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Zreface

The material submitted for the Degree of
Philosophy consists of the following:-

l. A dissertetion, and the record of the field
and laborstory investigations covered by the candidate.
This is entitled "The environment of the Permlan glacial
sedimentation of Tasmania with particular reference to
the base of the Permian”.

2. A supporting pasper by S.%W.Carey and N,
Abmad entitled "The environments and nomenclature of
glacial sedimentation”, Although this is a supporting
paper, it might be appropriste to read it firet, since
the theoretical study suggested @ number of possible
lines of fleld and leboratory investigations of the
Permian sediments to determine their environments of de-
poaition, some of which were followed vup by the candid-
ate and reported in 1, above.

3« Three joint pepers by the candidste in
collaboration with other workers, and one paper by the
candidate alone, each on a different kind of terrain in-
volving the Pleistocene glacintion of Tasmania., These
were undertaken to broaden the candidate's knowledge
and understanding of glsclial phenomena generaully., These
papers are:-

&, Jennings, J.N. and Ahmad, N,
"The legacy of an ice cap",

be Ahmed, N, and Baker, W,
"The re-examination of fjord theory of
Port Davey, Tasmmnia®,



o

¢, Ahmad, N, , Bartlett, li. and Green, D.
"The Olaciestion of the King Valley,
Western Tasauania,”

‘. M. H.
"Mersey Valley Olaciation".

4es Two Joint papere in collaboration with
M.R.Banka, were undertaken to study the Permian and
mertiary Stratigraphy of Western Tasmania,
a."Permian system in Western Tasmeania"”.
be"Contribution to Cainozole listory of
Western Tesmania",

With respeoct to the papers written Jjointly,
it is dirfficult, if not impossible, to apportion
avthorahip rigorously. However they are truly joint
papers, and the eandidete has contributed materially
to esch of them,

The suthor wishes to thank the staff of the
Oeology Department, University of Tmemsnis, for the
courtesies shown to him during his etay. Specisl thanks
are due to Prof, S,#.Carey for his guidance in thie
study and to uessre A.Spry, W.R.Banks, and Dr, k. wil-
lisms, who fully discussed the verious probleas and
guided the writer in the field, The auvthor is elso
thenkful to Mr. O.x.Hale, Oeologlst-in-charge H,E.C.
and the members of the Mines Department for their help
and esaistance, The suthor also wishea to thank Prof,
K.,E,Caster and N.G,Lane for a great desl of encourage-
ment, advice and criticism,



Abstract

In Tasmania during the Lower Permian Epoch glaciers
not only reached sea level but in placee extended on the
sea as shelf ice. Where-ever glaciers rested on the
land tillites were deposited but under the shelf ice de-
poeits of variove types were laid down,

During this time icebergs were gquite common and
large iceborne erratics were deposited side by side with
marine fossils. Conditions bLoth on land and sea were
very similar to those that exist today in the Antarctic
region.

The glaciers flowed in part from a land mass lying
west of the present wesat coast of Tasmania, which lay
within 40° of the South Pole,

Waxing end waning of the glaciers 1s indicated by
differences in the sediments, and by increase and decrease
in the number and size of the erraticas.

The gredual retreat of the ice sheet wae followed
by warm water sediments in the Trisssic Period,



Antroduction.

The glacial origin of sowme of the Permian deposits
of Tasmenia has been known since the middle of the last
century, since Permo-Carboniferous rocks of the same
character had slready been studied in Vietoria and New
South Wales, and the Tasmanian bdeds were correlated with
them,

Stephens in 1869 firet reported the occurrence of
the tillite in the Wynyard area but its age was not con-
firmed uvntil 1907 when David after detailed study, cor-
related it with the tillite at Bacchus darsh. (Johnston
(1888) in his "Geology of Tasmania" had assigned this
tillite a Pleistocene age). Since the discovery of
Goal bearing beds in the northern psrt of the state
these deposits were studied in detail by the staff of
the Mines Department., In the lMersey district and along
the esst coest bore holes had been sunk as early as 1887
in search of cosl and much informetion about these de-
posits was goined. Lewis in 1924 reported the occurrence
of tillite from thexStyx River and:later studied Pepmian
deposits from several other parts of the state. Voisey
in 1938 was the firat person alfter Johnston to study the
Permidn System of Tasmmnia as 8 whole and he atteunpted
to correlate the deposits from each area, and to correl-
ate them a8 a whole with the Kamilaroil system of liew
South Wales, Since the inception of the Department of
Ceology in the University of Tesmanis much study of
these deposits has been carried out and Benke (1955,1957)
has published a detailed section and correlation,

It has long been recognieed that there were in
Tesmania beds with both abundant glacisl erratics and



marine fossils, Hitherto the environments of the de-
poeition had not been studied since there were no other
definite marine glacisl deposeits which could be used as
standard, With the advance of the knowledge of the marine
deposits from the Arctic and Antarctic regions the occurr-
ence of similur deposits was reported,

The development of methode of mechanical analysis e
of the sediments facilitated comparison, but because of
lack of detailed data of analyses conducted by other
workers, this method could not be used as profitably as
was expected,

Due to lack of any other suitable word the term
'large particles' has been used in this thesis to denote
particles larger than 10 mm,



Basal Permidn rocks, which were accessible
and which could be brought back to the laboratory in
bulk were studied in detall, but other exposures were
studied in the field only., The detsiled study of these .
rocks included analysis of size distridbution, roundness,
sphericity, soling of the rock particles over one cente
imetre, and the till fabric anslysis of part of Wynyard
tillite.

In this study it was decided to use only
those methods which has been used by other workers, S50
thet the results could be compared, but in some instances,
but in sowe instanceasa, due to the differences in the

nature of rock, those methods have been wmodif ied. .

The welght of the samples disaggregated for
this study was between 300 end 4OO lbs. This quancity
was taken, @s it was found that the weights recoumended
by Krumbine and Pettlijohn (1938, p 32) and Twemhofé&l
(1941, p 46) were insufficient for such a coarse grain-
ed and bedly sorted rock., HNeghsnical analysis was
carried out with various weights, and it wes found that
when smaller quantities were analysed the results varied
considerably, samples with some large boulders gave low
percentage of clay and silt sizé, whereas samples with
amell pebbles gave a different proportion of the silt
size particles, The large ssmples had sowe disadvant-
ages; for example it was not possible to disaggregate
the whole sample at the same time since avallable sieves
were not large enough; thus it had to be done in parts,



Lreparation of the sample.
A field sample of between 300 and LOO 1lbs.
was taken and all the big pieces were broken with a
wooden hammer, 80 that the large particles were not
crushed. In this process if any large particle was
broken, it was immediately cemented together with
celluloae cemant,

After this operation the sample was quartered
several times, a final ssmple of 10 1lbs, was taken for
small grade analyeis and the bulk of the sample was dis-
aggregated for large particlea. The 10 1bs, sample was
further quartered and a 10 oz. semple teken for elay,
8ilt and sand analysis, whereas the rest of the sample
was sieved, and the sand fraction upto 16 wm, collected.
The waeight of any pebbles bigger then L um, was subtract-
ed from the weight of this sample and added to the large
size particles,

The 10 osz. sample was coumpletely sieved and
all the grades were collected; fractions smeller than
1/16 mm. were anslysed by the pipett method, but the
weights of other fractions were added to the 10 lbs,
sample, The results from the whole analysis were com-

puted to;uiher.
Pleld ’l-plo

Sample for Large 10 lr.. Sample.

Farticle Analysis,

Sauple for Analysis 10 o=.
vp to /16 wm. ar:p].o.
Pipette
Aﬂ,}rlll

COIputol Result



Disaggresation

l. Wetting: Samples were left in water for
24 hours, but this method did not disaggregate the sample.

2. Boiling: Samples were boliled in water for
eight hours but this had no effect,

3. Hleating and guenching: This method was
partially effective but some of the pebbles were alao
broken 8o the method was not used, :

4. Kerosene Trestment: At the suggestion of
Mr N.G.Lene smmll pleces of the specimen were imuersed
in kerosene for one hour and them left in water for an
hour; all sauples except the .ing William Saddle spec-
imen, were completely disaggregated by this technique,

Several other methods as rote-shaking and
boiling in highly concentrated solution of sodium thip-
sulphate were used to disaggregate the King William
S8addle specimen but all of them falled so it was de-
cided %o study it in thin section under the aleroscope.

As most of the published results of the
mechanical enalyeis have used the Wentworth scale of
the size cleesification (1922) it was decided to dis-
tribute the sieving and pipette results according to
that grade.

Sieve Opening
In these analyses C.0.M. Standard sieves
have been used, This standard very nearly coincides
with “2 mwa, 8ieve scale, and it was standardised with

Wentworth scele for comperison with other published
results.



Wentworth 4 Tyler 8ereen C,0.M, grade GScale

Scale wme © "™  mm, No. mme B8ieve Ko.
ho h.O. 3-96. Se “000 ' “o g
2. 2.0’ 1.”. 9. ' 2.0.. a. A
1. _ 1.0, 0099. 16. 1.0. 160
/2. 0.50. 0.495. 32. 0.50. 30,
0.297. 0.295. 8. 0.295. 504
Vi, 0.250. 0.2u46. 60.
0.149. 0,147. 100, 0.149, 100,
1/8. 0.125, 0.124. 115.
0.074. 0.,074. 200, 0.074. 200,

m6¢ 00“20 00062 250.

8leves Nos 50,100, and 200 are slightly bigger than
Wentworth scale but as they cover the next range of the
scale, o they were included in the standard, and for
comparison with other analyses umy be added into one
grade,

Sieving.

The completely disaggregated sample was poured
into the set of sieves and washed with water so that
enly those particles that could not pass through & parte
icular sieve were left in it, This washed sieve residue
was transferred to a metal pen and brushed with a soft
brush while still wet, After brushing, the samplee were
again transferrcd to the sieve and washed, this process
being repested till élear water came out of the sieve,
even after washing and brushing. After the last washing
the residue was left in the sieve and dried in the oven,
end then was dry sieved on the mechanical shaker for
40 minutes. '

After sieving had been completed all the rock
particles which were oversized for the No. 4 sieve were
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band picked and their weight was subtracted tm the
welight of that sample and added to the weight of the
respective size sample.

At the end of the sieving the reeidue from
each of the sieves was weighed and its percentage
welight calculated,

Sphericity and roundness are here used accord-
ing to waddell's definitions {1934 and 1935).

The simplified formula for determination of
roundness is as follows :

Roundness = § r/n.R.
Where r = the radiuva of a corner,
S r = the sum of the radil of the
gorneres,
. n = the number of ‘Corners; . .

R = ' the radiuvs of the meximum
~ ‘Anseribed ecircle.
The formvla for the sphericity is as followe:
Spherieity = Dn/Ds, Ldsy
Where Dn = the diameter of the ephere .
heving the same volume as
the pebbles,
Ds = the dismeter of the minimum
. " 1insoribed ecirele.

The sphericity and roundness of all the bould-
ers and cobbles from all the specimens were studied;
pebbles from King Williem Saddle end Wynyard specimen nn
gquartered four times 8o that they were about 100 in

 number, but all the pebbles from the Maydena and Paluers

ston specimens were studied ss there were less than 100 :
in ench, The total number of the large particles utudtd
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in each case was between 100 and 150,

To measure sphericity and roundness,

Large particles were placed on a tranaparant
glass plate with a source of light juet below it, A seo~
ond glase was fixed in sn adjustable stand, so that the
upper glass plate almoat touched the top of esch pebble,
By this method a sharp image of the pobble was obtained
which was traced on the paper, A celluloid sheet on
which 130 concentric cireles differing from one snother
by 1 mm., in radius had been drawn, was placed over the
pebble outline, and hence the radiuvs of the curvature
of every corner, the radiuas of maximum inscribed cirecle
and the radius of minimum circumscribed circle were
measured,

Joling.

The soling of a pebble has been determined as
a function of the flatness of the faces. A perfectly &
soled race is defined as that face which is flat so that
it will as a whole reet on any other plane surfsce. The
soling of the face is obtained Ly dividing the area of
soled surface by the area of soled face, The soling of' the
perfectly soled face will be one, as the area of the
soled face and the ares of the soled surface will be equal;
less soled feces will have soling in decimal frsctions -
leas than unity. b
A

2

The outline of the soled face was drawn on °
the tracing table, and its area measured with plani-
meter, The soled surface was next pressed on an inking 4
pad and its iapression taken on absorbent paper placed i
on 8 hard surfsace; its area was also moasured by s planie .
meter. Sometimes: it was found that the soled surfaeces

were developed on more than one place on the same face,
80 several separate impressions developed on the paper;

Ay
™

#
J
i



in these instances ereas of all these iopressions were
deterwined and added to find the ares of the soled sur-
face, '

The formula for determination of the soling
is as follows:

Soling = a/A

Where a = the total area of the soled surface,

A = the area of the soled face.

Eipette Anslysis.

In order to deteruine the proportions of the
elay, silt and colloidel particles (less than 1/16 mm)
the pipette method was used. All the residue finer than
1/16 mm, obtained from sieving was driéd=d in the oven
at 50° c., and left at room tempereture for 2L hours.
This sample was quartered and 25 gms. of the powder was
mixed with water and 20 ce. W/10 sodium oxalate and left
to stand for 24 houre, After sosking the suspension .
waa shaken to disaggregate sll the lumps and more water
wao added to moke the volume wp to 1000 e.c.

The suspension was allowed to settle in 1000
C.C. graduated cylinder, At intervals detersined accord-
ing to Stoke's Law of settling 20 c.c, samples were drawn
off in a pipette, and evaporated to dryness in a beaker,

The welght of the residue in each beaker was
determined by subtraecting the weight of the sodium ox-
alate in 20 e.0. (OO‘T .‘O)

Caleculations,
A = welght of the residue finer than 1/16 mm,.
B = welght of the residue finer than 1/32 mm,
A-B = welght of the particles between 1/16 end
/32 e
These weights were computed into percentages
with respect to the total weight,
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Several weeks were spent to standsrdise results
for the finer fractions using a Gallenkemp sedimentation
balance (Plate 1), but the reliable sise range proved to
be too restricted, and eeveral attempts to extend inmto
the riner size ranges failed to give constent and re-
produceable resulte, This failure is attributed to pro-
cesses of physico-chenical resctions ( such me the
ebsorption of water by the cley, and abdbeorption of the
floeculant) during the two days required for the meassure-
ments,

1111 Pabric Apalysis.

In order to deteraine the direction of the
ice movement at Wynyard the pebble orientation of the
tillite on the shore platform was determined. For this
analysis two areas were chosen; one within six feet of the
wall of the Permian glacial valley and the other in
middle of the exposure about two miles from the valley
wall,

The direction of the longest axis and ite
inclination from the horizontal was measured for 100
pebbles from each locality, and the data was plotted on
stereographic paper. As the tillite in the ares (middle
of the exposure) dipe st an angle of fifteen degrees
towards the west, a conpensation for the inclination wass
made after ths results were plotted,

QJrapha.

All the results from the ephericity, round-
ness and mechanical analysis etudy were plotted on ordin-
ary graph paper of 1 0 square to the centimetre, and
where-ever posaible intensity curves were drawn,



Quartile Measurements.

The measure of the average spread with respect
to the median (4d) was taken ss the guartile deviation,
The quartiles (Ql and QB Jon either side of the wedian
with the frequencies of 25 and 75 percent was taken from
the cumulative curves and the arithmetic quartile so cal-
culated = (Q3 - Q )/2. The geometric mean quartile
has been calculated as Q‘ = Q Ql'

The skewness has been computed as 8k = Q3a3/Md=,
The log of the quartile has been calculated as Log §o,
where 80 is the geometric mean quartile,

Logation of Deposite Studied.

The Permisn System unconformably overlies
the Devonian and older rocks, and is overlain discon-
formably by Triassic rocks, It is exposed st several
places on the north coast between Table Cape and Tamar
Head, along the east coast between Ancons Bay and South ,
Cape, in the Mersey and Derwent Valleys and along the
west coast at Point Hibbs, dt. Dundas, Mt Sedgwick, ut
Read and Eden. Permian sediments probebly occupy a wider
area but in other parts they are covered by younger rocks, |

The base of the Permian is exposed in several
places and the deposits are of three types, tillite, con-
glomeraten, and a sequence of sandstones, shales and mud-
stones. Tillite is exposed at Wynyard,(David 1907; Hills,
1922), Preolenna, and the Inglis valley (Kills, 1922; Banks
et al. 1955), Dairy Plains (41° 35', 146° 31'), Mersey
District (Reid, 1924), Delorasine (Wells, 1957; McKellar
1957), King William Saddle (42° 13' 146° 7'), Maydena
(42° 45" 146° 35'), weld River (Lewis 1923), kit Sedgwick
(Banks and Ahmad 1958), Mt Read (Banks and Ahmed 1958),
and Point Hibds (Hills, 1914, Banks and Ahmad, 1958).



The basal conglomerate is exposed in the Mersey valley
south of Mole creek (41°19' 146° 28'), in the Delemaine
area, (Reid, 1924) and in the Cradle Mountain area
(Reid, 1919). Oeccurrence of basal tillite is also re-
ported froam Shoemakers Point (Twelvetrees, 1915), but
it neede checking., The besal tillite reported by

Lewis (1938) at Maria Island is not included with other
tillites since it 18 probadbly an ice-bdrg deposit,

For detailed study specimers were collected
from 1. Wynyard, 2. Palmerston, 3. King #illiem Saddle,
and 4. Maydena, but the other exposures were either
in inaccessible places or very near the localities
from which specimers were taken, so the succession only
was studied in these places,

Symyard

In this area the basal Permian tillite is
exposed slong the shore line (David, 1907), et Preo-
lenna (Hills 1922), Conah ( Banks and others, 1955)
and in Hellyer Gorge. A specimen for detailed study
wae teken from the shore line sbouvt LOO yds, east of
the Doctore Rock at the unconformity betwean between
the Permien and the Precambrian.

Ealmeraton

About half a mile east of Palwmerston home-
stead in s limestone querry in Mr, Jackson's p'addock
mudstone with erratics uncouf ormably overlies Pre-
cambrian dolomite., The unconformity is very irregular
and the contsct disappears under the bhill, A specimen
for detailed study wes taken from the contact,

Ling ¥illiem Seddle.
An exposure of the basal tillite occurs about




two miles east of King William Saddle on the Hobart-
Queenstown road in the road metsl guarry., Tillite
overlies the Precambrien quartzite uncomfOrmbly and
the basement is stristed indicating a direetion of:
movement from west to east. In this locality there are
no other known exposures of the Permian tillite, but it

is expected that other deposite occur on Wt Xing William I,

Maydens.

This exposure is about three miles south-
eaet of NMaydena township on the A.N.M, road, Here the
tillite overlies the Owen Conglomerate unconf dbrmably,
it is linterbedded with sendstone and varves and it is
overlain by outweeh beds,

Deseription of the Deposits Stydied.

iynyerd
Basal tillite is exposed along the shore from

Table Cape to Doctors Roeck. It rests unconformadly on
Precambrisn schists, which have been eroded by the
gleciere (Plate 27). Some tresces of the stristions
are visible on the contact but they are so poorly devel-
oped that they do not help in determining the diresction
of the ice movement, David (1907, p 277) has reported
some intraforastionsl stristions on three pavements,
indicating that the direction of the ice movement wes
from 8,30°%, to N.30°8. ‘These stristions could not be
seen anywhere in the aerea, Xither they have been aroded
away by the sction of the ses or they are covered by
eand, The direction of ice movewent determined from
the orientation analysis of pebbles was froam 8§,20°W.
to N.20°E,




The tillite and the overlying beds dip froa
horizontal to 15° end the direction of the dip changes

from east to west. Eest of Doctors Rock & faylt hes
cut the rocks at right angles to the strike end it has
displaced the beds by 50 ft; another fault has cut the
beds west of Doctors NHock snd the seguence is repeated
from here west-ward; another favlt has possibly cut the
rocks about half a mile east of Wynysrd, eand the seq-
uence is again repeated from the favlt westward, David
(1922) has estimated the thickness of thece beds as
1220 ft., but from all evidence it appears that the
thicknees is not more than 600 ft, and is possibly between
400 and 600 ft. David may not have noticed the rolling
dip and the faults, It is very difficult to determine
the exact thickness of these deposits as the real base
is not exposed snywhere, and the contact between the
Permian and Precambrian is prodably along the valley
walle in which the deposits werc laid down,

Lishology

The lowermost beds which csn be.seen at the
contect are sub-glacinl moraines or tillites., The
section east of the Doctors Rock is as follows:

Outwash
Tillite
Alterneting beds of shale and sandetone

Varves
Cutwash , :
Tillites with lenses of outwash.

Tilliten '
Qutwash with pebbly mudstone, grit and
. conglomerate beds.

Tillite ;

!

Banks et 81(1955, p 205) have called these
shele: and csandstone beds varves. (Plate 2). These

P T T A



.l"'

beds have two sets of rhythms; one set is represented
by thin leminae in the shale and the other ie represented
by shale andsandstone bands, The sandstone bands have
current bedding and ripple marks and possidbly represent
the long ice free periods, while the shale bands repres-
ent the sumwers and the winters of cold years, Similar
deposites develop in emall shallow lakes very near the
ice front and in that case the whole set can represent
ons year, the shule bands with laminse daily variations
in winter, end the sand bands sumaer periode. Without
any other evidence it is rather dJdifficult to distinguish
between the two types of varves., .Sometimes the tilllite
bands are .interbedded with pebbly mudstones (Plate 3

A & B), which have a very high percentage of clay, but
as they do not show any bedding theyware possibly de-
posited in shallow water in front of the glacicra, The
grit (Plate 5 A & B) and conglomerste beds (I'late 5 A

& B) are mostly componed of coarese grains and they do
not have much cementing material,

On both sides ‘of the Inglis River several
relled. pieces of sandstone lie in between two layers
of tillite (Plate - 7). These pieces have their longer
axis at right angles to the direction of ice wovemwm nt,
and sandestone layers are rolled one sround the other;
gometimes the two ends are snud nosed and in others the
ends sre open like cut seusage. These pleces of sand-
stone have probably been rolled in between two layers
of tillite when the ice wes advancing on an unconsole
idnted sandetone leyer, and the orientation of their
axis with respect to ice movement alaso supports this
view.

Ealmerston.
This sauple was taken from a dolomite guarry,



where the Pemudambtedls overlay Precambrian dolomite
unconférmably; the contact is irregular, and the bese-
ment does not show any traces of glacial action, Thie
somple 1is & thinly bedded mudstone with stristed pebe
bles. Ko foseils were found in these beds, but they
ere reported from adjacent areas. The pebbles did not
show any orientation but they had distorted the beds,
and the beds were interrupted along the side of the
pebulea, GSome pebbles were resting with their longer
axis vertical or inclined to the bedding plane (Plate 8).
These beds were probably deposited in water either very
near the ice sheet or below it,

King willlem Seddle.

This sample was taken from & small exposure
in the road metal quarry beside the Lyell Highway about
two miles east of King Williasm Saddle, The deposit
overlies unconfirmably a gleciated and stristed pavement
of Precambrisn quartzite (Plate 9). The outerop is
seven feet high but the thicknese of:ithe deposit could
not be deteruined ms no other bed overlies it. The
sauple was taken from the contact between the Permian -
and Precambrian beds. The deposit has a bedded appear-
ance, and lenses of light coloured sandy material are
énclosed in fine grained dark coloured layers,

The tillite contains pebbles of fossiliferous
ordovician sediments and Cambrisn tuff (Plate 10) which
indicates that these beds could not be ol_.ﬁl than Ordo-
vician, and it does not contain any Triassic or dolerite
boulders, which suggests that it is not younger than
Trisssic. 6ince there are only three recorded glacial
ages in the island, namely Precambrian, Permian and
Pleistocene, and since the first and the last may be
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eliminated on the pebbles evidence, the deposit is
possibly Permian, Pleistocene deposits occur within

200 £t of this exposure but those tills have & very
large nuuber of Permisn and dolerite boulders, which are
absent from this tillite. Although the absence of these
erratics cannot be taken as conclusive proof of its age
they indicate a difference, between the two tills. The
Permian tillite is more compact than the Pleistocene,
which also indicates that it is older then the Pleis-
tocene one, '

Maydens.

Thies specimen was c¢collected from the road
cutting, on the A.N.M, road. Here the tillite overlies
the Owen Conglomerate but the contact could not be seen,
and it is overlain by sandstone, followed by two layers
of tillite interbedded with verves, and .outyash beds,
(Plate 28)., The tillite has marine fossils but the
sandstone and varves are unfossiliferous. Although
none of the fosslls found in the tillite were whole,
at leanst the generic names of some of them could be
established, (Plate 11), Mr N.0.Lane has very kindly
examined these fossils and his report is as follows:

“Possile found in the tillite include spec-
imens of the following: Fenestella eof. dispersa ;
2 Fenestells sp. (?Eencstelly of. gxpanga Crockford

1945) ; Streblotrypa: @pe; & small erinoid stem; ani .
internal mould of & pedicle valve of a smell brechiopad

and externanl mould of & 7 pelecypod fragment; and an
external mould of a small spirifer,

b “All the specimersare smell ond were apparently
broken up prior to incorporgtion in the sediment,

"There are 5 specimensof a smmll, fine fen~
estells with three to four zooecis to fenestrule; oval
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fenestrules about 1,0 mm. in length and O.48 wa, wide;
branches 0,32 mm wide with smsll zooecial apertures
010 mm, in diemeter and with centres of zooecial aper-
tures sabout 0,28 mm, apart longitudinally. These spece-
imen have been referred to F.dlspersa Orockded 1943,
but the materisl is not well enough preserved to permit
positive identification.

“There is one specimen of much coarser ? Fen-
gstella species with unusuvelly long feneatrules, Thias
specimen has been reforred to F. expasnsa Crockford 1945,
although it could also be cospecific with F.ginta Crock-
ford 1948 from the Upper Carboniferous of NHew South Wales.
The specimen exhibits fenestrules averaging 2.55 wm. in
length and 0.42 mm wide., The branches are approximately
the same width as the fenestrules, No information could
be obtained concerning the zooecia. F.gxpanss has been
pecorded only from Lakes amk'mnrﬂ. Queensland,

“"There are seversl small specimens of a thin,
ramose species of Jtreblotrypé. One specimen shows the
typical arrangement of longitudinal rows of zooecis
with elliptical apertures and areas of mesopore pite
between the apertures. This genms has been recorded
from the Permian of western Avetralie, the Lower Carbon-
iferous of New Bouth Wales and from the Ssatellite S1lt -
stone of Woody Island,Tasmanis (Banks et al 1955)."

mww-

The specimen was collected esst of Doctors
Roek f'rom the lowermost tillite at the contact with

the Precambrian at least 20 ft. below any exposed out-
wash layer, ;



Jechanicel analysie

The particle size of the specimen varies from
below 0.00098 mw, (lese than 1/1000 wm.) to above 128 wm,,
but the largest boulder seen in the field was more than
3 f£t. long and 1 1/2 f't. wide. The sorting of the tille-
ite is very poor, the value for 8o being 13.2 snd for Log
80 1.13. As the figures sugpest, this rock is almost
unsorted, with all grades of the sediments deposited
together. The association of shales and conglomerate
did not have any effect on the sorting of the tillite
and it was probably deposited by the glaclier in the
absence of water,

The size distribution of the rock is also not
uniform, the quartile deviation is 0.5716 with a skewness
of 3.48, and there are over 56.5% of particles smaller
than 0,062 mm, (1/16 em),

The size histogram (Fig. 2 ) has three peaks
between 1/128 and 1/64, 1/16 and 1/8, and 64 and 128 oms.
Between 1/8 and 4 mm. the sedimente are quite uniforamly
distributed, but between 4 and 64 mm, they show a rise
which is duve to the third peank, The sediments in the
8ilt size show a #udden drop which is aleo reflected in
the colloid size.

The cumulative curve (Fig 3 W) is very irreg-
ular, the rise and the fall in percentage being quite
pronounced. Although it flattens a little near the top,
it is very steep near the bottom which is due to high
percentage of the boulder size, and the low percentage
of the silt and colloid sigzes,

The size and frequency histogrsm of the
large particles (Fig. 4.) has two pecks between 20 mm.
and 40 mm, and suddenly drops to 80 mm. after which it
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drope graduvally to 320 mm.; more thnn 607 is concen-
trated between 20 and LO mm.

Roundness.

Roundness of the large particles (Fig. 5)
varies between 0,1 and 0,8, the least rounded being
with the boulders and the most rounded the small pebbles,
but the cobbles (80 « 120 wmm,) show an incresse in round-
ness after a slight drop between 75 - 85 mm. size
pebblea, The intensity contour also shows the relation-
ship between the size and roundness; largest number
of pebbles between 20 and 30 mm. have O.4 roundnese,
but on the whole there is no significant relationship
between size and the roundness since small pebbles also
have low roundness, The frequency and the roundness
greph (Fig. 9) has a peak between 0.3 and O.4, but the
roundness of the largest percentage of the erratica
varies between 0.3 and 0,6,

Spherioity.

The large particles have sphericity (Pig. 7)
between 0.3 and 0.9 but show no relationship between
8ize end sphericity; smaller pebbles have the lowest
a8 well as the highest sphericity. The largest number
of particles have 0.6 sphericity.

The sphericity and the frequency graph (fig.
7) of the large particles shows a peak at 0,61 with
two winor peaks at 0,53 and 0,76, This graph and the
histogrem showe a big decrease in the nuuber of pebbles
below 0,5 and above 0.8 aphericity.

Tholcompurittvo roundness and sphericity
econtours show that the largest nuamber of lsrge particles
have 0.4 roundness and 0,6-0.7 sphericity., This graph
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also showe that for a wide range of roundness there is
a limited range of sphericity,

Soling. '
Out qr 112 large particles exsmined 24 had
soling; the soling veries between 0,02 and 0.52, the maj-

ority of the erratics having 0.2 - 0,3 soling.

Edeld Association.

Stephens (1869) first recognised the tillite
on the shore line, Hills (1913) reported the occurrence
of Permian beds from Preclenna and has deseribed the
full sectlion from the area :

Fe Yellow and brown sandstone, unfossilif-

erous 550 r't,
BE. fGandstone, pebbly sandstone and

mudstone with marine foasils 50 f't,
D. White, yellow and black sand-

stone with cosl. 140 rt.
C. Mdstone with marine rossils 140 rt.

B. Blue grey mudstone with bande
of mudstone conglomerate un-
fossiliferous, 300 ft.

Ae Olacial Conglomerate. 1220 ft.

He has also reported the occurrence of Ler-
ogénite (Kerosene Shale) interbedded with coal., The
beds overlying the tillite are probably egquivalent to
the Palmerston Drift beds (p ) and the Quamby Mud-
stone beds of Deloraine district. Banks et al (1955)
have reported five occurrences of varves between the

shore line and Oonah, and have come to the conclusion
that the varves in the north were farther from the ice
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front than the ones in the south, provided varves from
several of the occurrences were deposited in the same
lake, They have also reported the occurrence of oil
shales 23-43 ft. above the tillite,

Measurements of ralmerston Samplg.

The specimen was collected at the contact .
with the Precambrian dolomite and the lower most Permien
bed exposed. McKellsr who has mapped the area immediately
to the west (1957) considers that the bese of the Permian
in the quarry belongs to the McRae Mudstone Formation of
the Quamby @roup (Personsl commu.). This view implies
that the base here rests on & buried hill on the Permian
landscape at leesst 600 ft. high.

Hdechanical enalysis.

This sample has a wide range of particle .
size, the sumllest being colloid grade and the laryest
over 128 mm., The largest boulder seen in the area was
over 16 em, long and 9 em, wide. The sample has guite
good Sorting Coefficient; So is 3.70 and Log So 0.56.
Considering the nature of the deposit this coefficient
is very low but the lar.e percentage of sand, silt and
colloidsl eize particles have affected it, The sorting
of the sediment 1s also better then the tillites , the.
quartile deviation being 0,0372 and the skewness 1,98,
Sediments below 1/16 um. couprise more than 61% of the
total,

The sediments have three modes in the histo-
gram (Pig 2), the maximum is between 1/64 and 1/32 wm.,
and the other two modes are between 1/16 and 1/8 mm.
and below 1/1024 mm. respectively. The drop in the
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percentage towards smaller size is graduval from 1/64 wam,
but the drop towarde bigger sizes from 1/32 wm, is sud-
den, and the grade between 64 -~ 128 mm., is nearly ab-
sent. The mode below 1/1024 mm. is due to & rise in
the total smount of collioidal size,

The cumulative curve (Pig 3) rises gradually
from the bottom but it is quite steep near the top, this
behaviocur being due to the high percentage of medium
and fine sizes, This tendency of the curve is guite
evident from the histogram, The deposit has a falrly
large quantity of fine grade particles and ssmaller
quantity of coarse grade,

The large particle cumulative curve (Pig. 4)
rises steaply, and is virtually a straight line up to
40 mmu; above that it takes a slight bend, which shows
that the largest percentage lies in the pebbles size and
the number in the boulder size 18 very low.

Boundness

The roundness of the large particles (rfig. 5)
varies between 0,15 and 0.8, there being no reletionship
between roundness and size, as the lowest roundness lies
between 20 and 30 mm, snd highest roundness between 30
and 4O mm, with the largest boulders showing 0.27 round-
ness, The intensity contours show marxed elongation
and concentration Letween 10 and 40 mm. with the highest
number of pebbles in any roundness at 20 mm, The round-
ness of the particles drope below 9.3 between 60 and 80 mm.

The roundnese and frequency graph (Fig. 9)
shows thst the largest number of particles have 0.43
roundness, and the histogram shows that the largest
number have O.4 to 0.6 roundness,



Sphericity.

Sphericity of the specimen (Fig.6) ranges
from 0,32 to 0.9, with the highest concentretion between
0.5 and 0.8, The sphericity snd the freguency histo-

- gram (Pig 7) shows & mode between 0.7 and 0,8 but this
peak is only slightly above the percentage for 0,6 and
0.7. This sﬁlph shows a sudden drop towards the higher
sphericity but only s gradual fall towards the lower
sphericity, The sphericity and the frequency curve

i8s very irregular with the muximum at 0,7 with &
second peak at 0,63,

The aphericity and the roundnees contour
(Pig 8) 1e most concentrated round 0,7 sphericity and
0.4 to 0.5 roundness. This graph also shows that for
a certain grade of sphericity there can be a wide range
of roundness,
Soling. .
Of the 100 pebbles exumined 16 showed soling,
the highest being 0,62 and the lowest 0,02. From this ¥
outcrop all the particles bigger than 4O mm. were hanl
picked for farther atudy; a very high percentage of
these show good soling &nd striastions,

Eleld association.
Pemuidn deposits from this area had been

¥
studied by Wells (1957) and MeKellar (1957), and a full i
seoction of the deposits is reported by both of them. d

MoKellar ie of the opinion (p 19) that these 4
beds are possibly equivalent to McRae Mudstone of the -
Quamby Mudetone, and Wells has called similar beds g
Stocker's Tillite. The origin and the age of these
deposits will be discussed in another section,



This specimen was collected at the contact
between the Permidn tillite and Precambrian guartzite, the
basement is well striated snd the striations indicate 5°
north of west to 59 south of east direction of ice move~
ment,

Hechénigal anclysis

The size distribution of the large perticles
(Pig 4) showe & rise between 20 and 40 mm,, but another
peak has developed between B0 and 160 mm, size., The
largest boulders observed in the aree were 320 mm. long
and 100 em, wide, The micro-mechanicsl analysis shows a
rise towards finer grade and more than 58% particles are
below 1/256 mm, size,

tud 8 .

The slides pre composed (Plate 12) of suthi-
genic mica, angular end rounded quartsz grains, qusrtzite,
mica schist, end graphitic scohist pebbles. Every slide
shows bedded structures, _sometiimes containing
fine and coarse grained matrix alternate, The asuthi-
genic mica and the pebbles show orientation slong the
bedding. Mica orystals have flow structure which sur-
rounds the quartz particles.

Roundness.
The highest roundness (Fig. 5) is 0.9 and
the lowest is 0,08, Roundness does not have any relation-
ship to the size since both boulders and pebbles have a
low degree of roundness, Between BO and 120 wm. size
the roundness and the number of the pebbles has increased

but on both sides of this size grade the number drops,



although it increases below 60 mm., size. The intensity
contours show a concentration between O.4 and 0.5 round-
ness and 30 mm, size, The frequency and roundness graph
(P1g.9) hae several peaks but the msximum lies at 055
roundness, the second peek is at 0.4 but it is less than
half of the meximum. The histogram has two modes at 0,3 =
O.4 and 0.5 = 0.6 but the O.4 = 0,5 grade is also quite
high. A minor mode hes also developed at 0,1 - 0.2, i
with more than 60% pebbles having roundness between 0.3

and O.4.

Sphericity.

The lowest sphericity in this semple (Pig 6)
i8 0.39 and the highest 0.89. There is no relationship
between sphericity snd size. The intensity contours show
the highest concentretion between 0.6 - 0,7 sphericity and
30 mm, size, with another inoremse between 90 and 100 mm,
size and 0.5 = 0.6 sphericity.

The sphericity and frequency graph (Fig. 7)
is very irregular and it has a miximum at 0,65 with minor
peaks at 0,61, On both sides of the peaks the number
drops gradually. The histogram has more than 467 large
particles between 0,6 and 0,7 while more then 70% are
concentrated between 0,5 and 0.7.

Soling.
Out of 137 large particles examined 52 showed
soling, the highest soling being 0,7 and the lowest 0,03. .
The least soled particles were that of pink coloured
quartzite.

Fleld Association.
Basal Permian beds occur st ¥t,Sedgwick, and

dt. Read (Banks end Ahmad, 1958), and the nearest Permian
deposite are reported from Lake Meston srea (Jennings und



Ahmad 1957). The thickness of the deposits at Mt Sedgwick
is comparitively less than other places snd due to absence of
any overlying beds at King willliem Saddle, it 1s difficult
to estimate the extent and thickness of the deposita,

This specimen was collected from a road
outting; here the tillite overlies the Owen Conglomerate
unconf ormebly, and it is overlain by outwash beds, The
till has marine fossils which have been exsmined by kr
N.0, Lane (p 15).

dechanicel Analysis

The largest boulder in the sample was 80 ma,.
but the largest boulders seen in the area are about a foot
long and 10 inches wide, The speciuen shows very good
sorting, So is 2.9, Log 80 is 0.46. The sorting co=-
efficient of the deposit is 0.04375 and the skewness is
1.47. These results indicete that this rock is very
well sorted but the spread of the grsin size does not
agree with these ealcuvlations., The size frequency
histogram (Fig. 2) ms a mode at 1/64 -1/32 wm, and
two saeller modes at 1/16 - 1/8 mm, and below 1/1024 mm,
sizes, Particles below 1/16 mm.(Fig. 3) comprise more
than 71% of the sediment end only 12% are distributed
in the large particle grade. The size and Intensity' histo=
grea for large particles ( Pig. 4) rises to a maximum at
20 mm, snd gradually drops down to the larger sizes.

Boundness
The maximum roundness (Fig 5.) 1is 0.9 and
the minimum roundness is O,1h4, size and roundness show-
ing no relationship., In the intensity graph the maximum
eoncentration is st 20 em, and at 0.5 roundness, The

roundnese and frequency graph (Fig.9) hae a maximum at .

-
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0.5, with three other equal peeks st 0,42, 0,35 and 0,28
respectively, The histogrem has & maximum between 0,4 and
0.5 with gradusl drop on both sides,

Sphericity.

The higheat sphericity (Fig. 7) 4s 0,92 and
the lowest sphericity ie 0.42, with maximum concentration
between 0.6 and 0,7 sphericity snd 30 mm, size. The
sphericity and frequency graph has two equal modes at 0.7
and 0,65 and snother pair of peaks at 0,62 and 0,6 spher-
icity. The histogram has a mode betwsen 0.6 and 0.7,
and 1t gradually drops towards both sides. The spher-
icity and roundness contour is elongated between 0.4 and
0.9 sphericity but this limited range of sphericity has
a wide range of roundness, ie from 0.1 to 0.9.

Boling.
Out of 100 large particles examined, 7 showed
soling, the lsast being 0.15 and the highest being 0.58,

Eleld Association.
The basal Permian tillite is reported from

Styx and vweld Rivers (Lewis, 1923), while younger Permian
deposits oeccur both east and west of this erea, and are
also reported from the Hobart district (Banks, 1957) and
Florentine Velley.

In this srea the tillite is overlain by
Woody Island Siltestone beds (Banks,1957) which have some
fossils and glendonites.(Banks, 1955). Outwash beds with
erude bedding and low percentage of clay and silt owrlie
the till deposits,



| The size distribution of the sediments under
study is very wide and ranges from over 160 mu. to less
then 1/1000 mm. The sorting coefriglent of the roocks
is betweon 2.9 and 13.2 and the median dlameters are be~
tween 0.0156 and 0.0468. All the sediments have more
than 50% particles sumller than sand size. The grephs .
are either bimodal or trimodal, with one mximum at 1/8 -
1/16 and the second at 1/32 - 1/64 or 1/64 - 1/128 mms.,
whilst the third peak in the Wynyard sample 1s in the
boulder size, and in the Palmerston sample in the less
m 1/1000 mm. 8lze.

A couparison of the basal Permian deposits
with other sedimentary rocks shows that these deposits
ere similar only to other glaciel deposite, Shales,
sandetone and other fine grained rocks differ from the .
basal Permian glaciasls in the following points @

l. They have a very smmll range in the sed-
iment size.

2, All particles are saasller than 1/8 ma.
35« They are generally unimodal.

OGravel deposits and conglomerates have a
wide renge in the sediment sizes, but they are generally
lacking smaller sized sediments, (ie. send oilt and clay). =
Sometimes: the percentags of less than 1/16 mm. sise is "“iﬁ
below one (Pottef, 1955; Krumdein, 1942). The beach '~'¥
gravel snalysis (Emery, 1955) shows a 750 = 10 =m, mid a2
point (M), which again indicetes a very low percentage of W
rine greined particles. Niino (1950) has deseribed the "
. submarine boulder-bearing beds from Waszaka Bay. Theee y
rocks have a wide range in sediment size but the distrid- '
ution of the Moulders is limited to selective places such .

b
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a8 on the top of the ridges; they are rarely found in
depressions, and the boulders do not have any strietions,
Niino, after considering all other evidence has come to
the conclusion that these depoeite are derived from the
deposites round Waseka Bay, He has not given: the detailed
results of his mechanicel anaslysis, so these cannot be
compared with other depoaits., Shumway (1953) haes des=-
eribed the kelp rafter pebbles from off the coast of
Baja, Celifornia; these are occesionsl pebbles occurring’
in fine sediments, but they have & thin coating of man-
ganese which indicetes the area as one of very slow de-
poeition, In the Alaska Basin Menard has also reported
similar deposits of ice-rafted pebbles with manganese
coating, but the Baje, California, ones have Pholade
type holes and are found with red clay deposits whereas
the Alaskan occurrence is in grey to yellow-grey mud,
Emery (1955) has rcported the occurrence of drift wood
transported erratice from various parts of the sarth, a
Theee erratics will possibly differ from glacially trans-
ported erratice in the following chsracters:

l.They will not have striations unless they

are piocked up from a till as described by
Fairbridge (1952, p 141).

2.0enersally thoese pleces will bde anguler
unless they are from older deposits,

J.0enerally these pieces will not be fresh,
and will show effects of chemical weather-

ing.

Benglomerate deposits and the mud flowe have *
a wider range of sediment sizee then the gravels. They
have lenses of clay and sand and the boulders are rounded y
to sub-rounded, so similsrities with the glscisl deposits
are suggested. The Big Horn Mountain eonglomerate beds
have been called glacisl beds by various workers, but
Sharp (1948) has come to the conclusion that this is
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not so because :

l. Only one possibly striated boulder was
found,

2., Only one boulder with pcesible chatter
marking was found.

5. The deposits are limited to mountain slopes.
4. The age of the deposit is Pre-Pleistocene, -

Purther evidence which denies a glaciasl

origin ia:

1. The lithology of the boulders in any one
of the bede is proaon;qnntly'tho same,

2. The beds rest on an angular unconformity.

Sharp has eaid that it is just poseible that these de-
posits might have derived some glacial ovtwash but they
were not of glacial origin,

The glacial deposits contain large numbers
of striated erratics and in the subglacial deposits, the
proportion of fine sized particles is quite high. Tills
do not contain rocks belonging to only one age or fermat-
ion, unless they move on an area which was entirely cover-
ed by the same rock. KEven in the Pleistocene tills of
Tasmania where the ice mostly woved on a dolerite surface
some erratics of other rocknﬂare quite common in every
deposit, Mudflow and fenglomerates are generally assoc-
fated with disstrophic movements so they have limited
distribution, but the glaciers are not related directly
to any such movenment and thelr deposits are widely dis-
tributed, The mudflows end other similar deposits have
rounded sand-sized and smaller particles buwt the glacial
deposits havo angulas particles in thie fine fraction.
Some deposits which may not be of glscial origin may
reseable glacisl deposits in sowe feature but the absence



of striasted and facetted pebbles and rounded pmﬁlu
of sand and smaller sizes coupled with limited distrib-
ution of these sediments will always help to distinguish
them,

- The charscteristic diagnostic features of
tills are &s follows 3

: Y Heterogeneous composition and a very wide
range of sediment size.

2. Large particles are stristed and facetted.

3. The rock particles remsin fresh even &limg

time after the deposition, |

4. The large particles are generally rounded
but the fine grede particles are mostly angular.

5. The subglacisl tille have oriented ped-
bles (Holmes, Till Fabric).

6. Some of the large particles have the
characteristie shspe of the glacially transported errat- .
ics. (Von Engeln).

7. The deposits may have bedding but the
grading will be absent, p

8, The erratics will have a wide range of
lithology.
_ ' Although the above-mentioned churacters
will help to establish glacial origin, some exceptional
deposite, especially reworked tilly, way also satisfy
these conditions, so 1t is poasible for other deposits
to be confused with tills, Portmann (1956, p 421) has
said that moreines differ from asolisn, fluviatile and
lacustrine or marine deposits on the bseis of their
heterogenous composition and lack of sorting, but they
may to some extent resemble deposits produced by mudflow,
landalides and similar phenomena, Flint (1947, p 111)

-



has said that other deposits will not have striated
pebbles unless they are derived from glacial rocks, which
will make the identification easy,

Basal Perwmian depoeits of Tasmania have a
heterogeneous composition which is shown by the wide range
of sedimente sizés and some of the deposits show poor
bedding similar to that of drift beds (Flint, 1947, p 102).
At least 207 of the large particles have stristions,
facets and chatter marks (Plate 20), some of the large
particles have a good glaciasl pebbles shape (Plste 13),
(Von Engeln, 1930). The lithology of the erratics is
reasonably conatant although sometimcs the relative
number of the different types of erratics alter with the
changes in terrein, Jicroscopic study of the rock shows
that the sand, ailt and clay size particles are quite
fresh and angular. The erratics are also fresh and even
the shale and mude tone pebbles show no effect of weath-
ering. The King William Saddle and Mt. Sedgwick deposits
rest on glaciated and stristed pavements, end wynyard
deposite hsve till febric, From this evidence the glacial
origin of these beds ia undoubtedly proved, but the
differonce in their character suggests that they have
been deposited under different environments,

Trask (1930) has determined that a sorting
coefficlent So. equal to 3.0 indicates normally sorted
sediments, and with So, above 4,50 shows & poorly sorted
sediment, The So0. value of the Wynyard snd King willism
Saddle deposits are above 4,50 but the So, value of the
Palmerston sample is 3,7 and that of the daydena sample
is 2,90, These velues indicate that Maydena and Falmer-
ston sediments sare normal = to poorly sorted sediments,
but the range of sediment sizes is definitely wider than



even poorly sorted sediments, Krumbein (1933, p. 388)
has published the results of 4B mechanical analyses of
tills. The sorting coefficient of these was calculuted
from the quartiles by the author and found to be ae low
as 2.4. These results are not in sccordance with the
sccepted concept of the coefficient of sorting, and the
values of So, as given by Trask cannot be taken ae final
for all tills., In the tills, there is generally a maxe
imum in the middle grades, If this maximum is high in
comparison with other points it affects the value of the
coefficient,

The mechanical composition of the tills
depends on the terrain over which the glaciers peass,
and the environment in which they are deposited, (Flint,
1947, p 115)(Portwann, 1956, p 422). In the hard rock-
country the till will have more cosrse grade materisl
byt in soft-prock country it will have more fine grade
materisl. The second factor which can incresse or de-
crease the proportion of the finer grade perticles is
the sorting of the tills., Results of mechanicel analysia
of tills published by Krumbein, (1933), Holmes (1952),
Shepp (1953) and others show consistency in the size
distribution and in the smount of materisl of any
particular size, when it is deposited under similar
conditions and in the same area, The mechanical analysis
results of the Permian beds in Tasmania shows & gradual
incroase or decrease in the proportion of the fine grade
sediments with possible changes in the environment., The
Wynyard deposit has 45.8% of silt and smaller size perte-
icles, Maydena has 58,84, the Palmerston deposit has
71.3% snd an analysis of the Woodbridge beds (type area)
carried out by Mr. Woolley hes 61% particles smaller than



/16 um,

Comparing the other marine and land glacial
deponits with €hé Tasmanian Permian deposite it appears
that those at Wynyard are of the ordinary till type de-
posited as subglaciel moraines in contact with the ice;
the Maydena tillite, with broken marine fossils, was
possibly deposited in the water dut very near the shore;
the Palmerston beds wvere possibly deposited under the
ice but in deeper watey and the Woodbridge bVeds (other
than type area) with a larger nusber of fossils but
higher proportion of sand were possibly deposited in the
ouvter part of the ek ice zone, Evidence in support aof
the atove conclusions will be left until other factors
have been dlscussed in the next section,

The till febric analyeis of the Wynyard
deposits (Plate 14) near Doctors Rock, shows a concen-
tration of pebbles with their longer axis pointing from
30° west of south to 30° east of north but from the
stereogram (Plate 14 B) of the pebbles near the mouth of
the Inglis River the concentration is from south to 15°
west of south to 15° east of nmorth. Although there is
no obvious difference in the till from the two areas,
the apparent discrepancy in the dircetion of the ice
movement may be explained as follows:

l. These are two different tills belonging
to two different periods with two distinet directions of
ice movement, or

2. This altered direction of the ice move~
ment is due to local variations in the topography. As
previouvely stated, the till from the two arcas does not
differ lithologically, and other evidence aleo indicates
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that probably both belong to the same apge, but there is
reason to believe that the difference in the orientation
of the pebbles is due to dissimilarity of topography.
The Doctors Rock analysis wae mode within five feet of
the unconformity and possibly it was the walls of the
valley in which the ice woved, that affected the direct-
ion of the ice movement., The Inglis River stercogram
hae agrdle between 20° and 40° in the south west cormer,
and the beds in this areas dip with an sngle of 150 towards =
south west, The Doctors Rock sample does not have any
pronounced conecentration of pebbles so it lacke a girdle,

Holmes (1941) in his paper on till fabric
has come to the conclusion that most of the pebbles in
the ice are rotated with their longer axis at right angles
to the direction of the ice wmovement but along the ice
till contact, this movement is changed from rotation to
gliding so that the largeat percentage of the particles
have their longest axis parallel to the direction of ice
movement since this position offers the least resistance.
He has also postulated that generally the till is stat-
ionary and it is the ice layers only which move, If
this is true it will mean that once a thin layer of till
has been deposited at the base of the glacier, there will
be no movement on the basement, so there is little chance
of ite being etristed or fited unless this is done by the
glaclier before the deposition of the till, The layers
of till and ice are not separate bodies which can be de~
marcated in the glacier, From the top to bottom the
proportion of debris gradually increases; sometiumes ice
and rock debris are in layers, 80 that at the base of the
glacier it hss very little ice., The speed of the ice
layers also decreases from the top to the bottom, so that



.-
at the base it is at a minimum (Seligman, 1947, p Ui,
Portmann, 1956, L24).

