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Plate I  (a) Pre~Permian surface, visible as flat tops page 9
to hills in the area near the Fisher-
Hersey junction. Looking from NMagg's Nt.
north-east to Western Bluff,

() Standing on the pre-Permisn surface looking
towards Western Bluff.

II  (a) Berriedale Plains looking west towards
Cradle Hountain. "

(b) February Plains from the Forth valley facing
south,

III (&) View from the edge of the Plateau looking 13
west with Cradle Mountain in the extreme
right background amd Bern Bluff to the left.
The flat surface on the sky-line is February
Plains and the lower flat in the centre is
Hagg's Mountain.

(b) Plat upper surface of the Central Plateau
looking across the glaclated valley of the
Little Fisher River towards the south-west.
There are terminal moraines in the clear
grassy pateh in the floor of the valley,
just left of the centre of the photo.

IV (a) Aerial view of the glsciated surface of the 19
Platesu near the Walls of Jerusalem showing
the till-govered surface snd the joint
control of the lakes.

(v) Strongly glaciated upper surface of the Platesu
near the Walls of Jerusalem showing a large
rock-basin lake. Barn Bluff and Cradle
Mountain in the extreme background.
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Clarence Lagoon, a well-developed Page 20
moraine dammed lake.
Valley of the irm River looking southwards
upstream towards ¥t. Pillinger from the
end moraine zone. The sides of the valley
are covered with Pleistocene till and during
the galcial maximum, the ice moved transversely
across the valley from left to right.
River terruces in the Mersey valley, % mile 25
north of the Hydrographiec hut showing the
40' terrace on the right and the 30' terrace
on the left.
River terrace at Liens underlain by well
rounded and sorted fluviatile material.
Unconformable ecntaet between Precambrian 39
quartzites overlain by Tertiary sub-basaltie
breecia on Yagg's Hountain,
Tertiary voleanic breecia outerops over the
conical hill and the slope on the eastern
side of the Forth Valley. The landslide
area begins at the foot of the slope in the
centre of the photo.
Pleistocene till w»ith interbedded varves 40
in the btank of the irm River.
Pleistocene ti11 in the 40" terrace of the
Mersey River, * a aile north of the Hydrographie
Hut.
Pleistocene varves in the bank of the irm 41
River.
Pleistocene varves in the Forth River, on
the road, 3 miles south of Lorinna.
Fourth order folds in slates of the Fisher 45
Group, Mersey River,
Steeply dipping massive quartzites (Fisher?)
Forth River, facing west, & mile north of
Gisbourne's Hut. '
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Plate XI (a) Steeply plunging linestion im Precambrisn  Page 4
quartzites on the Forestry Road, north of
the Fisher-lersey junction.
(b) "rwisted" colummar joimts in Tertiary
basali. Glacial erratic in the Arm River.

XII (=) GQuartzite at the Howell's Plains dam- 7
site. A plunging anticline with lineation
parallel to the fold axis and symmetrical
Jjoints.

(b) Seree slopes (quartzite) on the east side
of the Mersey in the portel area of tunnel-
line C.
XIII Panorama of the landslide area on the Ferth [y
River north of Gisbourne's Hut, facing
east.

XIv  (a) River lersey at the Howell's Plains dam-

site facing upstream towards the south.
(b) River Nersey et the Howell's Plains dam-
site across the river towards the east.
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The area shows considerable relief and a complex land
surface in which the following elements were recognised: a pre-
Permian surfage, an early Tertiary surface of mature river erosion,
a flat, post~Tertiary basalt surface, a maturely dissected and a
young plateau (Central Plateau). The area has been affected
markedly by the Pleistocene glaciation which produced mammilated
surfeces, U-shaped valleys, roche moutonnees, till and varves.

The till in the Mersey and Forth Rivers hes been cut into a well-

developed set of river terrsces which show a possible climatic
control.

The rocks in the area are chiefly a thick sequence of
reglonally metamorphosed sediments of Precambrian age. These
have been subdivided into several groups and formations. They
are overlain by thin basal Permian sediments which have been
intruded by a Jurassic dolerite sill, Tertiary volcanism has
been active with the accumulation of 400" of coarse pyroclastics
and 400%s of basalts.

The regional structure is shown to be similar to that
in several places around the edge of the Precambrian "mucleus". A
major syacline occurs inthis area with a major anticiine to the
north, the folds trending at 280°, Two fault systems are present;
high-angle reverse faults striking at 280° and transcurrent fsults
striking at 315°. GSchistosity is well-developed parallel to the
bedding of the Precambrian rocks which also show linsation
trending at 280°,

Geological observations were made to give reglomal data
on possible hydro-electric developments. Preliminary dbservations
showed the Howell's Plains dsm-site to be satisfactory but the
location of tumnels from the Mersey to the Forth involves several
dirficulties.
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The area was mapped by a party of three, using Land-
Rover transport in two periods of four weeks extending from
late in Degember, 1555 to early lmrch 1556. The geology was
plotted directly onte 20 chain to the inch alr photos. The
base map was a teo inch to the mile, 50 feet contour interval
map, supplied by the Departzent of Lands and 3Jurveys. Typleal
rock specimens were coliliecied and are housed in the Geology
Department of the Universiily of Tasmanis; ihe numbers ia this
report are theose in the Geclogy Department catalogue.

SQCATION OF UL Ahih

The area desoribed 1s shown on the locality map, figure 1.
It is located near the headwaters of the lorsey and Forth Rivers,
immediately east of tue Credie Xountain Reserve, and south of
Lorinna, Liena and Mole Creek. Tie eastern boundary is the
dersey River, the southera limit 1s at Howell's Ploins, and the
western is close to the Forth River ané the northerm at the
Berriedale Flains.

The author must acknmowledge the considerable help
given by dr. J. Davies of the University of Tasmanie and
kr. J. Jennings of the National University ia Canberra in the
interpretation of the physiographic history of ilhe area.
Mir, I. NeDougall assisted both in the field and the laboratory
and lr. J. Locker was field assistant.

There has been no previous work published on tals
area but literature relevant to the adjaceni areas is avallsble.

vard (1509) included the area to the south in a
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gencral summary of the Precambrisn rocks of Tesmania. Benson
(1916) made some brief geological notes on the ares around
Cradle Mountain. Reid (1919) gave a genersl deseription of
the lMount Pelion area and made some reference to the geology
along the forth River immediately west of this area. Clemes
(1924) desecribed the glacial features of the Lake St. Clair
district. Lewis included this srea in his sccount of
Pleistocene glagiation in an extended series of papers,
particularly (1932) and(1944). David (1950) made a general
reference to glaciation in this srea. Elliston (1954) mspped
the area to the north around Lorinna.

