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ABSTRACT

An unbroken succession of Permian sediments
about 1430 feet thick on the northern flanks of
Mt. Nassau, about 10 miles north-west of Hobart,
Tasmania, shows the following succession of forma-
tions from the base upwards: Bundella Mudstone;
Faulkner Group including the Geiss Conglomerate,
Rathbones Sandstone and Siltstone, Byers Sand-
stone, Jarvis Siltstone, Parramore Sandstone and
Siltstone, Altamont Conglomerate and Fergusson
Siltstone; Rayner® Sandstone; Cascades Group in-
cluding the Nassau Siltstone, Berriedale Limestone
and Grange Mudstone; “ Woodbridge Glacial For-
mation ”; Risdon Sandstone and finally the Fern-
tree Mudstone. These range in age from Lower

Artinskian to Kungurian. These formations, ex-
cept the “ Woodbridge Glacial Formation ”, are de-
fined. The Faulkner Group consists of two cyclo-
thems, recording two brief emergences, one soon
after the other, in a time of general submergence.
The Grange Mudstone and Berriedale Limestone are
at least partly facies variants of one another. A
notable feature is the presence of erratics, except
in the two non-marine formations in the Faulkner
Group, and this is perhaps related to the poor
sorting, and mineralogical immaturity of the sedi-
ments and the angularity of most of the grains in
all rocks. All of these features are considered as

the result of glacio-marine deposition. The source
area included granitic, sedimentary and regionally
metamorphosed rocks.
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advice of the Nomeneclature Board of Tasmania, the names of Parramore Creek and

Rayner Creek should be transposed.
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INTRODUCTION

Mapping of the Hobart district indicated that the
Permian succession suggested by Lewis (1946) was
inadequate for clese mapping so that when a sec-
tion was discovered which is not complicated by
faulting, it was studied in some detail for use as
a standard of reference. 'The typs section lies
between road level of the Lyell Highway from
Rayner Creek to Geiss Creek and the base of
the Knocklofty Sandstone and Shale (Triassic) on
Mt. Nassau. It is all included on air photo Hobart,
Run 1, No. 9744, of the Department of Lands and
Surveys, Tasmania, and is shown on the map, text
fizure 1.

The section was initially taken from point A
(see map) along Rayner Creek for a couple of
hundred yards, then up the east bank across the
present access road to the western guarry to the
former access road to the eastern gquarry and along
and up this road to that quarry. From this quarry
the section crosses Rayner Creek and goes up
and along an old timber frack which skirts the
southern edge of the western quarry and goes on up
the spur over the Lake Fenton Pipeline to the foot
of the last slope wup to Mt. Nassau at point B, All
thicknesses in this section were measured by means
of an Abney level as the beds have a very low dip.
Attention should be drawn here to the more detailed
sections of the Berriedale Limestone measured in
the quarrvies on the eastern and western sides of
Rayner Creek by Brill and published as section
4 of fig. 1 of Brill (1956). These sections were
measured on the guarry faces with a tape and are
thus rather more accurate than the general sec-
tion. The authors’ attention was directed by Mr.
H. A. Bartlett to fossiliferous mudstones on the
Liyell Highway at point C on the map. On in-
vestigation these proved to be well exposed and
below the lowest beds in Rayner Creek. A
section was therefore measured up from the gutier
on the western side of the Lyell Highway just
west of Parramore Creek at the eastern end of the
road cutting and westwards along the cuttings fo
Geiss Creek and then up to Geiss Creek to the top
of the well-exposed portion of the succession.
The Bundella Mudstone in the road cuttings and
in the lower part of Geiss Creek was measured
with a steel tape but the creek section and road
section are not connected by good exposures. They
were joined by measuring up from the top ex-
posures in the road cutting to the base of the
Geiss  Conglomerate, tracing this conglomerate
around the hill siope and into the creek where the
beds immediately below the Geiss Conglomerate
are exposed and were measured. This leaves a
gap in the section due to inadequate exposures.
The beds in Geiss Creek from the upper part of
the Bundella Mudstone intc the Fergusson Sili-
stone are well exposed and were measured with a
steel tape but the section above that was measured
up the western hill slope to the Rayner Sandstone,
pback into the bed of Geiss Creek and along the
creek bed with an Abney Level until good exposures
of the Nassau Siltstone were reached when the tape
was used again for a few feet and then the Abney
Level was used to complete the section to point E.
Co-ordinates quoted refer to the state grid on the
8-mile map (Lands Dept.,, Hobart).

The authors wish to acknowledge discussions
with Professor K. G. Brill, Visiting Fulbright Pro-
fessor atb the University of Tasmania, and Professor
S. W. Carey concerning stratigraphic methods and
nomenclature. We are indebted to My, H. A, Bart-
lett for drawing our attention %o the exposures of
the Bundella Mudstone on the Lyell Highway.
finally we would like to acknowledge the a ance
of Mr. A. H. Spry in checking mineralogical
determinations in some cases.

HISTORY OF STRATIGRAPHIC NOMENCLA-
TURE IN THYE PERMIAN SYSTEM IN THE
HOBART ABEA

Darwin (1844) and Strzelecki (1845) were per~
haps two of the earliest authors to deal with Per-
mian rocks from the Hobart area. Later Jukes
(1847) and Selwyn (1855) added further observa-
tions. 'The first author to deal at length with the
Hobart Permian was Harrison in 1865 who noted
that the colonists referred to the “ Mountain Lime-
stone ” (now Berriedale Limestone) and this name
was used, alpeit informally, by Wintle (1865). In
1866 Gould formally proposed the first formational
name for a Permian rock in this area when he
suggested that the prominent spiriferous lime-
stones around Hobart should be called the Mount
Wellington Limestone to distinguish it from the
Gordon Limestone of Ordovician age. There is
little doubt that the limestons named thus by Gould
is the limestone formation called Berriedale Lime-
stone by Volsey (1938) and subseguent workers.
Although it is clear that Gould’s name has priority
the later name will be used in order to avoid
further confusion. The next major contribution
was that of Johnston (1888) who described several
sections in the area but used terms such as Lower
Marine Series, Lower Coal Measures and Upper
Marine Series to suggest correlations with New
South Wales and names such as Spirifer Zone,
Fenestello Zone and Pachydomus Zone to charac-
terize the beds by their dominant fossil. However,
he had earlier (1886) given formal names to some
of these beds such as those at Porter Hill, the
Porter Hill Beds, and the beds at the 3-mile post
on the Channel Highway as the Lower Sandy Bay
Beds. However, his usage of these names was not
consistent and Porter Hill Beds was used in a
different sense by him in 1828, The approximate
usage of Johnston’s terms will be considered under
the appropriate formation heading. Johnston also
seems to have laid the foundation of an error
which has led all workers astray. He correlated
the limestone at the shoreline at Lower Sandy Bay,
ie., Porter Hill, with the limestone at Cascades
and Bridgewater (le., Mt Nassau), which is now
considered on  stratigraphical, lthological and
palacontological grounds to be a distinet and higher
formation, the Berriedale Limestone. By so doing
he caused later workers to assume that the Grange
Mudstone was above the Berriedale Limestone and
separated from it by several hundred feet of sedi-
ment instead of equivalent to it as will be suggested
later in this paper. This latier assumption con-
fused Voisey (1938), Lewis (1846) and Banks (1952)
and all workers in Tasmaniz and elsewhere who
tried to make faunal correlations. It alse led to

;
;
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the idea of very great similarity in the faunas on
all horizons and blinded workers to the differences
between the faunas from different horizons.

The first worker to consistently use stratigraphic
names for Permian formations in this area was
Voisey (1938) who proposed formation names later
used also by Lewis (1946). These names were in
some cases not very clearly defined and the beds
below the supposed Berriedale Limestone were
covered only by a wide term *Snug Stage’,
synonymy of which will be considered later.

Establishment of good sections below the Berrie-
dale Limestone has indicated a number of forma-
tions previously included as Snug Stage or ignored.
These new formations are defined here and formal
definitions suggested for those terms used earlier.
When desaling with each formation whether new or
old, apparent synonymys will be listed and the
nomenclature discussed.

STRATIGRAPHY

In the detailed section on the eastern flanks of
Mt. Nassau there are at least 15 formations and
by considering sections elsewhere in the district at
least two more can be recognised below the lowest
one at Mt. Nassau. The type section will be dis-
cussed in detail and then short notes on other sec-
tions will provide comparisons with the type.

Bundella Mudstone

The Bundella Mudstone is that formation consisting
dominantly of siltstone with subordinate sandstone bands which
is exposed in road cuttings on the Lyell Highway between
Parramore Creek and Geiss Creek and in the lower part of Geiss
Creek. It is overlain by the Geiss Conglomerate and its base
is hidden by alluvium. It is at least 140 feet thick and con-
tains Eurydesma cordatum, Keeneia platyschismoides, Stenopora
johmstoni and 8. tasmaniensis. It is Permian and probably
Lower Artinskian in age. The name is derived from Bundella
Railway Station on the northern bank of the Derwent River,
near which this formation was first recognised. The co-
ordinates of the centre of the type area are 504-8 E-736-8 N.

Synonymy
Bundella Mudstone
Banks, Hale and Yaxley, 1955, pp. 219, 227.
Banks in Hill, 1955.
Porter Hill Beds
Johnston 1888, pp. 105 et seq., very approximately
only.
“ Porters Hill ” Siltstone
Banks, Hale and Yaxley, 1955.
Snug Stage

Lewis, 1946, p. 28 ef. seq., very approximately
only, if at all.

Lithology

For the most part this formation is a regular
alternation of fissile and non-fissile siltstone which
in the lower parts of the formation as exposed in
the type section is richly fossiliferous. Near the
base there at at least four beds of sandstone which
weathers into small, somewhat cuboidal blocks.
Most of the beds contain erratics, one of which is

an irregular block of quartzite three feet across but
most of the erratics are less than eight inches in
diameter. 'The erratics are frequently facetted and
a few are also striated. There are many rock types
represented by the erratics. The succession in the
type section along the road cuttings and in the
lower parts of Geiss Creek is shown in text figure 2.

Thin sections were cut of the representative rock
types in the Bundella Mudstone. The non-fissile
siltstone consists of 30-40 per cent of rock fragments
which include quartzite, schist, phyllite and granite,
20-30 per cent of quartz some of which shows un-
dulose extinction and some of which appears to
have reacted with the matrix, 20 per cent of fine
grained groundmass, 5-10 per cent of feldspar in-
cluding orthoclase, microcline and plagioclase both
fresh and altered to sericite, 5-10 per cent of mica
mostly muscovite which appears to be squeezed
around the other grains, and a few grains of zircon,
apatite and tourmaline. The grains are dominantly
in the silt grade but particles from clay grade to
sand grade (1-5 mm.) are present. On the whole
sorting is poor but there are a few finer bands.
However, no mechanical analyses have been done.
Particles of all grades are sub-angular to angular
and equidimensional to bladed. There is no pre-
ferred orientation visible. The fissile siltstone is
essentially the same as the non-fissile but shows
better sorting, bedding is apparent and there is
some orientation of the micas. In addition it is
somewhat finer-grained, the dominant size in the
sand grade being about 02 mm. whereas that in
the non-fissile is 0-25-0-3 mm. Iron staining cccurs
in both types and in the fissile type is parallel to
the finer beds but in the coarser beds is at an angle
to the bedding.

The colour of the rock when weathered is buff
but they tend to be yellowish-grey or light olive-
grey when fresh.

A thin section of an unfossiliferous siltstone
from the top of the Bundella Mudstone showed
that it consists mainly of quartz and mica of
coarse silt grade in a fine silt to clay grade matrix.
The grains are dominantly angular and are equant
to bladed. The micas show distinet parallel orienta-
tion which is reflected also by lines of haematite.
In addition to quartz and muscovite the rock con-
tains rare grains of plagioclase, some blue tourma-
line, green biotite and some chlorite. Rock frag-~
ments include some of quartz muscovite schist and
some of the quartz in the rock shows undulose
extinction indicating possible derivation from a
metamorphic source.

The sandstones are olive in colour. They con-
sist of about 30 per cent of quartz, 5-10 per cent
of feldspar, both orthoclase and plagioclase, 10-15
per cent of mica, mainly muscovite but with some
biotite and 40-50 per cent of groundmass and rock
fragments with minor amounts of zircon, apatite
and garnet. The rock fragments are mainly of
metamorphic rocks rich in mica. Many of the
quartz grains have inclusions of garnet, apatite
and zircon. Sorting is good with most of the grains
in the sand grade (0-06 to 0-1 mm.). No bedding is
apparent in the thin sections nor is there any
apparent orientation of the micas, which are of
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the same grain size as the other minerals in the
sections. The grains are equidimensional to bladed
and sub-rounded to sub-angular.

