaci/cliscTìar.ge nelationships wourcl
occur in all channels to eause aecordant kniclcpoints 

"

The knickpoints are situated v¡eIl inrancl fnonr the coast,
at about 200r (60m) a"s.f . so that the effect of stee-penÍn¿¡
of gna.dients liy coastal erosion is not possible as ð. cause
of the knickpoints" The mcrst J.i)<eJ_y callse appeans to be
nejuvenation fol-loruj-ng the uplif t of the land or a f":iling
of sea level. Funthen evidence for. this hypothesis is
consÍdened below.

I*The term rknickpointf is usecl here to descnii¡e a break
in a stream profile. The tenrn f icnickpoínt of
::ejuvenationris úsed when it -í.s possíbIe to coruelate a
kniclcpoint wi.th a for"men base ]evel of erosion.
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(ii) Formez' e!'tanneT dePosits

River gravel cìt',posr'i"ts at varyr'-ng eleva'cions

d:l-sp-Laying cÌ:otl5 beclcling and ilrLbrÍcate struetures par:allel
,cl.ie present l,,r;rj-tpj-nga ci.'eek ancl i'ts tribut¿r::ies .

At Enr:ounter l-:500tjO rnap se::ies tl.R. 536025 niver
g-t,arvc,.ls s-t¡¡.ncl a't 24tt {t?-ú a.s"}. and cn)-y 15r (4.5:n)

a'bove the prese:nt strearir channel c1i.pp5-ng at 25o'to 30o and

strÍ-ì<i-ng at t550 (Pl,ate 11). Dol,,rts"fream at Ëneounter

1,1"1ì" 5?-6018 [;:..avels are si'tuated. 200r (60ro) 4"s"1. and

al.rnost S0t (l-Sm) above the prresent channel and are sinrilarly
clisposed" o-Lher coïlf'r.:lative river" deposi'ts at Tonnensvale

1:5û000 nap series M.ll. 46I002 sta-nd 2001 (60n) a.s.l'" and

175t (52.5m) above the- channel of the vJaitpinga creek"

Stra.nded riven gravels also oceLlil ¡tÌ- Tor::ensvaie PI'R'

468007 at 150 r (45m) â.s.1" A'c Tort.ensl'.r1e M.R' 465035 a

prominent kn.ol-l 4?5t (]42.5m) a.s'1. and l-25t (37'5ni) a'bove

the chann<-:,1 of i'laitpinp;a Creek c;rr'r:ies e>l'[ensive clepcsi-ts

o:F t,;ei'üen-r:ounded quar'tz pei:Ì:Ies ( see F:i'gure 6 ) "

The ivj-des:pneacl eviclence of formet. f':Lver a"ction ort

al:eas high above the present cha"nnels attests to the r"ol e

played by -Lir* ¿rnce-st:i'al \'laitpÍrrge- Cneelc an<l i'ts
ty,ibuta::íes j-¡r shapj-tr.q ttre lancisur'faeer below v¡hich the

drainage sys'tem is l'low :lncise.d.
The d.T.str.ibutj.on of the gr"atrels atrd the pnesence of

:forrner bro¿-d vailleys support the inte::pnetation that the

knickpoin'ts ;rt approx:lmately 200t (60m) have resultecl f::om

rejuvenati.o¡r follovring a rel;rtj.ve. faLl- irr base level' The

strarrded channel deposits ar'e a't the aame general elei"ation

as the Gneen Hills suz'faee arrcl i'c :i.s sugges-ted tTrat base

Level duni.ng -hire erosion of the Gneen Hitls su.r"face r¡/as

sorne 200t (60:n) a.s"1.

(:Lj"i) tÌeif.pinçJa Go'rge

Nearei: tire ebact the former channel deposits stand

progressivelv hi-ghe¡ a.bove the, present stream ehannel, and

as waitpj.nga cneek ne¿trs the coast it passes thrcugh a
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Plate 11
(0.5 )

. Ferruginise.d nivenine deposits 0.3 nj-l-es
south of Depledge Briclge , Vla.i'cpinga.
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steep-sj.ded gorge uÞ 'co 200 r (60m) deep" Th.e gorge wd-s

appar:ently cut sutrsecluent to the r"ejuvena'Lion of the land
mass, follovii-ng vlhich, lcnicì<points prìogr-essed headward along
the nairr sti:ea-m and 't::Íbutaz.-l'-es 

"

The fnnan River: passes 'tlrrou.gh a similar gorge abon't
f .5 miles (2"4]crn) froln i1[s nor.l'th" The Inman Gorge w;is

eonsj-dened to be the nesult c,f superôposítion of dnai.nage
fnom soft Ler.te Palaeozoic glacigene secìiments onto
underlying rnetasecìímentany ba.sement roclcs. Vanious mocles

of onigin foi: the gorge v,rere cons:-dered, but superìpos j--f j"on

htas favoupecl i¡ecar:se of the pr-oximi'i:y of La-t-e P,-,la.eozoic
cì.eposits at e-levat:l"ons in e:{-cess of the highest poir:ts of
thei goTrge (Bounman' 1969). The l,Jaj-tpí.nga Gorge nigh-t ¿rlsc>

be su.penposed. Late Palaeozoic glacigene deposíts clrop
out southwe-st of Inlai'tpinga Hi-l-l 1. 5 miles ( 2 .4lcm) from the
gorge, but e"t a lov¡en elevation than tl"re gorge. The

fon¡nen exten'L of the Late Pala.eozoic gl.acigene cì.eposits jn
this auea j.s j.mpossj-b,.l.e 'bo ê.ssess.

Ilowever., 'Lhe occurrence c;f stnanded r.iven gnariels on a
sIi-ghtly v,:e¿¡-'thered l-and sur:f¿rce tr:unca'bing basernent rocl<Ë
suggest-s that the lilaitpinga Gorg;e developed by inheritance
:rather. than by superìpor;i'cion. Graded 1:c¡ a base leive1
200f (60m) ,3..s"1", the stnearn system enocled a- sur"faee in'Lcr

v¡hieh it later" ineised.
(iv) Coz.reLatisn uí.tlt preuíous tooyk

Brock (1964, 1971-) recorded evidence c¡f a shoneline
193 | (5Bm) 1-o 213 | (64ur) a.s,1" arrcl .rttr'-lJ:uLecl i.ts pr.'euen[:
position to Ter,tiany tectonism. Funther evidence foi: 'Lhi".;

f or,nren shoneline has been presented above. La.ter. in this
chapten the Gr,een Hills sunface gnadinp; to a 200r (60m)

shonel-ine is suggested to be of Pliocene agê¡ whieh further
connobot a-tes Br"ock rs conclusion.

c) Itrature of the Gyeen HiLLs suz,face
Tn nrost areas the Green Hill-s sur.face tnuncates

Late Palaeozori-c glacigene sedirnen.ts, which possess lj.ttle
resistance 'lo enosion. 0ccasionally the sunf.rce is



57,

uncler'lain by m¿:'tasedimerri-any rr)ckr: of the l(anmantoo Group,
FIo¡,,¡ever, the inte.r.pneta-l-"i-on of tbesr¿ inlier.s of older,
more reisÍs'Lant roclcs as pcrtions of +;he Green Hj"lls sur:face
must l:e a.ppr:r:achecl witli caution, for they rnây raepresent
parts of ¿ necently exhurned Late Palaeozoic gl-aciated
landscape. This is ce.r'tainly the case wher:e the ba-se¡nent

rocks cï-op ou-f at the watensÏred be'sçveen the J-nnan and
Bungal;r Rivers, and east of the Gneen Hills Ëiomestead¡

where str"iatecl bedrock sunfaces have bee¡r nc¡-Led. Tn some-

êu€cr"s , bæ.semen'f r'ocl< outc::ops ( *. g. Crozier" HiI.l.) stanci
above. the gener:a-l su:rnoun<1ing level of the Gneen Hills
sunf¿tce. iÍowc:-ver., the basement rocks el-serrhere h¿rve been

beveLled fonnir:g accorclallt levels with nearLry glacigene
sedi-rrients .

Tire slopes on 'the ilemnants of the Greer-r Hills sur:face
indj-c.a'[e, tha.t ch:ai-nage du::ing the erosion of 't-his su:rface
bnoadly paralÏeled tl-le pne*.en't stire¿ili systenl. llowever,
spurl crest slopes and the bar-bed juncti,on of Bouridy River
with the Inman Rir¡e:: suggest that the Boundy Ri.ver may

have o::igin;1]ly d:n.rined the surface to the r.rest .

d) Durie .ruçts of the Green HiLLs surface
In adcl-ition to its cìist¿.il¡ution ar¡d rei.atiorr to -the

othey' enosion sur"'faces, the G::een IIil.J-s surfaee is
distinguíshed bi' the sponadic occur,'rrences of fenrugino'us

1

dtmicrust', i.¿hich, unliJce -hhe dur.icr"us'L of -the Spring
Mount. surface, j.o not unclerlain by a de"ep weathe.r"i.ng profile"

Iluch of the fernicrete consis'bs of iron-stained and

cemented, vaniabl5r sized, subr'ourrded to rounded ¡rebbles of
c¡u;rrtz a-nd other rocks. Hor,¡ever, other par"ts of the
ferricrete consis'L of iron-cementedrrounded qua-ntz sends,
some of which display beclding stmctunes. The source of
these cenented sandg may ha-ve been the gney-lvhite sandy

Some'bimes callecl seconcìa::y,
In th:l-s thes:'-s :-t is caLled

detnital on lov¡ level latenite.
fer::icnete.

l
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eluviated A horizotìe r,¡hich char"actenises the typic;r1. laterite
pnof ile ( Stephens, 1946 ) . Unconsoli<lated, whi'Ee, siliceous
sands abouncl on the hilts and nidges of t-he Gneen H:'-11s

sur"faee, and v¡here \¡egetation has been cleared these sa.trds

are velîy mobite cluring Summer cond j-tions. Der"iva.tion of
these sands by the ner,voi:king of fluvioglacial sedj,men'[s is
possS-b1e, but tl-re soulrce favoui:ed by the v¡:r:iten is fnom the
leachi-ng of sattdy sedirnents under 1>nesen-L eonditions, or
du::ir:g Cainozoic laterritic weathening as necent o¡' ::elict
poclsolic so j-ls, often witir associ.rted fen::ig,inous písoli'bhs,
are içirlespread throughout the regioit 

"

The most ex'Lens:Lve oceurrence"s of fennic::ete on the
Gr"een Hills surface are in three areas east of Crozie:: IJitl-.
At these sites the fernie::e'te has been quar:ried for rr:c.d

metal, r:evealing a cr"u"stal 'thi-clcness in excess of 3r (0"9m).

The fe¡:nienete hene overlies pebbly glacigene sed.Í:nen'ts,

ind:r'-ea-Lin.g tha't it may be a la-Leritised <icr1>osit, especially
as it con"bains exotic pebble.s " VJhÍle. the pebÏ:les rnay have

been roundecl in subglac.ial on englacj-al s't-nearrrs d"r:ring the
Late Palaeozoic, microscopic exam:l-na'tion re vealed tha.t 'the

sand gnains of the dur.,icr.ust a-re subrounded -i.n contrast to
the a-ngular to subangular: gr'.ríns of the fluviogl.acial
sediments. I'urthe::more , the pebbJ.e s ane concen'B:ra-Ced at
the suy"face, f;uÉjgesting a channe.L l:otto¡n origi.n. Thnough

nelief inve:rsiou the pebirles novl occun on ridges betl'¡een

pnesent dnainage l-ines illustra1-ing that the for-mer channels

Ìrnoaclly par-al}e1.ed ttre pr:eseut streams. Othen fernuginous
co¡glo:ner:ate deposits directly overl:'-e Kanmanr-oo Group

bedroc]< o¡r Pontens HilI a-nd in sevei:al places in the
Vlaitpinga area, inclicating a-n origin other tl-lan f luvi.oglacial,

A zone of shal-l.orv weathering occurs below Some of the
fer,r"ienete :lemnants (e.g. Ponters I{i}1, east of Cnozi"er Hill-
and at VJaitp.i-nga neau the tunn-of:f to Wai'Lpinga Beach). At
tÏ¡e last mentioned pl.ace a eonS,,lOlrtena-[e c:rust, near'ly 3 I

(0.grn) thick overl,ies at l.eas't 5r (1.5m) of weatheirecl becìrocl<.

Pants of the Green Hifls su.l?faee ¿re not chanacterisecl by
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ferr-,iene'ce but cdrry a thin scatten of pisol-Í-tlis, vrhich

ar?e r:ndentain by Llp -Eo 31 (0,9m) of rccl clay e oi.l, 5 r ("1.5m)

of weathened ancl mottled gr"ey clay resting on l¡edroclc. A

pnominent surface cor'::el.rtive r^¡ith the Green Hills su.r'face

occulls en the inter"fh.rve area betleen VJaitpinga Creel< ancl

the Coolawang Creelc and ís ccapped by the profile descnibed
a}rove" Ât one sect:'-on of tire eliffs, whieh fo:t:nr the coast
between lIeroJand Heacl and l(:'-ng Point, weakl-y lcaolinised
becl:rock associated wi'th fennugr'^.nous p:'-soJ-íths occulls at an

el-evation of approxi.mately 200 ! ( 60m) a. s .1.

e) Orígùn of l;he G¡'een HiLLs surfaee and í-bs o.ssoeíatad'

f ez,n,ietel;e
The evidence of shal.Ior,v weatherj-ng on the Gre"en F1il-l-s

surfaee lends c'r'eclence to the view tha'L it v¡as affected lt5r

a minon phase o.f latenitisation duning ¿rncl/on after" its
erosion. Invar:i;rbJ.y the seconclar:,y dut:j-cnusts occun in
the bot'toms of former" b:coad ve-l}eys . Thus, 'they could ha-ve

formecl he¡:e f¡:o:n iron der-íved from 'LÌre laterite of the liigh
plateau s;unface, and -frorn the Ïiigìrer portions of the Gireen

I-Ii1Is su'nface wher"e shallorv v,re.r-[her"íng took p]."rce"

0n the gr,oundrs ttrat the Green IIil]s surfa-ce clevel-c,ped

essentiaLl..Ly on easitv enocleci ¡,1-eLcigerre seclj-trrents, while 'the

Spníng Mc¡unt sur.fa-c:e was e-r'ocle<l across resis'teurt metatriorpirr-e

nocks, it could be clrgued tiiat cliffer:en-bj.a} eros:ion accounts
for the-in rliffer:enee$ in e1ev.r'ti.on" Titus the two surfaces
would havc d-eveloped conternpor¿Ìneot.rsly. In p.rnts, hovleve:?t

the Gneen Hills sur"f¿lce is unclerlain Jry :resist¿:rt metcuilor'pllic

irocl<s, wlri.ch in tunn cailry ::ennan-Es of a:rcient riven gravels,
sirnila-n in eleva-tion -Lo those on the softer se<liments'
Mor'eover', i'l- Ìras J-reen c-lelnon r.i^tr.¿r'Le<l previously (Bounrnan , 19 6I )

that the Green l-i-iffs surface is a d.istinct topographic tu'ri-t,

separated from the Spning Î'iount plateau by sharp breaks in.

slope, ir places cut irr bednocl<. Consequen'bly, the Gr-'een

tlills sur"face is al¡nos-b certainly related 'to a later erosional
phase.
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Because tl"re oligocene( ? ) - Míocene fossilif enous

limes'tone of the Üpper- Ilindma::sh Valley is situatecl rvell

above the gener"al level of the G::een Hil1s sunface it ís

not unlteasonable to assuûÌe that the erosion of the sunface

postcla.-les the cìeposi'tion of tþe ]inestone and m;ry thenefone

be ascnibed to the Plio*Pleis'tocerle"
Alternati've1-5r1þee::osionoftheGnee¡rI'{illssurface

may have occurred prion to the depositic¡n of the linestone,
at t]:e time wheu Late Pal¿r'eozoic glaci'al vall-eys were being

exhumecl l¡efore -bhe Ì{idcìle Terti.ary tnansgnession. The base

of the linestone lies a't- ai¡out 3CI0 t (t5rim) a. s " t ' (C;"nipana,

wilson, and whittle, 1953, Plate x), coI'respondi-ng vri'tl: tTre

genena.l level Of the Green Hills su:rface. HOi'üeVer, the

oceurrence of moï'e thalr 320 t (106m) of Oligocene( ? )-Mioeene

seclíments in protected situa-tions j.n the Myponga and uppe-r

Hincint¿ri:sh Vallev areas sttgges'ts a l'ong phase of marine

deposition" Because of 'this it may be tha-t the preseut arecr-

of the Gneen H:i]]s surf ace , in pal:ts at least r \¡Ias coveped

with OJ-igocene(?)-Miocene limestorre subseq.uently ::enoved by

enos:i.on. Thus parts of the Gnee¡r }Iills sunface may be

nemna¡rts of a resunrec't:ed pne-O}i.¡3ocene surf¿ice.

on some of the hi,ghen pa::ts of the Green llilts sunfacs,

ernat,l-cs, associated wj-th the uncter-lying gla.cigene sedilnents,

displa.y concho:.-clal impact fractur:es conside.red by uolne

wonkers (e.g. see Klein, 1963) 't-o j.ndieate high e'nergy

conct j--tiens on a shonel-r.lne. If tl're marks on the bouldez's

ar.e the res;ult of marj,nc activit-y, then the Gree¿n llilts sunf ace

may be pant-ly the nesult c¡f manine erosion. liov¡evert

comparable su::face nranlc:iirgs have been ol¡servecl on 1:e}:b-Les in

stream beds (conybear.e ancl crool<, 1968, p"18), so th-at not

too niuch sigrrificanee should be attached 1-o the pnesence" of

the boulders.
In conclusion, the laek of ol.igocene(?)-Miocene

cleposits on the sur:face, toge'EheÏ) with the occurrence of

stneam deposited f enrugi.nous gravels, which could not have

sur.vived a majc¡r. narine incursion, suggest that the Green Flills

sunfaee was cleveloped chi-efly through stream activi'cy after'

the oligocene( ? ) -Miocene trangiglaession. Ner¡ertheles+s , Ð's
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clemonst::,a_ted above, its or:igin has proÌ:ably been ctrui'be

complex: lliocene stneant.nction may have moclifiecl a

nesuny.,ected pr:e-Oli.goeene surface, whích rnay htrve been

partly cut bY m-arine Processes "

5. StlFiIr.¿\CES CilTTTiLY CT DEFOSITTONAL O}ìÏGÏN

\'lhile most nrajon t'ea'Eures of the landsurfaees of the

study ay,ea can be í.irtenpi:e"tect :L.n te::rns of eT.Osioll since and

cluring the Mesozoic, this cannot aPpl-y fon the Upper

Ilindna:lsh Vcrlley anrJ the ecrstern por'tj-on of the l^laitpinga

draina.¡1e basin. Heúe seclj.mentation has ptayed an impor''Eant

role j.n the evol.Li-L-i-on of tl-re landscape.

a) ['\ai"t;pinga draãrl'age bas'Ln

T'he unconsolid.Lted sands and cl.ays of the eastenn sicle

of the liai-tpin¡;a clnainage basin, inclucting Net"¡land Hill and

Ridgevr;ry l-lil"l, tteï,e mappe<ì. by Cravrforit and ThonLson (l-959) as

Permian glac:'-gene secliments " Gnarr'L:ed that th:is intenpreta-tion
is cor"re:ct, thet: logicalÏy the pt'esen'1; monphoJ-og5r of the

clnainag;e basin shor:ld l:e collÊjj.dered pi:i"inar"i1y the result of
continr¡cus or inter"nittent erosion since the PernLian.

Iioi+el'e::, i1': has be,:en demonstrated that pa'r't of the

l.Jaitpinga dnai¡age basiir is unclerlaí.n, at a dep'th of 1-20l

( 36m) a¡d an el-evation of 200 | ( 60nr) a. s .1.' bV Eocene

fossi.tr:lf er.ous linestorle (Bour"m.rn ¿lncl Lindsa-y ' -1"973 ) .

Consequentl.Sr, lïrany of thc secl:iments f.orming the \''Jaitpinga.

area ane post*Eoceire i.n arge (see I'igune t+). 'llhu.s tl'le

present rnoi:phology Of the negiotr ís no1: simply the r"esul-'L Of

erosi-on since the. Per"mian"

The thiclcrress of t-he Eocene. limestone intersec'Led i-n a

bo::e at tGlenrner,<,-t \{aS onty Br (2.tlm). Tlrer"cr is no inclj.catj-on

of i'cs former" to'[¿rl thi-elcr"iess, and -t-he absoltrl-e height above

sea level r"eachecl by the Eocene se¿igì. There. i"s no reco-r"cl

of Ëcrcene ]imes'lone' under'lyj-ng the Otigoceue(?) -l{iocerre

linrestone of the Upper llinrlnans;h Val.l.ey, the base of which

stancis about 3301 (99rn) a.s.1. ',Ihr-rs the Eocene tnansgnession

utas p:robabty limj--red to ttre littor'.1l areas a.nd to the l:eclnoclc
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clepression which underlies the ltai'Lp-iirga ch"aina¿1e besin (see'.