Adhad

Access throughout the area is reassonably good as there
are passable motor roads to the eastern and western boundaries.
The area may at present be entered along a track which turns
south off the road from Liena to Lorinna at Gad's Hill, 5 miles
west of Liena. This is a moferately good gquality road for the
firet five miles, as it has been graded and metalled, The
metalled section turnms off the main treck and continues for
about a mile before stopping altegether., The old track continues
past the mill for eight miles to the Berriedale Plain. A normal
car can cope with the track up to here in dry weather, but the
continuation of the track into the Arm River and the Hydro-
Eleetric Commission Hydrographic hut may only be traversed
by Land Rover particularly in wet weather when it is extremely
bad. Time by Land Rover from the Liena turnoff to the
Hydro-Electric Commission hut, fifteen miles, is about one and a

quarter hours in dry weather., This track continues for nine
miles to the south along the Mersey to Howell's Plains,

The new rosd at present being constructed by the
Forestry Department turns off the Mole Creek-Liena road, two
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miles before Liena. It is in very good condition as far as

the Fisher-ilersey junction where a bridge is being constructed
at the present time (July, 1956). The track is good emough
for a Land Rover as far as the Mersey-Arm junction but thies

is as far as the road has reached at this time. A bridge is
to be constructed here across the Arm. The road will pass

up the Arm valley and will then elimb Megg's Mount.

There is a pack horse track which runs from the
present track to the Mersey from the Berriedale Plains, south
into the Arm Valley. It is difficult to find south of the
northernmost hut in the Arm plains but continues along the
eastern side of the river for about three miles.

Innes' (1896) track to Mt. Oakieigh (thence to
Zeehan) is partly treceable from the Berriedale Plains scross
the February Plains. It may be found Just beyond the hut
which is half a mile south of the open Berriedale Plains.
This track was blaged again during February, 1956 and is now
easy to follow once it has been found. Even though the timber
here is light and apparently open, the undergrowth slows progress
considerably and it iz worth spending an hour if necessary
finding the track.

The western side of the area is served by a moderately
good motor road along the eastern side of the Forth River south
from Liena. It is in good condition as far as the Pelion
Wolfram d¥ine Hut which is about eight miles south west of
Gisbourne's Hut, but the track is now blocked by a number of
windfalls.

There is a poor foot track from the hut at the Arm
bridge into the plains on the Arm and this was re-blazed during
February, 1956. The new Forestry Department road is to follow
this route.
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The area is well covered by huts but few are in

good condition. The Hydro-Electric Commission hydrographic
hut on the Hersey, Gisbourne's Hut, and the hut on the northern
side of the open paddocks on the Berriedale Plains are weather-
proof. Those on the north end of Howell's Plain and that at
the Arm bridge are in fair condition but are not weatherproof.
The remaining huts (on the Arm plains and the south part of
the Berriedale Plain) are in poor condition.
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The area is one of considerable relief being situated
where the edge of the high Central Plateau has been dissected
by the north-flowing Forth and Mersey Rivers. The land surface
is complex, being controlled by a mnumber of different erosive
processes which have acted on different structures.

The following physiographic units have beea recognised:
(1) Pre-Permian surface. A flat surface generally at sbout
2600 feet but dipping south, expesed in some places by the
stripping off of the sediments. '_

(2) Pre-basalt (Magg's) surface. An undulating surface of
fluviatile erosion dominated by a mature vailey which was
developed by modification of the pre~Permian surface.

(3) Post Tertiary~basalt (Berriedale) surface. A flat surface
which is underlain by a variety of rocks and which descends
from 3600 feet to 2350 feet in a northerly direction in 20 miles.
(&) Central Platesu. A high (4000's) extensive surface con-
trolled by a great resistant dolerite sill. It is bounded
on the north by the Western Tiera, a steep line of cliffs.
(5) Pold-mountein surface. The strongly folded Palaeozole
rocks around Lorinna, Mt. Roland, Mole Oreek ete., show a
strong WeN-¥ "grain™ with ridges and cuestas.

(6) Karst surface. An excellent, mature XKarst landscape i
developed in restricted areas near Mayberry which are under-
lain by Gordon Limestone.

The land surface owes its form to three processes:

(a) Normal (river) ercsion has been dominant with the pro-
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duetion of the present valleys and the pre-bssalt surface
while the pre-Permian surface is probably a pensplain owing
much to fluviatile action.
(b) Glsciation during the Pleistogene Epoch has greatly modi-
fied certain parts of the area, particularly the top of the
Plateau and the river valleys.
(¢) Pediment action has been dominant in the formation of the
Tiers during searp retreat.
SblD SURFACES
1. ErePermian Surfage

The surface upon which the Permian sediments were
deposited has been exposed in some parts of the area lying
between the Hersey River and the Plateau near the Yersey-Arm
Junetion. It has been dissected by the Fisher River and ite
tributaties and remains as a flat top to a number of the hills.
It descends from 2450 feet to 2200 feet feet altitude in a
distance of six miles from north to south, there being a
component of dip of the Permian sediments in this direction.
Ford (personal communication) reports that this surface changes
in attitude and dips north-easterly just south of Yesteran Bluff,
This surface, which is underlain by folded Pre~Cambriaen and
Lower Palseozole rocks, has had a profound effect, elther directly
or indriectly, on the development of all other surfaces ia this
area. As the Pre~Permian and pre-basalt surfaces are somewhat
similar, it is possible that this is actumily the Early Tertiary
surface, which was once covered by basalt and has now been
stripped. However comparing it with the basalt-covered Berriedale
Plains, and considering the perfection of the surface and its dip
to the south, this does not seem possible.

2. Pre-pagalt (Magz's) Surfage

This is defined as the land surface exposed lmmediately

PRGE P MHISSNG
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prior to the Early Tertiary volecanism. It hes been buried
by the baselt and its form was obtained by mapping the base
of the basalt. The contour map, fig. 2, which shows the
approximate configuration of this surfsce, was obtalned by
plotting the base of the basalt on a 200 foot contour interval
map using the techmigue developed by Carey.

3. Berziedale Jurfage

This is the flat-topped divide between the Nersey and
Forth Rivers extending north of Wts. Pillinger and Oskleigh,
through the February Plains, Magg's Mount, the Berriedale
Plains and extending beyond Gad's Hill.

dagg's Nount is the flat-topped divide between the
dersey and Arm Rivers. The sides are steep and the top is
generally at 2800' although there are undulations up to 2975°.
It is underlain by a flat sheet of Tertiary Basalt about LOO'
thick with a superficial layer of Plelstocene till, which may
reach 100" in thlckness.

The February Plains form the ianterfluve between the
Forth and Arm Rivers north of the Mt. Jakleigh-iit. Pillinger
scarp. It reaches an altitude of about 3900" in the south but
much of it lies at approximately 3600" altitude. It is ten
miles long and triengular in shape being six miles across in
the scuthern end and two miles sercss in the north. It is
underlain by a thick dolerite sill and thus is structurally
akin to the Plateau but it is generally about 400" lower and 1is
separated from it by the Nersey River,

The Berriedale Flains are the flat extension northwards
of the Februsry Plains and lie between the Mersey and Forth
Rivers at an altitude of 2850'., The plains are about two
miles wide from east o west and five miles long from north to
souths They are underlsin by Tertiary Basalt with a surface
iayer of Pleistocene till and are structurally similar in

every way to Magg's NMount.

FNGE 1/. 174SSING
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The Berriedale Plains descend gently to the north
and after a slight depression become Gad’s Hill. This has
an altitude of about 2550’ and is underlain by folded Pre-
cambrian and Lower Palaeozolc sediments, Devonian granite and
Tertiary Basalt.