If the inclination of the beds is compen-
sated in the stereogram of the till fabric at Inglis
River (Plate 14 B.), the girdle shifts to between 8° and
289, but the concentration of the elongetion of the
pebbles will remain in the south west., This stereogram
indicates that al least in this case the most stable .
position for the pebbles during tramsport was 10° to 20°
dipping againet the direction of the ice movement.

If we postulate four pebbles in the ice
with their longest axis  parallel to the direction of the
ice movement, we will see that (Fig. 1) pebble A 18 in
the most unstsble position, end pebble D ie in the most
stable position, whereas pebbles B and C are in an inter-
mediate position, Of the pebbles B and C, C is the wore
stable, as the ice moving forward will push pebtke B ‘
into the A position, whereas the ice will flow over
pebble C and it may be left in that position for & longer
timo, ©On the whole, pebbles C and D will stay longer in
that position than pebbles in A and B positions., All the
time the pebbles will have a tendency to rotate along
their intermediste axis, but the pebbles in the adjacent
layers will exert a force on the pebbles rotating along
any other axis, ss they will be moving st different specds,
end bring it to a new position so that its longer axis
points in the direction of ice movement, as this will be
the position of lesst resistance with respect to the ad-
Joacent pebbles, The Doctors Rock stereogram does not
show any concentration of pebbles in any one poeition,
except for the two in the south-west and north-esnst mar-
gins and one in the centre. A very vague girdle in the
southern semicircle representes the concentration of the

pebbles in this stereogrsm which may be due tot= .
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l. This stereogram represents a different ' 1
till, which was deposited by ice moving in aurmm :
directions fros the previous one. : 'l

2. Due to the proximity of the valley 11113
some pebbles were orientated to the verticel shearing
of lh. wall and they took 'lp the vertical position,

Jcso-qrthopotuonmt‘mm.m :
glacisl moralines, T

It 1a very dirficult to say which of the
three is the true explanation but possibly the first
does not hold good in this case as possibly both the
studies were made on the same till,

The roundness of the erratics veries from
0,05 to 0,9, and this factor is not related to the size
or lithology of the pebbles. The large particles smeller
then 60 mm. show all degrees of roundness. Between 60
and 80 mm it is below 0.4, between 80 and 130 mm it in-
ereases to 0.5, and above 130 mm, the roundness drops to
0e¢3. The largest number of erratics with high roundness
are between 20 and 40 mm, size. An analysis conducted
by ¥r Lane on the large particles from the Permian beds
of Lindisfarne also shows nearly the same characteristice
in the size and roundness of the pebbles {(Figvii

These roundness results suggest that during
transport the erratics were not oaly rounded but also
erushed under sluoiﬂ._ stress. Ir the erratics were sub-
Jected to the process of rounding only, the roundness w
should have increased with the decrease in siszse, but
this does not appear to be the case. The roundness has
stayed fairly uniform as long a8 the large particles
were bigger than 1350 pm. This indicetes that the large

r
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particles are wore susceptible to crushing when they

‘are bigger than 130 mm. The large particles between 80
and 130 mm. have wmostly less than 0,5 roundness; this may
be due to:

l. The erratices detween 80 and 130 mm, are
wore effectively crushed when their roundness is abdbove
0.5.

2, The erratics larger than 80 mm., are not
crushed when their roundness is between 0.3 and 0.5.

Bither or both of these reasons may be
responsible for crushing and there 1s no particuler
reason to favour either of them,

The erratics between 80 and 60 mum. are less
rounded because they represent the freshly broken pleces
of the higher sizes and possibly large particles of this
size are very quickly rounded, and at the ssme time re-
duced in size 80 that none of the higher roundness eare
left in this size. Below 60 mm, the roundness probably
increases to the waximum which in the glacial deposits
poesibly does not cgreatly.exceed.z 0,9, and in these
grades, plt&oi with lower roundness sre poesibly added
due to crushing of the larger particles,

A8 all these samples were taken from very
nesr the bYasement it indicates that possibly the movement
of the glacier is mot limited to the layers of the ice,
but the moraine layers also move to a certain .extent,
otherwise the process of crushing would not be effective
in these layers,

During the analyses, it was found that some
erratics could be resseemied by cementing the pleces to-
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gether, 8Some of these erratics had poesibly been crushed
Just before lodgement and had not been deformed or abraded
very much., In each case there were clearly fragments of
one original boulder Droken in the ice by the shearing
movement of the ice and deposited separately but near
enough together to be included in the same quarter ton
sample (Plates 15-20), The shape of these boulders in-
diceted that they had been well rouvnded (Plates 18-20)
befors they were crushed and some of them showed very
good striations (Plate 16) on the original exterior,
and sometimes the new faces were rounded (Plates 15 & 17).
None of these boulders was less than 80 mm.( after assemb-
ly). It is rather difficuvlt to say whether the erratics
over 80 mm, were the only ones which were crushed in
this way or whether the smaller ones were elso crushed,
but it may be possible that erratics larger than 80 mm,
have been more affected by stress, as is also indicated
by the roundness study of these sediments, .

The effect of the glacial stress on erratics
of different composition varied., Mudstone erratics were
fractured in three directions (Plate 16) with two planes
of fracture at right angles to each other and the third
making an angle between 30° to 4O° with the two planes.
Quartizitic sandstone erratics were fractured slong a
plene diagonsl to intermediate and shorter axes (Plate 21),
so these pieces took on a half mocn shape., Sometimes
the quartzits erratics were fractured along planes purallglﬁ
to the intermediste and shorter axes, but in most csses

these were sheared in any direction. The shale, slate
and schist erratice were sheared along bedding plane

and plane of schistosity respectively, so most of the



erratics were flat and discoldal in shape,

This selective effeqt of sheésr on the er-
ratles of different composition @ay be due %o inherent
linee of weakness in thou or it may be due to the sel=
ective effect of the glacier on the different types of
rocke. It is not esey to see how a boulder embedded in
ice flowing by laminer flow can develop sufficient stress
to csuse elastic fracture, since both the viscosity and .
the rupture strength of the boulder-would normally be
greater than that of the ice, It ie true that the shear
force involved in laminar flow rises (not linearly) -
with the rate of flow, and elso true that as the proport—
ion of boulder, sand and clay detritus in the ice increases
so does the average viscoaity of the ice. Nevertheless,
the shenr force in the ice should not norually ever reach
the rupture strength in the boulders. Perhaps the rupt-
ure mechanism involves the intersction of two or more
boulders, all under shear load from the flow pressing on
& third to the extent that the third suffers elsstic
failure.

-

The sphericity of these erratice ie higher
in comparison to the roundness and it veries between 0.3
and 0.92. The sphericity like roundnese, is not relsted
to size ond composition, The largest number of the
erraetics have sphericity between 0.6 and 0.8 and the most
spherical erratics are between 20 and 4O mm, The sphere
icity of the erratics was not affected during tranaport,
and even large erratics have high sphericity, but the
highest sphericity is among pebbles of 10«20 mm, size,
It appears that in the glacielly transported material
the sphericity is not related to roundness but the



erratics with the highest roundness will slso have high-
est sphericity, and the inverse relutionship does not
hold,

The soling analysis of the errstics did not
prove as profitable as it was expected, The areas on
all sides of the exposurea from which the specimen were
collected are covered with younger rocks, so it was
difficult to establish the reletionship between the
distance travelled snd the extent of soling. The soft
rocks are definitely more soled than the hard ones, but
agein it could not be established thet the softer rocks
had travelled less than the harder ones,

e Bt



CORRELATION OF BABAL PERMIAN DEPOSITS.

The basal Permien deponits are diverse and
are of different ages., They vary from tillite to cone
glomerate, shale and sendstone,

Barlier authors who have described these
beds have sometimes used the same terms for different
types of deposits, so it has been found mnecessary to
discusa the regional section of the basal part and to
establish its position with respect to time of depos-
ition.

Three sections from three different parte
of Tasaenis are reproduced for the correlation and the
depoaits in the different areas are ma tched with the
nearest section reproduced.

There are somg differences in the correlation

of these sectione s0 they are discussed below and in the
absence of sany other method the deposite have been cor-
related on a lithologicesl basis only.

Voisey (1938, p 329) has correlated the
fresh water beds from Elephant Pass with the pelionite
and tasmanite depoeits of the Mersey areas, This cor-
relation is not aceepted for the following reasons:

Voisey correlated the tasmanite deposits
with coal beds on the basis of Reid's (1924, p 43) state~-
ment that tasmanite deposits are the marine faclies of
the coal bearing bdeds and consequently they do not occur
one over the other. From Bore Hole 15 Reid reported
that the coal seam occurs 446 ft, above the tasmanite
depoeit, Wwells (1957, 9-10) observed thut tesmanite
beds occur 300 - 4OO ft. below the coal-bearing beds,
Banks (1955, p 209) reported the occurrence of tas-



menite 50 ft. above the tillite at Oonah.

All this_ evidence: indicate that the
tasmanites are sbout 300 - LOO ft, below the coal seamj
perhaps Reid falled to notice this.

Reid (1919, p 76) reported the pelionite
bed from the unfossiliferous beds above the tillite on
Barn Bluff, which are probably equel to Quamby Mudstone
beds of the Deloraine area, Voisey had correlsated these
beds with the Mersey Coal Measure beds on the basis that
no carbonaceous beds were reported, from rocks younger
than Lower Cosl Measures. Hills et al{1922, p 232),
proposed that the Preclenna Coal seam is equivalent to
the Mt. Pelion coal seam which according to Reld is about
600 ft. above the pelionite beds,

Synyard Ares.

Stephens (1869 p 17) firet reported the
occurrence of the tillite from this area. Twelvetrees
(1906) and Pavid (1907) studied the deposits on the
shore platform at Wynysrd and identified them as Per-
mien in age. Hills (1913) and Banks et el. (1955 b)
studied the deposits inland souvth of the shore platform
and reported the occurrence of tillites, varves and
other younger Permian beds,

On the shore platform the basal Permian
beds overlie the Frecambrisn schist unconforuably and
are overlain by ouvtwash beds, These deposits have a
rolling @ip with a maximum of 15°, end the direction of

the dip changes from west to east., Devid noted that the
base of the tillite is exposed east of the Doectors Rock

and the thickness of the beds is /220 ft,
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Hills reported a full section of Permian

fron Predlenns (p 17) end has followed David in proposing

that the tillite et the base is /220 rt. thick.

Banks noted that at Oonah the tillite
(2504 £t.) 1s overlain by 50 ft. of sandstone and
siltetone folloved by tasmanite beds, The top of the
beds is not exposed so the section is not complete,

Tasmanite shales 2 ft,
S8iltstone 20-40 rt,

Rare
Sandsatone 18 in,
Siltstone 1l rt. darine Fossils,
Sandstone 2rt.
Tillite 250F rt,

North of Oonah and South of Doctors Rock
varves and tillites occur at several places,

David (1950 p. 314) proposed an upper
Carbon ferous age for the tillites at the shore plat-
form and Banks proposed en Artinskian or Sakmarisn age
for the tillite at Oonah, Probably the age assigned by
David 1s a 1little older and there is no direct evidence
to support this age. If the stratigraphic position of
the tillites at ¥ynyard proposed by Hills (1913) and
its correlstion with the Mersey District tillite pro-
posed by Voisey (1938, p 329) ere accepted the age of
the Wynyard tillite can be correlated with the tillite
beds at Oonsh. Banks (1955, b) reported a tasmsnite
bed 50 £t sbove the tillite at Oonah, =nd wells (1957)
noted one 50 ft. from the base of the Permian beds, and
near the base of the Quamby Wudstone which conforaably
overlies the tillite in the Deloraine area,
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‘ Due to inadequate description of the beds
from Preolonna, it is not possible to correlate these
with other areas but it cen be suggested that the fossil-
iferous mudetone below the Coal Measures is equivalent

- to the CGolden Valley Oroup, the non fossiliferous wud-

stone ie equivslent to Quamby Wudstone and Palmerstone

-marine tillite, and the Ysesl tillite in the Oonsh area

and on the Wynyard Shore pletform 18 equal to Stockers
Tillite, '

In the Wynyard erea on the cast side of the
exposure the bassl tillite rests on the Precambrisn beds
which gradually rise towards the ecast. The rise in the -
height of these rocks i@ more than the western dip of
the Permian beds. In the absence of any post-Permian
faults it sppeers that in the east the Permian beds sre
exposed along & wall of the Permian velley which was ree-
corded by Devid as the baseuent.

The geology of this area was described in
detail by Wells (1957), MeKeller (1957) and Voisey (1948).

Voisey reported the occurrence of the
basal tillite st Park Nook and McKellar called the lower-
most Permian beds in the Western Tiers ar<ea "Tillitic
Conglomerate”. Wells called the lowermost beds "Gtock=-
ers Tillite", but he has mentioned that these beds do
not have any stristed or facetted pebbles.

A problea of nomenclature arises here. The
formmtion which Wells has celled the Stockers Tillite is
not all tillite, but it"grades imperceptibly into the
Guamby dudetone" (Wells, 1957, p 8). Likewise the form-
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ation whioh MeKellsr has called Stockere Formation 18 not
all tillite, The suthor has examined the bore cores
drilled through this formation and described by HeKellar,
and found that the uUpper 5 ft, hes the charecters of the
Palmerston beds deseribed on pages 13«14, whereas the
lower part of the formmtion is tillite, which is strictly
compareble with the Wynyard Tillite, and which is foll-
owed upwards by formation which overlies the Wynyard
Tillite at Preclenna, The author therefore proposes

to divide the Stockers forwation of both Wells and MNe
Kellar intc Wynyerd tillite below, end the Palmerston
Marine Tillite above, and to include in the latter the
lowermost 10 or 20 feet of the Juamby dudstone formation,
which appears to be more appropriste so included., The
sequence then becomes :

3. Quamby Mudstone,
2. Palmerston Merine Tillite,
1, Wynyard Tillite,
Glacisted Pavement or unconformity,.

A complete section of the Permian deposits as .
reported by Wells and McKellar is reproduced snd it is _
accepted as @ whole except for the sbove discussed change.

Mersey District.
The geology of the area has been studied
from the bore core logs published by Reid (1924), and
due to lack of suffieient data, it has not been possible

to correlate the beds very satisfaectorily.

In thie area tasmanite ocours about 50 ft.
above the bese of the Quamby Mudstone snd it is so far
reported from only one horizon, The coal-bearing beds
occur about 300-400 f't, above the tasmenite, and have
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been correlated by Banks (1957) and Voisey (1938) with
other aress, Thersfore these two beds have been used
a8 markers for the corrclation of the deposits,

In Bore Cores, 12, 13, 14, 15, 22, and 27,
tasmanite beds occur at various heights above the un-
conformity, In bore holes 12, 14, and 22, the fossile
occur at very nearly the sswme depth from the tesmanite
beds, but the second band of fossils in Bore 12 is absent
in core 22 and core 14 does not reach to that depth, Tis
rhythmic nature of the beds, with mudatone and pebbly
uwudstone alternating in all the cores indicate that
pueeibly up to some depth below the tasmanite the same
beds are present in all the bore cores, At the base
some of the cores have conglomerates, othere have mude
stone, but core 27 hes taemanite at the base.

These beds below the tasmnite indicate
that the difference in the sediments at the base is
poesibly due to differences in the horizon which rests
at the base, otherwise they e¢an be correlsted with one
another,

The beds below the tasnanite are correlated
with Quamby Mudstone and Palwerston Drift bede. The
varistions in the thicknesses could be due to difference
in the rate of sedimentation at different tiues eand in
some cores tillite and Palmerston Marine Tillite may also
be present but ceanmnot be identified, The beds below the
coal bearing beds and above the tesmanite are correlated
with lower Liffey bedn end Golden Valley Oroup of the
Wells section.

Hortheast Coast.

The basal bede of this ares have been named

by Volsey (1938, p 3235) the St. Mary's Basal Stage, and



this is reported from S8t Mary's Distriet, Avoca, Fingal,
Delmayne, Picanini Creek, Seywour, Llandaff, and the Mt,
Paul area,

The basal stage has conglomerate, which
containe sowe striated and facetted pebbles., It is 10=-
15 rt, thick and it 18 overlain by current bedded sand-
stone, (Plate 26), which passes into coml-beuaring beds,
The total thickness of the basal stage is 100 ft. and it
is overlain by Oray's Gtage which has limestone, sand-

stone, mudstone snd shales, with Avigulopecten sprenti,

Spirifer strzelecki, 5. tesmniensis, Peprakes fragile,
and other fossila, Volsey has correlated the Gray Stage

with the Upper darine beds of the Mersey area and Banks
(1957) also correlated the carbonaceous deds with the
freshwater bedes of the Quambdy Brook area.

Tha grading of the conglomerste at Elephant
Pass into carbonaceocus beds indicates that they are
younger than the besal tillites of the other areas, but
they may have been derived from some glacial deposits,
However, Voisey hae correlested the basal stage at Ele-
phant pass with the basal tillite but expressed his doubdt

about their age due to the difference in the nature of the

beds,

On the basis of the above evidence it is
proposed that the besel beds at St Mery's and Elephant
Pass are poosibly younger thsn tillite but older than
the freshwater bede. They are probably equal to the
lower beds of Liffey Seandstone or the Upper beds of the
GoldenValley Foramtion,

Lilydale~Beaconsfield Ares.
The occurrence of the Permian deposits here



-ﬁ firest reported by Twelvetrees (1918), and later ly

Voisey (1938). Banks (1957) noted that the basal tillite

is overlsin by unfossiliferous mudstone followed by
Limestone with Zurydesms cordetum, and Cglgltornells

Stephenei. Volsey (1938) reported that the basal beds with

mudetone oml.muu (quamby Mudstone) are 100 rt,

_thl.ol. and ‘they have a conglomerate at the base. This

sect lon suggests thet either the basal tillite is absent

and Quamby Mudstone’ rests on the bass or 1t overlies a
conglowerate and 1t is overlain by m! of Quamby Age.
The beds of the Quambdy. age sre followed by Darlington

' Limestone beds,

Twelvetrees noted that a bed of tasmanite
overlies the freshwater beds, dut Nye (1924) expressed
his doujht about its being tasmanite,

Green (1957) reported that at Beaconafield
Quamby Mudstone beds have glendonites and the base is
not exposed.

Qentrel Flatesu.
Dairy Plains,

A Tillite is exposed in & limestone cave on

the property of My Clark at Dairy Plains where it over-
lies the limestone unconformably but the overlying beds
have been reuoved by erosion. On lithological basis,
thies tillite is correlated with Stockers Tillite in the
Deloraine area.

Upper dersey Valley.

In the Upper lersey Valley & white con-
glomerate with quartzite pabbles overlies the Precambe
rian schists end quartzites unconformadly., This bed is
about 10 « 20 ft. thick and is exposed near Snake Creek
and vnder Clumner Bluff, In the Snake Creek area it is
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probably overlsin by beds of Quamby Mudstone age but in
the Clummer Rluff area it overlaps the deds equivalent to
Liffey age. | |

The age of this bed is perhaps different in
different areas but 1t is younger thean the Wynyard tille
ite, ‘
' Adng Tillign Seddle
_ A% King willieam Saddle a tillite reste on
Precaubrian Quartsite., 1Its age and lithology have been
discussed on page 14 and 1t is of Wynyard tillite age.

Hgetern Taswanis

Nt Sedgwick.

The occurrence of the Permian deposits here
was first reported in the lsat century and the section
has been studied by Banks and Ahmad (1958). Here the
basal tillite reats on porphyries of the Dundas Group.
The basement is strieted and the direction of ioce move-
ment ie indiceted from west to esst. A rochs moutonnée-
like strvcture with the plucked face towards the east is
seen in the middle of the exposure. Towerds the north
and the south the Cembrien is exposed about 200-300 ft,
above the base of tillite and it appears that in this
area the tillite wes deposited in a small valley.

The complete seoction of the Permian beds
is reproduced in a separate paper, but the basal section
is reproduced here :

4o Limestone beds (possibly Darlington.)

3. Mudstone without fossils: at the base,

erratice present,
2. Conglomerate (outwash).
1, Basal Tillite, i
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The tillite is possibly egquivalent to
Wynyard Tillite and the conglomerate ded may bde equive
-alent to the Palmeraston Harine Tillite., The deds between
the Darlington Limestone and the Marine Tillite are posse
ivly egquivalent to Quamby beds,

Mt Reed, A

The basal Permian beds were first reported
by Montgomery (1896) snd during a recent study of the
west const Permian deposits, a wudetone bed with erinoid
otesms wao found on the top of the tillite (Banks and
Ahnad, 1958)s At one place 8 set of striations running
from north to south was found along & loggipg track. At
this plsce the Lmseuent was dug but the gquartzite at the
base was 8o decomposed thut no trece of any striations
could be seen. North and south of this point the tillite
is overlapped by the mudstone bedes and At appears thet
the valley in which the ice moved extended from west to »
oast or vice versa, If either of the two was the dir-
ection of ice movement, it appears improbable that the
north - south stristions would have been carved by the
glaciers. At some places such striations have developed
where the logs have been dragged on the same surface
and 1t is poseidle that these also way be the drag marks,
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The tillite in this area is correlated with
the tillite at Ut Sedgwick. 1e. with Wynyard Tillite and
the mudstone bed with Quamby Mudatone beds,

Mt Pelion Arca.

Benson (1916, p 31), Reid (1919, p 27),
Hills gt 8l (1922, p 236) reported the occurrence of
Permien deposits in this area,



The scetion as constructed by Hills (1922)
is as follows:

1. Freshwater Beds with coal seams ?
2. Mudstone with marine fossils 300 f't.

3. Nudstone with pelionite
{(unfossiliferovs) ?

4o Conglonerate and tillite 100 rt.

Banks (1957) suggested that the freshwater
bede are equivalent to the freshwater beds of Quamby
Brook area, The beds between the freshwater beds and
the pelionite is possibly equivalent to the Lower Lirfey,
Golden Valley and Upper Quamby beds of Quambdy Brook,
and the beds below the pelionite is equivalent to Lower
Quamby beds and tillites., The conglomerate beds with
the tillite sny Ve equal to outwash beds at Mt Sedgwick
or the Conglomerute st the bese of the Permian deposits
in the Mersey arca.

Point Hibbe,

Hills (1914) reported the oeccurrence of
Permian beds at Point Hibbe, and the detailed section
was studied by Banks and Abmad (1958). Peramian rocks
with vertical dip are in contact with the Devonian (1)
Limestone dipping at 45° to the east, Permian beds
strike north~south and face west., The contact between
the Permian and the limestane may be a favit contact,
or a steeply tilted unconformity,.

The section at Point liibba is as follows:

4e Thin ded of Limeatone (May be Darlington)

3« Sudstone with fossils and alternating
bande of erratics and mudstone,

2, Mudstone with erratics grading into
tillite towards the base,

1. Outwash Conglomerate,



The outwash conglomerate at the base is

- non-fossiliferous and grades irto tillite, The tillite

grades into the mudatone which 1s non-fosailiferous at the

.base, but the foseils appear pear the top and there is

@ large number of fossile in the erratic bands, Glende
onites are fairly common near the top of the mudstone
but they were not obaserved near the base.

Although the Limestone bend did not have any .
index foseils it is very near the position which would
have been occupied by the berlington Limecstone. Glend-
onite~bearing vedas are reported froam Woody Island, and
Banks gt sl (1955, a) suggested that they are near the
base of the Permian beds. In other areas they are ree
ported only frow the Woody Islend Siltstone beds, The
tillite and outwash bede are possibly equal to the Wyne
yard tillite, snd the Veds with mudstone and erratics
are oguivulent to Woody Island Siltstone, The Limestone
is egqual to the Darlington Limestone but in the absence
of any other foesils evidence, this correlation is only
tentative,

Zeehan and Pleman Area,

Moore (1896) reported a tillite from Zeechan
and this has been studied in detail by Spry (Perso.Coumu).
The tillite overlies Precambrian rocks and the rocks above
it have been removed by erosion,

Spry (Person.Comm.) reported the occurrence .
of a t1llite from the Lower Pieman Valley. This tillite
i8 cut by & dolerite dyke so it must be older than lHes- 3

osole dolerite, but due to lack of any other evidence :;;‘
its age 1s not definitely established, o

bue to lack of knowledge of the sges of 9
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“%hess two t1llites they are not llpcn-acl with theee
. deposits, and 1t is possible that they may be older g
than Permian. .

Maydens end Weody lsland.
- lllﬂm. '
Banks (1957) reported & tillite resting on
8 Lower Palecsoiec base., The tillite is mbout 200 ft.
thick and it is iintervedded with three groupes of varves .
near the top. The varve groups are 3-5 £t thieck and
they do not show any slumping or dragging. The section
is ae follows : : _
: 10, Woody Ielend Siltstone,
9. Outwash Conglomerate,
8. Varves,
7. Tillite.
6. Varves,
S5¢ Tillite,
Le Varves,
3« Tillite,
2, Sandstone,
1. Tillite.

Lower Paleozoic. ,

The tillite is overlain by Woody Island
siltstone but the contact could not be seen and it is
poseible thet a fault runs between the top of the out-
wash beds and the Woody Island Siltetone so that the
beds between the two are missing,

The tillite is correlated with the Wynysrd
tillite. Banks (1957) correlated the glendonite-bearing
beds with the Woody Island Siltetone beds, which makes
the outwash bede equivalent to Palmerston sarine Tillite,
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S8iamdlar tillite and outwash beds have Dean
reported by Lewis (1924) from the Styx and Weld river
Valleys and they are tentatively correlated with the
basal beds at Haydens, |

“Woody Island,

~ Permian section from this area as follows :

8., Gurydesma Limestone (Darlington Limestone).
7. Dreamy Bay Tillitic Sandstone,

6. Johnston Point Sandstone. (Glendonites).

5. Lewis Point Siltetone and sandstone.

4e D'Entrecasteaux Tillite,

3. GSatellite Giltstone.

2. Sunset Bay Sandstone (Glendonites).

1. Woody Island Siltstone.(Olendonites),

. The oecurrence of Darlington Limestone on
top of the Dreamy Bay Tillitic Sendetone indicates that
the beds below it are equal to the Lower Golden Valley
Formation of the Horth., Banks (1957) correlated the
Woody Iseland Siltstone beds with the Lusmby Mudstone
beds., '

Southern Teswanis.

Shoesm kers Point,

Twelvetrees (1915) reported the occurrence
of mudstone conglomerate resting on Precambrian rocks
in this ares and obsarved that the deposits have lonl
boulders,

"Mudstone Conglomerate” has gquite of'ten
been used by oarlier writers to descoribe basal tillite,
the rocks of the Palmerston Marine Tillite beds and

‘Quamby Mudstone, so from this description it is not

-



/
possible to identify the origin of the deposit, In view
of the report thaet it has locally derived boulders and
pebbles it is suggested that it may be of either age
but since it is non fossiliferous, it way be of Palm~
erston karine tillite or Wynyard tillite age.

Ida Bay.
Two miles inland from Ida Bsy on the old

tram line of the Lune Timber Company, a Permian bed is .

exposed under the rifth biige.

This deposit hae & few unidentifiable fossile
and a high percentage of rounded pebbles which are less
than 5 ems in length. The cewmenting materiel haes wore
then 15% of Ca CO3 . The overlying rocks are not exposed
due to thick vegitation,

Because of lack of any svidence the age of
these beds cannot be determined dBut on a lithological
basis 4t is proposed that they are of Lower Permian age,

woodbridge.

At Voodbridge a non-fossiliferoue mudstone
containing abundant soled, etristed and grooved pebbles
is exposed eléng the Channel Highway. The overlying
beds have been removed by erosion and the base is not
visidle, Lewie (1924) correlated this deposit with what
is known ae the "Woodbridge Glseisl Formation™ of other
areas,

The relation of the group of strata known
as the "Woodbridge Glacisl Fommetion" to these beds at
Woodbridge which are sllegedly the type for the formation
ie being investigoted by ir N.G.Lane, and there is con-
giderable doudt whether they are the same, The "Wood-
bridge Clacisl Formation" contains Fenestells, Avicul~
gpecten, Spirifer and other fossils in large numbers



but the deposits at WooduLridge are non-fossiliferous,

The bedding in the "Loodbridge Glacial Formestion" is
thick (plste 22) but the beds at Woodbridge are thin,
Lithologically, ulso, the deposits at Woodbridge are
different rrom those of the "woodbridge Glacial Forme-
ation®, The mechanicsl analysis results (Woolley) have
wore than 617 of sediments finer than clay, which suggests
@ similarity with Palmerston Marine Tillite,

The etratigraphic position of the deposit
at Woodbridge cannot be suggested but in the ebsence of
fossils and the difference in the lithology it is pro=-
posed that possibly the beds are older thaon the “Wood-
bridge Olacial Formation" and perhaps equsl to Palmer-
ston darine Tillite, '

Maris Ieland.
Lewis (1938, p 433) reported the occurrence

of basal tillite et Reidle Bsy but Banks (1957) ouserved ,
that in this area the marine beds overlie an arkose
eliff-breccia which in turn overlies a granite. Baenks
also reported thet in this ares the granite shows & re-
1ief of 50 ft. and it is guite irregular, In the north
of the Island near Derlington the lowermost Permian N
bed is an erratic besring marine conglomerate with '
bryzosns, Burydesma and other fossils, From the
Reidle Bay area Lewils also reported the occurrence of
Burydeaoms and Strophalosis within 50 rt, of the base
of the Darlington Limestone on top of the tillite.
The presence of the Darlington Limestone on top of
the tillite indicatesgyounger age for the dopoeit, This
would place it somewhere in the age of the Quanby Mud-
astone age.

The local evidence with respect to Marias
Island ean be interpreted in two waye:-

e &iﬁ_ﬂh b



l. The glaciers did not reach Marias

Island, which was an ice-free island or peninsula in

the sea beyond the terminus of the glacier during the
time of deposition of the Stockers Tillite. B8ubsequently
(during Queamby Mudatone times) the general subsidence of
the shelf led to the transgression of the sea with pro-
duction of shore-~line arkoses followed by marine beds
with fossils and erratics from icebergs derived from

the now reduced glaciers. :

2. Maria Island was a buried hill on the Lower
Permian landscrnpe which was elither completely overwhelmed
by the ice sheet or which was a nunatak projecting
through the ice. Till may or way not have accumulated
on ite flanks according to the regimen of the local
glacier movement, The pulsating warming of the climate
which characterised Stockers-Quamby-Darlington times
cauned the ice barrier to retreat back to the west of
Meria Island, which with the isostatic uplift due to ¢
ice load reéduction, became an island in the sea, sub-
Jected to subaserial erosion which destroyed ths evidence,
if any, of the earlier glacial cover. During later
Quamby times the progressive regional subsidence led
to the gradual submergence of the island, with bassal
shore-~line breccise and conglomerates and arkoses,
followed by conglomerutes with fossils, then Quamby and
Golden Valley type marine sedimentation with abundant
marine fossils and errasties dropped from drifting
icebergs. At this time the Coles Bay granite mountains,
and the granite mounteins at Llandaff were still islands
on the Permisn Sea., Their foothills were progressively
submerged, but Llandaff at least remained an island
until Triassic times,
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o evidence cen e won from the Marias
Island area to choose botween these two interpretations,
and only circumstential evidence can be fuund from
outside. The fact that during early Feruian times the
glaclal conditions are found as far north as northern
New South wales (Loechinvar horizon) and that the direc-
tions of ice movement on the pavements at Ioman Valley,
Bacchus darsh, end in Taswenia are consistent with a
single large cap with radiel movement, lend colour o
the view (but do not prove) that the icesheet of the
Stockers Tillite probably completely overwhelmed Maria
Islsnd,

Again 1f we compure the kind of sediment-
ation over the Maris Ieland buried hill when the effect
of the hill on the sedimentation wae no longer signife
lcant, with the Rind of sedimentation in adjacent regiona
where the basal tillite is preseant, sowe pointer to the
¢limate at Mdarls Islend at the time of till deposition
should be obtained, Thus by the time of the Darlington
Limestone, the effact of the Keria Island dburied hill
seems to have ended., This limestone contains erraties
from flosting icebergs Jjust as dor - the equivalent lime-
stonens et Hobart and Golden Valley, so the climate
could not have been appreciably different, However :
there 18 & significant incresse in lime content in the. J
sedimonts towarde Maris Island not only on the Darling=
ton horizon but in the succeeding formations, This
probably implied that the water st sny rate was some=
what warmer there,

Ross Island off the present Antamtic ice
sheot may be cited for comparison. David end Priestley
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(1914) have described remnants of the former extension of
the main Anteretic ice sheet over this island leaving

a deposit of till which contains erratics derived from
the mainland., 8gbaerial erosion ies at presont sctively
destroying this till and remoulding the landscape. If
after a lapce of tiwme this island vecame subtmerged and
then buried in pediglacisl merine sediments, the seque
ence would be shoreline breccias and shingles, then &
near~shore deposits, then marine drift with fossils and
iceberg transported pebbles and sand, then perhsaps lime-
stone - exactly as we find on Maria Island today.

e must conclude that there is no definite
evidonce to cecide whether the busal Permian glaclers
coverod Maria Isiand or not. We must reject as unproven
the clalas of those who have recantly argued that the
glacliers could not have extended to darla Islend. The
present writer consliders that 1t is rather more prod-
able that they did, but he recognises that this too is I‘l
not proved. }

'




THE ENVIRONMENT OF THE PERMIAN GLACIAL DEPOSITS
QOF TASHANIA

The Permian basal deposits include all those de-
posits which are at the base of the Permian System,
irrespective of their horizon or their mode of deposit-
ion., These beds are overlain by marine beds with
Spiriferids, Fenestellids, Bryozons, and other fossils, °
80 their age is easily established, but due to lack
of index foasils their stratigraphic position in the
Permian System is sometimes not easy to establish,
as they overlap the older beds, near the margin of
the basin,

In Tesmania the basal beds can be divided into
at least two types,

1. The basal tillites,

2. The basel conglomerates. ¢

The basal tillite or the Wynysrd Tillite occurs
only west of 147° E, Long. (Map 1), with the exception
of the U, Mersey Valley, the N, Western part of the
state up to Waratah, the area round Mt. Roland and the
south western part of the state round Port Davey. The
occurrences of the tillites are not continuous but they
can be correlated because of the overlying rocks, and
their distribution can be found slthough they are some-
times overlain by lesozolec rocks.

At Maydena, and in the Styx and Weld River valleys
the Permian tillite is exposed (Lewis, 1924; Banks, 1957).
It overlies the Owen Conglomerate unconformably and has
broken pieces of marine fossiles of Permian aspect (p 15 )



At Maydena four bands of tillites are separated
by three bands of sandstone and varves., The foseils
occur only in the tillites and even a thorough search
80 far has not yielded any foseile from the varves or
the sandstone,

The occurrence of these fossils in the tillite
can be explained in the following ways:

l. The glaciers extended into the sea, and in-
corporated older sediments so that during transport
they were crushed and included in the tillite,

2. The ice extended over a sea bed which had
recently risen above the sea, and incorporated the une-
consolidnted sediments in the tillite,

3. The ice extended over the ses, animals lived
under it, the shells were deposited with the tillite
as it was falling in the water, and they were crushed
during consolidation,

Reade, (1874, p.32; 1883, p 90), Jamieson,(1882,
pe 150), Lemplugh,(1884, p. 312, 1891, p. 419), and
oregory, (1926, p. 363), have reported the occurrence
of erushed marine fossils in the drift beds of England,
Reade, (1876, p.33), has proposed that these fossils
were crushed by the wave action of the stormy seas,
Lamplugh has proposed that the deposits from the floor
of the North Sea were incorporated by the ice and
transported to the land, so the fossils were orushed,
and Jemieson (153) has proposed that these shells have

been incorporated from older beds, OGregory has reported

the occurrence of the striated and broken fossils,
but he has said that they were not transported and
they were in situ. He hes explained the breaking of



the foesils by the shrinkage of the clay, since some
of them had an epidermis and others were whole. The
dirfference in the explanations put forward by Reade
and others is mainly due to the fact that he discusses
the deposites from the weat coast of England, and Lemp-
lugh and Jamieson disocuss the deposits from the east
coast of England, Wwhereas on the east coast the
cruahing can be easily explained as the ice was moving
from the east, this is not so simple on the west coast, °*
The other evidence that all the authors, except Greg-
ory, have put forward, indicates that the erushing was
possibly due to the transport of the shells.

Miller (1953, 28), and Armstrong and Brown (1954,
Pe 355) have reported the occurrence of ¢bmplete foesils
in the tills, from N. America. These fossils are found
in the glecial deposite which according to them had been
laid down by a floating ice sheet, in the sea.

The varves and the sandstone may have been de-
posited in fresh water or in brackish water sc they
cannot be used as definite evidence for either of the
two conditions. Wallace (1927) and De Geer (1940, p.
104) have suggested that varves can be deposited in
both fresh end brackish waters, and De Ceer has re-

ported the occurrence of Portlandias (Yoldia) arctica
from the brackish water varves of the Stockholm region.

The occurrence of the end-moraines on top of
tillites may have been responsible for the formation
of the lake in which the varves were deposited, but
similar gravel beds are reported from coastal glaciers,
and sometimes they are deposited below sea level (CGar-
wood and OGregory, 1898, p 210; Field, 1932).



The Maydena 8uccession at first sight poses a
mechanical problem since 2 true till overlies waterlaid
sandstones, and another true till overlies waterlaid
varves without producing any shearing, sluuping or
drag in the sediments, Twenty feet of till would seem
to imply a substantial glacier, Its weight on the
sediments must have been considerable and one might
expect slippage to have occurred in the soft under-
lying sediments., We can't postulate that the glacier o
wae floating, for then we would expect some evidence
that the pebbles had been dropped through water, which
is not the case. It is difficult to assume that the
depth of water was juet sufficient to float the glacier,
for such depth depends on the glacier thickness, and
this would vary during the complete waxing and waning
eycle recorded in the sediments, so that there should
be signs of drag when the woving ice pressed on the
sediments and signe of dropped pebbles when there was "
water below the ice, However the sequence can be inter-
preted without anomaly. ' y

The Pre-~Permian basement in this area stood ﬁ
somewhat higher then the basement regionslly. This 1s _‘
not surprising since the basement here is Owen Cone- -
glomerate, perhaps the most resistant physically of all
the Pre~Permian rocks. Although the early Peruian
glacier over-rode this area, sediments did not remain d
here until the waning stages of the glaciation when
sediment had accumulated to some depth in surrounding e |
areas, including basal tillite and sowe strata with .
marine fossils, When continuing regional subsidence *3
coubined with sedimentary filling of the depression, '



finally led to accumulation of sediments at Maydena
the glaciation was well on the wane, fossiliferous
marine beds bad slready been deposited weet of this
point, '

The basal tillite represents normal till depos-
ited on the Ordovician basement at the sole of a glacier
during & cold phase of the general retreat. The tillite
contains broken foeseiles picked up from Permian beds
further west, The fact that the glacier wae working
over earlier Permian marine glacial drift west of thie
point explains the higher proportion of clay fractions
found in the petrological study of this till, as com=
pared with other tills (See Carey and Ahmad, 1957, for
discussion of composition of tills),

Thies ice advance was followed by a warmer phase
when the glacier retreated out of this area, which
was left ss a lagoon on a plain in front of the glacier.,
This received meltwater-borne sand forming & sandstone
which filled the lagoon, No marine fossils have been
found, If they are found, it alters the plcture very

1ittle.

Next came a period of refrigeration. The first
result in this area was the freesing of the soil as
permafrost at least down to the earlier till if not to
the basement., Subsequently the-re-developing ice-cep
extended over the ares, There was no particular tend-

ency to shear the sandstone during the over-riding of the' ;
{ce-flow since it lay in a depression, and the simplest
shear planes passed ebove it, and the shear strength
of the permafrost sandstone would be ngbntantiallr
greater than that of the glacler dee, 80 that shear wae



confined to the latter. Another possibility is that
the Owen Conglomerate floor rises immediastely west of
this area (The regional geologicsl map suggests that
this was very probably so). Hence the gouging action
of the glacier on the underlying sof't Permian sediments,
might dig deeply west of this rock ridge but fail teo
govge immediately east of the barrier. A layer of till
was deposited over sandstone, which again contains
fragnental Permian fossils derived from marine Permian
beds being cerved by the glacier somewhere to the west,

Rext followed a further similar eyele of warm=- -
ing and refrigeration with deposition of lacustrine (?)
varves and another till, Again the varves were pro-
tected from glacial scour either by freezing or by
virtue of a high ridge of Owen Conglomerate to the west.
The next cycle brought varves and marine outwash with
abundant fossils and dropped pebbles, |

It i8 clear that these warm-cold oycles are
superiuposed on & general warming, since the tillite
sequence is 120 ft., 20 rt., 1 rt., and the inter-
glacial sequence is coarse meltwater deposits, fine
meltwater deposite (varves) and general marine drift
and ovtwash,

The tillite deposits of northern and weatern
Tesmania are very similar to each other so they are
dealt with together,

These deposits are sub-glacial moraines and
their thickness varies from a few feet to over three
hundred feet with a probable upper limit of six hundred
feet. Mechanical anslysis of the tillite shows a het-
erogeneous composition, and poor sorting with angular



pieces of quartz and stristed and facetted erratics,
These beds are exposed at Mt, Sedgwick, Mt, Read, King
¥illiam Seddle, Dairy Plains, Mersey Dietrict, Point
Hibbs, Northern and Western margin of the Central Plate
eau, Wynyard and its environs in the Inglis Valley, and
at Mt., Dundas ites occurrence is suggested., Tillites
have also been reported from some other areas but on
exemination they hsve been found to be other than sub-
glacial tillites, so they are not included here. Twelve-
trees (1915) has reported a bed of tillite from Shoe-
maker's Point, but this has not been checked.

These tillites are overlain by outwash beds,
varves, mudatones with erratics, and marine beds in
different areas, The only uninterrupted complete
section so far recorded is from the bore cores in the
Weatern Tiers, north of the Orest Lake, and here the
tillite is overlain by a mudetone conglomerate with
erratics (Marine Tillite beds). The tillite grades
into the Palmerston beds, which in turn grade into Quam—
by Mudstone.

The results of the mechanical analysis, the lack
of bedding, the presence of striated and facetted
boulders (plate 23), and striated pavements at the base,
leave no doubt about the glacial origin of these beds,
but the overlying beds indicate that these may have
been deposited below sea level, In the Western Tiers
area the tillite grades into fossiliferous marine
deposita., The sequence in this mrea indicates that as
the ice started to retreat, it thinned down and start-
ed to float, so the tillite gredes into a water-deposit-
ed bed, At Oonah (p L3 ) the tillite is overlain by
marine beds and there may have been a slight break in



the retreat of the ice and encroachment of the sea

but the break does not show any unconformity or traces
of erosion, so possidbly the time lapse was not great,
In the Wt. Sedgwick: area (p 49 ), the tillite is
overlain by a conglomerate bed which passee into mud-
stone with foesils, and is followed by a mudstone with
erratica, At Mt, Read the tillite is directly over-
lain by marine bede, and here there is no indication
of a break, At Point Hibbe (p.5 ) the lowermost bed
is an outwash-like bed with conglomerate and is over-
lain by tillite which grades into fossiliferous marine
beds and beds with glendonites., The contact at Point
Hibbs may be a fault contact but the presence of the
tillite on top of the outwash bede suggests that the
tillite 414 not reet completely on the base, 80 out-
wash was not incorporated in the tillite. Fuller (1914,
p. 133), end Sheler (1896, p 972) have reported the

occurrence of gravel beds overlain by sediments which °

have been deposited by a floating ice sheet so that

the botiom beds were not incorporated by the ice. Pose-
ibly the conditions at Point Hibbs were similar so that
the botiom beds were not incorporated in the tillites
but the depth of water wus possibly not very great be-
cause the erraties do not show any sign of having been
deposited in water., liere the uppermost part of the
tillite grades into mudstone and siltstone with erratics
which pass into fossiliferous beda.

The occurrence of marine fossils on top of the
tillite, in the Oonah area and at Mt.Read without any
8sign of erosional break and the gradual transition of
the tillites into marine beds at Point Hibbs and in
the Western Tiers, indicate that within a short time
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of the retreat of the ice the tillite was covered by
the sea, Possibly in some places there was no time .
lapse between the retreat of the ice and esdvance of the
sea and the tillites were deposited below sea level
but in the absence of the water.

The differences in the nature of the overlying
beds may be due to differences in the rate of retreat
of the ice or to the position of the ice front with
respect to the weter, or to differemt conditions of
isostatiec recoil following glaeisl uvnloading. If the ‘
rate of retreat ls slov the ice will gradually thin '
down and start to float, s0 the till will grade into
beds like the Palmerston Drift Bed and fossiliferous
etrata wilh numerocus erretics, On the contrary if the
retreat is swirt, l_arso quantities of weltwater will
be released and may wash the tillite so that an out-
wash bed will be laid down on top of the tillite, If
the ice front is protected it will melt gradually snd -2
slowly 80 that a bed like the Palmerston Drift Bed will
be deposited on top of the tillite, but when the ice
fromt faces a stormy sea carving will be very fast and
the waves will wash the deposit so an ocutwash-like
deposit will be laid on top.

Bassl Conglomerats
This is mostly a white conglomerate with a large
proportion of well-rounded guartzites pebbles (Plate 24) ,
and the thickness varies betweenh 10& §0ft. These de-
poaite overlie the Precambrisn and Lower Paleozoic

rocks unconformably and they are overlsin by Permian
. beds of different horizons., They are present in only




those areas where basal tillite is absent, and are re-
ported from Mersey Valley, at some places in Ht. Pel- '
ion sres, and from the north east coast emst of Tamar
Valley. The horizon of these beds i1s not known and they
can be of any age older than the deposite which overe
lie them, 1In all cases they are overlain by fossile

iferous marine beds belonging to Quamby and Golden
Valley formation or cosl bearing beds of Liffey form-

ation, »
The absence of the lowest Permian beds on the
unconformity presumably means that these areas in quest-—
ion were hills on the unconformity surface., There is
no local way of deciding whether they were outside the
glaciated area or were over-ridden by the ice or were
nunataks above the ice-sheet. Subsequent subaerial or
subaqueous erosion before they commenced to receive sedi-
ments through the general subsidence of the region,
could destroy all evidence of the earlier glaciation.
The basal conglomerate might be derived locslly froum
shore line process during submergence, or might be
largely wmade up of reworked pebbles winnowed from till-
ite shallow enough to be within reach of wave atteck,
If the first marine beds deposited above the obviously
shoreline depoesits have similar glacisl features (errate
ies ete,) to the contemporaneous beds overlying basal o |
tillites in surrounding areas, the reasonable presumpt- .”2
ion that these areas may have been similarly glaciated.

-
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In the Mersey valley this conglomerate has .
rounded quartzite pebbles which are sometimes flat. Thelr

N

size varies from cobbles to pebbles end they have very
little cementing material. Sometimes the lithology of
the pebbles is affected by the lithology of the under-
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lying rocks. In places they show erude sorting and
current bedding but in other places they show neither
of theee featurese, The pebbles and the boulders are
quite fresh and the surface of the older rocks on which
they lie are also quite fresh and unweathered.

Although ice-free ar2as are not unknown from
glaclated regions, the occurrance of tillites east and
north of the Upper Kersey Valley (iap Nol) suggests that
poasibly the glaciers crossed Cradle Mountain and the
Upper Mersey Valley., If this was an ice-free area the
tillites which were deposited on the east side of it
could have come from the north, east or the south, but
thie does mot agree with the known directions of ice
movement, Thus it sppears improbable that this was an
ice free srea, especislly since tillites were deposited
east of it,

Debenham (1521, p.940) and Taylor (1922, p. 63)
reported the absence of till from the Antarctic land
surface at some places, Debenham hes explained this
by easuaing that the till carried at the base is some-
times not deposited on the land dut is carried to the
sen, If the conditions in Tassenies during the Permian
wers similar to those in the Antaretic region today,
the abaence cof the tillites from the Upper Kersey Valley
snd Cradle Mountain area mey be fue tornon-deposition.

pavid (1914, p.262) has reported end moraines
from Ross lsland and Mt Erebus; these moraines have
erratics from the mainland of Antarcticea, which in-
dicate that at one time the ice from the mainland
extended up to Ross Island and deposited the till,
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The erratice, which have been transported a great die-
tance in the moralnes are small and rounded and some
of them have no stristions. In most places these de-
posits are still covered with ice which protects them
from erosion. If the Antarctic ice cap melts causing
a rise in sea level, and thies island is exposed to
weathering, possibly these deposits also will he re-
worked and redeposited on the shore line as a conglom=
erate, which will be very similar to the conglomerates
at the base of the Permian. The reworked moraines as
reported by Porrnr'(1997) will posaibly form similar -
deposits If the sea level gradually rises; and the '
waves are able to resort the deposits.