A thin section of a conglomeratic siltstone close
to the top of the formation showed that the rock
is composed dominantly of rock fragments, with up
to 15 per cent of quartz, 5-10 per cent of muscovite,
5 per cent of feldspar, mainly plagioclase with some
orthoclase, and 5-10 per cent of groundmass. Heavy
minerals present include zircon, garnet and calcite.
The quartz is usually bladed and the muscovite
twisted around the other grains. Particles in the
groundmass range in size from clay grade to near
the top of the silt grade (0-04 mm.) although there
were a few longer, very thin almost acicular frag-
ments composed of a number of grains of quartz

T. NASSAU SECTION

forming a mosaic. In some places thesge very long
grains show a preferred orientation but in most
parts there is no preference. Grains other than the
acicular grains are bladed to equidimensional and
angular to sub-rounded. A few flakes of green
biotite are present in addition to the more abundant
muscovite. The rock could probably best be des-
cribed as a poorly sorted conglomeratic siltstone.

One of the most noticeable features of this for-
mation in the field is the alternation of fissile
and non-fissile beds. Near the base the non-fissile
bands are consistently rather thicker than the
fissile bed above them, but towards the top the posi-
tion is reversed. If seems from preliminary ex-
amination that the fissility could be a function of
the better sorting and the orientation of the micas.
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Both of these differences suggest that current or
wave action was stronger during the deposition of
the fissile beds than during the formation of the
non-fissile beds. The alternation in the intensity
of current and wave action could be a function of
changes in sea-level, involving changes in depth
and/or distance from shore, or of climate affecting
the velocity and volume of water entering the sea
in rivers, or of climate affecting the intensity of
glaciation and altering the mode. of fransport and
distance of transport of the sediment, or of seversl
of these facto and perhaps others operating
together. Tectonic setivity in the source or deposi-
tional iso cause changes in the in-
tensity of current action but it is dif

area could al
Teult, but by

ne means impossible, to account for the remarkably
regular alternation on such a small scale under
a tectonic hypothesis. As far as can be judged on
information at present available the beds are of
almost constant thickness over distances of half a
mile along the dip and a quarter of a mile along the
strike. 'They show no or very little cross-bedding
which is in accord with the general lack of sorting
sub they also show no obvious graded bedding. Con-
tacts between adjacent beds are normally grada-
tional. Thus there is little if any evidence of the
action of turbidity currents and slump structures
were not seen either in the field or in thin section.
From the information available in this one section
it would seem unwise to choose one cause rather
than another for the alternation bub as regional
work is done and three dimensional evidence be-
comes available the cause should be revealed.

The sandstone beds apparently represent even
better conditions of sorting than either of the silt-
stones and it is noteworthy that they seem to lack
erratics. They possibly represent times of fall in
sea~ievel producing shallowing of the water and
increase in current action and at the same time
g reduction in the d ty of icebergs in the vicinity
relative to other times or else the current action is
strong enough to separate the sand from the
coarser grades, e.g., erratics.

Palasontology

Fossils are abundant in both the fissile and non-
fizsile beds but seem to be rarve in the sandstone.
The fisgility is not controlled by abundance and
type of fossils except near the base where fenes-
tellid fronds parallel the bedding and increase
figsility, Many phyla are represented but bracio-
pods and bryozoa are the most abundant. The
brachiopods are predominantly spiriferids but some
Strophalosic spp. are also present. Significant
bryozoa are Slenoporg johnstoni and S. fasmani-
ensis which are commonest in, if not rvestricted to
the lower part of the Permian sequence of Tas-
mania. Fenestellids  including Fenestella spp.,
Polypora spp. and Proforetepora are common. The
pelecypod Eurydesma cordatum is present on
several horizons and other pelecypods are present
but not common. Gasteropods are also common,
the main forms being species of Mourlonia but
Platyschisma ocula and a Straparollus are also pre-
sent. An important gasteropod which oeccurs in the
lower part of the formation is Keeneia platyschis-
moides which is significant for correlation. Ostra-
codes are present and abundant on some horizons.

o

Near the top of the formation fossils become very
rare and the rock could easily be mistaken for the
Ferntree Mudstone, a feature noted by Lewis (1948,
w. 30).

Correlation

The abundance of Stenopora johnstoni, S. fas-
maniensis with the presence of FEurydesma cor-
datum and Keeneia platyschismoides as well as the
lithology suggests that the Bun a Mudstone is
equivalent to the heds along the foreshore at Sandy
Bay just above the blue-grey limesione with Cal-
citornella which has been correlated by Banks
(1857 b) with the Darlington Limestone. These beds
are what Johnston referred to in 1888 as the Porter
Hill Beds but beds referred to by this name seem
to go higher into the sequence than the Bundella
Mudstone and the name has been used by later
workers for the beds in the top of Johnston’s (1888)
Porter Hill Beds which are almost certainly not
equivalent to the Bundella Mudstone. The Bun-
della Mudstone was first recognised on the northern
side of the Derwent River on the siopes of Mt.
Dromedary above Bundella Station. Recently in
this area I. McDougall discovered a richly fossil-
iferous limestone, in which Eurydesma cordaium
was a prominent fossil on some horizons, just be-
low the Bundells Mudstone, This is correlated
with fthe Darlington Limestone snd on the flanks
of ¢, Dromedary occurs about 140 feet below the
base of the Faulkner Group so that it might be
expected to occur just below the lowest outlcrop
in the Mt. Nassau section. In the Collinsvale and
Glen Lusk Road sections a Eurydesma-rich lime-
stone with Calcitornella is overlain by richly fossil-
iferous mudstones which would therefore be equiva~-
lent to the Bundella Mudstone. At Snug the section
is not clear but the base of it exposed in cuttings
on the Channel Highway just north of the bridge
over the Snug PFalls River is an alfernation of
fissile and non-figsile siltstone with some limestone
bands and the siltstones are very rich in Eurydesme
cordatum. 'These are probably correlates of the
Bundella Mudstone but more detailed stratigraphic
work is necessary to establish this. They underlie
a fogsilifercus erratic-rich conglomerate which is
probably the eguivalent of the (Geiss Conglomerate
and this is succeeded by the mottied-brown mud-
stone and sandsione of the Snug Stage of Lewis
(1946) in its type area. It will be shown later
that on present stratigraphic knowledge the best
correlation of the Snug Stage is with the Faulkner
Group. In the Collinsvale Road section the
Darlington Limestone is underiain by a con-
siderable thickness of dark-grey pyritic silistone
which is prebably equivalent in 2 general way
tc the beds below the Darlington Limestone on
Woody Island, especially the Woody Island Silt-
stone. It appears then that these beds in the
lower part of the section on the Collinsvale Road
are the lowest exposed in the Hobart area although
the section below the Huon Road section should be
investigated in this connection. On Woody Island
the Darlington Limestone is overiain by about 40
are the lowest exposed in the Hobart area. On
Woody Island the Darlington Limestone is overlain
by about 40 feet of richly fossiliferous alternating
fissile and non-fissile siltstone which contains,
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among other fossils, Keeneia »platyschismoides.
These beds are correlated on lithological and
palaeontological grounds with the Bundella Mud-
stone (Banks, Hale and Yaxley, 1955). On the
northern end of Maria Island the Darlington Lime-
stone is much thicker than in the Hobart area and
may be partially equivalent in time to the Bundella
Mudstone. It is overlain by sandstones and silt-
stones which could also be equivalent to the Bun-
della Mudstone but they are lithologically rather
different. The Bundella Mudstone would appear on
stratigraphic evidence {o be eguivalent to the richly
fossiliferous siltstones above the Darlington Lime-
stone in the Deloraine area, ie., to the top part
sfgthe Golden Valley Limestone and Shale of Wells
(1957) .

The presence of Stenopora johnstoni, S. fas-
maniensis, Eurydesma cordatum and Keeneia platy-
schismoides suggests correlation with part of the
Dalwood Group of New South Wales, The fact that
it overlies a limestone with Calcitornella suggests
correlation with part of the Rutherford Formation
(in New South Wales) which includes and over-
lies a foraminiferal limestone with the same fossils.

Conditions of Deposition

The Bundella Mudstone is a marine formation for
the most part and even in the fop part of the
formation where fossils are rare it is still marine
although the relative absence of fossils suggests
that the conditions of life deteriorated during the
latter part of the time during which the Bundella
Mudstone was being deposited. Possibly the water
became brackish at this time although there are
other possibilities. The fossils, especially the
pelecypods gasteropods, spiriferids and Stenopora
johnstoni all suggest shallow water deposition, but
currents and waves apparently did not affect the
bottom very greatly. Judging from the erratics in
the siltstone icebergs were common in the sea in
which the Bundella Mudstone was being deposited.
Alternations in the intensity of current and wave
action occurred. 'The land surface supplying the
sediment included schists and gquartzites of several
types and some granite masses. The metamorphic
rocks correspond best to the Precambrian rocks
of Tasmania but no diagnostic types have been
noticed.

Faulkner Group

The Faulkner Group is here defined as all those formations
lying between the Bundella Mudstone below and the Rayner
Sandstene above and consists in this, the type arvea, of sevex
formations as listed from the upwards: Geiss
Conglomerate, Rathbones Bandstone and Silistone, Byers Sand-
stone, Jarvis Siltstone, Parramore Sandstone and Shale,
Altamont Conglomerate and Fergusson Siltstone. The type area
for all of these formations is along Geiss COreek.

below base

The rocks in the succession in Geiss Creek pose a
problem in stratigraphical nomenclature. Some of
the formations listed above are very thin and can
only be traced for short distances on the ground
away from the creek and some have been recognised
with certainty only in the creek bed itself. Several
of them are not strictly formations in the sense that
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they are mappable units, because they are not
mappable except on a very large scale. Each for-
mation is however, composed of a single rock type
or alternation of rock types. The group on the other
hand is composed of a variety of rock types bub is
the mapping unit for work on air photo scale (20
chains to the inch). To regard the group as a
formation and each individual formation as a
member is perhaps the obvious thing to do but it
ignores the diversity of rock types, subgreywacke
conglomerates, subgreywackes silistone, siliceous
sandstones and siliceous siltsiones and makes it
impossible to express this diversity adequately with-
out considerable circumlocution. It is impossible
to find a lithological term to adeguately describe
the rocks in such a formation. Alfthough several of
the formations are only 18 inches thick, and are
not mappable units in the usual sense of the words
and thus perhaps do not warrant separate status,
similar rocks occur in similar stratigraphic posi-
tions in other parts of the State and to express
correlations concisely it is necessary to name them.
Finally all the formations in this group are paris
of two cyclothems and are thus genetically con-
nected so that the term group is permissible for
such a collection in the terms of the recent defini-
tion of the word in the revised code of stratigraphic
nomenclature for Australia (Raggatt, 1956).

Geiss Conglomerate

The Geiss Conglomerate is that formation of subgreywacke
conglomerate 18 inches thick which occurs in the lower part
of Geiss Creek {co-ordinates 504-7 B-736:6 N} and on the hill
slopes to the east. It is underlain by the Bundella Mudstone
and overlain by the Rathbones Sandstone and Siltstone. It is
Permian, probably lower Artinskian, in age.

Although this formation is so thin it can be
traced for about half a mile around the hill slope
between Geiss Creek and Parramore Creek and can
be identified again in Rayner Creek, it has anp un-
even base on the underlying fissile siltstone of the
Bundella Mudstone where the contact is exposed in
Geiss Creek. It is olive-brown in colour (5 ¥ 5/4)
and in the field is apparently a poorly-sorted con-
glomerate containing angular to rounded rock frag-
ments up to cobble size in a groundmass of angular
o sub-roundsd grains of quartz, feldspar and mica.
It has no internal bedding planes and is not fissile.
The rock fragments which in Geiss Creek are up
to three inches in longest dimension and in Rayner

reek are up to eight inches long, are of quariz,
guartzite, granite, schist, phyllite, slate and feld-
spar porphyry and are commonly facetted. In
the Rayner Creek occurrence the fop of the bed
contains plant stems and a few Gangamopieris
leaves.