Thus as the section fig. 3 (a) shows, there is a
long marrow surface (here defined as the Berrledale surface)
which forms the interfluve between the Mersey and Forth Rivers
and which descends from south to morth. It lies at 3600' at
the Pebruary Plains, 2850 at the Berriedsle Plains, 2550° at
Gad's Hill and 2300' to the east of Lorimma. It aversges
about four miles wide and falls 1300' in ita length of 20
miles.

This surface is independent of structure and roeck
type. It descends to the north even though the dolerite
and pre~Permian surface descend to the south at the February
Plains; and it cuts acréss folded Palaesosolic and Frecambrian
rocks and Tertiary basalt. It owes some of its flatness to
the upper surface of the basalt flows which filled up irregular~
ities in a previously undulating lendseape. It has been partly
smoothed by the Plelstocene glaciation but fig. 3 shows the
complexity of origin of this surface.

4e Central Diatesu

This 1s a major physiographic feature of Tasmania and
extends over hundreds of aguare miles as a high level surface

with a general altitude of L0OO0O', It rises to 4600 in some
places and is bounded in the morth and east by the steep 5
scarp of the Western Tiers. The western boundary of the

Platesau is indefinite but has been regarded as approximating
to the eastern side of the Cradle lountain Reserve; thus
the rugged country in the Reserve with its peaks reaching

FREGE /3. r-inSSnG
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over 5000', although structurally cognate, may be regarded

as a separate physiographic unit. The upper surfece of the
Plateau is somparatively flat, especially towarda Oreat Lake
but is cut by many 600" deep valleys in the vieinity of the
¥alls of Jerusalem, where it has been stroagly glaclated.

There is an irregular, raised rim which reaches an altitude
of 4600' and this 1s a characteristic feature of the Tiers.

The Plateau owes its form to a resistant dolerite
sill which is over 1000" in thickness and from which prectically
all the roof sediments have been stripped. In some places
(Liaweence, Wentworth Hills) there are small areas of
Tertiary Basalt resting on the upper surface.

The seerp of the Platesu comstitutes the Western
Tiera and 1s made up of an upper, dolerite cliff a=s much as
1000 high although gemerally not being more then §0O', and
a lover, steep slope up to 2000" high underlain by sudb -
horizontal Permisn and Triasssic sedimentis. Glant seree slopes
of dolerite debris are 2 common feature, :

The Platean originally extended at least as far west
as the Eldon Range and Mt. Dundas but the dolerite, together
with the Permisn and Trisssic sediments, heve been removed,
except for a few small outllers. The reason for the abrupt
change from a youthful, undissected plateau in the east to a
mature strongly broken pleteau im the west is not apparent
and cannot be attributed to more sbundant Tertiary faults in
the west than in the east. OClaciation was sotive but chiefly
enlarged valleys which had been in existence since early
Tertiary. lost rivers e.g. Forth and NHersey are superimposed
and show only a siight control by structures mow visible and
SOme €4

¥ackintosh and ¥urchison show a trellised pattern
which is probebly @ relliect from the jointiang of delerite which
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originally overlay the basement.

The Western Tiers from Western Bluff te Table NHountain
is unbreached by any major stream for about 50 miles and the
major drainage from the youghful Plateau is to the south-west
except where losally controlled by Tertiary fauliing. The
present Central Plateau is & small remnant of the surface
which must have exteanded over at least twe thirds of Tesmania
during the late lesozoie and it remains unbroken begsuse of
the lack of north flowing rivers. The differeat degree of
dissoction in various parts of the Flatesu may e attributed
to differeaces in the
(a) degree of fracturing and tilting of the roof of the sill

resuliant on the intrusive process,
(o) smount and direction of slope of the sill due to its
discordant nature,
{e) regional tilting during the Jurassie or Tertiary epeirogeny
(4) fanlting during the Tertiary epeirogeny.
It seems likely that the original Plateau nad been partly
dissected in the west even before the Tertiary faulting.
It seems probable that the major rivers originally followed
Jurassic faults and depressions in the roof rocks above the
great dolerite sill. There is generally coasiderable
atructursl disturbance of the roof as shown for exasmple in
the Waystinsh B tusmel. The original consequent streams would then
be superimposed on the dolerite and partly modified by its jolnt
patteran after they had cut through the roofs, It iz known that
the thieck dolerite sill is slightly transgressive and rises
and falls within the layer of the Permian and Triassie with
& general slope of about 1 in 6 end it iz probeble that streams
would be modified by this slope.

The low regiomal dip of the Fermian and Triassiec
sedinments is probably due to the Tertiary Epeirogeny and tilting
of large blocks would have had a considerable eiffeet on river
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directions. It appears that the present Plateau remnant is
chiefly preserved because of its tilt towards the south-west,
whereas the Cradle Nountain area probebly had a slope in a north-
westerly direction. There the surface of the Plateau sloped
towards its secarp, a river system would rapidly develop and
produce embayments and then dissection; but where the surface
sloped back from the scarp, the streams could not attack the
scarp. Thus the tilted plateau would show a youthful surface
in its higher part but a dissected, mature form on the lower.

The two chief rivers are the Forth and the Mersey
and these show guite straight courses for 20 miles in this
area. both rivers show a long and complex history of

development extending back to the beginning of the Tertiary
Period.

The longitudinal profile of the Nersey (see rig. 3)
shows many of the characters typleal of glacial valleys.

The Mersey rises high on the Platesu at Lake Adelalde
and runs south-west across morainal ridges and glseial steps
before descending rapidly down the scarp in a series of
waterfalls which are well known attractions for hikers. Ia this
section 1t descends 2000' in five miles in a U-shaped valley.
Beyong the turn to the north at Cathedral NMountain, past Mt.
Pillinger, Rugged Range to Howell's Plains it has a markedly
different character. It meanders slightly across its broad,
flat, alluvial covered floor which is up to one mile wide,
and it has & characteristic U-shaped section with walls nearly
2000' high. The valley takes two righteangled bends, It has
cut chiefly through Permian sediments in this section and
spurs are lacking. :
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Between Howell's Plains and the Arm River junction,
the valley is narrower, although the U shape persists (fig. 5e,
5d). The river here cuts through steeply dipping Pre-Cambrisn
sediments which strike obliguely across its course, Steep
sliffs, truncated spurs and smoothed guartzite faces oeccur.
Low rock bars cross the river in several places. The river
terraces which are strongly developed in this sectlon are
deseribed in detail later and are shown in fig. €.

North of the Arm jumction (fig. 5b) the river becomes
narrower and hag steep sides with a V-ghaped section. The
bottom is still rather flat in parts and some terreces are
developed. While it is not obvious in the field, the contowr
maps show spurs which appear to be truncated but interlocking
spurs ocour just morth of the Fisher-iersey junetion. CQuartzite
seree slopes are prominent in this seotion.

The valley becomes broader and flatter bottomed at
Liena (fig. 5a) where the river has ecut through Gordon Lime-
stons. There is a gorge through the antielinal ridge of
Ordovician quartzite and them the river turns east where
it occupies a broad flat bottomed limestone valley west of
Hole Oreek (fig. 5a).