Zither of the explanstions advanced above can
account satiefsctorily for the ebeence of tillites at
the base of the Permian,

The presence of fhe conglomerates in the eastern
part of the stste which was perhpps glaciated may be
explained in the same way, alithough the only evidence
of the glecietion in this part is the presence of some
striated bovlders in $t., Mery's and sdjecent areas,
end the tillites in seria Island. B .

So far these dppositnlhlvc been reported from q
only the Mersey District and they have been found in
the bores that were sunk in search of tasmenite beds, |
In some bore logs the description is not clear so it i
is uncertain whether tillites or some other rocks occur
at the base.



The logs of the cores indicate that the beds
below the tasmanite beds were poesibly deposited
contemporaneously with the Quamby Mudatone but in
some cores older beds also may be present,

Bore core 13 has water-worn pebbles at the base,
which appears similar to the basal conglomerates, Bore
cores 12, 14 and 22 have pebbly mudstone at the base
which may be the tillite or it may be marine drif't of
the Palmereton type. Bore Hole 27 has tasmanite at the
base, and the bore hole 15 has sandstone at the base.

If bore holes 12, 14 and 22 have tillites at
the base, this is the easternmost reported occurrence
of tillites in the area, Otherwise, in the absence of
the tillites, it is suggested that the lowermost beds
might be correlated with the Palmerston Marine tillite
and they were perhaps deposited towards the end of the
glaciation, The occurrence of marine fossils higher
up in these beds helps to correlate them with beds in
other cores and poesibly they were deposited at the
same time as the Quamnby Mudstone. The difference in
the lithology of the basal beds may be due to the dif-
ferences in the times when they were deposited.

Palmerston Marine Tillite facics

Beds of this facies are transitional between the
basal tillite and the overlying Quemby Mudstone, Their
stratigraphic position is known only from the bore cores ,
in the Western Tlers area. On Mt. Sedgwick and at
Point Hibbs, beds very similar to these and stratigraphe
ieally in the same position are recorded. Thelir core
relation is however doubtful since they are not exactly
similar,
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The Palmerston marine tillite beds have been
deseribed on page 13-1l4, and the features like lam-
inastion, bedding, vertical orientation of the pebbles
with respect to the bedding plane and the relationship
between the bedding and the pebbles indicate that these
beds were probably deposited in the water., The grad-
ual transition into marine fossiliferous beds as shown
in cores from Blackwood Creek indicates that these beds
were probably deposited in the sea, The vertical .
orientation of the pebbles and the truncation of the
laminae on the sides indicates that these beds were
deposited in very calm water or below the wave base,

The transition of the tillite into these beds
with crude bedding, the abscnce of marine fossils, the
high percentage of the clay and finer size particle in
the deposit (61%), and the high roundness and spheric-
ity of the errautice indicstes that these deposits were
laid down in sub-glacial, but near the point where the .
ice begins to float,

The absence of the marine fossils in these de-
posits may be due to wide fluctuations of salinity
owing to melt-water currents under the ice or from the
.open sea, with consequent restriction of light and
eirculation,

u W sland Siltstone

Banks (1957) has correlated these two formations °
and is of the opinion that they are younger than the
basal tillites.
Quamby Mudstone. !
This is & fine grained mudstone with some facetted



boulders and pebbles. Reid (1924, p. 47) reported that
the tasmanite beds have boulders up to 2 ft., in size,
wells (1957, p.8) observed that the Quemby Mudstone
has pebbles up to 3 ems., and McKellar (1957, p.9)
reported that erratics are entirely absent from the
lower half of the beds. Possibly Wells and McKellar
d1id not observe larger erratics becsuse of poor expos-
ures , ags the tasmanitecbeds occur 50 rt. above the
base and from them, erratics of all sizes are recorded,
These beds show crude bedding nesr the bottom but the
bedding improves above the tasmanite beds., Reid re-
ported that the tasmanite beds contain Eurydesma,
Aviculopecten and Keeneia and Crespin (1947) has id-
entified marine foraminifera in the Igsmanite beds.
MeKellar observed that bands with many foseils and
erratics mlternating (P1l, 25) with bands with few
fossils and erratics o¢tur~in the upper half of the
formation; these bands are wide apart at first but
they come closer together near the top. In the top-
most part of the formation, banding is abeent but the
fossils and errstice occur continuously.

The pattern of these rhythmic beds recalls the
kind of chsnge which is often found in varves, Coumon-
ly winter laminse are thicker near the bottom of a
glacial retreat sequence and become thicker upwards,
whereas the summer lsminae are thin at first but thick-
en upwards, The retreat sequence of varves may be re-
placed upwards by thicker continuous beds of varvoid
material,

In the rhythmic beds reported by McKellar the
bands with fewer fossils and erratics are thicker near
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the bottom but become thinner towards the top. This
suggents that like the thick winter layers of the
varves, these represent periods of ice advance. Groups
of cold years are always more common and of long durate-
ion near the maximum of the glaciation, but their
length and frequency decrease with waning glaciation.

The high concentration of fossils and the
errstics in the second set of layers may be due to:

1, At the end of the glaciation a large guant-
ity of fresh water was added from the melting ice, thus
causing the death of the animale while the erratics
were added because of the ineresase in the intensity of
glaciation, '

2. Large quantities of water from the melting
ice were added to the sea which washed the upper layers
of all fine material.

It is very difficult to select either of the
two as the explanation for the occurrence of the large
number of erratics and fossils in one band, since other
factors may also have played a part, It is also poss-

ible that both of the suggested conditions may have been

responsible.

Armstrong and Brown (1954, p. 351) describved a
similar deposit which grades down into till and which
is overlain by till, and they have concluded that it
was deposited in the interglacial period., In that
case there 15 no doudbt about the time of deposition
but the Quamby beds do not have any layer of tillite
on the top to indicate the time of the deposition.
Poesibly they are post-glacial deposits which may have
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been laid down in the pack ice zone where the retreat-
ing and the advancing glaciers had a great effect on
the sediments but the water was, perhaps, open for long
stretches of time so that algae and other marine life
could exist in the water,

The environment and origin of the tasmanite has
been discussed separately by Carey and Ahmad (1957)
which is included herewith, Reid (1924, p.47) report-
ed that the thinly laminated tasmsnite beds are inter-
bedded«with mud bands which are almost devoid of
spores in both sets of rhythms. The sets of thin lame-
inae in the tasmenite beds are poseibly due to annual
variations in production of the spores by algae, while
the second set of bands may be due to bad weather years
in which the spores could not develop. The ocecurrence
of erratics in these beds 18 evidence of icebergs in
this area,

Hough (1950, p 257) deseribed laminated bande
of clay from the Antarctic Sea, and postulated that
they are possibly due to seasonsl variations, and
are similar to varves, Perhaps these tasmanite beds
can also be treated as marine varves in which spores

have played a major part,

The Quamby Mudstone in the Mersey Distriet and
the Mudstone Conglomerate beds of Preolenna and other
areas were possibly deposited in small baeins or .
narrow inlets. The boundaries of these basins are :
ag yet not very clear but to a certain extent they
can be traced from the outlines of the deposits and
the areas where they overlap the younger bLeds. y



In the Wynyard district the basal tillite is
reported from the coast line, from the Preolenna area,
from Oonsh and from Hellyer Gorge. In the Preolenna
area the Quamby Mudstone overlies the tillites. 1In
the south beyond Hellyer Gorge Permiun beds are not
known. In the east the tillite is overlain by outwash
beds, while further castward Precambrian rocks are
encountered so that possibly on this side also the
Permian deposits were overlapping. The boundaries of
this basin are not very clear but they appear to run
from the coast in the north-east to Hellyer Gorge in
the south-west. The eastern side started somevhere
east of Doctor's Rock and the weatern boundary was
beyond Preolenna,

In the Native Plains and Mersey district, the
lower Permian beds are overlapped by younger beds west
of the Don River, but west of Dairy Plains the younger
Peruian beds rest on lower Paleozoic rocks and tillite
is absent. In the north the tillite is overlapped by
Quamby Mudstone. In Bore Holes 21 and 24 (Reid 1924)
the younger Permisn beds rest on lower Faleozoic
and the Quamby beds are absent, In Bore Hole 26, the
Mersey Coal Measures (Liffey Oroup) is present but the
Golden Valley Group is absent and in Bore Hole 28
Permian deposits are absent, In the south, in Bore
Holes 12, 14, and 22, the tasmanite beds rest on older
beds dut in Bore Hole 27 and in Oliver's 50-Acre Block
they rest on Precambrien deposits. In the south little
information is aveilable as most of the area is covered
by dolerite, but Wells (1957, p. 9) reported that in
the Quamby Brook region the tillite is overlapped by
Quamby Mudstone., The existence of the basin in this



ares is indicated by these occurrences but its bound-
aries cannot be drawn until the area is surveyed in
detail. Reid (1924, p.43) sleo suggested that the
tasmanite beds were deposited in small basins, The

beds themselves indicate to a certain extent that they
could have been deposited only in an area which was
fairly closed and little disturbed by waves and currents,
In an open sea these spores probably would have been
carried away, or may not have settled because of their
light weight.

From all the available evidence it appears that
by the end of maximum glaciation the ice extended to
the sea and subglacial moraines were being deposited
below sea level but in the absence of sea water, As
the intensity of glaciation decreassed the ice thinned
and the glaciers started to float. In this period
the depth of the water below the ice was possibly very
small and deposits transitional between the tillite 1
and the Quamby beds were laid down (Palmerston marine
tillite facies), As time passed the ice retreated, the
depth of the water increased and the crudely bedded
Lower Quamby Mudstone beds were deposited seawards of
the ice front. By thies time marine life had migrated
to these areas and this is represented by & small num-
ber of fossils. The retreat of the glaclers continued
but some minor advances and retreats also took place and
eaused changes in the conditions in the sea., These .
varistions sometimes killed large numbers of marine
animals and added meny errstics to the deposits, so
that bandes with many fossils and erratics alternate
with bands which have few fossils and erratics,

Probably the Quamby Mudstone can be classified



as the inner zone deposit of the glaclal marine sed-
iments described by Stetson and Upson (1937, p.58).
These deposits have poor sorting and a wide range

of sediment sizes, and they coupare very well with the
characters of the Quamby Mudstone deposits, Inner

Zone deposits are laid down in front of the ice sheet
and due to the addition of sediments from the melting
ice sheet and the ice bergs they have very poor sorting
and a very wide range of sediment size, Carsola (1954, °
pp1566~67) reported simller sediments from the North
Cosst of Alaska, In all areas this type of sediment
has not extended beyond 300-400 miles from the end of
the glaciers, From the occurrence of the Permian
tillites in Tasmania, the distance of the Quamby beds
from the front of the ice sheet oan be determined pro-
vided the horizone of the tillites in the different
areas are found with some sccuracy |

\ These beds are exposed in the Woody Island,
Maydena, Florentine Valley, and Beaconsfield areas

and have been correlated by Banks (1956 (a) ) with

the Quamby Mudstone of the Quamby area, on the basis

of foseil evidence and the occurrence of glendonites.

The beds are composed of siltstone with erratics and
calcareous nodules up to 10 ft. in length, and g

glendonites (Banks et al 1955 (b) }. Eurydesma cordatum
is the most common fossil in the lower beds but in the

higher formations, Stengpora, Egnestells, Spirifer and
other fossils are quite common, At Woody Island some
of' the beds show current bedding and other evidence



of shallow water deposition., The siltstone beds and
the Sunset Bay and Alonnah Sendatones have glendonites
which are psevdomorphs after gleuberite (David ot gl
1905)., On Woody Islend the base is not exposed and
the lowermost beds are siltstone with glendonites.

At Maydena the siltstone overlies the tillite and

the ovtwash beds but the contact is not seen,

David et al (1905) proposed that the original
glauberite, which has been replaced by calcite to form -
the pseudomorph glendonite, was introduced post-
depositionally. Ragatt (1938) postulated deposition
in isolated basins in which the glauberite was a
primary deposit due to changes in teuperature,
Debenham (1921, p.79; 1954, p.500) and Taylor (1922,
pe 137) reported the occurrence of mirabilite from
the Antarctic and it is suggested that the over-
saturation of the c-co, and the high concentration of
the miraebilite might have played some part in the
development of the glsuberite. At the present time
Benks and Hale are working on the problem and a de-
tailed discussion of the matter is soon to be pub-
lished.

The development of the caleium carbonate
concretions may be due to rise in temperature when the
sea was over-saturated (Raggatt, 1929). Bradley and
Bramlette (1940, 3) ®ecorded the inerease in the
0-005 content of the Atlantic cores with decrease in
the percentage of clastic material and they have
interpreted this as being due to the decrease in the
intensity of glaciation., In post-glacial times the

-



temperature must have been rising and the c-oos nay
have been deposited, as proposed by Raggatt,

Milner (1952, p. 373) seid that siltstone is
deposited in shallow waters and may be associated with
glacial deposits., Washburn (1947, p. 63) described
eiltstone beds with marine foesils and smell erratics
overlying a gravel deposit on Victoria Island, Arctic
Caneda.

The features recorded by Banks and others from
Woody Island indicate thset these beds were deposited
in a shallow sea. The occurrence of erratiecs in them
and the outwash below at Maydena indicates that these
beds were in front of the glaclers, Raggatt and
David selso proposed that the glendonite beds on the
Australian mainland were deposited under cold con-
ditions and possibly on mud flats or in shallow water,

Combining all the evidence from these deposits
it appears that siltatone beds were deposited in very
shallow seas, maybe on tidal flats in front of the
glaciers so that melt water and some icebergs were
coming in to the area, or the melt water was bringing
some pebbles with it. The land was gradually sinking
but deposition was able to keep pace with the sinking
80 that sandy beds are interbedded with siltstone
beds. The breaks in sedimentation are represented by
the "Tillite" bends whichi=-

| 1, may be shore line conglomerate bands, with
roundled pebbles and poor sorting,

2. may be due to temporary advance of the ice
when the quantity of outwash to the sea might have in-



eroased, but they were not deposited in contact with
the ice.

Althovugh the Woody Island and the Quamby Mud-
stone beds were deposited about the same time, the
differences in the lithology of the two deposits, as
discussed above, is possibly due to the environments
in which they were deposited, Quamby beds indicate
the presence of floating icebergs whereas the small .
sige of the pebbles and the presence of current bedding
and caleareous nodules with pyrite and carbonaceous
matter in the deposits at Woody Island indicate
shallow water conditions possibly with limited circul-
ation., Perhaps the major factor responsible for the
two types of deposits was the depth of the water and
the distance from the ice front. Taylor (1922, p. 53)
has reported deposits very similar to the Woody Island
S8iltstone, but on a smaller scale, being laid down
in front of the Davis glacier. This suggests that
under favoursble conditions deposits like the Woody
Island Siltstone can be laid down in front of glaciers
whereas in other areas, where the sea 1s deeper, de-
posits like the Quamby Mudstone are laid down,

Darlington Limesatone.

Near the base of the Golden Valley Group and
near the top of the Woody Islaund section, a thin bed
of limestone occurs., This limestone varies in thick-
ness from a few inches to many feet, and the thickness
decreases from east to west, the thickest part, about
50 f't., being at Maria Island. It contains Eurydesma

cordatum, Stenopors tasmaniensis, S.Jjohnstoni, with
Other foseils and erraties, It is reported from
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western, northern and southern Tasmania but in the H.B.
it is only roportod from Lilydale and Beaconsfield,

The similarity of the fauna, the 1lithology, and
other characters of this limestone suggest that during
this age the sea was open in the larger part of the
state, there was free migration of the fauna in the
sea and possibly there was not much variation in the
depths of the sea at different places, The fossil
beds contain erratics and show an increase in number
and eize which had d-nroqlcﬂ near the top of the
Quamby Formation, The limestone band in the beds
which show abundaent evidence of iceberg activity.
appears out of place dbut it may be due to:

1., the warming up of the sea, so that the high
percentage of CaCO3 couvld not be held in the water
and was precipitated,

2. the retreat of the glaciers so that less
¢lastic material was brought down to this part,

Both explanations are consequent upon the re-
treat of the glaciers. Bradely and Bramlette (1940,
P. 3) reported an increase in the percentage of CaCOy
in the non-glacial marine deposits from the Atlantic
Ocean core, which they suggest may be due to warming
of the sea, The increase in the number and the genera
of the fossils also suggests that the conditions were
more favourable, and maybe the sea was warmer,

Golden Valley Oroup and Bundella Mudstone.

In northern Tssmenia the Darlington Limestone
beds are near the bese of the Golden Valley Group end
in the southern ares of Tasmania they are below the
Bundella Mudstone,
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The lower beds of the Golden Valley Group have
shales below and above the Darlington Limestone,
and there are abundant wmarinc fossils. These shsle
"beds gradually pass into coarsely sorted shales and
sandstones, McKellar reported that the top part of the
formation has micaceous sandstone and guartz sandstone
which grade into the upperuost beda with thicker
bands of micaceous mudstone. In this formation the
numder and size of the errstics and the number of .
fosails decrease from the bottom to the top.

On the whole the area shows two conditions:

1, Passible shallowing of the basin of deposit-
ion as mdicatod by an increase in mice.

« Warming up of the country as indicated by

the aeoro--e in the number of the erratics. Had this
been due to the shallowing of the sea, possibly the
size of the erratice would not have decreased. The
top beds of the Golden Valley group are overlain by ’
freshwater beds which also could have been due to
waraing of the land, and these beds also indicate the
rise of the land so the connecticn with the ice front could
have decreased,

The Bundella Mudstone beds of the Hobart area
(Benks, 1957) have siltstone bands with four bands
of sandstone, The fossils include Stenopors Jjohunstoni,
Burydesma cordatum.

The conditions of the deposition both in the
north and the south had probably stayed the same except
that in the south sandstone bands are thin and are
possibly connected with the waxing and waning of the

glaciers, J
:§
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Deep sea cores and dredgings from the Antarctiec
and Arctic regions show that, below the shelf ice and
in front of it, the deposits have a very high percent-
age of clay, but outside the shelf zone, in the outer
limit of the pack ice zone and in the iceberg zone, the
sediments are generally sandy. Menard (1953, p.1292)
suggested that this sand is possibly due to submarine
sorting of the deep sea sediments, The Tasmanian sedi-
ments of the Bundella formation and the Oolden Valley
group e¢an possibly be placed in this zone,

In the north the MoRae sandstone is followed
by non- fossilifercus mudstone with carbonaceous
lenses followed by other sandstone and shales.

In the Hobart area Bundells Mudstone is follow=-
ed by a thin bed of conglomerate (F4g310) which contdins
Gangamopteris. This conglomerste is overlain by sand-
stone beds with current bedding and other characters
which suggest lacustrine or paludine ori.:m ( Banks, 1957).
The next is a bed of conglomerste overlain by a sand-
stone bed with worwm casts and erratics, This marine
bed 48 overlain by a freshwater sequence with a con-
glomerate at the top. The next bed is again marine
with some marine fossils and is overlein by a fossil-

iferous deposit with Martiniopsis, Aviculopecten, and
others with some bands of Glossopteris.

L]

The whole sequence suggests that in the Hobart
area the sea floor was oscillating so that the marine
sequence is mixed with a fresh water sequence. The
marine and freshwater beds are separated by the con-
glomerate beds, which suggeat a break in the sediment-
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- After the déposition-of ‘the Dérlingtanvlimestond”
the deposits everywhere in Tasmania indicate & gradual
shallowing of' the sea. Life which was ebundant in all
pérta of the sea gradually decreased, and the number of
icebergs coming in aleso decreased, so that the number
of erratics declined. In the north all through the
Liffey proup no erratics are found, while in the Hob-
art ares, errstics are present but only in the marine °*
beds., The presence of errstics in the south indicates
that while freshwater beds were being laid down in the
north, glaciation continued but the erratice had stopped
reaching this area as there was no sea connection with
the glacial front, or the lend in front of the glaciers
had also risen so thet no icebergs were coming out, but
the decresse in the size of the erratics suggests that
posaibly the distance of the ice front from the area of
deposition had inereased. .

The rise of the land during this period may have
been due to isostatic uplift; the land may have risen
after the glacistion due to the effect of the Hunter
Bowen Orogeny. Or the rise may have besn due to both
ressons,

Cascade Group.

In the Hobart areg, the Cascades Oroup was
depoaited on top of the freshweter and merine sequence

but in the north these rocks are not represented. Banks e

(1957) suggested that at first glance 1t appears simple
to explain the absance of the Cascades Group from the
north, but posaidbly a detalled study of the northern
area will throw some light on this problem, and some
beds equivalent to the Cascades Group may be present.
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Although it 18 very difficult to forecast whether

eny such beds will be found in the Deloraine and
Quemby area, the isopachs drawn by Brill (1956, p.133)
show & shallowing towardse the west, which suggests
that perhape in the west the Casesdes Group is repres-
ented by a continuation of the freshwater bede.

Brill (1956) studied the Berriedale Limestone
in detail and observed the ¢yelie nature of these depos-
4ts. He reported that beds of impure limestone alter- °
nate with beds of calcareocus mudetone and the limestone
beds tend to be thicker than the beds of mudetone.
Erratics are common in the whole sequence but are more
concentrated near the top. Brill concluded that these
cycles were due to waxing and waning of the ice sheet .
(pe136). Possibly his explanation ie correct as the -
overlying beds have a large number of erratics and also
indicate an increase in the intensity of glaciation,
The decrease in the number and size of the erratics .
in the Bundella beds was possibly due to decrease in
the intensity of glasciation,, K Ubecauvse during deposition
of the Berriedale Limestone the conditions had not
changed, but the number and the size of the erratics
had altered, The gradual increase in the number and
size of the erratics from the bottom of the Cascades
Group upwards indicates that possibly the Fauvlkner
and Liffey Oroups were laid down during an inter-
glaciel period, and frou the beginning of the Cescades
Group the glaciers were advancing agein, The sediments
from the bottom to the top of the Berriedale beds
show an increase in coarseness, The mudstone and lime~
stone in the lower part of the Berriedale beds give
place to sandstone near the top.



On top of the Casoades Group in the Hobart
area snd the Liffey Group in the north, the Woodbridge
Glacial Formation was deposited. In the northern
aree MeXellar divided the Woodbridge Group into three
formations, the basal mudstone with limestone bands
and layers of erratics followed by the middle sand-
stone with layers of erratics and then micaceous
mudetone at the top.

L ]

The lower beds indicate gradual deepening of the
sea, the lower 12 ft. having elternsting layers of
sandstone and mudstone, followed by one foot of cone
glomerete with well rounded pebbles. The middle part
of the lower formetion hes bands of limestone and mude~
stone with erratics., In the Hobart area Banks (1957)
described the formtion aa sub-greywacke sandetone
and siltstone with @ thin band of limestone 10 r£t. from
the top. Erratice are common in the whole sequence .
but are most abundant in the middle, and show a decrease’
in numbers towards the top of the formmtion, Some of :
the erratics are more than two feet in length.

The presence of sendy beds, marine foseils and
erratics in the Woodbridge Forustion suggeststhat the
environment in which they were deposited was possibly
very similar to that found today in front of the Ross
ice shelf, in the outer part of the pack ice zona. It )
appears that the effect of distant glaciers on the
. ecoarseness of the sediments is in direct ratio, 8O .
with increase in glaciation the coarsencas of the sedi- )
ments also increases, In the shelf ice zone the sedi- i
ments sre fine sinee they ere added directly from the A
melting shelfl ice, and due to lack ‘or currents they
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are not well sorted so they have a large percentage
of fine grade particles, In the pack ice zone, away
from the ice shelf, the coarseness gredually increases
outwards and 1s possidbly at ¢ meximum near the middle
of the iceberg sone. In this zZone and in the pack ice
aone currents are present which possibly help in
sorting the sediments as they settle in the sea.

There may also be some submarine sorting,

The Woodbridge Formmtion was deposited perhaps
in the outer part of the pack ice zone, and may have
extended up to the middle of the iceberg zone, It
shows abundant evidence of marine life, the sediments
are fairly coarse but the particles are fresh and
errsetics are common and have stristions, The mud
bands in these sediments possibly represent periods
of retreat when the deposits of the obter iceberg
zone were laid down on the coarser sediments,

Ferntree Group.
The Perntree Group overlies the Woodbridge
Group and has the following succession in the north.

Eden Mudstone. Micaceoun wudstons, no
erratics, il

Blackwood i

Conglomerate, Well rounded pabbles. 'r.

Dry's Formstion. #udstone with wica and
erratics up to 2%,

Palmer FPommation. Sandstone, poorly eorted, "
erratice present,

Springmount Porm- dudstone, few erratics,
ation. coarser and fine bands
near the base,

Gracia Formation Erratics common, poorly
sorted sandstone.
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The sequence shows that the retreat of the
glaciers which had started in the upper mrt of the
Woodbridge Formation etill continued and possibly the
land was emerging from the sea since the deposits
show an increase in mica content, The bands in the
Springmount Formation may be due to fluctuation of
the sea level or gdvance and retreat of the distant
glaciers, Possibly the inerease in coarsenees in
these beds is not so much the effect of marine sort-
ing but is due rather to gredual shullowing of the
basin of deposition. The aspect of the upper beds
further confirm this shallowing of the basin since
the Palmer Conglomerate is possibly & shoreline
deposit of the retreating ice snd marine fossils are
sbsent in the upper beds,

The uppermost deposita of the Permian System
are freshwater and lacustrine beds of the Cygnet Coal
Measures, which are present in southern and western
Tasmania, and which indicate that by the end of the
Peraian Period, gladinstion had decreased and possibly
ceased and & warmer climate existed all over the
State,

o
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BASAL _FPERMIAN _PALECGROQGRAFHY

In the early Permian epoch, Tssmania was experienc-
ing a frigid clismte and ice-borne deposita were being
laid down on the land and in the sea, David (1950) pro-
posed that during this time an ice sheet covered large parts
of Australis and extended to within 20° of the present pos-
ition of the fEquator. In Tesmanis in some places the
glaciers may have been coming down from mountains of high
relief but in most of the area they were flowing on low=~
level coastal plains with the relief varying no more than
a few hundred feet.

The direection of ice movement, as indicated by the
striastions at Kt. Sedgwick and King William Saddle, was
from west to eanst, and from the pebble orientation at
Wynyard was from S,%, to N,E, The direction of the ice
movement is further confirmed by the erratics in esstern
Tasmenia which came from western Tasmasnia, Along the
west coast, near Malanna, and Point Hibbs, erratics of
rocks belonging to these areas are absent, Another
factor which could be interpreted as confirmation that
the ice moved from the west is that at Merias Island end in
the St., Mary's area the basal tillite is absent, but in
the west wherdsever undisturbed Fermian deposits occur
basal beds are definitely present,

If the conditions of the Fleistocene glaciastion can
be used as a guide to the Permian glaciation of Tasmenia,
it oan be suggested that during this time Tasmania was
within 40° of the Pole and it was along the eastern side
of & lend mmes, which was being intensively glaclated.
The radial pattern of the ice movement in different parts
of Auetralia indicated by the stristions at Inman Valley
(8outh Australia), Bacchus Marsh (Vie.), Wynyard, ut.
Sedgwick, and King william Saddle, although it cannot



be taken as a definite evidence, does not disagree with
the assumption that the glaciers which reached the sea
during the Lower Permiasn epoch came from a land nass
west of Tasmania and possibly the centre of glaciatlon
was not very far from Tesmania,

The occurrences of the tillite in the state are not
continuous but the castermnmost known exposure csn be taken
ae the minimum limit to which the glaciers reached (Map 2).
East of theme deposits the extension of the glaciers can only
be suggested on the basis of the northern extenaion of the
glaciers in New South Weles and Victoris, and on the pres-
ence of the deposits slong the east coast and on Maris
Island which have been derived from older deposites, and
which have striated and facetted pebbles,

In the north the deposits of the tillite are limited
west of & line running from east of Latrobe through Del-
oraine to Palmerston; the deposits at Avocs, Fingal and o
8t Mary's indicate that the glaciers extended beyond the
present eest cosst of Tasmania,

Between the Orest Lakes and Maydena, except King
William Saddle, no exposures of tillite are known, The
glaciers probably extended farther and they extended
beyond the east coast of Maria Island,

Twelvetrees (1915, p.l3) has reported the tillites
from Rooky Flains Bay and Shoemskers roint in the south, 4
which indicates thot glaciers at least reached to this .
point and probably extended farther east and south but
there are no Fermian deposits reported froam southern
islandes ®o0 it cannot be confirmed. Ir the deposit. re-
ported by Twelvetrees is truly tillite it would be likely

J
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that Port Davey was also covered by the glaciers,

In the Lower Permian Zpoch Tasmania was covered
by & large ice sheet or a combination of several pled-
mont glaciers, but the evidence as discussed earlier
points in favour of.a tyrue ice sheet, which moved from
west to east, The glaciers not only flowed on the
land but extended into the sea. In the north they
reached the sea level beyond the east coast.

At the end of the glacistion the retreat was
followed by an encroachment of the sea and the tillite
which had been deponited below the sea level was covered
by water. The tranagression was gradual, starting in
the south east, then advancing towards the north west
(Map 3).

The sea entered betweesn Haria Islend and Mt.
Ficton and it extended through the Derwent Valley in
the south, to Latrobe and Beaconsfield, In the west i
it extended beyond the west coast of Tesmania, The
Upper lMersey Valley and the Cradle Wountain area may
have formed a peninsula or & chsin of islands extending
south from the uUt. Roland Lower Paleozoic land mass,
while another peninsula extended from the north east
coast lower Faleozoic land mass towards Meria Island
end perhaps further south, The Inglis Velley and the
Wynyard area were connected by sea from the south-
west end of Cradle Mountain or another sea extended .
from north to sovth in this part, The absence of Per-
mian beds between Cradle Mt, and the Inglis Vslley may
be due to post-Permian erosion, non-deposition of the
Permian beds, or simply to lack of exposure,



Barn Bluff, ut, Sedgwick, and Mt, Read poesibly
formed the southern extension of the North West Coast
Lower Paleozoic land mase, because the considerable de-
erease in the thickness of the Permian deposits in this
region and also the overlapping of the beds within
short distances suggest nearness of the land, The sea
was possibly deep towards Malanne and Point Hibbs be-
cause the thickness of the Ferwmian deposits increases
gradually to the south, The absence of the upper Pal-
eozoic and younger rocks from the Port Davey area makes
it very difficult to determine the palasogeography but
following Twelvetrees' report of the occurrence of
tillites in the ares it is suggeeted that it was glac-
inted but the deposits have since been removed by eros-
ion, It is also possible that the Port Davey area may
have formed a separate island in the south or may have
been an extension of the land mass in the west,

Peloerston Merine Beds.

Before the ice had retre@ted rrom the State,
marine tillites were laid down on top of the tillites,
During this period the ice was still protecting the
higher parts of the land, so the erosion had not started
and the tillites were covering them, so the distrib-
ution of the land and the sea was more or less the same
at the time when the retreat started (Map 4).

Quambge Beds.
The glaciers had retreated farther west and where-
ever the tillite was not under water the eroceion had
atarted, so that the covering tillites were removed, and
the rock ridges and islande had appeared (Map 5),



The land was still sinking so that the sea had
advanced farther inlend, In the Mersey district, the
sea had advenced in the north and the weet, and it reached
upto Latrobe in the north, and between the uersey and
Don rivers in the west, In the upper Mersey Valley and
Cradle sdountain area, the land had gone under water,
but some islands were left on which Quamby beds are
overlapped by younger beds.

By the end of this time deries Island had gone
down below the sea level and the sea covered some land
in the north of 1it.

Darlington Linestone end Golden Valley beds.

The sea had advanced farther inland (Mep 6) and
sll the islands in the Mersey Valley and in the Cradle
Mountain area had gone down under water, In the Mersey
District the sea had reached up to Devonport in the
north, and the Don River in the west, *

In the Maria Island srea the sea had probably
encroached farther north, but it is not traceable.

By the end of the Golden Valley period the land
had started to rise and smmll swamps end inland coastal
lakes had developed, in which coal waes deposited,
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Plate 1ll.

FFossil Piecs In Maydena Tillite.
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A Closeup Of Plate 25.

Plate 25 B.

Fussils and Dropped Pebbles In Tuaay

De':is -




-
ct
e
<
o
o1
.

rrecai

nbrian “Yontzct

vatwasn






LECEND

Thi

OUAMEY WuDITONE AN
WOOOT IBLAND A TETOMNE
DAL METSN M RTONE




wAR 3

EASTERN LIMIT OF BASAL PERMIAN GLACIATION IN TASMANIA
BASED ON THE PRESENCE OF TILLITE

SCaLL
a o a0 I 40 20 wiEs
ol 3 NYARD
A
PRECLENNAR :_‘
= 7 A,
S OONAN .- s
2 LATRO P alnvoas
seoser
ovgr |
}
- e
&
? DAIRT ALAINE
Chape v B
; LACAWOOD CREEK
NI AEAL } R *RALMEMITON
{ .’ﬁ,f
eyl g
t.g- L
fac -
T agoewCH a2 b

LAACT 1]

5

} ..

HING WLl AN “P“ﬁ\l“
o /

'|_ l

wAyOCA

-
BT Maasry

oFINGAL

LL!HQ”




o

TR
s J(. /
/ / ™ e
, // y
A A ]
Vi
7 /
b LA E
! 7
.r- /I/ /e ‘.’
AT
AR 4
P
£ o
o .
'
Pt
LAWD

[::]mmn.m

MAF 2

LAND AND SEA DISTRIBUTION AT THE END OF
BASAL PERMIAN GLACIATION IN TASMANIAN




- — m Farnires Modiians
- .
4 e

Drys Magnon

TITETTNVITTT

i
|

{Parmires Mutitons

[P S— - | Gigwearilic
m'rﬂ- L Grange Mudstons = Sundey
Ooboo! Breanapsd JGrey Limextone
i e
_1,,:._.;2
g
. - —t——‘—' > !
E 300+
g Botur O Mrals
2004
b .- o Lol
. : A . m;u Y-llll:(
.' R o
e scaLe
DELORAINE — CRESSY NMOBART — WOODY ISLAND ELEPHANT PASS ST MARYS
AFTER AFTER AFTER
WELLS(1957) AND McKELLAR (1957) BANKS AND HALE (19571 KG BRILL

Correlation after Bonky



SECTION

PLAN

ROTATION OF ERRATICS |IN GLACIER

FIG 1



WEIGHT PERCENTAGE FREQUENCY

J0

3] WOODBRIDGE GLACIAL FORMATION
] e
10 4.-——_1‘-—J.__l— ‘l
b Eas RN =
. N R
(ot Woodbridge) ofter D Woolley
JO,
20 WYNYARD

I e

o Jr T L i T Ll T Ll L L L

30 -
20 | PALMERSTON
1 r__i.._
o L L3 T T v T T T T
JO -
20 - MAYDENA

T T

b TR N d. of W ENE 3
024 256 64 32 /6 8 4 2
DIAMETER IN MM.

SIZE AND FREQUENCY HISTOGRAM

Figure 2



/00

90+

70
601
50+
401

JO+

CUMULATED FREQUENCY

201

" 10

4
M

. £

ST & S T S TS SR &0
2 €876 J2 Tée- 256 /024
DIAMETER IN MM.
FREQUENCY CUMULATIVE CURVE
WYNYARD
MAYDENA
PALMERSTON :

Figure 3



WEIGHT PERCENTAGE FREQUENCY

/00

80 1

G0 A

40 -

WYNYARD

00

80 1

60

40

20 1

- T T T

100 4

80 1

60 +

40

20 1

/00 1

80

60 4

40 1

20

PALMERSTON
T - ,I ——
KING WILLIAM SADDLE
S A
MAYDENA
16 32 Fiy "2 44 o8 AE 22

DIAMETER IN MM,
ERRATICS SIZE FREQUENCY

Figure 4



ROUNDNESS

WYNYARD

/04
[ ]
o L LE T L . ] T T 1 T L B Ll
7 D PALMERSTON
[ ]
L Y Ll L) T -, e e ———
7 5 [- . KING WILLIAM SADDLE
L]
L T P
N
¢4 ] —
<@ [ % \
3 "f e ity i
™ . W i : A\ > {‘)
R s S
S _"‘_._--}\ 25: ] R W AL A
0 b——p——————r———— e —r—r——y—y-—t 7

MAYDENA 5
R VLY |
[J_\___
e [ T | — ] = e ) ey 3 @
8 /0 12 14 16§ /8 20 22 24 26
size IN CM.

CITE AMND AOIINMONEER B Floevrs ©



SPHERICITY

WYNYARD

b MAYOENA
-

.sd KEY

: - o
g ll\ RS 20 -0
- 3 ] 0 - 20

) S]o-/
-2
OI..-

i e St Y S i —————— )
0 2 - é € 0 12 114 6 |8 20 22
SIZE IN CM.

SIZE AND SPHERICITY Figure 6



NO. OF PEBBLES

5

/0

/5

[0 1

f i~ J
i

5

/0 4

/54

/10

it i Vmp—— 3 . .y g jury o]

& g

— ——— —— e —

£0
WYNYARD

Jo

20

/0 1

40
PALMERSTON

JO A
20 |

o _I:T"

PERCENTAGE

40

KING WILL!A&‘; SADDLE I
o a

20 |

PEBBLE

/10

P
40 -

MAYDENA
J

E

20 1

/0 1

b ———

-— =

v - o —

2

-8 10

I+

4 & 8 o

SPHERICITY AND FREQUENCY

Frgure



/0

WYNYARD

PALMERSTON

ROUNDNESS

KING WILLIAM SADDLE

MAYDENA (L

Q 2 4 6 ‘@8 /o
SPHERICITY
ROUNDNESS AND SPHERICITY Figure 8



NO. OF PEBBLES

/5

/0

151

/10

/5

/10

/5

/10

o

—y -y

— T Y . —y— 0 s i S ot S S e

L

2

g —— gy = —y——

4

’\1\ i
AR AY -
: 0

P ——p——

\ &
PERCENTAGE

=
(

-6

WYNYARD

JO \_1

20

PALMERSTON
Jo

20

/0

KING WILLIAM SADDLE

te
o

PEBBLE
N
o

MAYDENA
Jo

U, ==

-8 1.0 o 2 o

ROUNDNESS AND FREQUENCY

20 J—L‘
/10
o Pl ‘:: - | g Juean Besbin i e g

g

--I: ———— > --Q--*l'-‘—}-“q'—-

LL_,

/0

Figure 9



8. Warren Carey and Nasecruddin Ahmad,

INTRODUCTION y

Selectivity of the Geologieal Record

The study of glacial sedinents has grown out of the study of
modern glaciers and of the terrestrial deposits left by the
Pleistocene glaciation, Until recently comparatively little
attention had been paid to glacial sedisnentation under narine

cgonditions,
-

Prom the point of view of the palacogeogravher however, marine
glacial sediments may be more important, in that they are much more
likely to survive in the geological record, To=day the most
obvious and widespresd glacial sediments asre the terrestrial deposits
moraines, tills, and outwash, However on the geoclogical time scale
8ll these deposits are likely to be alunost completely destroyed,

But in areas wherc the glacial sediments are included in a con- .
tinuing eycle of subsidence and modimentation, the glacial record
may be prescrved, perhaps for several geologiecal periods, Such
areas ogeur in the Arctic, Alaska, and off the Ross shelf, The

most permanent records will be those where the glacial sediments have
been enclosed in a currently aotive gecsynoline, where strong folds

will, in due course, tgke the glacial formations deep into the erult:



where several eyoles of peneplanation will be necescary to erase the

last vestiges of the record,

The remains of the "jo-Cambrian” glaciation are largely of this
type = in folded geoaynclinal piles, usually resting on other marine
atrata, with rerely aeany sign of a glaciated bedrook pavement, There
were of eourse contemporaneous moraines and tills, and outwash, bute.
they wére the first to be wiped out, There were glso, no doubt,

shelf deposits, but they too have largely disappeared,

The regord of the late Palasozoic glaciation is partly of the
geosynelinal type but there are still very many shelf deposits, often
unfolded, often associated with glaciated bedrock pavements, but
usually leading up into a following succession of marine or lacustrine
sed iments which served as a protecting shield during the ercsion eyedls
of the MNesoszoic and Tertiary, Terrestrial moraines and tills,
depending for their preservation on pene-conteaporaneous burial
through tecetonic subsidence of the shelf on whiech they lay, are

relatively rare,

In spite of this difference in the atate of the record in
Pleistocene, Palacozoioc and precambrian glaciations, there is still
& strong tendenecy to look to terrestriasl glaciation for analogies ro;
the ancient glacial scdiments, rather than to the marine environments,
This straight-jacket shows up sharply in the nomenclature, nock
names are carried over froa terrestrial environments, There is a
dearth of names to designate marine glacial sediments in spite of the

frequency of their ocecurrence, and cumbersome circumlocutions .

are often used (e.g. Miller, 19535, p., 26),
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Soope of zrolont Contribution

This paper was inspired by difficulties which arose in iden-
tifying the conditions of deposition of the marine glacial sediments
the Permian Syatea of Tasmania. It seemed to us that an understandi
of these scdiments, in addition to its comtribution to palaeogeography
could prove to be a useful complement to glaciological study, liIOO'
current marine glacial sediments are not so acoessible as are those
of former glaciations, Hence such a study, having benefited from thi
stimulating advances made by the glmidigists during thQ last decade,
might well return new suggestions along lines not conspicuocusly

revealed by the glaciological techniques,

The overall design of the investigation is (1) a theoreticel
enquiry as to what kinds of sediments we night expeot glaciers to
develop in different marine environments, comparing this where
possible with reported occurrences (this paper), (2) an objeotive
study of the praportlol?;aananian Permian glacial sediments (by K,
Ahmad). (3) An objective study of the properties of Quatermary
glacial marine sedisents off Antarctioca in collasboration with the
Austrslian Metional Antarctic Hesearch Expedition, (This 48 1in
tre prospectus stage only). In addition one of us (Ahmad) has .
oxanined several Tasmanian rPleistoocene glaciated areas (Ahmad,

Green end Bartlett, 1957; Jennings and phmaed, 1957; DBaker and
Ahmad, 1857),
This paper therefore attemptes to review the physiecel behaviour

of foe sheets in so far as such processes sre relevant to the

associgted hmerine  sedimentationsto classify the envi-onments
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under which marine glacial sediments may be deposited, to determine
eriteria whereby ancient sediments belonging to these environments
may be recognised, and to point to gaps in our nomenclature which

need to be filled,

gnulgtions for occeurrence of marine loe shect

Any glacier may protrude to sea and become buoyant, provided

its rate of alimentation is sufficient to maintain it against the
processes of melting, spreading end frontal calving, Because the
Ross Barrier is inm a bight some 400 miles wide and the samne order of
length, it has been sugzested that a somewhat restricted re-entrant of
this type is a neceasary condition for an ice barrier, The Culf of
Alaska is much more open yet a floating ice sheet developed there
during the Pleistocene as shown by the glaclial merine sedimenta
dredged by Menard (1953, fig, 1) throughout the gulf to more than

500 miles from land, Pliogene or Pleistocene marine glacial beds
have been folded up and exposed in jiddleton Island (uiller, 1953),
Other factors being equal, the wider the angle of the coast, the

more rapidly the floating ice will spread, but we do not agrec that a
restrieted bight is in any way an essentiel condition, A_numbcr of
glaciers around the intaretiec coast protrude to sea and boénn. buoy.;t
The Dronning Maud Land coast which is broadly convex has a fjord-like
ice sheet flowing out to seca forming a fleoating ice shelf for many
hundreds of miles of the coast (Robin, 1954), Entrenched within
this general ice sheet there is a fjord-filling glecier which drains

part of the interior ice plateau of the continent: (figs, 1 and 2), ,



‘s-

The FPilasohner floating ice shelf has a front some 500 miles long,

The Yest Icc Shelf off the Leopold and Astrid Coast has a 200 mile
front and projects secawards far beyond the 100 fathom line along a
eonvex ooast, There are very many others (see the National Geograph

Society map of Antarctica of September, 1957),

Swithinbank (1955, p, 65) after desoribimg the form of the
Dronning Maud Land shelves suggests that "it may be true to ssy that
an i¢ce shelf, unless f'lanked by land or by inland ice sheects, will
never extend to sca beyond the sutermost shoals which could ground 4it*
*Without these the ioce shelves might well break loose and drift
bodily to sea”,

For practical purposes this induction may well be true,
However even in the area studied by swithindbank the top of the
grounding “"shoals” may be in excess of 400 m, below present seca-level,
Hence even acoepting Swithinbenk's sugiested limitation, floating
ice shelves could extend well beyond the liamita of any continental

shelf,

The most important conditiom would seem to be an abundant low
of terrestrial ice, ¥ithout this contribution a substantial thiocke.
ness ocould never bde built up, becausc the low conductivity of snow
insulstes see ice againat atmospheric cold, and bottom melting
belances surface acoretion after only a small thickness is attained,

The thickness of the floating ice shect depends on.z number of
variablesy the rote of outflow of igce from the feeding terrestrial i

glaciers, the mean temperature of this terrestrial ice, the rate of



- ™

snow goeretion on the surfasce, the rate of basal melting,, and the
rate of spreading, which is strongly influemnced by any lateral
restriotions of the coast., Robin (1953) has suggested a stable

equilibrium thickness for any given conditions,
vironnent 20N

Ve may recognise the following environments of sedimentation in
relation to a glaclier which extends to seca (see fig. 1)e
A. Terrestrial - where the base of the glacier is above sea level,
B. Grounded shelf -~ where the base of the glacier is below seca-level,

but not floating,
Ce Floating shelf -« where the glacier is floating,
Ds Inner iceberg zone - from the ice barrier to the limit of winter
pack ige, 5

Ee Outer icedberg sone - beyond the limit of pack ice but within limit

of iocebergs,

¥e propose to seck coriteris for recognising the sediments of eacl
of theas sones, Before attempting this however, it is necessary to
make another distinction which we think to be of profound importance
in every aspect of glsocial redimentation - numely wet-base and dry-

base glaciers,

Wet and Dry Glaciers

Glaciologists have long disoriwuinated between "Arcotic” glaoiorﬁ
and "temperate” glaciers, A wet~baze glacier is defined as one whos¢

base is at melting temperature, with basal meltwater, A dry-base
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glacier is defined a= ope whose base is below melting temperature,

A wet-base glacier may of ccarse be a dry-tase glacier further inland,
Seismic measurements by roulter omn the Ross Shelf, and by Robin om
the Dronning Maud Shelf have given conflicting piotures of the

regime of floating shelves and their thickness changes across the
line of grounding, There haes even been an implied suggeation: thafy
one or other had misinterpreted their results, However the respea-
tive charactera as reported by the two investigations fit precisely
what our analysis leads us %o expeet in wetl« and dry-base glaciers
respectively. We therefore sugreat that the Pencksokka Clacier of
Dronning Maund Land end its floating lce shelfl is an exavple of a dry=-
base glacier, and the 3oss Barrier with its fecding glaciers is an
oxample of a wet-base glacier, at least in its seaward end (figs, 1-§)
These figures arc based on seismic date from Rebin (1954) and roulter
(1947) respectively, Superfieially the Rosa Shelf differs from the
Dronning Maud Shelf in thet there is lit . le or no change of surface
elevation where the floating shelf touches down and hecomes grounded,
whereas the latter has a sharp break of surface slope at this line,
end is found to increase in thickness by four or five %iimes, Tts
floating shelf is very much wider, In place of the sudden inerease .
in ie¢e thickness, the Ross glacier has a sudden increase of $t11l
thickness under it at the point of grounding, We suggest that these
contrasts are merecly symptoms of very different behaviour in respeect

to a wvide range of properties,

In the ensuing discussion we will attempt to show fthat dry-base,

glaciers produce marine sediments with many dropped erratics, whereas
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wet-base glaciers produce well bedded narine sediments with much
rarer erratics, but often containing interbedded layers from a few
inches to several feet thick of till-like material, without dreg on
the underlying sedimenta; that the dry-base glaciers are associated
with abundant thick-shelled fossils and 1 mestone containing many
erratios, whereas the wet-base glacier uroduced more ailty, non=-
caloareous sedinents with thin-shelled fossils; that the dry ;lnolc;
may produce glendonites and large calcareous e neretions and saline
specialised faunas; that the wet glacier produces bdbelow sca-level
thiok non-fossiliferous tills, which are rather abruptly replaced
laterally by very different stratified rooks; and that in a partie-
ular facies the wet-base glacier results in strongly dragged and
rolled structures; that dry-based glacioers are more likely than the
wet to produce favourable environments for petroleun accumulation, ;

JMoreover we have seen phenomena matching all these characteristics in

the marine glacial sedimentation of the permian System of Tasmania,.

Let us then examine systematically the physical behaviour of

thesze two glacier types and their geclogical cumnsequences,

HEAT FLOW THROUGH GLACIERS
L

The variables in the thermal rcgions of a dry glacier are shown
qualitatively in fig. 5.