Figure )-2) "

(i) 7r,igín of the Land-su.rfaee of the Waitpinga dnainage

basin
Althor"rgh it has been shown above that i"t would be

incornect to intenpre-L the evolutj-on of the l'laitpinga
draina6¡e basj-n only in terms of erosion sj.nce the Permian,
j.t would be equal1.y errôoneous to consicJer tÌ'rat Íts rnorphology
j.s due to contj-iluous cleposition since the Ëocene, for the
Eoccne marine sediments may well have been succeecled by

others durirrg the 0ligocene and l"Íiocene, whi^ch suÌ:seguently
have been er,oCed.

l,ack of de'tail ín borelog t'ecorcls does not assist in
the el-uc:1"dat:Lon of th:i.s problen. Jt is pos$ible that the
tvro h:'-ghes't poin-bs i.n the relj.ef (Newlancl Tiifl anci Rídgevray

11i11) ane composed of Late Palaeozoic glacigene secì:"-men-Ls,

and stood above the level of the Eocene tr:ansgressioir.
However:, the pro>linity of: Newlandr Hilt to 'the r Glenmclre I

boresite suggests that 'the seclimr-nts constituting Neur.l-and

Hill ovet'Iie the Ëocene f inestone. It is highly lJ-kely th¿:'t-

t-he nocene seas entenecl the anea via -t-he gap in the basement:

roclcs west of lrleivland He¿rd and nor.i occupiecl by R:lcigeu';r1' Hí]1
(see Ëígune l+). Thus these two prominen-t hills ane al.rnost

eertaj-nly of Cainozo j.c aele 
"

Two Bo::es sunlc in 19661 to depths of 260r (7Sm) and

1?5t (52.5m) on the v¡estern flank of Ridgervay I-lí11 encountered

onÌy sand, clay ancl limestone " The deepen bone v¡as coll-¿rrecl

at approximatel"y 430r (135n) 4.s"1. and passed through the
following sequence:

0 - l-B t (S "t+m) u¡hite sancl

. lBr (5.4m) 100r (30.0m) yellovr sand and clay
100t (30,Orn) - 19Bt (59"4m) fine ye1'1ow sand

198 t (59 "4m) 2601 (78.0rn) l-imestone with pockets of
sand

]8o". logs obtained fr"om Mn. A. tlender.son, tdaitpin¡ra.
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No sedí¡nents greaten tiran sand síze hrere notecL ín the bore
log, as mí.¡5ir"t- l:e expecterl if tl¡e scdilren.Ls .tre glacigene.
1'he interpretation of the l-j-¡nestone mentionerl nean the base
of the bo::e is pr.c,blenatic. It might be nelated to the
Pleistocene líttoral cleposits, wh:Lch presently cnop out i1€cr.F

the coas't, or" be cor.r"elated r.¡ith the Ëocene limestone
encountered in the tGIen¡neire? bore" The lirnestorre undertying
Ridgevray lïil,:t occuTrs at a ccrmpanab1-e elevation to the Eoeene
limestone ¿rt rGlenrnez.e¡. 0n either count the secliments
for.uring Ridgeway Hill are neÍther of glacigel)e c:r'igine norr

of Per.l:tia¡l .ige.
The seeond bor.e on Riclger,ray Hill coLlared at about

2251 (67"f¡n) ¿r..s"f . inter"sected the follovring siequence:

0 - 2t ( 
" 6m) whíte sand

2t (.6m) - 16t (4.8rn) sancty clay
l-6 I ( t+ . Bm) * 60 t (18 . 0m) trard arrd soft limes'Lone
ô0t (18.0m) - -t05t (31."5m) yellovr sand

105 I (31-.5n) - 16tr.r (49.2m) sof"b grey schist v¡iflr
ha.¡:d bands

1641 (ttg.2m) - 175 r (52.5m) hard black to gney schist

In thi s c¿1s€ the bor-,e is s j-'l-u¿-ltcd closer to outcrops of the
littoral. Qu.iternary calcrete, and the limestone referr"ecl to
abclve is almost cert-ainl.y re-l-erted 'to this.

Cnawford and Thomson (1959) mapped calcrete encjrc.l.ing
R-idgewa.y HiIl and capping dune f onms northeast of it. This
intenpre"Lation is i.ncorrect " In one or two plaees blocky
cal-erete fr.agmen'ts Lie s;uat"Lc:r,cd at tlre sur.face, bu't- they
al:e not rel-e-ted to in sítu calcaneous sedirnen-Ls a"s the:y lvcrê
tnansponted to these places for agnicultural purposes
(Iladigan, 19 2 5 ; Mr , A. Henderson, Waitpinga, pgqg. ggJ.{ts: ) .

Calcr.ete only occurs on the southern and eastetrn sides of
Ridgeway ilitl. ( See seetion on Geology .rnd Figure 4 ) .

The low nounded nises between Ridgevray HiIl. and

Newland I-1i11 are also fo::me<l of sand, for a bone in thi.s
area penetrated over I00r (30m) of r^rhite sand. Howevelrt
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gJ.cacigene or neruor.ked glaci¡gene sedim.ents may occur" at depth
as an isol-ated boulden was st'r.uclc dur:Lng boning oper:a'tions
(Mn. V. De¡rnis, pS,{å: conìrll. ) " Some of the r"j-ses display a

du-ne-like rnorphology, the longituclinal trend of v¡hich is
southeast-northwest (Plate 12). 0n the basir; of the.

orienta-tion of these dunes, tire:'.r lacJc o1' sharp monphology:
and the nature ancl 'thickness of the vegetatio¡r vrhene

uncleanecl, they are older than the pan.rbolic dunes of
Ne.wland llead. V'lher"e cleaned , some of the f ixed dunes have

become partly neactivated.
At least three. proncunced depressions occun in the

dun.e field, 't-he cìeepest being approximately 50t (5m) d"eep arrd

350 r (105n) j-n dj-¿rmeten. These dep:ressions rnight be the
resuft of deflation, solu'fic;11r on eoal.escing dunea. Cla-5's

leached fr:orn the sands have ¿rccunula-Lecl in the bottoms of
the depnessi.ons where dams have beerr locatecl 

"

In the anea sunr.ounding the rlJa:'.,r'adaler lft:mestead,
bores and dans have ner¡ealed that basement rocJc,.; are
generally close 'Lo the sur.face. The micaceous cla5ls
which occul: here, and which display erxcellent gj,lgai. forms,
have almos't cen-l-a:-nly denived lr;¡m in sit;u weathering of
the l(an¡n¡rntoo Gnor"rp rretasedinietlLany basement rr¡cks e arrd af'e

no'L Late P.r.l-aeozoj.c glacigene sediments..
This areê betqreen Riclge.ru'a1z lIill and Nernrl-¡rnd Hí}I v¡.is

descr"-ibecl, e::noneously in part, by MadÍ.gan (1925) e.s I'an

undutating plateati covened r,¡.ith glacial sancls ¿lnd beds of
travertinc on the srinfo-cc urcd for linrcburning " ThiE: area
is not dissectecl at all, l¡ut is rema::Jcably level, an ol-cl

glaeial plat-form whene sands have absorbed the preci-pitation
ancì pneventecl the forrnation of strn-msPt(r.r10).

(ii) I[eclzanical an"alysis of sedirnen't;u

Howeven, as s]:own above on stratignaphic grou.n<ls -Èhe

sands al:e of Cainozoic age r and not l,ate Palaeozoic as v¡oul-d

be the case if the sands v¡ere of glacial origin. That the
sands are not glac:lgene secliments has been strongly sug,gested

by neehanical analysis. Samples hrerìe collec'Led fnom f ive
locations; on and a.bout Ridgervay and Newland Hílls.



FIGURE 16

MECHAIIICAT A}IALYSIS OF SETECTED SEDIMEilTS
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PI¿rte L2 " Fiejld of foss;i-l- sanrl durres (D) witlr associa. Led
ffiñeî:.4î,<,ns (c1), nortlie-as'L of Ridgeiva"y FIj-Il (RH). The
ataea enclosed by -fl1e Cashed li¡re is nrapUed o¡r the Encoun ien
rnap shee-t, 'L: 63 35 Cl serie s aË calci:ete, bu't j"t is occup:i"eci
by cleep, highly E;iliceous salrds " I.lo'Le the trxrra.bc'Iic. ciunes
(pd) snu.th of Ridger..ray lïi11, and the \{aÍtp:-nga Gorge (¡.1)

v,¡j"th ingr:ov.rn nea.nder"s. (Reproductj-on Ì:y perrn:i.ssion of the
S.A. La.ncls Dept . ) 

"

Pl.a'te 1"3. Portion of the V'l.rit lringa. sediplain shouri.ng
Tiie hi-ghe:rgilgai depress; ions f illed lui.th ra:in rrraten.

ground on the horizon is f o:cmecl of aeol:"-¿rn sands.
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Appnoxìmately 50gnm of each sample were analysed,
InitJ-al}y the clay ancl sil"t fnactions lrer.e clecantecl clurÍ.np;

washing of the sed.í¡nent, for it seenied Ìri.ghly lilcc:ly -ül-iat

these fnact-.Lons r^Jere the result of wea'i-itening e c1tld thenef ope

not nelevant in consi.clening the or'iginal nature cf the
sedirnent 

"

The sample r^,ras then pasoed through a liest of sj"eves
of B, 16, 30, 60, t-z} and 2t+0 ]3r'itj.sh Starrdard Sieve sizes.
Ctunulative r,¡eight perceirts of these fractionij r^rere then
cal r:ulatecl arr<l plot-[ec-l on gra-phs . Fr:om the graphs med j.ans

\¡rere noted and measutaes of degnees of sorting h/ere
calculated r.rsi.rrg the for.mula

G, 84 ó 1.6)

and were classif-i-ed accor"ding to a verbal. classific¿rtícrn
scale (Follc, 1968, p.a6)"

The nesul-ts of the mechan:'-cal anaJ-yses al.e as shown

irr Tabl.e 2 a.ncl Figure ]6.
It is considerecl that the sermple from Rosetta ll<¿ad is

a fluvioglac j.¿.rl sedi:nent. All other sanil:les , except -Ehat

fnon the Newl.and Hil.l" quarry Ìl.rve a f ine sand rned j"an, an,cl

all other samples ar"e well- sonÍ-ed or. moclerately we-l-l sor.'Lcd.
Thu,s they contrast with suspec'l-ed glac j-gene sediments.

Mieroscopically, vrith negard to sphericity and

noundness, all samples bear s:-milaritj-es. Superi.mposed

curnul-at j.ve l+eight percent graphs of all samples, plotted
against grain diarneter in phi units coincide closely between
2,0 6 and 4 .0 ró Ì:ut at 2.3 ó tlte sanple from Rosetta l-le¿rd

d-ivenges markedly fno¡n the others (Figu-ne 16) " 'Ihe

difference is mone marked than is apparent in Fì.gure 16 as

pebbles were renioved pr:ion to the analysis.
Intenpretations of these t'esults j s suggeste<l as

follo¡"rs; (I) The first five sa:npJ-es, Ï:y comparison with a

fluvioglacial- se<liment , are not glacigene, bu"L on the basís
of their son'ting and frosting appear to be aeolj,an sands 

"

(2) Similarities betr+een the fir'st five seclimen'[s and the
sixth roith regand to sphericíty, roundness and sj.ze nanges



Tabl.e ?-

Location 1" Rid.selvav ]iiIl summit (depth 4m)

Initj-al silt ancl clay fraction of s;rrnple 39,9%

Indivj.dual per:ceirtages cf renainder

Very coctllsê sarrd
Coarse sand
Medium sand
Fine s;and
Very fj-ne sa-nd

I'leclian = 2.25 ó Falls in narrge o-f f i.ne sa¡rd

Sorting = 0"5 (we.LI sorted)
On comparj-son witb. the visual spheni.city ancl
roundness scaie l-isted in Folk (196I) the
g:nains in the sample \^Iere of meclium sphericity,
an<1 subangular to subr:ouncled in shape.

l,oea'[ j.on ?.. Da-m at base of R:ldgewa\¡ Hill

Initj-al silt and clay content 49.6ea

Individual percentages of renainder

Very coallse sand
Coarse sand
Iiedíurn sand
Firre sand
Veny fíne sand

Meclian 2.2 ó (Fine sand)

Son-bing 0.6 (noclei:a-tely we1.1 sortecl)
l'lecl:l-unr sphericity. Subangulan to sul-rrounded

Locat j-on 3 . Surnm:'^'t of Newl-¿:.nd FIiIl (Depth l-. 5m)

Initial silt and clay content 40,29¡'

fndividual percentages of reuiainder

0"0 ó
1.0 ó
2.c d,

3"0 ,á

4.0 ø

09o

4 ,ZLe¿
21 . 51sa
7L.7 2r"

') Ç2ôz

0.0 ó
r.0 ó
2"0 ó
3"0 ó
4. 0 ,/)

0.Q9o
6,990

28,Zeo
60.9%

3.982o

0 .jeo
4. Seo

42 .7 9e"

49 " 54eo

3 .15s¿

0.0 ó
1"0 d)

2.0 f)
3.0 /)
4.0 ó

Very coarse sand
Coarse sand
Mediuin sand
Fine send
Very f-i.ne sancl

l4edian 2.05 ó (fine sand)

Sor"ting 0.55 (weI1 sorted)
Median spìrericitSr. Subang;ulan to subnounded



Table 2. (continued)

Location 4. Qrrannv at base of l'trew1and Hill

fnitial- silt and clay conten'E l-4,leo
InCiviclual pe:rcentages of nemainder

Ve:ry coause sand
Coanse sand
Medium sand
Fine sand
Very fine sand

l{e.dian 1.90 ú (Meclium s.r¡rcl)

Sorting 0.35 (well sor:ted)
Medium sphenicity. Subr.ounded to subangul a:r,
ïncl-udes some veny well nounded g::ains 

"

Location 5 " Iload cuttir-rg betr^reen lrlev¡lancl Hil_I and
\^Jil-son Hil.1

Initial silt and clay content 36.l-%

fndividual percenta.ges of nemainder.

0,0 ó Ver:y coarse sand 0.0 %

1.0 ú Coarse sand 0. 67 eo

2.0 ó }4ediun sand 31. 54 eo

3"0 ,b Fine sand 65.67 e"

4.0 ó Very fine sand 2.AI eo

Median 2.2 ó (fine sand)
Sonting 0 .4 (wel1 sortect)
Mediurn sphericity. Subangulan to subr.oundecl.

The r:esults from the above five sarnples differ
considenably from that ol:ta:'-ned fnom an analysis of
sediments col}ected from the saddle of Rosetta Head
at a depth of 6m. The sample contained exotic and
striated pebbles which wene nemoved fnom the sample,
-Ehe silts and clays \^relre decarrt-ed, and the nemaÍ-ning
sedimen'Ls were sieved.

0.0 ó
].0 çt
2.0 ó
3.0 ó
4.0 ó

0.
0.

54.
45.
0.

%

90

%

9o

9o

0

0
5

02
Lt7



Table 2. (continued)

Location 6. SadcÌle of Rose'tta Head

Inj.'tí¿r} sí1t ¿rnd clay content 9.Zeo

Individual percerrta,ges of nemaindel:

-1
0

I
7_

J

4

0

0

0

0

0

0

a.o
o.

o,
'ô
o.
'o
a
o..o

.27

.80

. gl
"31âo

,1,

q5

v)

ó
ç5

6

Granules
Very coarse sarrcl
Coarse sand
lledium sand
Fine sand
Veri/ fj-ne s¿rnd

J

6
?.I
42
19

6 "29

Median 1" tl5 (Ifedi.um sand)

Sonting 1.05 (Poorly sorted)
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i-n the -top 25% suggest that thc acolian aande may have

der"ived from glacigene sediments. Tt has beetl

<lemons'tnatecl 'that these sands are of p:robable Cainozoic
age. llowever, it is vepy dj.fficult to dete.rmine v¡he'[hen

they L:elong 'to the T'ertiary on to the Quatennary. Borelog
evíderrce sr-iggests that ej-then could be the case. llovreven'

Ín viev¡ of the ferruginj"s.rtion of these sedj-me.nts a Pliocene
age irr favoureC fon them. (See sec'Eion belov¡ on the ages

of the dunicrusts).
( iii) The t'trai,t7'ti-nga S edi.plaùn.

Beturee.n tire I Gleltme:í'e I ancl t Sa-n-ba Crvz I Homestê"1ds

in the V'/aitp:'-nga Creek dna.inage bir.sín, a nean leve.f surface
tnendj.ng nerrtheast - sou'Lhv¡est ancl hene flârr1êcl the V,/ai'tpinga

seclipJ^ain oec\J.rs. It covers art a:rea of approxima-Lely 3

square miles (7.7 lcm2¡ " Between the two honiesteacls

mentionecl above , j-n a dis'Lan.ce of 2- miles ( 3 . 2 krn) the
surface d::clps only 63t (l8"9m), a slope o:f 0.7o to the
southv¡est.

The secl.i.plain j..s li'ttle oissec'ced, and appears to
repnesent air almost compJ-etely unnodified sediirrentary
surface. I't is dirÌtinctive- by virtue of its Iow at'rg;le

slopes ancl calcareous sunface cJ.a.ys, which are expose<1 in
numerous dan excava-bions. The s;ur"f ace of 'the sedípJ-;rin
is not chanacte-r:ísed Ï:y extensj.ve fe::r:ugi.nisatíon, as j.s
the gneat par.t of the dr;rinage bas:ln" The sediplain
sur,ldce appear.,ri 'Lc; pr-rs l-cl,:-te 'birc ¡:lt.rse of f err'.nu.girtisa"[iorr,

as nean the mangirrs of the seclipl.a..Ln fennuginous pisoliths
v¡erre founcl ineonporated in the c,rlcareous ¡nate::ial- of t-he

scdiplain" I3orelog cvidcnce fun'ther" supponts this
interpnetationrf,or in places the sed.iplain is undenlain by

thick i"ronstone cr"ustsi appa.rentl.y nela'bed -i:o those which
crop or.r'E in the becL of Mcl(night Cneek, whene ti-rey are
overlain ìry Quatennary a-Llu-vium. The near sur:face cieposi'ts
of the sedipl.a.in eonsist of clays arrcl sancls, but betiveen

110t (33m) and l-30r (a6m) fossi.l-ifer.ous 1ímestone, gnavels
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and poorly sorted angular sands trnd pebbS.es may occuu"
The last rnentioned sediments ma.y be glacigene, or derir¡ed
fno¡n glacigerre sedi¡ne.nts.

The T¡lai'L:piirga sedil:lain hasi not developed by con'tinuous
seclimentation since the Late Palaeclzoie. It has undengone
phases of erosj-on ancl deposÍ-tion, but the pnesetrt sut'face of
this h:i.gh level- plain a.ppears to be ''che r'esult of
sedj.menta.l-ion, as ma'Ler.ia-l- h¿es been washecl f::om the h:'-ghen

suni"oundirrg countr:y. Throughout much of the hlaitpinga
sediplain gilglai occur,, wlrich a.r"e panticu.la-i:ly noticeable
duning r^rinten l+hen -hhey filt wi'Eh v¡ater (þ-1¿¡te 13).

Althcugir it sta¡rds aJ:out 300r (90m) a"s"J-., thcr

sediplain is developing j-n relatÍon to a -l.oc¿rl base J-evel
causerci by ou'bcr.clps of Kanmantoo Gr,oup metasedirnentany i:ocks
a'[ ¡.rbout 250' (75m) a"s.]-. This and the pcrous sediinents
undr:r"ll¡ing the higher g::ound p::,obab.Ly account for the l"acl<

of d:'-sse.ctio¡:i of the sediment;r::y sur.face.
As no fossíls v¿er.e founcln'[]re or"'ígi.n o-f t]re calcaneous

nrateni¿rl of i:he scrclipJ.aj-n is pr"obì-eilat-icaf . If the
calc*meous ni(r.telial v;erc blewn i"nLa-ncl, it shoulcl be more
widesl-rr,eacl than at pres;e-nt in v:lew of the proximity of the
coast " 0n thc othen harnd, the ea-Lcaneous n.ltenia1 rrLa.y have
been leachecl out of the higher lir.¡¿ and i:ede.positecl .in the
depr.ession" Al'tennatively the seclí-plain mi:ry ha-ve been
forinenly occupied by a lal<e or an anm of tire Ëea in rr;hich the
cal-ca-ncous rnatenial was deposi'Leci.

(a) ler:raees of Ì'Iei{nLgkl; Creek
The pa.r:t of thre Vlai'cpinga sediplain nean McKnigirt Creek

j-s conpnised of river" alluvium in r.vhich ter:laces have
deve,J-oped. Rj-ver ter,r'aces have been def j-ned by Leopold,
et " al " ( 1"9 64 ) as aba.¡rcloned f loodpl,ains . l{annen (1-E7 2)

fo]"l.ov¡s this definitiorr l:nt appane.ntly incllrdes ä.s a riven
terrace a formen floodplain a.b.rnc1o:red by 'bhe alluviation of
a stream whj.cli buries 'the old fl"oodpla:'.n forming an overlapped
ternace (Fi-gu::e 2(c), i-n VJar"nen e J-972> " In this thesis a
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tennace is conside::ed to be a for"nren floodplaín, developed.

ei,the.n by aLl"u..¡iation ol: cor'rðrsion, no!¡ strandcd aboue thc
level of flood stages by nerretve.d downcutting of the streê-rtl.