Although not studied in detall, the Forth River

shows many features in common with the Mersey. It rises

in the area around Nta. Achilles, Ossa and Pellion East and
flows down a steep gradient west of ¥Nt, Oakleigh. Frem

here north to Gisbourne's Hut it occuples a broad, straight,
deep, U=-shaped, glaciated valley. North of Gisbourne's Hut
the valley narrows and becomes V-shaped (although interlocking
spurs are lacking) until north of the Dove junction where it
passes out of the pre~Cambrian into Ordovician CQuartzite and
Limsstone. In the vicinity of Lorinna it occcuplies 2 moderately
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broad valley which is underlain by limestone (fig. 6d).

' §

/
Acm ilver

The Arm River is & tributary of the Hersey and is
only sbout 1 miles in length. For the greater part of its
length it occupies a very broad slluvial floored, U-shaped
M(rmh)mmuwrummmﬁ
Mount. Spurs are truncated although two low rock bars cross
the river. There is an abrupt change of character in the
last 2; miles before it joins the Nersey and here it descends
rapidly with rapids and small waterfalls through s small
gorge cut in the floor of the U-shaped wvalley.

The most important agents responsible for the ——— ——
development of the present physiography were the Hersey and
Forth Rivers, alded by the Arm, Fisher and Little Fisher
Rivers. The area is youthful, being a complex platean
alightly dissected by young river valleys.

The effect of ice actlion during the Plelstocene
glaciation while quite extensive, is probably guantitatively
less important than river action. The glacial physiography
will however be discussed in detall because its effects are
for the most part much more important than has been recognised
in the past.

The Plateau shows abundant evidence that is was covered
by an ice cap of considerable magnitude and the complex effects
are at present being studied in detall by J. Jennings of the
National University, Canberra., At present it can be sald
that one centre of the cap was in the viecinity of the Walls of
Jerusalem and that the extensive ares of large and small lakes
in this area represent the eroded szone with areas of deposition

PRCES 19930, rHSSiNG
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to the east and south. The ice spililed over the edge of
the Plateau in many places and filled the previously existing
Fortn, Wersey and Little Fisher Rivers and coversd the inter-
fluves. The glacial nature of the Forth River was recognised
by Davies im 1955 (personal communication) snd all these
rivers (together with the Arm) show clear evidence of glacial
action. They possess U-shaped valleys with truncated spurs,
hanging valleys, smoothed quartzite ocuterops, and roches
moutonnees on their floors. There are end moraines clearly
shown in the Little Fisher Valley and varved shales occur in
the northerm part of the Arm, Pisher and Forth Rivers (south
of Lorimna). In the Arm River, the main body of varve laps
against moraine material but the chsracteristic form of end
moraines is not very clear. Gome varved shale lying between
till indicates slight recession and re-advance of the glaeler.

There are several more points of considerable import-
ance which indicate that the ice iam the Forth-Arm-iersey area
must have been nearly 2000" thick. In sddition to the clearly
demonstrated glaciation of the river valleys, the flat topped
interfluves (i.e. Magg's Nount and February snd Berriedale
Plains) and the high steep sides of the valleys are covered
with many feet of till. The nature of this materisl is
described in detall later but briefly it consists of a mixture
of round dolerite boulders in & fine matrix, This materisl
rests on Tertiary basalt at Berriedale Plains and Magg's Mount
and in the latter case there is no way that such large (up
to 6') boulders of dolerite would be transported for ten miles

across & flat plain except by glacial section.

It would then appear that the ice flowed off the
Platesu along the Forth River but ggrosg the Mersey River,
possibly covering Mt. Pillinger snd Mt. Oskleigh and passed
scross ¥agg's Mount and the February and Berriedsle Plains to
the Forth River. It is possible that the upper parts moved
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in thls direction while the movements at the base of the
sheet were controlled by the underliying physlogrephy and

the ice there flowed northwards along the Forth, Arm, Little
Fisher and ¥ersey Valleys. The ice would then be at least
1600" thick and probably not less than 1800 in the Arm-Mersey-
Forth area. lany of the highest peaks in the Cradle NMountain
Reserve show gleeially amoothed sides and a sharp top with
abundant evidence of frost action. This sharp difference
suggests that the peaks might have projected through the
upper surface of the ice cap as nunmateks and that the altitude
of the cap reached approximetely 5000" in its thickest parts
where it hed a maximum thickness of 3000', There is no doubt
that frost attack is proceeding at present and that there has
been sufficlent time for the high dolerite peaks to have become
jagged, but some parts of the Nersey valley e.g. Rugged Range,
show sharp, rough outorops immediately next to smoothed, glaciated
areas and it is clear both on the sir-photos and in the field
that some places within the glaciated area have not been
affected by glacial sction. The sltitude of the upper surface
appears to have been about 4000' at Mts. Oakleigh and Pillinger
and nearer 3000' at the Berriedale Plain,

It is dirficult to estimate the extent of the valley
glaclation although the ice undoubtedly flowed north along
the valleys beyond the edge of the thick ice cap. The rivers
are clearly glaclated as far north as 2 line (Gisbourne's Line)
joining Gisbourne's Hut, the Arm-ilersey junction and just south
of the Devil's Gullet, but there is some evidence that the
valleys may be poorly glaciated for at least three miles
north of this line., The moraines on the Little Fisher and
the varves and moraine of the Arm are at this line, The varves
in the Forth River are eight miles north of this line and 150°
above river level and probably filled a lake dammed behind a
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400" high terminal moraine at Lorinns, the remnants of which
are vaguely recognisable on the sides of the valley., North of
the line, the Forth, Nersey and Fisher (particularly in the
Devil's Gullet) Rivers show V-shaped velleys lacking the typical
glacial form, but as there is little evidence of extensive post~
glacial river erosion, it seems that all these valleys must be
feebly glaciated. There appear to be truncated spurs in the
liersey for nearly 10 miles north of this line but as the valley
shows no abrupt changes in character in this section it is not
possible at present to recognise the limit of the glaciation.
Cross sections acrosa the Mersey valley at seversl points and
elso the Arm and Fisher valleys are shown in figs. 1b, 4 and 5.

It is difficult to divide the glacial epoch into distinet
stages but it is clear that apart from remnants of an early ecirgue-
forming phase, there is a major ice cap and a later valley phase.
With the limited data available at present, it is not possible
to decide whether these are separate glaciations.

The old eirgues which have been almost destroyed by ice
moving agrops them during the ice cap phase occur further south
on the Plateau and were not studied, and for this reason are not
discussed here.

During the ice cap phase, the ice moved to the north-
west across the interfluves as far north as the Gisbourne Line
and extended further northwards along the valleys as tongues.

It 1s difficult to recognise the terminal moraines of the ice eap
althought the ground moraine covers the landscape. There is a
vague moraine at Lorimne but it seems possible that the terminal
moraines mey have been removed by melt waters during en inter-
glacial period.

The second phase was less severe and the glaciers were
restricted to the valleys. Well developed glacial valleys were
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produced and strise and roches moutoanees show the iece to
have moved northwards along the wvalleys. The Gisbourne Line
marks the nerthermuost limit of the distinet U~-shaped sections
of the Nersey and Forth valleys, the till on the floor of
mm.mmmwummu&m‘m
and the varves of the Arm.