The surface temperature fluctuates between the extremes iA°,
but melting prevents the glacier surface ever rising above 000. The
temperature fluctuation st the top of the ice is therefore between A"

and 0% (3)e The temperatures are ephemersl and no eguilibrium »



gradient can be established with them, The range of seasonal
temperature variations must therefore become rapidly less with depth
owing to the very low gonductivity of loose snow, and the annual
fluctuation vanishes nt a shallow depth (B)s. This has been con=
firmed by field messurements e.g, vade (1945) found no temperature
variation below 45 feet, The firn 18 a very poor conduotor indeedy
and a good deal of the heat flow in this zone is conveotive through .
air oiroulation, Thus roulter (1947, p. 372) reports fecling an air
draught two feet above the end of a bore ending 16 feet below the sno
surface, The gradient at any instant may be anywhere in the figure

JBA'. Below B the temperature gradient shows no seasonal variation,

A static ice sheet in thermal equilibrium would have to ocon-
duot to the surface the normal terreatrial heat flux, end at the
same time its surface would be subjected to the annual range of
seasonal temperature fluctuation, The slope ED is determined by
the conductivity of the rooks and the regilomal heat flux, The
conductivity of ice is of the same order as that of rocks, dut
the conductivity of compact snow is an order of magnitude less.
Hence, DC the lower part of gradient in the ice has much the same
slope as in the underlying bedrock (a degree or so every 100 feet) .
but changes rapidly to about a degree ecvery 10 feet as the firn

becomes less compact,

There are however ftwo further variables, the flow of the
glacier has a conveective effect equivalent to bringing the very cold

surface temperatures nearer to the basement thus depressing the .
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basal temperature below D, and so on for all points between D and B.
Hence the gradient curve would be displaced to the position FB.

The shape of this curve is a funetion of the rate of glacier flow,
the rate of change of this rate with depth and the rate of change

of conductivity of the ice with depth,
L ]

The bedrock seguent of the gradient EPF is not in equilibrium,
It tends towards a uniform gradient (for uniform rocks) but the
longer the glaciation continues the further F moves to the right
towards lower temperatures (but always of course above the tem-
perature of B), Heat is flowing upward through the rocks near F
at a faster rate than near E, and this leads to a progressive down=-
ward migration of the point L as the chilling effect of the glacier,
extends more deeply into the bedrock, Many thousands of years are

required to approach an equilibrium gradient,

There is a coamplicating feedback relation between rate of flow
of glacier and the thermal gradient, The flow rate of ice is
sharply affected by temperature,,increasing very rapidly as the
temperature rises towards melting point, other conditions being
equal. Hence a very cold slow glacier receives more terrestrial
heat than a warmer faster one because it receives the heat flux for
a longer time. A portion of the gradient below B may become very
steep at nearly constant temperature, receiving virtually no summer
heat by conduetion from the surface, and virtually no heat from the

earth's flux owing to its conveotive removal by ice flow further dorg.
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The ice alao receives heat from ¢ nversion of mechanical heat
by viscous flow and bottom friction slippage. Most of the potentia
energy lost by the ice commencing at say 3000 metres altitude and
ending at sca-level is converted to heat, This is enough to raise
the ice tempersture by about 13'0 but on its own could achieve 1ittl
melting, Por coupsrison, the heat received by terrestrial heat

L ]
flux during the slow Jjourney might b¢ am order of magnitude greater,

The three contributors of heat - frietion, terrestrial heat
flux and heat exchange from bascment to ice with depression of
temperature of the former, all lead to a progressive rise in tem-
perature towards the base, Purther, the same three contributors
mean that the temperature at the base rises progressively down-flow,
Hence the thicker the glacier and the greater the distance down-
flow, the more the probability of a melting szone appearing at the

base, This introduces a further complicating factor of meltwater,

In the zone of surface scasoval fluctuation (ABA', fig. 5),
meltwater will always be present nherc the surface temperature is
above 0%, This conducts heat as latent heat downwards giving a
vertical gradient down to the limit of melting (JH, fig. 6).
Likewise the temperature at the base cannot rise above zero, and 1f.
the initial roek temperature (N) before onset of glaciation was
sbove sero, the gradient NN would be rapidly offset to x at 0°c,
(there is of course a small depressio:s of the melting point by the
fce load, amounting to about 1°¢ for 5000 feet, whioh is neglected

in this discussion,) Assuning equal conduoctivity of roeck and loe,
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the temperature of P would de below that of the prolongation of MN
because of the removal of heat by glacier flow, The constant
temperature segments XP and JH do not mean absence of heat flow
but that the heat flow is absorbed in melting ice or freeszing
water until ice becomes dry at H ;;4 Pe Interstitial meltwater is
therefore confined to the gones of the glacier above H and below P,

respectively,

Glaciers normally have a surface meltwater szone at some time of
the year, The base of many Aretio and Antarotio glaciers are
however well below freezing point so that there is no basal melt-
water zone. In some “temperates” glaciers B and P meet and J, P,
B, X are all at 0°C so that there is interstitial meltwater throughe
out, Such glaciers do not diffor hydraulically from sedimentarye
rocks saturated with groundwater, and interstitial flow and the

seepage pressures bohave as for groundwater flow,
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VERTICAL SUPFORT OF THE GLACIER

While the sole of the glacier is above sea level, the whole
weight of the glacier is borne by the underlying rocks and sediments,
This is also true for dry glaciers when the sole of the glacier is
below sea level, but not yet buoyant. On the other hand in a wet
glacier below sea level the sub-glaciasl sediments  are saturated vif}
groundwater whioh necessarily exerts a powerful uplift pressure on the
base of the glacier, and partly supports i%s weight, Jjust as do uplif¢
pressures on the base of a concrete gravity dam, A longitudinal
section along the glacier changes little in respect to load aistéi-
bution from year to year, hence an equilibrium pressure gradient is
attained in the interstitial meltwater and groundwater below the
glacier, The equilibrium gradient relates the load of the ice, tha‘
head of water on the submarine seepage outlet, the permeability of the
saturated beds and the rate of flow, Because the landward saturated
sedimente are confined under the load of the ice, s strong hydraulie
gradient exists in a seaward direction. Hence the uplift pressure
in the grounded shelf szone is always jreater than the hydraulic head
at an equivalent depth below sea level, and the proportion of the
glacier's weight supoorted by the groundwater is therefore greater
than would be the case with an equivalent column of ice freely sub-
merged to the same depth below sea level, The subglacial sediments
therefore do not bear the full load of the ice, and the ice load on
the sediments diminishes progressively to zero at the point of
flotation, This position is not materially altered if meltwater

stream channels develop inm the subglacisl meltwater zone, with free *



wld=-
[ 3

flow to the sca. If there is no flow iu such channels, the uplift
pressure at a given depth bdelow sea level is the same as in the open
sea at that depth, If however there is a seaward flow in the melt-
water ohannel, then the uplift pressure at any point is greater by an
amount equal to the produet of the rate of flow times the total
visgous resistance to flow between thet point and the open sea, Lon
permeability in the subglacial sediments only alters the position to
the extent that a longer time is required for the uplift pressure to
build up to its full head, Load variation at the base depends not
on the rated flow of the glacier but on the rate at which its thick-
neass at a given point changes, This is not normally rapid, hence
the uplift pressure at the base will normally be close to equilibrium

even where the subglacial sediments have relatively low permeability,

A wet-base glacier thus has a gradual load transition which is
distributed all the way from where the sole is a little above sea
level, to where there is sufficient depth of water to float the
glacier, A dry glacier on the other hand suffers an abrupt chaige ir
the nature of its support whem it decowes buoyant, Inside this
transition its full weight is borne by stresses in the frozen sedi-
ments, There is no hydraulic contribution, Aoross the line
of transition its load is borme entirely by flotation, The water
below the floating sectionr is sudbjeot to tidal rise and fell, The
abrupt transition means that there must be a hinge zone at the trans-
ition to buoyancy, even though this be hundreds of miles from the ice
barrier, Any lifting of the margin of the grourded sone along the
main shear plene during an exoceptionally high tide would result .



immediately in a wedge of sea ice frozen in the gap, so that the
falling tide would leave the whole of the buoyant glacier cantilevered
from the edge of the wedge, Sinoe the semi-diurnal tidal oyecle is
too rapid for the ice to flow to equilibrium, folds and fragetures
appear at the surface along the hinge zone, This phenomenon is

well known in Antarctica (e.ge. Robin, 1954, p. 199),

The inner edge of the water under a dry glacier should normally
terninate abruptly at an ice wedge connecting the sole of the glaocier
to the sea floor, This abrupt contact is greatly inecreased by the
rapid apreading of the floating segment due to the absence of Dbasal
frietion,

There are two kinds of flow in glaciers - down grade flow, and
spreading. The former is the principal process when the ice is on a
sloping flcor, The latter is the principal process when the floor
is flat, or dished, or when the glacier is floating. Both processes
may oocur together and both are limited by bottoam frietion, The
mechanics of downgrade flow is now well understood and good agreement
is achieved between theoretical prediction and observed surface
gradients (e.g. Nye, Swithinbank, Weetman et gl). The total shear
involved in this flow cannot excced the friction on the base, because
a8 soon as this value is reached slippage ocours, Similarly the
basal shear involved in spreading cannot exceed the friction on the
base without slippage occurring, where there is no friotion on the
base (e,ge with floating shelf) the rate of spreading is very rapid,
Here the driving energy comes from the fact that the thinner the sheet

the nearer its centre of gravity approaches that of the displaced wate



Now let us compare the behaviour of wet and dry base glaciers in
this respect. In the case of the dry glacier the full load of the
glacier bears on the bottom until the actual line of buoyanay, and the
coefficient of frioction is that between dry ice welded to dry cold
rock. The friction (weight times coefficient of friotion) is very
high, Spreading is strongly inhibited, The ecross seotion af ioe,
needed to maintain & given flow is high =« perhaps temn times that
necessary to maintain flow in the buoyant part, Hence there is a
sharp change of thickness at the buoyancy line and an abrupt rise of
the surface above the level of the ice shelf to form ice hills (fig,
1A, 4B).

The wet glacier is very different, In the first place the
presence of a meltwater phase at the base means the rate of flow -
there is greatly increcased, partly because flow rates incoresserapidly
with rising temperature and partly because any orystalline substance-
flow very muoh more rapidly in the pr-sence of its own liquid phase oz
its own saturated solution, This low viscosity =zome at the base
speeds up both down grade flow and spreading, so that a reduction of
thiockness occurs with ths appearance of bssal meltwater, Next as
the base passes below sea level an inereasing proportiom of the weigh
is borne by the uplift pressure of the meltwater, so that the effectiy
weight involved in friction steadily falls towards szero, The co=
effioient of friotion between wet ice and wet $ill also is much lower
than in the dry glacier, Henoe instead of a sudden transition to
lprending.nt the buoyancy line, the transition is spread right back

perhaps for hundreds of miles, Hence there is no marked change of
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surface elevation of the grounded shelf (figs. 1B, 44). e

These expectations are completely vindicated in the field.
Robin (1954) found the Dronning Maud shelf to be remarkably level for
hundreds of kilometres thon/:fn abruptly into ioe mountains, His
seismio reflection meassurements revealed that the flat portions were
floating over deecp waters, and that the ice mountains were grounded
ice still in relatively decp water (fig. 1A, 4B)s The floating .
secotion originally about 1000m, thick and becoming duoyant in water
800m, deep thins rapidly by spreading to less than 200m, leaving 760m,
of open water benecath it, while the grounded portion still at 1000m,
thickness rests firmly on an only slightly shallower bottonm, The to;
surface of the grounded portion is at more than 200m, above sea level,
whereas the top surface of the floating section is at 30m, An
equilibrium gradient between these two scotions is determined by the-
glacial flow rate (eig. seec Nye, 1951, 1952; Robin, 1953), This ma)
result in still more of the sheet becoming buoyant until a steady
gradient of equilibrium is reached, the flow of which agrees with

theoretical predioctions,

Where the ice shect has overedecpenoed valleys under the more
sotive flow channels, it will be here that the ice will first beconme
buoyant, The rapid spreading of the buoyant gone and the coucqnont.
fall in surface bvel to that of the ice shelf while the ice on the
interfluves still maintains nearly the original level, leaves the
latter standing as ice ranges standing well above the re-entrant
enbayments of the shelf ice, even though the rook interfluves are

far below sea level (see section 5 of figure 2), This has deen ”
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demonstrated by seismic work (Robin, 1953) and is beputifully revealed
by the glaciological map of Western Dronning Mesud Land prepared by
Swithinbank (fig. 8 of Robinm, 1954),

By contrast Poulter (1947) found the surfasce of the Ross Shelf
to Le remarkably uniform for hundreds of kilometres even though seismi
reflections proved that the shelf is grounded to within 13 km, of the
barrier edge (fig. 4A)e Also his seismic measurements show that the
thickness changes little, The changes which occur are due to two
other causes = (1) there is a steady inoreas: in thickness froam 500 ft,
25 miles from the edge to 735 ¢, 3 miles from the edge, due to the
inereased precipistastion gradient towards the edge} (8) progressive
thinning from 755 feect to 525 feet in the outermost three miles due tc
rapidly increasing bottom melting by inflowing sea water under the
shelf, and a similar thinning by bottos melting 13 miles in, where a
3 knot "warm® current under the shelf follows the outer edge of the

subglacial sediments,

The only surface indication of the buoyancy line in a wet glacier
is the tidal cracking. The semi-diurnal tidal movements are too
rapid a oycle for the subglacial seepage pressures to remain in
equilibrium with them, Hence long straight fraotures develop along *
the buoyancy line, which may eventually le«d to the calving of

tabular bergs many tens and even hundreds of miles in length (Poulter,

1947).
Shelf Tongues:

Bven far out on a self-spreading floating shelf the flow patterm
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may be dominated by the agotive trunks of the feeding glacier, For
example Robin (1954, p. 198 ,nd fig, 8) descrides a tongue projecting
from the free margin of the Dromning Maud Land ice shelf, which is
apparently the terminal outflow of a main trunk glacier which has
maintained its identity right acoross the shelf, For several hundred
kilometres in either direcotion, the shore is a fJard coast with a
mountain ice sheet extending to below sea level and continuing out
over the continental shelf as a floating ice shelf (see map fig. 2).
On the Greenwich meridian however there is the outlet of the
Ponoksokka Blacier flowing from the high continental ice sheet 1000
En, inland, The flosting ice shelf at the mouth of this fjord
extends about 200 Eu, seawards and has about the same width, In the
line of flow of the trunk fjord glacier héwever the floating ice @
shelf protrudes a further 50 Xm, over a width of 50 Kms, (fig. 3).
Such phenomena may substantially affect the pattern of contemporaneous
sedimentation,

4 pumber of other tongues protruding meny miles beyond the rest
of the floating shelves are shown on the most redent map of Antarctica
‘(National Geographic sSoeiety, 1957),

laci lief:

Reports of the Maudheim expedition have emphasised the extreme
relief of the subglacial topography in Antarctioca (e.g., Robin, 1953,
fige 1). However Robin's published sections were drawn simply along
the field traverse route, which crossed and recorossed the main lines

of glacier flow, Oritical examination of the data makes it oclear tha



the sharp relief is in directions transverse to the glacier flow,

The contrast of longitudinal and transverse bottom profiles
shown in figure 1A and figure 2, in the same area as Robin's section

makes this relationship clear,
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SEDIMENT AT ION BELOW GLACIERS
Terrestrial Zones

The faotors which cause deposition of sediment by a glacier are
necessarily very different from those causing deposition by a streanm,
The principal cause of deposition in streams, reduction of velocity,,
hes no effect in a glacier, which ocan continue to transport its full
load no matter how slowly it moves, The sccond eoritical threshold
to water transport, size of body, is also irrelevant in a glacier,
which can carry huge blocks as readily as elay - hence the charsc-
teristic lack of sige sorting in $ill, Conversely, bottom melting,
the most significant factor in glacial deposition, has no counterpart
in streanms, Because the principles of fluvial and glacial depositicn
are dramatioally different, geologists need 5 conscious effort to free

thoir minds of fluvial models when contenplating glacial depositioh,

There are two eritiocal surfaces in a terrestrial glacier, the
aoper limit of meltwater (fig, 6), and the lower limit of interstitial
ice, which may be taken as the boundary between glacier and deposited
sediment (fig. 8)s Traced downflow, both surfaces should rise with
respect to the basement since the extent of offset of X with respect -
to N (fig. 6) should diminish in that direction, Traced upflow first
one then the other surface (if the glacier 1s cold enough) should
reach the basement, These surfaces are almost parallel to the flow
lines dut cross them at very gentle angles, (The angle depends on
the balance of heat convection and heat conduction in the ice, hence

the faster the glacier the flatter the angle).
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Since the till is deposited under the full load of thq glecier
it iz born as a eonsolidated scdisent, which is another point of
sharp contrast with water-laid sedicents which are "noraslly loaded"
(in the soil mechaniecs sense), Since the till develops in situ by
the replecement of interstitial ice by meltwater, through a trans-
itional zone of considerable width, t)eo englacial flow febdric is -
preserved, (Compare Narisson, 1957, p. 208),

The upstrean limit of melting (locus of Y, fig. 8) would not de
regular, Glaocier ice is far from isotropie, It consists of many
ice-stresns convergent froa differcnt nevee fields at different
elevations, conveyed thenoe by feeder routes of differcnt thickness ax
different rates of flow, Differcnt streams may converge with quite
different basal temperatures, These differences gradually vanish, *
but only by conduotion, which is slow, Again the detritus ecarried
by the different strosns differs widely in amount, composition and
grainsise. This may greatly affect the rate of melting, becsuse in
the gsone of melting the esscending terrestrial heat is adsorbed only
as latent heat (gradient xp, fig. 6), henoe the rate of upward
migration of the surfaoce of complete melting is directly proportional
to the ice-sediment ratioc,. The sediment variatiom of the differemt °
streams also affects the glacial flow paransters: both in the sube-gereo
and water-saturated statoes, Again the stroamswith the higher sedises
content have the slowest valocity and hence receive more terrestriasl
heat per mile of flow and melt lirst, In sddition there are
irregularities in the basecnent, Quartzites are bdetter heat oonductor
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than basalts, Bascment projections cause upward and lateral
deflection of the flow lines with reduced rate of flow in their lee,

and inercased rate of flow elsewhere,

All these variations cause the upper limit of melting to de a
wavy surface very dentate in transverse section although smooth in
longitudinal seotion in the direction of flow, and the line in whielr
this surface meets the bedrook basement is extremely dentate with

very long upstream projections and outliers,

Long before permanent sedimentation becomes general it might
well oocur in the lee of basement projections, forming lee drumlines
(rock drumlins or "ersg and tail"), In the thr-lhold_iugion where
sedimentation is about to become general melting wonlq;;:::; on the
most ravonr.hlo/;;::L. Deposition here would inevitably cause
deflection of the flow lines upwards and laterally, so that a drumlin
is born, Since the favourable ice stream would continue to come to
this point, the drumlin would grow in size, with successive additions
in the streamline shape. As the melting became more general, con-
tinuous ground mora've would é&velop, but its upper -urf.oo.wuu
s8till be drumlinoid, such as is besutifully 1illustrated in the
UeSeAs AP, air photogreph « . of the Carp Lake area of Brittlh.
Columbia (published . - as fig, 12-12, p. 196 of Longwell
and Plint, 1953), The deflection of the flow lines by the drumlin
deposit inoresses as it grows, This orowda the flow lines at the
front which implies greater rate of sheaxy and widems them behind

which implies less shear, Material is therefore dragged from the
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upstream end and deposited at the rear slope, This is accentuated
by the fact that there is probably bottom slippage between glacier

and basement in this gone.

One of us (Carey, 1953, p. 76-78) has drawn a dimensional
analogy between dunes and drumnlins and of lee shadow sand drifts with
lee drumlins, 1In each case we are dealing with a fluid (wind and ige
respectively) flowing over an inert basement on which there is loose
material being shaped and transported by the moving fluid, The via=
cosity of dce is some 10'% times that of air, dut wind velooities are
19' times as great as glacier velocities, A more viscous wind would
need to move more slowly to produce a similar drag and if the viscosit
of the wind were progressively increased until it reached the viscosit
of a glacier, the veloecity required to mould the "dune” into comparabl

shapes might be of the order of that of glacier flow,

Although the most important cause of deposition is basal melting,
the question arises as to whether deposition can ocour upstream from
where wet ice is in contact with the roek floor (Y, fig, 8), and again
whether dispsition can occur above where FP' rests on the basement, i,e
when dry subesero lce recsts on the basement, Let us first be clear
on wvhat we mean by “deposition” under these ecirocumstances, Can sube-
glacial sediments be said to be deposited when its voids are occupied
by ice continuous with the ice of the glacier above? The whole of
the she ar involved in the flow of the lce above must be transmitted
through this material, and it must surely flow even if comparatively

slowly, If so then depositdon begins at the line of basal melting
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(Y, fige 5)« The most that ocould occur would be stagnation of roek
loaded ice to await the ultimate melting of this part of the glacier,

Let us now examine the question of bottom slippage of the glacie:
in the different cases of a wot glacier on its already deposited $ill,
a wet glacier on bedrock, and a dry glacier on bedrock. In all thred
cases the total shear involved in the flow of any column cannot excee
the cohesion between the glscier and its bedroek, for if it reaches
this level slippage occurs, In a dry glacler the eohesion between
dry ice and subegero rock is high, However the shear neceded to cause
flow in a sub-zero glacier is also wery high, Hence the thickneas of
ice must acoumulate until the total flow through the eoross seotion
balances the total precipitation, Other things being equal the
thicker the ice the greater tie shear at the base, dut as this cannoé
exceed the cohesion, the latter detornines the maximum permissible
thickness, If the precipitation rate is such that a greater thiok-
ness is required to remove it by flow alone then slippage nust occur

at the base,

An equivalent wet glacier will flow at a very much faster rate
under the same load, therefore a very much thinner section will
transait the same precipitation with a correspondingly lower shear
load on the base, However the shear cohesion of wet ice on wet rock
is also very much lower, s0 again slippage could ocour under appro=
priate conditions, In the ocase of the wet glacier om its own till,
again the flow rate in the dce will be high and the corresponding oroz

seation necessary to Stransmit a given flow will be low, lHowever ve
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have to consider the relative rates of shear under given loads in

the wet ice, in the wet till, and the limiting friction between the
wet ice and the top of the wet till, It seems that in all cases the
deposited till will be much more resistsnt to shear flow than the

wet ioce, The lower part of the ice tontains the same constituents at
the till bdut they are separated by ice wet with its own liquid phase,
The ice has mechanisms of flow not possessed by the till for ox.npl;.
erystal glide plane slippage, two phase deformation, energy transfer
from erystal to eryastal. The till on the other hand has a wide range
of grainsize coupled with load precompression so that it will contain
little interstitial water and should have relatively high shear
strength, Although it contains "oclay" grade material in the sense of
grainsige it contains little clay in the sense of phyllosilicete
minerals, There should therefore be little if any deformation of t;c
till as the ice flows over it, The most rapid rate of shear might

be in the lower part of the ice, and there might also be slippage
between the ice and deposited till perhaps rolling some of the surface
layer of the till, The till should preserve the flow fabfic of the
basal portion of the glacier, that is with long axes of pebbles in the
transverse direotion or parallel direction or both (see Glen, Donner

and West, 1957),

The empirical geologiocal evidence seems to indicate definitely
thet slippage at the base of the glacier is the general rule, Where=-
ever glaciated surfaces are revealed either from the Fleistocene or
Palaeozoic glaciations, striations, govooving, roches noutonnisl, and

plucking of the basement scems to be universal, Prom this evidence®
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we would judge that both wet and dry glaciers normally slide on their
floors as well as flow within their mass. The empirical evidence
however is more open on the gquestion of wet glaciers sliding om their
own tills,

R NT oY T

A glacier with interstitial meltwater at its dbase resting on
water-saturated sediment suffers no abrupt changes during the trans-
ition to buoyaney. There is no change of basal temperature, there
is a gradual change of vertical support, and there is a transition
from distributed flow throughout the ice to nil drag on the base of

the glaocier.

By ocontrast a dry base glacier suffers abrupt changeas in the heaf
flow, in the nature of support from solid to hydraulic, and in the =
conditions of horizontal shear, Bach of these changes has marked
effects both on the behaviour of the glacier and the nature of the

sediments deposited by it,

Vhen a dry base glacier, whose temperature is below the freczing
temperature of sea water (about -1.9°o), flows out to sea and becomes
buoyant, sea water rapidly freczes and welds on to the bottom of the
glacier and forms an insulating layer, The temperature gradient nu;
has the form shown in fig, 7. The temperature at the base of the
new ioe is at rroosing point, There is a steep gradient to § where
the original ;rndiout}inh.ritod from the non-buoyant stages, Heat
flows rapidly across the steep gradient R3S so that S moves up towards

P and eventually after a long time equilibrium is reached in a fora .
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like !?l. the ocurvature of which is due to the decreasing conduetivit:
of the upper levels of the ice. The heat required for this ;nrning
of the glacier implied by the change from gradient RSB to RTH is
derived from the underlying sea water with progressive freesing of
more sea water which is added to the bottom of the glacier, Before
this equilidbrium curve is reached, melting will have commenced at the
base (since the sea water is normally above melting temperature),
Even a sub-zero glacier which adds sea ice to its base at its land-
ward end begins melting from the base well inside the terminsl barrie:
In such a sub=gero glacier, the underlying roek floor is as we have
seen also in a frosen permafrost state (fig, 5) end will frecse sea

water if bdrought in contesct with it,

Sea water may be brought in contact with new surfaces of sub= »
sero ice by one of three progesses - the outward movement of the
glacier, tidal movements, and on a much larger scale by landward
oxtensions of the buoyant area, such as must ocour during a time of
olimatic amelioration becsuse of reduced alimentaetion, thinning

through surface melting, and oustatic rise of sca level,

During the retrcat stages of a large marine ice sheet, when many
hundreds of square miles of previously grounded ice becomes duoyant, 4
considerable volumes of dense brines must be produced, because, not
only are new sub-zero surfaces of glacler bottom and bedrock bottom
brought into contesot with sea water, dut the buoyant ice shect spreads
very rapidly to a fraction of its thickmess, bringing very large arcas
of sub-sero ice, much colder than the original base, very close to tEI

sca water, Kuoh sea ice must be frozen on to the bottom forming an
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insulating blanket or filiing Jjoint eracks, The resultant cold
brines would sink to the bottom then form outward gravity currents
out to the deep ocean floor beyond the shelf and be lost,. If howevex
there are barred basins either under the floating iece barrier or
beyond the ice barrier, the brines would flow into suoch depressions
and lie there perhaps to orystallize slowly with rising temperature,

This will be discussed further later,

Subglacial meltwater sediments are conspiocuous features of
terrestrial glaciation and as such hgve been studied and descoribed at
length, but they are not direotly part of this study. lowever
subglacial meltwater drainage and sedimentation may produce sediments
in association with submarine products which if not properly under- .
stood and interpreted could lead to a quite erronecus concept of the
clinmatioc sequence recorded by the sediments, It is therefore
negessary to examine coritically the terrestrial subglacial drainage
processes and sedimentation, particularly the long sinuocus ridges
called eskers (in the sense used by Plint, 1947) or osar (in the
sense used by Charlesworth, 1957, not eskers of Charlesworth), To

avoid confusion we will use the tera cas, plural osar, following .

Charlesworth,

The origin of osar has produced long controversy which is
sumnarised comprehensively by Charlesworth (loo, oit,) with extensive
bibliography. This will not be repcated here, Suffice it to say
that for the following reasons we are sstisfied that osar (or porhapt
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only some of them, those being the ones which will concern the rest
of the discussion) are formed in sub-glacial streams flowing under the

ice with or without connection with surface meltwater of the glacier,

Ko adequate explanation seems to have been published concerning
the mechanism of development of open subglacial channels, Mere
opening of a orevasse right to the sole of the glacier cannot producy
such a channel, If the glacier is sub-geroc in part, the orevasse
will freese. If it is water saturated throughout or at least not
sub=zero, the water head at the bottom of the crevasse, even when
filled to overflowing, is little more than the hydraulic head pre-
viously existing in the meltwater below the glacier, and may even be
less becsuse artesian pressures may exist in sube-glacial meltwater,
Sub-glacial channels c¢an only devealop from the seepage outlet of the.
meltwater at the terminus of the glacier, The subglacial till and
the meltwater-saturated part of the glacier are simply water saturated
rocks and behave so hydraulieidlly The production by seepage of open
channels through water saturated sedinment well below the surface is a
process well known in soll mechanics under the name of “piping" or
*underground erosion® (see for example, Terzaghi and Peck, 1948,
pp?xklg) and has led to the failure of many earth dams, we suggest .
that os channels are merely examples of this progess, Such channels
cannot develop in a sube-gzero glacier or in permafrost sediments,

They commence at the seepage outlet of the meltwater, under the
terminus of the glacier on land, or where the meltwater seepage

enters the sea below the end of a grounded glacier, or where a

L ]
floating glacier becomes buoyant, The seepage pressure of the melt™

-
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water at the outlet is sufficient to wash out the finest particles,
thus enlarging the water-dearing spaces and hence inercasing the

rate of flow, 8ilt particles ocan now be washed out, then as the
process develops, sand and gravel, so that an open channel appears,
This takes the steep hydraulic gradient further back into the water-
bearing material, so that the process of underground erosion works
continuously back further from the terminus of the glacier, As the 3
groundwater bears the full static load of the overlying ice, there is
always an extremely steep hydraulic gradient at the head of the piping
channel, In fact the thicker the glacier, sbove them the more rapidly
may the channels work back, Underground channels may therefore
develop as far as interstitial water is .resent in the subglacial till
irrespective of any contribution of meltwater from the surface, They
may atill develop at the base even though a sone of sub-gzero ice &
intervenes between the basal meltwater and any surface meltwater,

Osar are known to lengths of as much as 150 miles, The process will
be stopped where the freezing isotherm passes below the rock floor, or
by working back to the pluoked crag of a lerge roche moutonnée or
where sediments are mot which are of such a grading that they foram a
natural filter (see Tersaghi and Peck, loo. cit., p. 51 ), or which
are too impermeable to seep at a sufficient rate, Herein perhaps
lies the reason why osar are not universally developed (see Charles-
worth, 1957, p.423), They require a suitable grainsisze distribution
in the till, It would be useful to compare the grainsize hiastogranms
of tills associated with osar with those that are not, The grain-
size of the os sediment is not relevant since all the fines are -



washed out and the coarse material regraded.

Osar develop at the top of the already deposited till, The
till below is already compressed and though water saturated has low
permeability., The basal part of the saturasted glacier with a con-
siderable proportion of its ice already melted is most vulnmerabdble,
The interstitial meltwater is milky with fine sediment, If it is
nesr the head of an os this water will seep rapidly towards the os,
As the weight of the glacier is bridged across the developing channel
at least temporarily the seepage pressure removes more clay than sand
a8 fast as it is freed by nelting, and so the os extends, Water
pressure in the tunnel is of course high enough to keep the tunnel
full, - even contribute substantially to the support of the back,

The pressure is sufficient to drive the water up grades “"over hill
and dale®, Erosion into the underlying till occurs to some extent,
The channels widen downstream as melting progresses and rise upwards
with the melting, Tributariea may develop,. For comparison one

of us (8.%W.C.), in the engineering investigation for foundations of

a heavy structure 50' below the surface found an unsuspected complex
dendritic drainage pattern of underground channels developed in

silty sand below cemented conglomerate which had worked back from an e

original groundwater seepage outlet (or spring) below low water level,

It is abundantly cleor that the terrestrial osar as we know
them have suffered little deformation by glacier flow, Any channels
obligue to glacier flow are rapidly oclosed by any flow, Moreover

osar in their lower reaches are often assooiated with undisturbed 8

-
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B
arevasse fillings, Yience the osar finally left must be the product
mainly of the moribund melting stage of the glaciation, But os-like
water channels are not incompatible with glacier movement, which is
necessarily slow, too slow to forbid piping proceases, The glacier
may flow and alter the form of the channels to streamline shapes,

Bat all voids of both the till and glacler are saturated, and water
does not compress much even under the total weight of the ice nhovo..
Hence the water filled openings, though deformed, remain, and a hydrauli
gradient must build up quickly aoroess any constricted links, suffiocier
$o widen them rypidly or to erode the underlying $till sufficiently to
pass the wafor flow, The ispatinows of Saskatchewan (Tyrrel, 189§,
and fig, A, plate XIII of Charlesworth, 1957), ridges of drumlin form
but of os material, end regarded by Charlesworth (p. 423) as related

to osar, probably belong here.

The coneclusion that is important to the present study, is that
there seemns no reason why osar should not form in the transition zone
below sea level, extending right out to where the glacier beconmes
buoyant, which might be at a considerable water depth, Osar so
formed could be preserved during ice retreat since any warming should
lesd both to thinning of the glacier and rise of sea level, each of
which tends to 1lift the glacier off the bottom, leaving the os to be

covered by marine glacial sediments,

Such deposits should be looked for in ancient glacio-marine sedi-
ments, S8ince the ice sediment contamct in the zone is the logus of
unusually strong shear, the osar would probably be remoulded into the

.
ispatinow form, Osar are unmistakeble on recently glaciated surfaces
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because of their form in plan, But they might essily pass unrecog=-

nised in a Permian cliff section.

SEDIMENTS OF THE GROUNDED SHELP ZONE

In a dry - glacier the grounded shelf gone does not differ in any
significant way from the terrestrial szone. The full load of dry ice
loaded with debris grinds the pavement, There can be little if any’

sedimentation,

A wet glasier is however profoundly different, ¥e have already
shown that the weight of the glacier borne by the rock or sediment
beneath diminishes progressively to sero, and that this is accompanied
by progressive thinning of the glacier as the friotional inhibition te
spreading declines, Further that the till is deposited at the base ¢
the glacier as the lorgl of complete melting rises, The oondition-.
in this till are those of low vertical load but very great horizontal
shear, Hence a great deal of shear will occur at the top of the til)
The lighter the load, the shallower is the effective depth of pene-
tration of thi: zhear into the till aend the greater its horigzontal
couponent, The $ill which still bears part of the weight of the
glacier will be dragszed or rolled forward and left where the water
depth is Just suffiecient to give complete buoyanoy. Here a nn‘bnarll.l
slope will develop at the angle of rest for the material,. Under
steady conditions material will be constantly dragged or rolled for-
ward to the edge of this slope and pushed over the edge as a foreset
deposit, This slope will move forward steadily. Varming olimate

will cause a thinning of the ice and rise of sea level so that the
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buoyanoy line will retreat landwards, A new foreset slope will
develop here and advances over the till already deposited. Suah
conditions may produce meltwater sedinents interbedded with till,
Meltwater outwash silts deposited ahead of the foreset slope may
develop strong drag, slump or roll structures, One of us (Ahmad)
has studied balled and rolled struotures at Wynyard at the top of thy
till just at the transition into sudbmarine drift sediments, These
might have developed as the ice sheet, previously partially resting

on the till, gradually lifted off it as the buoyanecy line moved baock,

Climatic cooling would produce thiocker ice, and more weight on
the base and great dozing of the upper sediments which would be

pushed forward to a new foreset slope front,

Unlike truly terrestrial tills, the tills and meltwater sedi-
ments deposited below sea level would suffer ohly partial or even no
load compression, Hence during inoreasing glaciation when a thicke
ening ice sheet emerges to a fallen sea level the ¢xtra ice load would

eonsolidste the sediments to lower void level,

Whether the lce is staticnary, advaneing, or retreating thease
processes have the effect of determining a base-level for till b
scounulation analogous to wave bacze for marine settling, Tilil
builds rapidly up to the base of the ice or is out down to that level
then stays at that level while its foreset slope is sdvanced, The top
of the till and the thickness of the ice sheet may remain uniform for
hundreds of miles, Such conditions were found by Poulter in the

Ross sheet, In this case the slope of the foreset slope was
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surprisingly steep for marine conditionmns, Seismioc reflections
indicate that the foreset slope opposite Lindbergh Inlet drops from
800 feet to 1700 feect depth in about 2 miles, with a maximum slope

approaching one in five,

Submarine slopes of such steepness must be very unstable, and
as fresh loads of till are dogsed over nust from time to time inevitab
produce mud slides down the slope. Studies of submerine slump *
phenomena have now established that such mud flows may roll out for
many miles from their starting point, Singce the slumping material
is till the resulting deposit would be difficult to distinguish from

till, It might occur in a thin or thick bed in stratified marine
drifrs, They might be completely unstratified with abundant erratics

in an unsorted matrix, The errstics would show no signs of droppin
through water, The underlying sediments night be undisturbed, *
Sach flows might well pick up marine fossils by eroding channels
in the sediments over which they move, They might over-run and
incorporate living shell beds, orinoid beds or the like, They would

however laok the characteristic fabrie of true till,

This is a very important ceonclusion, for such submarine flow
'tills: oould easily be mistakeh for true tills leading to a very
different interpretation of the palacoclinmatic sequence, several
*¢illite” bands interbedded in well-bedded siltstones have boen
desoribed from the Marine Permian of Tasmania, Thus Banks, Hale
and Yaxley (1955, p. 224) have described om Woody Island, the
D'Entrecasteasux Tillite, six ineches thick, interbedded between

stratified siltstones which contain occasiocnal erratics, The -
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"tillite” is rioch in erraties and raerely eontains spiriferid shells,
and the formations above and below it contain marine fossils,
Interpreted as a tillite (sensu stricto) we can offer no feasible
explanation for its occurrence as such a thin bded in undisturbed
marine strata, and for the presence of fossils in it, Interpreted
as a submarine flow from a till foreset deposit, its ocourrence and .

charaocteristios are completely satisfactory and logieal,

quite as importent as the till flows is the role of the melt-
water which appears on the foreset slope at the embouchures of the os
streans, The total flow of subglacial wsater ladem with clay and silt
nust be very great and turbidity ocurrents flowing down the foreset
slope and thence far out to seca must surely be a dominating phenomenon
Hence the sediments below the floating lce shelf and in the iceberg °
sones should be dominantly of this type, Such sediments should con=
sist originally of unweathered finely ground rocks end mineral, of
sand and clay grade, There are many processes visreby these sedinment
should develop laminar or rhythmic or thick bedding. Annual changes
in the current circulation, or annual or longer range petterna of
glacier thickening or thinuing altering the bottom load in the sedi.

ments, oould easily produce bedding,

None of these till-flow and turbdidity current phenomena should
be expected with dry bdase glaciers, Nor does the contrast end there,
For the pattern of iceberg transport is guite different, The wet
base glacier suffers basal melting perhaps for hundreds of miles back

from the buoyaney line. The lower scodiment-rich layers of the glaod«
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drop their sediment by melting miles inland and if this sedivent
ever reaches the open sea it does soc either by the dozing action of
the glacier to the foreset slope, or by the meltwater transport of
fines, or by turbidity currents, By the tine the ice reaches the ioe
barrier where 1oob§rgs are calved, there may be little sediment left
in the ice, Many observers have reported the lack of sedisment in
the Ross barrier BDergs even where differential melting tips them te )
expose a complete section, This has been regarded as a r,uu:s].:lugj
feature, but in faeet is what might have been expected, As a result
the 'berg smone sediments off wet glaciers are siltstones and sand-
stones and ¢lay stones with only occcasional dropped erraties, The
dry base glacier by contrast carries all its sedisent right to the
buoyaney line, There it 1lifts and spreads rapidly, freezing sea
water to its base because of its sub-zero temperature, Thus the
erratios and clay alike are trapped in the floating ice shelf, which
is for a comparg§ble ice flow many tinmes wider than the buoyant shelf
sone of wet glaociers (fige 1)es The dry glacier, lacking meltwater
turbidity ourrents and foreset till flows, produces iustead mude
stones with abundent orratiecs all of which have clearly dropped
through water, These two contrasting types of sediment assoceoiation

are both characteristic of different parts of our Permian succession,

8till another sharp contrast exists in respect to the salinity
of the waters, The wet base glacler discharges large volumes of
meltwater into the sca at its buoyaney line, quite comparable to the
discharge of a mejor river, No sea water is frogen on to the glacier
base when it becomes buoyant, The net effeot therefore is to reducé
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the salinity of the sea water in its velooity,

When a dry-base glacier becomes buoyant however both the ice and
the exposed bedrock are below freexing temperature, and sea water
is frozen on to both forming an insulating layer at freesing tem-
perature, However as there is lower temperature within heat con-
tinues to flow from the sea water with slow addition to the frosen
layer. Since the newly buoyant glacier rapidly spreads to a fraoction
of its original thickness (as has been previously explained) the
c0ld heart of the glacier is continually brought very close %o the
soa water so that a large surface areca is exposed to a ftoep freezing
gradient, These processes result in production of cold and drines
in the sea, which sink because of their density and flow along the
bottom as salinity currents, which might flow out and over the con-
tinental shelf and be lost, or on the other hand might be trapped
in any barred basins which might exist, This process would be
especially characoteristic of times of géneral glacial retreat when
previously grounded dry glaclers find their thickness reduced and
the depth of water inereasing, with the result that very many square
miles of sub-zero ice and bedrock are exposed to the sea in a short
time, During advaneing glaciation the phenomenon would be much ~
reduced but still present because wherever the dry glacier eventually

becomes buoyant it quickly spreads exposing its cold heart to the sea,

There are at least two important consequences to this process,
the preoipitation of calcite and the precipitation of sulphates,

Kost sea water is nearly saturated in CaCO,, but the solubility of



CaCoy inoreeses as the temperature of the water drops towards zero,
The effect of the freeszing of some sea water is to inerecasse the titre
of 0-003 but it may not precipitate immediately from the very cold
water, 4As it flows outward however into a wermer environment, Cac0,
is inevitably precipitated, either directly or via organisms building
it into their shells, Hence the first conseguence is that dry base
glaciers have an off shore calcareous facies, or a calcareocus fascies ¥
in their glacial retreat sequence whereas wet base glaciers produce
environments unsaturated with lime, The limestones associated with
the dry base glaciers will contain abundant erratics since as we have
shown ‘'bergs from this kind of glacier still cerry their erratios and
sediment when they become buoyant whereas the wet base do not, In the
Tasmanian Permian the Darlington Limestone and the Berriedale Limestone
-

fit these environments closely and we shall show presently that the

fossil ecology also fits this environment,

The next possible conseguence of the salinity currents assooisted
with dry base glaciers, is the precipitation of sulphates, We offer
the suggestion that the large glendonites characteristic of certain
horisons of the Permian sediments of New South Wales and Tasmania

probably formed im this way. .

Glendonites, calcite pseudomorphs after glauberite (lazso‘.caso‘).
were first desoribed by David, Taylor, Woolnough and Poxall, (1905)
from New South Wales, and have subscquently been reported from many
localities in the two States, Raggatt (1937) has summarised the New
South Wales ocourrences, and Banks and Hale (ks.) have recently

collected the information on Tasmanian ogocurrences including several



new localitios discovered by them, Conditions common to these

many ocourrences areg

(1) Most roek usually dark siltstone or sandstone

(2) Glacial erratics present in all cases

(3) Large calcareocus concretions commonly present, In some cases
the coneretions have grown around the glendonites, o

(4) Ppyrite nodules often present

(5) Marine fossils commonly present, usually sparse but rarely
abundant. In some cases the glauberite seems to have grown on
fossils,

(6) Characteristic of particular horisons,

These conditions all fit the environment we now suggest, The
charascteristic presence of dropped erratics inpliss floating icebergs <
or a floating ice shelf, The fossils imply marine conditions, The
dark colour, and the pyrite suggest the enclosed basin environment
necessary to trap the salinity currents, The calcareocus coneretions
suggest high salinity water with rising tesperature because solu-
bility of c-oo’ decreases with temperature, The erystalligation of

sodium sulphate suggests sbnormally high salinity,

However there has been much discussion about the enigmatiec
presence of glauberite instead of mirabilite UHQBO‘.iol’o). Direct
evaporation of sea wiater produces mirabilite, and no glasuberite has
been orystallized below :l'o. Freeszing of sea water likewise forms
mirabilite, This has been shown experimentally by Nelson and
Thompson (1954) and has been observed in nature by Debenham when N



pools of sea water were frozen on the surface of the Antarectic
ice, However the experimental evidence so far as it goes is
in agreement with the process herein sugiested by us, although

further work is necessary to establish the process beyond doubt,

Thompson and Nelson (1956) have investigated the partial
freezing of sca water to various salinities with withdrawal of
the partially concentrated brine, They report that at moderate
sub-gero temperatures the first precipitate is a very small
quantity of calecium carbonate, This is followed on further
freeging by a crop of mirabilite, The precipitate of the c-ooa
ogours with rising temperature after the brine has been separated
from the ice, The less the degree of refrigeration and the lower
the salinity the longer the time delay. *Thus for brines with
temperatures somewhat below the freezing point of the original sea
water, a period of several days at room temperature was required
before precipitation became noticeabdle” (loc, ecit., p. 232). This
time interval was deoreased to several hours for refrigeration to
-22,9°C and to less than an hour for refrigeration to -36°g, Under
the conditions of ice formation at the base of a sub-zero glacier
where the sea water, having yielded some ice, and actually
erystalliging or about to erystallize mirabilite, would sink to
the bottom and flow down the ocean floor at very slowly rising
temperature towards a maximum well below "room temperature", many
days or weeks would be required for the c-cna precipitation, The
conditions then existing would be appropriate for the further

reaction described by Thompson and Nelsom (loec, eit,, p. 237) in %
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which saturated ‘.2304 solutions react very slowly with celecium
carbonate to form sodium carbonate and anhydrate, gypsum or glau-
berite according to the conditions, The slowness of this reasction
is indicated by the observed rate of the rise of pH (due to sodium
carbonate replacing sodium sulphate in solution) « 7,31 initially,
8,99 after several days, 9,31 after threec months (loc, cit,, foot~

note, p. 237).