Renewed e::osion l,¡l:ich s't-::ands former: flooclplains may

be the -res;ult of regi-onal uplift , eusl-atlc emergence, l-ocal
uplift ae conlpan:ri-ed by tittirrg oi: wanpi"ng, al-te::ation in the
stneam lelad-/<lischarge ratio caused by el j,natic change,
napid manj.ne er,osion T:etr.unking the s"bneam at. its nouth, oP

a Beneral recluctiori in ri.ver l.oads and the consequent
reducti.on of niven gn.rdients 'that accompanies the wasting of
mountains c1ur.ing the cycle of erosion" fn. the last case
the enosion must go on in sjuirgels and be â.ccompi.Lnied b5z a,

succession of small appropnia.te clinatic changes to nesl:"It
in al-ternate phases of ver.tical and latenal erosion (Cot'-bcn,

1940). Othe:: factors whieh nrigh't cause terraci.ng inclucle
niver. capture, which x.esults irr altera'tion of a streamrs
regime , a-n1-hncrpogenic :'-nflrre.rrces such as land cl.earance,
effec'bs of -ì-oeal base le.vels, errid the influenee of incneased
di^sehar:'ge beJow the confluence of a "bnj-butary s.:tr"eam.

The tennaces of McKni.¡¡ht Creel< a::e unrnis1-alcably niver.
tenr.aces as they exhj-bit aba-ndoned channe.:ls (T':-gure J-7),
n¡r'tura1 l-evees, meanden sc¿ms ;rnil mino:r de-positional
feat-u:res rvhich nesult in a mic:ro*relj-e.f arnplitude of at
least 4r (1.2n).

The high ned all-uvj-al te::naces are we-ll above evidence
of fonmer" f lood f evel-s:, but 'che lowen grey allu,vial rive:r'
fla-Es, a.l1-irough standing abor¡e the floodpl-ain, rnay i:e
rlrrnundated du:ring very high flood stages, and may be- s-t j-11

nel¿rted to the presen"L strea¡n regime. This pr:oblem of
tenrace j.dentificatj..on is corpounded by the inrep,ula:: s'tr"eanr

fl-ow and the lack of necords of flood heights and

fnequencies. Severa1 floods dur.ing h:l"storj-ca1 'bir're havc
washed away the bridges on tlLe t'laitpinga Crreek. Flood
waters have reached sever.al feet above i:oad level (l"fn. A"

lTaggen, \.{aitpinga - pelq-, ggyll.}" At least dui:ing these
floods the. low grey ¿rl}uvj.al" nive:r fl¿rts r,'iere ¡"-nnund¿t-becl and

in vielv of 'the uncertainty of their nelatj-on to1-he pnesent
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stream rËgime'e tire gney a11i.t''¡i"¿r1 flats will not' be

called terraceg.,
In sevenal places the ¿rlluvia] cleponíts of I'ieKnight

Creek r.est on ou'bc::cipe of n¡:,i;si-ve fe.rri.cl'ete ancl Kanrnantoo

G::oup metas;edimen'La.ry rocJcs , wh"ir:Ìr act as l-oca.l ba.se level s

ano inhih'it stneam incisåon" This partl"y accounts for- the
inset nature of the alluvi.al ::'-ir¡er" flæ.ts " The gT'c1y alluvri-al
flats st.rnd only 4r (1.2n) to c:t (l.5ni) al:ove the base of 't-he

present cha.nne.l" The loc¿il Lrase levels rnay i'nfluerrce the
êppc-rrênt nelationship of the ütream r"egine to the grey
alluvial f l-¡its.

The l-evels of the ni.ve'.. tennaces and fla.ts tr':ere fixecJ-

by Dumpy Level-ling. The lri.gli te::nace,i+hieh j-s uncienlain
by -r:ed, sl:i,ght1y cal.careous cIay, incluclii:g nunierìou.s pebble
bancls, slopes frrorn an eleva,-ti"orr of 376t (112,8m) to 201.99?
(60.6m). At the poÍnt of maximum e-levatÍ.on tire nj^ven channel
j.s 35Ì (L0.5n) deep, but cloi;ns't:leam the eJrannel deptÌr is only
5.2t (f .56m). In a sirnil;r:':'mðrÌner the hei¿1ht cii"ffenenee
betrveen the high ter-r.ace arrci 'the lot^r gr'(:y alluvial. flat
clranges fnoin approxireately ?-At ( 6nr) 1-o a-bciu'L 3 t (0 

" 9n) 
"

Thus -birene is a downs'fnea¡:r csnvergence of. the liigh terrace 
"

the lorrr grcy altuvj-aj" f lat, the pr:ese:r"rt stneam channel and r"""[s

associated floodp1ai"n. Atl. four pnofil<.:s alre gr:aded. to a

ïoc.rf base ]evel forrned hy res:istant Ke-nmant"c;¡o m.etåsedi.met:1:ary

rocks where "Lhe stne¿rrn enter:s tire \^faitpinga Gonge "

The levels talcen clernonrtrate the^t the hi¿-;h ned terr'ace
is paineci, being (rt= compnrnhi-e elevat:ions on r¡j.'then sicie of
th.e s'tr.eam" lrlhene adjacen'L, r'emnants of the Low gney

alluvial- r'iver: flat are siTrril;ìr"ly paiired" Thu.s it Eeens

that l¡oth featunes clevelopecl by al"Iu*¡iation in rel"at:lon to a

fixed loeal i:ase l-evel, at an el-evatíon of appnaxirnately 200t
(60m) ans"lo ancl moirÊ than 3 iniles (4"9;¡n) from the eoast.

Because of th.ese fac bor.n negiotra-T- uplif'L, local uplíf'L-,
eus'Latic eilreragence ancl r.api-it nrarine eÏ:.osion must be dj.scountc¿d

as wor'king ï'rv¡ro-Lheses 'to accc¡u-rrt fori:]¡e t-enrac:'-ng, Thene is
no evidence that er-os.Lon clf local- base J-evels, riven captune
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or ir¡cneased dÍscl"ra::ge below thejuirction of a tributarv
stnearn ha.ve ptaye<l rolen in stnancling foi:neir floodpJ-.'r.jns.
The distrj-bution of the 'eerraces a¡rd the ages of the
alluvía (see Ï:e1ow) dc.r no.t favour. the inter"¡:ne.l_ation tl.rat
tennaeing accompanied the erosion r:f the hi.ghen land duning
a cycle of enosion. The phases cf ¿rlte::n"rte cut and fill
eviderucecl also riilita.te against t-his hypothesis.

As the gradients of pr"esent and fo::mcrr floodplains
convenge doç¡nstnec-m, changes in bo"se l-evel ei'Lhep tectonic
on eustatic in natur"e mu-st be clieeounted. Consequently,
alteration of st-r,eam regirne, eíthen by climatic chan¡5e o]:

anthr'<l¡rogeni-c inf luences., lirust be cons idened the most
satísfac-tory expJ-anation of the teirr.a-cj.ng. The reJ¿rtive.
r:oles played by these tvro factor"s v¡il.l be considered when

the äF,es of the al.fuvia h;rve been discusse<l.
No databl-e material has been loca'bed in eithen the

r:ed or" grey alluvial cleposits. IIorveven¡ ð.sj the alluv-ia
rest on fennicne'te of poss:'-bte. Pliocene age they ane fassrblg
Quatcrnany in age.

Simi.l-an r^ed and grey alluvi.;r1 fills occur in the
vallc'-¡¡s of the Inman and Hindmar.sh River.s " The red
all"uv.ium (Adane Clay) is graded 'to a for,mer: sherelirrc+ ¿rt

zgt (Sm) a.s.l-" A bo¡rc- fnagment ne-eover"ed f.nom the Adane

CIay at a depth of 16r (5"4nr) lias been datecl at 12r6Cl0

year6 B,P. (Gak*2356), a Late Pl.eis'i:ocene age" The grey
alluvium of the.se nivers (tfre Brecka.n Sand) was depos:i.ted
ín rel.atíon to a sea level Br (2"4m) to ICI1 (3m) a.s.l. and
is associatecl w:lth a marine terrace and shel-l-s all of which
are nroder"n species. Conseqr-rently the gney al,Iuvium j"s of
iloJ.ocene age. Becau"se of s jmilarities in stnatignaphy and

ehanactenisties, the ned and grey alluvial fj-I1s of KcKnight
Cneek are correl-ated wi'ch the Acl¿rr.e Clay and the Bneelcan

Sand r:espectivei"y. Cornelatir¡e deposÍ-ts of the Ton¡:ens
River:, t-he Klernz:'-g Sand and the VJal-ke:rvil}e Sarrcl have îreen
ascnibed to the Late P1ei.s'tocene e.ncl Midclle Recent
respecti.vely (Twidale, 1968, p" 3*Q2) 

"



7L.

The altenn;rting epi-socìes of cut arrd fill recorded
in the terrace$ of the Ïrlr¡an and lli-nclmansh Ri,¡e:r's (Bour'ruan,

1969) suggest fJ"uetuating eustatic sjea ler¡e1sr possibly
acecmLlanied b1r climati.c changes, A-f the coas;t the ef fects
of cli¡nati-c change v¡oulcl be or.rtweighed by a shift ín ]¡ase

leveL, although the diffri:.r,ent eolour"s of the alluvia night
reflect pnev.ril"lng eli:na.ti-c conclÍtio¡rs dur"ing their
depos i'u:l-on .

IÌowever, in an inland situation the influence ef
clinatíc change urculd clo¡rij-nate. Fl.uctua'Eiirg c.l-inatic
condi'tions could account for the aJ.t'ernate phases of
ctrtting and fì.11:'-ng of the .:Iluvial cleposíts of Mcl(ni"ght
Creek, vrhich alr:r: icientj-c¿rl to those of the Inman and
Hindmar.sh River:s " In v j.c:iv of the suggested ages of the
alluvj.al" fills anthropogen:ic influenees cannot be

consider:ed as the major c¿ìuse of 'tex'racing, al.though larrcl

cleare.nce sinee Flut'opean occupance cor¡Id ha.ve increased
channef ineisi.on.

b) The llppen llin.cln¿arsl'¡ VaLl.e.y

Â high l-evel secliirientary $urfaee similan to tirat
in the l"laitping;a årea occlrrr in the '¡aIIey of the Hind.narsh
Riven ups-trearn of the Hin,lnar.sh Fal-ls. to which level the
surface is gnaciecl " Tire elonga'Ce Uppen Hindrn¡-:rsh Valley
oecupie$ an area of approximately Lt"l: rn.ilesZ (11.5]<rn2) arrd

is encl-osed Ì:V dÍssected nemnants cf the Spr.ing l'llount
plateau sunfac:e 

"

A few ott'bc:rops of La'Le Palaeozoi-c glacigene sediments
have been ma1:ped -betwee¡r the surnouncli-ng highlands an<l the
high level a1.l-u-i,'j-a1 flats '[hr.ough v.r]:icit the stream flor¿s
(Thomson and I{r:r:i.ri"tz, 19fiû) " I{unez'ous s}¡ont b,ut deeply
incisecl tribu'i:e-:::l.es descend fnom the steep slopes
sur:r'ounding the ¡:lateau. surface. These stnealns have
contniÏ:uted -Lo the eons'truetion of the aIluvial surface
flanÌ<:lrrg the ti:unJc stnea-rn-

lTar,ly sì-¡r1ve]¡ naps of the area j.ndicate that streams
of the {-Ipper: }i-i.¡rdinar:sh VaIIey clid not form an integrell-e.cì
drairrage sys'bem rlorì vlas there a ma:'.n channel " 6um Tnee
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Gul)-y, nolv the main night bank tnibut"l:ry, f louied into
Ëclinbur:glr swamp, rvhi.ch vrås ne¡t lin}<ed to the channels dor.+n

valley" Moneovenrthe area al:ottt l mrLle. (1.6lcn) upstrea"m

fr.om the f alls was al.so oceup:ì-ecl by a slt{anP " Apparen-tJ-y

dnains have been cut to di:ain these sr{étmps: ês indica'Led
by the str,ai.ght channels in areas v¿hepcl pneviously nc>

chanrrels e:<isted. Ti:e dr.ainage of the svlarnps togethet:
v¡i-th the .increasc:d mnoff , nesulting f::om tand c.Leanance,

harre led to the incision of stream channef.s and to the
integnation of the dr:ainage s;ystem.

BoneJ-og evidetrce demonstra'Les tirat the Upper.

Hindmar:sh tJalley and part of the I,taitpinga Sediplain ene

underlain b5r Tentiary ]j.mestor:e. Rewonked sands ovenl.ie
the Limestone of the Upper tii.ndmansh Valley, and on this
evidence, the sands ane of post-Miocene ä.ge r wi'th which
the newor:lced sands of the \rla:i.tpinga erea may tentativel-y
be conr"elatecl 

"

6 N SOME T]'{PLTCATIOÌ{S OF TÊIì1]TARY MARTT'IÊ SËDTI"1E]ÍT'S

IN TIIE STUDY /¡REA

T'he occurrence of fossilifenous Ter:tiar"y niarine
sediments in the study area has consj.denahle ímplications
for" the geornorphic evoLution of Fleur-ierr Peninsula" Dati-ng

of enosion surfaees and ter"ne:stnial deposits is facilitaterJ,
and thus tectoni.e and eusta'l-ic events are clanif ied 

"

Richly fossilifer.ous limestone of 0ligoeene(?)*Ffiocene.
age underl-ies the T'{yponga PJ.ain and the Uppen llindmarsh
Val}ey" occu.rning in basins consi<lered to be of glaci.al
onigin ( Carnpana and Iri-ilson , l-g $ 5 ; Thornson ancl Florwitz ,

196:1") " These fossj.l-iferous ¡nanine <leposi'[-s indicate a

majqn and Lengthy marine transgness-ion a,s they are 3B5 r

(115.Srn) tìrick under" the Myponga Ptain, ancl oecun th::ough
a similan range in'-Lhe Uppen Hindmanst'r Va1ley, whene they
are interbedded with lignitifelrous beds (Hor:witz, 1960).
The tr.¡o ba..:ins of manine deposition ane distínct, being
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selrarated T";y a Lrasenent nock bar (Moroney, 1971), tirough
j.t has beeir suggested ihat'the llertiany sea.s transgressecl
to the Upper-' I{incìm¿¡.r'sh Va}ley vj"a the M5rponga area
(Hor"i.¡:Ltz, lg60).

0ligocene( ?)-l'1ioce.ne li.rnestone outcr'ops in bo'ch the
lrlyponga Pl.ain (t'i;-rcl:î.¡:;an, 1925) and the lJppern FlÍndmarsh

V"LIJ-ey (lloivchi-n, 1926i at 790r (237n) ancl 7001 (210¡n) a.s.l-.
reÊpÉictively. Ho'¡¡everì! post-I'i:Locene erosion may l:ave

r.e.drrced the leveL of "L.hie or.i¡1.inal deposits " I{oreovera, the
uppe.r level. of the lirnestone v¡or:J.cl not nep:resent the waten
level. ciuning deposi-Lioirr so tTia"t the MiCdIe Tertiar'5r
shoireliire stor:c1 higl-ierr "Lhan 790 t (2 37m) a. s.l-. The

sevel:a1 pro:ìlouneed. Ï-renches occu:.'ring on the scarp$
sum'ounding the }{ypong.r Plain and -Lhe Upirer. Hindmar"sh

Vall.ey rnay be relatecl 'Lo the i'lj.ddJ.e Ter"l-i;rry shorel.ine,
br:t ther.e is no evid.¿:iice for 'chis a'L present" Although
Te:;'ti"any .l.irre:s;tone oc:cu.r's a'h higTr elevati-ons ilrlh:ls area,
there is no er¡i.dence that the su.nniit su.rf¿r.ce was

tr"ans gre.ssecJ. .

01-hen Te-.r-.ti.ar.y narine se.cl-'l-ments o-f, the study are;t occu:r
in "t-he \,/ai.t-pi.nga area. Bog logs indica'i:e that "bhese deposits
are quite lim.iteci, and may corlaespond to -the area covered by

the l-righen gravit5r r"ead.ing nea;1 l Glertlnere l ( Figlre l-B ) ( G. R,

Ploronlz, pe:rl$_" _c_gry" ) " Here L:he limestone does no'b outer.op
and j.s knor¡n clnly fr'om oi'le bor"e, v;here i."f has a thiclcnes$
of onÌ.y 8r (2"4n). The fossil a.eserrrbJ.age (see sec-Lion on

geolop;y) inctie¿rtes an Eocene age fon tirj":; l.:i.mestone in
c:oilbrast 'Lo -t:l're youn¡¡er ]imes-t-one in the l{yponga and Uppei:

ËIíndinansh Val"leys. lß the tol: of the Eocene lj.mes"Lone

stands 2131 (64m) aosoln '[]re liocene sl-roreLine would have
s'Loo<L in exces;s of this Ïreigh1- 

"

Afl t-hx,<-:e occlrrr¡ences of Lri.gh J.evel ïentiary limestone
h¿rve been piresenvecl i.n basj.ns appa-ren-L1y excavated by Late
Pa.l-¿:eozoic ice. Sedl-ments :interpr"etecl as p;lacigene have
beerr encouirtened in bor,es unclenlying the l"lypnnga PLaj.n
(C;rmpana and lfÍIson ? 1.955 ), the \niai'Lpin¡,c¿ ã,Iaea. (Lindsay,
1966) arrd on the pe"r:ipher:y of the Upper I-ii.ncLmaz.sh Varlley
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(Flor,witz, 1960 ) . This suggests that suÌ:secluen"l to tÏre
glac:lal erosion of the clepnessíons and thej-z' infílIi.ng wi.th
glacj-gene sediments, a phase of erosion occurned duning the
Mesozoic ancl/or Ean1y Tentiany. Ter.-hiany manine t:rans*
gness::-ons into these re-excavated valleys resultecl in the
deposition of considerable thicl<nesses of limestone,
Lignitj.ferous sediments interbedcled wi-t1i the limestone
(Thornson and Honv¿ítz, 1961) inclicate minor fluctuatj-ons j-n

sea leveJ duning the 0"Ligocene ( ? ) -'Miocene.
Basetl on the occr¡rrence of the 01ígocene(?)-Mic¡cene

lilnes'tone in the I'lyprq¡g.. Pl.ain and in the Uppen Hindmarsh
Valley at appr:o>;i-rnatel-y 700I (210m) belor.¡ t:he high plateau
surface, and 7û0 r (210+m) a.s.1", Campana anci VJilson (1955)

sugge;;ted sever.al pfiases of tectorrj-sm:
(i) A pre-Mr'-ocene phase upli,fted a pr"e-Tentia,.ny

enosion surf ae e, and led to the re-excava'cien
of the glaci.al. basins,

(ii) An Otigocene(?)-Miocene mar.ine transgressj-ort
separated 'thrl-s earJ-y phâ.s;e from post-I'fiocene
teetonic phases, which nesul'ted ín the upiíft
of the plateau surface and the Tert:íary
lirnestc¡nes to theí:: 1:resent pclsitions. At
le¿rst half of -the total upli"ft of 15tl0t (450in)

of the pne-Ter..tiary erosion su":rface rças

attri"Ï¡u'ted to the pr.e*l'líocene phase (Carmpana

and. It/ilson, 1955).
Flowever, this mocie] of the T'ertiai:y teeton j"c behavior-tr

or" Fleurieu Perrínsul"a is compllca'bed by the presence of
Eocene limestone under"Iying 'the t'laitpinga area ancl by -t-he.

assumption that the sununit sunface is a pr:e*Tenti;rr5r er"osíon
surface " The model asËrìnìes that the pr"eseirt pJ-ateau sunface-
developed in rela.tj-onship to a b.ase level- a-t or rie¿rn t-o sea

level. Ilowevera, it nray be pousS-b1e, th.r't u"ncier the
concli'E:i"ons considered by l(enneciy (1962), ,the surfaee developed
at an el-eva.iecl position (Twidal.e, 1968, p"329; Broek, 1971.).
The schene of Campana and \dilsorr (1955) al-so presunies that
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the land iras onty moved r"lpwand duning the tec-i-snic
move¡nent. Although stil1 langely specula.Ei.ve, j-t seems

poss:r"-bJ-e that the sepa::a1,ion of Aus'tnal.ia ancl Antarctica
occurr,ecl in the ]"ficldle Ëocene (McGr:t¡'r:an, 1971) pnion 'Lo

the Oligocene(?)*l'liocene transgression. A ntoclerl of r::i-fting
adapte<l ( Figune 19 ) from Dietz ancl Spnoll ( 1.9 S g ) shovrs

initiaf uplift of the la.ncl foll.or,¡ed try subsidence duri-ng

the z'eadjustment stage. llhus the si-mple not:lon of tlso

phases of Tentiary uptift m.ry be ques't-ionable 
"

Thís pr:ob1en ís eompoutided by the effee'L of níses in
sea }evel followirrg the production of ne\d cru.s-L;il ntatci::'-al
a-t the ni,cl-oceanl'-e r.idges (Ì{cGotvne-:n, 1971)r and by the
recogrrition of pirases of Tei:tiary glacirati.on ¿:.nd de-
glaciation (see, for example, Tarrnen, 196B).