A thin section showed that the rock consists of
rock fragments at least up to pebble size in a
very poorly sorted groundmass of sand, silt and clay
grade. Mineral fragments include much quartz,
both fresh and weathered microcline, plagioclase,
muscovite and g little biotite. The groundmass is
composed of guartz, muscovite, much chlorite and
carbonacecus material. The mineral fragments in
all grades were angular to almost cuspate. The
rock fragments include sheared guartzite, mica~-
ceous quartzite, muscovite schist, and muscovite
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chlorite schist. Other rock fragments are now
mainly ferruginous material. There is no bedding
or any other type of orientation of the fragments.
The rock is a sub-greywacke conglomerate.

The Geiss Conglomerate was apparently de-
posited in an environment of little or no current
or wave action and under conditions of little water
or wind transport from its source. The only fossils
known in it are plants so that the ¢ priori assump-
tion is that it was deposifed on land but a marine
origin under conditions where marine life was in-
hibited is not impossible. Until more is known of
its areal distribution and variations in thickness and
lithology it is premature to assign it to any specific
environment.

Rathbones Sandstone and Siltstone

The Rathbones Sandstone and Siltstone is that formation of
quartz rich sandstone and fissile siltstone overlying the Geiss
Conglomerate and underlying the Byers Sandstone in the bed
of (Geiss Creek. It is 35 feet thick. Fossils include worm casts
and plant fragments. It is Permian, probably Lower Artin-
skian, in age. It is named for Rathbones Lime Kilns on the
eastern side of Rayner Creek (505-8 E-787-83 N) in the bed
of which the formation was first recognized.

In Geiss Creek this formation consists of four

units, the succession being illustrated as text figure
3.

SECTION OF RATHBONES SILTSTONE
AND SANDSTONE
MT NASSAU SECTION
FiG. 3

{for legend see fig. 2)

The basal unit is a well-sorted, light olive-grey
carbonaceous siltstone with thin bedding and con-
taining some worm casts. It is followed by a
yvellowish-grey quartz sandstone with feldspar
visible in hand specimen. The next unit is a dark-
grey, very thinly bedded fissile silfstone which is
noticeably micaceous and contains lenses of cross-
bedded sandstone. The final unit is a yellowish-
grey, pale-red or medium-grey sandstone composed
dominantly of gquartz but with guite a lot of feld-
spar and golden mica. It is essentially an alterna-
tion of thin-bedded fissile beds and thick-bedded
non-fissile beds. Seis of cross bedding up to three
feet thick were noticed in the field and ripple marks
and mud pellets are common.

A thin section of the fissile, thin-bedded siltstone
shows that it contains quartz, both muscovite and
biotite, and some rock fragments in a groundmass
of clay, chloritic material and mica. ‘The content of
feldspar is very low. Zircon and tourmaline are
present in minor guantities. The grains are not
even in grain size and are angular except for the
zircon in the finer bands which is rounded. Cross
bedding is visible in the thin section.

A sandstone from the top unit was sectioned
and the section showed that it is composed mostly
of quartz (70%) and mica (259%) with the rest
made up of zircon, tourmaline and garnet grains
with some opaque iron minerals. There is very
little groundmass and very few rock fragments
most of them guarzitic. No feldspar is visible.
Both muscovite and biotite are present with the
former more abundant than the latter. It is well-
sorted with the grain size about -05~-1 mm. The
grains are equidimensional and with the exception
of the zircon lack rounding and are remarkably
angular. There is some suturing of the quartz
grains producing a mosaic texture. The micas are
well oriented.

The overall lithology of this formation is very
reminiscent of that of the lower part of the Triassic
of Tasmania, ie., the Knocklofty Sandstone and
Shale and when first found in the lower part of
Rayner Creek the dqguestion of a fault dropping
the Triassic info the Permian seguence was seri-
ously entertained but the exposures in both creek
beds are such that there is no doubt of the
Permian age of the formation. The similarity of
this formation to the Triassic is heightened in the
vicinity of Rayner Creek by the occurrence of
slump structures in the sandstone and the occur-
rence of graphite flakes on the bedding planes.
Current ripples with currents coming from a gener-
ally southerly direction are present in a cliff section
on the western gide of Rayner Creek,

The only fossils found were some plant frag-
ments and the worm casts in the basal unit in the
Geiss Creek section.

This formation is very different from the under-
lying formations in several important respects.
Rock fragments arc much less common, sorting
is very much better and cross bedding, ripple mark-
ing and slump structures occur. Mica is much
more ahundant and better oriented than in the silt-
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stones of the Bundella Mudstone. Also significant
is the ocecurrence of pellets of mudstone in the
higher sandstones. Apparently current action
was much stronger during the deposition of this
formation than the earlier ones and icebergs not
present in the depositional area. The mud pellets
suggest very shallow water and the plant fossils
and carbonaceous material suggest a terrestrial
origin although the worm casts are more difficult
to interpret. Similar types of worm casts are pzew
in the Perntree Mudsions which is 1

considered to be marine, or al least est
However, the occurrences of worm casts ekev&f‘eie
in the Permmn in Tasmani
before their significance is , X
is possible fhmt the lower pmu of the fmmfms is
marine and the upper part lacustrine or paludine in
origin. The angularity of almost all the grains in
the mckc of this formation is somewhat anomalous
but is consistent with brief reworking of earlier
Permian rocks with the sorting of the various grades
by streams or in lakes or swamps and short trans-
port to the depositional site. The mica could well
also have been concentrated from earlier Permian

sediments in the same way as the guartz while the
feldspars from the older sediments were either
p‘hys*callv or chemically removed. The presence of
such a high proportion of heavy minerals in the
top it also supports some reworking hypothesis.
Varia in competence of the transporting
medium are reflected in the presence of both silt-
stone and sandstone.

This formation has not been recognized with
any certainty anywhere else in the Hobart ares but
similar beds cccur in the same relationship to beds
correlated with the Bundella Mudstone on Maria

Isl i and in the Cressy-Deloraine area where
they form part of the Liffey Sandstone of Wells

(1857, ©No direct palaeontological evidence for
this correlation is available.
Byers Sandstone

The Byers Sandstone iz that formation of sub-greywacke

sandstone exposed in Geiss Creek between the Rathbones Sand-
stoene and 8i one below and the Jarvis Siltstone above, It
is only two inches thick. It iz Permian, probably Lower
Artinskian, in age. It is named after Byers Creek, wheh has
the co-ordinates 506-3 K-7375 N.

In the field this rock appears to be a poorly
sorted, medium to coarse-grained sandstone with
pebbles of porphyry, quartz and gquartzite in a
groundmass of angular to sub-angular grains of
quartz, feldspar and mica. It is dugky yellow in
colour. A thin section rev that it contains
40 per cent of quartz, 30 per cent of rock fragments,
15 per cent m mica, 10 per cent feldspar and 5 per

of 1 with minor gquantities of zircon,
apawe, garnet and epidote. The
91‘0-.1LCJH‘&CS is chloritic and micaceous with some
haematitic cement. The feldspar includes plagio-
clase and both muscovite and green biotite are
present.

Examination of the thin section reveals that the
rock is better sorted than it appears to be in the
fleld. Many grains from 0-125-0-25 mm. in size
occur in a groundmass of fine silt fo clay gzrade.
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The grains and the groundmass are in about equal
proportion. The g;xams are angular, even cuspate,
to sub-angular and equidimensional to scmewhat
bladed. There is distinct parallelism of the bladed
grains in some parts of the section but in others
their orientation is apparently random. Some of
the mica flakes have been moulded arocund the
other grains in a complex fashion.

No fessils were seen in thin section or in the
The rock could best be described as a very fine
sub-greywacke sandstone, with fair sorting only.

Jarvis Silistone

The Ja iltstone is that
in Geiss Creek between the Byers Sandstone
Parramore Sandstone and Siltstene sbove. It is app imately
27 feet thick. It is Permian, probably Lower Arti ian, ia
age, It is named after Jarvis Creek, the mouth of which has
the co-ordinates 504-0 E-736-3 IN.

This formation consists in the creek exposure
essentially of an alternation of fissile and non-fissile
w") -greywacke siltztones which resemble the upper
part of the Bundella Mudsione very much. This
alternation is shown in the section {(text ﬁgure 4)
from Whici it will be seen that the two lower units
ars mth coarser-grained and in the fleld are a
little better sorted than units higher in the forma-~
tion.

formation of silistons expose
below and the

COVERED IMNTERVAL

BYERS SANDSTONE

SECTION OF JARVIS SILTSTONE

MT NASSAU SECTION

FIG. 4

{for legend see fig. 2}

Erratics are absent in the lowest unit but in
higher beds are always present and in one or two
cases common. The first three units are non-fissile
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but higher beds show the alternation mentioned
above, the fissile beds being usually slightly thicker
than the non-fissile. The lowest unit is dusky-
yvellow, the next one light olive-grey and in the
higher beds there is an alternation of mottled
(olive-grey and dark-grey) and dark-grey beds,
the mottled beds being the non-fissile, slightly
coarser beds. Lithologically this unit is very like
the Ferntree Mudstone higher in the sequence.
Fossils are very uncommon and were observed only
in the second and third units where only worm
tubes were seen. The fissile units in the formation
become progressively thicker upwards.

Examination of thin sections showed that the rock
is composed of granules of quartz, quartzite and
biotite in a matrix of very fine sand and coarse
silt. The rock is poorly sorted but one slide showed
signs of very rude bedding and even slump struc-
ture. In the other slide it is noticeable that the
larger grains are clumped together. The grains
are angular to cuspate except for some of the
granules which show signs of rounding. The rock
fragments include quartzite, micaceous quartzite,
quartz muscovite and quartz biotite schist. The
dominant mineral is quartz but plagioclase, mus-
covite, brown biotite and haematite are also pre-
sent. The rock is a sub-greywacke siltstone.

Parramore Sandstone and Siltstone

The Parramore Sandstone and Siltstone is that formation of
guartz sandstene and carbonaceous siltstone which outerops
in Geiss Creek between the underlying Jarvis Siltstone and the
overlying Altamont Conglomerate. It is 20 feet thick. It is
Permian, probably Lower Artinskian, in age., It is named
after Parramore Creek, the mouth of which has the co-ordinates
505-2 E-736-8 N. It contains only plant fragments.

In the creek outcrop of this formation, of which
text figure 5 is a columnar section, the basal unit
is a micaceous quartz sandstone which appears
to be very fine grained and well sorted.

SECTION OF PARRAMORE SANDSTONE
AND SILTSTONE

MT. NASSAU SECTION
FIG. 5
(for legend see fig. 2)

R.S—4.

It is a very pale greenish-yellow colour. Within
the unit are five sets, each about eight inches thick,
of fine-grained cross-bedded sandstone. The only
fossils found to date are a few carbonaceous frag-
ments. There are no erratics. The next unit is
a fine-grained, cross-bedded sandstone and this is
followed by a thinly bedded carbonaceous siltstone
which contains lenses of cross-bedded or slumped
sandsone. It is dark-grey in colour. The top sur-
face of this unit is quite uneven suggesting some
disconformity. The next unit is a thick to thinly
bedded quartz sandstone with some feldspar and
mica visible in the field and also a few pebbles of
quartz and quartzite. Cross-bedding sets of up
to two feet thick are present but the thickness of
the sets varies considerably.

Thin sections were cut and examination of these
showed that the siltstone consists almost entirely of
quartz and muscovite with a few grains of biotite,
both brown and green, plagioclase and tourmaline.
Haematite is common. It is a very well sorted
medium-grained siltstone.

This formation is similar in lithology to the
Rathbones Sandstone and Siltstone. Again well
sorted quartz rich sandstones are associated with
quartz-rich carbonaceous siltstones. Cross-bedding
and slumping are present in the sandstones in both
and both contain plant fragments. The association
of characters suggests similar conditions of forma-
tion to those applying during deposition of the
Rathbones Formation and in this case there is a
suggestion in the uneven surface of the second last
unit and the basal fine-grained conglomerate of the
top unit of penecontemporaneous erosion, produc-
ing a sort of scour and fill structure.

Altamont Conglomerate

The Altamont Conglomerate is that formation of sub-grey-
wacke conglomerate overlying the Parramore Sandstone and
Siltstone and underlying the Fergusson Siltstone in Geiss
Creek. It is 18 inches thick. It is Permian, probably Lower
Artinskian, in age. It is named after the township reserve
of Altamont about a mile to the west of Geiss Creek. The co-
ordinates of the type section are 5047 E-736-6 N.