Thue glauberite is & most unlikely product from a surface
closed aystem freesing of sea-water - wvhere mirabilite is formed,
However glauberite i- a likely product of slow grystallization in
sea floor basins receiving brines derived from partial freeszing at
the base of a sub-zerc gleseier, It is only during fairly rapid
retreat of a sca-going sub-gzero ice sheet that these conditions
are likely to be fulfilled, We sug.ecet that glendonite horigons

in dark marine sediments containing erratiocs might be so interpreted,

Finally we gsk whether the pyritic nodules characteristio
of these glendonite horisons are not themselves a consequence of the

high sulphate content in a reducing environment,

8 80¢ WITH MARINE GLAGI DIMENT ’

No life of geological conseguence oan exist below the either
dry or wet base glaciers before they become buoyant, BEven after
an ice sheet Lecomes buoyant however there are severe limiting
factors such as light, salinity and oxygen, Complete and utter
darkness must prevail at relatively short distances in from the

fice barrier, An ice barrier only 70 feet high implies that its
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base is some 500 feet below sea level, Light is already severely
filtered at this depth, and transmission under the ice depends only
on light scattering. Even Af this were not so snd full daylight
were projected underneath from the base of glacier, the absorption
of the water itself would bring on total darkness before a mile
had been penetrated, There can be no question then that Stygiam
darkness prevails in the water benoath buoyant glaciers of any

areal extent, Since all life depends direotly or indirectly on

photoaynthesis for food, absence of light is an important restriction

It has already been established that animals exist on deep
ocean floors well below the limit of penetration of daylight,
However, here there are lighted secas overhead teeming with life
of various kinds, An ultimate source of food is therefore .
availadble, Moreover turbidity currents bring sediments to the
ocean depths, containing no doudt some organioc matter, which can

start another food chain for the bottom dwellers,

Beneath a floating ice sheet however thero are no lighted
populated seas adove to shower erumbs, and the sedisents are of
glacial origin, whioh have been brought thither at the sole of

the glacier which is also sterile,

The only source of food would seem to be currents under the
ice, Such currents have been shown to exist under the Ross Shelf
right in to the buoyamey line (Poulter, 1947), and it is possible
that favourable bottom gonfigurstion may result in the tidal flow

toking the form of a wide oirecuit under the ice. There might ®
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elso be conveotive ocirculation -« oold briny waters sinking and

flowing outwards along the bottom and warmer water flowing in Just
under the ice, There cculd therefore be a sparse food supply for
those who can do without light and canremain in the path of ourrent

ciroulation,

The re are however other restrictions, Any barred basin
areas associated with dry base glaciers would be highly saline and
in any case they would have no food supply, It is likely too
thet oxygen would be deficlent, since there would be no plants to
generate it, the minerals of the sedisents would for the most part
be fresher and unoxidiszed and hence reducing, and any animal life
would reduce the oxygen concentration and hence check its own

multiplication. Currents could however bring in some oxygen,

To sum up, whereas we may not be able to maintain that lifs
is impossidble far bono.th?tloatln; ice sheet, it ia true that there
are stringent limitationa, Ve would expect sediments of this
sone, although marine, to be largely if not entirely unfossili-
ferous, Abundance of life however appears in the igeberg drift

!hiek-lhcllad faunas and thin-shelled faunas;

Many visitors to the Tasmanlan Permian sections have been
puzzled by the abundance of glacial erratics in limestone, full of
very large, thick-shelled fossils, The common view has been that
thick-shelled fossils suggest tropies, Thus Murphy (1928) and
Kirk (1928) state that organisms seoreting large amounts of lime
are most abundant in the tropical seas and at a minimum in oold

waters.,
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What then is the explanation of the Tasmanian permian where
fossils with calecite shells, quite exceptionally thick by present
day standards or in comparison with fossil faunas throughout time
are associated with abundant glacial erratics? ¥e suggest that

this may be another consegquence of the sub-zero, dry base glacier,

A wet Dase glacier results in dilution of the seas with large
volumes of fresh water, A dry base glacier by contrast causes *
saturation or actual precipitation of lime along the bottom zmoneas
in the path of the outward salinity currents, This may affect
shell thickness in three ways: (a) the physiology of some organisms
may be such that they precipitate more 0.00‘ into their shells in
waters in which these ions are most concentrated; (b) any
organisms selectively asdapted to high 0.00’ may multiply =t the
expense of others which can dominate them in less saline waters; »

(e) the lime saturation of the bottom water inhibits re-solution

of shells and produces a limestone,

We should not therefore be surprised to find erratic-bearing
cogquina limestones with abundant thick shells off the embouchure
of a dry base glacier, during a time of glsoial retreat, The
Darlington and Berriedale Limestones of the Tasmenian Permian are
examples, Here we find riotous multiplicetion of large gurydesma £
with shells approaching an ineh in thickmness, large pectens,
gastropods and thiok spirifers and martiniopsis, The bryozoans
such as Stenopora snd the FPenestellidee show prodigious development
with very calcareous colonies, It is perhaps significant that
these are all benthonic forms, for the high salinity should be 3

essentially confined to salinity currents flowing outwards along
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the sea floor, This being so we should not be surprised if =
the celeareous facies changed rapidly into a siltstone facies
along the bdoundary of the salinity current, Brill's mapping
(1953) of the isopachs of the Berriedsle Limestone suggests the
embo urhure of a dry glacier to the south-west of Hobart and a
salinity flow north-castward, These limestones show s consplcouocus
limestone to caloareocus siltstone rhythm (Brill, loc. ¢it). This
is not unexpected if our interpretation is correoct, becanse the
amount of brine produced depends on the area of the ice sheet whiech
becomes buoyent, with the result that the bottom salinity current
would neecessarily be very sensitive to any climatiec pulse super-

imposed on a general retreat,

There has also deen a tendeney to interpret the thick shells
as indicative of shallow water and strong waves, But we wguestion
the validity of this, The charactoristic environment off a sub-
gero glacier implies water several hundred feet deep if not deeper,
The rather rare assoclation of high CaCO, content with fairly deep
water may be the reason for the speciasl development of large

caloareous bryogoans characteristic of these bdeds,

The dry basec glacier also produces an environment which
might well be favourable for the petroleum source beds - abundant
life, high salinity and a likelihood of barred basins, It may
not be mere coincidence that the Berriedale Limestone has a marked

foetidity and a bituminous odour,
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THE LEGACY OF AN ICE CAP

The Lakes of the Western Part of the Central Plutean of Tasmania

J. N. JENNINGS
Australian National University
iund
N AHMAD
University of Tasmania

Introduction

Late un a clear afternoon the traveller flying
between Hobart und Luunceston and looking
west will be impressed by the glaring patch-
work of evening sun reflected from the in-
tricate patterns of standing  water of the
western part of the Central Platean. Here are
to be found the “Nineteen Lagoons”, the
“Forty Lagoons” uand  the “Ninety-nine
Lagoons” of local parlapee. In fuct, the water
surduces are oumbered i huudieds (Fig. 1,
folding wap [page 64)). On that portion only
ol the (..'entr.:rlul’ialmu which is neluded in
the Du Cane 1 63360 sheet, over 4,800 lakes
und ponds ure figured.  Admittedly most of
these ure but ponds in sphagnum  bogs or
rock pools, but there are over 500 lukes ol
I hectare (2.5 acres) or larger. The pattery
ol the Howing water channels is equally in-
vulved, indeed labyrinthine in parts; more-
over muny small areas including substantial
lakes (e.g., south-east of Pillans Lake) are
shown with no outlet at all. In this climate
there is of course outflow; but here the drain-
age is so indeterminate that it defies recognition
on the uwir photos,

This western part of Tasmania’s “Lake
Country™ is geographically unique in Australia.
It has long been recognised that it is the
result of Pleistocene ice action (A, N, Lewis
1923, 1932, W. H. Clemes, 1924) and that
to Canada’s Barren Grounds or to Finland, the
here we have this continent’s nearest approach

1. Reference should be made to the excellent Middlearx
INo. 48), Du Cane (No. 52) and OGreat Lake (No.
53+ sheets of the 1/63360 State Aerinl SBurvey which
cover m good desl of the area Involved. The Lands
Department. Hobari, kindly made avallable unpublished
2 inches to ! mile surveys with 25 ft. contours of
these three sheets. There remaln topographically un-
mapped small parts of the ares of study which will
be covered eventluslly by the Quamby (No, 46) snd
#t Clalr (No. 58] sheets, The drulomge of Plg. 1 I
bueed with permigsion onm the uccurate Lands Depart-
ment maps to the extent they were available: the
southernmost par: and s small area in the north-edst
corner rely on uncontrolled alr photos mod here the
map Is much less reltable. Since the map was printed
Lake Leatona has been officially named Lake SBappho
ity original name, by the Nomenclature Board of
Tarmania,

“Lamd of Ten Thousand Lakes™. There has.
however, been no very close consideration of
the origin of the lakes, though air photographs
ire now available and good contoured mups
have been prepared for most of the area. It is
the purpose of this paper, based on air photo
study, a special flight over the area and four
weeks” field work in it, to go some way to fll
this gap. It con be a reconnaissance study
only, because it was not possible either to take
4 portable boat for soundings or to muke
borings in the glacial drift. In fact, the paper
is offered more as providing regional instances
tor tesching ﬁurpmes in Australia than as con-
iributing to the systematics of geomorphology.
though there s perhaps some general interest
- the method employed to determine  the
pattern of ice movement,

Extent, Structure and Relief

The Central Platesu is a well recognised
unit with a particularly clear boundary on
the north and east in the high scarp of the
Great Western Tiers, which rise to well over
4,000 feet at many points, though declining
as & whole to the south-east. This scarp,
2-3.000 feet in height, is regarded as directly
due to Tertiary faulting—a true fault scarp
(Carey, 1847),

On the west there is a clear limit also, even
though it has not always been used as ihe
limit of this physical region; this runs along
the deep glaciated troughs of the upper
Mersey?, the Narcissus, and Lake St, Clair and
slong the upper Derwent. East of this line
the plateau has suffered little dissection. Again
along this western margin altitudes are gener-
ully above 4.000 feet.

Southeastwards and southwards the platean
declines fairly gradually in height. and it Is
much harder to discern a boundary. It can

2. Recognition that the Mersey valley. at least above
the Arm junction, has been heavily glactated s reeent
and ls due in the first place to J. L. Duvies. This has
been confirmed in fleld work by partles led by A. Spry
and E. Pord and by the present writers
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be tuken to run from the Wentworth Hills to
Table Mountain, more or less lollowing the
2,000 feet contour. There are scarps here,
some  associated with faulting but nowhere
are they so well-defined, high and continuous
as the Great Western Tiers.

Geologically the Central Plateau is simple,
being largely developed on dolerite (Fuir-
bridge, 1948; Prider, 1947; Voisey, 1948, a4, b).
With accompanying faulting this tough rock
was intruded in ‘Jurassic times into Permian
and Triassic sediments as sheets or sills
(possibly of lopalithic nature). Then in lute-
Mesozoic and early Tertiary times the country
was pepeplaned and the covering rocks re-
moved to expose the dolerite over most of
the plateau; smaller areas of sandstone, mud-
stones and shales of Permian and Triassic age
do appear on its surface, more particularly in
the south central parts. The peneplain was
block faulted in mid-Tertiary times, when the
plateau was uplifted und defined. Valleys were
cut into its southern slopes, and iu the late
Tertiary (probably in the Pliocene) basalts
were poured out to fill several of these valleys.
Faulting accompanied and may have followed
the vuﬁ.‘anidly. Despite the latter, dolerite
rernains by far the most widespread rock and.
though a tough rock resistant to many forms
ol denudation, if not to chemical weathering,
it is everywhere thoroughly shattered hy
numerous planes of weakness—joints, shear
planes, and faults of varying magnitudes—ic-
sulting from the tectonic history outlined.

This paper is directly concerned only with
that part of the Central Plateau lying north-
west of the Lyell, Marlborough and Lakes
Highways. There is a big contrast between
the west, where there are innumerable mode-
rate-sized and small lakes, and the ventre and
the east, where there are only few (but large)
lukes and where the drainage pattern is much
simpler. The relief of this western part is
characterised essentially by a gentle decline i
height southeastwards from a high rim on the
narthern and the western margins. But a few
other major characteristics must be noted.
Starting from the knot of hills which comprise
the Walls of Jerusalem. a substantial scarp
strikes southeastwards to divide the area
roughly into two halves, the northern half
standing some 400 feet above the southern
half along this line. This Great Pine Tier very
probably follows a fault. On the west also
the plateau is broken by features which must
be at least fault-guided; thus south of the
Fish River, the plateau drops down to (he
Mersey valley in two irregular steps. The
edge of the main plateau southwards from the

Walls ot Jerusalem tullows a curving T east
ol Lakes Adelaide and Meston round to the
Du Cane Gap. These two lakes lie on the
first step down, wlach icludes also the broad
ridge to the west from Howells Blufi to Mt
Rugoona. Lukes Myrtle, Louisa and Bill belong
to the next step. Bath steps are cot ol on the
S.W. from the Cathedral Mountum plateau
by a remarkable Linear cleft, in which Chapter
Lake and Cloister Lagoon lie. On the main
high plateau, a significanl variation in the
amount ol loeal relief is to be seen. Apart
from the neighbourhood of the Walls ol
jl'l'll.’iu]mu. there iy much more hill und valley
at the northery end (north af the Julian Lakes)
and i the sonthwest (near the Mountalos ol
Jupiter and Travellers Range) than in between,

The Nature of the Glaciation and the
Pattern of Ice Movement

Although A. N. Lewis (1932) was doubtful
ubout the extent and degree of glaciation
the centre and east af the Central Plateau, hie
had no doubt about the faet of strong glacial
action ta the west of Great Lake. MHe stressed
in particular the pwvulvm‘t' vl end moraines,
whereas Clemes (1924) was impressed more
by the erosional effects of ice. in particular on
the Travellers Range in the south-west. Both
were rig}nt. it was in fact pussihle to recogiuse
in the air photos and later to contirm m the
ficld a zove ob predominant erosion wnd one
where deposition held sway.

From the plains N.W., und S.E. of Wild Doy
Tier, this latter belt stretches south-west past
Lakes Augusta and Ada to the Creat Pine Tier:
beyond, in the more waoded country, it has
nnly been possible to sample, but numerous
motaines were found near Blue Lagoon, Lake
Ina, Travellers Rest Lake uand Clarence
Lagoon. Here the moraines lie near to and
invite correlation with the great series of fes-
tooned moraines reaching south and east from
Lake St. Clair, the work of a gre pimlmunt
glacier rising in the Du Cune Range bt
purtly fed wlso from the Central Plateau.

Northi-west of this belt moraines are by no
means absent, but ure not pruulim:nl except
in certain places. Instead there is a tremendous
amount of rock exposed and a corresponding
absence of soil. Almost everywhere evidence
of ice abrasion and plucking is to be seen and
it is possible to walk for mile after mile with
scarcely a break over roches muoutonnées. The
depth of ice must have been considerable, since
nearly every eminence wus overridden, includ.
ing even Mt Jerusalem (4788 ft,) which
rises hetween 400 and 800 ft sbove its imune-
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Figure 2—A: Platean margin alowg Narcissus valley, highly abraded by ice from platean. B: Platean
margin sonth ol Western Binff; frost-shattered “windows™ altermate with ice “spillovers.”
‘Drawn with permission from Lands Department maps

diate vicinity: its high steep western face (the
East Wall of Jerusalem) has been vigorously
eroded by ice and has only a little scree below
it, the product of post-glacial frost weathering.
Much of the facing Wailing Wall and West
Wall was sbraded too, but the highest points
here may have escaped burial under ice to
stund out as nunataks; certainly the cliff above
the Damascus Gate is deeply gullied, shiows
much more sign of frost shattering, and has
bigger screes below,

Signs ol ice erosion generally reach right to
the edge of the plateau on its northern and
western sides, In the south-west, for instunce,
overlooking the Narvissus valley, the edge is
viEL‘;umusly rounded by ice abrasion; here con-
siderable thicknesses of ice must have flowed
over into the \"i]llf."\" (Fig. 2). But as the
margin is followed northwards down the Mer-
sey valley, such abraded margins become more
frequently interrupted by craggy cliffs where
frost shattering has long had free action, e.g.,
Howells Bluff. These cliffs must have con-
stituted windows in the ice cover at least in
a late phase of the glaciation: indeed in some
cases (e.g., Western Bluff) it seems likely that
there were in fact small areas right on top of
the plateau projecting as nunataks (Fig. 2B;

plate 1). In the north, where these nunataks
and windows are more frequent, the ice which
overflowed  between  them, eroded shallow
sumvs on the plateau edge. Below these
“spillovers” true glacial till can be seen in
some instances, e.g., where the Mole Creek
Track rises to the top of the Tiers. More often
great block moraines are found running down
from the spillovers with no rock cliff above;
these can [hw much more massive than the
serees below the neighboring frost-shattered
cliffs.  Distinguishing these block moruines
from  periglacial blockstreams, which ulso
oeeur on the tiers, can be a difficult matter.
On the western side much of the ice
flowed down to join great valley glaciers, but
on the north the ice tongues cannot have
reached far down the Tiers; at any rate no
very obvious traces were left below them.
For the analysis of the lake pattern, it is
important to know the system of ice movement
in the area. Unfortunately the dolerite plateau
is in many respects unfavourable to the deter
mination of this system,
(a) Striations and Associated Features, In
accordance with the experience of previous
workers, the present writers observed not one
oceurrence ulP striations, groovings, or friction
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Plate |: In foreground glacial catenary where ice from Central Plateau overflowed into Mersey
valley. In middle ground is Cathedral Mountain, a pussible wunatak with a glacial "spillover” on its
vight, In background Mt. Pelion East, another possible nunatak,

cracks on the plateau. Dolerite does not pre-
serve such minor erosional features, presum-
ably through a susceptibility to chemical
weathering (Walker & Poldervaart, 1949). In
fact the only strige observed by the authors
during the field work were in quartz-schists
at the low elevation of 1,700 ft. in the Mersey
valley at the northern end of Howells Plains.

(b) Erratics. The almost r.'ompleleli: doleritic
nature of the plateau means that little help
can be derived from erratics. A train of vesi-
cular basalt fragments from the western side
of Lake Augusta south-eastwards to Lake Kay
was at first puzzling in that all known nearby
outcrops of basalt lay east of this train whereas
other evidence of ice motion indicated a con-
trary movement; this difficulty was largely re-
moved by the later discovery of a small out-
crop of such basalt at 457441. The only
basalt erratics north-west of this were along
the shore of the lake and might have been
transported there by other means. Slightly
metamorphosed b:mc{ed siltstone erratics were
also found between Pillans Lake and Lake Kay;
the provenance of these rocks was not eslaé-
lished. The two localities of Permo-Trias
encountered within the area of study were
unlikely to have yielded them. One of these

is a small raft of grey-black carbonaceous shales
and grey felspathic sandstones exposed in a
rotational hmdl;lip on the flanks of The Temple
(279499): this outerop did not yield suitable
rock material for the erratics. The other
locality was in the Mersey valley in the Lake
Meston-Junction Lake neighbourhood, where
in heavily drift-covered country a number of
exposures of Permo-Triassic sediments were
seen, It is not impossible that suitable erratics
could be derived from this area; on the other
hand other evidence suggests that flow was
not such as to carry material from this area
to the places where the siltstone erratics
occurred,

(c) Moraine Morphology. The most char-
acteristic moraine yielded by the dolerite in
the western part 0{ the Central Plateau is an
irregular spread of very bouldery drift, which
is not readily related in its morphology to the
direction of ice movement. No true drumlins
were seen, possibly because of the high pro-
portion of boulders in the drift;* the nearest
approximation was found in several very low
oval mounds which formed N.W.-S.E. promon-

3. Till fabric analysls was not undertaken. The large
numbers of blg spheroldal boulders in the till make it
& difficult and unpromising line of stitack.
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tories along the S.E. shore of Lake Augusta.!
These mounds were so flat that no clear dis-
tinction in slope between the ice approach and
the opposite side could be made. But the axial
direction did correspond with the direction of
ice movement established by other means for
this vicinity. A number of the end moraines
found in the area of study were arcuate in
plan (e.g., near Travellers Rest Lake, Lake
Mackenzie and Fishers Lagoons) and from
these a rough estimate of flow direction could
be obtained. Some of these end moraines were
recessional and lay within valleys on the
plateau and it might be expected that the
movement which produced them would be
more subject to the control of local relief and
different from the general flow at maximum
glacial development, There were in fact «a
few cases of discrepancy (e.g, at Stumps
Lake) between the direction of ice fAow in-
dicated by small crescentic valley moraines
and the regional ice flow established by other
evidence,
(d) Erosional Morphology. This other evi.
dence consists chielly of ice-erosional features
on a larger scale than striations, and in the
production of these nne property of the dole-
rite. namely its excessively jointed nature, was
decisively favourable. The joints promoted ice
plucking and so strong contrasts l;‘ml\\'rt'n on-
set and lee slopes are apparent in the zone of
ice erosion—smoothed, gradual slopes face the
direction of ice approach whereas steep, quar-
ried faces were produced where the ice moved
away From the rock. Large hills as well as
mches moutonnées show this contrast, which
is not restricted to isolated projections, but
applies also to long ridges and vallevs. Where
either of these had lain across the former ice
movement. asymmetry conld be produced with
a more gradual abraded slope on one side
and a steeper plucked slope on the other,
Furthermore, although the broad character of
a U-shaped valley cannot reveal whether ice
moved up or down its length, the detail of its
steps and sidewalls can (W, V. Lewis, 1947).
Anv slight projection in the valley sidewall will
show plucking on the lee side in terms of ice
movement. There are some arque-like fea-
tures on the platean, which will be referred
to later; they also afford a rough determination
of ice flow direction,

Even without plucking on mme flank. a
roche moutonnée can often give some indica-

4. Ab It existed before the bullding of the dam; the
natutal shore I» shown on Pig. | and can still be
examined st low reservolr levels, On Fig. 1 only Lhe
major ice depositional features which were examined
th the Neld wre shown Much other moraine in the
wooded country 8 not included because alr photo identi-
fieation 1s not sure enough on its own

tion of direction of ice flow since the onset
side is often worn to a gentler gradient than
the lee side. But plucking was very prevalent
on this dolerite plateau: indeed a common
form of roche moutonnée was plucked alon
the two sides parallel to ice movement as weﬁ
as on the lee side. An interesting case in the
James river valley at 426493 was furnished by
a roche moutonniée which was plucked on the
lee side and otherwise normally abraded ex-
cept for a neat excision, lpoking almost as if
artificially quarried, on one flank of the onset
end. The general tendency of quarried slopes
to face a icular direction was the criterion
to be used to determine the movement, though
it was recognised that odd exceptions wmﬁd
oceur.

Chiefly then by means of the distribution of
abraded and plucked slopes a map of ice move-
ment was prepared (Fig, 1).% First of all this
was done from the air photographs and then
checked in the field as widely as possible. The
two methods agreed well, the field work usually
providing additional instances on a smaller
scale which confirmed the indication of the
larger features. In view of subsequent argu-
ment it is important to stress that the orienta-
tion of lake basins themselves was not used in
determining the ice movement.

The pattern of ice movement shown on the
map largely explains itself. but some comment
is necessary. Abave all it reveals the existence
of one large elongated icecap. covering with
one system of outward flow nearly all of the
western plateau, There was a major ice divide
running roughly SW.N.E. In the S.W. this
divide lay very close to the Mersey valley at
a distance of one ta two miles from the margin
of the high plateau: nevertheless the amount
of ice overflowing north-westwards was con-
siderable, since it overswept the two steps and
eroded them vigorously before falling into the
Mersey valley. Between Junction Lake and
the Du Cane Cap the ice fell directly into
the vppermost part of the Mersey valley, the
divide here in fact running W.NAV..ESE.
On the opposite flank of the ice divide, move-
ment was outwards in roughly radial plan.
WANW., SW, SSW. and S. into the Nar-
cissus-Lake St. Clair valley, S.S.E. into the
Travellers Rest Lake area, S.E. into the Nive,
Little and Pine river valleys.

Across the Great Pine Tier the ice divide
retained much the same trend as before, but
here of course the western edge of the high

5 On the seale 1f Plg, 1 It 15 not possible to show
the evidence by which the lee movement was delermined,
but only the directions.
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platean lay farther away and there was =
vloser balance between the areas om either side
ol the divide. The ice moved W. through the
Walls of Jerusalem neighbourhood to the Mer-
sey and Fish valleys, NW. into the Little
Fisher und Fisher vnfll.'_\'s. N. and N.E. to topple
over the Great Western Tiers at many points,
S.E. to cover the plains around Lake Angusta
and Lake Ada.

The movements described so far formed one
system of common outflow, the expression nt
an icecap some 30 miles long by 20 miles
across. It is possible that there were two domes,
north and south of the Great Pine Tier respec-
tively; there is indication of How, for instance.
down this Tier. But otherwise within this area
there was nn marked convergence of ice-
streams.

On the western and northern penphery.
however, the topography favoured the develop-
ment  of sm:n‘] independently  functioning
centres, though the evidence for them is in some
cases distinctly less clear. The Cathedral Mt
plateau acted as one such centre, the hulk of
its jce moving N.E. and converging around
Lake Myrtle with the ice of the main plateau.
There was some flow southwards into the
Mersey valley and some north-westwirds down
the spillovers between Cathedral Mt., Bishop's
Peak and Dean Bluff. Behind Clumner Bluff
on the plateau tongue between the Fish and
Little Fisher valleys, flow is not easy to
determine: south of the Bluff itself there was
a nunatak but some overflow went southwards
us well as northwards, It is possible that there
was a small separate cap here. Slightly larger
than the Cathedral Mt, centre was anather
north of the Devil’s Gullet; here the main fow
was southwards from the high tiers east aof
Western Bluff. There was convergence with
the main ice north-west of Lake Mackenzie
It seems likely also that the high tier of Bastion
Bluff acted as a small independent distributive
centre. but the outflow was elosely confined on
the west and south by strong currents from
the main icecap

Subsequent ice movements are of course
likely to remove or at least confuse the effects
af previons movements of different pattern:
the pattern reconstructed above must in fact
represent the conditions at the time of the
latest substantial glaciation of the western part
nf the Central Platean.*

6. A comparison of the map of loe movement presented
here and Lhe much smaller scale map by A. N Lewis
11932 would reveal many similaritles but not s !ow
rontradiction: It Is not proposed to snalyse these
differences and defend them since Lewls' map seema
to be malnly based on general conglderatioms of topo-
graphy Ipossibly also of precipitetion: and not op more
direct svidence of movement such as has been used here,

The Lakes

Amongst more than 60 lakes examined in
the ficld the range of geomorphological type i
quite wide. The object now will be ta illustrate
this variety of type and then to discuss certam
more general questions relating to the lakes.
(a) Simple Origin. Al one extreme are lakes
catirely due to an irregular surface of glacial
deposition; these are best exemplified on the
till plain S.E. of Lakes Augusta and Ada (Fig.
1). Here the bouldery drift has a gentle sug-
and-swell topography superimposed on the
general S.E, slope; the swells rise no wore
than 10-30 ft. in height and show no marked
s

ONE MILE v
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Figure 3: Clarence Lagoon, a moraine barvage lake.

—Drawn from sir photographs. approximate [orm-
lines only

clongation and orientation. It is ground mor-
aine rather than end moraine as A N. Lewis
(1932) described it, Occupying a number ol
sags are shallow lakes, romded in plan with
simple curving shore lines; typical are Rocky
Lagoon, Lake Paget and Carter Lakes,
Lakes Chipman and Botsford, though com-
pact. have a slightly more complex shape,
each showing a projecting bulge on the
eastern shore which corresponds with the form
of a till swell. The shores of these lakes are
usnally lined by dolerite boulders. which often
indeed break the sutfaces also, testifying to
their shallowness. Certain of these lakes. not-
ably Double Lagoon, First and Second Bar
Lakes. have a further characteristic feature in
the form of ice-pushed ramparts which divide
or nearly divide them into twin lakes” The
ramparts vary from vegetated sand and boulder

7. 8. W Carey drew our sttention to these features and
ta thelr mode of origin. Griggs, R. F. (19081 was
apparently the first to discuss such dividing ramparts.
though the effert of lce-push on lake shores was under-
stood eatlier 1Gilbert, 1880, Bulkley, 19001,
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riddges tens of Teet across to single lines of large
bonlders, theie materials l!n'iﬁull.\'lmlmg o=
('lllhl\-'l'l) that !ht'f\. are not wave constructional
features,  Such dividing rumparts can only
form an shallow lakes and the excessively
blocky nature of the drift on the platean would
also be favourable.

Lakes dammed by a moraine barrage are
more frequent and more widespread in their
ocourrence,  Clarence Lagoon (Fig. 3) fur-
nishes i very simple case, This is situated near
the maugin of a ter overlooking the I.}'t‘"
Highway and in a broad valley between twa
rock ridges rising about 300 feet higher. Run-
ning transversely across the mouth of the
valley right on the lip of the tier s an end
moraine. The stream outlet of the lake is at
the eastern end and the momine ridge rises
to a maximum height of about 50 ft. above
the lake, declining to some 30 ft. above it
ut its western end. The lake looks very shallow
and the shore shows no solid onterop at all,
consisting variously of reedswamp, moss bog
and moraine. There is nothing to suggest that
any factor other than the end moraine is
responsible for the lake, Blue Lagoon (3330),
draining into the Nive River above Cowan
Brae, is very similar in general nature, though
here the impounding moraine rises only several
feet above the lake.

Lake basins due to the melting of ice hlocks
are particularly  associated with fluvieglacial
deposits, e.g., kettleholes in pitted outwash
plains and esker troughs. However, no fluvio-
glacial landforms were recognised in the area
of study other than a small, practically feature-
less oulwash plain south of Travellers Rest
Lake. lee-block basing dio oceor in till as well,
and these are represented here, Towards the

north-eastern end of the main ice divide the
plateau possesses a minor knobbly relief which
gives it a distinctive wir photo pattern some-
what resembling beaten copper.  Where ex-
amined on the ground this relief was found
ta be due ehie%_v to rather vigorous small
moraine hummocks, though roches moutonnées
did occur as well. Occupying some of the
rather steep-sided depressions amongst these
hummocks were small lakes and ponds, often
with no surface outflow; it is very likely these
are due to the melting of ice-bl (Fig. 4a).
The water bodies which could safely be attri-
buted to this origin are of small size, up to
about 300 ft. in maximum dimension. In fact
no large-scale features of dead-ice topography
were recognised on the plateau.

Also on a similar small scale are most of
the lakes entirely surrounded by solid rock,
due solely and obviously to glacial overdeepen-
ing. The hollows in amongst roches mouton-
nées provided very many instances of this type,
where one could walk on the bare rock round
the whole shore. Often these also had no
regular streams flowing from them, but points
of exit after heavy rains could usually be dis-
cerned.  There are very manE of these tiny
rock-basin tarns and it will suffice to give the
map references of a few examples from the Du
Cane shect—246435, 4258491, 137357. Gener-
ally they seem quite unrelated to any con-
ceivable preglacial relief and are very com-
pletely the product of the icecap. With in-
creasing size, the rock-basin lake rapidly in-
creases in depth, in contrast to the depositional
types. and the shape becomes intricate and
often rectilinear. A case in point is furnished
by the unnamed lake lying between L. Myrtle
and L. Louisa (Fig. 4B, 4C). The planes of

ONE MILE

L J
Fignure 4 —A: Small lakes south of Lake Nameless formed by wmelting of ice blocks in moraine.
B Small vock basin lake between Lake Myrtle and Lake Lonisa. C: Ice flow direction and structural
lineaments in this vicinity.
—Drawn with permission from Lands Department maps.
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weakness in the dolerite are clearly responsible
for the angular shape.

(h) Compound Ori%in. With the small lukes
and ponds an origin hy one process is common
enough. This becomes rarer amongst the
larger lakes. where frequently both erosional
ang depositional work are involved, thongh
often the relative importance of the two (m
even the certainty of the presence of the
former) is not determinable withont sounding
of the lake and horing along the moraine
barrier.®

Thus Lakes Ada and Augusta (Fig. 1) are
held up on their S. and E. shores by the till
plain. Extremely flat drumlin forms complicate
the former shore-line of Augusta as mentioned
earlier. But on thelr NW. and W. flanks, the
lakes are encompassed by rock vidges and in-
deed low plucked cliffs lie close to parts of
their N.W. shores. S.W. of L, Augusta is a
rock ridge exposing dolerite and  basalt al
several points but largely plastered with o
veneer of drift; the outlet of L. Ada runs over
drift between two swells of drift. each how-
ever revealing a rock core. There is then the
possibility that the twn lakes have basins
which are partly due to ice erosion. However
both lakes appear to be comparatively shallow
and borings in connection with the dam and
embankment construction of the L. Augusta
reservoir showed that considerable thicknesses
of drift were quite common, depths reaching
to more than 80 . The probability is thus
more in favour of the lakes being entirely im-
pounded by the glicial drift.

Also in the belt of predominant deposition
Lake Ina (Fig. 1) offers much the same degree
of probability of solely depositional origin hut
wit‘: erosion not completely eliminated. Fnd
moraine ridges enclose its broad southemn end,
but rocky knolls surround its narrow northern
extension and reach more than halfway down
its western side so that a rock basin is nt
impossible at the N, end. However, the
presence of an jce-pushed rampart  almaost
isolating the narrow northern arm snggests
shallowness and the presence of a submerged
moraine across the mouth of this arm: this
part also may be solely moraine dammed.

Farther SW. the Travellers Rest Lake pre-
sents i picture which leads to a contrary in-
ference. The southern half of this elongated
Inke is shallow and drift-lined: moraines pro-

B Marr (1895-6)  analyaed clamsle Inslances of the
fallaniss into which the investigator of glaclal lakes
miay he led,

0. We are gratelul to Mr I Jennings snd M- R
Preston of the Hydro-electric Commission for making
these records avallable Lo us

ject into it and scattered boulders point ta their
continuation beneath the water. The river nims
out through a very low ridge of moraine, which
is followed by a small gravel outwash plan.
This leads to an extremely shallow lake, 2-3 11

deep. which is dammed by a well-defined
moraine ridge. Below is another arcuate mor-
wine and not far beyond this the river topples
over the edge of the dolerite in o waterfall
to enter a V-shaped fluvial vallev course. The
river fall from the foot of Travellers Rest Lake
to the top of the waterfall is quite moderate,
of the order of 20-30 ft. In contrast the
uorthern half of the lake lies in a quite well-
defined glacial Us-shaped valley, with solid
rock outeropping Frequently on the  eastern
shore, less so nn the western, High plucked
cliffs surround the head of the lake, except.
where the valley continues northwards, nar.
rowing and with a rock step in its profile just
above the head of the lake, From above, the
lake looks very much deeper in this northermn
half and it appears very likely that this end
is over-deepened by ice erosion.

Throughout the area where solid rock our-
crops extensively and where glacial erosion
was master, there are very many lakes which
in the air photographs appear to he simple rock
basin lakes in origin, Characteristically they
have extremely intricate shapes with many
rectilinear shores and sharp angles; the water
laps up against roches moutonnées along the
marﬁins and roches moutonnées project s
small islands within them. But ficld examina-
tion in many cases shows that though for the
maost part predominantly hewn in the country
rock, the last few feet in depth are frequently
held up by moraine; this is usually in the
form of a thin spread rather than a positive
ridge. Lake Explorer (Fig, 1) is typical. The
broader southern end lies in fairly open
plateau, with roches moutonnées lining much
of the southern shore while moraine runs
from the other shore np the slopes of the solid
ridge to the north. North-westwards the lnke
narrows, and is gradually hemmed in between
the walls of a more confined glaciated valley,
to become eventually just a broad river chan-
nel. Where this channel breaks into rapids to
mark the real end of the lake, there is bt
thin skin of boulders over the solid. “The
ceneral ice movement here was S.-N.. and so
the vock bar and moraine veneer are broadly
at the downstream end in regard to that flow,
I the case of the nearby Lake Nameless. the
ice drained northwards right along its Jength
and over the rock col on the north to L.
Lucy Long, but the river outlet is at right
angles to the west through a thin spread of
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drift between two large roches moutonnées
into Snake L., which itself averflows in a simi-
lar context into L. Explorer.

The present-day major water divide between
drainage westwards to the Mersey and south-
castwards to the Derwent lies in places west
ol the former ice-divide, and so lakes nccur
which drain to-day in the opposite direction
to the iceflow which fashioned their basins.
This is true of Lakes Bull and Toorah. Toorah
(Fig. 1) is a very fine rock-basin lake, with its
origins complicated by a little drift on its
south-eastern shore at the stream outlet; but
below this the solid soon outerops, The ice
flowed N.W., gouging out the rock basin ou its
upward flow over the main erest of the platean:
two cols in the abraded crest rise only about
20 and 40 ft. above the lnke level, L. Ball
(Fig. 1) is in many ways similar; it is H-
shaped and bevond three of the extremities lie
cols in rock between 20-50 ft. above the water.
The Pine River drains out at the fourth ex-
tremity through boulder moraine. About a
furlong from the outflow and a few feet below,
u rock spur reaches the river from the Great
Pine Tier; less than fifty yards of moraine
separale this from the gently sloping rock slope
of the other side of the valley. It seems that
only a few feet of the lake’s depth can be
attributed to the moraine dam.

The examples quoted so far all give surface
indications from which a reasonable inference
van be made as to the nature of the lake hasin
concerned, Many are more cryptic and the
possibility of a drift-filled valley away from
the present line of outflow must always be
borne in mind (. E. Marr, 1895-6), Pillans L.
is a case in point (Fig. 1), It has so many
ramifying arms, in a part of the plateau where
Incal relief is slight. that without a good deal
of horing certainty as tn its nature would be
impossible. At the present outlet, bedrock is
found in the James R, bed less than 5 ft.
helow the like level, the water lowing through
boulders above this, Between the stream and
rock ridges on either side there is not much
toom for or indication of a drift-flled former
valley eaurse to one side. On this evidence
alone the lake would appear to be primarily
of erosional basin formation.  But beyond the
yoek ridee on the north there is an extensive
area of drift with minor hummocky relief lead-
ing over to the Ouse valley. A valley formerly
leading the drainage this way cannot be ex-
cluded on present evidence, and the drift there
comld he completely responsible for Pillans L..
much of which is seen in the air photos to be
auite shallow. The long southern arm of the
lake is however deeper and fairly closely hem-

med in by rock ridges; it remains very likely
that this at least is a rock basin.'”

(¢) Lake Orientation. In certain parts the
lakes show clear indications of preferred
orientation, reinforced by sympathetic align-
ment of the streams; this is for example very
evident throughout the lake district south of
the Great Pine Tier. Orientation of glacial
lukes is attributed elsewhere to the direction of
ice movement in tll areas, to differential
erosion of rocks of varying resistance, and 10
erosion along faults ang other planes of
weakness. Here it is the last process which is
operative, for there is little tendency to
orientation in the Lake Angusta-Ada till plain,
while in the erosional zone variations in lith
nlogy can only be involved in one or two
laces.

All structural lineaments discernible in the
air photos were traced, though many had to be
omitted in transference to Fig. 1.1 As wilh
plotting ice movement, the lakes themselves
were ignored in this process. The lineaments
range from shear zones of considerable mag-
nitude, such as the one limning the Cathedral
Mt. plateau on the N.E., down to simple joints.
In the area as a whole, NW.-S.E. lineaments
preponderate heavily (cf. Fairbridge, 1948)
and their influence on ice erosion in the form
of elongation of lake basins and in rectilinear
shorelines is most obvious where the iceflow
coincided in direction with this structural
trend, e.g., in the country hetween the Great
Pine Tier and the Ling Roth Lakes.

But within this set of lineaments directions
can range between N.NW.SSE. and
W.N.W.-ES.E. Moreover there is definitely at
least one nther major set of lineaments between
N.N.E-SS.W, and ENE-WSW. in trend.
There are also a few N.-S, and W.-E. features
which it would be difficult to attribute to
either of these sets. Consequently there may
be planes of weakness in almost any direction
in a given area. One result of this may be
that where ice attack is strong, the structural

10. Late- and st-glncinl processes of non-glacial
nature have contributed on a amall seale to the lske
complex of the area. Dunes, mnl{'rumad in Iate-
glacial conditlons when much more re soll favoured
sand-drifting {but now under active blowoutl destructinn,
consequent on burniog wnd grazing) have heen con-
structed along Lhe eastern shore of saveral lakes. In
the case of L. Ada, these have lsolated part of the
maln streteh of water to form two separate, small, and
very shallow lakes. Post-glacial alluviation of glacisl
lakes to Isolste smaller lakes of fuvial origin has also
oceurred. Thus L Kay Is entirely surrounded by
alluvium. Near here and also NE. of Lake Mackensle,
stream= have bufit levees above the level of allurial
plalns and isclated small lakes In backswamp depressions
fef. Jennings, 1852y,

1. Alse no interpretative jolning of aligned minor
un is wis sl pted. Asx a result some of the
grentest features, e g, the Great Pine Tier faull, do
nol appear on Fig. 1,
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trends which most nearly coincide with the
direction of ice movement will be selected and
croded,  Thus in the extreme SW. ol the
platean around L, Payanna the radial move-
ments of the ice are ronghly reflected in a
radial arrangement of the lakes. N.E.-S.W.
and NN E.-S.S.W. elements preponderate in
the structural lineaments revealed in the an
photos where the ice moved these ways. Since
the normally dominant NW.-S.F, trends are
present, this locul preponderance of other
trends is thought to be a matter of surface ex-
pression only and not a true indication of
structural conditions,

This selection of lneaments parallel 1o the
direction of ice flow ean only operate within
certain limits. Thus in the Pillans L. area, one
nf comparatively weak glacial erosion, certain
trends of the N.N.E, set are strongly reflected
in the lake pattern. notably in the long south.
ern arm of Pillans L. itself, although these
lineaments are disposed transverse to the ice
flow hereabouts. In the north, L. Lucy Long
and Westons Lagoon are similarly transverse
and this is in an area of more vigorous ict
action. If the stroetural weakness is pronouneed
enongh, it can find surface expression whatever
its relationship to ice movement,

The best examples of transverse basins of
glacial erosion in this area are undoubtedly to
be found in Lakes Adelaide (Plate 2) and
Meston. That the ice moved directly across
their lengths is fully evidenced by the mao
phology of the high platean immediately east
of them and of the ridges to the west. 1L can
be exemplified by one instance: half a mile
from the N. end of L. Adelaide there is a
high plucked cliff in the dolerite below the
strongly abraded crest of the main plateau,
Directly opposite this on the other side of the
lake a train of great boulders comes out from
deep water and runs straight up the hillslope
to thin out on the flat ridge-top into seattered
perched houlders on well preserved roches
moutormées. Tt is in fact a magnificent “glacier
garden” made all the more attractive by its
present setting of gum woodland.  This ridge
is only 200-300 ft. above the lake. but Mt
Rogoona which was alsa over-ridden by ice
from the main platean, rises more than 1,000
It. above L. Meston.

Lake Adelaide (Plate 2) is a deep rock
hasin lake, overflowing laterally through clefts
in vigorously eroded roches moutonnées in o
gap in the rock ridge which bounds the lake
on the west. The valley which continues north-
wards in the line of the lake is rock-floored
only a noarter of a mile from it. Southwards

the line of the lake is continned by a through
valley to L. Meston. A Jow ridge of moraune
alone constitutes the divide: nevertheless 1 i
rick which outeraps ronnd the southern shoie
of L. Adelaide. L. Meston is not quite sn
simple a case. A rock ridge and roches mon-
tonnées line three-quarters of the shore along
its southern foot; their detail testifies o ice
movement from S.E. to N.W. \‘I'r}‘ dcc|3
water comes right up to these roches mouton-
noos and the ontlet fows over a rock bhar
through them, But at the S.E. comer of the
Like the shore is of G and derived sand. nol
tar brom this shore, boulder moraine stretches
from the platean wall to the river, However
rock in owitn peciars at so many points on the
streaim course in the 100 [t, of descent in the
fiest hall mile that it is almost certain that
the lake is mainly a rock basin lake; the possi-
bility that there is a deep drift-flled valley
very elose to the sonthern wall is slight. Dolerite
constitutes the rock barrier, but within 506
of the lake level Permio-Triassic sediments ol
crop in the stream bed, though there is a fur-
ther dolerite dyke just over 100 ft. below the
loke giving rise to rapids. The plains south-
westward to Junction L. are thick y covered in
hummocky ridges of ground moraine, but out-
erops in streamn beds reveal different vack
types of the Permo-Triassic sequence, which
nndonbtedly underlies most of the plain,
Junction L. is dammed by a further clrhcritv
dyke which is responsible for the 40 ft. water-
fall a furlong below the lake and for the very
clearcut step in the Mersey valley here, Thus,
though surrounded by moraine on the east and
the north, Junetion L. mav well be of erosional
origin.

Lakes Adelaide and Meston are due then
to glacial over-deepening by powerful ice
streams transverse to their length. In the case
of L. Meston there is a real possibility that
differentin] erosion may be involved; it is quite
likely from the observations recorded above
that its basin reaches down inta the wenk
Permp-Triassic sediments.™ Zumberge (1955)
relied on ohstructed extrusion flow of ice 1o
explain rather similur lake basins, but mans
anthorities doubt whether such flow does ncenr
Certainly in  the ease of L. Adelaide
there is no need to call in such flows. Here
the pre-glacial step in the plateaun mar-
gin, itself probably due 1o fanlting, would give
rise to an icefall; this wonld promote rotational
glacier movement of the type which has been
investigated by W. V, Lewis and his Cam-

12, Claser search NN'W aof L. Mesion mey reveal Peemo-
Triassle erratics on the dalerite thers and sa prove thas
nypothesis,
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bridge co-workers and which provides the
most convincing mechanism for glacial rock-
basin formation yet recognised (Lewis, W. V.
(1949); Clark, . M, & Lewis, W. V. (1051);
MecCall (1952); Glen (1956)). L. Meston is
more problematic since Mt. Rogoona rises
higher than the crest of main plateau east of
the lake,

The Degree of Glacial Maodification of
Relief and Drainage

The preceding discussion of lake orientation
has begged the rather intractable question as
to how much the pre-glacial relief has survived
through the Pleistocene. Some attention mus!
now be given to this question.

A. N. Lewis (1932) attributed the deep
valleys of the Mersey and its eastern tribu-
taries, and of the Ouse within our area, to
post-glacial river erosion. It is now known that
the Mersey system was fully glaciated to a
point north of the Arm junction. Clacial spill-
overs into the Devil's Gullet show that this
feature also existed prior to ice invasion though
it may have been extended at its head post-
glacially in some degree. The Ouse valley at
the L. Augusta reservoir dam is deeply filled
with drift. Moreover, although fairly strong

&
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arguments have been given for post-Newer
Basalt faulting (inter alia, Fairbridge, 1948),
there does not seem to be any solid grounds
for the claim (A. N. Lewis, 1944a) that there
is Pleistocene faulting subsequent to an early
glaciation of the plateau. In fact the most
reasonable assumption is that before glaciation
the major elements in the relief of the area of
study were fundamentally as they are to-day.

If this assumption is correct, the present-day
drainage divides remain much where they
were preglacially, the vast bulk of the
country draining  south-eastwards.  There is
much complication in detail through glacial
erosion nmrdepnsiliuu. but broadly the system
is a simple one closely related to the structural
pattern. It is true that divides have some-
times been eroded almost to the point of dis-
appearance, e.g.. between the S.E. drainage
of the Ling Roth Lakes and the Mersey drain
age. But on the whole there seem few cases
of breached divides and drainage diversion (cf.
Linton, 1949). It is possible that the Fisher
Lagoons drainage preglacially was directed S.E.
into the Quse system and that the ice drain-
ing N.W. destroyed a low divide between the
Fisher Lagoons and the present Fisher valley
running N.N.W. into the Devil's Cullet so

—

Plate 11: Lake Adelaide, a rock basin lake due 1o transverse glacial erosiom,

lee fell [rom main
plateau om left, gouged out the lake basin and overrode lower ridge om right.
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that the waters were deflected fist E, and
then N.N.W. to feed into the Mersey.'*

A lesser but more certain drainage change
is to be found in the L. Adelaide-Meston cir-
cumstances described above. The Mersey
seems to have risen north of L. Adelaide pre-

lacially, flowed southwards along the present
ength of that lake, and thence across to the
site of L. Meston and 50 to the present Mersey
course, Erosion of the Adelaide basin and ol
the outlet gap through the ridge to the west
has divert Sle uK‘per part of the former Mer-
sey headwaters. North of L. Adelaide there
seems to have been further diversion of this
former drainage line by ice movement and
ernsion aeross it, so that the preglacial Mersey
has been twice dismembered.

In geneval, then, the ice conformed to
rather than remodelled completely, the larges
relief elements; but some contrasts have tn
be noted. As a rule, the greater the local
relief, the fewer the lakes, but on the average
they are larger and deeper, e.g., in the north
around L. Nameless and near the Mountains
of Jupiter as compared with the more level
plateau between. Superimposed on this pat-
tern is a gradient of increasing glacial denuda.
tion south-westwards; thus the amount of
glacial erosion in the L. Nameless area seems
to be much less than in the Mountains of
Jupiter. But the biggest contrast is between
the two flanks of the ice divide, South-east
from the divide, glacial erosion though definite
enough was not often great; here were very
gradual slopes and slighter precipitation. a
region of passive glaciation, The comparison
is with the lobate northern margin of the
Vatnajokull in Iceland. But on the north-
western flank, gradients down into the Mersey
valley were steeper and precipitation greater,
The glaciation would be more active here in
terms of a dynamie classification of glaciers
(Ahlmann, 1948) and the steep southern out-
falls of the Vatnajtikull are more comparable.
Here, in a locus of ice congestion, the four
lakes—Adelaide, Meston. Myrtle and Lowisa—
may well prove to be the deepest lakes of the
Central Plateau. In the introduction this lake
country as a whole was likened to the Finnish
Lake Plateau, but this western margin is in
fact more like the Norwegian fjell.

These differences reflect once more the old
antithesis in the effects of glaciation—here weak,
there strong—which was in part the basis of
the two schools of thought—glacialist and pro-
tectionist—with regard to ice action. Where

1). Capture here is unlikely lo be pre-glacial in the
fight of the absence of dissection up Lo the supposed
elbow of eapture

there are marked topographical features and
dynamic glaciers, there is a great deal of
erosion, where relief is more uniform and
where the supply and wastage of ice is lews
rapid, the effects may be slight (cf. Tanver,
1944).

The Glacial History

A. N. Lewis (1923, 1932, 1933, 1938, 1944)
considered three separate glaciations were rep-
resented in the Central Pateau. The earliest
or Malanna extended over virtually the whole
of the plateau and was an ice-cap glaciation,
Suils have had time to reform where not sub-
jeet to later glaciation and forest cover to re-
establish.  The Clarence Lagoon area was
ascribed to this glaciation,  Next followed
Yolande glacisl penod. which was restricted
“to the western edge of the plateau” and
characterised by a general absence of soil. He
does not specify the nature of the glaciation
here, though in other parts of Tasmania den-
dritic glaciers are the most extensive type
claimed for it. The third or Margaret glacia-
tion is definitely reﬁardul as i cirque glaciation
only. and is thought 10 be represented on the
western edge of the Central Plateau and also
on the north at Pine Lake.

The present authors can only recognise (e
gl:lci;ltiﬂn in the western part of the ‘platc:m,
and that is an ice-cap gl’aciutinu. It is true
that there are certain cirque-like landforms
(Fig. 1] to be scen: the lake immediately west
of L. Malbeena (2334) is hemmed in on three
sides by a cirque; the Little Fisher river drops
over the edge of the platean into a good cirque
below Mersey Crag; the lake (4559) south of
L. Meander also lies in a cirque. But in all
the cases examined (with the possible excep-
tion of one small and poorly developed ex-
umple (3373) practically at the top of the
Great Western Tiers) these cirques had clearly
been completely overrun by :l'lt! general jce-
cover and could well have formed during the
advancing hemicycle of the icecap glaciation
(ef. Tanner, 1944). Moreover, provided there
are nunataks, cirques can form contempor-
ancously with an icecap. Nor were anv of
the cirques marked by very recent moraines
which suggest reoccupation by cirque glaciers
after the wastage of the icecap. .

End moraines were seen both in the zone
of deposition and within the zone of erosion,
but there was no such marked difference in
degree of morphological preservation as would
prevent them all from being regarded as re-
ireat phenomena of a single glaciation. More-
aver the freshness of form and absence of dis-
section of the moraines, together with the
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absence of soil from the eroded areas, make
this icecap glaciation very young in the
Pleistocene, 1t it is ascribed to Margaret, it
is completely at variance in its intensity with
Lewis' views for this area and Tasmania at
lur&e. Alternatively if it is equated with Yol-
ande (which because of its extension and in-
tensity would seem more reasonable) Lewis'
correlation of the latter with the Riss must be
abandoned, The pumerous lakes confirm this
view. In the N. European Plain, the distni-
bution of lakes provides u first-class indication
of the distribution of the Weichsel (Wiirm)
glaciation (Majdanowoski, 1956). Though the
synchroneity of Pleistocene climatic history in
the two hemispheres must still be regurded as
not proven, the geomorphological evidence in-
dicates fairly reliably that the icecap glaciation
of this arex must huve ocewrred within the
lust thirty or forty thousand vears.

The Contrast Between West and East
on the Central Platean

The question of the contrast between the
lakes of the west and east of the Centiul
Plateau can now be discussed, '

In his great work on the landfurms of Fin-
land, Tanner (1938) found a close correspond-
ence between the numbers and areas of the
lukes and the topography, The Hatter the
topography the greater is the development of
lukes. This however does not appear to be the
solution here; some areas of mauny small lukes
in the west are fully matched in lack of relief
by areas in the east which have one or two
large lakes or alternatively no lakes at all.

Is the contrast to be sought in structure? It
is true that Tertiary basalts and Mesozoic sed-
ments are more extensive in the centre and
vast than in the west, with greater possibilities
of differential erosion. Voisey (19484, h) has
attributed Great Lake and Arthur’s Lakes to
the glacial removal of basalt from valleys in
the dolerite. However some of the large lukes
such as L. Echo lie entirely in dolerite country.
And even if differential erosion could explain
the presence of very large lakes, it could not
explain the absence of small ones.