If Campana ar:d Wilsonrs (1955) a-ssump'cion that the
summit sur"face developed neð-r se¿r level is val.id, in oi:de::

to re*exeavate the glacia-bed deprcrssion un.Jet.lying -the

l{aitping¿i area, the finst pi'rase of Tertiany upJ,ift ¡nus-t

have been at le-ast 1"200 t (gq5n), on the co¡rrl:irred effec"t-s of
tecton¡-sm and eustatic sea level rnc.:venent must have eclu'-r]led

this, This asstrilres th¿rt there Ìrave lreen no rnaj<¡r f¿rurl,t

clistocations between the llaitpiirga arrd Uppe-r Li:Lnclma-i:sh cìreas

duning tl-re Ca.inozo:l-c. Iiov.ieve-r., as clj.scussecl orr page 50
thene ð.ppeans to have been a. tilting of the i:i-at.eau sur-'face

to the south and southeast of the onden of Ltl0l (30rn).

lloneoven, a La-te Palaeozoic glaci-a'reci sunfa.ce j-n tlie Ïrman
VaIJ-ey cJisplays an obsenval:l-e dislor:a'Lion of 15" (36cm) with
a dor+nthroir to tÏ¡e southea,st (Hov¡cÌr:ln, 1926). Unfor"tunately
ther-e is no indicatj.on of the to'ual tlil:ow in this fatrlt:,-one,
nor is there any clue tc¡ the rrro::e precise ege c¡f the faul"ting"

Fotloi^ring the re*excava1:-'r,on cf the gl.tcii*i- clepr.essions,
a mar'in* transgr.essíon ex'tendecl fr:cm a,bout 23t1" (69m) a'$.1.
j.n the Ëocene, to at ]east 790r (237n) a.s..L" in the Oligo-
Miocene, oF thnoug;h a hei-giit r.a.nge of 560e (168m). If
there has been '[il-Li-ng or faulting cr,o\..trn to the south atrcl east,
then the elevational r"anfTe clf the Te:rtiany tnansgressj-oir woul'<l
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l¡e l-ess 'Ehan the 560 t ( 237m) calculated " An

elevational diÍference of thís onder could be acconuro(-l.rLed

by eustatic movemen'ts r.ang5-ng frorn maxilnunL glaciation, to
tot¡rl deglaciatíon (Brov¡n, et.al", 1969, P"34]). Ëiorvel'en,

other factors :'-nvolved in the expJ-anatior: of the present
distri-bution of tÌ'lese high level Tc-:rtiary Lirnestot:es

include the behaviour of the continental margins durirrg the
separa'tion of Austral.r]a and Ne'l,r Zealancì ( see Figune ]9 ) , the
d.isptacement of oceanic w¡rter due tc¡ the crea'tir:n of rnid-

oeeanic rídges, and the tee tonic Ï:ehaviour:' of Fleurieu
Penin-sufa throughou't the Caj-nozo:Lc. Lígnitif el'ous layer"s

inter'l¡edcle.d v¡ith the Oligo-Miocene tÍ:nes'tones of the Upper

Hin.Jmarsh Vattey suggest temporany withdrawal of the seas

from t-he Upper: Hindmarsh Valle5z during the Tertia.ny
tr"ansgr-ession.

Assuming negligible erosiotl of t-hc': Eocene marine

deposits at l'Jai'tp:'-nga ancì con::elative becìs sul:rou:rdi.ng the
ranges at on nean sea l-evel (Howchinr 19I0b; Glaessnert
f953), there appeairs to be a dis;loeation of these i:eds of
abor:'L 2201 ( 60m) a'ttributable to tec-Lonís¡n. Tlie

elevational diffenence between the Ëocene Limestone of the
Firrniss iìiven Valley and the Oligocene(?)*Þlj.oeene sandy

limestones neð.r Strathalbyn, ir:. the l4r:rray Basin, is of
the same orcle:: as t}ra't sepa.ra'eing the Eocene of the
Vlaitpi.ng;a alrea and the Oli.goccne ( ? ) *I'f iocene of -Lhe Uppe n

Hindmarsh Valley, both of v¡hich 1ie in the lfount Lofty
Rangeo. If the possíbte tilting of the Mount Lof'ty Ranges

to the southeast is eonsidened, then the dj.ffenences between

the Harly ancl Middle Terbiany lirnestones in -the two tectonic
pnovinceS cg¡.¡espgndS moT-'e closeJ"y, i.e. a" dÍffere¡ìee of
about 400 t (120n). Consec¡uentty eustasy may be a major

inf}¿enee in the elevational. diffeï'ellces betrveetr the Ëocene

ancl Oligocene(?)-Miocene limestones, whi.l-e tectouísn illay

accoun'E for. the height cliffenences betv¡een correlative beds

in the different tectonic provinces (Ëigune 20) 
"
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"

The Upper: Il:lnclnarsh V.=rJ-l-ey is surr:ounded ejther by
outeropping bedroelc or bedrock highs sh.r}lowly bur.ied ( $arken
map sheet , I:250000 seiries ; l.{onony, 1971) . Assumi.ng no
'Lectonic ¡nodificatj-ons of the plan monphology cf the Uppe::

I{j.ndrnarsir Valley dep:'ession since -Lire glaciation, thene
õì-ppeairs to be no outlet a-b a sufficiently lornr eleva'tion to
f¿rcititate its re-excava"tion follovring glaciation. Thus it is
ven5¡ possible that l-his basin was not fi.lled wi'th gle-cig5ene

sed:"-ments mr-rch beyorrd its pr"esent exten't, and m¿tny of the
cleposits ma¡;ped as J,a-te Pal.reozoic glacigene may be youngers
l,ë\t'Orked seclirnents,

? , DURI.CIrìUSTS PRLIVTOUS If\T\¡i:STIGATI:Ot{S

The interpretation of the ages of the duricrust ca,ppings
in the study area j-s contnover:si.al" Centain cc¡nfusion iras
r:,esulted fronr the apparent failune to distinguísh clearl-y
distinct clLlr^icnust ca-ppings and the clifferent ways in whiclh
these eappings deveJ"oped. itire inter-;iretation of the or:l-gins
of the dur'icrusts aucl the ¡nodel of landecape evolution prefe.i:ner
for the develr:prneut of the s''eudy area enable irrterpneta'Lions
of the age of latenitisa'Lion to r.rnge fnorn the Eocene to the
PioLocene 

"

VJithout ¡:nesenting any evidence to suppo::t ttrei::
hypothesí,s, Canrpana, IrÍi1son ¿.ncl lrlhíttle (1953) nrai¡'tain tha't
'the latenj-te of Fleu.r.ieu Peninsula be.ga,n to foi:n j.n the
Pliocetre, anei is still devel,oping " Cer"tainl-y uncler" some

concliti.ons ir,'on :'-s moi;il-e tocla,y a,$ on mð-ny occasj-ons ir"on-nich
wa'ters f l"ow:l-ng fnom the higii i>lateau sur.f ace have J:een not j"ced.

Iloweven, thene is no unequivocal evidr¡nce that deep wea-thening
of the land sunface, the cni'tic¿rf process in latez.ite
forma'tion, is stilt pr,ocee+díng. As Campana, Vj"LIson and

lüh:L'ttle (1953) did not disti.ngur"-sir be't'ween .in sí'l;u (on primany)
l-atenj-te ancl fe::n:'-crete cappirrgs (fonmecl by nelvonki.ng of the
pníma::y later-i'Èes ) , they ma.5z þ¿¡.yq been r:ef erring to the
forma'Lion of seeondaz.y cìurícrusts as the pnocess of
latenj.tis¿r'bion which is stj-l-l 1>noceeding today. Such an
intenpi.eta'ti.on is aceeptable.



78.

Crarvfsr:d ('l.g5gi noted the oceurrence of fer"rugÍ"nous

dunicr.usts over eonsíclerable ::eli.ef on the Encounte:r Sheet
(1:63360 seni.es) anil conc:Iuded that this distri.butíon
i.n..Jicated t'Lhe or:iginal irregtrJ-an 1a'Ee::itised sunfacer .

The ti¡ne of La'fer'isia'[i-on v¡as attri]:utecl 'to the Late
Tertiary " Hov¡ever, Ci:av¿foncl ( 19 5 g ) also cf as sed ín si.tu
and der:ived ciun:i-cnusts as one 

"

Thomson ancl lJor.v.¡i'Lz (1960) assigned the latenite of
the Mil-ang rnap shee1- (1"63360 sei.ies) to the Pliocene.
Lirirorti'te cemen't-e<l gravels \^rere 'tnaceql from the l:igh pla'teau
surfa.ce to 1-he Upper fI:ï-ndna.rsh Valley i^¡hene they ovenlie
rewor'lced fe:r.r"uginous sands les'Ling on Oligocene( ? ) -l'lioccrre
limes'tone " The lj-nLonite-cenrented gravels , in all
situatíons, \dere cons j-dened to be of the saltìe Pf iocene age "

I'Io¡ret¡en, the con'uemponarnei-by of high Level and l-ow

l-evel duricrusts on Fleurieu Fe.ni.nsul-a Ìras been c¿rlled in-Lo

cluestion by Brock (1"964? 1971) " He suggested that the
loin'er. J.evel deposits, eonsi-sting of i-non e¡xÍde cernented

sancls resting orr lov.r angle slopes r âs rlow-slope cappings I

fonmed aften the dissection of the late-r.-ite on 'Lhe high
plateau.

A tr¿rve::se of 'Llte fe:rr:Lcre"Le capped r:j-dge, tnentioned
by Thomson and Hor:witz (196I), fr:om the Upper Hj-ndrnarsh

Va1l.e.y to Spring Mount nevealed that t.he fennicnete occtt:rring
betiteen the 900 î ( 270¡n) and 1100 r ( 33Onr) levels consists of
sands, gnavel,s and pebbles , ch.lef ly subangulan j-n sÌrape aird

cemented by iron oxides. Pa.r''ti"cuIar"ly near the base of the
concave bneak in slope, Ieading up to the high plateau
sur-faee, the ferr"icne'te i.s composed of fe::r.uginolts bnecci.a,
whieh includes angulan fnagments of basement- noek and quartz.
0n the stecr¡:r slope separ:ating the lor¡ ler¡el c1eposits f-nom

the pla'Leau surface fragmen-Es of fe:rnugi-nous urate::ial for.'rn a

co-l.luvia"l- cover" These have been denived fr-om the high
plateau sur"face and ape qui.te different from the low level
c.rppings. In contnast the5r consist of weathenc¿cl and

fernuginised bedrocl< fr:agments, in rvhich bednoclc s'tructureE;
a-lae still visil:Le " On the S1:ring Ì'fount sunface the duricrust- j
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vari.abl-e i.n na'tune, being both pisolitic and vesicular, but
nowÌìere on the h:"-gh plateau su:rface has the clur'ícr.'ust been

obsenvecL by the v"'r'ite::' to eons:ist of î1in.¡nite*cementecì

gravel.s and sandsI as claimed by Tl'rornson ancl Hoi:wi.tz (1961) 
"

Super-f íciaIIy the tv¡o types of dunicrust may seem to
]¡e rel-a'f eci to d.if f enent beclroel< .types; the high leve.l type
being related to metamor-'phic lrase¡nent nocks, and 't-he lorv

level- fernicnete 'to u¡ìconsolid¿rted sands cf I'ld gravels.
Hov.rever, in several are¿ìs nean Vfai'tpinga the fenricrr:'Le
rests on l(aniuantoo metaserf imentany noci<s . Moneover', if
conditions a.]-Iorved wea'[her"ing to eìcrpth of 2301 (69nr) on the
high plateau surface, and if the two dunicirus-Es are o:f tire
sarûe äge r evidence of deep v¡eatheríng unde:rlying the low
level durieru.st would a.Lso be ex¡:ected, as has been noted in
othen alreas in Australia (Finkl, Lg7l"). To date no

eviclence of deep iveather'íng has been noted on the ]ower
surfaee.

Thus the nature ¿¡.nd distiril:ution of the two dunier.ust-
cappi-ngs suppor.t the intenpreta1:ion that they may Ìrave
formed at dif ferent tirnes by dl'-f f er.ent pnocesses.

V,lonlcing in the llount Compass*Milang ar:ea, Maud (]-972)

rrecognised that pnimary laterites on the plateau suL"face

devel.oped throi-rgh the accumul-a-tion of inon ancl al.urliniu.¡n
by the ne¡noval of silica and bclse.ó " Secondary laterites
or ronsteint sc,ils forrne-d by the concentr:ation of oxides
of iron arrd alurninium f i:om c¡utsicle sÕur.ces. The latte:r
are restnícted to vaIJ-ey sides oceupying fonmen valley f l-oors.
Dismissing the possibility of a pre-Miocene age fon
lateritisatíon of the hi^gh plate.ru sunfaee on the g:rounds

that rit is unlikely tha't such relatively urinc'r. thicknesses
of j.r.onstone could have sunvived fnorn this timer, Maud
(1972) proposed that the lateri'tíc ironstones of the ar.'ea

nange in age frorn the Pliocene fon the oldest and highest,
to iloloeene fon the lowest and yor:ngest. Horn'even, thene is
no c1ear evidence inclicating the origina.l thickness of the
laterític irons'Lones of the high plateau sunface, tliough it
should be noted that the fersilitic crust on Peenalilla" FIill
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at'taj.ns a thickness of up to 30r ($n). Mor..eovenr ês the
lttrr.ilr oul-side !iL1rlrce o]l irc.rn fc¡r' the seconclany or detnita]
inons'[ones is 'tÏre hip,h ¡,rl-a-te au surface, the present
tbíclcness does not r.epreE;en'l- the orig:i-nal depth.

Eernl-y Tertiany ages of lateri-Lisation have been
sugge ste<l by slonl.e i+orker.s " ReworJ<ed pisoliths have been
noted i-n the s¿incls a.nd lras¿rl beds of the Ter"tiary Maslin
Sands near Ochre Foint, nnd have Ï:een attnibu-'Led by Crespin
(195t+) to the P.¿laeocene-^Er:cene. Similar. r.ewonlced pisoliths
fcrnm a basal- conglomena'Le unclenlyiirg "Lhe 0ligocene(?)-
Mioq:e*ne ]imestone cu'uenoirirj-irg neclr Str'¿rthal-bJ¡n (IÌor:witz,
1960). In both cases 'Lire r.'eworlcecl pisoliths were interpreted
as de,ri-virig fr:,om an Early Tei:tiary or Mesozoic phase of
lateritisation" No'bing simila-r" revro-r.kecl pisotiths near Salvpi.-u

Gu115r (l'filang map sheet, 1;63360 ser.ies) at a]:out 235r (70.Srn)
a.s"1", llonwitz ascribecl theln, and the surface on which they
nest, to the pre*Tentiar"y" Such a.n extr:apolation ancl

i,trterpnetat:l.o¡l :'-s cluest-ionable ¿is 'thj"s area r.¡d.s subme::gecl Ì¡y
at Least 500 r (15Orn) ch.rr-ing 'Ëhe Miocene mar.i:re 'transgression.
Moreove::, reivcr::i<ed pisoli.tiìs m¿{y not be atl- of the sêlue age.

Ir"on-s'tained nounciecl qu.artz gnaí.ns and ferruginous
pellets associa''ced with fossiti:fer.ous Eocene lnar:ine secl'ìments
inter"sected ín a l:ore ho-l-e on the I'Gl-enmc¿rer Fiorneste¿r<l Tìoar
v/aítpinga (Li-i:dsary, 1966), rnay have T:een derivecl from a pne-
Eocene l.aterit:lc ir.snstone.

Two main l-evels of ferrtigínous du-iricrust wer-e

recognj-sed by Lang (1965) -i-n the Yuncl:i- ilrea, nonth of Mount
compass" He Í.n't-er"preted 'blle age of the cluricr:us't on tlie
suût:nit sunf ace as Pl-iocenc-: e .rncl that j.n the valleys as

Quater-nerny.

(a) Age* and or:igùns ctf du.tí,cyusts in f;he sl;udy a.yea

ïn the stuciy a-nea, -Ll:e cni't:i.ca-ï manl<enr: for the age(s)
of lateritisa"[::ì.on ane thc I]ocene l.imestone of the waitpinga
are¿I, and 'Ehe oligoeerre(?)*lliocene limestone of tlie upper
Hind¡rransh val]ey. lf -l"atenitisation occuryecl after the
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deposi.tion of the }ficlclle Ter-tiary litrrestones, then it v¡oulci

be placed in the'Late Tertíary or: Quatennary. But it has

been shot+n abc;ve 'that the irronstone clur:icrrrst, which b5r

extr"apolation over:lies the 1i:nestone of the Uppen Hirriiln¡.lrsh

Valley, is cornpletely cliff encnt in nature and onigin from
that of the pla't-eau sunface 

"

Ther:efone it seems most pnobable that the laterite of
the Spring Mount sur:f¿rce clevelopeci befoner or du::i.ng -Lire

Ten'fiary transg::ession, Othenv¡içe deep wea"theníng prof iles
v¡ould suT:ely be pnesent t"íthin the Lippen Hinclnansh VaIleyo
which stands at & sin:"-1a:: elevation a"s.l. to some of the
remna-nts of the la'tei:ite surf ace elsev¡here.

The development of primary in si,t;u laterites ovet:
consiclerable nelief and on slopes ä.s gneat as l-5o has .l¡een

descnibecl fnom areas in Wes'tenn Aus'tralia (Prí.4c^l', l-966

Finkl, 1971) and used as evídence to demon.str'.tte
lateritj.sation aft-er uplir"t a-nd dissection oJ: the plateau
surface" Tf tlre interpr.etations of Friden (l"g5t+) and

Finkl (l-972) are acce1.rta"bl.e., lateni'Les v¡ith dcep lieather:ing
profiles s]:ould occun in .r r¡ar.iety of sj-tuatíoiis throughout
Fl-eur'iet¡ Peninsu"l[a, especiall.y in view of the deep

weathening oir the plateau surface. The absence of dee-p

wea'cliering profiles is not expl.icer.bl"e entirely in terms of
l¡edrock diff erenc:es. Basenrent metasedinteirtary rocJcs are
not a-ffe.ctecl by deep r+eatirening at lor+ elev¿t-bions, but clue

so af fected on the high 1>lateau sur.faee ¡ thus supporting
the vielc that the secondary fennicr.ete developed aftei: the
maj-n phase of latenitisation. Ground watei: cot"ldi't-ions
might account for: the absence of lov¡ level- cleep v¡eatheritg,
but in vielv of the variety of sJ"opes and dr.a:lnage conrìi.ti.ons
in the Ërr"Êð ê.t pz'c*sent, many of which have l¡een maintained
since the Late Pal-aeozoic, j.t is clj-f f icult to envisage that
nowhere on the l-oroler surfaces vrene conditions suitable fon
laterite fo:rrnation.
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The age of the ferricnete on detni.tal fenr:uginous
cr:us'[s cent,,rínly post-clates the Miocene, evic]ertced Lry their'
supenior pos-ì.tion r+ith ::egarcl to the Oli.gocene"(?)*Míoeene
l.imestone í¡r the Upper Flindmarsh Val-Iey" Mo::eover, many

arle-as eappecl by ferricnete were submer.ged du::ing 1-he Micld.le

Te:rtiary manine t::ansgr:essioir, which r consicler:i"ng the
thickness o:rî the associ.ated marine depositsr ùIas of
consiclena.ble extent and dunation" ConsequentJ-y the
secondary cr"usts andr their. asi;ociated surfaces are ascribeci
to post-1'f iocrene times.

The possibility of perch<':d nelief devel-opì-ng in the
MoullL Lofty Ìlanges has been consid-ened b5r Twiciale (Ï968,
p.329). ËoJ-lor^ring the. pnoposa.ls of Keunedy (1962), if
ncgÍonal upli"ft exceeds the r¿rte of downcutting by streans,
vrhieh in turn ou'Epacers the dorn'nwasting of inte.rfluves, 'bhc:u

theor.eticall,y, a surface of lorc nelief could d.evelop high
in the landscape unrelated to u]'tinrate base level, but in
relatj-on 'to local ba-ge levels" It is ar,gued that this
v,lottld favour the thi:-ough.-flov¡ of gnouird watens, euhancing
latenitic v¡eathening on the higìr sur.face and account-ing for
th.e appa::errt absence of fatei:-i.tè on dolnfaulted block-s
(Tr,ridale, l-968).

This tireor"y nright accoun-[ for" the eviclence obser,'¡ed

in the hraitpi-nga area \{here cleep lateritic pnofiJ-es oceur on

tlre high pl..rteau surf ace at 750 I (225n) a. s.1" , v¡hile a

shal.lov¡ kaolinísed zone. undenJ"ies a secondany ironstone
dur"icr.r"rs't a.t alror-it 200t (60m) a.s.I., as unclen the scltene
envisaged by Tv¡idale (1968) deepes't weathering r.rould oceur,

highest ín the relief . Al.tennatively, the shallow
wea'ther^ing pr.ofile rn.igh'E inclic¿r'te a second, less intensive
phase of later"itísation, on the truneatj-on of a- cìeep

lateritic pnofile folIol.¡e-d by the depos.Ltior"r of an inon-
cemented conglomer"ate. Eviclence .ilrclicates that neither
faulting no:: tilting can be se:r:iou.s1y considened. in
exp)-aining the distribution of the pnof iles.
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The lacl< of de-ep wea.ther'in¿¡ profiles low in the
nelief may simpl-v reflect poor exposuresii lru'b ce:ntain-Ly on

Fl-eur.ieu Peninçul-a, ancl possi.bly in the Adela-icle negíon,
tnansgr.ession of the lou/er area by ttre l{j"or:ene sea$ would

have cies-troJ¡ed e.in]"ier lveathering profi-Ies and pneven'Led

v,leathering on the submenged areas "

The l(ennedy node"L of. landscape evoltltion has necently
been ques'hioi:ed and doubt cast on the development of
ex'tensir.'e penched er:osion su::faces . Cnickuray (Lg7 2) sugEles'[:eo

tha't the rate of active r:plift exceeds the rate of stream
incis:,on which in tunn a-1.ways exceecls dovrnwa.sti-ng of dívicles "

Êle. postulates that 'Lhe ::ecun:rent uplif'U of land matìses

nesi:J-ts in the. forrna"tion of on.Ly ternaces o:: broad plains
pnio:r to rejuvena'tion. Tl're wrj.ter agrees v¡ith Bnoc}<ts

rejection of the l(ennedy model of evolutj.c¡n of the high
plateau area- of Ì:leurieu Penj"nsul.a for deep weathe:ring high
j.n -the nelief nay requir:e a fluctuating vraten t¿rbLe.