At present it is not pessible to decide whether the
first and second phsses were separated by an interglacial
period or whether the ice cap merely shrank leaving valley
glaciers which were active for a considerable periocd with
minor advances and recessions.

There is an extensive development of river terraces
on the floors of the Forth and Mersey Rivers. The Nersey
terraces are best shown in the twe wile long secilon between
the Mersey-Arm jJunction on Howell's Plaias and these have been
mapped in some detall as shown ia fig. 7. |lapping was carried
out using the pace and compass method for the base map and
establishing helights by clinometer., The heights shown on the
map are those above the river level st the nearest point. The
terraces are gemerally well preserved and undissected with
continuous, clear-cut flat surfeces. They are composed of a
uniform, unsorted boulder-rich material and evidence produced
later (p.68) indicates that this is Pleistocene till. The
terraces range in height from 3' to 400" above river level,
the lower, more perfect ones being cut in till and the higher,
fragmentary ones beilng cut in the sollid rock of the apurs.
There is no doubt that the terrsces have been gut and not

deposited by the river.

The Mergey valiey was occupled by a glacier during
the last stage of the glsciation and was joined by a tributary
glacier down the Arm. Removal of the ice left the floor of

RGE AS. 1SS NG
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the Mersey valley covered with at least 160" of till whiech
definitely extended as far north as the lersey-irm junction and
probably as far as the Wersey-Fisher junction. Farther north
at Liena the river terrsces are composed of better sorted and
rounded material which is probebly fluvioglaciasl. The Arm cont-
ained 120" of till neer its Jumetion with the iersey but this
thinned rapidly upstream. It is difficult to estimate the actual
thickness of till as the gides of the valleys and the interfluves
are also covered. The terraces have been carved both in the valley
walls and the till as the river cut down in post~glacial times.

The terraces do not show any merked differences in the
type of material or soll development but may be divided into
four groups. There are small, flat~topped, rock cut terrsces at
quite high levels on the side of the Nersey valley. North-west of
the Arm-Mersey junction there are flats covered with waterworn
quartzite and dolerite pebbles at 1800', l.e. LOO' sbove preseant
river level. There is a terrace at 1830" southewest of the junction
above the Arm bridge. Mmmmmrht-uthm
m«mmmtumrmum at uao'. 150'. 310°,
3n.m'.m37¢'.amnmm On fig. are shown
terreces at 160°, 150", 145", 130", 120" and 95°.

The next group ocour st 75°, 65°', 65'", 60 snd 55'
and slthough they sre fragmentary, they are better preserved and
more extensive tham the previous group. The 75' level is the
highest cut in t1l1l and the 55' is the lowest reck-cut terrace.

The next group occurs at 45', 40' end 35" and these
are very extensive, well preserved surfaces. All the previocusly
mentioned terraces are too fragmentary to say whether they are
matched or unmatched scross the river, but although the L5',
40* and 30" are well developed, once sgain this point is not
clear. In some places the 45' and 35' are clearly matched

e — R — S . -
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denotes rock=-cut terraces.
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acroes the present river but as fig. chows, it is likely that
the 45' on the west bank slopes down to 40' on the east bank
and beck to 30' on the west. Since the 65' level the river has
progressively occupied less and less of the valley floor, and
between the 40" and 30" level there was a distinet straightening
of the river leaving trunceted meanders and other parts of

the course perched on the terreces. The river meandered around
several low rocky hills on the 45' and 40" levels but these also
were left strended as the river straightened and cut downwards.

The group 30", 26", 10" and 3" are narrow and follow
the present river course very closely. At the points marked
TeBele there are marked constrictions of the course by islands
and although there is contimuity of surface of the terrace there
is rapid decrease in height of 45" to 30" and lower from 4O' to
30'. Above the comstriction the surfaces of the terraces have a
gentle alope indicating a flat grade with raplids across the
temporary base level where the course narrowed and was held up by
the hard guartzite bed roek.

There are two nodes showing restriction in the course
of the river since the 45" and 30" levels.

The constant height of the upper surfaces of the
terraces asbove the present river levels indicates that the
Mersey has not appreciably changed its grade since the 45'
definitely and probably the 65' also. The Arm terraces however
are more complex and show that the grade was much flatter at
the 120" and 20" = 30" levels than at present; this is clearly
shown by the terrace which is 30° above river level at the
junction with the Hersey, but only 19' sbove at a point half =
mile upstream. By contrast the 40' terrace of the Hersey is
constant for half a mile and the 33" - 35' terrace rises only
about 2' in almost one mile.

At the close of the glaciation the Arm was left as a




¢ 027

504028
28

hanging valley perhaps 60' above the Mersey and the 120" and
110" terraces show it to have had e shallow gradient near the
Junction. However, as the Hersey cut quickly down through the
$till since the Pleistocene the Arm had teo erode its guartzite
floor and hes produced a 60" gorge with waterfalls and rapids
Just sbove the Arm bridge. In the zone at the Nersey-Amm
Junction there is a complex set of terraces shown in fig. 7
but no attempt has been made to interpret these.

A study of the river terraces reveals something of
the history of the arez since the Pleistocene and although the

plecture is by no means clear, the following interpretation seems
likely. ’

The high level rock-cut terraces are probably post-
glacial as they occur in umprotected positions in areas which
were clearly covered by ice and yet retain a cover of water-worn
pebbles. It is possible that the valley contained tilil up teo
the 400" level and that the river meandered scross this as it
cut down in post-glseial times. Under these circumstances the
meanders wmight cut nicks in the side of the valley wall in
various places. This explanation requires a long peried of
active meandering and down-cutting and s great thickness of
$11l1 in the wvalley.

It seems more likely that the flats were cut by
meltwater streams flowing along a depression at the contact of
the glacier with the valley wall. These periglacial streams would
be guite active. The varves in the Fish River were probably
deposited in a lake danmed by the Mersey glacier at this time.

After the disappearance of the ice from this streteh
of the river the Mersey proceeded to cut steadily down through at
least 75" of till. This indicates a gredual alleviation of the
climate and as the river showed no tendency to cut a gorge through
the soft till it seems that there was neither a sudden relesse of
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meltwater nor a period of excessive reinfall.

The river has since cut a series of meander terraces
as it swvung from side to side, ococupying progressively less and
less of the valley floor. There was a alight change at the 55'
level but the only distinet break in the river's history was at
the 30 - 40" level. The river had been held up by two local base
levels (shown in fig. 7) and hed meendered behind them, but re-
Juvenation led to a straightening of the course and a ranid down-
cutting. The series of terrsces in 5' steps from 0 to 30 is
probably related to the removal of loesl base levels further
downstream,

It is unlikely that changes in sea level elther during
or after glaciation would affect the river near its headwaters at
a distance of 40 miles from the sea and 1600' altitude, and 1t
seems that any rejuvenation must be related to incressed rain-
fall as there is no possibility of any major river capture
-further upstream.