Implicit earlier in this paper is the idea
that the west and east have had different
glacial histories und this might be the answer
to the problem. No attempt was made to map
the limits of the icecap glaciation of the west,
though the marginal belt is thought to lie

14. The wrilers have made no proper fleld examination

between the neighbourhoods of Lake St. Clair
und Liaweenie. No clearcut outermost line ol
maraine ridges has been left and tracing the
limits of the moraine spreads in this wooded
country is not easy, It is clear however that
glaciation of the same age does not reach into
the country east of the Lake und Marlborough
Highways (except possibly in the highest tiers
north of Creat Lal.ke} If these parts were
glaciated, it must have been in an earlier
gluciation as Lewis maintained. From such
an carlier glaciution the small lakes might have
been effaced by sedimentation and only the
Jarge lukes survived; there are many marshes
it this eastern area which might be the sites
of mfilled lakes.

This is un attractive solution but it fuces
difficulties,  The fact that subsequently the
west alone was extensively glaciated suggests
that in the earlier glaciation it would have
been the locus of greatest ice accumulation.
Present-day climatic gradients support this
contention, 1f so, how was it that the greatest
lukes were produced in the centre and east?
We have seen that the structural argument
ot differential erosion does not suffice to ex
plain this. Moreover if the smaller lakes of
the east have been entirely lost through sedi-
mentation, the lage lakes could be expected
(o show greater diminution by these processes
than they do. In addition, glacial crosion of
likes as large as these would surely result in
deep basins at least here and there. The only
soundings available are those of Legge (1904)
in Great Lake. These do in fact suggest rock
bars isolating separate basins, but the sound-
ings are scarcely close enough to eliminate
the paossibility of valleys crossing them. More
indicative, however, are the uniformly flal
floors at depths of only 15-20 feet of the in-
tervening basins, This characteristic is strange
for glacial rock basing and if it is due to
post-Malanna  sedimentation, where are the
complementary encroaching  deltas? A last
difficulty lies in the fute of the vast amounts of
moraine which must have been excavated from
these large lakes if of erosional origin; no
investigator of the eastern part of the platean
has been able to point to much und‘;ubted
moraine. Lewis (1932) himself had doubts
about the glacial origin of the large eastern
lakes, though in his case they arose from his
idea that the Malanna icecap here was only
about 100 ft. thick, the dolerite tiers projecting
as numataks.’ Therefore Lewis was inclined
ta call in tectonic forces as at least a supple-

of the eastern lake wrea, and the following o nts
rely malnly on previous literature with regard to thetn.
fortunately & little more voluminous than wn the
western lnkes.

153 In the light of present knowl
thet there could be » true lcecap o
would nol move (R. F. Plint, 1047).

€ It neems uniikely
that thickness. 1
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metitary cause of the large lakes. Fairbridge
(1948) goes farther and assigns L, Echo
primarily to tectonic subsidence across (he fall
ol the drainage, The arguments presented
here support the probability of this alternative
mode of origin, The lake legacy of the icecap
glaciation of the western part of the Central
Plateau thus has not only its intrinsic geomor-
phologieal interest but o distinet bearing on
the interpretation of the larger lakes of the
eust,
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Port Davey, a lerge drowned inlet in the extreme south-west
of Tasmania, has been considered by Lewis (1924, 1928 and 194i) to
be a fjord, the result of Pleistocene glacistion to bdelow sea-level
followed by post-glaciel drowning. As such it has been cited as the
only example of a fjord in Australia, and has been widely quoted
not only in Australia but in international reviews (e.g. Plint, »
1947; David, 1950; Valentin, 1954; Charlesworth, 1957), Nye,on the
other hand, (1930) had desorided Port Davey as a drowned river

estuary.

In the course of recent work for the Mines Department of
Teasmania during which we spent six weeks together in the area, the
authors were afforded the opportunity of examining the region
arcund Port Davey in some detail, One of us (W.E.B.) had previously
spent several weeks in the area, As a result of these studies we

support the view of Nye (1930),

The statement by Lewis (1945) is as follows: "The most
impressive feature of the Malanna glaciation is Port Davey, a
glacial fjord, the only one in the Australian region = not in the
same category as the fiords of Norway or New Zealand, but, never-
theless, a true example, with white ¢liffs rising to sharp tinds

some 5200 feet above the deep sinuous channels”,

The authors have found no evidence of glaciation at sea level
around the shoreline of Port Davey. Not one example of a polished,
faceted or striated pebble was found amongst the large number of

superfiocial boulder deposits exposed around the shoreline, nor have *



sny striated or plucked rock surfaces been found, nor any other

forms charaocteristic of ice sculpture, Stereoscopic examination of
%crinl photographs of the region reveals no sign of glaciation near
Port Davey., Clear examples of glacial erosion and deposition are
evident in the Norold Mountains although the position of the terminal
moraines shows that the limit of glaciation was some 15 miles to the*

north-east of Bathurst Harbour,

Bathurst Channel, the alleged fjord, has none of the
attributes of a glacial valley, There are no truncated spurs, There
are no parallel walls dropping steeply to a flat floor, no valley
shoulders, The plan hes numerous Jagged promontories and inlets,
quite typioal of that of a drowned river valley, and unlike that of
a fjord, whilst a glacial valley may retain a sinuous course during
its development, the highly sinuous nature of Bathurst Channel,
particularly through the relatively soft rocks of Long Bay (Pigure 1),
would not have persisted under the conditions of glacial erosion.
Angular projections such as Eve Point and Josn Point would have been
truncated, The oross section of the valley, whether taken between
opposing mountains (Pigure 2, Section A-A) or opposed inlets
(Pigure 2, Seotion C=C) reveals the normal "V" shape of the river
valley, Tributary valleys Jjoin st normal valley level (Figure 2,
Section B=B) and there is no suggestion of the hanging valleys to be

expected at the Jjunotion of minor tridbutary glsclers with the trunk

glacier,



Pigure 3 is an echo-sounding runm up Port Davey. This has a
gross exaggeration of the vertiocal scale with respect to the
horigontal, and in addition the line of steaming does not follow
feithfully the sinuous course of the deepest part of the channel, so
care is necessary in interpreting the echogrem, Nevertheless it does
show that the lateral spurs continue down normally (for river erosions)
below the water and show no signs of truncstion ss would surely have

ocourred in a fjlord,

Characteristio of fjords is the threshold, and "skerryguard®
islands are couwmon features (Charlesworth, 1957, p, 3543). Breaksea
Islands could fit the latter role admirably end there are bar-like
shoalings of esch chennel at the mouth which could be a low threshold,
The water shoals to 5 fathoms in the north channel and to 7 fathoms in
the south channel (the maximum interior depth is 22 fathoms)., But
bars of these dimensions are equelly characteristic of estuary mouths.
There is s substantial catchment of high rainfall country draining
through Bathurst Channel, and slthough the coarse sediments are
largely dropped in Bathurst Harbour suspended material tends to be
floococulated at the esturary mouth, The mouth then is compstible with

the fjord theory but is equally compatible with drowning.

Pinally the fjord-making glacier if it existed, can only
have come from Bathurst Harbour, This is a brosd flat-floored pan
several miles across at sea-level (see fig, 4) To feed the f jord
glacier, this would have to have been filled by an ice-cap., Now this

ice-cap would have had equally easy outlet via Melaleuca Inlet to *
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Cox's Bight, This toc would have been ococupled by a distridbutary
glacier of at lesst comparable dimensions to that in Bathurst Channel,
There is no evidence to suggest & gleciel valley or fjord here, and mu

to the contrary,

CONCLUS IONS

S8ince Lewis did not, to our knowledge, publish any ¢
evidence to support his view, there is no existing case to be answered,
As a result of the total absence of positive evidence of glacintion,
and the strength of the evidence presented above inconsistent with
glaciation the authors do not agree with Lewis's view, no# generally
accepted, that Port Davey is a fjord, Ve conclude that Port Davey,
Bathurst Channel and Bathurst Harbour are a drowned river estuary,

the drowning having ocsused dismemberment of a fairly large river

system,
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ABITRACT,

The King Olacier resulted {rom the join-
ing of two msjor glsclers flowing in the Horth kldon
and Gouth Eldon Valleys. These were fed respectively
by ice from the east side of the Tyndall Range and
from the Eldon Range.

At its mseximum the King Glacier was over
1000' thick at the eastern end of ut Lyell but from
there decreasnegd rapidly in thickness so that 4§ « 5
miles south ites thickness was of the order of 100°,
The rapid chunge in thickness wes probably mainly due
to loss of ice to the Linda Velley and lNelson Valley
distributaries snd to the change in valley width from
about 1 mile to almost 3 miles,

The glacier reached the northern part of
the Crotty Plain at some stages but for a longer period
remained barred dbehind s quartsite ridge crossing the
valley about 3§ -~ 4 miles south of Lindm Velley entrance,
flo large terminal moraine was formed but there are very
extensive cutwash deposits both north and south of this
ridge. The distinct moraines of the Linda Valley and
Helson Valley were deposited duwing esrly retreat stages.

It is consildered that in this area there is
no evidence of three glacial stages but rather the evid-
ence suggests that the dargaret Stage and Halanna Stage
(as represented by the Xing Glacier (Lewis 1936) ) are
contewporaneocus., Accepting Gill's (1956) radio-carbon
dating, then the single glaciel advance snd retreat is
roughly equivalent in time to the Wisconsin Glaciation
of North America.



ik GLACIATION OP THE KING VALLEY - WEGTERN TASMANIA

Introduction: -

The existence of glaclation in the West
Coest Henge ares has long been known, (Sprent (1886),
Montgomery (1891), Power (1892), Dunn (1894), Johnston
(1894), soore (1894), officer, Balfour end Hogg (1895),
uoore (1896), and Oregory (1904) ). Of these meny
reports those of Dunn (1894), Moore (1896), snd Greg-
ory (1904) ure of the most value, The first two of
these discuss the glaciation of the Tyndall-Sedgwick—
Dora region and Oregory, in reporting on’'the Linda
Valley area, concluded that the gleciel deposits of
the Linde Valley ceme from = distributary of a larger

Zlacler in the King Valley. Thie view hus been supported

by the work of Dradley (1954) and Carey (1955) but no

actual study of the hing Velley glacistion and espec-

1ially of the limite of the glacier hus been previously
reported,

The present study consisted of & week's
field work in the southern part of the King Valley and
in the Linda and Nelson Valleys and a careful study of
aerial photographa of the Wast Coast Range and Eldon
Range area, Two of the suthors (Ahmad and Bartlett)
have also visited the srees around Mt Sedgwick and
Lake Dora,

The suthors wish to thank i'rofessor Oarey
of the Geology Dept., University of Tssmsnis, who
suggestod the stuvdy of the erea and also to thank Mpr.
M.k, Banks for a nuabsr of very helpful discussions,



PHYSTOGRAPHY: -
The King Valley runs almost northe-south on
the eastern side of the West Comst Range and about 20 miles
from the western coestline. The valley is eroassed by
the Lyell lilghway about seven miles from Queenstown
and thore is a vehicle track running south to Crotty
Plains where the King River turns west to flow in a
1000' gorge between Kts., Huxley and Jukes,

The area which must be coneldered in a
discuesion of the King Glaclier can be conveniently
divided into 4 physiographic units:-

(a) The western margin of the Central Ulateau -

a strongly dissected but topographically youthful area
extending west and southwest from near Castle Mt., and
Roeky Hill.

(®v) The Eldon Range - an east-west range which
changes from plateau-like near Eldon Bluff and Castle 5
Mt., to the sharp Kldon Pesk at its western end,

(e) The West Coast Range - a series of rugged
peaks with Mts., Tyndell (3800'), Geikie and Sedgwick:
(4000') in the north forming the western and southern
margins of the Dora-Spicer plateau, South of i#t,
Sedgwicki the range is broken by the broad Comstock
Valley (about 1000' above sea level) and again on the
south of Mt. Lyell by the Linda Valley (1000'), South
of this valley are the several peaks of Mt Owen (3600')
and further south-east the Thureau Hills form an east-
ward lxtcnl;on of the range. N

(a) The King Valley - the North Kldon Valley 1
between Eldon Peak and the West Coast Range, and the :

South Eldon Valley on the southern side of the Eldon



Range, join southwest of Eldon Peak and from there the
' King Valley extends south for a further 8 miles as & 'f
broad, (1 - 3 miles), flat-floored valley in which the
King River pursues a meandering course, ¥

Eest of the Thureau Hills the river passes
through a short but narrow gorge before emerging into
the Crotty Plains,

The Princess River and Bull Creek are smll
streams in wide valleys separated from the King Valley J
north of the Lyell Highway by Princess Ridge (1435')
and its northerly continuation, The Nelson River flows
weet parallel to the Lyell Highway until the latter
crosses a 1030' divide to the wide Princess Valley.

The Nelson river, however, turns sharply socuth and
finelly joins the King River east of the Thuresu Hills,
In its lower part it is separated from the King by a
range of hills about 1500' high.

It may be stressed here that the main v
control of the physiogrephic features is the geolog~
ical structure., The King, Linda, Comstock and Nelson
Valleys all owe thelir existence primarily to the pres-
ence of relatively soft Gordon Limestone or Eldon
Group sedimente. Modifications of the physiography which
are due to glacinl action are present to a varying extemt,
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The King OGlscier resulted from the junetion

of sl-qioro flowing in the North Eldon and South Eldon
Valleys. The main eollecting ground for the ice in the
North EZldon Valley was in the Tyndall Range to the
west, A sybstantial ice field on the east of the Tyn-
dall Renge between uMte. Tyndall and Geikie gave rise
to glaciers which dominantly moved emstward scross Lake

Dora and Leke Spicer to spill over the plateau edge into °

the North Kldon Valley., The western wall of this valley

is an abrupt but moulded and smoothed slope capped by

morainal materisl, A tributary of the North Eldon River,

rieing Just north-east of Lake Dora flows eastward
through a distinetly U-shaped valley and this was prob-
ably one of the principal feeders of the North Eldon
Gla eler.

From the north side of dt., Tyndall ice
probably also moved northward through Leske Rollesten,
The Hamilton Moraine resulted from ice originating
probably on the east slopes of Mt. OGeikie and flowing
southwest through Lake Margaret. There was probably
no great quantity of ice moving off the pleteau in
thia diréction, but, coming from the highest parts of
the platenu, end falling sharply on to the Henty Pene-
plain, the terminal position of the glacier probably
stayed essentially constant over a long period of minor
fluctuations recorded in the King Glaclier and even
perhaps until after the retreat of the latter to the
plateau edge.  This would sccount for the magnitude of
the Hamilton Moraine as compared to the magnitude of
the moraines in the Xing Valley.



The ares around it, Sedgwikck: 18 problem=
atical as it is not known whether this acted as a sep~
arate source area or whether the main ice flow from the
north flowed past Sedgwick: and spilt south into the
Comstock Valley., Ice alsc moved southesst to Jjoin the
King Valley by way of Leke Beatrice.

There are no cirques of any size on the
western side of Eldon Peak but two glaciers from the
north side of the pesk moved northe-east and have left
very large latersl moraines, These glaciers meet the
valley of a tributary of the North Eldon (flowing north
west here) at right angles but do not appear to have
flowed down this valley but rather to have melted at
ite edge,

From the southeaet of Eldon Peak several
glaclers fed into the South Eldon Velley. From the El-
don Renge sowe ice moved south into the South Xldon
Valley and some north into the Canning River., From
Eldon Bluff a rather larger glacier moved sout-east
and then south-weat along Danube Creek to Join the South
£ldon Valley. There is an ice divide running epprox-
imately from Castle Wt, to Rocky Hill. Sast of this,
ice from liigh Dome moved into the Canning River and
thence to the durchison River. From the southern side
of the South Eldon Valley several gleciers came from
the vicinity of Last Hill to flow into the South
KEldon Valley. :

The South 5ldon and North Eldon gleclers
seem to have been of similar size by the time they
Joined to form the King Glacier but the glacler flowing
through Lake Beatrice was probably somewhat smaller,




EEATURES DUE TO OLACIAL EROSION.

The walls of the King Valley show evidence
of glacial erosion only in the presence of trunceated
spurs and occasional etriated pavement (as at King
Bridge (Carey, 1955) ). On the floor of the valley
there are a number of roches moutonndées, the wost
prouinent of these being some 2 wmiles south of the
Lyell Highway and east of the Crotty Track. A further
15 miles south a guartzite ridge (1030' wax. height)
stands sharply from the flat depositional plein and
trends across the valley. The ridge 18 breached at
the eastern end by the King River, here flowing on
basement rock and slso, near the centre of the ridge,
by a dry, U-shaped valley.

About § mile further south the 70' gorge
above the Crotty FPlain has a Ve-section but the eastern
and lower wall is of glacial deposits, A section
showing the distribution of bedrock could well be U~
shuped and the V-shaped valley cut in a depoaitional
flat to the east, be due to later river action,

The Gormanston Gep at the western end of
Linda Valley is U-shaped for a distance of several
hundred yards on the western side of the crest but
beyond this it exhibits a sharp Vesection,



SLACIAL DEPOSITS;~ .

Glacial deposits north of Mt.Lyell were
not examined in the field, An examination of the aerial
photographs show that there are probably small terminal
moraines marking retreat stages of the South Eldon
glacier located in the river valley south and southe
east of Eldon Peak. On the platesu edge east of Lake
Dora and particularly Leke Spicer there also appears to
be an irregular terminal woraine. This would mark a
late retreat stage of the North Eldon glacier when the
ice melted just prior to the sharp descent into the
North Eldon Valley. There are a number of other moraines
on the Eldon reange on the area around and east of the
Tyndall Range, and south of Mt, Sedgwicik., These are
of somewhat lesser importance in this study elthough it
should be noted that the Hemilton Moraine, west of Lake
Margaret, is the wmost iupressive in the esrea, At the
western end of the Comstock Valley are morainal deposits 24
somewhst similar to those near Gormanston in the Linda
Valley. 4

In the Linda Valley till occurs to a
height of 1400' near Gormanston and varves and till
1lie on basement rock at 900' near Linda township. Be-
tween these two there is continuous till, outwash and
varves, A typical part of the section exposed in a
gully near the Linda-Cormanston road is as follows:-

1090' - 1080' Ti11.

1080' - 1050' Bedded Till - Outwash,

1050" - 1020" Varves. q
1020' - 1015' Till.

1015' - 960"  Varves, ‘
960' -« ¢ Ti11, 4



The interbedding of varves end till seeus
to represent successive advences and retreats of the
ice, The deposition of till and varves from a height
of 1400' down to 900" and at a maximum thickness of
100 - 200' indicates an overall retreat downhill of
the glacier so that successively lower and northeaste
ward (downhill) deposits are progressively younger.

Till, varves and outwash deposits at the
mouth of the Linda Valley indicate another retresat pos-
ition of the ice., These are sctually lsteral moraines
of the King Glacier rather than terminsl morsines of the
Linda distributery. North-west of this erratics and
till occur to a height of 1700' on the eastern slopes
of Mt. Lyell., This is 1000' above the present valley
floor at the King Bridge., Benches occur on this slope
at 1700', 1660', 1560', 1220', 1120'., These benches
are apparently of morainal material and probably are
small lateral moraines, Meny have depressions, now
filled with gravel behind them,

Bast of this, erratics were found at a
height of 1440' on the summit of Princess Ridge., PFur-
ther east still, dolerite erratice ocecur to & height
of 1160' north of the mouth of the Nelson Valley. At
the entrance to the Nelson Valley the Lyell Highway
erosses two end morsines. The most essterly of these
is at 1050' and is semicirculer and concave towsrds
the Princess flats, T1ll does occur a little further
up the Nelson Valley (height 1015') but no distinect end
moraine exists, The Nelson River prior to the glac-
iation probably flowed westward, approximately rollqun‘
the present Lyell Highway, to join the Princess River
before the latter Jjoined the King River, The end
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poeition of this easterly distributary of the King it
Glacier and the moraine it built up, caused the dive
erting of the Nelson River to the south so that it is
separated f'rom the King River by a range of hills for

& distance of about 4 miles and finslly Jjoins the King
River Jjust before this enters the Crotty Plain,

A second and later end moraine occurs
parallel to and slightly west of the above mentioned
moraine. It is at e height of 965'. The moraines .
consist of till (dominantly Jurassic dolerite) inter-
bedded with current bedded sand, gravel and some clay
beds,

Two t0 three miles south of the mouth of
Linde Velley the 1040' roche moutonnée mentioned before
is flanked at its northern end by a very low morainal
ridge ricing adout 5' above the flat plain and apprrent-
ly extending right across the valley., This is most
probably a small terauainal moraine of the King Glaecier.

The plain extending from here to the quartzite ridge

crossing the valley (3; miles south of the Linda Valley |
entrence) is probably an outwash plain forued between |
the retreating glacier and the gquartzite barrier ridge. 2
The roche moutonnée has erratics to at least 1030' though
none could be found between 1030' and 1040°. :

The quartzite ridge crossing the valley
about 35 miles from the Linda Velley entrance has a
surfece veneer of till to a height of 940" at the
western end of the ridge. There is no evidence of an
extensive terminal moraine in this srea and & moraine-
like ridge immediately souwth of the point at which the 3
track cuts thsough a gap in the ridge is probebly
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s0lid with only a thin veneer of moresine, Lateral

moraine occurs on the lower slopes of the Thureau Hills.

There are several terraces to the north-cast of the
ridges but these were probably ocut by earlier courses
of the King River and its tributaries, The dry U~
shaped valley cutting through the centre of the ridge
has & fan~like deposit at itssouthern end - this seems
to be outwash material.

The small plain between the quartsite bar~

rier ridge and the gorge north of the Crotty Plain has
several terraces cut in it, presumably by old courses
of the King River end tributary creeks. The plain is

dominantly of outwash waterisl, One section showed sand

and clayey sand with some boulders and pebbles, rest-
ing on basement rock. A section by the vehicle track
showed sandy varves., Generally the character of the
plain material was that of glaecial outwash with little
getual t1ll. It is considered that these deposite
formed in a shallow lake between the quartzite barrier
ridge to the north behind which the gleaclier lay, and
the moraine dammed gorge north of the Crotty Plain.
The till and outwash of the Crotty Plain show that the
glacier at one time reached there, and during ite re-
treat it probably stayed Just north of the gorge long
enough to deposit an end moraine in that area.

el o Foda



. From the junetion of the North Eldon and
South Rldon Valleys, the King Glacier travelled a
further 8 « 10 miles south at its maximum extent as
far as the gorge north of the Crotty Plain and at times
even on to the plain iteelf, In its northern part the
King Glecier was very thick and the presence of low,
wide velleys to the west and east resuvlted in several
distributary lobes moving into and melting within these
valleys, The Cometock velley was probably filled with
ice in this manner and morainsl material deposited at its
western end, A complicating festure however was the
ice moving south into the velley from neer Mt Sedgwibk:
and at times the ice could have moved out of, rather than
into, the Comstock Valley.

The presence of erratics at 1700' on the
eastern end of Mt, Lyell, a height of 1000' above the
valley floor, indicates that the glacier in this area
was at least 1000' thick, This is supported by the
fact that ice over-rode Princeses Ridge (1440') east of
¥t Lyell., The floor of Linda Valley rises from B800'
at the mouth of the valley to 900' neer the Linda towne
ship and 1360' at Cormanston Gap, Erratics occur to
1700' et the valley entrance (north side) and to 1400'
on Owen SBpur south of Gormanston. The thickness of ice
would have been over 1000' at the valley entrance, over
500" above Linda township and over 4O' at the Cormanston o
Gaps The fact that, at a short distance east of the X
Gap, erratics occur to a height of 4O' sbove the level
of the Gap, suggests that it is likely that some ice
spilt over the Osp and rapidly melted on the steep slope



of Conglomerate Creek, The U-shape of the Gap supports
this but the sharp V-aection of the Conglomerate Creek
favours the idea that only wmeltwater and not ice flowed
down this oreek., During the retreat of the lce from
this maximum extent the large Oormanston Moraine and
the lesser moraines at the mouth of the Linda Valley
were deposited,

S8ince the ice thickness in this viecinity
has been shown to be of the order of 1000' the Princess
Ridge (1440') would be crossed by sbout 260" of ice
moving towards the Nelson Velley. Jce would possibly
aleso cross the divide between the Princess watershed
and the South Eldon « King weterehed at points higher
up the valley, Also the lower levels of ice would no
longer be bayred from the Princess Valley south of the
end of Princess Ridge so that ice may have eddied back
up the Princess valley from near the Kinge-Princess
Junction. This is unlikely during maximum glaciation
as the southward movement of ice having over-ridden the
Princess - King divide would probably be sufficient to
prevent such a back eddy,

The net result was that ice moved towards
and into the Nelson Valley. 8ince erraties on the
north side of the velley entrance only occur to 1160
and the valley floor is about 900' the thickness of
ice at the valley mouth would be something over 260',
The ice did not wmove any great distence up the valley,
but two relatively long-lived retreat stages cauvsed
deposition of two terainal woraines at the entrance to
the valley. Since the valley floor at the Princess
Ridge is 705', the ice thickness there during maximum
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glaciation would be over L465'. This is competible with
the ice thickness in the King Valley of 1000' if it
represente the thickness of ice crossing the slightly
lower northerly extension of Princess Ridge,

South of a line running through the Linda
Valley, Princens Ridge and the Nelson Valley, the King
Glacier rapidly decreased in thickness, This is to
be expected as at this point the glacier emerged from
a valley about 1 mile wide into e valley almost 3 miles
wide., Another important factor wae the loss of ice into
both the Nelson and Linda distributeries,

At a point 2 - 3 miles south of the en-
trance to Linda Valley erratics occurring to & height
of 1030' on a roche moutonnée indicate that the ice
was at least 230" thick - this figure is based on
the height of the plain on the western side of the
bill (900') and estimating about 100' as the thickness
of glacial depoeits on the valley floor. Similarly F
the erratics at 940' on the ridge 3§ miles south of
the Linda Velley entrance (valley floor at 830') indic-
ate a thickness of ice of not less than 170' - 220°'
allowing 50' « 100" as the thickness of till.

It is improbableg that ice ever passed
between Thureau Hilles and Mt, Owen, as the northern
entrance to this valley is barred by a solid rock
ridge (960') which has till on its north face but
none on the crest or southern face,

Further south where the King River passes
through the short gorge sbove the Crotty Plain, the
upper limit of till at 740" above a rock basement at
650' indicates an ice thickness of esbout 100'., The
presence of till and outwash on the northerm part of



the Crotty Plain shows that at the meximum glaciation,
and probably only for a very short time, the ice passed
beyond thie gorge., HHowever for the greater part of

its history it 18 thought thst the ice remained behind
the quartzite darrier ridge avout 33 miles south of
Linda Valley entrance, sending smmll tongues of ice
through the lower parts and depositing outwash material
south of the ridge.

From this position - probably correspond-
ing with the period of deposition of the Gormanston
Moreine and the higher Nelson doraine - the ice re-
treated, irregularly depositing & sm 1l terminal
moreine near the 1040' roche moutonnée and forming a
broad, flat ovtwash plain north of the guartzite
barrier ridge. The lower Nelson moraine, the lower
levels of the Oormanston morsine, the moraine at the
entrance to Linda Velley and the several lateral more
aines on Mt Lyell all reflect retreat stages of the
glaclier, but it is not poseidle to correlate these
etages in different areas,

. 'y
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AQi OF THE QLACIATION.

The avthors have found no evidence to
‘suggest more than one glacial phsese in the whole of the
King, Bldon, Lake Dora and Lake Margaret areas. Rather
they consider that the whole observed features can be
explained as a single, though fluctuveting, edvance and
retreat of the ice with the various depoeitional feat-
ures recording stages of that retreat,

It has been established thet the dor-
manston doraine was formed as a terminal moraine of
a distributary of the King Olacier (Bradley 1954,
Carey 1955 and this paper). Lewis (1936) considered
this glaciation to belong to the Halannan Stage (the
oldest of his three stages), whereas the Hamilton
Moraine belonged to the Margaret S8tage (the youngest
of the stages). The authors contend that the Hargaret
Glacier {which deposited the Hamilton Moreine) and the
King Olacier were both forwmed during a single glacial
stage.

@111 (1956) hae reported the result of
the radio-carbon dating of fossil wood from varves in
the Gormenston Moraine., Unfortunately the exact loo=-
elity from which thie wood was obtained cennot be
ascertaeined, If, as seems likely, it came from a
locality rediscovered by one of the suthors (H,A.B.)
several hundred yards upstream from the Linda Hotel,
then the deposit would seem to have been formed during
the initiel advance of 1ice up the valley. The sequence
of beds suggests that & forest became a swamp, then
a shallow leke and then covered by s layer of till,



Presumably ice then moved over this till to reach the
higher land near Gormanston and later till and varves
were deposited during the retreat of the ice.

@111 (1956) reports the result of the
radio-carbon dating as 26,480 ¥ 800 years which
corresponds to the beginning of the Wisconsin glace
iation of North America. If the fossil wood is amct-
vally from the locality descoribed above, then it
appears that the deting of the Xing Valley gleciation
is 26,480 ¢ 800 years for the initial, sdvancing
phase,.
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The Mersey River and its tributaries, Arm, Pish-
er, Little Fisher and Fish rivers, originete slong the
western margin of the central plateau. The Fish joins
the Mersey on Howells Plain, about one mile south of the
rapids in the Mersey River north of Walter's udarsh, the
Little Fisher Jjoins the Fisher north of Dublin Plain,
and the Fisher joins the. Uersey near Parangana. The Arm
originates on the February Plainse and joins the Mersey
north of Maggs Mountain,

Ehysiography.
The Mersey River flows out of Lake Meston on

the Central Platesu; for about two miles it flows south-
west but near the Upper Mersey Falls it takes a U turn
and starts on its northerly course to enter Howells
Plain., In the short diestance of six miles the Mersey
loses more than 2000 ft,, and on Howells Plain it
meanders until it reschee the lower Mersey Falls where
its valley is reetricted in width to about 500 rt.

The Pisher River rises from Lake MacKenzie on
the plateav and flows through a narrow valley where it
has cut a deep gorge. At its source it has an east to
west course, but after it is Jjoined by the Little Fisher
it takes a north westerly course.

The Little Fisher flows down from the platesu
as a small stream., At the beginning it flows through
a small semicirculsr plain which is bounded by high plat-
euu walls on all sides, except for the gep through which
it runs out to Join the Fisher,

The Fish drains a small glaclated valley south



of Clumner Bluff and flows down from thies hanging valley
es 8 waterfall to Jjoin the lMersey on the west,

The Arm river originates on the wide, glaciated
Februvary Plain and flows northwards through & narrow
valley to join the Mersey north of Maggse Mountain,

Evidence of Glaciation

The Central Plateau has been widely glaciated,
and much of it was probsbly covered by an ice cap during
part of the Plelstocene. The genersl slope of the plat-
eau is from north-west to south-east, and along the
western margin it drope steeply down towards the west
and north. During the last stagee of the glacistion
the ice divide was probably somewhere slong a line
running through pointe a mile or two south of Lake
Meston and east of the Walls of Jerusalem. In this
region there is a large number of rock basin lakes,
The extent to which the reliefl of the platesu 1is in-
herited from pre-glacial times or the work of the 1ice
is difficult to determine, but it can be safely said
that al least along its western margin ice followed
older river valleys and moulded their floor into wide
gluciated valleye. All the rivers of the area except
the Fisher, have well pronounced broasd U-shaped valleys
on the top as well as at the foot of the plateasu. The
Mersey, like others, has a wide U-shaped valley up to
the Maggs #ountain, but north of it the valley changes
into a V-ghape. This change is so gradual that a pre-
eise line csnnot bde given to separate the two sections.

South of Maggs Mountain there are no spurs in the valleys,

but north of it, truncated spurs appear, and beyond
Parangana spurs are quite common. Flowing through the
Devil's Gullet the Fisher River appears to have a V=



shaped valley but the profile section of the valley
shows a crude U shape.

Along the eastern side of the Mersey, between
Howells Plain and Dublin Plain (42050 B, 86150 N),
roches moutognées trending from south-east to north-
west were observed, on Precambrisn quartzite and schists.
These features are elliptical in shape; where-ever they
have developed near the top of the hills on flat surfaces
they are smooth at both ends, but whenever they have
developed near the edge of the hille the western end
i8 plucked and they have the shape of roches movtonnées.
These roches moutonnées are on a surface which approx=
imates to the ripped pre-~Permian surfasce but they are
probably Pleistocene in age, as the direction of the
ice movement indicated by thewm is very nearly opposite
to the inferred direction of the Permian ice sheet,
from the west and north of thie region, and where thin
layers of Permian rocks still cover the Precambrisn beds,
these features do not show up either on the surface or
in the section,

Broad U-shaped hanging valleys come down from
the plateau all along ite western edge and along the
northern edge towards Mole Creek, One of these runs
along the southern side of the Devil's gullet over-
flowing where the Little Fisher Jjoins the Fish and
another is at right angles to the Gullet, running from
the western Bluff and overflowing on the northern side
of the same Jjunction.

About two miles from the H,E.C, Hydrology hut
along the road to Howells Plain Hut, (855 YN, 418 YE)



a good stristed pavement in schist was found with north-
south strise, This is the only inatance where striat-
ions were found in the area,

Depositional evidence.
All the velley floors of the region are covered

with till. The thickness of the till could not be de-
termined as the base is not exposed, and possibly a
large quantity of the till has been removed by the rivers
since the end of the glaciation, In the Fish, the first
exposure of the till is seen at a height of 2210 ft.,
and above 2260 ft, varvea were found interbedded with
till.

In the Little Fisher valley till extends down
to the Jjunction with the Fisher, and at several places
the exposed thickness is over 30 ft. The sbaence of the
till below the Junetion ies possibly due to post-glacial
erosion, by the Fisher,

In the Ara valley till is exposed at several
places in the river bed near the huts (863 YN, 415 YE),
and it is overlain by varves, and end moraines,

In the Little Fisher plain a set of three end
moraines was examined., These moraines are 25 ft. high
and they run perpendicular to the course of the river,
The river has cut slong the east of the first moraine,
but the other two have been eroded along thelir western
ende, These moraines contain sand, dolerite boulders
and they also include varves, These are the beat ex=-
ample of end moraines seen in the area,

In the Arm valley the moraines are not well de-
veloped, but on the leeward side of the moraines & 5 =
10 foot deposit of varves is to be seen in the river
bed west of the southern hut,



On Bowells Plain east of the hut (L15YE, 855 ¥N)
and on Dublin Plain a mile and a half south of the hut,
(423 YR, 8645yN), some deposits were seen which could
be the renmants of an end moraine, A ridge of dolerite
boulders runs across Dublin Plain, and on Howells Plain
two mounde of boulder, clay and sand occur. These heaps
are more than 20 ft, high and may have been part of an
end moraine,

In general the till is mostly composed of dolerite
boulders, and erratice of dolerite can be seen on the
surface of Berrigdile, Fsbruary and Dublin Plains and
mlong the banks of the Mersey, on bedrock of basalt,
dolerite and schist respectively.

On thae Borradaile Plain dolerite erratics are
on basalt bedrock, and along the banks of the Mersey
on quartzite and schists. BSome of these erratics have
been transported for several miles and are more than
25 r't. across,

Direction of Ice movements.
With all this evidence, there can be no doubt .

about the glacistion of the area but at the same time
one is faced with the fact that it indicates two diff-
erent directions of ice movements. Roches moutonnées
on the east side of the Mersey, the evidence from the
western margin of the Plateav (Jennings snd Ahmad, 1957),
the glacial festures north of the February and Borra- &
daile Plains and the occurrence of the dolerite erratics
indicate south east to north west direction of the ice
movement, but the striations in the Hersey valley, and
the east-west trend of the moraines in the Little Fisher
and February Plain, indicate south to north direction of



the ice movement,

The two different directions of the ice movements
may be explained in different ways:

l. When the whole area including the Mersey
Valley wss covered by the ice cap the upper layers moved
from 8.KE. to N.W. and the lower layers moved from south
to north.

2., The area was first covered by an ice cap
which moved from 8.%W. to N.E., which later retreated or
it melted away, during an interglacial period, and was
followed by glaciel advance in which the ice moved from
south to north,

3« On the plateau south of Howells Plain and
on higher level in the Mersey Valley, the direction of
the ice movement was from sovth-east to north-weat but
in the lower parte of the valley the direction of the
flow was governed by the valley walls, 80 it was from
south to north,

The general distribution of the erratics on
Borradaile and February Plains, and the direction of
the ice flow as indicated by the structures north-west
of Lake Myrtle and Lake Louisa, indicate that in thia
part the ice was not only entering the Mersecy Valley
but that it wes slso extending towards &t, Pillinger,
In Howells Plain, Walters Marsh, and Dublin Plain, the
ice was flowing down from the platesuv and its movement
for some distance on the plain wae from souvth-esst to
north-west, In the plains the ice probably melted more
quickly, and the valley was deeper than farther south,
80 it could not extend towards north-west, and the
western wallas of the Mersey Valley diverted it towarde
the north. The samll valley (86550 M, 42230 E.) north



west of Dublin Plains hut and the roches moutonnees
along the east side of the river indicate that up to
this part of valley the ice had maintained the north-
west direction of the flow, and the striastions along
the west side of the river indicate that near the
western wall of the valley the direction had changed,
80 that it flowed towards the north.

lorth of Howells Plain the thickness of the ice
on the plateauv was probably less than in the south. 1In
this part eeparate ice centres had developed (Jennings
and Ahmad 1957) and the direction of the ice movement
was also changed, B0 that it flowed from south to north
(along the northern margin of the plateau), northe-
eust to south-west (from Western Bluff) and from west
to east (on the two sides of the Devil's Gullet and
along the east side of the Little Fisher Valley). If
in this areas the ice had been thick enough to fill the
Mersey Valley, it would certainly have gone across *
the Devil's Qullet towards Western Bluff, and would
not have moved parallel to it,

It appeare that the ice from the plateau was
able to cross the Mersey Valley in the south but in the
north the ice was possibly not thick enough to cross
the valley, 8o it moved northwarda. To the east of the
Mersey river the ice was moving down from the plat-
eau and carved the rochesmoutoundes with south-sast
to north-west axes, but west of the river the ice,
gulded by the valley, gradually changed the direction
of movement and moved from south to north,

In the upper parts of the Little Fisher Valley
some of the hanging valleys face towards the east, and



the end moraines run from the east to west which sug-
gests that, although from the west side of Clumner
Bluff ice was moving towards north-west, in the east
it flowed down on the Little Fisher Flain and followed
the older valley.

All the above evidence suggests that possibly
while in some parts of the Mersey Valley the ice was
moving from south-east to north-west, in other parts
it was moving froam south to north, and possibly these
were not due to two separate lce advances or glaciation,

Lewie (1944) proposed that during the second
glacial etage Yolande, the end moraines were deposited
above 2200 ft, In this area all the Arm Valley end
moraines were deposited at 2000 ft. height, and the
Little Fisher Valley end moraines were deposited at
2600 rt, above sea level, If Lewis' basis of classif-
ication is strictly followed, the Arm Valley and mor-
aines were deposited during first glaciastion and the
Little Fisher Valley moraines were deposited during
second glsciation, but in the locality there is no
evidence to support this twofold classification of the
glaciastion, All the evidence in this area indicates
that it was glacisted at the same time as the central
plateau and if there were any earlier glaclation, its
traces have been obliterated by this glaciation.

The relevant fleld work was carried out in the
company of Messrs R.,J.Ford and A. Spry, in December 1955
snd with Mr J.N.Jennings, in darch 1956, The author
wishes to thank these gentlemen for observetions and
discussions which have contributed to this paper, The
author also wishes to thank the H.E.C. for their help
during the field work,
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THE PERMIAN SYSTEM IN WESTERN TASMANIA
BY

Maxwell R. Banks, University of Tasmania
and
Ne. Ahmad, University of Aligarh

ABSTR ACT

Permian rocks occur at Mount iead, Mount Dundas, Mount
Sedgwieck, Zeehan, Firewood 8iding, Strahan and roint Hibbs in
Western Tasmania, The basal formation is exposed at Mount lead,
Mount Sedgwiek, Zeehan and Point Hibbs and consists of tillite,
Striations on the basement at Mount jJedgwick indicate ioe moving .
from the west, gections up to and including the Golden Valley
Group (Lower Artinskisn) oceour at Mount Sedgwick and roint Midbs
and a seotion from the Mersey Group up to and ineluding the Cygnet
Pormation is found in the Firewood 5iding area near the mouth of
the Henty River, The scotions at Mount Sedgwick and Pirewood siding
are much thinner than corresponding ones in northewestern and southe
eastern Tasmania but that at Point Hibbs is as thick as or thicker *

than eorresponding sections,
INTRODUCTION

The first record of Permian rooks in the area studied seems %o
be that of Montgomery (1891) who made brief reference to coal on the
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Homty River, (see map, figure 1), Johnston (1802) recorded some
fossil plants froa the Henty River area and correlated the coal
measures there with the Mersey Coal Mepsures, In 1894 Dunn noted
the tillite near JWount Read and commented on i%s similarity to the
Puyka of South Africa and to the conglomerates at vild Duck Creek
(perrinal), vVictaria, In the ssme yoar Moore noted the rermian
fossiliferous and glacial beds on Nount Sedgwiok and those at lﬂll;
(2eehan Tillite) which he also described as Permian, The fluvioe
glacial beds near strahan were first desoribed by officer, Balfour
and Hogg (18905),  Tseveral later workers dealt with the deposits
msontioned above but no new work was added until Nills (1914) dealt
with the Point Nidbbs section, In 1985 Reid noted the probdable
presence of Permian rooks on Mouht Dundes, Volsey (19358) included
references to this area, particularly to the rPo'nt Nidbbs and ’
Malanna soctions inm his work on the rermisn of Tasmania, rsdwards
(1941) noted the exhumed Peruisn surface on Mount Sedgwick and the
Permian of Mount Sedgvick was mentioned by Bradley (1954). some of
the Permian rooks at Firewood 5iding, near Nalanna, were described
by Gill and Banks (1950), Others have also commented on the rPermiar
rooks oconsidered in this paper dut only as repetitions of earlier

work,



OCCURRENCES of PERMIAN ROCKS
in
WESTERN TASMANIA
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Serious inveastigation of the rermian sections in this area

began in November, 1953, when Professor K, G. Brill, Visiting
Professor at the University of Tesmania, G, B, Hale and N.,R. Banks
spent a week measuring seotions in the Malanna areas. In January,
1057, the authors measured seotions in the Malanna area, at Point
Hibbs and on Mount Sedgwick and made observations on the Peraimm
rocks on Mount Read and at Strahan, puring the 1953 trip to
Malanna seotions were megsured in railway outtings and oreek bdeds
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using a steel tape and abney level, The Mount Sedgwiok section
was measured by using a Brunton compass as a level and meassuring
oliff seotions, The Foint Hibbs seotion was measured by laying
& steel tape along the dip of the vertical beds and reading off
thioknesses direotly until the fault gzone was met and then by
using the abney level, Thicknesses in the seotion in Geologists

Creok, near Malanna, studied in 1957, were only estinmates due to
thiek undergrowth,

During the work the authors were aided by the explieit
direotions on the route to Mount Sedgwick given by geologists of
the Mount Lyell Company, This company also made available the
serviges of Mr. Joek Gilphillan who was of gonsiderable assistance,
The ILyell-E.Z. Exploration Oompany made the work at Point 1ibbs -
possible by making available to the authors omne trip each way in
a helicopter and later made aerial photographs available, The
Eleotrolytieo Zine Company kindly allowed us to use their facilities
and made Mr, John Druett available as a guide, The authors
acknowledge with gratitude the assistance of these companies and
their officers, The authors are also indedbted to Nr, N, Longman,
Geologist at the Tasmanian Museum for aceess to plant dearing shales
from whioch Johnston had deseribdbed fossil plants from the Henty River,

All bearings are related to true north,
Qu i

The carliest mention of pPermian rocks near Mount Read is that,

of Dunn (1894) who mentioned a gonglomerate with a great variety of
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pebbles on the south side of the track half way from Mount Read
t0 Noore's Pimple, Jie remarked om its sinilarity to the Dpyka
of South Africa and the conglomerate on Wild Duck Oreek (Derrinal)
Vietoria, doth considered as rermian, Mills (1915) gave further
details, MNe considered that it was reraian as it contained fragment
of undoudted "Silurisn” rocks (now known to be Ordovieian), Bradley
(1954, p. 199) also mentioned this ocourrence as showing that the *
Carboniferous peneplain in this area has a undulating surface with
variations up to 20 feet in heighs,

A complete survey was not made by the present suthors bdut two
arcas of Permian rocks were examined, On the traek from Nount Read
to zeehan sbout half 5 mile south of the "L* Lode open cut on the
southewent side of Mount Namilton, tillite was found in a2 small
depression (oo-ordinates 5.5 cuse SedsVe by 8¢ of OuFe, m_h:n 8y
25627) (wsee nap, figure 2), [reaens ——
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The Permian rests on "sheared pyrooclastics” of probable Cambrian

age which have a ateep easterly dip and the Fermian has 2 horizontal
fissility although no bedding ocould be seen, The rock is greenish
grey. It is very poorly sorted with boulders up to 18 inches long
in a fine-grained (olay end silt grade) matrix, The boulders are
anguler and sub-angular and are grey Owen Conglomerate, pink Owen *
Conglomerate, Eléon Croup quartsites, green sandstone, black slate,
quart: and rore feldaper por)hyry. The rook is falirly well lithi.
fied, The tillite is probably not more than two feet thick and is
& snall remnant preserved in a hollow between hills of "sheared
pyroclastics® which rise locally to more than 50 feet above the level
of the Permian, There is no internal evidence in thias exposure of
a Permian ages The lithology and degree of lithification are very *
sinmilar to known Permian tillites elsevhere in the state and quite
dissinilar from those of the rFleistocene till in the vest Coast area.
The top of the plateau at Mount Read shows no signs of rleistocone
glaciation so that all available evidence from this outorop suggests
a Pernian age.

The Permian age is confirmed by the other exposure of tillite
and assooiated rocks, In a depression between hills of "sheared
pyroclasties” adbout three quarters of a mile southewest of "L*

Lode Opeh Cut, tillite is found, resting on the pyroclastios (at
point 10 ems, SeS«5. by 8. of C.Ps Zechan 8, 23627) and in a rumnel
of an old track a surface of the pyroclastics shows a polished surfac
with striations trending 0° M spproximately, This may be part of th
pavement beneath the rFermian but this ocould not be established deyond
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doudbt as the striastions may be due to log hauling, Erraties in
this vieinity reached a length of 33 inches and in sddition to the
types reported from the first locality inoclude a dlack fine-grained
quartsite, Otherwise the tillite at this seocond loecality is very
like that from the first, About 100 yards north-east along this
track (at point with oo-ordinated 9,7 ome, 85.8.8. of O.P. Zeehan 8
23687) olive grey siltstones are exposed dipping at a nmoderate angle
to the west off a small hillogk of "sheared pyroelastics”, These
are welle-sorted in that erratics are rare and small, They are
poorly bedded., These siltstones oontain articulated orinoid eolumms
and attached oirri of a type com:on in the Fermian System in Tas=
mania, The siltstones are overlain Ly tillitie material and
similar siltstones ocour, apparently above the tillitio material, .
further north along the track and are again overlain by tillitie
material, On topographiec grounds it seems probable that the seotior
is dasal tillite, siltatone ﬂth erinoids, tillite, siltastome,
tillite, dut in view of the poor exposure the suceession cannot be
regarded as established, The presence of the erinoid of Permian

type established the age of the succession,

The surface of the plateau north and east of these oocurrences
was not examined and there may be further outerops, The two areas
of Permian rocks found ooccupied small depressions in the surface of
the "sheared pyroclastios® which rises perhaps as much as a hundred
feet above the dase of the Permian, To some extent the present
topography om this part of Mount iead is a slightly subdued o:pnui.n
of the pre~peranian topography.
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SEOTION AT MOUNT DUNDID

This section was not visited due to inacoessibidity, nedd
(1925) postulated that Permisn sediment occour om the southewestern
fall of Mount Dundas on the evidence of fossiliferous boulders in
some of the oreek systems nesr Dundas, =llieton (1954, p. 172)
stated that a thin leyer of sudstone occcurs between dolerite sills '

on Mount Dundas,

SECTION AT HM
In 1804, Moore discovered the tillite northewest of Zeechan
end considered it (18962, p, 60) to bde Permian in age on litholoe
gical grounds as also did Twelvetrees and vward (1910), It has alse
been regarded as Precenbriasn (NMills snd Carey, 19493 Carey, 1953), *
snd Cambrisn (Carey and scott, 1982, p, 70; Elliston, 1954, p. 177)
but Benks (1956, p. 193) regarded the o ge of the zecham Tillite as
not then established, More recoently Spry (1958) has suggested that
the Zeehan Tillite is Permian on structural grounds and because it
oontains fragments of Dundas Group and Eldon Group roocks, He has
slso found a further cocurrence of it north of the Pleman River and
describes the wok from the different areas in some deteil, The

authors 4id mot visit these aress, (ampana and Kin (;qry)jm detacled
U;dwa for a @efmion a-je Lo the Zeehan Tillile,

0 T M U O

The Permian rocks here were first noted by Montgomery (1891,
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Pe 42) who gave the seotion as coal besring beds overlain by s«nde
stones and limestones with merine fossils and by white grit or ssnde
stonéy, Johnston (1802) recorded Glossopteris brownisns,
Ssngamopteris spatulats, G. oblious end Heiggersthiopsis hislopi
sssociated with curious botryoidal conoretions from the cosl bearing
beds and correlated them with the Mersey Coal Measures, Tweolve- "
trees (190%:) noted that the impure limestones and mudstones overlie
the coal messures, 7Twelvetrees (100%b, 1903) recorded details of

two bores put down mear Nalenna in a seosrch feor ceal and suggested
(1902 v, p. Axxii) that the coel occcurred on two hordsons, one
exposed nesr Malanna and the other below the limestone, Voisey
(1938, p. 322) considered that only one formation contasining coal
was present, that above the beds with marine foseils, In this he ’
was possibly influenced by the undoubted presence of coal bearing

or oarbonacecus beds above the merine beds in the raeilway sections.
However, investigations by the authors suggest that there are

two coal bearing formations separated by marine beds, The authors
were unable to find any of the "ourious botryoidal comeoretiona”

in the railway cuttings nor any Noeggerathiopsis and it is clesr from
Montgomery's statement (1891, p. 43) that t he coal being investi- .
gated was on the f lats Just north of the Henty River, not as for
north as the railway outting, This has been checked in conversation
with looal residents, Specimens of the shale contasining the plant
fossils desoribed by Johnston sre in the Tasmanian Nuseum, The

rock is a micacecus siltstone conteining decomposed conoretions
probably of pyrite, now in the form of melanterite., It is thinly
bedded with beds of dark grey and medium grey siltstone alternating



from 0,1 inches to 0,25 inches thick., It is well Mthified and
shows some ocurved slickensided surfaeces, No fossil seeds, nor
sphanopsids, nor yertebraria are present in the Museum specimens
but large specimens of ssopter are present, One of the
“Bhotryoidal conoretions® referred to by Johnston may bde present but
this is no# wertaine This meterisl 1s nmuch more lithified them any’
of the plant besring siltotones seen in the reilwey cuttings and
desoribed later and the types of fossils sre somewhat different in
the two formations, The specimens in the Muscum are charascterised

by extreordinarily lerge specimens of Glossopteris while specimens
from the reilway cutting eontain numerous seeds, Vertebraria and
sphenopsids, On the grounds of difference in degree of lithi-

fication and in the overall aspect of the plant asssemblages 4% is i
considered that Johnston's speocisens did not come from the rellway
cuttings, and on the grounds of Montgomery's desoription and Johns-

ton's deseription, further supported by converSation with local
residents, it is considered that they came from the flat ground on
the north side of the Menty River, probably between Geologists

greek and the railwsy bridge, Thus, the cosl measures referred to by
Johnstone a8 equivalert to the MePsey Coanl Measures are thought to
be bolow the marine beds but there are further coal measure beds
above these ma ime beds and the present suthors suggest that these
are equivalent approximately to the Cygnet Coal Megmures, Gill and
Banks (1050, pp. 208-7) deseribed rocks from two formations close to
FPirewood 5iding and suggested that the marine ones might be

equivalent to the "Granton Formation" (& Cascedes Group),
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The present otudy was made 4in a traverse down Geologists
Oreek, in cuttings slong the railway line and in a section along »
oreek flowing north into the Badger liver Just west of rirewood
8iding (see map, Cigure 3).

pue to thiek vegetstion and flooding of Geologistz' Oreek no measure=
ments of thiokness were possible, dections of the upper cvoal
measure beds in reilway ocuttings snd s creek were made with a steel
tape but due to faulting end irregularitis in dip correlstion between
them is poor. Exposures of the marine beds in the rellwey cuttings
wore %00 discontinuous for meassurement and the thiockness is cal-

oulated trigonometrically, Localities mentioned are shown in the

map (figure 3).
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The lowest formstion in the section consists of carbone
sceous, mioaceous, quartperich sandstones which are well sorted,
These occur in the lower pert of deoclogists' (reek where they asre
apparently asssociated with blaok shale containing Glossopteris

brownisns, Gangamopteris spatulats, 8. obligus and Noeggersthiopsis
hislopi (Montgomery, 1891, and Johnstonm, 1802),

This is followed after sn interval with no obvious oute
ovop by alternating sandstone and rissile siltstone containing some
fossils and a few erratios, In one place this shows northewest
trending Jointing planes less than a foot apert sugpesting some
faulting but there 4is no obvious displacement of dedz and no change
of dip, There follows a sendatone and siltstone alternation in

whioh fenestellids, stenoporids, spiriferids and one spsoimen of

Burydesms cordatum were seen,

This is overlain by a fissile, calcarecus siltstone

LS

containing spiriferids, stenoporids and ;redomiment fenestellids,

This is perhapa one of Montyomery's lmpure limestone beds,

After a further gap in the section the next anit i3 a
buff sandstone with rare small erretics which forms umall Flate

above oresk level, This is richly rossiliferous with ronontullidl,.