(b) PaLeeoeLir¡tat;es during the f{møLion of the
durie v:ust

A humicl tropical cl.irnate has long been consicierecl a
nece$sany lreq.uir.ement for tire develoFment of decp lateritic
v¡eathering. 0n the bac;is of palaeocl.ima.tí.c, palaeol,ctanica.l
a¡rd palaeogeornorphic evj-dence, Dury (1971) suppo:rts 'this
view, and suggests that l.atenitisa.t:lon in tTre middlei latitudes:
may be related to v,rarnrer, and possibly t¿etter" conditions durinç
the Eoce,ne .rnd i"ii.ddle If iocene.

Based on tire recor'ds of m¡lr.:'-ne planhtorric rnicrofaunas e

Lindsay (pgtg. qollt") suggests that South Ar.rstn.rlia rvitnessecl
htarmel., if not tnopic¿f , clirna'Eic phases dr-r::ing the Late
Eoce.ne, Middle 0ligocene, 0li.goeene*lfioeene, EarJ.y*Midcile
Miocene, ät the l"liocene-'PLiocene bounclany, and ciuring the
l,ate Pliocene. As de.tailed wor,l< pnoceeds in the p.rla-c:o-

cllimatic field, and in 'bhe study of duricr.usts :'-n South
Australia, nelíal¡le eor::elations c¡f cl-imatic phases r¡ith the
fornration of cluricrusts may be achieveci. Ifowever, much l-lj.]-l...

depend on the establishrnent of r:elatí-onshíps between cJ,irirate

and latenitic r^reathering, fon Paton e.nd VJiltiams (197i) cle-i¡:rec
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tha-l-, given sui'Lable Lre<lnock and draj-nä"ge condit j.orts;,

l-aterite can for-m under vír'fural.ly any elinat.ic ::egirne.
Hov¡ever:, they present no unequivocal eviclence fon thíe.

The posrËibiIi.ty exists that latenitic weatherr.íng is
occurri-ng at the present time j"n pant of the !üai'tpinga-
dnainage basin, rvhere at least 5 r (1.5m) of v;eatherecl
bedrock undei:lies a detrital i.r'onstone crus-b 3r (0,9rn)
-Ehick" Augeríng r"eve¡¿led that tire waten table occurìs
wi'thin the wea"'ther"ed zone, which is possíbly stil-l
developing under the ínfluence of a. fluctua.tin¡g waten
tabl"e" Ilov¡ever', it is irnpossible to demonstrate rvìretire::
the v¡eathering is fossil, or etil.l developing" The l"ack
of v.iidespr:eacl evidence fon present day cleep weathering
favours the view tha-t the vreathering is essentially fossi-l,
and is possibl-y r"elated 'l-o fonmen highen teml)er.rtures and

nainf..r11. If sor latenitisation cculd Ìra,ve ocriunr.'ec1 r'-n

any of tire phases mentionedr abovè by Lindsay.

(c) Sumrnary and coneLusíons concerning l;he (tge of
thc: fe't,rug inous dut,ieruç t,s

Ser¡eral intenpreta'tions ape suggested by the
distrj.bution of the ferruginous rluricrus'ts, occu:rni.ng oven
a height nange exceedi.ng 1000t (300¡n) :

(i) The clevelopment of a singl"e dunicnusrÌ on a cont:inuous
and regulan surface, dislocated slrbsequent"l-y by r"aul'e ing,
wanping on til-ti.g, the¡eby accoun'b:ing fon 'the presr-:nt
disposition of the duricrusts r.ernnants. T'hene is no

evidence of sufficierrt djslocation of arr or.iginal l¿rter.itise<l
sunface in the stucly ar:ea to a.ccount fon the p-nesent
distribution" I"foneover, the lowen dur"icnusts are comple'beLy
differ"ent in natune fnom those of the high plateau sunface,
casting furthen d.oubt on thj.s trypothesis.

(ii) The development of duric::ust af*cen the erosion of the
Spning Mount surface and the Gneen l{ills su::face, and the
deposi'cion of the Tertia.ry mar.{ne sedÍr,ents, thus pleicing
the penioci of lateritise"tion in the Plíoeene. ltc;wever,
the prob)-em as 'ts whether later.j-te der¡elopurent (appa.rently
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depending on a fluctua'ting v¡ater tabl.e (Maignerr, 1966) ) t
could take plac'e on the highest points in the relÍef r Inakes

this theory c¡uestii.onabÌe. More impo::tant1y, if
l.atenitisation occunred over an i.nregular landscape, why is
thene not ruiciespread evidence of cleep vreatheníng at points
low i.n the nelief : äs in othen parts of Austnal.ia?

(iíi) The loluer. duricrust is a den:-ved deposi't, not
clependent on wea'thening fon its foi:ma'Lion; weathenirrg and

er.osion could have taken place on the high plateau, w"ith
contemporaneouF rev;or"kíng and cleposi'tion in 't-he lorven

depressions during the Pliocene. Thi-s hypothesis might
assume that the high sunface developed in relationship to
a base level as much as 1200r (360m) below its genenal
f evel. Furthennore, the Green ilil.l.s and Spring lvlount

sur:faces do not grade int-o ene another, but are separated
by sha.rp cencave brcìaks in slope, in m¿n1y cases cut in
base¡nent ror:ks" In addit:',on, if -[lre Green FIil.Is sunface
had been expclsed to the deep r.reathening lvhich occur:red on

the high plateau, some evidence of this sl-iould be present.

(ív) A Late Ter"tiar:y age for. ]-a'c<¡ni.'lisation r^7ould follov¡
if the high pl-atear.r sunfac.e clevelopecl unde.n tlre schelne

envisaged f;y Kennedy (1962), nhile the -!-ower Green lIil.ls
su::face deveJ-oped j-n nelation to sea level. Cniticis¡rrs
concenning the deve.Lopinent clf perched i:elief viz " those
of Crickiiay (I972), those concerning flur:tuat-ing r'iateir
tables high in the nefief (Bnoek, 1971) and those rel"ated
to the cleveloprnent of an extensive, planate arrcÌ unifonm
sunface in r:elation to a variety of loeal ba.se Leve1s,
cas't doubt on this theony.

(v) At least tv¡o separate ph,ises of l-a'Eer.itj-sa'Lion,
accounting fon the two distj"nct dur"icrus'Ls developed on

two sepa::ate er:osion surfaces . llori.¡itz (19 6 0 ) suggested
rnultiple phases of latenitisation, affecting Lhe high
plateau suþfaee ciuning the. Plíocene, and the Green Hills
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cunface during the Eocene " Both of these i,ntenpr.etations
ã"re considerecl to be :Lncornect, and have been discussecl
above.

(vi) The followì.ng seguence of events is suggested l:y the
t^¡niter to account f or" the evolution of the stucly anea:

(1) 'Êvo{ot¡anof t}re Spring Mount E;urface during the
Mesozoic and Early Tentia-ry in neration .to a base lever
at on close to sea l-eve.l. The age of the sum¡nit sunface
is pnobably Cîeta.ceous.

(2) Later"itisa'bion of this sunf¿rce of lolv nel-ief ,
stitl close t-o sea level in tl'rr¿ Eocene. This tal<es into
account ge.ological and palaeocrimatological evidence for
l.ater-itisation dui:in.g 'ilre Eocene (Hor"l,¡itz, 1.g60; crespin,
1954; Lindsay, 19G6 ; Lindsay-p_e.I€. g*ojÌ1" ) 

"(3) Relative upli.ft of the 1and, followecl by a
marine transgnessi.on du.r:ing 'ilre oligo-i{:i'-ocene. The lanc1
$¡as not suhmerged, $o that latei-.itisation of the high
plateau courd cont-inue thnough the origo*l"fiocene under the
Ì¡rcì.rÍìer cl.j-matic conditi.ons posl:ulatecl by L-indsay" The
long periocl of lateritisatíon of ihe high plateau surface
could account fon ti:e gneat deptir of weathening on i.t.

(4) l'lai:ine regression, possibty accompaniecl by
uplift of the land" Rewo¡-king of the sands in -the uppen
I-li"ndmansh vaIley "Lncl thein deposi'uion on tl"re oligo-Mioeene
lirnestone. Erosíon of the Green l{ills $trr.face. at the sarne
time" This was not possible before thr* p]"i.ocene as the
al-ea was eovered b)r the sea, although the possibi.Iity that
it is pantly neeurnected surfa.ce should not be ovenloo]<ed"

(5) Deposition of secondary ferrugínous dunicrusts
in bnoad valleys oR sands lvhieh ove:rLie the oligocene(?)-
Miocene l-imes'tone of the upper }{:'-irdma-r,sh valley, on the
Green Hi]ls surface, ancl in p;rrts of the vJaì.tping.l ch.ainage
basin dur:-ing the Pliocene. The vrraitpinga secondany e::,usts
v¡ould have al-so been submengecl dur:rl.ng the Miocene, sugge.sting
a Fliocene age for them" The sli.ght degnee of vrea.-t-herin¡,;
which under.lies sonìe of the seconcla::y dnricr.usts coul¿ be
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accounted fcx by the wanm.Pliocene elimatic phase envisaged
by Lindsay. The fact that the sunfaces on which the
secondany dunicrust occun hrere appar"ently submenged during
long phases of lateritisation accounts fon the absenee of
deep weatherÍng pnofiles on them.

(6) Furthen relative elevation of the land, leading
to dissection of the valley fennicnete, which. now fonm*.
nidge tops.

The above intenpnetation takes into account
independent evidence which suggests sevelral phases of
laterj.tisation. rn addition it .is the most satisfactony
explanation of the obser.ved facts.
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CI.TAPTER V" I,ATE PAi,ACOZOT C GL'ACTA']:Ï O}'T

1. TNTRODUCTION

The pi:esence of stria'bc:d i¡edr.oclc sur"f"tces ancl exotic
erratics throughout l:lrge are¿ìs of Fleunie-u PenínsuJ-a pnouicìes

incontestible eviclerrce for a severe glaciation duri-ng the Late

Fa-l.cl.ec¡zcic" Becarrss,- of -i:hj-s, vrorkets have aseril..'ecl a gl-acia-l-

o:rigin -üo many landfonns on Fleunie"u Peninsula, chiefly on

inonphologieal eviclence. Whil-e the shape of a landfor'm ln¿Ly

gi.ve a cLue to its o:."igin, l.anclfor¡ns o:t sj.nr:i.l.ar" mor'phology

may der¡elop irnder c¡uite dÍffe::,ent sets of condj-'tj.ons i.e.
certain lanclfonrns may he multigenetic" Consequently,

eviclenee in a-dcli"biolt to morphol.ogy shoufd be sor-r¿¿ht in
examining the genesis of landforms.

Hi1ls intenp::e-tecl as roc:lres mou-tonnêes by r,'arious

v,¡or"l<ers itrclucle Cnozier" HiIl-, Roset-Ea lleatl an<1 S't-one HilJ-,
while the gr"ani'Le is.Le.rrcls of Encourttep Bay and tlre Pages

of Backstai":.s Paç;sage have bceri similal:]y descn:lbed. Deep

i¡asins, appat:'en'E1y glacially piouged) occllll under Bacl< Val1ey

and in ti:e atrea. inr-meci-la'te1y north of Por-t Ellio-h, Backs-tairs
Pa-ssager al.though sub ject tc¡ al-ter.native nrocles cll' for"inationu

h¿rs long been consider:'ed to be a similar g1.acia1 depress:loir,

noi,{ dnov¡ned.

In víet,r of the inmense per:Íod of 'trl'me sincc: the Late

Palaeozoic g;1a.cia"bion, the irr't-erpreta-tj,on of these su.pposecl

glacial featunes w:i11 be exam.ined cr.it-ically.

2 . GTACI/\LLY S'IRI¡\'-|ED SURFACËSi

Numerous s'Enia"Led bedi:oel< sur:faces oecur otl Ileurierr
Peninsula, espeeially in'the val.LeV of the fnman Riven
(ÏÌowcirin, 1926). The clis-h"ibution of st:::l-ated sunface.s

(Figure 2I) has been compiled f:rorn v¿r.::j-ous sources (see

Milnes ancl BournìaJl, 1972) " llhe glaciatecl pavemetrts most

signific.rnt in inter"pretÍng the supposed glacial landfornis
inclucle those at Port Eltiot, Stone HÍ]lr flear Tor':rens Vale

and at Chr.-istmas Cove, I(anganoo ÏsIand"
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llhe strj-a'ted l¡edrocl< a-t Port EI1.:Lo'L is peculiar" to
ttre negi.on j.n tha."t it is 'LÌre only oJ:serve<l p.rvement on
gnanite bedroclc. Str"iae arrcl groove,ç on a highly poli.shed
:rock su-r.faee of one squa-re netre e:<tent, indica.te an ea-st-
west ice dj-rec'cion (Milnes and Bourinan , 1972) " Aneas of
g1acia1ly s:-noo'Lhecl beclnock occur ii:regulanty over a distance
of 1001 (30m). Tt-ie possi.b:Llity that the str:i.ae may be
slici<e.asides on shee'bing on joi,nt pl-anes has been considened,
and for:nC wan-Ling;, fo? the p;rve-rnen't above , ancl othen necll:bf
smoothed. surfaces, bear no rela-t-iorrsh:',p either. to join.fs oll
to sheets. The dis;covei:y of this pavement on graní'te has
num(:r4olts implÍc:ations conce.r^.nj.ng the geoinorph:i-c evoluti-on
of the negion.

At Stone Fl-i-llrf 0.6 rnj-Jes (f km) east- of tGreen H:ilLs?
Fiomes'cead, fineì"y laminatecì metasancls'tone ca.r.r.ies numel:orls
exposures of gI;rci.aI str.iae r cuescr:ntic gouge.s ancl cl:escen'cic
fr:actu.r-es (Pl-"r-t-e 14 ) . Tividence of gracia-l a.cti-on on this
-i-nlien of l(arrman'too Group me'ta.sedirnentar:y roclcs r,Jas fir"st
::ecorded by Hor,'rchin (1926), since v¡Ïiich time several fresh
exposu.r'es have been notec'I" The s'c:iia-e dir:e:c"Lj.orl recorclc+cl
by Ilor^rclij.n (1920) war; l.I 20o N"

Bï'c',ck (Ig6q ) clescri"bed a gl-ac:La-t"ed pavernent neal:
Torr"ens vare. A sei:ies crf grooves up to a \¡a.r<1 (lrn) lv:Lcle

and ivi-Lh cul a.rn1>J.itucle c¡:[ 2-n (5cm) to 4¡r (r0crn) $core finely
laminatecl, cnoss-bedded ancl slumpecJ. rrre'tasa:rc.1s-[crne, Brock
(1964 ) necordecl a stníae clir"ection of \,u'. ggo N. FJowever,
six sepanate readí.ngs by the v¡r.i'ben varied i:etween VI. 2Bo N,

ancl i'rl" 31o N. Althr:ugir rna-n¡i of 1.he striations are on steep
s1.opeis2 the.5r falI vrithi-n 'i-Ïre+ rarrge c¡f eì¡'-:rec'l-ions noted a_bove,

appärìci.n'Lly not si-gnifica:r'tJ.y devia.'t-ed by loca"L topognaphi-c
innegrrl.arities. This siLliation i.s corrìlnon on Fleunieu
Peninsula, suggesting a -t"Ìrick ancl- extensive ice covet:"

I Loc.:l name only



Pla"Ee 14. Gle.cia-Led bedrock sunf ace on the sou'theastern
section of S-[one tli11, ex]rii:i.ting gtaooves, striae,
cnesccn-L.ic gouges an<1 poJ.ishing;. The cì:'-rection of ice
rnovenent \.Jas away froln the viewer'. Tl:re bedroc:l< is
finel¡r larlti.llated rnet-a.s¿rndsto¡re of the Backstai.rs Passerge
Forrna+;i-on.
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A1t¡ough no st::íae are present, Cr'.twfor'd ( 19 5 9 ) el¡'rined'

that g}acialIy smoothed bednocl< on the southern wa1l of

Back Valley j.ndicates a local ice movement of l^1.S.hl

A striated bedrock surface at chr"istmas cove on

Ka:rganoo Island il]ustrating an east-vrest ice movenrent has

Ì-¡een describ,ed by VJard (1922 r 1932). As this pavement ald
the pavements on Fleurieu Peninsul.a show ice movement from

a few cLegrees south of west it aPpears certain that Southeast

Fleurieu Peninsula was tra:rsgressed by westerly flowing ice

dur"ing the Late Palaeozoic.

3" GL/TCTAL ERRATÏCS

Ërratics on southee.st Fieunieu Peninsufa a-l-so suppor-L

this thesis. A nev¡Iy discovened erratj-.c field southwest of
hlaitpinga HiIl includes Encoun'ben Bay G::anites as well a-s a

bouLder of g:ranite sinilan to g::anites which unden-Lie the

Munnay Basin to the east and southeast. Ër":ratics north of
Crozier" Hill (Plate 15) also indicate arl east-west ice
movement aS clo ernatics resting on Ka¡lmantoo Gnoup lneta-

sedimentary basement nocks N.l{.Ë. of Nev¡l-and Hil]. Possibl'e

metasandstone ennatics 1.2 miles (2km) southwes't of }iount

Desert have a potential Soullc:e area -Lo the S.S"Ë. Er:natj-cs

of, Encoun'Ler tsay Gr.a¡rites oceu:': at Cape .Ier"vis (l,u-<ìbnook,

1$67), ancl these may have been clerivecì fr'om gnanite ou-Lerops

to-the east, but the soùrce area is not sufficj"ently co:rfj-ned

tc state thj"s wi-Lh cet:tainty. Pebbl-es of quarLz, quartzi"fe

and schj.st, poÊìsib].y faceted ancl stnj-ated (Linds;ry, 1966),

rec.overed fr:.o¡n the ba-se of the bOre hole at I Glen¡net"el

Ilomestead, suppo.r't the view that Late Palaeozc¡ic i.ee played

a par:t in the excavat-ion of the bedrocl< clepr"essj"on undenlyi-r-rg

the lnlaitpinga drainage basin.

l+. CRTTTCAI, EXAI-1]NA1]ION OF L1Uì{ DFO}ìMS I}'J:TEP'PRËTED AS G]"ACÏAL

a) Stone ïILLL
I Stone lIillr is the loeal name g.ivcn to a small inlier-

of CamÏ¡niar¡ Kanrnantoo Gnoup metasecìimentany nocks 2"7 mil'es

(4,5km) due nonth of Crozien Hill. It attains a Ïreight of
almost 500 r (150m) ê..s.1'



Ptate 15. An ernatic of Kanmantoo Gnoup metasedinientany
¡ocf arñ' an erratic of the Hncounten Bay Granites , 0 .6
niles (lkm) nonth of crozier. Hi.lI. Possi-bl.e source
areas for the enratics lie about 6 mifes (9.6km) to the
west nean Port El1iot and Middleton.

Plate 16.
tlre broken
structunes,

Crozier Hill viewed fnom the west.
northwest face of the hill and the
whi.ch dip gently to the south.

Note
bedrock
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A stri.a"hecl bedrock su:rface wa.s díscovered on the

soutlre¡n sicle of this frili by a stuclent of Professolr Ï-lowchin

(Howchin, 1926). I¡Jhile atternpting to locate this pavernent,

another anea o.f stniated bedrock was uneovered by the writen
(Bour'¡ran, l-969) " Stri.ae on the pavement, which covells an

area of 5 feet2 C2,25rn2), valty belr^leen W. g0o N, and W. 40o N

Although the s-Lriae are crossing they are not sufficiently
clean "co be alLotted older and younger ageg. Tn any caset

c¡ossing striae do not necessanily indicate multiple
gJ"erc:i.a-hi-on (Ftint, l-957), as has been suggested by Cnowell

and Ï"r-al<es (1"971a) fo:: the Late Palaeozoic glaciatr'-orr of
South Austral-ia.

Subsequen'cly, du:ring a field trip \^Ìith Mn. A.R. Miltres,

the o:riginal pa-vernent of Flowchin (1926) r necognised fr"cm a

photograph, \'Jas located, while seve'ra] o-they exPosures of
str.ia-ted bed:rocl< were founcl includi-rrg extensive areas at
the extrerne southeas'b of 'the outcnop. Str"iations ex'Lend

over a dist¿uce of mo::e than 70r (21rn), vrhile a senies of
crescentic gouges and fnactunes refl-ect the dírection of
ice movenent' a.s pr"eclictecl by Hcr:rris (1943) . 0n this
exposLrre str.iae r¡a.-ry beti.treen W. 31o N. and t{. 37o N.

In viev¡ of the nrr-lìerolls expoÍiures of s'f::iated Ï:edrock

on Stone Hi-Ll ancl its ;rsynune'Ery irr cross sectíon vrith ::egarcl

to '[he ]cnown dir.ection of íce moverlen'L it :is considerred 'to

be a necentl-5r resurrected Late Palaeozoic v'oehe motttionn'âe.