This formation consists of a single bed of light
olive~grey conglomerate composed of pebbles of
quartz, quartzite and mudstone in poorly-sorted
matrix of sand grade composed of angular to sub-
angular grains of quartz, feldspar and mica. The
pebbles are sub-angular to rounded. The rock also
contains pellets of mudstone which are angular
and suggest shallow water conditions with some
penecontemporaneous Scour.

Fergusson Siltstone

The Fergusson Siltstone is that formation of siltstone with
minor econglomeratic bands which occurs in Geiss Creek be-
tween the Altamont Conglomerate below and the Rayner Sand-
stone above. It is 37 feet thick. It is Permian, probably
Artinskian, in age. It is named after Fergusson Creek which
is a tributary of Jarvis Creek to the west of Geiss Creek. The
co-ordinates of the type area are 504-7 E-736-6 N.

This formation is essentially an alternation of
fissile and non-fissile siltstone in which two of the
non-fissile units are markedly conglomeratic. The
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lowest unalt is & medium o dark-grey fissile siltstone
containimmg some sub-rounded guartz pebbles in a
fairly well-sorted groundmass of quarts, feldspar
and abundant mica. This is succeeded by a fissile
siltstone which appears to be otherwise like the first
unit, then another similar alternation. The next
alternation eommences normally with a fissile silt-
stone but the other member is g very tough, thick-
bedded, conglomeratic unit. It contains numercus
erratics up to eight inches in diameter in a poorly-
sorted groundmass of angular to sub-angular grains
of quartz and feldspar. It is dark-grey to medium
dark-grey. It might best be called a greywacke
breccia and is very like the rock which Montgomery
(1881) called a “tuff ” on Marig Island. The next
cycie is also abnormal although it again commences
normally with a fissile siltstone. The top member
is again & conglomeratic bed with erratics up to
three and a half inches in diameter distributed
through it. It is dominantly fissile but there are
thin non-fissile bands in it. This is succeeded by
a brittle, dark-grey siltstone after which is one
normal cycle before the formation ends with a

fissile siltstone in which there are rare marine
fossils near the top. 'This i

succession is sum-

marised in columnar form as text figure 8. The

20| ALTAMONT CONGLOMERATE

SECTION OF FERGUSSON SILTSTONE
MT NASSAU SECTION

FIG. 6
{for legend see fig. 2}
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formation thus consists of five complete alternations
and the lower half of another. With the exception
of the cyecle involving the greywacke breceia all
cyeles have a thicker fissile than non-fissile com-
ponent. In this respect the cycles are like those
high in the Bundella Mudstone.

Lithologically the rocks in this formation are
very like those in the Jarvis Siltstone and the top
of the Bundella Mudstone and also like the Fern-
tree Mudstone. In the Fergusson Siltstone the pre-
sence of marine fossils in the upper part of the
formation indicates that it at least is partly marine.
Ag the lower beds in the formation are very similar
to these higher fossiliferous ones except for the
fossils it is probable that they were formed under
simnilar conditions except for some factor, perhaps
relative freshness of water,

MNear the base of the formation is a well-sorted
bed called a2 siltstone in the fisld. This was
sectioned and seen to be composed of guartz, fresh
and weathered plagicclase, muscovite, brown biotite,
blue tourmaline, microcline, zircon and magnetite
and fragments of quartz muscovite schist and
biotite schigt. The grains are mainly of sand size
but there are a few granules and some silt. The
rock is somewhat sorted, as there is only a minor
amount in the silt grade. The sand grains are
frequently in contact and have developed a mosaic
texture in several places. The grains are mainly
equant but a few are bladed. No bedding is
apparent in the slide.

A fissile siltstone from higher in the formation
contains a few grains of sand grade in a matrix
which is dominantly fine fo medium-grainsd silt.
The grains are angular. There is a rude parallelism
of the carbonaceous patches in the slide and the
muscovite flakes. The main minerals present are
quartz and muscovite but there is also mueh car-
bonaceous matter and haematite.

The greywacke breccia is very poorly sorted and
consists of pebbles, granules and sand grade frag-
ments in a groundmass which forms 20 per cent
of the rock. The granules include large pieces of
quartz, plagioclase, and brown biotite as well as

quartzites. Magnetite is common. The grains are
mainly angular to cuspate but a few are sub-
rounded. The groundmass is mainly quartz but

there is much other material present.

Cyelic Deposition in the Faulkner Group

It has been noted that the Faulkner Group con-
sists of two distinetly different associations of
lithological types, conglomerates, sandstones and
siltstones of the sub-greywacke suite and sand-
stones and siltstone of the orthoquartzite (quartz
sandstone suite). What is perhaps more interest-
ing is that the rocks of these two suites occur in
regular alternation and still further form parts of
two cyclothems as will be gseen from the following
summary:

Top:

Sub-greywacke silistone (Fergusson Siltstone)
Sub-greywacke conglomerate (Altamont Con-
glomerate)
Quartz sandstone and carbonaceous quartz
siltstone (Parramore Formation)
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Sub-greywacke siltstone (Jarvis Siltstone)
Sub-greywacke sandstone with erratics (Byers
Sandstone)
Quartz sandstone

{(Rathbones Formation)

and guartz siltstone

Sub-greywacke siltstone with erratics (Geiss
Congiomm‘ re)
Sub-greywacke siltstone (Bundella Mudstone)

It is further ﬂeteworthy that the base of the
Bundella Mudstone and the top of the Fergusson
Siltstone are fossilifercus while the top of the
Bundella Mudstone and the base of the Fergusson
Siltstone are unfossiiiferous. Thus the Faulkner
Group consists of two cyeclothems beginning with a
sub-greywacke siltstone, passing through a thin
sub-greywacke conglomerate into guartz-rich sedi-
ments back into sub-greywacke sandstone with
erratics and finally back into sub-greywacke silt~
stone when the whole ¢ycle commences afresh, the
second cycle however lacking the second unit in the
cyele, the conglomeratic one, bul showing the
higher conglomerate, the fourth unif.

The fossiliferous nature of the two ends of the
double cyclothem suggest that they began and
ended under marine conditions, normal except for
the presence of floating ice. The presence of the
reworked quartz-rich rocks on two horizons with
plant remains suggests two emergences so that the
cyclothems could be interpreted as due to two
emergences separated by a short submergence.
Thus the fossiliferous marine sub-greywacke silt-
stones represent normal marine conditions in this
area followed by rather shallower, perhaps brackish
estuarine conditions, unfossiliferous sub-greywacke
siltstone, then shoreline conditions, the conglomer-
ates, and finally lacustrine and paludine condi-
tions on a flat coastal plain with reworking of the
underlying marine sediments (gquartz sandstone and
carbonaceous siltstone). Then the se2a began com-
ing in over the coastal plain till the M. Nassau
area was again covered by a shallow, perhaps
brackish sea. After a short period emergence
began again and the second cycle commenced, end-
ing with the return to normal marine conditions.

This interpretation requires that the sub-grey~
wacke conglomerates should be shoreline deposiis
formed by advancing and retreating seas. Such
deposits could be formed where the rate of advance
and retreat was fairly rapid, so that time for sort-
ing was short, and where the supply of detrital
material was greater than the amount able to be
winnowed by the sea before emergence or burial
under later marine sediment.

This interpretation of the cyclothems seems Ho
meet all the facts known in this restricted area
but requires confirmation from detailed work in
other areas. Of particular interest is the distri-
bution of the conglomeratic members of the cyclo-
thems and any variations in thickness and lithology
that they show.

The Faulkner Group is possibly partly equivalent
to the Porter Hill Beds of Johnston (1886) who used
this term originally for shales with Cythere and
Gangamopteris. 'The usage of the unit called
“Porter Hill” has varied from one author to
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ancther and even Johnston (1888) included more
beds in it than he had originally so that his second
meaning became all the beds befween the limestone
on the shoreline at Sandy Bay and the Grange
Mudstone. This unit is thought to e equivalent
to the Bundella Mudstone, the Faulkner Group and
the Rayner Sandstone of the Mt. Nassau section.
Voisey’s (1938) Porter’s Hill Stage is the same as
that of Johnston (1888) and this usage was followed
also by Lewis (1948, Porter’s Hill Beds) and David
(1950, Porters Fiill Stage). 25 (1952) used the
term for those bew in the road cutting at P
Hill which contain pla,nt% at road level and are
probably eguivalent to the Albamont {“rnﬁrlnm rate
and Fergusson Siltstone., Finally Banks, Hale and
Vaxley (19553 used the term  Porters Hxl‘ 7 Silt-
stone for the siltstones and sandstones just above
the limestone at Sandy Bay which are thought to
be equivalent to the Bundella Mudstone. It will be
seen that there are several interpretations of this
unit and that thc spelling has varied also. We are
advised that Porfter Hill or Porter’s Hul is not a
name recognized by the Topographic Nomen<:m~
ture Board but that either name would be suit-
able as a Mr. Porter owned land in this vicinity
during the last century. We propose to suggest to
the Board that the spur on which the section is
found should be called Porter Hill to revert io
Johnston’s original spelling. The exact position
of the Porter Hill Beds in the seguence must awsail
detailed xtlatig'mphi., work on the type section.
This group is also partly equivalent to the Preo-
lenna Coal Measures of Hills and Carey (1948) and
Fairbridge (1953).

The Faulkner Group, representing emergence,
can be correlated on this ground with the Liffey
Sandstone of Wells (1957) and this has been corre~
lated by Banks (1957a) with the Mersey, Preo-
lenna and Mt, Pelion Coal Measures. - This terres-
trial interlude in the marine seguence corresponds
approximately to the Greta Coal Measures of New
South Wales but exact equivalence is not suggested.
Detailed correlations both within and outside Tas-
mania must awaif more detailed stratigraphical
and palaeontological work.

Rayner Sandstone

The Rayner Sandstone is that formation of sandstone out-
cropping on the hill slope west of Gelss Creek and overlying
the Fergusson Siltstone and underlying the Cascades Group.
1t is about nine feet thick. It contains marine fossils and
is Permian, probably Artinskian in age. It is named after
Rayner Creek. The co-ordinates of the type area are
504-7 E-736-6 N.

This is the Bridgewater Sandstone of Banks in
Hill (1955) which was established on the imperfect
sections available in the Rayner Creek section
and as formerly used included the Fergusson Silt-
stone. However, the name ‘ Bridgewater” is not
available as a stratigraphic name having been used
by Lewis (1946) for the basalts near Bridgewater
and earlier as the name of a phase in Pleistocene
history of Tasmania. The better sections in and
around Geiss Creek allowed this formation to be
more correctly restricted.

The Rayner Sandstone is widespread in the
Hobart area. It was first recognized on the hill
slopes to the east of Rayner Creek, then on the
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slopes of Mt. Dromedary where it has since been
mapped over several miles by I. McDougall. The
Rayner Sandstone is also recognizable beneath the
Cascades Group on the Berriedale-Collinsvale Road
just below the limestone quarries. Brill (1956, p.
140) records a sandstone below his Berriedale Lime~
stone section at Weily’s Quarry, Glenorchy, and a
sandstone occurs in road cuts on Porter Hill at the
base of the Cascade Group. Finally a greywacke
sandstone occurs in this same stratigraphic posi-
tion on Maria Island.

In the Geiss Creek section the basal unit of the
Rayner Sandstone is an olive-grey to light olive-
grey, thick bedded, poorly sorted, medium grained
sub-greywacke sandstone, with erratics in a ground-
mass of angular to sub-angular guartz and feldspar.
Fossils are present, though rare and include planis
and marine fossils, especially Martiniopsis. The
next unit is similar but more friable and the next
unit again is like the first. The top unit is simiiar
to the first but fossils are common and are predom-
inantly marine.

Examination of thin sections of this rock showed
that except for the relative scarcity of rock frag-
ments it is like the greywacke breccia in the
Fergusson Siltstone. The dominant grade is sand
with particles of quartz, plagioclase, muscovite,
biotite and zircon up to 1 mm. in length. Most of
the grains are bladed but some are eqguant, most
of them are angular but a few are sub-rounded.
Schists are present as rock fragments. The ground-
mass forms 20 per cent of the rock. It is a sub-
greywacke sandstone.