Stenopors, Btrophalosia, Terrsken (7), Dielasms, spiriferids
(including Jsospirifer), spiriferina, Jotospirifer end pelecypods,

Of perticular interest is the occurrence in bands of numerous small,

inarticulate brachiopods,
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A fow foet above this and slso forming a small flat ares is 2
greyish feldspathic sandstone with m.u -mau-.

This is followed by a considerable thickness of greyish,
feldspathic sandstone with numerous erraties up to 4 inches long
ocourring in bands, The bedding in this sandstone is thick and
the unit forms several large waterfalls, The final unit, exposed,
in the uppermost waterfall in the gorge of Geoclogists® Oreek, is a
white, quarts-rich, well sorted sandstone with g few pedbbles of
white quartsite and this type of rock covers much of the surface
between the Henty River and the rallway ling west of Pirewood
Sdding, The dasal sandstons and the planteboaring shals formation
is of the order of 40 feet thick and the marine sequencs detween
the twe formations of siliceous sandstods i3 of the orier of 300
feet thiok bdased on measurcmenta of hoight of the Sop of the
platean cut in the rPermian (525 feet above the level of the Henty
River) at the railiway bridge) and on estinated heights in the gorge
of Geologists® greek, The beds in the oreck seotion are ossentiall]
horigontals The thigkness given is considerably in excess of that
g ven by Montgomery whioh is thought to be much too small, The
seotion in Geologists' Creek is summarised as figure &y .
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Columner Section of Permion Rocks

in Geologists Creek

QUARTT SANDETONE

Tl MDOED, EERATE RICH LANDS TOsy

In a rellwey outting (*p*) (strahan 11, 5898, 1%, BE.Bs of
Ge¥y and soe map; fige 3) n seotion of rermian yeoks is exposed,
This showe:
Top 90 feety mediun to fine grained feldspathio sandstone with
cocasional erraties or lenses of errvetios,

1 foot ? inches: greenish~grey, medium-course graived sande o
stone rich in erretics (up to 18 ineches long) include
ing quartsite, guarts sohist, uies schist, chlorite
sohist and granite, very sngular, un-oriented,
unsorted; large (4° wide) "jartiniopsis” (7)
Subradiata and other spiriferids.

3 feet: dark grey, modiumefire grained sendstone with small
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erratics and eylindrical bodies ocutlines by
carboneccous matter (7 worm tubes),

4 footy dark greenish yellow sandstone with a few erraties,

4 lFeot: greenish yellow, “ine greined sandstone with

occasionel small ang . lar end rounded errasties,

The next cutting to the north (*C") also contains errstie bear
ing sandstones but fossils are commoner snd coour in lenses, The
fossils inelude gtemopora (massive type like grinitas, snd raucse
types), femeatellids, Strovhslosias, spiriferids, inecluding

Notospirifer subrediats, Spiriferina Aviculopeoten, other peleoy-

pods eud ocaloareous worm tubes,

Bast of Pirewood 5iding a series of reilway cut'ings expose
Pernian beds, The ¢ sternmost one (co-ordinates 3,5 oms, 3, OP,
Zeehen 1,234385) oontains slternating thi ok-bedded impure llndltﬂlll.
and fisaile siltstone with sandatone predominating im thickness in
the alternations, Hrratics up to en ineh long are present but
no fossils have been found, The boundaries between the menbers
of the alternating Leds are gradetional, The next cutting west
(Locelity 76 of Gill end Denks, 10850, p, 267 and pl, III) contains
fissile, grey, fossiliferous siltstovne with a few small erratics
interbedded with thin beds of feldspethic sandstone containing

ostracodes and fenestellids, The lossils from these bdeds include

Fenestells, pPolypors, Protoreterpors, jtenopors, Notospirifer
subredista, other spiriferids, gchuchertells,
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Abrophalosis, Merisnmopteris maseropters, jurydesms gordatum,
Admondias, Cheenonyas, Aviculopeoton, other pectinceeans,
Elatyschismas oculus, gauptoerinus ond other orinoids and

gonularia inornatse The errstiecs include quartsite, schists and
hornfels,

About forty yards from the esstern end of the ecutting the
fissile fossiliferous siltstones sre overlain with a sharp contact
bW a bed of sandatone about a foot thiock whioch grades up inte a
nonefissile siltastone, with a fev erratios and no obvious fossils,
Dedding is not clear and Af present is thick to very thiek,
Erratios are up to 8 inches long, Towards the western end of the
outting some bands of pebiles occur in the siltstone a8 also do
some bands of very thinly bedied siltstone withoat erratios,
These, however, are only a minor part of the sequence, Ia the °*
noxt cutting west Soo-_-ndl.utu 3.0 oma, B.VWe of OuPe, Z0chan,
1,25438; Looality 75 of Gill and Panks, 1950) thiokly-bedded,
grey siltstones with pebbles of schist whieh are wellerounded
and ellipsoidal, are sssoeinted with greenish grey sandstone,
Zemestells, jtrophslosia, Dielssas, ' Jotospizifcr gviformds,

apirdferins duodecimoostais and other spiriferids are present.
A fine=grained greenish brown siltstone ocours in the next

outting to the west (Loo, 74 of Gill and Banks, 1950) and ocontains

slightly rounded pebdles of quartsite, schist and one large
facetted codbble of grey granite eight inches long. Similer rock
types ooour west of the outting (co-ordinates 5.8 ems, V,.8.Vep
CePeps Zechan 1,23435) Loocality 73 of 041l and Banks, 1050)
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where the erratieo beasring siltstones are overlain disconformabdly
W wellesorted, thickly bedded siliieceous sandstone with
earbonasceocus fragmonis, The disconfornmity is marked by »
m band of small siliccous pebiles (see rig, ’)‘.

CrUNET FORMMATION
B CAINGIOIC GRAVELS | WELL BEDDED SANDSTONE

W wirw" ;mr:c l

SKETCH OF DISCONFORMITY (Locality 73)
FIGURE 5

agparene— enpt
m thiockness of marine or ornuo-hmq beds ouuu

is of the order of 800 feet, The scotion east of Pirowood
8dding is susmariged as Tigure 6,

" Pt M
Columnar Section of Permian Rocks east
of Firewood Siding
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‘ ‘ D

L BANDSTONE ANMD BLTSTOME
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FAULT
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The total thickness shown is thought to be excescive,
Dips are up to 25°, indicating proximity to faulting, and
possible faulting within the seetion. The numerous long gaps
in the section in addition render the overall thickness quite
unreliable and even the section is doudbtful, Similar erratiec
bearing beds occur in some of the dgpressions south-east of the
railway line where they outorop beneath the quartz rich s.ndstones,
One such outerop occurs at a locality 1* N, N,E, C.,P, Strahen 11,
5295 and consists of grey, poorly-sorted sandstone with angular
to sub-angular boulders of schist, slate, phyllite and quartsite,

Above the disconformity the basal beds are quarts-rich
sandstones with carbonaceous fragments, These are thickly-bedded
and wellesorted but have a few suberounded to rounded pebbles “
of quarts and gquartsite., Between this cutting and Pirewood
84ding saendstone and fine~grained carbonsceous sandp;one occur in
the cuttings, At the castern end of the Firewosod 34ding cutting
brown to grey micaceous sandstone outarops, This is mediume~
grained and thinly-bedded with sowme cross-bedding in the thinner
beds which have ocarbonaceous laminae, Plant fragments are
present but not common, The rocks outerouyping in the Badger »
River and on the cuesta to the north have been deseribed earlier
(6411 and Banks, 1950, pp. 266-67),

In the first cutting ("3") west of Pirewood siding
(co-ordinates 35,4 oms, S,3.,B, O,P, Zeehan Run 1, 23437) sandstone

and pebbly snadstone are the main rock types with rare beds of



carbonasgeous siltstone, Oross-bedding dipping west or northe
west 4is present,

In a small quarry south of the railway line abtout a
hundred yards south-west of this cutting sandstone overlies a
bed of grey, earbonaceocus micaceous siltstone which is very
rich in plant rensins ineluding Glossopteris, Gangamopteris and
Yertebraria. Pyrite ocours associcted with the carborscecus
siltatones,

The next outting to the west ("3") (co=ordinstes 3.5 om,
BeB.W, 0,P, Zeehan Hun 1, 23437) is thought to be that figured
by David (1928, p, 102), it the e.stern end of the figured
outting a ded of bBrecoiated siltstone underlies a strongly
Jointed sandstone in a small syneline, Just to the west in
what is struoturslly an anticline is sandstone with pebile bands
end thin carbonpsceocus bands, BRoyond a feult is & sandestone
with a fow thin carbonaceous silistone bands, one of which
shows eircular, approximately horisontal sandefilled tubes,
overlain by interbedded thin buds of sandstone and earbonaceous
siltstone, To the west of another fasult the dasal scotion of
the out is in oarbonaceous siltstone with thin beds of sandstone
overlain by 2 feet of sandatone, carbonaceous siltstone and *
finally 11 feet of thinrly-bedded sendstone, In the basal siltston
unit there are worm tubes, ourrent ripple merks (ocurrents from
went) and eroms-boedding ococurs in the sandstone layers indicating
mostly ourrents from the east or south-east dut some from the

west, Next to the west 4s a fpult zone in sandstone and K
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carbonaceous siltstone, In the western seotion of the out
the basal portion consists of an alternation of thin beds of
sandstone with very thinly interbedded sandstone and carbonsceous
siltstone, This 4s overlain by a brecciated sequence of carbonso=
eous siltatone and thin sandstone bends, This is followed by
several thick beds of sandstone which shows no bdrecciation or
faulting like that in the underlying bed, The top unit in this p:r
of the outting is a thinlyebedded ssndstone soguence,
Sandstone ocours in low cuttings further west in the axis
of a flat anticline, The sandstone is mediumegrained at the
base and finer grained and thinly-bodded above, In the next
major outting ("q"), (co-ordinates 5.3 om, 5,7, Zeehan 1, 23437)
a foult divides the outtings At the eccstern end there is a B
thickness of 9 feet of mediumegrained sandstone with thin bedding
and eross-bedding mainly dipping southewest and overlain by 0
fect of thinly bedded fine grained sandstone, 3Some oross dedding
dipping to the west and more rarely to the east ococurs in the
basal part, West of the fault the following seetion was messured,
Top
8 feet: Sandstone, white, micaceous, feldspathie, with
olayey and oarbonscecus partings produeing flaggy
breaks,
8 feot 6 inches: Brown and bleck carbonacecus and micaceous
siltstone with minor superimposed on major rhythms,
4,0, carbonaceous siltstone and siltstone alternate

and easch member consists of alternations of
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carbonacecus siltstone and siltstone; there are
8 eyecles, the carbonacecus siltstone members being
the thimnerj a prominent sandstone band from 3' 6°
to 4' gbove the base,
S feet: white, micaceocus, feldspathic sondatone with thin
bedding. 3
The basal sandstone contains bodies of concentiric laminge of
earbonacecus matter, the exsct nature of which is unknown, The
siltstones of the second unit contein worm tubes and ripple marks
snd the top is brocciated and oruaspled., This unit is very
renniscent of the breccisted beds in th- previous cutting ("R"),
Another section is exposed in the next cutting to the west (*F
co=ordinates 5,6 oms, 5,¥, C.P,, Nechan 1, 83437) and is s follo!'
Top
1 foot 6 inchesg Thickly bedded, wmedium-coarse groined

feldspathiec sandstone,

2 fect fine=grained, feldspethiec, micacecus sandstone}
quarts grains angularj; coross bedding rere; flegay
splitting,

1 foots medium to coarse groined (uarts sandstone with
engular greinsj thickens to 6 Toet at e¢sat end of
ctiing,

3 feet black to brown, carbonaceous, micaceous,
feldspathie siltstone, very thinly bedded with

irregular bedding and some worm tubes,



3 feet 6 inches: white, friable, thinly bedded, flaggy=
platy feldspathiec micacecus sandstone beconing
cartonacecus near the topj some bedding planes
show rippling,.

20 feets (top 4 feet in out, bottom 16 feet in oliff teo
noxrth) white, medium grained feldspathic sende
stone,

Cross bdedding in this outting dips southewest, west and

north-west,

A seotion was messured up the bed »f a oreek tridbutary teo

the Badger River, with the co-ordinates 4.6 cme, 5.8,8, 0.P,
sochan 1, 23438 (on reilway line), This scotion is givem in
detail below:

vop
Interbdedded csrbonacecus and nomecarbonacescus
siltstones with shatterdng, overthrusting, and
normal foulting (as in secetion figured by David)

30 foety fine to mediun-grained, coross-bdedded s ndastone
with quaris, feldspar, muscovite; thickly~bedded.

40 fect 2 inchesd§ medium to oosrse-grained sendstone, with
quarts, feldspor and a fow quarts pebbles up te
50 fect sbove the base them some pebble bands,
thickly-bedded,

8 foot 9 inches: coarse ssndstone to fine comglomerate with
large pebbles (up to 295 mms.) of querts, red
chert and suartsite; snguler %o sub=-rounded
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pebbles; thickly-bedded,

4 foot 9 inches; fine to medulmegrained gquarts sandstone
with a few pebbles of quarts and quartsite sube
anguler to sube=roundedj thickly-bedded; flaggy
to massive,

10 feet 9 inches: browneyellow, fine grained quarts, nica, *
feldspar sandstone with very thim to thiok
bedding and some oarbonscecus partings, fleggy
and platy.

11 feet; interbedded bdlack micaceous siltstones with
disseninated carbomnscecus matter, and brown
wigacecus slligeous sl ltstones) very thinly
bedded; distinot bond of quarts pebbles 8 feet
above base} sone distinet plant fragments,

1 foot § inches:; white to pink, mediumegrained ssndsbone
with conglomeratic bands with Ppedbbles I guasrtis,
quartsite and some sohist) quarts, pink feldspar
snd muscovite in natlrix; sose eardonsceous
partings,

2 foet, greenish grey sondstone with muscovite and
biotite; fine-grained, angular gralns; erratiocs,
present especially about 18" adove base, consist
of quarts, quartsite, slate, argilliite and pink
granite,

The first unit 4s lithelogieally very like the beds below "

the disconformity easst of Fireweod siding snd distinet from those

P PTG he K char snita mar ba aanaidared a2z narts of two



eycles as under
8, siltstone
7« fine to mediumegrained sandstone
6, mediun to coa'se~gral-ed sandatone
5. coarse sandstone to fine conglomerate
4. Tine %o medium-grained sandetone o
3¢ Finee-grained sandstone |
2. siltstone
1e mediun-grained sondst . ne

The grainsisze decresses upwards to unit 2 then incoreasses
apuwards to ugit 5 with later decorense to unit 8, This latter is
overlain by sendstones in the railway cuttings bdut the soguence
is broken, From the top of unit 8 te the highest point on the .
hills to the south on which the gquarts riok sandstones oococur,
is well over 50 feot s0 thet . minimum thiockness for this
formation is 150 feet,

further to the west (ocutting "0", co~ordinates, 4.2 oms,

Se C.P. Zechan 1, 235438) white, niliceous sandstones outerop.

Some of these arc pebbly and there are beds of siliceous snd
csrbonsoecus siltstones, small limomnitie conoretions are present
and there sre also curved oylindrical worm burrows in it,
gross=bedding dips northewest to south-west with some dipping
cast, and ripple narks and slump structures are also present,

In the next cutting west ("N", co-ordinates 4,7 cms, 5,8,¥%,
C.P.p Zechan 1, 23438) a feult divides the cutting. At the

eastern end of the outting a eross-dbedded sandstone is overlain
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bW a miocsccous sandsdOne containing plant fragments, a silte
stone containing a sphenopsid, Glossopteris, both small and
large species, and Yertebraria, and finally bWy a coarse sandstone
with rare boulders up to 4 inches longs. At the westera end of
the outting the following section was nessured,

Top

& Teets white quarin sandatome, with muclh feldspar,

€ fooly slternsting fine micacesus sandstone and
carbongocous =2iltstonej sandetone beds 1" to 2*
thick, siltatone bands up teo " thick,

4 feet: white teo brown carbonseecus, nicaceous, feldapathi
Sandstonej eardonacecus partings and bands,
thiek bedding.

2 feoly earbonscecus , micaouous, siltstonej thinly-
bedded,

4 feot B inches: browneyellow s ndstonej fine teo medium-
graineds few gquarts pebbles at 1' 6% gbove base
sub=sngular to suberounded; above this bed
becomes more earbonseecus and micaceous with
some plant remains,

6 inches; ocarbonsceous, micacecus brown-black siltatone

with Glossopteris Gangemopteris, Yertebraris,
ghyllothess, jehigonsurs, and sceds.

8 feety white, thiek bedded sendstone, with fine
conglomerstie bands of angulsr to sudberounded
quaf¥s pebbles; eoross bedding dipping southe A
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This section shows an alternstion of sandsteone and silte
stone with some of the siltstone unite themselves conposed of
alternating sendetone and siltstone bedss 7The sendstone unite
are consistently thicker then those of siltstone.

The final cutting in Permian rocks ("N*, coeordinstes
8e5 emse S5.8.¥, G,P, Sechan 1, 23438) consists mainly of sandstone
as shown in the following section,

Top

1 fools Oressebedded, white, nedium grained sandatone

2 ins.s sandstone

6 ins.s clayey sandstone

?® ins.: sandstone

1} inses olayey sandstone i

8 fuset s-ndatone, top surfece ripple marked

1 1ot cley

2 inses sandstone

4 Loses yeliow olay

9P ius.s sendstons

® ins.: micaccous, feldspathie sandotone with 1 in, olay seass

1 foot B inses yellow hrown limonitie,; cliayey sandstone i

G foot B ins.: yellow gquartz s.ndstone with eross-bedding}

muscovite and feldowwe p=-sent, grsins sngular;
bedding plenes adout 1 inch apart.

S feet 1 iuchs comnglomerstie s:ndstonej pebbles of quaris,

quarts schist up to 1) inches long, suberounded
%o subeangularj matrix coarse ssndstone to fine *
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conzlomerate, mainly quarts with some reldsper,
very asngularj lower surface uneven,

1 in,: white sandy miocascecus clay

2 feot 6 ins,: medium-grained, miocaceous (muscovite),

feldspathiec sandstone with ocoasional pebbles Sf
quarts}] grains angulsrj thickly bdedded,

The prevalence of faulting, lack of distinetive marker
beds, and common ocourrence of cyelic sedimentetion makes correlation
betreen all these sections virtuslly 4mpossidle without very
detailed work, Onm dip the lest seotion ("NM") should overlie the
second last ("N") and this letter shou.ld overlie the oreek section an
due to lack of any possible correlstion between them may well do s0.”
However, th€ presence of faults is such that this superposition

eannot yet be proved,

This, the highest formation imn the Permian seotion in
this area, consists of siliceous sandstones dominantly but with some
ninor conglomerates mainly quartse-rich with some muscovite and
feldspare, well=sorted, with some rounded pebbles of resistant
types in a matrix of angular grains, Dedding varies from thin to
thiock and eross-bedding on a fairly fine scsle is common, Vo
consistent current direction is shown dut currentes from the eastern
quarter s cem 0 have been somewhat comuoner than those from the
west with very fow from north or southe, As exposed the sandstones
are nmainly white, Oyelic sedimentation is well shown in several seo-

tions with a major sandstone siltstone alternation on which is



superinmposed finer slternations of rine grained white silicecus
sandstones with carbonsceous siltstones, These ayoles represent
changes in competency of the streans in the depositional srea with
perhaps the development of pesty awamps during times of low
competence, The caunes of the variations in competence may have
been climatiec of teotonie but mere regional work is needed to estadd
lish the cpuse of the variation, Theore were at least three major

eycles and nany niner ones, The siltstones commonly show slumping,
oBoss~bedding and ripple marking as well as the presence of worm

tubes of several types, On at lesst one horison plant remasins are

comnmon and include (lossopteris spp., Gangamopteris, Vertebraria,
Phyllotheca, Sohigone.rs and soeds,

The bores deseribed by Twelvetrees (1903, 1003) are of
some ipterest although neither can now be located accurastely, BEden
Bore No, 1 was placed north of the reilway line (end prodbably south
of the Badger River) fifteen and a holf nmiles from Jtrahan probably
somevhere near cuttings M, N, 0 as sden Bore No, 2 was staeted to be
1% miles further north east on the iden Cosl Companies section
(probadly 4210,43 M on the vest Cosst Nineral Chart) and sust certe
ainly have been southewest of the fault north of Pirewsod siding,

This means that bore Fo, 1 was almost cortainly not east of Qutting
Q nor west of Cutting M. In Bore Ne, 1 it seems likely that the
sandstones, shales and ocal markings down to 115 feet belong to the
topmost formation of the present authors, The beds from 115 feeot
down to 291 feet consisting of pebbly sendstone and mudstone may é
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be the equivalent of the Fermtree Forzastion in the Geologistas

Creek seotion, the conglomerate between 201' and 309' to the

Risdon Sandstone and the underlying pebbly and caloarecus mud-

stones to the Marine beds low in the Geologists Creek section, The
order of thickness of the marine beds under this correlation is the
sane a8 that f ound in Geologists Creek. The correlations must,
however, be regarded as very tentative only in view of the lack of .
detailed information abouti the rocks in the bore, 5Eden Dore Ne, 2
passed through 108 feet of‘landltono before entering a hard,
indurated, broken up slate which may well belong to the ildon Groups

The Permian section in this ares could be considered as
consisting of five formations, a basal carbonacecus, micasceocus well-
sorted sendstone associated with plant-bearing shales, followed by
poorly-sorted anndatoﬁa- end -iltetones with marine fossile, thea an
erratio=rich sandstone, s thick bedded impure sandstone and finally
a wellesorted siliceous sandstone with plant-bearing asiltatones,
The sequence is stimmeriged as figure 7,



5 i |
the lowest forastion, in sddition to Qlossopteris and
Ssngemopteris, conteins Foeggersthiopeip Lislop) which is kmown
eloevhere in Tassmania from the lower or Mersey Ooal Neasures, now
roughly ocorrelasted with the Liffey croup of dekellar (1087) and the
Faulikner Group of Panks snd Male (1057), "he succeeding formation
eontains jSenoperg grinita (in typlesl "veodbridge Olusial Pormate
don* Sype of preservation), snd martiniopeids like those iz the i
*soodbridge ¢lselel Formation®, Omn palssontological, ifithologlical
and stratigraphical evidenoce this fornation 4s esguated teo the
*voodbhridge Glacial Formation®, s 4n t's Deloraine ares énd other
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parts of the northewest there is no clear indication of the

Casoades Group as developed in the southeesstern part of the state,
The absence of this group from the gea near the mouth of the Henty
River cannot be definitely established until more detailed palaes-
ontological work is done, It present it 48 either in a differeat
facies or extremely thin, The thin, erratice-rich sandstone may de
correlated on lithologicel and stratigrephical grounds with the
Risdon sandstone but this is not at sll eertain, The thickly-bedded
impure sandstones are in the stratigraphical position of the Ferne-
tree lMudstone but are coarser and contain more erratics., The

uppermost formation has in addition te sphenopsids, Glossopteris

and Gangamopteris, many specimena of Vertebraria, which is known
elsevhere 4in Tasmenia from terrestrial sediments correlated with

the Cygnet Coal Measures, Thus on the cceurrence of Vertebraria
this formation is correlated with the Cygnet Coal Measures in the

south-~esnt,

In this ares the marine bdeds and the correlates of the
gygnet Coal Measures all show signes suggesting closer proximity to
the shoreline or source than those nesr Hobart, The "woodbridge"*
ocorrelate is rather coarser than its Hobart equivalent and 4in
addition oontains inartioculate brachiopods indiocative of shallow
water, perhaps shoreline conditions, The correlates of the

Ferntree Mudstone gre much coarser and contain more erratics than



that formation, The equivalent of the Cygnet Coal Messures has
gonerally much coarser sand grains and a greater prepondersnee
of pebbles and doulders than in the south east, Of interest
2ls0 is the faet that the marine beds estimated at 300+ foet
thiek, are thinner than at labart where corresponding beds
total at lesst 885 feet thick,

¥ O8N O W .

This seems to have been Cirst noticed by Moore (1894,
Pe 148) who assigned a coal messures age («Permisn) to 1t, Ne
became involved in a controversy with Nontgomery (1894, p. 161)
who suggested thet the beds observed by Moore were due 1o Pleise >
tocene redistridution of Permiasn material, Bdwards (1941, pp. 19
28) also dealt with the area as part of an exhumed rFermian or
pre~pPermian surface and correlated the beds on Nt, Sedgwiok with
Voisey's (1938) Achilles stoge on the grounds of the presence of

Spirifer end jviculopecten. Bradley (1954, p, 199) mentioned the
Permian rocks briefly,

On the southern side of Mount sedgwick (fig, 8) » B
seotion of Poermisn rocks is exposed in creek and cliff sections over-
lying quarts feldopar porphyries with slate fragments and overlain
by dolerite which has baked the rermian, The dolerite contact is
irregular snd where best exposed is dipping weat at a steep angle
and outting soross the bedding, The Permian beds have a veory low

dip to the west, The baseaent on which the Permian rests varies
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considerably im height, Just east of Mount sedgwiek Owen Cone
glomerate cocours at lesst 200 fiet above the base of the Permian
ond has no Permian om it, Just to the west dolerite rests om
porphyry sbout 200 feet asbove the base of the Pormian and the Perm=
ien 1s sbsent., Thus it secms that there is either a valley in the
pre~Permion surface at lesst 200 feet deep or a posterPermian graber?,
Fo evidence oan be advenced as yet to fs our either hypothesis,

The depression occupied by the Feraiasn is mo more than 1,500 feet

sorose ({,e, in an csote=west auuuo-).1

MAP SHOWING OCCURRENCE OF PERMIAN

SOUTH OF MOUNT SEDGWICK (Based on air-photo,
Lyell,Run 2,n0.774 )

<

4 r L :
&= DIRECTION OF |CE SCRATCHES ON PaE - PEAMIAN
PAVEMENT

FIGURE &

On the southern side of Mount Sedgwiok two stroams flow
south in the gomstock Valiey. The seotion messured begen on base- i
ment about 100 feet west of the esstern-most and bigier stream,
The seotion was carried to the north aslong elire sections on the
western side of the oreek until a narros shelf was resched which
ran beck to the fcot of the dolerite oliffs, The section wes
esrried northewesterly ascross this shelf and to the foot of s oliff

in Permian then ap this oliff to the dolerite contact., The total .
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thickness measured betweon basement and dolerite was 210 feet

approximately.

The contact between the Fermisn and the underlying rocks
is exposed 4in a oliff section west of the creek mentioned above
(1.8 omey, B, N,B,, CoF,, Lyell Run 2, no, 774). The contact is
snooth and stristed 4in some pleces but is Jajgged and irrejuler in
other pleces within ten feet of the smoothed areas, Jtriations
occur on both the slate fragments in the porphyry and in the porpler
itself but are olesrer in the slate, The striations tremd 106°

and are dcepest on the west nide snd shallowest towards the east
thus indiocating movement of the ice from west to esst spproximetely,

The contact is somewhast curved in -oettoi suggesting a roche

moutonnfe sand it is perhaps significant that the surface is
smoothed to the went sand Jjagged to the east, Thus if the contact
locally is the surfece of s roche moutonnde, which cannot be

positively estublished, the smooth upstream surface is to the vest,
the Jagged plucked downstream surface is to the east, this agreeing

with the evidence of the striations,

The basal Permian unit which is 39 feet thiock (mee

text figure 9)






-
.

consists of well-striated boulders up to 4 feet in length consiste
ing of porphyry, Owen Conglomeraste, slates, quartszites and other
rock types, in a poorly-sorted, dark grey clayey matrix with poorly
marked horisontal fissility, No bedding was apparent, About six
inches above the base at one place where the basement 1is Jagged,
there is a lense-like bLody of varved siltstone which is sbout 6 i
inches thick snd esbout 30 inches wide, This lenticuler body is
slumped along the northe-south axis, There is s slight disconformity
Just sbove the varved siltstone body, The basal unit 4s a tillite,

The second unit is a well-sorted pebbly tillite which is
6 feet thick. jMuch of the smaller material is lacking and the
pebbles are wellerounded, Fascetting and striations aere rere., V¥No
bedding is presc:$, It is possidbly an outwash deposit of supra=- 2
glacial materisl, “his is followed by 14 feet of silicified conglome
erate, rather reseambling Owen Conglomerste, which differs from the
underlying unit only in dogree of silicification, The next unit
consists of 6 feet of compact conglomerate with small, rounded,

mainly siliceous pebbles, This is well-sorted, It tends to form
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‘h. lip of a cliff, It is probably an outwash deposit, i
thiockness of 50 foet of umfossiliferous thicklyebedded, erratio-
rich siltstone follows the conglomerate, The pebbles and boulders
show some facetting and striastions, This rock was possibly depose
ited by a floating ice sheet in very shallow water, There follows
a thickness of 11 feet of conglomerstic material with somewhat 3
rounded pebbles and few large boulders, This is possibly an

cutwash deposit,

The next unit represents s marked change im lithology.
It is eleven feet thiock and consists of dark grey, fissile silt-
stone with a few small pebbles, Near the base this is unfossil-
iferous but higher up becomes fossilifercus, the mein fossils being
ramose stenoporids (3, tasmeniensis) but with some spiriferids and -

erinoids,

A limestone, 21 inches thiock, succeeds the siltstone, It
is medium to dark grey in ocolour and fine=grained with a few small,
rather rounded erratios, Fosclls sre common and are dominantly
stenoporids (3. tasmeniensis) although Zurydesma gordatum is ocommon
and orinoid plates ere present, The jurydesma shells are disarti-
doulated and usually convex side up, The stenoporid colomies are

L ]
broken and the orinoids fragmented,

The succedding unit is asbout 63 feet thick and consistes
of a thickly-bedded, grey, erratic-rich siltstone with numerous

fossils of which jurydesma gordatum is prominent. Ilowever,
spiriferids and stenoporids alse ococur in considerable numbera, .
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The lest unit is at leanst 11 feet thiock and 18 a riohly fossile
ifercus siltstone containing some erratios, Close to the dolerite
contaot it is baked and assumes a light grey to ereamy colour, It
is thinly-bedded ond rests on the underlying unit with a sharp
conteot, The fossils are dominasntly ramose stenoporids (3.
Sasnmaniencgis) some of which show marked current orientationm, othex

fossils however are comson and include fenestellids, spiriferids

(including Neospirifer), Burydesma gordatum, aviculopeotinids and
other peleoypods, lMourlonia snd other gesteropods, and Camptoorinus

and other orinoids (es disarticulated plates),

The sucocession oconsists of a basal formation of tillite

and outwash conglomerate, then snother similar formation atrror1-¢|_
from the lower one partioculerly in possessing bedding, The lower
one Ais correlated om lithologicael and stratigrephiocal grounds with
the wynyard («Stockers) Tillite and the higher one with the
erratio=~rich bdeds at the base of the (uamdy Mudstone et Deloraine,
The fissile siltstone which follows this is lithologioslly like
the Quamby lMndstone, The succeeding limestone unit can Dde
gorrelated with the baral limestoue of the Golden Valley Limestone
and shale and with the Darlington Limestone as it is lithologiocally
similar, occupies a similar stratigrephical position and contains
Zurydesma gordetus end Stonopors Sasasniensis, The Derlington
Limestone correlate is followed by an erraticerich fosniliferous
siltetone and this by a fossiliferous siltstone, These are
gorrelated on stratigruphioal and paleeon:ological grounds with

the higher poarts of the Golden Valley Group near peloraine and the
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formations above the Darlington Limestone at Darlington (Banks,
1987)s The seotion does not go high enough to include the

Liffey Sandstone and its correlates,

The basal formation indicates initial terrestrial
glaciation followed by an ice retreat (units 2,3,4), The next
formation marks a socond advance of the ice sheet whichwe possibly
not grounded and was floating in a shellow water, possidbly =
mnarine basin, This second sdvanoe was less intense than the
earlier one gnd the sheet thinner, This was followed by further
retreat leading to the development of outwash, Shallow unarine
oonditions succeeded the formation of outwash, in whioh the ice-
bergs deposited small erratios in the sils, Then the limestone
unit represents reduction in the amdbunt of clastic material -
supplied to the site of deposition and rish marine life, uome
ioedergs were still present, The next formation indicated a
third fce advance but in a deeper sea with icebergs depositing
erratioas, This third phase of the glaciation was less intense

than either of the earlier phases, The topmost formation shows a
decreased intensity of glecdation, possibly merking the retreat
from the third phase maximum, Lack of outwash deposits also

supports the ideas of floasting iloe,

AEQTION AT STRAMAN

This deposit was probably first noted by Moore (1896),

Pe 74) in a paper reand before the Royel soclety of Tasnania in

August, 1898 snd by officer, Balfour snd Hegg (1895) who noted



-yl

e Beposit of unstratified or faintly stratified olay of great
hardnessescescess” whioh contained some boulders which bore
strise., They renmarked that similar deposits ocourred on Mount
gedgwick and Mount Tyndall, The 5irahan deposits were comnsidered
to be Pleiatooene by Noore becsuse they cvntained no erraties
“foreign to the country”, loore (1896b, p. 75) alsc noted
another outorop of a similar sort of rook twe miles northesast

of the ocuterop being discussed on *dould'sn old trackv, Lewis
(1939, p. 168) commented on these deposits which he considered to
be a Pleistocene moreine, assooiated with she "fluvio=glacial®

terraces at Strahan,

Road outtings on the jueenstown-Strahan Road betweon
3 miles and 1 miles from strahan expose a tillitie conglomerate,
It shows pome fissility end rough bedding which dips southeeanst at
a low angle, This rock contains boulders up to 8 feet in length
of greenish quartsite, quarts, very fine-grained bleock quertsite,
slate, greywacke conglomerate like those of the Dundas Group
and a bdiotite rioh granite, Despite caereful sesrch no boulders
of Qwen Conglomerate or dolerite were seen, gome of the boulders
are faoetted and stristed, The rock shows marked fresoture planes
and in places botk matrix and boulders are badly shattered, There
are a few bods of sandstone with rare rounded bdoulders and good
bedding. On the whole sorting is very poor but there are lenses of
conparatively wellesorted masterial which may be buried ice deposite

or deposits of melt water streams, Poulders 4in the main body of



the rock are more rounded thaen might be expected in a sube-glacial
terrestrial till, end this rounding may have been produced by

water Sransport,

On the first outting south of the 8 2 milepost steep
faces trending 76° show slickensides which are either horiszontal

or dip slightly south and indicate north side west movement, .

The present authors regard these beds ss Feraian decause
of their degree of lithification reflected in the fracturing of
matrix snd boulders, the Jjointing snd the slickensiding, They
have the seme degree of lithificetion as is common in the known
Permien beds in this regiom (e.g. the Pirewood siding and Ceologiste
Oreck area and on sount sedgwiok) and corsiderasbly greater than that
of the alleged Pleistocene beds at strahenm snd Malanna, Lack of °
dolerite bdoulders end of Permian boulders also points to a
Permian age dut this lack oan also be explained om the asssumption of
a Pleistocene age with a source in the west Coast Range Just east
of Strahan where neither FPermian sediments unor dolerite are knowm
However, if the source was in this aree the lack of Owen Gonglom-
erste boulders is very difrficult to understand, The sliockensiding
end movesent implied by 4% are in keeping with sliockensides and
movems £8 4in the Permian near Pirewond s5iding, Thus the bulk of
evideuvos suggests a Permian rather them pFleistocene age but no
Permion fossils were found 4n it, This however, is comaon imn the

£laoiel beds near the base of the Permisn System in Tasmania,e

The poor sorting of the bulk of the materiasl together
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with fecetting end striation of some boulders indicate some

2lselal transport, Incerease in percentage of smaller boulders and
elay and silt grades indicates some sorting, although of a low
order, which is confirasd by orude badding and saendsion2 layers,

On the whole the deposit indicates the possibility of deposition

in agqueous gonditions of some of the sediment, roseibly these
deposits were lsid down by an ice sheet which was not thiock enough
all the time to rempin grounded but when the ice rheet was grounded
the meltwator lenses may have been deponited whereas when floating,

the tillitic conglomerate was formed.

Lithologically, these beds resemble those between 65 and
115 feot above the base of the seotion om Yount sSedgwick (see
figure 9) and beds lcar the top of the stockers Tillite and the
base of the Quamby Mudstone in the Delorsine area,

N
Y

SEQTION AL POINT JUIRBS
The ounly previous work om Permiasn rocks at Point MNibbs is
that of uills (1914) who noted the presence of fossiliferous
mudstone conglomerste which he regarded as eoquivalent to the basal
beds of the Permisn sSystem in other perts of Tesmania, [is work
was latur gquoted by Voisey (1938), The suthors have exsmined
the Permian seotion both north and south of Point 1iibbs (see map,

figure 10),
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On the northern shewe the Permiasn is faulted sgeinst a
(?) pevonian limestone at the eastern end, Near the contact the
limestone is sheared but the rermien is al'fected by the fault only
$0 the extent of a shearing trending northewesterly in some of the
finer beds near the ocontact, The Peramisn st the contect dips 204°
at 8s° and maintains this steep westerly dip for nearly s thousand
feot, AS this point it is affected by another fault and after
bolt of wariable strikes and dipes some 20 yards wide maintains »
4ip of 38° to the southewest (236° to 244°) for sbout a hundred
yards before dipping under dolerite, Almoat at the dolerite contaeot
the dip is 244° at 38° and the contact although irregular in detail,
trends 307° over the length of ite exposure on the shareline, This
trend would carry the contact west of ryramid Island, which is
reported to be dolerite, so that there is probadbly either a marked
swing 4n the trend or a fault, The dolerite has produced intense
contaot netamorphism in the Permian sediments for a hundred yards

from the contact,

Because of the rsulted contact with the Devonian limestonme,
the lower part of the Permian seotion mey be missings The lowest
bed exposed is a conglomerste sbout two feet thick composed of .
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namerous small angular rock fragments in a matrix of mmgular, cosrse
sand, The grains in the matrix are equant, There is no bedding withe
in the unit but there is a northewest trending fissility, probably
due to shearinge The rock is medium grey im colour, Some of the
boulders in it are atriasted and resch a length of one foot, One
remarkeble festure noticed wos the lack of bdoulders of the sdjacent °
limestone, This is followed by 11 foct of conglomerate, interpreted
as an outwash, which is relatively well sorted and contains somevhat
rounded pebdbles and boulders up to a foot long and lenses of tillitie
material, The bdoulders include nany of granite, some of a feldspar
porphyry and quartsite inocluding a green guartsite,

The cutwash conglomerste is followed by 93 foet of tillite
containing several thin beds of ocutwash conglomerate mnear the base,
After a gap of 30 feet, siltstone outerops for a thiekness of 835
feot, This oontains a lense of prritiec limestone twélve feet above
the bdase and pyrite nodules at higher levels, It is a dark grey,
somevwhat fissile rook with wavy laminations in plsces, 1 few pebbles
whioch tend to be rounded ocnur near the base, 4 tiinly-bedded
siltatone unit B84 feet thick follows, The bedding is ususlly leas
than an inoh thick but may reasch 2 inches in thickness, some of
the siltstone is calosreous and there sre a few oross~bedded sondy
dPands, Erratics are rare but pyrite nodules are common, The only

forsils present are some worm burrows,

The next unit is 205 feet thick and aonsists of twenty

slternations of fine-grained sandstone (or coarse siltstone) and .
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orratio-rich sandstone in which the fine~grained sandstone is dome
inent as far as thickness is concerned, The fine-grained sandstone
conaists of angular, equant fragments of quarts, feldspar, rare
white nica and caerbonscecus material with a few erratics, It is
medium grey in colour and bedding plenes are 4 inches to 8 feet apari
It is brittle rather than fissile, Fossils are absent or rarve in
this rook type in the lower part of the unit dut a little more
common higher upe They include jtenoporas, Fenestella, ospiriferids
Strophalosia, Burydesma gordatum, ariculopectinids, a ocuomphslid
geastropod and orinoid columnals, Cross~bedded sets up to eight
inches thick are present and the currents came from s southerly
direction, Omne sendstone band about 10 feet asbove the base

showed ripple marks with a trend or 340° when restored and crosse~
bedding formed by a ourrent flowing from 225°, This sandstone
contains plant fragnents, Associnted with the fine sendstone are at
leas$ twenty-ome beds of erratio-rich ssndstome whish stend up
several inches to two feet above the platform ocut in the fine
sandstone, These bands vary from six inches to nine feet thiock,
They are composed of the same minerals as the fine sandstone bdut
they are perhasps a little cosrser, In places the cement is
caloareocus, Bedding veries in thickness from six inches up to
several feet, Thelr characteristic feasture is that they contain
pumerous erratios up to four feet long which are angulasr to sub-
sngular and include granites, porphyries, quartzites, quarts,
gquarts schist, gneiss, green quarisite and rarely limestone like
that immediately to the cast, These erratic-rich bands sre not
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tillites es they asppear to contain little if any oclay matrix and
within eny one band there is some sorting, although it is only
fairly good, another feature of these bands 4s their richness in
fossils espeolially jurydesma cordatum and gestropods such as Keeneis
but spiriferids, jtenopora emd gastropods like Mourlonia also ocoug,
The jJurydesma is articulated, disartioulated, or fragmented, the
fragments lacking orientation, About 110 feet above the base the

fine sandstone oonfains large limestone lenses with jtenopora,

Fenestella, strophalosis, spiriferids, jurydesma, Aviculopecten
and Qaleitornelln.