Minor post*exhurlation rnorlification of the hill has occr*r::ed

in sorne areð1s 
"

b ) Croaiez' H.LLL

( i) Tn7:roduetion
Cnozier. Hil], a dístinctive a.nd pnominent featur"e of

tlLe lor¡¡en Inrnan Val.ley, tr\ras first descríbecl by Flowchin (1926),

r^¡lro i.nterpreted it eS a Ïruge yoehe moutonnëe, nea.rLy 1 mile
(1.6km) long, a-nd 52Br (Ï5Bm) high" The evidence -Le..ndened

by F.Icrvrchin (1926) in suppo::t of a gJ.acíal onigin for' the hi-11"

was th::eefolCr; pnonouncecl asymme'try of the hi11, Sul:r'ounding
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glacial deposits, and an e::ratic no:r'Lhwes-E of the hill
resembling the bedi:ock of the hilt, fnorn lvhich i.'E may have

been plucked.
With one excep'L;Lon (1\¿iclaIe r 19 6 B ) Élowchin I s

intenpne-bat:i-on has beien unque-stioned. Crawford (1959)

consíciey.ec] j-t a yoc'he noutonnîe because of its gentle south-
east side (sâoss side) and its pneeipitous northtvest aspec'i:,

wh.:ich he claimed displays glacial. plucking. Campa:ra and

lJilson (1955) supponted its proposed glacial onigi-n when they
clescnibed it as a glacial rock ban, while Guppy (1943) also
accep't-ed it as a roehe tnoutonnêe" In ciescribing presumed

glacial fea-'tur:es in the Snowy Moun-Lains, Bnowne and Vallance
(.1957) ac-tuaIly cited Crozier ÏIill as a classic e:;arnple o-f a
roctrc moul;onnö.e, wítìr v¡hich they compared simil-an but much

smaller" fonrns in the Austnalian Alps.
Hower¿en, arr alternative explanation of the m.onphology

of the hill has been suggested l:y Twj-da.l"e (1.968) 
' v¡Ìrieh

accounts for" the dinectIy observable evidence. S'tr,'uc-Eure

is invoked to account fon the asyrnme'Ery o:f Cnozj.e:r I'lil-lt
wÍth beddi"ng dipping gently to the southeast, giving rise to
a cuesta*for"nr rvith a gentle sc'r.itheastern slope and a bnoken,
steeper scéLr1p fa.ce to -Lhe nonthv¡est. '.lhe br"oken cì.p!)êêrir-iìctl

of 'bire northivestenn slope, together with 1-he scree v;hich
abounds cn this pant of the hill, a-re íntenpreted as the
nesult of weather"ing under. non-glacial conditions.

It lvas no-Led by Bourman (1969) that ¿rbandoned chaitne Ls

of the Tn¡l¿rn River.i recof{nisal¡l.e on aerial photogr:aphs ancl in
tl:e fíeld, i-!.lustrat-e that thj-s s-bream formerly f-Lor'red at the
nor.thwestenn and wes-Lern base o:f the hil"l, which i-t may have
unde::eut causing considenable s-teepeníng, of the slope.
Other"s accou.n-L fon this so1ely in ter"ms of gl.aciaI ac'tion
(see Figune 22),

(ii) D'Í.seussão.n a.nd ne1,t euådenee

Although the hill does exhibit a roehe moutonnêe. forrn,
and althorrgh its asymrnetry, in vlew of the known dinection of
íce movemen'b, is as expected, the monphology of th.e feaiure



F IGURE 22

N

O Metres 25O 5OO

SOU F CE : Aer¡al photographs, f¡eld observat¡ons

dune
Fossi I

0 Yords 25O 500

illl-

CROZIER HII.L

Konmontoo
Scree

Permion

Slumps i- -1

l---=--l ellurium
H

\ Form lines

¡ Bore site



93,

alone l'-s insufficient evj"dence on whj.ch to base its orígin.
The becti:ock unclenlyirrg Crozier Hi]l appea-rs to be

quite vanr'-able, wi.th Sone stronger: metasandstone beds

stancling out i¡r strong contnast to less resista¡r't 1.:'.thologies.

This j.s reflectecl in the variecl clesc::iptions of i-t in-i-he
liter¿r-tune (F]ornrchin, 1926; Camperna and lnli.lson, 1955; Cr"avrford

anct Tircrtson, 1"959). Regarclless of the pr:ecise nd.ture or" the
bech"or:1<, it i.s i-nsufficiently distinctive to b'e used ef.fec-bivel-y

as a sour.ce area fon indicator ennatics, as sÍmilan bedrock
ouEcr:ops between Crozien Hj.ll and Callington (Thomson, 1969) 

"

l"foreover,, eviderrce belov¡ will show that in this alrea l"ocal
ice norrelnent w¿is alrLost clue west, vlhile a northr^lesterly flow
would be neclrrirecì to explain the siliceous qua::tzite erna.tic
northwes'L of Crozie:: Hi1I, if this lvere its soulrce.

Presumecl glacial and fluvioglacial seclimen'ts occun in
cl-ose pr.oximity to C::ozien HiIl, abuttíng it on the east and

nort.h. Hov¡evere to the southeast, sedinrents pnevÍously
interpre'Eed as gJ-acial-, inclu.ding -[hose of Newla,nd ]Ii]1 ancl

ttre Wai'tpi.nga d:raina.ge basínrha.ve no-v'I been sliolvn to be ¡;os-b-
1

g1a-cial.'' forln¿rtj.ons (Bourman and Líndsay, 1973). Tha.1- otl'r.er

cleposi.ts i"n this area. rnay be r"ervoi:ked g1ac5"a-l and fluvioglac:Lal"
sed.imeirts is clistinctly possil:le. Neventlieless, the only
maRnen in which ¿¿ l,ate Pal-aeozoíc -landfor"m coulcl be pt"eservecl

in the present -I.¿indscape would be by brrrial and subsequent

recent exhu.ma,.t-ion. The possibj.Iity of Crozier Hill ì:c+ing a

nesur:::ected J-andfor:m is considered befow.
Cr,:wfo:r,cl (1959) ciirl not IrresËjn-b incontes;tible evidence

for pJ-u"clcing wh:l-ch he mainta-ined j.s evident on Crozier LIilI.
Although tire steepen side of the hj"If has a br"oken au<l clraggy

appcarance, ancì fr:agments of becli:ocl< litten the sunface , this
sit'-ra'bion is c1uí.te cornmon on many other" bed::'ock ou-Lcrops of
Fleur'ieu Peninsula" Tire inclinati.on of stnuctui:es in 'che

nocl<, together. v¡j.th blocky jointi.ng gives nise to accttmufations

I*Irr t.hi.s thesís
glacia.tion.

lpost-g1aciall nefers to post-Late Po.laeozoic
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of nock nesembling produc-bs of fr:<+eze-thaw weathening.
However., these deposits could have developed under present
conditions 

"

Acconding to the Encounten map sheet, 1:63360 sei:ies
(Cnawford and Tho:nson, 1959) Cnoziei: Hill is undenlain by a

syncline, and four neadings indicate tl-rat bedding dips to
the soutireast and S,S.E. at angles between 650 and 75o.

Such dips night be expected -Eo give nise to a hogback rathen
than to a euesta-form as sllggested by 'Iwida1e (l-968).

Ilowever, the. rlomi.nant str.uctur.al cor-¡'b:"o} of Cr"ozier: I-li1:1- is
a seconda-ry foliation. Tntense and compl"ex f olding of the
Kanmantoo Gr:oup me-tasediments has , in many aueäs, coroplicated
the interpretation of bedding. Photolineanten'bs in the'
bedrock, broadly panc11Ie1 ancl cons'[a.nt for corrsidenable
distanees, and clear.ly evident on aenial photognaphs ancl in
the fielcl, are often the nesult of cl.eavage nather than
bedding. On Crozi-er IIilI, the secondany fol--rl"¿+tion dips a-b

a gentlen angle tlran the bedding, The cìomina.nce of th:ls
stnucture is c1e.u'.ly eviclent when viev,red fron 'Lhe. son-[hv¡est
(Plate 1.6), althougÌr fr:om the east the secondat-y .fófio'Lj-on

appears alniost vertical* Neve::theless, it i.s ql.ri'Ëe

possible that the rnonphology of Cnozj-e¡r Hill is cJtte. to the
development of a cues-La-for.:1, develope-c1 as a r"ecult of "the

attj"tude of 'the secondany fo.l j,ation.
Crozier Hill v¡as considened a glaci.af roót ban by

Carnpana and lJilson (1955), closing of:t the Back Valley and

Inman Valley glacial basins to the east. Bore.s in Back

V.a}ley penetna'Le to considenal:Ie depths and geophysical.
data confirms the presence of a glacial basin in -Ehis area
(Craivfond, ]959; l'ionon,$,"r l-971). No necords of bor.es

sunk in elose proximity to Cnozier" Ilil.l ane held by the
Departrnent of l{ines. Howe\¡err j.nte::views wi'l-h local.
l-andowne.ns r"eveaLed that in 1962 a bor.e wäs sunk neÐ.r

the Inman River, al:nost due west of the t:rig. point on

Crozier Hi.11, The bore intensected darl< Io¿un of the riven
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.f lats a¡d bir.re clay and white sand, it tthich it vras closed

of f. at a depth of 1.20 r ( 36n) , still above basement rocks "

A cross section drawn through the hill. from east to west

j-nclicates tha'b the steep wes'tern slope of Cnozien Flil1

continues below the ríver flats.
An east:v¡es'L section was chosen beeause this appears

to have been 'tlie dí::ection of l.ocal- ice lnovement. Fir"st,

striatíons on a g::anite g-Laci.rl pavemeut at Pont Ell-iot
5 mil-es (Blcn) to tjre east of cr"ozier Ilil.t tnend east--ì^7es-i-i

*eco¡c]ly -qtaci-aì-ly smoothecl bedpock on the southern wal-1

of Back \¡alIey ínr1i ca.tes a local ice InovenÌelÌ'[ of I'l'S'Vl'

(Cr:,awfo::d, 1959); and thir:dly er"natics 1 mile (1' 6km)

north of Crozie:r l-iill have Possib1e source areas nean Port

E-lliot a¡rd Middleton directly to the east" Howchin (1926)

stated flrat the hill is preeipitous oR all sides but the

sou-Lher¡r. L]owever, the eas'i.enn slopc is quite gentle as

ís dernonstratecl bry fhe fact that thj.s is tire on1.y side

vlhich .rffox'ds access to the summit in a conven"ti.onal vehicl-e.

Thus the east-west asymmet::y of Crozj.er I{i].I is cornpa'tibJ-e

witlr a roche mor,-.tonnê.e mo:lpitoJ-ogy.

As the bo::e wa.s colla::ed a'E all al-titude of approx-

imately 100t (30n) ð.s.1" ¡ basement roc]<s in thj-s area are

well below sea leveI. It i.s most un1.ike1y that the Inman

River eroded tirc-: rocks to this dep'th cluring a l-ov¡et' stand

of the sea fo:: it makes i-Ls way to 'blre coast vi.a a steep-

sided cfnd narro\,J gorge, ancl there is no evidence of a

bunied forrnen outl-et of the ::iver nor:theast of the Inman

Gonge " A for:me:: outl.et of the Inma.n P.iven through the

lùaitpi-nga aïaea, rrrhi-l-e flowing at a depth of at l-east ?-01

(6rn) below sea .l-evel nea-n Crozien lJill,i.s impossibl-e in
view of the basenten'l- rock outcr:ops and bonelog informatir:n'
Tirene is no evidence of l-ocal faul'ti-ng in the area and

deflati-on cannot bà seniousl-y entertaj.ned as the pnocess

lresponsìibte fon -t-he steep*siclerJ depression on the western

sicle of Cnozier Hill. Conceguent)-y, the most acceptable

hypothesj.s for. the onigin of this ba,sin is a glacial one.
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l.ewj"s (1947) points out that in the majoi:r'-ty of
instances the downslope Éide of t'oehes mou!;ot¿nêes extends

to a greater depth than the leading olr uPslope side" This

appears to be ttie case with Crozíer Hj"fI, but detail abou.l-

the subsurface form of the hill on the eastenn s-i-de is

laclcing.
No str"íatione on cnozier Hill have been recor"ded in

the litera-bure, nolr tJere any tocated by the wnitr:nr despÍ"'be

nunerou-s extensive seanches. Surfaces of exposed or

freshly exposed becfu'ock are marrkeclly we¡¡therecl and pittudl,

i-nclicating the unsuitability of the rocJ< to record a-nc1

ptâeSer.,ve str.iatiOns. Of'ten whene striations h¿rve been

r:emoved by r,veatÌ-re::ii"rg, fric'cion craclcs ane still pnesent

(Harris, 1943), bu't- these too have be.en removed, íf they

wel:e even the:re. A quite rern¡rnkable eoi:rela'bion between

bedrock and pnesel-Ìce of striated pavernents occurs on

I'leur.ieu Peninsula. The vast majonity of pavements on

Kanlnantoo Gpoup rnetasedimen-Lary rocks occur oll rocks of

the Bacl<stair.s Passage Forma-tion of Daí1-y and Milnes (1971),

¡^¡hich are cha.racteristically vel:y nes-lstant, honrogeneous,

fÍnely larrinatecl qtr-a.rtzites exhibiting; slump stnuctures .

cnozi.er Fiil]. is not composed of lrocks of tTris fontnation, Ëo

-bhatitisun}ikel5lthatstriatedpavementsrvi]-lbefounii
on i-t. Neve-¡rtheless, stria-e are rve.ll pneserved on soft
phyllite on the wall of a quarry in the Tookayer'ca cr.eek

Va"lley (llar"rd' grguÞ-" ).
In addi-Eior-r '[o striated pavemcntc, a search for

exotic boulders on Crozier Hill r,vas underta-ken, but the

only loose Ì:oul-cle-rs oi¡senved on the sru:face of the hil.l'
are those broken a\^lay from the beclrocjt wh:i-ch unclerlÍes the

hil-1"
Despite the absence of striated pavements and exotic

boulclens on Crozíer Hi.]l., there is col1si.d'e:rable e-vidence

supponting, the view that it is an exhumecl ]-andform,'

explaining why it rnay be manifested ín the present

landscape, despite the great Passa.ge of time since its

resenvation of a
e p:resent.

I ff,i" woul-d also m:Llita'be agai-ns'l- '[hc p
Late Falaeozoic landfonm through to th
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possible forrna.tion. Sediments nelated to the glacíatíon
juxtapose Crozien li:ltl to the no:rth and northwest at
elevations Lrp to 3751 (125m) and funther .in.ì-and they extend
above the heigirt of the hil1. Moreover, the plresence of
small outcrops of gl-acial on fluvioglaci¿r-l- cleposits uP to
1000t ( 30 0:r) a. s.1. (llowchin, 1910b; Guppy ' 1943; Dîaud,

lÐJ?_I1Ð"), suggests tirat these constitutecl pant of the Pne-
Tertiary on Tentiary erosion surface, in l'¡hich case they
woul-d have :rrasked Cnozier tiil-l cornpletely, A bench on the
sou'bhenn ext'iremity of Crozien Hill at a height of 150r (45m),

and a slip-off slope. p:resurnably eut by the Inm.an Rive:r,
togethen r^rith the he:ight of the Inman Gor"ge, suggest that the
stream during the exhu:nation of Cr"ozier Flill. flor,¡ec1 at leas-b

some 1,50 r (45m) to 200 t ( 60m) aÏ:ove the pr"eserrt stream
course, prior to the cutting of t-he Inman. Gorge. An

undoubteil resurnecte ci roehr¿ mou'l;onnêe displaying numerous

exposures of ¡¡laciated bednock, Stone Hil1, occu.]:s onl.y 3

miles (4. Bkin) no¡:th of Crozier. llill-" S'rorre Hi.tl has similar
structure and asymmetry to Cnozier l-lilt, an<l is a't a simiLan
elevation, but is not so compJ-etely exhumed.

If Cnozier lliLl" is an exhurned l,ate Palaeozoíc z,oche

moutonnêe j.t has undergone consj-cierable mocìj-:fication since
being stripped of the orrenlying glac:"-gene seclimen-ts. Iir
areas i,vheire the Inman Tliver ¿rbuts the base of the Ìri1lo mass

movements ha.ve been :initj-ated by slope steepening, TT¡o

rnajor slumps have occur-,red on 'bhe wester.¡r face of the irill,
while on 'bhe southern side the hil-l fa"ce i"s cneased with
nu"menous ter'r.acetter,¡. An erosiona.l bench a¡rd a slip-off
slope on the sout-henn tip of the. hill ha.ve developed as a

:result of post-gl.acial s'brearn a.ctivity, a.nd severa.l small
valleys a.rìe actively dj.ssecting the hitl on i-bs southeastenn
si-de" Wea'uìrening of the hil"-t since exposu::e has al.so eaused
considerab Ie mo<lifi cation .
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(iii) ConeLusíon
Although 't-he,r.e is no unequi.voca.l eviclence of a glacial

origin fon Crozi.en l{i11, in the form of striated pavements,
exotic eirnatics, and undoubted plucJcing, neven-Ureless thene
is corìsj.clerable inferential evídence sugge-sti-ve of 91a.cial
ac-l-ivity, 0vercleepening on 'the westenn side, demonstrated
by bo::elog evidence, is perhaps the rnost compell-Íng, The

pnoximity of an uncloubted exhumed yoahe ntouLonnôeo and

evidence o-f nesur"r.ection suppont the 91.aciaI hypothesis,
al'Lhough solne c¡f -L-ire deposits relatecl to the glaciatiorì rnay

actua-lly be youngen, newor.ked sediments. The discovery of
an en::ati-c, similan to the bednock of the ili1l, no-r,thrniest

of the hill is not cr.itical. as this nock -Lype has a bnoad
distribut:'-on. While the asyrnmetny of the hill may be

explicable in terms of structune, this does no'c p:leclucle a
glacial- onigin as this st¡ructunal si.'tuation irror:.Id have pr-oved

ideal fon the forrnation of a. r,oehe nou.bannêe (Car.oL, 1942;
Enbleton and King, 1969). VJhil-e the steep nonthwester.n
and westenn aspect of the hí1.1 may be the nesult of
g1a-cj-a'ti.on, certajnl-y more recent strealn pltocesses have
steepened these slopes. The origi"nal ou.tlines of the hill
have suffered al-te:ration thnough rnass ntOVenLc-r-ot, r^,reatheri.ng

and gull5r eÏ:osion.
If no dir.ect eviclence of glacíal .tc'bivi-'ty on the hill

is found, the best appnoa-ch -bo fur"i-her resear'ch lj-es in the
ínves'L:Lgation of its subsurface fo::n. 0n present eviclence,
howeven, i'b m.ry be concludecl 'Ehat oniginally Crozien I-1j"11-

was a-lmost cer"tainly an ice moulded feature, but that j-t has
suffer"ed consiclen¿rble "r1'tenation since exhunati.on from
beneath soften seclíments wb.ich protected it fo:r :nil-lions of
ye-alrs. 0n the basis of possible a.ges of the Greenhills
eirosion s:unface (Cl"rapten IV) Cnozien I-Ii11 may halre been

bunied until the l'Íiddle on Late Te:ntiany, with the latten
-age f¿"vouned. The absolute amcunt of nodification is
unknovJn 

"
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c) Bosetta Head

J,udbrook (1,969b) followed Flowchin (1910a) i'n

descnibing Rosetta lleacl as a yoche rnou'bonttêe, t^rhi1.e Crawford

(1959) claimecl that it displays a crag and tail fonm. Ifov;chin

basecl his assunrption on allegecl glaci.al deepening on the

Iancï;v"rrci sicle of Roset-t-a Head, ancl from n¡rtural expogures on

the nontheas-bern ancl southwes'bern sides of the featuret
constr"ucted a geological cnoss ,sectíon (Figure 24).

In a pre.liminar.y study, Bourman (1969) examined the

contact bet'¡een the Kanmantoo m-etasedimentary basemettt nocks

anrcl 'Lhe deposi-Ls calle<1 glaclì.al tílI, and eoncl.uded that
these deposits consist of relativel5' recen't slope and al]uvi¿rr
deposits " The collur':lurn is formed of arrgula:: fi:agments of
schÍs't, which ere set jn grey-b:rowu soil ¿¡,nd al-luviltm.
Clear'ly these deposits at the surface have been derivecl fron
the schist bednock whj.ch outcr"ops immediately above. One

exo"tic pebble rvas found l-oose at -l-he surface, but this could

¡ave been empl.a.ceci by lnafi, and tn¡a-s not corlsidered clritical.
Figure 25 illust:rates that there are, in fact, tlo

smal-} depress:f-ons on the landv¡ard sj-de of Rosetta l-le.a<1, and

the most westerly of these depressions is filled wifh a

cous:-clerable depth of recl all-uvir-rm, which be.ers stniking
silii"la::ities :ln ele.vatiorl and na'Lure 'üo the red alluvium of
the nearby Yill(i tenrace (Chapter III). lf it Ís of simifar
age ancl orj-gin to the al-.|-uviaf fj-11. ternace of the Yil.kí area'
ít is neither" of glacial o::i.gin no:r of Late Palaeczoic age.

An r.ii'rconfornable contac't betv¿een t¡eather:ed basement ::ocks arrd

nouncìed but el-ongated pebbles, chief Iy of rneta-siltstone ,

occurÍì in this wester:n depression. The monphology ancl

incl.ina"bion of th.e di-scorltinuit5r reseml:Ie tha'b of the noder'n

shone platform a few met::es to the nor"thr,vest. Consequently,

the clepnessj-on rne"y h4rre been pa:rtl-y developed by marine

processeB 
"

Because of the appat.ent al:sence of deposits related 'to

the tate Pal'.aeozoic glaciatÍ.on in the Rose-bta LIead vícinity,
'Lhe view -Lhat it is nothing more than a structural ländform v¡a.s
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consídered (Bou:rnlanr 1969) " The granite outcrop of
Rosetta He-acl possesses cons j.derable resistartce, eSPeciaIly
as it is massivety jointed, and underlies the highest por-Lion

of the bouf der-'S-Lre\,v-n promi.nence. The for"mation of two

small bedrock depr'essions o11 the wester:n side has been

stnongly j.nfluenced by st-:ructunal controls, for" the axes of
these clep::essions bi:oadly foll-ow both the strike atrd cleavage

of the basement nocks. Funthen struc-Lunal cirntrof of the

rnorphology of these depress j"ons j-s in evidence, fon they are

underlain by finely bedded metasedj-ltrents and bounded by

rnassive and resis't-ant outcrops on the edges. Unden these

structural conditions glacial- activÍty need uot be invoked

to explain the pl'eseut morphology of Rosetta Head, although

ice wou.ld have expl.oitecl these weaknesses aS effectivel.y aS

non-glacial procesjses .