6111 (1955) hes summarized evidence for climatic changes in
Victoria during Recent times and this is shown in p. 30.
Although there is not necessarily any cleose relation betweean the
elimates of Vietoria and Tasmania during this time, the Mersey
terraces sre placed in their approximate time positions. If the
correlation is correct, the period from the 75' to the 55' terrace
would correspond to the greduslly warming up from glaciation to
the Post-glacial Thermal Maximum and this seems a ressonable fit.
The rejuvenation at 30' would be associated with inereased rainfall
after the dry Thermal Maximum leading up to the Little Iee Age.
The reconstruction here will not be clear until the history of the
lower part of the river and the sequence of eustatic changes of
the coastline are determined. One should not overlook the
possibllity of rejuvenation of the rivers due to isostatic recoil
of the area following the removal of a large ice cap. Dely (1938)
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By the end of the liesozoie Fra, following intrusion
of dolerite during the Juressic Period and demudation during
the Cretaceous Feriod it seems likely that the Test~NHorth-west
trending Tiers were breached in this ares by the north-flowing
Hersey River. By both fluviatile action and pediment erosion,
the Tiers retreated towards the west and east leaving an
embayment, The softer Permian sediments were stripped off
easlly where not protscted by the dolerite and the rivers eroded
this material until the underlying bharder Precambrian sediments
were reached., Thus by the early Tertiary (perhaps Oligocene) a
mature river system had been developed within this ¥ersey-Forth
embayment. The surface owed its form partly to the stripped
pre~Permian surface. The dolerite of the February Plains stood
above this level to the west and that of the Plateau to the east.
The ancient Nersey cccupled a chamnel cut through this surface.
The channel is not recognisable at Howell's Plsins, but where
it is exposed in the Arm, it is 4L00O' deep and at Gad's Hill pos-
sibly 6-800'. The Forth was guite probably a tributary which
joined the Nersey near Gisbourne's Hut.

In the early Tertiary the basalts were poured out along
the valley line, filling the valley and then covering the adjacent
flatter landscape. The occurrence of a several hundred-feet thick
layer of coarse breccia and tuff on the floor of the buried valley
suggests that the centre of volcanism may have been located some~
where between Gisbourne's Hut and Liena and that the lava flowed
upairesm towards Howell's Plaine as well as downstream. This
is supported by the fact that no source was found in the Howell's
Plains area. PFig 8 shows the probable variation within the
voleanics slong the old Nersey valley,.

The Hersey became dicplaced by the basalt and cut a
chennel along ite eastern margi-n thus taking up its present

position. Thy Forth became a large river along the western
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boundary of the basalt. The Tiers of Westerm Bluff at this
time would have been immediately east of the Mersey. Since the
extrusion of the basalt, the following have occurred:

(a) the Forth has cut o valley 2000* deeper,

(b) The Nersey has cut out a valley 1600 deeper,

(e) the Arm has appeared,

() the Tiers south of Western Bluff have retreated 3 miles
exposing & pre-Permian surface which is not covered by basalt,
{(e) Guring the Pleistocene the valleys were smoothed and
deepened possibly as much as 200', The interfluves were possibly
a little eroded but were more likely positions of deposition
and possibly 100" of till was deposited om Magg's Mount.
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Beneath a widespread blanket of Plelstocene drift the
area is uaderlain by a thick sequence of metamorphosed sediments
of Precambrian age. These are overliain unconformably by very
thin subhorizontal Permian sediments which have been intruded by
a sill of Jurassic Delerite. Tertiary volcanics cccur above
these rocks in a discontinuous meridional strip rumning through
the centre of the area.

Within the restricted area there is approximately
14000 of gquartzites, miea schists, (some with garnet or albite)
phyllites and slates. The structural thicknesses as measured
at the present time may be many times greater than the strati-
graphie thickness due to pronocunced thlickening during folding.
Exposures are poor so that the detailed structure cannot be
determined and as the stratigraphy must follow the structure
(not vice versa as in most structurally simpler rocks), it is
not possible to unequivocably find the stratigraphic sequences.
One structural peculiarity which csuses considerable difficulty,
is the lack of repetition of beds on the opposite limbs of major
folds. As the seguences on the northern and southern limbs of
the Nerscy Syneline are quite different one must presume that
there has beea strike-faulting; there is no way of knowing
whether either of the sequences is complete,

The best that can be done at present is to recognize
the existence of separate groups possessing characteristic
lithologies and to attempt to put these in their correct order., It
must be emphasised that differences in the apparent degree of
metamorphism of two reck-types (e.g. garnet-schist and slate)
dees not necessarily mean thet the more sltered one is older and
separated from the less altered by an unconforaity.
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investigated although the stratigraphic position is rendered
obscure by fsulting. It probably exceeds 5000" in thickness
and consists of mice schists, garmet-mice schists, albite-
mica schists, mica-quartzites and pure gquartzites. These
all show pronounced evidence of regionsl metamorphism. The
type locality from the formation is along the western wall
of the Mersey valley at Howell's Plains. It also ococurs
along the southera end of the track to the Pelion Wolfram ¥ine
on the Forth river.

This group probably lies above the Howell Group
and lies below the Arm Schist. It exceeds 5000' in thick-
ness and consists of interbedded formations of sliate and of
Seminspt gquertzite averaging sbout 1000(' thiek. The type
locality is the western eide of the Nersey River between the
Fisher River and & point half s mile north of the Arm River.
The group is well exposed on the Forth River for several
miles south of Gisbourne's Hut.

The slates have a very characteristic appearance
being black with thim (i") bands of light gquartzite showing
contortion and possessing s moderately well-developed cleavage
obligue to the bedding.

The major quartzites are massive and pure, and
show well-preserved ripple marks and even croes—-bedding.

y m

There is sbout 2000' of muscovite, garnet and albite
schist with minor quartzites occurring at the Mersey-Arm
Junetion and lying above the Fisher Group and below the
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Hersey Quartzite. This formation is probably represented on
the other side of the Nersey Syncline by the garnet and albite
schists occurring along the western side of the motor track

half to one mile south of the Hydrographic Hut on the MNMersey
River.

lHassive to well-bedded guartzites occur in the
centre of the lMersey Synciine and are exposed along the Medsey
River motor treck for one mile north of the Hy&rographie Hut.
The formation overlies the Arm Schist and thus is the youngest
found in this ares, Folding in the axisl zone of the Syncline
makes the messuremsnt of the thickness of the guartzite guite
impossible but there is probebly in the order of 2000" exposed.

The guartzite is generally massive and thickly bedded
but some species are vitreous, ssocharoidsl, ripple-marxed,
laminated, schistose or linested. Tourmaline nsedles along
the bedding-schistosity of one specimen give an appearance
similar to that of the Reglan Quartzite (Spry, 1955).

There are dull-green nmice schista on the Forth River
Just south of the Dove-Forth intersection and thease are
correlated with sbout 5000' of garnet and mica schist cxposed
along the Nersey Forestry Road extending north of a poiant sbout
half = mile north of the Hersey-Fisher junction. From their
structural position on the flank of the Fisher Antiecline, lying
below the Lower Palaseosoie strata, this could be the youngest
formation in the areas.

The following correlation with the Frenchman's Cap
area iz tentatively advanced aslthough no confidence can be
placed in it at preseat.
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Xersey /pes Erenghmen’s Cap
Pincham Oroup
Dove 3Schist Cardigan Schists
Mersey Quartzite Raglan Quartzite Franklin Group
Arm Schist & Quartszite Basal 3chist
Fisher Group Mary Group

dowell Schist & Quartsite Joyee Group

Although not represented in this ares there are
Cambrian (Dundas Group), Ordovicisn (Owen Conglomerate, guartszite,
Gordon Limestone) end Devonian (Dslcoath Granite) rocks to the
north around Lorinna, Liena and Kole Creek.