This unit of slternating sasndstone and 0rt.tl¢-l"iah bands
is foliowed by fifty-six feet of siltatone with rare errstica up to*
six inohes long and numerous fossils, It is very dark grey. The
siltstone containe rave small caloareous coneretions whioh ocontain
MA ond numerous glendonites which are commonly single
orystals up to six inches long and only rarely rosettes with up to
three orystals, Ome glendonite greow sround a specimen of Zurydesmas.
FPossils are very common and include numerous jtenmopors tasusniemsis,

fenestellids (vory ocommon in some bands), spiriferids including e

grantonis, Neospirifer snd Hotospirifer , rurydesms cordatum,
m. "10“1'?.0‘1!’1‘. snd ‘.El.l.. The numerous extensive

colonies of jtenopors tasmaniensis asre preferentially oriented in

msny plsoes suggesting currents from the northewest, north or north-

oant,
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The next unit, which is 430 feet thick cousists of four
cyeles, each cycle consisting of a bacal member of banded conglomeratiy
siltstone end siltstone and the higher one of siltstone, The lowest
ayele is 65 feet thick and of this 69 feet are conglomerstio silt-
stone and siltstone and 6 feet are siltstone., In the second ayocle
there are 9 feot of siltstone end conglomerastic siltstone ond then °
37 feet of siltstone, The next cyole is 125 feet thick with the
basal member 103 feet thick end the upper ocme 22 feet thick, The
final eyele 4is 395 feet thick with o basal member only five feet
thick, There is a further major cyole in that in the first and third
oyeles the basal menber 4s the thicker one while im the second and
fourth the upper member is the thicker,

The loweat oycle contains numerous fossils, especially 4in
the erratio-rich bands, and these include Zurydesms cordatum, Xeeneia

latysohismoides, Stenopora tasmaniensis, spiriferids, Mourlonis and
fenestellids, The siltetones have wavy laminstions, In the basal

sembey of the third eoycle fosasils are sgain very abundent on some
horisons and in the top member an 18 inch thick limestone bed ococours,
This is very impure snd contains numerous erratios, Possils are not
common in the limestone but include worm burrows and a billaminar
Stenopora very like S8, johnstond, The higher member of the fourth
oycle is fossiliferous and the fossils include jtenopora end Zurydesama,
Erratics up to 18 inches long occur in the siltstone wember sand a band
of erratics ooccurs 146 fecet above the bLsse of the menber, irrastics

agein become common nepr the top of the formation, .
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The belt of shattering and variable strike intorrupts the
ssction at this level, Peyond 4% at lesst 200 feet of alternating
sandstone snd siltstone occur in which the beds are usuaslly 2 to
5 feet thiek but one more than %0 feet thiok is present, Bends of
erratios are present in the saendstone and erratios are present
in the siltstone, The erratics are dominantly quartszite and are up

to 6 inches long, Posails are abundasnt on some horisons, They

include gastropods, fenestellids, stenopors, Aviculopecten sub-
Suinguelinegtug, Jarydessy gerdstus, jJ. gerdatus var. sgeenlus end
spiriferids inoluding Notospirifer, The section is terminated by a

dolerite intrusion,

The Permiasn section on the north shore of jpoint 7idbs is

punmmarized here as figure 11.
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It will be scenm that at least 1,200 feet of oclasfic sédiments are
present, The lowest 106 feet of dominantly glaocial origin might

be correlated with the wynyaerd Tillite, The next major unit gould

be considered as composed dominantly of pyritic siltstone with some
caloareocus coneretions and rare sanuatan; bands, It is ot lesst 174
feet thiock but there is a 20 feet gap between it and the underlying
formation, This might de considered on lithologieal and stratigraphe
iocal grounds as equivalent to the lower part of the Quambdy uroup'
(=Quandy Mudstone of wells, 1957) and the woody Island siltstome,

The next aajor lithological break is at the top of the aslternating
sandstone and erratio-rioh sandstone, 205 feet thick, Fosasils
become abundent in the next unit, 56 feet thick, which consists of
siltstone with glendonites, 7The fossils indicate a position low in
the Permian sequence in Tasmania and the presence of glendonites
strongly suggests correlation with part of the voody Island Siltstone
as these pseudomorphs are known from this formation and its correlates
in ecesstern and nortlern Tessania, The formetion showing the four
eyoles follows this end is 430 feet thick, The thin limestone bed in

the third member may be the Darlington Limestome as it 4is roughly in °
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the correet stratigraphic position and contains some of the fossils
from that formation, However, this cannot be regarded as established,
It cocours within a unit 20 feet thick of siltstone much more richly
fossiliferocus than the adjacent beds pnd this strengthens the
ocorrelation with the Derlington Limestone, If the richly foluilifcrqm
beds elsewhere are nccepted as being at or near the dase of the

Golden Velley Group { = Formation of vells, 1957), the base of the
correlate of this group in the Point Hibbs arce might well bde cone
sidered as the base of the "0 feet of richly fossiliferous beds, The
beds nbove this 20 foot unit consisting of at least 449 feot of
alternating siltotone arnd conglomerate then sandstone and siltatone
might then be considered equivalent to the higher units of the Ooldcu.
Velley Group such as the Maorse Mudastone snd Billop sSendstone of
MoKellar (1957) and the Bundellas Nudstone of Fanks ond Nele (1057),
The MHersey Group of freshewater béds Joes not seem to be present bdut
it is not imposesible that they are represented here by marine sediments

Permian rocks also oocour on the south side of roint Mibbe
(see fig, 10)e They are faulted on the east against a Devonian lime-
stone which dips steeply ecast, and are intruded on the west by dolerite
The total thickness would not exceed 300 feet of which 350 feet are
exposed in the shore section at the head of the bay., The Permian
itaelf dips steeply to the east near the limestone end is apparently
overturned and on the west side of the bay dips west at about 80°,
The lowest (4.0, casternmost) exposed bed is an erratic-rich sandstone

with fraguentary fossile, Higher up are siltstones with erratics and 2
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end some beds of limestone, jtenopors tasmaniensis is particulasrly
common in these, The topmost unit consists of interdedded sandstones .
with erratios and siltstones, The sandstones are richly fossiliferous
The dolerite has highly indurated the sandstone, Fossils in the
Permian rooks in this bay include jtenopors tasmaniensis, S. M
end a fine ramose stenoporid, fenestellids, jtrophslosia, spiriferids
ineluding a lerge Jotospirifer, pelecypods including numerous large
Burydesma cordatum and eviculopectinids and gastropods, The beds
close t0 the western side of the bay vhere limestone is commonest are
prodbably close to the Darlington Limestone in age Judging from the
presence of g, Johnstoni and the lowest beds exposed would de sbout

the level of the “"irratic zone®” on Maria Islend,

One feature of the roint Hibbes seotion is the oyoliec sed-
imentation, On a fine scale there are slternations of siltstone and
sandstone, siltstone and conglomerate or sandstone and sandstone with
numerous erratics, In many cascs fosuils sre much coamoner in the
beds rich in erratics but this is not invariable as some of the silte-
stones with fow erratics are also fossiliferous, THese aslternstions
are themselves grouped into larger oyoles with the banded sediments
alternating with siltestone, On an even greater scale the succession
may be oconsidered as glacial beds, followed by siltatone, banded

sandstones, siltstone, and then five cyecles of alternating banded
siltstone and siitstone, Explanation of these oyoles requires more

regional data then it 18 appropriate to present here.
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SUOURY AND CONCLUSIONS

Pernien tillite and fossiliferous siltstone ocours on the
wostern end of Mount Nead ococupying deprescione in a partly exhumed
pre-pPermian surface of Dundas Group rooks, The section is not clear
but the wynyard Tillite and Quamby Group are thought $o be represented
A% Mount Sedgwick the Permisn rea$s on a stripted surface of Dundas
Group rocks, The striastions indicate movement of ice from west to
east, The section includes a basal tillite then rocks of the (uamby
and Golden Valley Groups but these are considersbly thinner than im
ecastern and northevestern Tasmania, Near the -o;th of the Henty
River Permian rocks are faulted against older Palaeozoio sediments,
The oldest Permian rocks rooo;uilo‘ are correlated with the MNersey .
Group snd inoclude some coal, These are followed by the *"VWoodbridge*
Group, Ferntree Group and Cygnet Cosl Messures, All these groups are
thinner than in southesastern Tasman'a sand generally of coarser
groinsise, Near sStrahen a fluvioeglaciasl conglomeraste oceccurs and is
correlated with the top part of the iynyard Tillite, it Point Nidbbs
a section from somevhere within the wynyerd Tillite up at least inte
the Golden Valley Group is well exposed, The Quandy and collgu
Velley Groups are comparable im thiokness with their equivalents nesr
peloraine and Oressy and perhaps thicker than the sections in southe

esstern Tasmenia (see figure 183)
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SEOLOCGIOAL HISTORY

It would appesr from the evidence quoted earlier that
early in the Permian Period, VWestern Tesmania was sovered by am ice
sheet which in places moved from west to esst over a surface with
a relief of possidbly e couple of hundred feet, On the evidence of
the boulders present in the basasl tillite and overlying fluvio-
glacial or glecial beds the areas overridden by the ice included
oconglomerates like the Owen Conglomeraste, greywacke oonglomerates
like those in the Dundass Group, quartzites like those in the ildon
Group, some of them with fossils, black guartsites, green s.ndstone,
slates including black slates, porphyrics of several typees inecluding

feldspar porphyries and a biotite rich granite, The lack of erraties
similar to lecal Precambrian rooks is remarkable,

The ice later retreated depositing a sequence of glacial
and flavioeglacial beds, At least one resdvance of the ice sheet is
recorded in the seotion on Mount Sedgwick, PFollowing retreat of the
ice sands and errestic bearing sands were deposited in a oyolie
fashion, the oycle representing perhaps minor retreonts and advances
of the glascial front, At Point Hibbs at least these sands were ° |
merine, pBrrsties of qguarts schists and gneiss of g local Precambrian
type coour st this level, Porhaps contemporanecusly at MNouht
gedgwick errstie rich silts were bdeing deposited, Leck of the .

eyelic nature may be dus to close proximity to the ice fromt,
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Further retreat of the 1oce front led to deposition of
siltstones containing few erratios, cslosreocus coneretions and
glendonites, This type of roock is much thicker at Point Hidbbs
than at Mount Sedgwiok where it also lacks the glendonites, end
coneretions, These niltatdno- are marine and were probably formed
under conditions of poor ocireulation, They contain no structures >
or fossils characteristic of deep watour bDut at the same t ime contain
no clear evidence of shallow water deposition, From their consistent
poaition bdetween tilliitcs or fluvioglscial bdeds and shallow water
sondstones or limestones here amd in other parts of Tasmanias 4t would
appeor that they were deposited Mh—lhallw water near-shore usilts

derived from a low=~lying land surface.

There is a2 breask in the record of rermiaen sedimentation in
Western Tesmania the next roocks exposed being the lacustrine and
paludal beds of the Mersey Cosl Measures, These terrestrisl conditions
were followed by an inundation of the land by the ses, urratic-bearing
siltatone, sandstone snd impure limestone were deposited and at times
marine life was abundent, It was meinly of shallow water bemthonie
r:r:;. Some evidence suggests that this ares was closed to the
source and that the ma wes shallower than at Hobart, after retreat
of the sea erosion occurred before deposition of pebbly saends, silts
and carbonapoceous silts in lakes and swanps, There were several
varistions in the competency of the ocurrcnts in the area of deposition,

plent 1ife was sbundont and inoluded pheridosperms and equisetales,
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"HALANNA® GLACIATION

by
Maxwell R, Banks
University of Tasmania
and
Ne Ahmad
University of Aligarh

The Cainosoio history of the Malonna area included faulting,
deposition of sediments by streams or in lakes and swanps, two
epochs of planation, snd stream erosion, There is no phyalosrnrh;;
depositional or structural evidence for glaciation in this area,
the type area of Lewis' lalenna Phase of the Pleistooene glaciation
This phase nust be considered invalid on the evidence available in

the type area and the term “"Malsnna Phese” should de abandoned,

INTRODUOYION
Gregory (1904, p. 51) first doscridbed the sediments near

Malanna vh ich were later considered to be moraingl and sdopted by
Lewis as the type feature for his Malanna Glaeial Phace of the

Pleistocene glaciation, Oregory considered them to be glacial 4w



origin because of the presence of boulder clay containing doulders
of very deconmposed dolerite, Becasuse of the depth of weathering
of the boulders and lsck of "indication of recent glaciation in
this locality® he provisionally assigned a Carboniferous (Permisn
of present day nomenclasture) age to the glaciation, Later Loftus
Hills showed these deposits to David whe was impressed by the 4
shattering of the Permian rocks at Malannas and influenced by the
flat-floored, steep walled valley of the kden Rivulet (now Badger
River) and perhaps also by the morainal form of mme of the hills
near Pirewood 3iding end Koyule (see fig, 2%.). David (1926) also
considered the deposits near Malanna to be glesoial and becouse of
the impressions he had geined of thephysiographio effects of glaoe
iation, he considered them to be Pleistocene, On the grounds of *
depth of decomposition of the dolerite bdoulders and amount of river
erosion since the supposed glacietion he considered that the
"Malanna Moraine is at lesst as old as Mindel, and possidly even

as old as GUnsz", The presence of dolerite boulders, the leock of
known outorops of dolerite im the neighbourhood and the supposed
gleciation foroced pDavid to postulate transport of dolerite from
Nount Sedgwiok, twenty miles away, by an ice sheet, as Mount '
sedgwick was, and still is, the ncerest known dolerite capped
mountain showing glacial effects, In 19034 Lewis designated these

deposits as the type evidenoce for his Melanna Phase,

Gill and Banks (1950) visited thearea and male observatiom



én the older rocks, Imn 1953 k, G, Brill, G, E. Hele and M. R, Banks
visited the arees and E, G, Brill made the important discovery that
there was a large outorop of dolerite less than one mile north of
Pirewood Siding, and less than half a mile from the necarest "morsinel®
deposit, Detailed seotions were mcanured in some of the cuttings,

In 1957 the present suthors visited the asrea in an ettempt to solve *
the outstanding problems connected with the glaciation but after a

few doys further cbservation concluded that there was no evidence

@& all for Pleistocene glsciation im this area and that all the

features ocould be produced by Tertiasry feulting end normal erosiom,

.gthld of ;nisggln‘ I'*l!!l'

Heights quoted along the railwey line asnd south of the
Henty River are those for a series of survey pegs which were
established by R. Braybrook, Hydro~ilectiric Commis:zion surveyer,
o8 part of 4 air-photo control survey, The heights of the survey
pegs are related to mean sea-level, Hobarte The four reights not
on the railway line were meassured in 1957 by en airoraft altimeter
capable of reeding to ten feect, The heights were found by
reading on the survey pege, them on the various physiographie
festures and then onto the sane or snother survey peg, Haxisum

time between suocessive resdings on survey pegs was twenty minutes,

The suthors wish to scknowledge helpful oritigism of the
manusoript by Je. L. Davies, Ceography Department, Professor 5. V.
Garey and Dr, B, Villiams, Geology Department, University of

Tesmania,
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ERX: IOGRARNY

The ﬂalmu ares is sitaated north of the mouth of the
Henty River a couple of miles inlsnd from the weatern oocast of
Tasnania (see map figs 1).

main drainage of the aroa 18 by the Badger River to

the north and the Henty River to the scuth, The Badger niver

rises about four miles to the east on the western slope of Mount

professor (sce Gill and lNenks 1950 pl, III). Proa its source to
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about half a mile esst of Pirewood 3iding the river rlows in a
swanpy plain adout half a sile wide which has a height of sbout

360 feet pbove sea=-level about a mile cnst of FPirewood s5iding, The
plain lies between nteep scarps on both sides and the river flows
mainly near the western or northern boundary of the plain (see

G411l and Panks, 1950, pla, I and III)s, There is one low, sharp
ridge on the plain which parallels the western and rortherm wall
and is about twelve chains frem 1%, The main tridutaries adbove
Firewood 8iding enter the Radger River from the east and south snd
are approximately at right angles to the scearp bounding the plain,
In this part of its course the westerm and northern scarp is in
grotty Quartsite, the river plein in Gordom Limestone with a sendy
band 4in 4t which is represented topographically by the small ridge
on the plein, and the castern snd southern scarp a dip slope in 5
Owen Conglomerate and Caroline Oreek Sandstone, FProm its source te
about half a mile ocast of Pirewood 5iding, the Badger tiver and its
tributaries are strongly structurally controlled; the river fole
lows: the strike of the Gordon Limestone and the tributaries are
perpendicular to the s trike sround the noses of a northewest plunge
ing anticline eond aynoline, MNinor streams only Joim the Badger
River from the scarp of Crotty quartszite, The Bedger River is s
separated at its source in the north by a low divide from a stresm
cutting down through the Crotty Juarisite and finally flowing into
the Little Henty River, The divide is within the plain end 1is only
a few feet high, After orossing the zden Fault (see fig, 2) helf

a mile eant of Firewocod iding the Badger River enters a valley



traot (of HMills, 1946) in which it 4is cutting into Permiam rocks,
The main triduteries now enter from the north sad sre more or less
parallel to the atrike of the Permian rocks, About thirty chains
west of FPirewood Siding the river enters a mountain tresot (of Hills,
1946) 4n whioh it is entrenched in the sendstones of the Uygmet Coal
Measures, Purther downstream the relief is lower bt the stream
8till in mountain tract until about one and three quarters of a

mile westesouth-west of Firewocod siding it opens out into a vally

tract before turning south and flowing between vegetnted dunes to
the east and intermitiently moving dunes to the west,
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Loftus Jills is oredited by Lewis (1926, p, 88) with the
discovery of a small glacial valley superimposed on a brosder n
glacial one in the Hden Valley, pavid (1926, p. 91) dupliecs that
the Rden Valley (now Badger Valley) had suffered "very ancient
glaciation", but in neither case was any detalled physiographie
evidence offered, At firet sight the Padger Valley might appear
glacial because of the steep side slopes, the "lat floor and the
gentle curve of the valley im plan, These features of the velley
are the result of normal atmospheric and stream erosiom in s top-
ography of rooks of varying coupetence, the incompetent Gordom Li-o:.
stone lying between the resistant formations, Owen Conglomerate and
grotty Quartzite, A local base level developed in Permian rooks
Just enst of Pirewood 3iding has ocaused the erosion to that level of
the Gordon Limestone in the Badger Valley, The entrenchment of the
Bedger River west of Pirewocod 5iding way be due to rejuvenation,
possibly associated with faulting or fall in sea-level, with
hesdward movement of the krnick point (see fig, 2). The Badger River

valley shows no physiographie evideonce of glesciation,

The main stream draining the srea is the Henty River
which rises about sixteen miles to tlhe northeesst on the slopes of
Mount Read and the Gooseneck and “lows through the Henty surface
a8 en entrenched, youthful stream to within a mile or two of the o

Melanna area. It 4is %411 in mountein treot to within a mile of
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the railway bridge but below this shows some depositionapl festures

near present river level, The Henty ldver north of the guecenstowne

Zeehan Road is gleacisted and the terminal moraines of the glacier which

oooupied the Nenty Valley occcur a few hundred yards below the road

dbridge over the Nenty River (Bradley, 1954, p. 196 and Yolande River
Sheet)s The exact level of the foot of these moraines is not known
but 4t 1a probadly not more than forty feet below the bridge whioh has
e height of 282 feet adove sea-level (1,5,0, Bench Merk), Delow
these moraines the lenty River is in a typical mountain treot and

there Are no further signs of gleoiastion,

The ares between the railway line and the Henty iiver
is drained by wosteflowing streans and by Geologists COreek, In all
opses the headwaters are in wide, low valleys and swanpy conditions
are oommon, Purther down their courses the streams pass into steep,
narrow, mountainous valleys before entering short valley and plains

traocts prior to Jjoiuing the Dadger or lienty uivers,

The surface topography of the arca aight perhaps bde
oconsidered in terms of a nusnher of erosional surfaces, The highest
of these is the Nenty surfs-e (of Gregory 1903, not Bredley 19854),
This extends from the foot of the west Coast Range where it has a
height of from 1100 to 1200 reet above sea-level to the Melanna area.
In the Malanna ares s height was messured om a hill of Crotty quartse
ite (Gill and Banks, 1950, pl, I, western photo, 1,5.cms, 3., W, of
centre point) whioh forms part of this Henty Surface, The height
ia 720 (:iﬁ) feet above sea~level giving an average slope to the sea

of about 60 feet per mile, Immediastely south of Firewocod 3iding the



[aver
moasured and found to be 525(I5) and 500(15) feet sea=level,

hedghts of two hills in Permisn sandetone and o Jn;lo:’onto were

The higher, cssternaoat one, 1s about two miles from the hill of
Crotty Quartzite moassured and the segvard slope is of the same order
as that for the main part of the lHenty sn:ﬂ;au. NHorth of rirewood
siding e sharp ridge of Permian and a hill of dolerite appear to n.d.
a sinmiler height to the hills south of rirewood 5iding and to be
accordant with flat-topped hills to the north forming part of the
Henty surface, Thus the hills faumedistely south of Pirewood Siding

are considered to form part of the Nenty surface,

'«— Sections of Malanna Area Showing Physiography aond Structure I
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Between these hills and the Henty liver is a flattish
ares out in dipping Owen Conglomerate and tilted Peraian sediments,
This rises sbruptly slong steep scarps %0 the north and falls ebruptly

to west and socuth along steep soarps, 70 the esst it continues across
.



-lo. -

Permian rooks and the Junee Croup until it resches a more rosistent
bed in the Owen Conglomerate whiach forms a steep dip slope adbout one
snd three quarters of a mile southeoast of Pirewood 5iding. This
surface is drained by wide, lat velleys, It is an erosionsl surface
trancating the t1lted rooks (sec figs, 2 and ), No heights have
been measured on this surfaece dut from ground observetions 4t would
sppear et Lts northevastorn end to be o few foet lower then the top
of the Tertiary scdiments (350 feet above soa-level), It rises some-
what to the eanst where it is g little higher than the height of the
Badger liiver plain about g mile east of Firewood Siding i,e, abdout
560 feet above sca-level, This surface at from slout 350 feet to
about 400 feet might be called the -irewocod 3iding surfasce, Separating
this surface from the procent plain of the Dadger River is an easte =
facing obsequent fault-line scarp of the kdem Pault sbout 40-50 feet

in height, The plain esst of this soerp &8 in Cordén Limestone that
to the west in more resistent Pormiasn mudstone and ssmdstone,

Another flattish area occurs on the northern side of the BDafiger River
northevest of Malanua, This also is croded im tilted Permien sediments
and is at adbout the same level as the Pirewood 5iding surfaece,

The sharp ridge north of Pirewocod siding is a compound o
one a8 a Tault appears %o pass aoross it near its southern end, Near
the southern end it is made up of two conncoted cuestas but a siructura
control for its northerm ond is not oleor, The hills south of
Pirowood 354ding forming part of the llenty Surfaece have stoep southerly

faoing soarps end gentler, eslthough still ateep, northern alopes,
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The southern scarp is a cut-off scarp of the oreek shown on the map
(fig. 2) now disseeting the Pirewood 3iding Saurface, The northern
slope is not a dip slope as shown by numercus dip readings in the

Pormian rooks 4in the railway out:ings,

On the hills east of Henty siding, a siding about a mile

south of the railway bridge over the lenty Hiver, there are exposures o

of gravels containing large blocks of rermisn sandstone and dolerite,

These form part of a surface at about 308 feet above sean=level, The

hill west of outting N hes a height of 238 (15) feet above sea-level,
o~d 4s 3m more or less scoordant with the hille immedistely to north and
south, The maximum height reached by the Tertiary sediments (in
outting L, fig. 2) 1s 3850 (¥5) feet above sca=level,

-

Purther west is a low sand covered area, now vegetated

and beyond this an arca of asctive dunes,

The two surfaces in the ares, the Henty Surface gnd the
Pirewood 8iding Suarfece, show no signs of glaciation 4in this arees.
The Pirewood siding Surface is shown on Gregory's map (1003, pl. XX)
as part of his western remeplain, On neither surface are there any
erraties loeally, no ice polished, or ice-scoured surfaces snd mo
sign of ice plucking., Although pDavid noted roches moatonndes in the
sden Valley he gave no details and the present suthors are unable to
f£ind eny. There are no signs of the passage of ige over any of the
soarps and some of the ridges, e,g. that Just south of rirewvood 5iding
containing the measured hills, have steop irregulsr faces to the east

: (the alleged direction from which the ioce shoet came) and a more i
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gentle slope to the west, The sharp orested ridge north of Pire~
wood 5iding is very steep sided and, in plan, oonvex to the west,

I% oould on superficial examination be nistaken for a moraine,
especially as it has blocks of rock scattered over its surface,
However, detailed exsmination of this ridge shows it to be at loast
partially a cucsta in Upper Permisn quarts sandstone and conglomerate .

and the soattered bdoulders to bde entirely of these materials,

The rirewvod 5iding sSurface is succeeded to the west
and south by an area of lower h lls, (see fig 3,a) Just south of
the Badger River 1s a southe=east trending fairly sharp-orested ridge
out b a southewesterly flowing streom, In many places the orest of
the ridge is demonstrably pebbly, Its height is 238 (I5) feet above
sea~level, South of the end of this ridge and separated from it by
a deep valley 48 a sharp pesked hill with a slight tendenoy to a
southesouthewenterly trend then a swing t o the southeeasst, No out-
erop ocours but boulders and pebbles are spread over the surface,
This is separated by o ercek valley and s swampy flat from a ridge
vhich 48 ocut by the railway line Jjust north of Koyule and trends
east=south-vant, The surfasce of this ridge is gravel covered by the
railway section reveals the presence of other types of sediments, Il.
is cl7ar that the ridge is not a depositional f.-q’iSi where cut by
the railway line it is anticlinal in structure, A superfiocial
exsminstion of these ridges may well suggest terminal moraines, more

or less oconvex to the sea, later breached by stroams, NHowever, the

seotion through the southern one oclearly shows that 4t is not

morsinal and seotions in railway outtings Just behind the others ¢



suggest the same, These considerstions together with leck of
glaoiation in the hinterland indicste that these ridges are not

moraines, Thas in the Malanna srea thera is no physiographie

evidence of glaciation,

SAINOS0I0 REFOSITS

The carlieat record of Cainosolc deposite in this ares
is that of Montgomery (1890) who noted the presence of clays in the
first oreek valley west of the railway bridie and near the Yenty PFerry
and suggented their equivalence to the Waoguarie lNarbour: Beds, In
1892 Johneton noted the preseonce of lignite in the ssme areas and ree-
orded a Pagus clese to ¥, (now Notofagus) cunninghami and en joncis
oclose to A. melanoxylon, To him the close resemblance of these $two
forms suggested that the lignites were "of a more recent date than any
other lignite formation hitherto deseribed”, Gregory (1904, p. 51)
desorided some of the rocks in the rallway cutiings, Boulder clays
'iti boulders of Owen Conglomerate and éd ecomposed dolerite up to 2
feet poross were mentioned, Gregory deporibed the boulders as lying
at all angles end having a shepe oharscteristic of ice-action most of
them having one or more flattendd surfasces, David (1926, pp. 94-08)
desoribed the bdloecks in the northernmost railway cutting as up teo
5 feet in didmeter and all rounded, alth ugh elsewhere on p, 25 he &
states that the shape of meny is obvicusly glacisl, In & footnote on
page 103 David notes thet the sequence is more complex than he had
depicted, He states that the redistributed slacial deds at lomty
544ing pass below ses~level, are capped by lignitic shele and sendstom

and fpulted,
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It will be convenient to desoride the deposits exposed in
the reilway ocuttings betweem the prailway bridge over the NHenty River
and Malanna in order from south to north,

Sutting 4 (see Map).

At the southern end of the ocutting a succession dipping
240% ot 6° 10 exposed, At the base is » bed of gravel at lesst T
twolve feet thiock and oconsisting meinly eof rounded bdoulders of dolerite
ap to 30 inohes long with s me boulders of Permian sandstone, siltstone
snd conglorerate, some of the boulders asre subeangulsr to angular,
There 18 a sugoestion of an upward deorease in greinsise aslthough this
is not marked, This 18 overlain by 2 feet of cleyey sand end then 1
foot 10 inches of clayey pebbly sand with lignitic fragments used in
radiocarbon dating., This latter bed of send is eross-bedded, and s

ocontains some conglomerate dande in whioch there are pebdbles f silte
stone, In both of these sandy bdeds these are dranching, orlindrical
forrufginous coneretions which are in some ocsses sround lignitie
fregments, The next bed is a conglomerate composed mainly of fragments
of Permiasn lllilii;: with some lignite fragments, This is 1' 8" thiek
at 4its northerm end but thickens to the scuthewest and becones nore
conglomeratic in thet direction, fSome cross-bedding is present in

the 2andy motrix end the currents came from the north-ea.st or north,
This conglomerastic bed has an irregular lower surfaece end this forms

a prominent overhang in the face of the cutting, Ths final bed in
this succession 48 at lesst 15 foet thick and consists of gravels

with sandy lenses showing eoross-bedding indicating cuFrents from



==

north=esst or north., Some clay lenses are also present, The

main bLoulders are composed of Permian rocks snd dolerite,

This succenssion is affected by two normal faults forming
a small gradben with a throw of a few feet, JPurther north in the
outting the sudgession is hidden for en interval by send and vege-
tation, Peyond this gravels again oceour, They are sandier than o
those in the southern end of the out and contain rounded boulders of
dolerite neor the baese with boulders of Permisn rocks and Owen QGone
glomerste beconing more common nesr the top, At the extreme northe
ern end of the cuttiny these are overlain by e lignitic ded, then
more gravels, sand and finally a lignitio ded, The lower of these
lignitio beds dips 50° at 40°, About halfway slong the western wall
of the ocut sands and interbedded carbonscecus sand or peat abut dise-
conformably against the gravels,

Qutting B,

This ocutting is meinly in Permisen rooks which are descoribed
elsewhere (Penks and shmaed, in press), The Permian rocks are over-
lain by a bed of gravel 2 feet thick which in one place near the
southern end of the esstern bank of the cutting ooccupies an old gully
a few feet deop, The gravel is sandy and contains rounded to sube ’
angular boulders of Owen (onglomerate, quarts, quartzite snd Permiaen
sandstone, This is overlain by sbout three feet of soil,

Qutting 0o
In this cutting Permisn rocks are overlain by a ocouple

of feet of gravel and then about three feet of soil, .
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SQutting D,

The beds in this cuttdng dip 85° at 28°, At the base
is a orose~bedded sendstone with some gravelly layers, which
becomes lignitic and clayey towards the top., This is followed by
sand and then af'ter a slight gap, sand with layers of peaty send
and boulders, Another cross-bedded sandstone follows, It is pale °*
yellow brown in colour and hes rare boulders, The oross-bedding is
due mainly to currents coming from the northeeast, This sasndstone
passes up into sandy clay, elay and then lignite, The top beds in
the outting are pebdbly cands with three thin bdeds of bdouldera near
the bese and a bed of pebdles higher up. COCross-dedding dipping
southewest is present, Boulders in these cuttings include those of
Owen Conglomerate, Permian sandstone and westhered dolerite, These *

beds are overlain by a gravel as in cuttings B and O,

Qutting B.

At the southern end of this cutting there is a gravel
with boulders up to four feet long whiech is rudely bedded and contaim
pookets of pebbles, There is a high proportion of boulders im the
gravels which range in sise from a querter of an inch up, The bould-
ers are well rounded but the sphericity is frequently low, The k
boulders include those of dolorite, westhered snd fresh Permian rocks
inoluding oconglomerates end sandstone, guartsite, clay and Tertiary
sandstone, The small dolerite boulders are completely weathered,
the larger ones to s lesser extent, This part of the cutting is

overlain by about three feet of soil,



To the north the gravels are overlapped by white orosse
bedded, sandstones with interbedded olays and lignitriga wood,
seeds ond leaves with some pyrite nodules, rtome of the larger
fraogments of 11;-1‘1‘.4 wood are still stending upright (i,e, are
in growth position), The oross-bedding appears to be due to
currents coming from the northeesst, 7The succession in this pert
of the cutting dips 230%at la. and is overlain unconformably by a
surface gravel with bdoulders of Owen Oonglomerate,

The succession was measured in some detail and is shown
below:

Top
Gravel with boulders of QOwen Conglomeraste
Uneonformity

18 feot; white, fine to medium grained soncdstone with thin bedding,

1 foot; ocoarse siliceocus eonglomerate with boulders of Permian
sandstone,

4 foet; white, mediumegrained, unbedded quarts sand,

1 foo¥;: coarse siliceous conglomeraste with boulders of rermian
sandstone,

4 feet 6 ins,1 greoy olay with lignified plant remains near top and
sbout 1 foot from topj top foot is fissile; some pyrite,

3 foot 6 ins,;: white, grey, or white with red streaks, olay with
oylindrical, spherical, branching and irregular limonitie
nodales,

7 feet: yellow to white, fine to medium grained sandstone consisting
of quarts with clay ocement; friadble; grains sub-angular to .

-



sub-rounded with a few rounded peddles,

8 feets white, medium grained sandstone with oocssional bands of
pebbles of Permian sandatone,

1 foo% 6 ins,.; conglomerate with reunded, elliptical pebbles and
oobbles up to 8 inches long, mainly of Permian sandstone,

1 foot; medium grained sandstone without pebdbbles, .

9 feet; sendstone with coarse bands of angular grains, with 9 inch
pebble band with angular to rounded pebBles of several sige
of quarts, quartzite, Owen Conglomerate and Permian sandstone

13 feet: very pale, sticky elay.

4 feet: gap in neoction,

6 feet 6 inchesy Fale brown, oross-dadded sandstone,

2 feot 6 inches: clay, grey with plant stems and some oasrbonsceous «
bands,

@ feet 6 inches: pale brown, orosse-bedded, finely bedded sandstone;
quartsose, mostly fine grained bded some beds of mnedium to
ooarse grained sand; in the latter of which the grains are
distinotly angular,

16 feet; grey olay with plent stens and some carbomnsceocus banda,

26 feot; sandstone, white to yellow, medlumegrained, quartsite,
thinly bedded,

8 inches; conglomeratieo, yellowish sandstone,

13 feet; white to pale yellow ssndstone with a few conglomerastie
bands,

9 feet; conglomeratic sandstone with oross-bedding on small soale
dipping southewest; sub-rounded, subeanguler and some
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rounded pedbbles and oobbles up to 6 inches long of Owen

Oonglomerste and Permisn sandstone,
183 feet (approx)

At the northern end of the cutfiing the southewesterly
dipping basal beds in the sbove succession are overlain amconform- o
ably by gravels with boulders of Owen Conglomerate,

outting P,

A% the southern end of this oot & fault throws cross~bedded
sandstone to the south ageinst beds of gravel and oross~bedded send
to the north, The oross bedding dips north, The beds are almost
horisontal and are from ome foot to two feet thick, The boulders
which are up to 5 feet long and are sub-angular to sub-roundesd and
rounded, They consist of Permian candstone and siltstone, yuarts-
ite, quarts and dolerite, Many of the boulders are deeply weathered,
The total thiokness is about 50 feet, PFarther north again are sends
eontaining a fow large pebhles,
gutting Go

The mein rock types is a conglomerate lacking bedding and
oontaining subeangular to sub=roundod boulders up to several feet
in diameter with a few rounded, They .oonsiat mainly of pPermian
sendstone which is deeply leached and exfoliasted, 7The matrix is
eandy and there are some sandy bands, one of which at loast 4is in

a washout .

Qutting H,
Gravels sre overlain by sends, The boulders are up to four



feet long and are mainly Permisn sandstone near the base but a few
dolerite boulders ococour near the top, 7The s nds are oross-bedded

with the dip of the eross-bedding to the south,

gutting To

Sands at the base are overlain by lens:s of gravel, followed
by more sand and them gravel, The dip is at a low angle to the south
The top sands are oross=-bedded with some of the erossebedding traces

in the ocut dipping southeepnst while most of them dip northewest,

gutting Jo

Gravels with boulders more than 3 feet long are present,

Sutting Ko

The gravels in this outting oeontain boulders up to 5 feet
longe The boulders inolude those of pPermisn sandstone, and leached
siltstone, with some quarts and quartzite, The gravels are intere
bedded with a fine greined sand showing oross~bedding dipping north,
A washout in the sends is filled with the conglomerate,

Qutting L.

This is the last cutting in which Cainosecie deposits occour,
They are gravels with many boulders up to a few feet long of Permien -
sandstone with a few boulders of dolerite,

The Cainozoie depoeits exposed in the rallway cuttings ocon-
sist then of wore or loss unoonsolid.ted rocks, with gravels,
oross-bedded sands, clays eand lignites bdeing represented, The

gravels are commonly bedded and the boulders in them are mainly
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sub=rounded, No striasted pebbles were found slthough they were
looked for, The rook fragments consist mainly of Permian ssndstone,
siltstone or granule conglomerate, dolerite, Owen Oonglomerate,
quarts end quartsite and more rarely fragments of olay or clayey
sand or lignite, dome of these boulders are now deeply weathered,

It is notable that there is a gemeral ineresse in grainsisec im the °
boulders from south to north, boulders up to 5 fcet long ocoourring
in Quttings K and L, but all the gravels are not mecessarily emmtemp=
oranecus, It is slsosignificant that the rock types present are all
potentially of looal derivation and could all cose from within three
miles to the eant, The matrix of the gravels is predominantly sandy
and they ocontaein little clay.

Cross=bedding in the sands dips meinly to the southewest,
south of Cutting 7 bdat north of this cutting the dip of the oross-
bedding varies and tends to be northerly imn several places, The
presence of lignite Andicates that some of the beds at least are
paludal and no marine maperofossils were seen, There are numerous
disconformities and some unconformities suggesting folding or at

lesnst tilting before deposition of the later beds,

The radiococarbon dating indicates sn age greater than 32,000
years for some of the lignites im Cutting A. (Rubin, M, enalysis V444,
letter to E,D, Gill)s This specimen was submitted on the anistaken
4dea that the conglomerstes in th s cutting were morainal snd
associanted with the Melanne glaciation, A considerabdle age for most

of the gravels is indieated 4lso by the extent of westhering of



the dolerite boulders, The deposits are clearly post-dolerite, the
dolerite prodably being Lower Jurassic, HSome of the meterial from
the lignitie beds in Cutting X was submitted to D, I, Cookson for
palynological analysis, SHeeds and seed cases on ocones of Bankaias of
Barginata were reported from the sample, 80 that a Cainosoio age soem
likely and possibly an upper Cainozoio sge in view of the close .
resemnblance of the seed cases to forms still living in the areca,
Final dating must avaeit detalled palynological work bdut the beds
might best be considered Upper Cainozoie.snd this would de in accord
with Johnston's record (1892, pp. 12-13) of joseis from this ares,

The rocks in the cuttinge thus provide no evidence of a
glacial origin and there is no physiographie evidenoce for glaciastion
in the area, On these grounds alone the hypothesie of the existence’
of a Malanna Phase of the Pleistocene Glaciastion in the Malanua areas,
must be considered invaelid, Before providing sn alternative explan=
ation for the observed facts, a finasl point 4in David's argument must
be dealt with, that of the "brecoisted pavements”, To put the
feostures so interpreted by David inte their correot perspective the
structure of the srea must be considered,

SIRUOTURAL GEOLOGY.

The structure of the Lower and Middle Palaeosolc rocks %o
the east has bdeen figured and briefly described by Gill and Banks
(1980) amd is not relevant to the advancement of the srgument and
will not bde considered further, The rPermisn rocks near Firewood

54ding are faulted asgeinst the older rocks, North of Firewood autgg
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?a a faul%, here called the Pirewood 5iding Pault, trending weste
northewest and downthrowing to the southesoutheweat, This continues
to adout a mile cast of Firewocod 3iding where a feult, She Eden
Pault, trending northenortheeasct snd downthrowing west becomes the
msin structure, In goneral the Permiasn rocks 4in the downthrowm
bloek dip to the southewcat at sngles varying from a couple of o
degrees to lo.. the latter ocourring in Cut M, that nearest the
Tertiary beds, and suggesting a fault downthrowing to the south-
west, The dips ere all shown on the map (fig. 2).

In outting 8 there is a normal fuult trending 330° (a1l
bearings related to true north) end ocsusing a distinet drag dip
showing weat side up, Joints trending 10° ana 528° are common
in this outting, On some of the 325° joimts are s lickensides .
dipping went at a low angle and indicating west blook north movement,
Slickensides also ocour on some of the bedding plsnes and show that

the top moved west or northeweat over the bottom,

Cutting R 48 that containing the rooks figured by David
(1926, p. 102). At the esstern end of the out the beds dip 118°
at 30° and show joints trending 360° and dipping steeply west,
Fear the western end is a fault striking l‘ﬁ. and dipping west at
sbout 45° and this 1s sesociated with much breceiation, In addition
to these main faulte there are many nimor normal faul.ts dipping
stoeply west with s few normal faults dipping enst and several
minor thrusts dipping west, The beds affeocted are a formation of
quarts ssndstones and thinly interbedded fine gquarts sandstone end



earbonscecus ailtstones, The section figured by David is in the
fine sandstone~siltstone alternstion and these beds are consistently
the ones showin the moat breceistion and ninor feulting, It is
notable that in the mein body of the cutting a bed of thickly
beodded quarts sandstone at the top of the cut is not affeeted by
breceiation nearly as mueh as the underlying alternation of fine o
sandstone and siltstone, The struoture alon; thie seotion is

shown as [igure 4,

fuuss 4

Diogrommotc Secrion of Cutting R Malonna

Near the eastern end of Cutting ¢ 4s & normal, westerly

dipping feult striking 325°., In the body of the cutting the beds

are horisontal, They sre strongly Jo . nted im places the main
faultes trending north and showing horisontal slickensides indicating
west nide north movement, ¢ the western end is s normal feult

downthrowing to the east,

In Cutting P 48 a normal foult near the western end dipping
190. at 7‘.. In Outting O, the beds are slmost horisontal although
in places they d4ip west mnd form a saall monocoline, They are

ddsturbed by s small thrust dipping weet and by Jointe = inly ©
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trending 340° but with some st 10°, The dip is west in Qutting ¥
and there are minor faulte, Joints are common striking 1!0. end
there are some parallel to the cutting which show horisontal
slickensides, The Permisn sandastone neor the end of Cutting M dip
230° ot 50° and this steep dip prodably indicates a fault downe
throwing southewest in the viecinity, Tertiary conglomerastes in the
next outting wost (L) sppeer to be horisontal, This may show that
the fault is pre~ conglomerste but the cuttings are quite o few yards

apart so that the dr.g dip might die out east of cut L,

The Permian rocks then show numcrous nepPmsl faulta sainly
tronding nerthewesterly and foraing small horsts and graben, With
these are associated minor west dippiag thrust faults, The normal
faulte trend 330°, 340°, 328°, 10° ana 280°, Joints trending 300°,
l!l'. s40°, 0°, 10.. 10., and northeessterly oecour, On the 328° %
set sand the 0° set there is evidenoce of dextral movement and there
is horisontal movement also on the northeeasterly set, The faults
are consistent with tension from 37 - FE and some of the Joints rit
this pattern slso, Illowever, some Jolnts do not seem to be Telated to
this tension and a ore detailed unalysis is required, Ome case of
bedding plene slip with movement down to the west or northewest

was noted,

The major structures are guite ineunliltvnt with faulting
produced by an ice sheet moving from east to went, Vhat thruste
are present 4ip west, The only evidence for ice thrust is the
bedding plane slip but this could alse cccur with normal faulting



of dipping beds, Thus structures in the Fermion rocks st Malanna
used by David to support his hypothesis of glaciation in the area
are inconsistent with this but consistent with normal faulting,.

The Tertiary beds also show variations in the dip and some
faulting. (see figure 5b) In the northern cuttings they are horisonta.
or mearly so, In Cutting X they dip 230° at 26° and dn out » they
dip 85° at !I. so that a syneline may be inferred trending roughly
340° between these outtings, In Cutting A the beds ab the north
end dip 50° at 40° and those in the south end aip !40' at le. An
antioline tremding about 325° would appear to be present, In
gutting P there is s fault with small displecement and in Cutting A
two normal foults forming a gradben, The northern one dips IOO. snd
45° and the southern one 50° at 50°, This greber would have a tremd
of about 335° amd this is close to the main feult direction in the
Pernian rocks, Approximate co-incidence of the fold axes with the

fault directions suggests a genetioc conneotion,

P T GEULOGIC

The Palaeoscloc history of the Malanna area has been dealt
with elsewhere (Gill ond Banks, 1950, and Banks and Arhmad, in ﬁroll)..
It iz relevant to the present ddsoussion only that the Lower and
Middle Palacosoic ¢v4iments were folded into plunging folds and
then overlain unconformably by more or less flatelying Permian

sediments, Dolerite intrusions occurred in the Jurassic, At some
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later time the Firewood :5iding end iden Paults developed, The
Henty Surface cuts soross these feults and thus is later, This
surface cuts aeross the Lower and Middle Palacosmoio rocks despite
their differential resistance to erosiomn, It is, therefore, an
erosional surfane, Thin layers of gravel ccour on it in places
but there s no evidence that 4t is » stripped surfece, It is
eertainly not a stripped pre-Permian surface as the Nenty Surface
extends inland %o the foot of the West Coasst Range where it has a
height of 1100 feet approximately, This range is probably a monad-
nock range as postulated dy Bradley, (1954, pe. 195), The top of
this renge is prodbably part of the stipped pre-~permian surface
(Bredley, 1954, p. 1905) as shown by the Permian at Mount sedgwiok
(sdwards, 1941) Mount Read and Mount Dundas, where the base of the
Permian is at over 3000 feect, The Henty surfece is now dissected
by stream valleys up to 700 feet deep dDut some of the original
surface remains so that 4t is net likely to be as 0ld as Zarly
Teortiary, The surface was deeply disseated by rivers prior to the
formation downstream from the Nemty liver road bdridge of the

termingl moraines, These noraines are disseoted
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little except for the gorge cut through them by the NHenty River
end are thus probably not very old, both the glacier responsible
for these moraines and t he glacier whioch occupied the Linda Valley
are distridutaries of the minor ice cep which oeccupied the vest
Coast Range between Mount Sedgwick and Mount Tyndall, The advance
of the glacier ocoupying the Linda Valley has been dated as asdbout '
26,000 years, i,e¢, about equivalent to the beginning of the wis-
oonsin Glaciation, and the moraines below the Henty iiver road
bridge might well be almost contemporaneocus, They could probadly
safely bo considored as Upper Fleistocene, Thus the Henty Surfasece

was formed well before the Upper rPleistocene.

The relatiovnship of the sediments in the railway ocuttings teo
the development of the Henty surfasece ocsnnot be established on ]
evidence 80 far available in this area, They may have been depos=-
ited in lowlends in a pre-Henty surface of considerabdble relief,
They may have been formed in a graben in this landscape delineated
by the Pirewood s5iding and Eden Yaults, The fault postulated
between Cutticgs L end M.probably precedded the deposition of the
sravels in Cutting L beacause of their horisontal disposition, 4t
a later stage the lenty Surface would have been eroded in the
Lower snd Middle Palescosoie, Permian and Cainozoic sediments, On
the other hand the Cainoszoio sediments may have been deposited as
the Henty surface was developing, stresms stripping material off th
higher country and depositing in the velleys until a surface,

partly erosional and partly depositional, was formed, Yet again ,



the sediments may have resulted from uplif't of the Nenty surface
slong a fault line between Cut ings . end ¥ with formastion of
alluvial fans and fluviatile plaine against the steep fault scarp.
The sediments may have grodually filled up the fault lowland until
they reached a profile of equilibrium related the rirewocod
S§iding Surfece, No evidenoe is yet available tﬁ&;:::lo ittwoon

L]
these alternatives,

The surface from which the Cainosoie sediments were derived
mast have had a considerable slope, at least 4n places, to sccount
for the large particle sise in the gravels, Boulders up to five
feet in diameter in bedded depOiits with a sandy matrix fismply a
congiderable velocity snd volume of water and thus a ste@p gradient,
Variations in the competence of the depositional curronts are
shown by the ocourrencd of interbdedded gravels, sends and clays,
There is evidence of a syetematio varistion im current cosnpetence
in the succession = gravel, send, colay (with or without lignite) =
which 4s developed completely or inco pletely eight times in the
se@iments of Cutting %X and three times each in Cutting D and
gutting A The recurrent incresse in competence represented by
gravels, in many pleces ascociated with local disconformities, may
be due to recurrent inoreases in reinfell following periods of
lower rainfall, or to recurrent uplift due to fasulting or lowering
of base level, On several cccasions peaty swamps were present,
The cross-bedding in the sends suggests two sources, one to the
north or northeeasst of Cutting L end the other somewhere between

guttings % and P, Thus oross=bedding dipping in s generally °
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southerly or southewesterly direction cccurs im most outtings bdut
oroes~bedding dipping north or northewest occurs in Quttings P, I
and K. The presence of dolerite boulders in all ocuttinges suggests
a uortaerly derivation, the dolerite mass near Firewood siding
probably being the souree, The Owen Conglomerate boulders in the
older deposits and auperficial grevels in snd loutp of Cutting & 3
suggest a partial derivation of sodiments in these cuttings from
the sant, the nesrest Owen Conglemerste being about a mile and
three quurters southeesst of Pirewcod siding, Some of these scdi-
ments are older tham 32,000 years and some of them are older then
the Pirewood 5iding Surface, In all caszes 4t is prodbable that they
are older than the last phase of the rleistocene glacistion, sube
sequent to deposition of the sediments in Cuttings A te E folding b
and faulting ococurred, The trends of the folds and fsults are
alnost parallel and this suggests  enetic conneotion, They may
well be due to slumping on & olay bed down a slope trending sbout
340° ana dipping southewest, This roughly parallels many of the

faults in the Permian rocks, and the slope may have been a fault
BOArP.

At some time after the development of the lHenty surfaece it
was uplifted, VPartiasl erosion of this surface produced the ¥Viree
wood 35iding Surface, cut in Lower Falaeozoie, Fermian and Oainosole
sedinents (at lesst those 4n Cutting L) The Henty River sppears
to have been a mesndey leterentrenched, in this surface end :gﬁ:
up i}, was entremchesd tn it

was flowing during development of the surfeee, At the time of
development of the surface the Nenty niver locally had a height of
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sbout 400 feet relative to present ses-level and must have boeen
higher further upstream, Ass the toerminal moraines on the NMenty
River have a height of only about 250 feet above sea~level st their
downstream termination and there is no evidence of displacement or
tilting of the lNenty surface between lalanna and the Henty liver
road bridge the worasines must be later than the development of thg
FPirewood siding surface, Thus this surfece is gesteiiy pre-Upper
Pleistooene, The surface falls from sbout 400 feet at the Hden
Peult to 350 feet at Cutting L, m distance of about two miles so
that there is a fall of about 25 feet per mile, The base level
controlling this surface is not known, “Beach terrsces” af a
level of adbout 400 feet asbove prescnt ses=level are recorded by
Twidale (1967, p. 12) from Just north of the Pleman River, about
sixtoen miles north of the Malanna a-¢a, vhere they are ineised
into a higher plateau, N0 evidence is quoted for a merine origin
for these "beach terrsces”, nor near Usnlenns are any asrine depos=-
1ts known at this level, It is mot, of course, clear that the
"besch terraces” and the Pirewood 34ding Durface are in any way
related but there is some parallel in the relationship of the two
features to a higher surface and sca~level, The Firewocod niding
surface postdates both the sediments in the railway ocuttings and
the lienty Surface, sSince development of the rirewvod uiding
Surfece there has been rejuvenation and the knickepoint on the

Badger River has noved upstream about three quawters of a mile,

For fuller and more poeurate reconstruction of the Cainosnoie

history and palscogeographies, detalled sedimentation studies -1147



have to be made and some mothod of corrslsation evelved which is
applicable to the terrestrisl sediments, This may well involve
gonparison of quantitetive pollen snslyoes of the iignites, Im
pcdition more information on rock distridbution and detailed study

of contour maps of this and neighbouring aress will be neeoded,

SUMMARY AVD OOFOLUSIONS

AMfter development of the Pirewood s5iding and xdern Faults 4in
a temain of Palaeocsolo sedimentas and dolerdte, erosiom produced the
Henty surfaece, DBefore, during, or af'ter formation of this surface
a thicruess of at least a few hundred feet of terrestrisl gravels,
sands, silte and lignites wes deposited, The grainsise of some of
the gravels indicstes considerable gradient for the transporting
stresms, The succession, gravels, sand, silt or elay, is repeated

completely or incoampletely at least oight times,

UplAft of the lenty Surfaoe was followed by oruln“
finally produced the Firewood ulding surfece, 7This latter surfeoe
developed after duposition of some of the sediments, ‘urther
aplift resulted in ercsion of the rirewocod siding surface, ifter
this auplift glacietion a’leoted the vest Coanst Remge snd the Heniy
niver valley as far downstrosm ss the road bdridge sbout cight ailes
enst of the Malanna ares at s height of about 250 feet adove sea=-
level, This gleaciation wss probably esuivalent to the visconsim
in the Northern Hemisphere, The uplifted fenty and Firewood
giding Surfaces are loocally being Gdlssected by streasms which, at

least in the Lower snd Middle Paleeczolie rooks, are stroogly



structurally controlled,

In the Malanna area there is no evidence of Pleistocene
glaciation, whether by ice=sheet or otherwise, and the physiographi
sedimentational and structural evidence advanced by pavid (1926) im
support of glaciation in this area were nmisinterpreted, MNore
detailed studies indieate that all the faots known about the ares ’
suggest a Cainozoie history invelving faulticg, deposition of
terrestrial sediments by stresms, or in lakes mnd swasps and erosion
by streams, It is ocneluded therefore that there is no longer any
Justification for rohintai the term “"Malanna Phase® for a Pleis-
tocene glacial phase based on this area, Use of the term should be
discontinued, sShvuid—Lfutere—work THTTEAtY BN TEFrly phare—of
Pleistoosne glecistion in Tesmonis o new FeogTsphic tera—should be'
used,
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LOCALITY INDEX.

Latitude kongitude
Badger River 41°s0 14514
Pirewood s5iding 41%00" 145%16°
Geologists® Oreek 42%0° 145%10°
The Gooseneck 41%s20 145%33°
Hemty River 42%a2" 145”18
Nemty siding 4302 145°15¢
Malanna 421" 148%13¢
Mount Professor 41500 148°%22¢
Mount Read 410" 145°50¢
M unt sedgwiok 420" 148%38°
pioman River 41%s0° 144%50°
vest Coast Range 41%44" 145°53°
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