Cr"awfo::cl (l-959) citecl Rosetta llead as an example of
a citag an<-l 'l-a.il because of the tr"afl of gnanite boulde.rs t

intenpneted by hirn ä.s e:rnaticsr oD the lanciward. side of 'bhe

feature. But the granite bouldens, which alìe in v¿r:r:Lous

stages of ppogression clorvn the lanciward. slope of Roset-La-

Fleact are more sirnpJ-y expl-aí.ned in terrns of con'Linuiilg lrìrLss

movement from the gr.anite ogterops. The mica.ceous cl-aytj

in which the boulders ane sometimes se-E may Ïratze derived
from the weatlieri.ng of both tl-re granite and the l{anma.ntr:o

Gnoup of metasedirnentary nocJcs.

Altìlougll a stniatecl Pavelnent has been Located on

gl"aníte a't Port Ëllio'L (t"filnes and Bourman, l*972 ) rro

striations have been observecl on Rosetta FIead. In oI'der

funther" to investigate the prob]-em of al-teged g-lacial or":i.gín,

augerin¡1 was carried ou'L, to detenmíne íf the basin fo::ms

exposed on t-he. sides of lìosetta Head ane continuous thnough

the featur.e ancl if they are fi.lfecl with glacial cieposits.
Augering to dèpths of ]4t (4.2m) and 20t (6m)

penetra'bed deposí'bs of sancls, c,1.a.ys an<L pebbles. Santples

r^rere coLfected fnom eighteen diffenent leve1s in the 201 (0m)



hol-e ¿rnd canefully exaniinccl,, The long axes of the pe

vaniecl Ï,¡ehveen al¡out J-rf (2"5cn) and zrt (Scn) and in all
pebbles were r,ecover?ed, of which 86% v¡ene face'Led, polished
or striated. FtÍnt (1957) noted that usuaÌly only about
5-10% of stones in 'bí11- vrerle clearl.y o:F glacial origin as

only t.lre molae nesis;tan't man.rged to pr:ese-nve evj-clence of
glac:Lal action " Some of the facets on the pebbles recoverecl
from the auger Ìrol.e.s on Rosel--ta Head. may have'been due to
s'l-r'uetures in the nock, explaining the inondinately high
pencerr'fage of face"t-ed pebbles in this deposit. Only a few
,aï,e cl,e;m152 s'hria1-ecl, aücl tlrese, using the "ritenial of

von IìngeJ-n ( 19 30 ) are clea:.r'J-y glaci-aJ- pebbl.es .

Arnong 'Lhe pebbles recr:vei:ed a't l.eas't fír¡e exotic rock
tvpes occunned-, these being porpllyny, pink quai:tzite , light
coloure<l quar"tzi"l-e, banded chert, ar'l<ose and gneiss. Thus

as the anea \^Ias ice cove::ec'L duning the Late PaJ a.eozoic i-b
may not seem unreason¿rble -t-o s;ugges-b that Roset'ba Heaci is
indeecl a g}acial landfor.m, LloweverF this ques-t-ion is stil1
not corryletel.y :resolve<1.

rTiie character'is-bic featlrr:c-:.s of such type fa.ce-Led a-nd
stniateit pebbJ.es are: (ï) thre roughly tria¡gul-ar shape j.n
pIa-n tv-i.'bh the :F.ace-t of 'bhe l.angest ci..rÊä anrl tha.t which is
fla'E'be.st dorsn t Q ) t¡e lroi-n'Led but scou.r-snubÌ:ed nose at
the a"pex of the ncmrowes"t angle of the bottoni f a.cet; ( 3 ) an
only slj,ghtl5r scour'ecl or: li;rck]y back side a,bol'e. the base line
of thcr -l¡o-Ltc¡m t:rianglei (Lt) a tendency to ar ìrurrq; forrn c,f the
top s:Lcle of 'Lhe flat inon v¡ittr (5) latenal f;lce'us nunning off
towarcls 'the sriubbed point; (6) chipping or' nicking on the
unclersi.de or. atthe ape)í of the poirr-b; (7) a tendeney of the
st:ri¿r'tj-ons of the latenat facets to be clirected diagona-1ly
clowni,¡ar.d toi¿and the poin.L; indicati.ons that vaniations friom
the no:nrn oi: failure to d.c-:velop one of the fea-Lur.es in a r¿ell
processecl pebi:Ie arìe due to a panticul-ar" arrd s'tiII obvious
cot-rf igur'¿'tiotr o:f tire or-'ig, j-rr.r1 fr.rgnierr [- or' -l-o 'L]re t]a'Lur.e, r-,ock
struc'l-ure ancl conrposi'Eion of the speciment. (von Engeln, 1930)

1
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Seclirrerr-bs f-r"om the .augen l-roles on the saddle of
Rosetta- Head were subjec-[ed to mechanical analysis (discr.iss:ed

in Chai:'cer IV)" The resul-ts of this lnechanica.l analysis
clemonstna.te that -Ehe sediments alre poonly sor"ted and ð"ne

most li.ke1y of fl-uvial- onigín (Fotlc, 1,968). As gl-a.cia}

pebbJ-es !.¡ere founcl a.ssocia.ted wi"th these sands, the
cleposjts in the s;rnel-l- depi:ession on the landward side of
Rosetta Heacl are f li.rvioglaci'rl deposits ¡ or r'ewot'ked glacial
deposits 

"

At Kirrg Poil't, 1.5 lrLiles (2. ttkn) southvrest of Rc¡setta

Head, C::owe1l and Fi:akes ( 19 7ia) ícleirtifiecl f 1.uv:'-ogI.rci,al.

deposí'Ls in a northeast-sott1-hr.,sest t.r'ending va11ey, and noted
that the dinec-Lion of flov¡ during deposition was f::om the
nor:theast, para1.1e1.ing the axes of the valleys landward of
Rosetta Head. Tha.t the valleys a-t Ki-ng Point and Rosetta
Head werae once cont inuous is quite poss jble, being l-ater
tnuncatecl by marine actic-¡n " fn any case it- seems I:i-)<ely

that the dcposits lanc'lward of Rosetta lIead are not of glacial
ti11, burt ane f luvioglaci¿rl or rehrorked glacia.I deposí'ts .

Thus the possi-bi1i.ty rernains that the presen-L form of
Rosetta LIead is not a dir"ec't- re.fl-ection of L.r'Le Palaeozoic

91-aciat action, bu'L a coneequence of strr:ctu::al Ínfluences
and non-g1acia1 proeesses .

If , however, Rosetta llead is of glacia,.L origin, ,rnd

this possibÍlity cannot be completely discoun'ted, their it
lias been considerably modified sínce. glaciation" fn view
of the gene::al nrovement of ice f::om the east anci southeast,
the nronphology of Rosetta- i:lead is not consistent r¡ith xoche
moutonnâe asylnme'Lr5r (Canol, f9ll.7), although roehe moutonrtêes

with rever.sed asymmetry are not un.]cnov¡n (Derno:rest, 1937) "

Coastal er:osion invol-ving eliff retneat by as lluch as

2001 (6Orn) has steepened the seavrar.d si<1e of Rosetta llead
since the Late Pa1a'eozoic, white a buried bedrocl< depne.ssion
occursì on the la-ndward side. .By taking account of these
fac'tors it is possible to reeons'En¡ct the monphology af
Rosetta Head to r.esemble a roelte moutonnâe.
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Evidence from King Point and l.iewland FIead sugges'i:s
that sea level during the Pl-eìstocene stood at least l-00t
(30m) a."s"1. At this levef Rose'uta FIead v¡otrld have foi:med
a gnanite isl-¿nd, and stood i¡-i a similan nelati.onshíp to tire
mainlard as does Granite Islarrcl today. Calcareous crusts
on the sadclle of Rosetta FIead may be ::elatecl to this highen
stand of ttie sea and beach sand in spi-t on tombolo fonm may

have for"meci in this anea. Tl-re nelat.ively 1evel surface
landward af Rosetta llea.d is probably due to ¡nanine activi'cy
a.t this 1evel. (see Chapter IIï).

Hence because of the immense per:iod of tine since its
fo::ma-Lion, if Rosetta LIead had been glacial"ly for.mecl¡ so
much post-glacial modifica'bion has occui:ned that sirnpl.e
irrtenpt'etatj-on of Rosetta Flead as a. giacial lancl.fonm of
Låte Palaeozoic ag;e j-s ques'fionable"

d) Backstaiz,s Passage

Benson (1911), no'cing 'Lhe occurrence of g1e.cial
cleposits, ei.'i-her s j-de of Baclcsta:'-ns Pass age z cons j.dered that
it is a par"'cly resutarected L,ate Þ'alaeozoíc glacial rra.lley,
nol^r dr"owned. Al.-Lhough a\^rere that l=au.lting may have beerr
'lire callse c-¡f this 'Lo¡rogna.pliì"c }ow, he ::'elegated it to a

rninon nole, fon he had observed no eviclence cf a tectonic
or.ì.gin fort-he pass.ige. As the passage was interpretecl as

a glacial. featur.e 'l-l're Pages \,Jelte considenecl to l¡e roches
mou,tonnâ.es,

After. travensing the coast of Fl.er-r::ieu Peninsula from
Sel-licks I{i11 'bo Victor. }Ia¡.bortr, Macligan ( 192 5 ) s;uppontecl the
glacial o:rigin of Ba.clcsta.irs Passage proposecì by Benson.
A¿;airr, evidence of faurting parallel to the passage r^ras not
found.

Tv¡i.da.l-e (l-96S, p,56)favouned a tect-onic on.igin for tjre
passêge, suggest-iirg that it may be nelated to a majon fault,
as the pð.ssq"ge fa.lls dir.eeti-y j.n line v¡ith posturated faul:'ts
in the seísnically ae-bive talklet of Yorke Peninsula, ctistinct
l:neaks in the uplancls of Ëyr"e Peninsr-rla near creve and the
epicen'tre of the Beächpon'L ear-thc1uake.s. rn actd,j.tíon, the
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Backsta.iirs Passagc: area j.s seisrnically ac'Live (TWidale,

1968, p"54; Su'Eton ancl hihite, 19ÛB). ltlor')cing on Yorlce

Peninsula, Cnawfoncì (19 6 0 ) , found evicience of an ¿r'ncj en'b

lineament trending southeas-L through the passè8e¡ thus

Supporting the str.uctural theor"y. I-lowevere Campanat

hTilson e¡rd l^ihÍttle (1953) ín mapping the gecrlogy of
Ffeurieu Peninsula clbser've<1 no majo-I' tnanSveTrse faults,
as might be expected if Backstains Passa'ge ís a tectoni'c

d.e.pression. campana. and l\rilson (i955) consídened it a

submer"ged Penmian depression "

Ðetailed soundj-ngs of Backs-Lains Passege enabl.eô

Bauer {1959) to constlrLlct e,JI aecurate fl'ì.ap and several

tnansverse sections of the paSSage. These nevealed

steep sides a_nd a relativety flat bottom topography'

Depths of approximately 200 t (60rn) oceu:f onl1z 550 yands

(495m) fnom the island ancl ar:e rnai.nt¿rined to wi-thi'n 900

yards (s10m) of the mainl¿ind, Baue:: (1959) recognised

that such morphology is in sympathy with ej.'ther" ê-

stnuetr¿ra1 or a glacial origi.n bu'E sr-rggests 't-hat the passage

ís no"L siarply a ch:owned stream valJ-ey. He suggested that
the deepest portions of the Passage off cape st. Albals
2 60 | ( ? 8m) and ca1>e Jenvis 2301 ( 5 9rr) Öccur v¡here

constricting sides on bcrsses of noclc tvottld ha.l"re causr::'c'i.

¡5reatei: eposion bry a ncpthtuesLerly morting iee sheet.
Nevertheiess he points ou-i- that these deprerssions na-y be

the result of srrbaenial erosion bV stneams duning the lowen

stancls of the Fleístoeenr: seas, or: by submarine tj.daL scour''

Spr:igg (1964) descnibed significant scoured rip channels

excavate<l i.n soft Penmia¡r sands ancl shales, offshone fnom

Cape .Ien*,'is, to Which 'Ehe clepnessio¡ts clescribed by Ba.uer

may Lre nelated. Spr:igg (1964) statecl that in this are-a

Baclcstairs Passage definitely appears to be a pantly re-
excavatecl fossi-l Permian valJ-ey.

The suggestion that the Pages, which are cleanly
visibte frorn Ri.dgeivay Hi.l1, rray be par'tly submenged,

exhrrne d yoches n'tautonnê,es (Benson, 1.911) ie an inte:re'sting
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one. T'he submarine contours of the pð.ssage do not reveal
any prollounced a.symmetny :Ln the Pages which s'tsan<1 about
100r (30m) a-bove the leve"L of the fl-oor of the paesage.

The Nor.th Page is roughly cj-rcular j.r¡ shape vii-bh a di¿trneten

of 900 y;rr.cls (810:n) while the South Page is I.2 mj.les
(l-,9lcnr) long and 670 ya::ds (600m) vride, tnencling N.N.E"-S.S.W,
The lrages fall- within the r¿mge of cLirnensions of Cnozíen Hi.ll
and S'tone llil-Lr possil:Ie and piroven yoehes mowtonnâes

respectively. l.leventheless the possibí1.ity remains that
the Pag,es repi:esent the tops of enosíonal- rernnants fonmed

by non*glacial processes.
llauen (1959) elairnecl that con-iugs of the Passage

bottorn dernonstna'ting glacíal clay cortening a l¡eclnock fl.oon
woulci settle the quest"ion in favoun of a g1aci.el onig5.rr.

Gl,acial clays Ìrave been founcl underlying the floon of the
passcr.Se down to cleptirs of 240! (72rù (Spr:igg and Stackler,
1965), ¿urd -Ehis ís not surpris:i.ng in v.iet¡ of the depth cf
glarcige:oe r-redimen'ls proven in bores on Fleurieu Penitrsula
and l(a.np;aroo Isl-ancl. However, the onigin of Backs'Eair:s
Fassage is not r.esolved¡ âs the glaeigene secti"rnents under:

the passage may have been cai:nied to this depth by tecton:'-c
sinking 

"

]3ecent wor'Ì< by Daily and l,lil-nes (197I, I97?, 1"973)
j-n whj.ch detailed str:;rtigr"aphic mapping of the C¿rmb::ia¡.n

I(anm¿Lntoo G::oup rnetasedimen'Lar'y rocks of Fleu.r.ieu Pel:i.lrsula
and l(angalloo Island v¡as ca"::r,ied out shoned th¿rt the
stnuctures ir, the rnapped rocJrs are continuou$ acress the
passa-ge " Fon e><ampfe, a regional nontheaster:ly plunging
antic-line for"rning the core of a thr:ust block on Dudley
Peninsula seerrs to be continuous with a sinifar a¡rticline
directly across the passage on Fleur"ieu Peninsula. No

faults panallel to the passa-ge were noted"
T'he continuity of s-Enata acnoss the passage nules out

the possibíIity of transcur"nent faul-Li.ng in this area, but
not ncr.rnal' or" reverlse faulti.ng. Tlhe p::esent steepness of
the cliffs on eíthen side of Backstair.s Passage appeê,lrs to
be due to marine enos j-on, fon spults, apparen'tly tnu¡rcated
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by marine erosion, arìe comnÌon along the coas'L " Ilence j.t
is possible that the sicles of an orig.i.nal fa.ult tr:ough have
retreated under Brave attack -[o thei.n present posj,tion and
tha'b the fault zone-s are submerged,

Such a possibility ca.n only be easily inves-i:igateo by
geo¡;hysical means " Nó dete¿j.1ed geophysical lrork has been
carr^iecl ou'[ in the p¿tssage prope.r, thoirgh lvo::k here is at
present uncler way (W, Stuart - peJs-"-cgnm.). Geophysical
investigati"ons of S"L" Vincen'f Gulf r.eve¿1..} submanine
structures trendÍng ar'Jay fr.o¡n Yorke Peninsula towards the
passage (S'Luart ancl von Sanden, l-972)-" but nean the passage
they fade out unden an increasing cover of sedj-ments (vr.

Stuant - p3ggi. _c3rnry") " Broacl scale gnavity readings r,¡hich
cover the passage reveal tha't ít is underlain by a gnavity
loiv, but there is j-nsufficient detail- to neveal the prcìsence
of fa,ults.

Áçparently the most compelling evidence for" a
s'tructural o::igin for- Backstaj-r.s Passage is the seisrnisity
of the area (Twidale, 196B), for. cIear.ly eanth rnove-ments of
sìome descniption are occ:urnin6¡" But .the problenr j.s, in
what dir"ection are tire moveme¡rts taking place? on var.iorrs
I:-nes of evidence sprj-gg (1964) and stuart and. rron sa:rderr
(L972) have shotsn that arcuate nontheast-southwest to nonth'-
south faul'Ls on the mainiancl joín up wíth noughty east-r.vest
faul-ts on Keinga.::oo Tsland" In addition to geophysical
er¡idence for- the link up, say between tlie \¡/iIl-utlga liaul-'t a¡rcl

the cygnet Far.rlt, su):nranine far,llt scar?ps have al-eo been
neeognised' creanl,y, the eanth tnemors of -bhis region aï¡e
more likely to be::elated to fa.ufts tnansverse to the p¿ìssage
than to f aults panallel to i-8.

Thus ín view of 'Ehe absence of clean evidence favouring
a str:uc'tunal origin f,or- the passag€¡ and the disti:ibution of
gracial sediments and featunes, a glacial onigin j.s more
accepteble" Howeven, the stnuctur.es trending tovla::ds the
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passa.ge from Yo:rke Peninsula inay havc guicied anel been
exploi.ted Ì:y north*rr¡est-er.ry moving ice. subsequent to
exhumati-c¡n a¡rd ch"ov¿ning tire rvalls of the passage have beeln
modifi.ed by marine pl:ocesses white parts of the floon have
receivecl sedímeirts u and other parts have been scoured by
'Lides 

.

e). G'pan[,Ì;e IsLands
The granite isLands of Enco*nter, Bay r-rave been

describecl as ice s¡noothecl a:rcl ab::aded (Hor^lchin, 1g26;
Ilov¡chin antl cfel-¿lnci, l"g3l; Guppy, 1glt3; crai.¡fond, lgsg).
Ilowever, to d.rter Do cli::ect evi.dence of glacia1. activÍty on
any of ttre islands has bee¡: oh¡$er-ve<l. Although -Ehe p::,esent
d:ì.stríbu't.icn of grnnite outcrops in the Ëncounten Ba5r area
nay have been bnoadly deter¡iinecl <lui:ing the La,ue palaeozçic
(Mi.l-nes anc'l Bcur,rnan, rgTz) , post-graciat proeesses have
oblite:p¡:r'Lecl trace-s of gJ-ac:la_L a.ctioir on the isl-a¡rcis"

The l.rrgest of flie islancls is Gzoan.t.-f;e rsLq.ncl, which
is lÍnlced to the inainlancl by d eause\,J¿r_)r. Soi.l. and s;¡lcl
extencl ovçj]] a l.rrge "rrea c¡f flre .fl_a_ttish surnmit of the
isl"ancl, in na'y êrea-s ove*l.ying calcr"ete. No sedirnenta::y
stnuctures were obsenved in the sand cierposits, Ï:ut thei.r
fine¡ress: ¿ncl we-'l.1. sonted appea-rrémce su_ggests aïÌ aeolia¡r
onigin" As there ís insuf.[':'-cient c¿r].cium car:bon¿.te in the
Encou-nter.' Bay Gral"ri'bes fon rnassi-ve cal-cnete deveLopmen.f n a
ntanine source fon ca].cium carborrate see*s to be nost likely
in th,{s r:nvínonmen't. No excarrations pene.r-r,ate the calcrete,
but s:-milar" cafcï'e'te oceurs on nearby Newrand lowrand, êt
Pont Ellio-t ancl on liev¡lancl Head where i't ovenlies dune ancl/on
ï¡each sanils. A"Ltirorigh the depth of thesc supenficial (?)
Quaterirary deposiLs on G¡.anite rsla-nd is unJ<nolvn, cleanly the
summit rnor:phology cì.oç¿s not ::efrect gracial activity.