Devonian (T) granite intrudes the “recambrisn rocks
aleng the Forth Ziver towards the Pelion Wolfram Mine.

EEREIAN SYJIZM.
fe Eeorth Segtion

A total of 250" only of Permian rocks overlie the Pre-
cambrian ungonformebly along the upper slopes of the Forth River,
west of the February Piains, The Permian is poorly exposed
but sections are visible in some of the steep creeks whieh
fiow down from the February Plains into the Forth. The 1lith-
ology of this basal Permian is quite unusual when compared with
exposures elseshere in Tasmania, although it is typleal of the
area between Western Bluff and Cradle Hountain. Apart from
a general induration due to the Jurassic Dolerite which has
intruded just sbove the rocks, they are characterised by their
white colour, well rounded pebbles with depressions dus to
percussion , or solution and lack of fossils.
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The basal conglomerate is 50' thick end contains well-
rounded guartzite and schist pebbles up to 3" secross in a
white sand-silt matrix, Towards the base there are beds of
sandstone one foot thick and at the top the proportion of matrix

decreases and the rock is a typieal quartz conglomerate.

The conglemerate passes upwards into a ligat-grey
MM!H'M“Mj&an.

This passes upwards into a light-grey, shaley, micaceous
siltstone 40" thick which becomes sandy snd pebbly and passes

intc a buff pebbly sandstone. The last formetion ie only
visible for ¢ few foot as Jurassic dolerite hes intruded at
this level.

2. Amgegblod

There are Pormian rocks exposed in the bed of the
southeramost tributary of the Arm from the west. It is very
probable that Permian sediments oceur along the western side
of the Arm valley where it shows a geries of distinet benches

but the whole is covered with a persistent layer of Pleistocene
t111.

The lowest bed appears at aan altitude of 2320' and 18
a buff ecoloured sandstone, with stresky grey irregular bedding
and abundant rounded pebbles, usually 1" across. It is massive
to flaggy in outerop. After 10' of this the rock becomes less
pebbly for 10" then the next 10" is much more pebbly end
fessiliferous. There are pectens (up to 3" acrvoss), spirifers
and martiniopsids.

The next bed is 30" thieck ani is tiliite with abundant
boulders in a sandy matrix.

This is followed by 10" of “"Fontalnbleu" sandstone with
scattered pebbles. It is a medlum—grey greywacke sandstone
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with large glittering plates of caleite and is deseribed in
detall on page 57.

The last bed begins at 2390' but outerops cease
after a few feet until dolerite appears at 2600', The last
bed 1s a t1llitic greywacke which is dark grey and very massive
wiih sbundant large boulders up to 4' across.

The Jurassic Period was one of intrusion, and the
thick delerite sill of the FPebruary Plains intrudes the Permian
strata only sbout 250" above the base. The dclerite has been
eroded towmrds the north, but at #t., Oakleigh is thiek.

The rocks found during this period are almost entirely
volesnic ia origin, the only exception being = small patoh of
fluvistile breceia on the morthern end of Magg's Mount at

2415" altitude.

There is about 10' of this breceis visible but it may
extend for 50' = 100" up the hill. It is horisontal and rests
with marked unconfermity on the ereded surfece of the steeply dipp-
ing Precambrian quartzites. The lowest 2' is sandy and well
cemented with abundant sngular boulders up to 3" across. The
rock is poeorly sorted. This gredes upwards into & bed with
abundant rounded and angular bouldere in a sandy matrix. Neny
of the boulders stend on their ends,

The voleanic rocks may be divided iamto two main parts.
The lowest portion exposed oaly in the bottom of the buried
valley between the Arm spd Forth Rivers consists of coarse
voleanic brecoia (with bombs and fragwents up to 3' scrcss,
although commonly mot exceeding €°) with vitric tuffs and

some white elays. This reaches LOO-4L0" in thickness in the

FRGES 39, 40~ 4. IUSSING
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Forth Valley.

Overlying this is between 400 and LLO' of basalt belng
composed of at least ten flows.

The section in the Arm vslley contains more bDasalt
(600'?) and the pyroclasts consist only of tuff probably
only 10C' or so in thickness.

The rocks formed at this time were all glaclal. Hueh
of the landecape is covered by a layer of till whiech is
mmmmmn'mwmsﬂ'n
places snd would eertainly be 120° in parts of the Arm, Fish
and Nerssy Valleys.

There is at least 10" of varved glay in the Aem
valley and probably more in the Forth valley. At the bridge
near the Dove dill, on the Forth river, varves 20' thick cover
the Precambrian rocks and further downstresm, about three miles
south of Lorimns the varves ocour im a read cutting sbout 150°'
above the preseat river.

Ia the Arm River there is about 3' of varve forming a
layer within a thiek ti1ll which is overlain upstream by the
main thickness of vearves.




EEGIQNAL STRUCTURE (See figs. 9,10, 11)

The regional structure here, is siailar to that
shown nesr Deloraine, Tullsh and Frenchman's Cap l.e. around
the edge of the Precambrian mucleus. The Precambrian rocks
are regionally metamorphosed and show a pronounced bedding-
plane schistosity and a lineation which is paraliel to the
axes of broad folds. The axes of these folds are parallsl
to those “in the overlying lower Palseosoic sediments which
are generally ummetamorphosed. An angular unconformity between
the Precambrian and Palacozoic rocks does not occur in most
places despite the fact that there was a period of considerable
me tamorphism and deformation before the deposition of the
Dundas Group.

The Cesbrisn is missing against the mucleus and a
sandstone facies of the Ordovieian overlies the Precambrisn and
is followed by the Ordovician Gordon Limestone. In this area
(as near Tullah) there is a granite with a lithology similar
to the Devonian granites, intruded along the unconformity between
Precambrian and Ordovician.

The Lower Palacoszolecs are folded with the same trend

as the Precambrian., In the core of the first major antieline
eway from the nucleus, thick Cambrian sediments snd volcanics
of the Dundas Group occur and in this zone the lowest Ordovician
is represented by a very thick Owen Conglomerate. The lower

Palaeozoics here are strongly deformed and tend to be over—




040

5049041

Lle
folded and thrust towards the Precasbrian nucleus.

The eimilerity in dip of the Precambrian and Lower
Palaeozoic rocks across the unconformity and the parallelism
of the fold azes in rocks of both sges indicates that the major
part of the folding in the Precambrian occurred simultaneocusly
with that in the Palacozoies during the Tabberabberan Orogeny.

The Precambrian rocks are regionally metamorphosed
and thus there was a period of metamorphism and orogeny before
the Palasozoic. Before the Tabberabbersn orogeny, the Precambrian
rocks woulid have been subhorisontal with a schistosity paraliel
to the bedding and & proncunced lineation parsilel to broad felds
which were inecreased in amplitude during the Tabberabberan.

The faulting is closely related in direction to the fold
axes and the major faults are probasbly high-angle reverse types
with minor transcurrents.