In the section up Rayner Creek the Geiss Con-
glomerate is succeeded by the Rathbones Formation
but then the section is covered and the next unit
recognized is exposed in the road to the western
quarry. It is lithologically very like the greywacke
breccia in the Jarvis Siltstone which has been
likened earlier to the “tuff ” on Maria Island.
It contains Glossopteris and other plant fragments.
It is approximately the same distance below the
Rayner Sandstone as the bed in Geiss Creek. The
Rayner Sandstone outcrops on the access road to
the eastern quarry, and in this locality is a coarse
feldspathic sandstone with small erratics near the
base and larger ones towards the top. The boulders
are angular and frequently facetted. Fossils occur
abundantly in patches and include bryoczoa, Siroph-
alosia spp., Martiniopsis, Platyuschisma and Mour-
lonia, as well as ostracodes.

Cascades Group

The Cascades Group is here defined as consisting of all those
formations between the Rayner Sandstone below and the
“ Woodbridge Glacial Formation > above, that is of the Nassau
Siltstone, the Berriedale Limestone and the Grange Mudstone in
that order from the base upwards. ‘The name iz derived from
the Cascades district about two miles west of Hobart. The type
area of the group is, however, on the eastern flank of Mt.
Nassau where all three formations are exposed in succession.
The co-ordinates of the type area are 506-3 E-736-8 N.

Lewis (1946, pp. 22, 25, 30, $0) was the first to
use this term or its equivalent (Cascades Stage)
for the rocks included in this group. Later Hills

and Carey (1949, pp. 31-2) used the term “ Cascades
Formation ” to include the Granton Limestone and
Marl, Porters Hill Mudstone and the Grange Mud-
stones and in effect applied it to all formations
between the Wynyard Tillite and “ Woodbridge
Glacial Formation ” which is a much wider usage
than that proposed here. ¥airbridge (1953) used
the term Cascades Group for the Cascades Forma-
tion of Hills and Carey (1948). Prider used the
term “ Marlborough Series” in 1948 for the beds
under the Woodbridge Glacial Formation at Marl-
borough and included the Bronte, Granton and
Grange Fgeies. The Cascades and Marlborough
Groups overlap to some extent, but the exact situa-
tion is not yet known. The formations of this group
have been referred to as the Lower Marine Beds by
Stephens (1885, pp. 218-219) and Johnston (1888),
and as the* Lower Marine Series by Lewis (1927,
pp. 3, 9, 10), Nye and Lewis (1928, p. 34) Nye and
Blake (1938, pp. 43, 44, 100) and David (1950).
Present correlations on the other harnd, see Banks
(1957a), suggest rather that the Cascades Group
is equivalent to part of the former Upper Marine
Series of New South Wales, now the Maitland
Group. In fact, even in Tasmania, detailed strati-
eragphic work has indicated that there are fwo
major sequences of marine sediments separated by
a fresh-water sequence, and of these the Cascades
Group is part of the higher marine sequence. The
unfortunate confusion resulting from the old nam-
ing has been dealt with earlier.

The total thickness of the Cascades Group is nor-
mally of the order of 300 feet but the thicknesses
of the constituent formations vary considerably.
In places, e.g., Coles Bay, Seymour, the group con-
sists dominantly of the Berriedale Limestone with
some Grange Mudstone. On Maria Island there is
an appreciable thickness of Nassau Siltstone and
rather a greater thickness of the Berriedale Lime-
stone than of the Grange Mudstone. At Mt.
Nassau the Nassau Siltstone is thin and the Berrie-
dale Limestone thicker than the Grange Mudstone
while at the type area of the Grange Mudstone,
at Porter Hill, Sandy Bay, there is no Nassau
Siltstone known, the Berriedale Limestone is thin
and the Grange Mudstone is the predominant for-
mation. Further south neither the Berriedale
Limestone nor the Nassau Siltstone can be positively
identified and the group consisted of a single for-
mation, the Grange Mudstone.

The group is known from as far north as Avoca
and Bothwell to as far south as Mt. La Perouse and
from Marlborough in the west to the east coast.
The apparent absence of this group from the Cressy
and Deloraine areas and probably all parts of the
north-west coastal area is an interesting problem.

The variations within the Group are attributed
to facies changes as will be developed later. As
a summary it might be said that the group consists
of an alternation of fissile siltstones with limestones
or calcareous siltstone, the fissile siltstone members
predominating in the Nassau Siltstone, the lime-
stone in the Berriedale Limestone and the siltstone
in the Grange Mudstone. In essence there is an in-
crease in lime content up to some part of the
Berriedale Limestone after which the lime content
decreases.
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Nassau Siltstone

The Nassau Siltstone is defined as that formation of siltstone
and limestone, with the ¢ tone predominating, which overlies
the Rayner Sandstone and underlies the Berriedale
on the northern flank of #t. Nassau, especially in Geiss Creek
and along the access road to the eastern quarry. It is named
alter Mt. Nassau. The co-ordinates of the type section are
5047 E-7366 N, In the type section it is of the order of
40 feet thick. It contains numerous fossils, especially Stropha-
losia spp. and Fenestella spp. It is Permian, probably Artin-
skian, in age.

Limestone

This formation had not been recor dcd urnitil Banks
in Hill (1955) reported it as the “ Granton Silt-
stone 7. This name ig, howewr’, undp“i*'able be-
cause of the previous use of the 3 hic term
“Granton ” for a limestone and a stav of the
Permian, the synonymy of wmch will be dealt with
later.

The formation congists of an alternation of fissile
=ilfstones and non-fissile siltstones or limestone,
with the siltstone members being thicker than the
limestone members. The formation grades up into
the Berriedale Limestone and in the absence of good
sections it is impossible to define the ftop of this
formation accurately.

In the Geiss Creek section this formation is
poorly exposed. The lower 30 feet consist of an
alternation of greenish-grey, {fissile calcareous
siltstone with tough medium-grey lmestone. Both
rock types are richly fossilifercus. There is then a
gap of 15 feet before cutcrops of limestone with
some siltstones commence.

Thin sections
The siltstone is
guartz, some of

of the siltstones were examined.
composed of angular grains of
which are sirain Y contain

rutile, and some show lines of ineclusi outlining
former rounded graing whmh had suffered regrowth
hefore traus H present Magnetite,
muscovite, viotite, calecile, carbonaceous

matte ite are also prccv\-t Some grains
of p*agloc‘ase were alse noticed. he grains are
equidimensional to bladed or even amcu}ar and are
ar iz:, the onlw rmmf! m%enal m m slide being
i hat there are
ms:’mone :md
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ments are pre-
ge pieces of mnan tzw&, chlorite
However,
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microcline, fresh plagioclase, muscovite, green
biotite, brown biotite, magnetite, chlorite, and zir-
con. Fragments of quartz muscovite schist, lime-
stone, and a fine-grained granite were also present.
Possil fragments include Stenocpora productid spines
and shells, foraminifera, pelecypods, ostracodes and
echinoderm fragments. Several of the shells
showed small tunnels filled with matrix suggesting
the acvitity of some burrowing organism. There
is some calcareous cement. The fossil fragments
which were rather broken, were up to 15 mm. long
put the largest non-fossil fragment was only a
millimetre long and most rock and mineral frag-
ments were g H tt » less than this. The rock is a
productid calcarenite with much mineral matter,

i.y
m
=

As will have been seen above, there are repre-
sentatives of many phyla in this formation. The
fauna is dominated by Strophalosia, Fenestello and
Stenopora, especially the ramose forms with a small
diameter. In the Rayner Creek section Martini-
opsis, Trigonotrela, other spulferlds Schuchertelia,
Mom*loma and Eurypiwilum were identified.

Examination of Brill’s section of the Berriedale
Limestone in the Weily’s Quarries (Brill, 1956, pp.
140) shows that above the sandstone at the base,
correlated with the Rayner Sandstone, there is
almost 17 feet of mudstone, shale, meta-bentonite

d minor bands of limestone before the main body
" limestone s react The authors suggest that
represents the Nassau Siltstone so that the
iedale Limeu‘mne as defined here does not com-
mence until Britls unit 11, Brill noted the presence
of aviculopect =d:> and Dielosma in this formation
al Weily’s Quarry. A formation, dominantly of
si}ig‘rone, oecuro below the Berriedale Limestone on

here it was called the Productus
?o‘ oy Jah iston (1801) at 86, Marys and Avoes,
and it is ¢ e as a first approximation that
these are nt to the Nassau Siltstone.

Berriedale Limestone
The Berriedale Lim
ad dominantly

tone is defined as that formation com-

wh

iltstone, and
is abs
t. Nassau :

it is about 150 feet thick.
The co-ordinates of are 506-3 E-736-8 N. It
containg  Taeniothacrus  subquadratus, Sfrap’ alosia  jukesi,
Lyroporella, cordutum 21 8
Conularie derw JERE

Woodbridge Gla 3
g signated as the 1

the type section

onymy “*ugw :

Mt. Wellington Limestone
i}ou},d (1868, p. 28).
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Berriedale Limestone
Voisey (1838, p. 315).
Brown (1953, p. 59).
Crockford (1951).
David (1950, p. 359} .
Hale and Brill (1855, p. 231, &c.).
Brill (1956, pp. 131-140).
Ford (1956, p. 149).
Banks (1957¢ and 1857b).

Granton Stage
Voisey (1938, p. 313, &c.), includes Berriedale
Limestone and cother lower beds.
non Voisey (1949), probably part of Golden
Valley Group.
David (1950), as Voisey (1838).

Granton Sub-Stage
Lewis (1946, pp. 22 ef seq.).
Granton Limestone and Maxrl

Hills and Carey (1949, p. 31) for Berriedale Lime-~
stone and the limestone on the shoreline at
Porter Hill (= Darlington Limestone).

Banks (1952, p. 66) as Hills and Carey with
addition of correlation with the Lower Marine
Series of New South Wales.

Granton Formation

Fairbridge (1953) as for Granton Stage of Voisey
(1938).

Hosking and Hueber (1954) as Voisey (1938).

Granton Limestone

Hale (1953, pp. 107, 8, 10).

non Ford (1954, pp. 153, 157, 158) which is Woody

Island Siltstone and contiguous formations.

Gray Stage

Voisey (1938, p. 323) limestone part only.
Peter Limestone

Banks in Hill (1955, p. 89).

The Berriedale is an important horizon for map-
ping in the Hobart district and for correlation in
the eastern part of the state. It is richly fossil-
iferous and many of the fossils described from the
Permian near Hobart come from it.

The formation consists essentially of an alterna-
tion of fissile siltstones and non-fissile limestone,
the limestone predominating. In addition meta-
bentonite is present (Hale and Brill, 1955) on
several horizons. The siltstone is similar in field
appearance to that in the Nassau Siltstone. The
limestone types in the Rerriedale Limestone are
varied. There are productid-fenestellid limestones,
stenoporid limestones, crinoidal calcirudites and
calcarenites, spiriferid-pelecypod limestones and
caleilutites of several types. The limestones are
seldom pure, as there is usually much clastic
material of sand grade or even larger with erratics
of guartz, igneous rocks and metamorphic rocks
up te a foob in length in the limestone (Brill, 1856).
Only one of these showed striations when examined

by Brill but many of them are facetted.
Oceasional nodules of pyrite are present. Usually

bedding is thick to very thick with thin toc very
thin bedding in the intercalated mudstone. The
bedding planes, where they are well exposed in
quarries, are frequently wavy, probably due to
ripple marking.

Thin sections showed that one bed of limestone
was composed of fragments of Stenopora, Fenes-
tella, productid brachiopods, spiriferids, pelecypods,
ostracodes and echinoderms. Siliceous sponge
spicules, monaxons, were recognized. Some of the
fossil fragments show solution along narrow tunnels
and infilling with groundmass suggesting the action
of some burrowing organism. Some of the frag-
ments, especially the echinoderm pieces, show
rounding. Rare grains of sericitised feldspar, mag-
netite and rounded fragments of green biotite are
also present. The rock is well sorted with most
of the fossil fragments in the sand grade with a few
fragments in the granule and one in the pebbie
grade. The mineral particles are of sand grade.
Much of the groundmass is recrysiallised and is
now a mosaic of caleite grains. This rock is a
bryozoal calcarenite.