An e>lcavation on the sc¡utheo-ster:n coianer of flre islancl
has e>:posed -[røo co::e-stoneg sunr"o'ndecr by g"t¿s,s. These
incipien'L tðns deveroped by su.bsurface weat-rrer-:..ng, (L,into',
1955) r are the cnly exposecJ exarnples knov¡n to the ivnÍ-Ler in
the anea (Pl.rte 17) " rn othen locations, such as ilre
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Plat-e 17 . C<;nestones of unweathened granite
sui.round'ed by gruss on the southeastern corner
of Gnanite Isl-and.
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extensive faces exposed by qua:rrying of gra:ríte for brc:ak-
wate::' co¡rstnr¡cfj.on, 'Lheri: is no j.ncìicr:.tj-on c>f deep wea.thening.
I{er"e, however, jol'.nts are tÍ.ght a¡d- very wide.ly spaced, The

weaJclSr enibedded tors, ciescr"íbed al:ove are surely a pos'u-
glacåa"L phenornena, as the5r couid not have sur:vived the passage

of a thick ice sheet"
0ther: ninor' pos-t".gJ-aciaI incl.ude tafoní,, shield a-ud

boss fc'pms arìcl rr'eathering pðirìs " These features are best
developed on 'úhe op(:n ocean side c:f the istand, suggesting
that their dis L::iÏ-¡uti<¡n ancl developrnent may be r:eLated to
sea $pT.¿ìy and rain <ìrÍ.ven by pr.'evai--t.ing sou-th and soutlivrester"l5r
ruinds .

Pr"esen'i; nû.::-rl-ue pr'(.rcesses h;rvr* cut joint control-1erd ):ays

and- cl-iffs ar-outid the pe:nipher,y of tire isla.¡rcl, especiallv on

t-he sou'Lher'n side. As rel-¡r'Live sea level l:as stood hi-ghen
than at pnesent other. higher ane¿Ìs of the l-1,0f (33rn)

p:ro:'ninenc€j h¿lve i:een sirnj.l-anly a.ffec't-ed.
Thris nc) eviclence¿ aí. gJ-aci;:I atcti.vity on Granite Island

has trclqln obser-vecl -bo dabe, a,nci other" featu.r.es cn the i-slar¡d
illustrate moclificat'icn of the rncrr:phology of the islan<L in
post*glacial tj-me.

l,lesl; l.sLan.d (Fi-gure 2'7) which ciispl"ays a very sniooth
and rouncled appeararlce has been most frequeutly cited as an

exaiirple of an ice*snoothed istarrd" Like Granite fslandr ilo
areas of g1..lc j-a. bed bedroc:k were ¡lo.bed. S-i-nriJ-arly, strielcl
and ijos;s forins and gnaffnìas as well asi tot's of disintegration
and flared slopes attes'L '[o processes acting under" norr-.glacia'ì.
conditions " fn 'unansverrse pr-'of:'-Ie, \dest Isla¡d is rnarke-dly
asyrrune'l,nícal, but the asynrmetny is disposed the opposite r^/ay

for West Tslancl to be a roche mo?,ttonrrêe given that the ice
appi:oacheci frorn the east and soiltheast. Altirough some yoehes

mou'f;onnâes Ìtave bt-en obser'veci with revensed a-symmetry
(Dernores'1, 1937), the s'Leepen ocean-facing sicie of Inlest Island
appearc 'co J:e a ::esult cf marine r:lif fing ptìocesses.

The smoo"i:h r¡hal-ebacl< fonrn of \.iest Isl;rnd is sho\,^rn on
Plate. 18, wh:¡-cl¡ also shov¡s a nass:l-ve shee-t:"-np, plane trending
through the ie leind, Al-though there ís not complete Fal..11l-el.Ísn
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Plate I8. I¡lest Islan<l viewed fnom the southwest )
ievealing the presence of a majon sheeting p1ane.

Plate 19. Aerial photograph of Pul-len Island
r-Irclrcd.t r-ng the stnong influence of jointing orl
its monphology.
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betv¡een the sheeting plane ancl the topognaphy of flre isla¡cl,
clear'Iy s;]reeLirrg structures har¿e pJ.ayecl an important role i.¡r
the development of its monphology.

lïahns (:l-9r+3) usc-:ci sheet stnuctures ín granít-e ä.$ a
measur,e of Prei-stocene glaciar er"osion in New Engl;urcì" lle
noted relat.i'cnships be'Lt+een sl-reeting str"uctunes ancl bedrock
topo¿;raphy e>;cept on the south .qicle (lee sioe) of gnanite
hills o whe::e ire clained that glacíal erosion had steepened
slopes. Iriumerious exposures in gr:anite qtiannies shorved
titicken, les;s irregular and more hori:¿ontally cii.sposecl sheets
rvith ínc-neasing depflr. sheet s-Eructunes wene in.tenp::eted
as the resul-t of. offloading ancl ,Jahns (l-943) concluded tjrat
sheetíng br.oadly con"l-rols topogr.aphy wtren <ienudatíon is.
slor'¡ and long continued, but is reoriented r,¿hen stronglSr
concentnated er:osion creates napid topographica_l change.

sheet:'-i:rg stnuc-L-ures rnay be the resul.t of mar:y
processes (Twidaleo 197lb), notab_le afncng them being
conìpressive forces, whích may accr_¡unt for. discnepa:icies
bet-v.reen sheetÍng gtnuctures ancl topograplry" consequently,
shee-Ls at dep'Lir rnay not nefLect erosion at flre sur:_f¿ce.

Three islands cÌí.spJ-ay sheeting plames cleanry; purle,n,
lJest and l¡/right- rslzurcis. Because of post-glacíal
modifieati.n of the i-slancìs, pan-tieulanly b3r ma::ír-re acti<ln,
and because of the imrnensity of time sinc.e gl.aciation, ít is
not possible to dr"aw conclusions fnom relat-i-onships be.cween
sheets a:rd topognaph5r, espeeialry wi-th r.egancl to possib-le
glacial deeperi-ing on the western sides of the isl.ands,
exeept that there elre cLose nelati_cnsh:i-ps between the p:resent
broad scape 'Lopognaphy of the isla¡rds and majon sheeting
pìanes. Müì.eover, sucìr stnuc'tr¡res might cause simiran
monphology ) iviüi on rvi,t-hout glac-iation ( see , fon example,
the descniption of the pearson rslands in Tv¿id.r1e, lg71a),

tiright rsLand al-so has a pronouncecr asyrnmetnical
pr"ofile oniented the wnortg I^Iay to be a crassic rooc h,e mot¿tonnâe.
Horvever:, it i-s not necessany to invoke glaciar processes to
account fon the sha.pe of htnight lsland, as stnuctune and
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present proee.sses caJì do this. The highest pa::t orÎ the

island has a dome-iike fonm apparen'tly foll-owin.g nassív'c

sheeting pIåne$, Ttliher.e PreSent marine procegscl+ ere nìOs'L

aetive huge joint bl-ocks suppcr:t steep ccastä.I cliffs, ti:e
slopes of rvhich follcvr the joint pl.anes c-l-osely. The

gentler: slopes of the landward side a'r:e uncterlaín by smaller-
joint blocks an<1 less r-esistant Kanmantteio Gnottp rneta-

seciiment.rr'y basement rocktj, fr:n the gTranite/coun1"ry rock
eontåct passes thnough this pa::t of the island (Figune 28).

trlaves refracted by the isl¿rnd,çweep anouncl botir sicl.ers of the

island, meeting on the eastern extnemity whene they have

brrilt up a smal] sancly beach.
The rrro::phology in Plan c¡f PuLLen (SeaguLL) Isl.and i-s

strongly influencecl by jointing (Plate tgl) " Fluge sheeting
ple,rres dip l-andwar:d, while to seawar"d thc'"y have be.en

tr.ttncated, Suggestíng the fornter" Presence of a iruge dor're

stnuc'ture ex-t-ending far to the sou"bh. 0n Pulien Ïsland
spectacul.an e>lamples of onion we¡ttirening, scattev:ecJ ísol-;rted
boulder.s and r,,¡elI developed v¡ea.thering pits nepresent n,orl-

glacia1" procesÍìes.
Sirnilant5r SeaL 1'sLand Possesses a leirge lrumber of

appar"ently loose tors v¡hich cc>ttJ-d not h.l,/e su-i:vj-ved the
passage of the huge ice sheet, vlhi.ch transgressed the- area

ín La'be Palaeozoic tirncs , Clea¡l5r, the pnesent monpiro)"cgy

of SeaI fsl.and is nof- related to glac:ì-al plrocesses"

The si-tb¡nar:ine 'tc,pography of Ëncoi-inter lìa¡r rer/eals r¡cr

evÍ<lenee of cleepening on the landwar:d sides of Gr"anite, r'^'lest,

VJríght ancl Pull-en Islands, which rnight be used to j.nclica-te

the effects of glacj.al enosion" Ëlowever2 a deep anea oceurs

landward of Seal fslcrnd, though this fea'Eur"e ma5z be the noI'J

drov¡ned fonrnen vallr*y of the Inm.an Rít'er.
It is quite possible that glacial bedr:ocJc depnessicns

occupy the r.egions ländwarcl of the i.sl¿rnds, but the.y are

filled w-ith glacigene, manine anrl fluviatile deposits .

Cer"tainly much calcareous sanCstoner capped by calcrete
unclerlÍes a g:reat deal of the criticat areas. Bclres ne¿rr the
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mouth- of the .[nman llíver:, dinectly j.nlancl f::om Gr"a-nite Tslaird,
ha-ve :reaeTrecl almost 150r (45nr) below sea 1eve1 wi'thout
encormtening bedrock, suggesit-ing glacial deepend:Lng in this
area. Below l+0r (12m) the sedinients ha*¡e been l,ogged e.r.s

glacigene, AIter.n¡¿tively 1-he sediner¡ts rna5z þq non-gIacåa1.
flrrvia.tile deposj.ts occupyíng a river r,¡alleJ¡ cut along the
str¡.rctural- botrndary of the gr"a.nite/country :rock contact
dr-rring a lower stancl of the sea.

The diseove::y clf a gla-c:iatecl bedi:eic]< sur.fa.ce on gr.a.rríte
at Port E11io',; (Mil-ires ancl l3otrr:tnalr, Ig72) thnows sone iigÌrt
on this ques-t;-on, as r,.¡eJ.l as on ser¡eral o+.-her: fe¿¡.tunes

signíficant in the geonLor.'phie evolution of the region.
The basement nocks of tire aï.ear âs part of the Adelaíde

Geosyncline, \^Jere folcled and me'Lenronphosed a't a time ì:noadiy
coincídental vr-ì-th gr:anite ençlacement (i'Iilnes, 1973). The

gl.rciated pave:nent orr the gna.nite outerop 'fr:geti'rer v¡ith t]re
abundalrce of eriratics tliroughou't South Aus"L:raILi¿r" der"ived
fnorn '[he Ëncorinten Bay Gra¡ites, indicatcs that -E]re gr:'ani.te,
which had been j.ntruded a'l- depth, had Ì:een e>iposecl before
on <luning the l,ate Palaeozoíc gl.rciati"on. Xenoljths o.f
metased:tmentar,y rock of simil,ar 1-i.tholo¡:.y to the srinror-rncling;
count::y rock ha-ve been interpretecl as rcof pe-ndan'ts (Mi1nes,

and BouriÌan, Lg72) 2 which suggects 'Lhat the preseni:I5r exposed
granites vrere cl-ose to the orig-Lnal roof of the pluton and
fo¡:¡n the nor,-birrvest-e:ln r.¡al-l- and r.oof of a granite nðss, i.rhi.ch
may have had g,T'ea-fer" extent thzur now c.,ppá.r€flt. Sheeting
evÍcl.ence foi: this for'ner. extension has a.lrearly been ment-i-oned"
Tiius 'rhe to"i:al a"mount of er,osion of tlre granite a't Pont Efti-ot
is pnobably lirnited.

Features of the granì.te mass suggest that it may h"lve
originatly cool.ed at a depth of less than G miles (l-0knr)
(Milnes, 1873), this overlying coven of Falaeozoíc r.ocks
being nemoved by enosion in app::o:.',imatery 200 mitl-ion y".r"*"1
fHu*o
nicn
haci

is and,14r:Gor^iran, l-97f , suggest that neworkecl Devonian
ofossí1s discovered at tlaterl-oo Bay, Yonke Peninsutra,
an origin in the Mt, Lofty ar'co
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Thus the fo-l.J belt, lvhich clevelopecl duri.ng Ear'lv* Pale-eo:loir:

oÌ.ogeny, worr-ld hat¡e been severely denucled by 'i;Ìre onset of

glaciation,
Nevertheless, r.elief would have been conGiderably in

exce$s of tha't at p::esetrt, foï' ¡llacigene seclinie¡rts extencling

to deptirs of 5?5t (l?3¡n) and 3Û0t (9Ûrn) h¿ve been logged ir-r a

basin nor''theast of Port Ë1liot (Crav¡forcl and Thomsonr 1959)

ancl pnesuryLed glacigene seclime¡ts extencl appnoxirnately 9651

(290m) bel:w sea level (tlov¡chin, l.926) in a glacial b;rsin

below Back Valley, Erosion of the present summit sur:face

duníng the Mesozoic and Tenti-eir1t pneven'ts a cornp-lete

reconstructio¡ of glacial :rel-ief , but it was pnobaÌ:ly tlore

companable v¡ith the lfount l(osciusko area today, ::a-Ehen th;'tn

bej-¡g occupied by young Ap1ínc :nounta.j-ns and irregular:
valley glacie::s as suggested by campana and v/il-sou (195!')

an<l reitera,uecì by cr"owe]l and. Frekes (1971), stniae

directions ovel. consiclerable <i:is'EanceS are too constant to

be fornecl -ny inregtrla.r vcrlle! glaciers (Milnes a¡d Bou:r:na-nt

Ig72) . Fui:'cher:ncre, the Charactenistíc, extensive a-nd

}a:-r¡1e scal-e basin ernd bar topog,naphy vr"ith a maxímurn

clenonstral:-l-e relief in excess of g 00 t ( t[50n) ( fr:o¡n t]re toP

of cr:oz:'-er Hj"Il -Eo the bottom of the gl.tcial trasin under'-

lying Baek valley, back to the eleva'tion. of tlie surnnit

surface) woulci seem to re.quine a huge ice siree"t for' its
fonmation, rathen than isota'cecl valley glaeiens "

Although none of the granj.te islands displ.;ty direet
eviclence of glacial actj.on ancl much cvidence of post-glaci a1-

moclifica.tion, the presence of a glaciated gran j-'te pavetnent

at Po::t El.lj-ot, ovenlain by sediments intenpneted as

gtacigene (i'Íilnes anct Bourlne.rìr )-972) I together v¡ith the

occurrence of exotic e:rratics at the coast a'E King Beach

and Rosetta Head and glacigene sedírnents neap and belot^r

pnesen'u sea l-evel at King Bea.eh, Chiton and Pont Ell-íot,
suggest that the granite istands may have been stri.ppeci of
glacigene sedi¡nents only in necent geological tinres
(?) Pleistocene beach an<l/or clune cal"ca:reous sands-tonc

overlies glacigene sedimentç ancl gnanÍ.te at Port Ell-ic>'[ ¿¡"i-LC



l_13.

granite at Granite Island, In view of the glacigene
outcrops at the coast, an'd the evidence fon high Tentiany
shorelines, exhumation Íìê.y have occunned in the Late Tertiany
on Eanly Pleistocene, Tf this Ís sor then the pnesent broad
dístr.ibution of gnanite outcnops wae p::obably accomplíshed
by Late Pal-aeozoic icer exploiting stnuctunal and topognaphic
featur"es ín the gnanite mass (Milnes and Bourman, 1972).

Hov¡even, clespite the evidence favouning the nole of
Late Palaeozoic ice in deter,mining the broa.d outcnop patter:n
of g:ranítes in Encounter" Bay, the pnesent monphol-ogy of the
gnanite islar-rcls cannot be intenpr"eted as the nesult of
glaciation, especially ín view of tÏ¡e expnession of non-
glacial processes on them.
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CFIAPTER V"[T " CO:I{CI,USÏON

lt'lre object of this i.nvesti-gation has been to :nap,

descriT;e aÍrd, accc'-u'it fo:: 1"he onÍ.girn of the monpìro1ogÍ-cal

featur.es of Southe¿rs-Lenn Fle't"rrieu Peniu.sula, Ëvidence of
a wice var.íety of geemo::phic pr?ocesses includii.rg orogen:Lc,

f],r¿vial., glacia-J'-, eoastal ar:d aeoJiarr ane na¡ri.fested in
'ehe i:r"esent la-nd.sca¡re. 'Iherse processes have, acted on
resistzurt i.gneoue; ancl met¡¡norpiric nocks, and l-eçs resista¡t
alluvia-1", :la::ine alici glaci.gern..l sedirnents 

"

l4auly of '[he fea.tr-rr.c:s Ír: tire lanc1scclpÊ ëí]re of
cons;Lde¿r:able anti-c¿i-i-íty, being Í.nherited fr"om La-be Palaeozoic
glacial act"ivity ancl fi:ornMr:sozoic a.:rrd Ter""hi.any er,osion pha-ses,

r¿hi.ch uie:rìe intei-'nup'ted by -hectonism and eustatieal-1y
con'Lr'o.l"l-ecì sea level rnove:nents .

La¡rdi;orms such as C-r'oz-ier HiIl, Stone Flj"-tl-, 1ìose.i:ta

Head, and 'bì:e gi:a;nite íslancis of Eneotrnten B;ry a-ncl cen1-ain

gnar:i'te L:oui.der's h¡rve i¡een "Lntenpretecl by some cai"líer.
worker.s a$ i:eing of glacíal" origin" LJhile in some caseÍj

there is ctear: evidence of glacial acti.vity, in others the
evidenee j.s not eclr-rivocal as a considez'able ¿rnount of post-
glacial- r,.:c"a'the::ir-ig; ¿,:rd enosion has occurre.ç1. Struc'bu::e.*q

have plaved an impor.tant ro1e. in the rncr-phoJ-og5' of nrany af:

the fea'tures, whi-r,:h ha-'¡e be.en shapecl by manine a¡d fl-uví¿rtil-e
processes a-s wefl as pos$ibly glacial.

Al.tTiough s'br-iae may result frcin non-giacial processes
(Ernbleton a:rd King, 196B), the clistr'ibution arrd onientation
of the stria'ced bed.nocl< su-r'faces of Fl.eur'ieu Pe¡rinsuLa leave
Iíttle douþt that- they i:esu.lted fnom glaeiation. Similanly
the t¡idespread exotic boul.ders of Ëleur"ierr Penirrsula are

-elacial enna.tics " Apant fr"cin one or t\'?o necen"bly exhurned
'aoel¡,es nrsutonnâes , car.rying e.¡i.dence of ice acti.on, the
inter"pr'e*;ation of o'Lhen fea-bu-::es a,s glacial landforms mus'i;

be appi:oached w¡'-th caution,
PJa¡rate sun-faces of lovr nêiíef , now situ¿lted a.t liigh

eleva-'[-¡'"o¡rc in the landscape attest to the nole of fluvj.al
erosiori o\¡e-r J"orrg periods of time. lÏhe eros:'-c,n of the
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high sur"face, which is unde:.I-ain by later-j-te of pnobable
E.rnly TentÍary åÁle.r is assigned to the cret-aceous, and 'che
j-ow sun:fa,ce capped by fer.r'icr-ete is cons:'-der.ecÌ 'to be of
Pliocene age, Tvro se.ciimentany sur.faces ane pliocene to
I-lo-locene ín age. The sur"faees a.n<1 phases of tecrïonj.srn ha.ve
bclen date.d by neferenee 'i:o Eocene anci oï.igocene(?)-I,{iocene
rn'Lrine tnans gnessions .

sea level variecl cìr:.lrnat:'-ealry clurirrg anci sj.¡rce the
Tei: bia::y' StnanilecL ancl sut>riier.ged coast¿r] lanclfonms , and
mar:ine anu ter.:restniar deposits togethe:r r+ith e.v.idence of
altel:nate peniods of-' cut and iij.ll in -L-l-le Lowe¡: r.eaches of
'the major sti:eams of the ar€:a sr.rggest tha'b the:re was a
eustaticalty-contncl1ed fiuctuatíng sea level clui."ing the L.rte
Fle:Lstocene and Hol"ocene. Tectoníc infj-uences may be supel:-
inposed on these eusta.tic fluc'tuations " These findings are
compatible rvi'Lh the resu-l-ts of r.esear"cli -f::o:n o-then areas i
suppoi:ting; tire view of eus'batieally-ccntr,cll-ed v¡cr"ld-wÍde
sea l.evel. ch.anges 

"

Clir¡ratíc conditions fl.uetu-atecl spectacula-r.1-y thnou,ghout
geologic time, attested to by flre presence of glacial activity,
l-a'benite for.ma.tion, presurnabry nela-te'-c1 t<.- humid tropieal
clirnates, fossÍ1 pane.l-',olic du.iies an<l convenging niven
ter"nace.s 

"

The axial o:r:l"entation of the fcrssíI par"abc.l.i.c cluneç; of
Iilewland Fiead lies tlBo west of the present effecr-t-ive wincL
nesultant suggesting that sj.nce the for.nation of the dunes
thene has bccn a northwar"d shíf'b of the cliur"rti.c bef-b. The
c.l"ifftop pa.r'ai:olic drures rnigratecl fr.o:l the inlet of Vlai-LpÍnga
Bea-ch 'to the r¡,lest,

The foss:'_l dunes are of I.lol_ocene ege aÊ are the
conrtenging -u*enrraces of McKniglit cneelc, whicl: nefl-ect a
cl"irnatic :lnfLuence. The dunes and the terraces may be coeval.

The evol.ution of 'che stucly anea has been intenp::e,cec1 in
te:rms of the obsenvecl field evidence. llhile in detail sorne
pr"oblems ::ernain uni:eso1'"red, genenal hypotheses have been
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foirrnul.a{-eii, -those fouilcl r.'air"i;j.:-l[j have ].-reen el-irLi.nated and
'i:he most j-ilcel"y eicceptecl j-n the 1íght of: the av¡-ril¿rbl-<,-

evidelnce.
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