The type section for this formation should be in
the Berriedale Quarries or in that vicinity but the
structure there is not yet clear. The longest guarry
exposure is at Weily’s Quarry, 7Tolosa Street,
Glenorchy (see Brill, 1956, for section, also text
figure 7), but the underlying and overlying sec-
tions are not well exposed. At Mt. Nassau the
formations above and below the limestone are pre-
sent but again not well-exposed so that only the
total thickness of the Cascade Group can be
measured with any accuracy at about 300 feet. Of
this about 40 feet at the base is Nassau Siitstone
and then there is at least 50 feet of limestone ex-
posed in the quarries but neither the bottom or the
top of the limestone is included in the quarries.
From poor exposures on the hill slopes it would
appear that there is about 50 feet of this forma-
tion above and below the quarries making a mini-
mum thickness of 150 feet but there may bhe more
than this due to the difficulty of finding the
woundary between the Berriedale Limestone and its
contiguous formations in the absence of cliff or
quarry sections. Brill (1856) has published sec-
tions through this formation in a number of places
in the Hobart district and gave the details of the
section at Weily’s Quarry. Of this section the
present authors would include units 11-60 only
as the Berriedale Limestone-—the higher units being
considered here as the Grange Mudstone., This
section is reproduced here in columnar form as text
figure 6 which includes also the section measured
by the authors in Geiss Creek, which is poorly ex-
posed.

Fossils are abundant in this formation and re-
present almost every animal phylum as well as
plants. Fragments of leaves and stems and pieces
of fossil wood occur in it in places, e.g., Black
Snake Gully Quarries, Granton, and the Rath-
bones Quarries, Mt. Nassau. Foraminifera are pre-
sent at least at Weily’s Quarry but have not been
identified. Sponges have been identified in a sec-
tion from Rathbone’s Quarries. Corals occur also
in the Rathbone’s Quarries and include Eury-
phyllum. The brachiopod fauna is very rich and
includes Schuchertella, Taeniothaerus subguadratus
(Weily’s Quarry, Berriedale Quarry and Rath-
bone’s Quarries at least), Strophalosia jukesi,
Grantonia hobartense, Trigonotreta stokesii, Mar-
tiniopsis, and Dielasma. Bryozoa include Polypora
woodsi, Stenopora pustulosa, S. hirsuta and Steno-
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discys meomniliformis from the Berriedale Quarries
and Steaoporg pustulosa, Polypora magnafenes-
trata, and Fenestello fossula from Weily’s Quarry.
The bryozea quoted are only those determined by
Crockford in a series of papers summarized in 1951.
Only one further bryozoan should be mentioned,
Lyroporelia, which has been found so far in the
Hobart area at Rathbone’s Quarries and at the
Berriedale Quarries. Pelecypods are common and
include Astartila, Deltopecien limaeformis and D.
subgui %quel;ueatus, Aviculopecten englehardti, A.
mitcaelli, A, sprenti and A. sguamuliferus, from the
Berriedale th‘l’l‘le\ Eurydesma cordatum var.
sacclum has been found in the Mt. Nassau section
and also In the Black Snake Gully Quarries. Many
other pelecypods are present and have been recorded
by authors last century, the only ones guoted being
recent determinations. Gasteropods are not so
common but many are present and include Mour-
lonia morrisione from both Berriedale Quarries
and the M. Nassau section. 'There are numercus
undetermined ostracodes. A Dblastoid, probably
Pierotoblesius, has been found at Rathbone’s
Quarries and at Berriedale Quarries. Crinoid
elements are very common and have been identified
as belonging to Calceolispongic noetlingi, and
Campiocrinus lasmoniensis in the Mt. Nassau
and/or Black Snake Gully @Quarries. There are
probably other species as ‘e‘f Interambulacral
plates and spines of Ar epcidaris have been

found at Rathbone’s (@uarr Although Conularia
is not cornmon it is represented by one large species,
C. derwentensis which occurs at the ack Snake
ully Quarries and Rathbone's Quarries at least.

Of these fossils Taenioliigerus
Lyroporella and Pterofoblastus can be easily identi-
fled and & or more of them are found in the

inoi rig 15 ans:i, the Peter Lime-
stone at Coles Bay and the Gray Stage Limestone
at St. Marys, the Enstone Park Limestone north of

subgquadroius,

St Marys, at Pingal, and at Avoca. In the Hobart
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and their number and composition suggest deriva~-
tion from a westerly or north-westerly direction
(see Brill, 1856). As Brill has pointed out (1956),
the cycles of limestone and mudstone in this for-
mation could be due to several causes. In view of
the commeon occurrence of glacial deposits in the
Permian of Tasmania and the comparative rarity
af pyreclastic deposits Brill’'s fourth hypothesis
is thought to be the most likely. This is, namely,
that the changes in the rate of sedimentation (or
type of sediment, authors) may reflect the wqu,}
and waning of glaciers. Thus the limestone (cal-
carenite) beds would represent times of 1;1(’rmsed
current activity and shallower water and presum-
ably also of increased supply of material from an
uplifted surface on which glaciers are retreating
and stream ercosion is greabter, while the mudstone
beds represent periods of glacial advance, lower

land surfaces and smaller stream capacities. Brill’s
O?)bPY'VthYE that the erratics tend to occur in the
mudstone or in the limestone close {o the mudstone
supports this hypothesis. The depth at which the
limestone was deposited seems to have been vari-
aple. There is soime evidence of ripple-marking,
but this cannot be used as a depih criterion. The
gccurrence of calcarenites and c¢rinoidal caleiru-
dites suggests fairly strong currents as also does the
weight and coarse crnamentation of the pelecypod
and spiriferid shells. Stencporid and fenestellid
zoaria are usually ;tsmken, On the other hand the
productids often occur in the mudsiones with their

spines still attached and some complete fenes-
tellid colonies bpfﬂ fvunu associated with
them. i : LitL % for the
m dstmi:: idered as a

b mu:,i Wdl’e Condi“”;o At the present time

{s th as 35° 8 in the Atlantic
Wh%e the surﬁa‘z; t\,.mpwa‘mre in the summer is
about 20° and the bottom temperature about 10°.
This provides some idea ¢of the maximum tempera-
ture at which the Berriezxale Limesione might have
been deposited. In view of the number of erratics
in the formation it is probable that the limestone
was deposited closer to the edge of the Permian
ice~sheet than this .mm of 1600 miies, From the
gvidence of the s on of the limesione
and the nature of
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tralia (see Prendergast, 1943). Thus the bulk of
evidence suggests deposition in fairly quiet, cold
water of varying depth.
Grange Mudstone

The Grange Mudstone is here defined 2s that formation of
siltstone and calcareous siltstone which overlies the Berriedale
Limestone, or where that formation is absent, the Rayner
Sandstone, and underlies the *° Woodbridge Glacial Forma-
tion”. In its type area, at Porter Hill, Sandy Bay, it is
about 290 feet thick, The co-ordinates of the type area are
521-5 E-715-5 W.

The formation is named after the Grange Quarry, the beds
in which are continuous along the rike with the beds at
Porter Hill, about half & mile to the north. It is vichly
fossiliferous, Strophalesic and fenestellids, including Polypora
woodsi, being particularly abundant. It is Permian, probably
Middle or Upper Artinskian, in age.

This formation has been known under one name
or another since Johnston (1888, p. 118) referred
to it as the © Fenestelle Zone ”. Usage since thal
date is detailed hereunder:——

Fenestella Zone
Johnston (1888, p. 118), Cascades, Porter Hill
and Grange, non Maria Island.
non Fenestella Zone
Montgomery (1891); beds below Crinoidal Zone
on Maria Island
Johnston (1901); as Montgomery 1881
non Fenestella Shal
Giregory (1908), fam ation at top of Junee Group
(QOrdovician) at Gormansto z
Grange Stage
Voisey (1938, p. 313).
non Voisey (1948 108), prohably Golden Valley
Limestone 1 Bhale.
David (1950, p. 355-360).
Granﬁ'e Mudstones
Hills and Carey (1948, p. 31)
Banks in Hill (1855, p. 89).
Girange Sub-Stage
Lewis (1946, op. 22 ef seq.).
Girange Facies

eguivalen
Grrange Muckstoz:e
Banks (1952, p. 87

Hale (19563qa,

foma as
of K. G
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Lewis (1946), Banks (1952), Hosking and Hueber
(1954) and Hale and Brill (1955). One of the
characteristic features of the formation is the
creamy (moderate yellow to greyish-yellow) colour
of many beds and the abundance of Strophalosic
and fenestellids which produce the appearance of
lamination. The formation was apparently particu-
larly susceptible to intrusion by dolerite with the
production of contact metamorphic effects. As a
result the calcite of the shells is often recrystallised
and diopside and other calc-silicate minerals de-
velop. Im addition to this there is extensive silicifi-
cation so that both calc-silicate and siliceous horn-
felses are produced.

Thin sections were cut of two of the limestones
of this formation from M$. Nassau. Both are calci-
lutites with an abundance of Sirophalosia. One
section consists of numerous shell fragments up
to pebble size, but mainly in the sand grade, with
fragments of quartz of sand grade in a ground-
mass of silt and clay grade grains of calcite with a
little quartz. The groundmass is not uniform in
grain size, there being irregular areas of clay grade
in the groundmeass which is dominantly silt grade.
Most of the grains of quartz are angular. Frag-
ments of quartz muscovite schist and other rocks
are also present. Angular, often bent, grains of
green biotite, magnetite and small grains of zircon
are presenit. The shell fragments which show re-
sorption in some cases include those of productid
spines, a perforate uniserial foraminifera, pseudo-
punctate brachiopods, pelecypods, Stenopora and
rare fenestellids. The other section is that of a
well-bedded limestone with beds of fine calcarenite
and fine calcilutite. The calcite grains in the cal-
carenite are mostly recrystallised. Angular grains
of quartz of fine sand grade are present. The shell
fragments are mainly fenestellids but some bracio-
pod spines and fragments of pseudopunctate shells,
pelecypod fragmenis and Stenoporg are also pre-~
sent.

At Porter Hill the Grange Mudstone overlies
about 20 feet of medium-grey, richly fossiliferous,
foetid limestone which is lithologically like the
Berriedale Limestone. This thin limestone unit
overlies a bed of sub-greywacke sandstone which
is about ten feet thick and similar to the Rayner
Sandstone. QOver the thin limestone unit there is
typical Grange Mudstone which continues upwards
for about 290 feet {(Abney level figure) but in
several places contains beds of greyish limestone
up to two feet thick. These limestone beds are
quite subordinate as will be seen also from the
columnar section, based on exposures at the Grange
Quarry. Above the Grange Mudstone at Porter
Hill is a conglomeratic sandstone with rare marine
fossils and plant fragments, which ig lithologically
very like the sandstone at the base of the “ Wood-
hridge Glacial Formation ” at Mt. Nassau. At the
Cascades there is again an association of creamy
mudstone, rich in fenestellids and Strophalosia
with medium-grey limestone with spiriferids and
pelecypods. There the association, which becomes
dominantly creamy mudstone near the top, is over-
lain by sandstone at the base of the “ Woodbridge
Glacial Formation . This latter formation can he
traced up into the Risdon Sandstone and Ferntree
Mudstone in this area. At Weily’s Quarry, Glen-

orchy, Brill (1958, p. 138) shows the Berriedale
Limestone overlain by the Grange Mudstone. The
authors would prefer to take the Grange Mudstone
down to include unit 61 of Brill’s section, faking
as the base of the Grange Mudstone, the first bed
above the point where mudstone becomes dominant
over limestone in thickness. Grange Mudstone
overlies the Berriedale Limestone and underlies the
“ Woodbridge Glacial Formation” at the Berrie-
dale Quarries but the section at this locality is not
at all clear. At Mt. Nassau the Berriedale Lime-
stone in the guarries is overlain by about 50 feel
of limestone before the Grange-type mudstones
appear to become predominant. The exact horizon
where this takes place cannot be determined due
to poor outerop but there is about 100 feet of
Grange Mudstone in this section making the fotal
thickness of the Cascades Group about 300 feet.
The Grange Mudstone in this section is overlain
by a sandstone at the base of the ‘ Woodbridge
Glacial Formation ”. Throughout the Hobart area
then, creamy, fenestellid, Sitrophalosia-rich mud-
stones with very subordinate limestones overly the
Berriedale Limestone directly and underly the
“Woodbridge Glacial Formation’. They increase
in thickness from Mt. Nassau south to Sandy Bay
at the expense of the lower formations of the
Cascades Group which maintains a fairly constant
thickness throughout this area. Thus while the
Grange Mudstone always overlies the Berriedale
Limestone where this latter formation is present,
it also appears to cccupy progressively more and
more of the stratigraphical position of the Berrie-
dale Limestone to the south until at Snug and other
places in the south-east the Cascades Group con-
sists only of the Grange Mudstone. Thus on strati-
graphical evidence it is suggested that the Berrie-
dale Limestone and the Grange Mudstone are to a
considerable extent facies variants, the one of the
other. ©On the stratigraphical evidence presented
other interpretations are also possible, for example,
it is possible that the Berricdale Limestons was
deposited in its entirety before deposition of the
Grange Mudstone began and that the areal distri-
bution of the limestone and its thickness variations
may be in no way related to the distribution and
variation in thickness of the Grange Mudstone.

The Grange Mudstone is richly fossiliferous. It
is interesting te note that Johnston (1888, p. 118)
recorded Taeniothaerus subguadratus from his
Fenestelia Zone, now called the Grange Mudstone,
at either Cascades, Porter Hill or the Grange. As
this fossil is restricted to a narrow zone within the
Berriedale Limestone in Tasmania, this record
suggests that the two formations are at least partly
equivalent. 'The present authors have not yet been
able to y this report, nor to find Lyroporells
or Pterotoblasius in the Grange Mudstone, but there
is a strong possibility that these fossils are re-
stricted to the limestone facies in Tasmania. From
the Grange Quarry, Fletcher (in Voisey, 1938)
recorded Deltopecten subquinguelineatus, Platy-
schisma oculus and Mourlonia morrisiana as well
as numerous other fossils. From Fletcher’s list it
will be seen that every species listed from the
Grange Quarry, with the exception of Platyschisme
oculus, occurs also in the Berriedale Limestone at
Collinsvale Lime Kilns (referred to in this paper
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as the Berriedale Quarry) and at Granton (either
the Black Snake Gully or Rathbone’s Quarry, or
both). Voisey’s fossil localities 6 and 7 (1938,
p. 326) are not now considered as equivalent to the
Grange Mudstone but to the richly fossiliferous
beds just below the top of the “ Woodbridge Glacial
Formation ”. From the Grange Quarry, Crockford
(1951) recorded the bryozoa Fenesteila dispersa, F.
fossula and Polypora woodsi, all of which also
occur in the Berriedale Limestone (Crockford, 1951,
pp. 110, 111). Polypora woodsi is restricted to part
of the Branxton Sub-group in New South Wales
but has a longer range in Queensland and Western
Australia apparently. It is vremarkable that
althocugh Wyndhamia dalwoodensis (equals Stroph-
alosia typica is regarded as characteristic of the
Grange Mudstone by Voisey (1938, p. 328), on the
list of fossils ih his paper it is recorded from the
Berriedale Limestone in two places and from the
richly fossiliferous horizon just below the top of the
‘“Woodbridge Glacial Formation” on Mount
Faulkner, but not from Grange @Quarry. Both
Voisey (1938) and Crockford (1951) suggest correls~
tion of the Grange Mudstone with the Branxton
Sub-group of New Scuth Wales and Banks (1957a)
has suggested that the Berriedale Limestone is
also at least partly equivalent to the same sub-
group. Recorded fossil evidence thus also supports
the hypothesis that the Berriedale Limestone is
at least partly a facies variant of the Grange Mud-
stone but further work is necessary before the
hypothesis can be regarded as proved, Hills and
Carey (1949, p. 31) state that there is considerable
facies variation between sections of their Cascades
Formation, but this term has a much wider mean-
ing than the Cascades Group as here used, and it
is not clear that they envisaged the facies varia-
tion postulated here.

“ Woodbridge Glacial Formation ”’

It is not appropriate here to define the formation
between the top of the Cascades Group and the
base of the Risdon Sandstone as another worker
who has studied the formation over a wide area
hopes to do this shortly.

In the Mt. Nassau section the Cascades Group is
overlain by a formation of sandstone and siltstone
which is about 275 feet thick (measured with Abney
level) and overlain by the Risdon Sandstone. At
the base is a conglomeratic sandstone which con-
tains numerous erratics and fossils, except bryozos,
which are rare. About 60 feet above the base the
formation becomes finer-grained and is dominantly
siltstone with numerous sandstone bands. In this
part of the formation the fossils become uncommon,

and although erratics are resent  they are
not very comunon, and there is mno really
tillitic  bed. About 50 feet from the ‘top

of the formation there is a bed of siitstone which
is very rich in fossils, mainly productids but with
some spiriferids and pelecypods. This bed is only
g few feet thick. Lenses of limestone occur in the
formation on Mt. Nassau from 23 feet to 21 feet
6 inches below the top of the Risdon Sandstone.
The measurement is given in this form because
the top of the “ Woodbridge Glacial Formation”
is hidden by talus. However, this would mean that
the limestone lenses are between 13 feet and 11 feet

§ inches from the top of the formation. The lime-
stone lenses are at least 18 inches thick and the
rock is olive-grey, foetid and fossiliferous. The
fossils include Martiniopsis, Stenopora crinite,
Strophalosia, Mourlonia and fenestellids.

In the main part of the “ Woodbridge Glacial
Formation ” the commonest fossils are spiriferids
and pelecypods and plant fragments are also com-
mon. A very alate spiriferid is common in the
formation and occurs in the excavations for the
Lake Fenton Pipeline above Rathbone's Quarries.

Thin sections were cut of several rock tyes in
the formation on the flanks of Mt. Nassau. The
sandstone at the base contfains much guartz, some
feldspar (slightly weathered orthoelase, microcline
and andesine), muscovite and green biotite. Acces-
sory minerals include ilmenite, sphene, zircon, tour-
maline (schorlite) and rutile. The groundmass is
composed of quartz, muscovite, chlorite and
limonite. Rock fragments are common and include
micaceous quartzite, haematitic quartzite, mica
schist, graphitic mica schist and muscovite gneiss.
Some of the quartz grains contain zircon crystals,
some contain muscovite, some show undulose ex-
tinetion and some show regrowth, one piece having
two rings of inclusions inside an angular grain.
Rutile occurs as grains in the rock and also asg
crystals in quartz grains, one of these being twinned
in the characteristic fashion. Most of the zircon
is angular, but some is sub-rounded, some is in
the form of crystals and some shows regrowth.
The rock is a fine sandstone, average grain size
about 0:25 mm. The largest grain present in the
slide is a pebble (45 mm.) and there are small
interstitial patches of very fine siltstone
(0-015 mm.). The grains are mostly highly angular,
and many have sutured boundaries with neighbour-
ing grains, so that the overall texture is mosaic.
There is no obvious preferred orientation. The
rock is a conglomeratic, somewhat impure, par-
tially recrystallised sandstone.

A siltstone from higher in fthe formation con-
tains grains of quartz microcline, andesine, micro-
perthite, chlorite, mica flakes and zircon. The
total feldspar content is only about 5 per cent.
Fragments of mica schist with tourmaline, quartz
biotite schist (green biotite), and a rock with feld-
spar phenocrysts with rude flow sirueture are pre-
sent. The grains are dominantly in the silt grade
(about 0-015 mm.) but fragmenis up to 0-56 mm.
long are present and much of the groundmass is
preobably in the clay grade. Sorting appears to be
poor. The larger grains are mainly angular to
sub-angular but some are sub-rounded. Rounding
appears to be a little better in the finer grades.
Most of the grains are equant, but a few, especially
the micas, are bladed fo almost scicular.

The limestone from close to the top of the for-
mabion is composed of fragments of quartz and
shell material. The shell fragments are up to 2 mm.
long but the quartz grains are smaller, from 0-03
to 025 mm. only. The groundmass is of calcite
and quartz fragments mainly of fine silt grade but
with some in the clay grade. There are angular
{ragments of quariz, plagioclase, green bictite, mag-
netite, chlorite, microcline and muscovite and some
of the quartz grains are almost cuspate. Some of
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the quariz contains zircon. The shell fragments
some of which show resorption, include productid
spines, doraminifera, pelecypods and probably
ostracodes. 1t is essentially a productid calcilutite.

No attempt will be made here to deal with the
conditions of deposition of this formation except
to point out the predominance of metamorphic
types in the rock fragments and of the minerals
derived from these. These appear to be more like
the Precambrian rocks than any later rocks in
Tasmania. There is evidence also of derivation of
some of the sediment from pre-existing sediment
and of some from a granitic and pegmatitic terrane.
There has been extensive recrystallisation of the
rock, particularly of the sandstone at the base with
its mosaic texture.

Risdon Sandstone

The Risdon Sandstone is here defined as that formation of
feldspathic sandstone which lies between the ¢ Woedbridge
Glacial Formation ” below and the Ferntree Mudstone above,
in the Mt. Nassau section. The type area is in a road cutting
on the north-east side of the road up Risdon Creek near
Bowen’s Monument, about two chaing from its junction
with the Risdon-Richmond Read. The co-ordinates of the
type area are 519-4 E-719-2 N. The name is derived from the
village of Risdon. It is ten feet thick. It is Permian, probably
Upper Artinskian or Lower Kungurian, in age.

This name was first used by Carey and Henderson
in an unpublished report to the Mines Department
in 1946 for the basal member of the Ferntree
Mudstone. It has been used since in that sense
by Carey (1947, p. 32) (the first published use of
the term), Prider (1948, p. 134), Hills and Carey
(1949, p. 32), Voisey (1949, p. 106), Banks (1952,
p. 700, Hale (1953, p. 20; 1953a, p. 107) Ford
(1954, p. 154), Hale and Brill (1955) and Mather
{19855). 1t is a very widespread, easily recognizable
and very mappable unit and for these reasons is
here considered as a formation.

On the flanks of Mt. Nagsau it is present as a
bench-making horizon and shows the characters
described earlier by Banks (1932, p. 71). One
feature not noted earlier is the occurrence of tubi-
colar casts perpendicular or at a high angle to the
bedding in the Mit. Nassau section.

A section of this rock was examined and showed
the presence of quartz, much plagioclase (20-
25%), muscovite, zircon, haematite and limonite,
as well as a few pieces of microcline, ilmenite, brown
biotite, and tourmaline. The plagioclase includes
albite and andesine, and there is one piece of
guartz and microperthite present. Rock fragments
are not common but there are a few including a
piece of quartzite. Most of the grains are about
0-16 mm. long with a few grains up to 1 mm. long
and a small amount of finer material. Most of the
erains are angular but there are a few sub-angular
grains present. The grains are dominantly equidi-
mensional but a few are tabular. Many of the
grains have developed sutured outlines by regrowth
so that a mosaic texture is produced. ‘The rock on
Mt. Nassau is a richly feldspathic sandstone.

Ferntree Mudstone

The Ferntree Mudstone may be defined as that formation
consisting dominantly of an alternation of fissile and non-
fissile siltstone which overlies the Risdon Sandstone and under-
lies the Cygnet Coal Measure or, where these are absent, the
Knocklolty Sandstone and Shale of the Triassic System. It is
600 ieet thick. The formation is named after the village of
Ferntree where it outecrops (co-ordinates 512-6 E-715-9 N) and
which should be the type area. The formation is Permian,
probably Kungurian, in age.

This formation has received a number of differ-
ent names since Johnston (1888, p. 118) referred to
it as the Mudstone Zone. The synonymy is as
follows:

Mudstone Zone
Johnston (1888, p. 118).

Upper Marine Series
Johnston (1888, p. 118).

Lindisfarne Stage
Voisey (1938, pp. 313 et seq.).
David (1950).
non Lewis (1946); for ““ Woodbridge Glacial For-
mation ”.

Lindisfarne Mudstone
Carey (1947).

Ferntree Mudstone Stage
Lewis (1946, pp. 22 et seq.).

Perntree Mudstones

Carey (1947, pp. 32, 33, 36).
Hills and Carey (1949, p. 32).

Ferntree Formation

Prider (1948, pp. 127 et seq.).
Ford (1956, p. 150).

Ferntree Stage
Voisey (1849, pp. 106, 108).

Ferntree Mudstone Formation

Fairbridge (1949, pp. 114, 118).
Fairbridge (1953).

Ferntree Mudstone

Banks (1952, pp. 70 et seq.).

Hale (1853a, pp. 98 et seq.).

Briil and Hale (1854, pp. 278, 281).
Ford (1954, pp. 155 et seq.).

Ford (1954q, p. 185).

Hale and Briil (1953, pp. 233-4).
Jennings (1855, pp. 172 et seg).
Mather (1955, pp: 183 el seg.).

In the Mt. Nassau section the Ferntree Mud-
stone consists of an alternation of fissile and non-
fissile siitstone but the exposures are not good and
detailed stratigrahic work could not be done. IEx-
posures in the Ferntree district are rather better
because of the presence of numerous road cuttings
but still not good encugh for preliminary detailed
measurement due o very complex faulting and a
thick cover of vegetation. The best section avail-
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tble in the Hobart area is probably in the bed of
Jew Town Creek and it is hoped to measure this in
ietail shortly.

In the Mt. Nassau section the Ferntree Mudstone
s 600 feet thick but this may not represent tne
otal thickness of the formation as the next highest
ormation, the Cygnet Coal Measures, does not
wuterop in this section. This lack of oufcerop may
e due to erosion before the deposition of the
Friassic System or to non-deposition, but no choice
an yet be made between the alternatives although
he erosional hypothesis is supported by discon-
ormities between the Ferntree Mudstone and the
[riassic System in ab least two places in the Huon
listrict. Lewis (1946, p. 94) gives a section in
Jew Town Creek and it is notable that in it there
e 25-30 feet of Cygnet Coal Measures. The lack
if Cygnet Coal Measures at Mt. Nassau may be
\pparent rather than real as the outcrop near the
op of the Ferntree Mudstone is very poor and the
0al measures could he covered by talus.

It is not proposed to give a full description of
he Ferniree Mudstone on Mt. Nassau but to wait
ill the detailed section is measured in New Town
Jreek. Observations on this formation in the Mt.
Tassau section which have not earlier been re-
orded are that marine fossils occur sparsely
wut are particularly noticeable just above the base
mnd again about 400 feet above the base. Even at
hese levels they are not common. Spiriferids
re the commonest types. Worm tubes are com-
non.

Examination of a thin section showed that the
iltstone consists of rock and mineral fragments
ip to 1 mm. in length in a groundmass about
02 mm. in average grade. It is not well-sorted
s all intermediate grades appear to be present in
ibout equal amount. The fragments are very regu-
ar to almost cuspate and tend to be fabular or
laded rather than eguant and a few are prolase.
Chere are signs of rude bedding in the rough
rientation of fragments. Quartz is the dominant
nineral but microcline, plagioclase, muscovite and
. small amount of biotite are also present. The
roundmass is haematitic. Rock fragments are
Uso present and include guartzite and micaceous
(uartzite.

As has been remarked earlier, the beds at the top
if the Bundella Mudstone, the Jarvis Siltstone,
he Fergusson Silistone and the Ferntree Mud-
tone are all lithologically very similar and this
uggests recurrence of similar conditions at those
evels. It has been suggested earlier (Banks, 1952)
hat the Ferntree Mudstone was deposited in
wrackish, shallow, possibly estuarine conditions
vith occasional access of ice-bergs. Such condi~
ions would seem to satisfy all that is known about
he other formations and also their position in the
yclothems.

SUMMARY

On the northern slopes of Mt. Nassau about 1430
eet (1436 as measured) of Permian sediments are
xposed in an uninterrupted sequence. This is the
iest section known in the Hobart district for the
*ermian succession but in other places exposures
f individual formations are better. The Geiss
Jreek section is particularly noteworthy for the
ine exposures of the formations below the Berrie~
lale Limestone.

The succession is summarized in columnar form
s text figure 9:

CASCADES

FAULKNER

GROUP |

GROUP

BANKS AND G. E.

FERNTREE
- MUDSTONE

200"

100

RISDON
SANDSTONE

WOODBRIDGE
CLACIAL
FORMATION

GRANGE
MUDSTONE

BERRIEDALE
LIMESTONE

NASSAU
SILTSTONE
RAYNER
SANDSTONE

BUNDELLA
MUDSTONE

HALE

Bed with Sprifends

Bed with Sprifends

Limestone

Bed with Sirophalosia

Upper Marker Bed
Lower Marker Bed

Fergusson Silistone

Alhamont Conglomerate
Parramore Sandstone and Siltstone
Jarvis Siltstone

Byers Conglomerate

Rathbones Sandstone and Siltstone
Gess Conglomerate

Stenopora johnstont

S lasmaniensis
Eurydesma cordatum
S iohnstoni
Keeneia
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Unfortunately the section does not reach the base
of the Permian as developed in Tasmania but cor-
relation of the basal formation in this section with
beds on Maria and Woody Islands suggests that it
is underlain at no great depth by the Darlington
Limestone beneath which is the seguence on Woody
Island, albout 300 feet thick, and below that again
the basal beds in the Florentine Valley, about 200
feet thick. On top of the section in some places
is the Cygrnet Coal Measures, about 200 feet thick,
giving a maximum thickness for the south-eastern
Permian as about 2250 to 2300 feet. The correlg-
tions involved, as well as the successions, have
been dealt with by Banks (195%a).

The succession on M. Nassau probably begins
in the lower part of Artinskian, judging from corre-
lations of the Darlington Limestone with beds in
New South Wales and Western Australia, and the
ages determined on the beds in the other States,
specially on the ammonities in the Western Aus-
tralian successio On bryozoan evidence Crock-
ford (1951) considered the * Woodbridge Glacial
Formation” at Eaglehawk Neck to be basal Eun-
gurian, so that the higher formations are probably
Kungurian or possibly younger.

Of special significance is the occcurrence of the
fresh water beds in the Faulkner Group, signifying
a period of emergence, broken here by a minor sub-
mergent phase, in the general submergence during
the Permian. The Permian succession in south-
eastern Tasmania when considered as a whole show
initial deposition of tillite on a land surface, then
marine deposition, an emergence, followed by
another submergence and finally an emergence.
This sequence of events has considerable parallel
with those in the Permian in New South Wales but
whether similar events were actually contempor-
aneous in the two areas is not yet established.
There is some evidence from correlation already
made that they could have been roughly simul-
taneous. The parts played in the movements of
sea level in Tasmania by glaciation and by tec-
tonic activity cannot yet be elucidated. The
Faulkner Group is considered to consist of two
cyclothems.

While the Berriedale Limestone is overlain by the
Grange Mudstone in many places, there is strati-
graphical and palaeontological evidence that the
Berriedale and Grange Formations are equivalent
in age and that the Berriedale Limestone is re-
placed in stratigraphic position to the south-east
by the Grange Mudstone. Thus the two forma-
tions are considered to be at least partly facies
variants of one another.

Mineralogically the sediments in this section are
remarkably constant and even in the limestones
some of the characteristic minerals occur. There
does not seem to be any change in overall mineral
composition from bottom to top of the section.
Quartz is the most common mineral and several
varieties are present. Quartz with undulose ex-
tinction, quartz with rutile inclusions, quartz with
zircon inclusions and quartz showing up to fwo
zones of inclusions indicating regrowth are all
nresent. The dominant feldspar present is micro-
c¢line but orthoclase, albite, andesine and micro-

perthite are also present, andesine being more com-
mon than the others. In most formations the feld-
spar forms less than 10 per cent of the rock, but
in the Risdon Sandstone up o 25 per cent is pre-

sent. The micas include muscovite, the commonest
type, green biotite and brown biotite. Minor

amounts of chlorite, clay minerals and carbon-
aceous matbler occur in several formations and
hydrated iron oxides occur in most formations.
Heavy, accessory minerals include zircon, apatite,
tourmaline (usually schlorite), garnet, ilmenite,
magnetite, pyrite, epidote and rutile. Calcite is
imon on geveral horizons and delomibe has been
noted in the Grat Mudstone., Montmorillonite
oceurs in the Berviedale Limesione and nonitronite
in the Grange Mudstone., The presence of up o
10 per cent of fresh feldspar in most formations,
except the Rathbones and Parramore Formations,
and up to 25 per cent in the Risdon Sandstone in-
dicates some mineralogical immaturity in the sedi-
ments. The minerals suggest that the Permian
sediments were derived from a terrain of granitic
and pegmatitic rocks, quartzose sedimentary rocks
and dynamically metamorphosed rocks. Contem-
poraneous volcanic activity is suggested by the pre-
sence of montmorillonite in the Berriedale Lime-
stone.

T

Inferences based on the minsralogy of the sedi-
ments as to the provenance are confirmed and
amplified by the types of erralics present.

The erratics include granife, feldspar porphyry
and large pleces of vein guartz, limestone, mud-
stone, quartzite, micaceous gquartzite, haematitic
quartzite, slate, phyllite, muscovite schist, musco-
vite chlorite schist, quartz muscovite schist, quartz
biotite schist (with green biotite), biotite schist,
chlorite schist, graphitic mica schist, tourmaline~
bearing mica schist, and muscovite gneiss. The
metamorphic types are much commoner than the
igneous or sedimentary types. The presence of these
metamorphic rocks suggests a source within the
Precambrian areas of Tasmania to the south-
west, west or north-west of Hobart, and all of the
rock types and minerals present could come from
the Precambrian, Lower and Middle Palaeozoic
rocks of the western half of Tasmania. There is
on the other hand no evidence of rocks from the
north-eastern part of the State. None of the
erratics noted are such that specific localities of
origin can be allocated to them.

With some exceptions to be dealt with shortly
the rocks of the section all show some common tex-
tural features, namely the poor sorting, exempli-
fled megascopically by the presence of erratics,
lack of cross or graded-bedding, and marked angu-
larity of grains, many of which are almost cuspate.
In conjunction with the mineralogical immaturity
these features could be taken to indicate tectonic
instability in the source and depositional areas, but
the shape of the beds (tabular) and known dis-
tribution of thickness of beds and formations in-
dicates a fairly stable depositional area. The pre-
sence of numerous erratics and fresh feldspar in-
dicate that disintegration predominated over de-
composition in the source area and that glaciers
and icebergs were important in transporation.
This mode of transport is supported by the texture
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of the rocks. Deposition apparently occurred below
wave base as shown by the poor sorting and lack
of current or wave structures. This does not neces-
sarily mean deep water. Slump structures are un-
common and graded bedding absent so that tur-
bidity currents do not seem to have been important
agents of transportation. The best explanation of
most features of the sediments seems to be one
involving glaciation and iceberg transportation.
The exception to these remarks are the Rathbones
and Parramore Formations which combine relative
mineralogical maturity with good sorting, lack of
erratics, cross-bedding ripple marking, slump struc-
ture and intraformational conglomerates. Except
for the high degree of angularity of their grains
they are normal members of the ortho-quartzite-
limestone suite. It has been suggested earlier that
they were produced mainly by reworking of earlier
Permian sediments.

One feature of special interest is the develop-
ment of a mosaic texture in several of the sand-
stones, e.g., Rathbones, Jarvis, “ Woodbridge ” and
Rlsdon Formatlons by the regrowth of quartz so
that the quartz grains often have sutured contacts.
This produces a texture similar to that of contact
metamorphic hornfelses, but in this section there
is at least 140 feet of sediment below the Rath-
bones PFormation and 600 feet of sediment above
the Risdon with no dolerite and the nearest dolerite
laterally is over half a mile away. Because of this
the mosaic texture is regarded as a product of
normal lithification rather than contact meta-
morphism.
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Avoca

Bothwell

Coles Bay

Cressy

Deloraine
Eaglehawk Meck
Fingal
Florentine Valley
Gormanston
Hobart

Maria Island
Marlborough

Mt., La Perouse
St. Marys
Seymour

Snug

Snug TFalls River
Woody Island

The following localities are all close to

LOCALITY INDEX

TYPE SECTION OF THE PERMIAN SYSTEM IN HOBART

Latitude

41°
42°
42°
41°
41°
43°
41°
42°
42°
42°
42°
42°
43°
41°
41°
43°
43°

43°

47"
23’
07’
01’
3y
01
36
35"
04’
52’
37
11’
29’
357
45"
04’
44’
19"

Longitude

147°
147°
148°
147°
146°
147°
147°
146°
145°
147°
148°
146°
146°
148°
148°
147°
147°
147°

43’
01’
197
05’

13°
Hobart

so that their co-ordinates are given in terms of the

state grid system.

Co-ordinates are given as

thousands of yards east and north of the origin
of that grid system.

Altamont

Black Snake Gully,
Quarries, Granton

Berriedale Quarry
Bundella Station
Byers Creek
Jascades
Fergusson Creek
Ferntree

Geiss Creek
Grange Quarry
Huon Road
Jarvis Creek
Mt. Dromedary
Mt. Faulkner
Mt. Nassau

New Town Creek
Parramore Creek
Porter Hill

Rathbone’s Quarries,

Mt. Nassau
Rayner Creek
Risdon
Sandy Bay
Weily’s Quarry,

Glenorchy

East

502-6
5091

5085
508
506
515+
504-3
5126
504-7
521-06
5135
504-0
5000
506-6
506+0
511-3
505-2
521-5
5063

W G b

5058
519-4
521-5
5123