Eolds

The major structure in the Precsmbrian rocks is a syn~
elinoriwa which plunges at about 20° in a @irection 100° snd this
is named the MNersey Syncline. There iz a major anticline
(named the Fisher Anticline) which has = feulted axis rumning
parallel to that of the Nersey Syneline and which cresses the
Nersey River about half a mile north of its junction with the
Fisher. The genersl synelinal form is complicated by minor
folds of all sizes and these may be grouped in the following way.
The synclinorium is the first order fold sbout ten miles in wave-
length. There are second order folds about s guarter of & mile
across. Third order folds about 10 to 100 yards acress are guite
common. The fourth order folds are small, apparently incongruent
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flow folde looking like strongly distorted drags about one foot
scross. The fifth order is represented by fine cremulations
which extend down to mlieroseopic dimensions.

The thick, massive quartzites ususlly show only rirst
and second order folds and one example of the second order occurs
about half a mile north of the Arm-Nersey junction; the thin
guartzites and interbedded quartzites with slate or schisti show
second, third and fourth order. Third order folds are common
in the Mersey Quartzite north of the Hydro-ilectrie Commission
hut. Fourth order folds arec exceliently shown by schist and
thin guartzite of the Howell OGroup half a mile south of the
fydro-Electric Commission Hersey hut; fifth order folds are
best shown by the slates of the Fisher Group and schists of
the Dove and Howell Oroup.

Zellation

The Frecambrian rocks have been recrystallized during s
period of regional metamorphiom characterised by very strong
penetrative deformation which has impressed a strong schistosity
on most roecks. It is, of course, less apparent in the quartzites
which lack mica and is best developed in the slates and schists.

There are several completely differeat types recogniz-
able and many of the rocks show two foliations. Nost prominent
is the schistosity which is parallel to the original bedding
pianes; this is produced by parallel muscovite flakes., There
is considerable evidence in the schists that this is a direction
of slip.

Nany schists and quartzites show a second, poorly
developed cleavage at about 30° to the bedding. This is due
to the growth of late biotite and chlorite.

A third type of cleavage is developed at varying angles
to the bedding in the slates of the Fisher Oroup. This is a
"false"” cleavage due to attenuation and close packing of the limbs
of tiny asymmetrical folds where the bedding plane follation has
veen crenulated.

TRGE 47 11/SSn 7
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Lineation is well developed in most rocks, but particularly
in the schists and quartzites of the Howell Group. It occcu~s as
a streakiness of mics flakes on the schistosity plane, as a
ribbing in guartzites or as a cremulation and is parallel to the
fold axes of third order folds. The Arm schist about half a
mile south of the Hydro-Electric Commission hut, right on the
track, shows a broad cremulation parallel to the axes of third

order folds together with a fine crenulation perpendicular to
the axes.

The lineation commonly strikes parallel to the axis of
the main fold but plunges flatly in the opposite direction i.e. the

"“mwto-mcw‘utmxmsmum
plunging 30° towards 280°,

Three distinet sets of faults have been tentatively
identified: |
(a) Hajor Precambrian, or Tabberabberan high-angle reverse(?)
fault system trending at 280°.
(b) Minor sets of Precambrian or Tabberabberan transcurrent
faults trending at 315°,
(¢) FPossible set of Tertiary feults trending at 340°.

(s) It was seen here that the roecks on the cpposite limbs of the
major folds differed in character, particularly in the case of the
Fisher Anticline, This hes been repeatedly cbserved in meny areas
of Precambrien rocks in Tasmania and has been interpreted in the
Frenchman's Cap ares by Spry (1955) ss being due to high-angle

thrust faulting of large megnitude slong the fold axes. If this
is alse true in this area, then there is a large fault striking

at 275° half e mile north of the Mersey-Fisher junction. As there
is a much larger widih of outerop of the Hersey “uartzite north

of the major synclinal sxis than there is to the south, it seems
that a similer fault has removed par$ of the southern limb of the
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lersey Syncline. On the northerp limb of the Mersey syncline,
the Fisher Group underlies the Arm Sechist, but on the southern
limb, the Howell Group lies below the Arm Schist.
Various explanations are possible e.g.
(1) The Howell lies between the Arm and the Fisher but has
been faulted out on the north limb,
(2) The Fisher lies between the Howell and the Arm and has
been faulted out on the scuth limb,
(3) The Howell and the Fisher are equivalent.
Of these, the second altermative is preferred. The third 1s
unlikely because, as is shown in the petrology and stratigraphy
sections, there are very great differences between the Fisher and
Howell Groups, and it is extremely unlikely that they are
equivalent.

The first is unlikely becsuse the swing im strike of
the Pigher-Arm contact between the Merasy and Forth Rivers makes
faulting unlikely. These faults do not dlsplace overlying Permian
strata and are closely related ia direction to folds in the Pre-
cambrian rocks and thus would be eliher Precambrian or Tabber-
sbberan in age.

(b) The Fisher Group rocks on the east side of the Forth valley,
e mile south-west of Gisbourne's liut appear to be cut by several
faults trending at 315°. These csuse considerable drag in a hori-
zontal direction and are thus interpreted as transcurrent faults.
Although 1t is not provem, 1t eppears that the base of the Amm
Schist is twice displaced for helf a mile by these faults, but this
cannot be proved at present begause of the Aifricnlty in locating

the boundary between the Arm Sohist and the Fisher Oroup.
(e) The dolerite of the February Plains, like that of the Plateau,

is traversed by a prominent system of fractures which are clearly
visible on the air photos. It was not possible to view these in
the field but from their persistence and great length (8 miles
maximun) it seems unlikely that they are merely tensional joints.
The physiographic expression is simply e shallow, linear depression
with no apparent topographic displacement or fault secarp, No
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dispiacement of the Permian sediments is visible on the air photos.
It seems possible that they are Tertiary faults of very small throw
but this could be verified by field observations where they cross
the Permian rocks beneath the dolerite. They may well be
persistent Tertiary siear joints with very slight horizontal
movement

B-I'MM“M Jointing which may
be divided into two types:

(a) Tormal, thick (2' across), hexagonal columns which are
vertical and have parallel sides and regular cross-

: Jointing which may be plamar or ball end socket.

() Twisted, narrow (6" = 1') columns which vary considerably
in atitude and which do not have parallel sides, being
fluted and irregular.

The Jurassic dolerite and Permian strats show prismatie
Joints but no special observations were made.

Apart from the possible shear joints mentioned above, the
dolerite shows prominent joints on the air photos and these trend
at 310° ana 350°.

The Precambrian rocks are well jointed in many direetions
but it was not possible to find much regularity. The small folds
in the quartzites frequently show perfect joints normal to the
fold axis ("ac") or vertical joints symmetrically disposed to
the axial plane as shown in fig.

The guartzites particulsrly show as many as five different
joint directions in a single outerop and there 4id not appear
to be any reglonal joint patiern.

Joints are closely spaced in some quartzites but are
broadly separated in many schistz, slates and magsive guartzites.
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The chief petrographic characteristies of the rocks met
in this area are summarized and eriteria given for recoganizing
various types. Extensive petrological investigation of the
genesis of these rocks is not particularly relsvant to this
investigation and so is not given here, but is being carried
out as part of the normal research programme of the Geology
Department of the University of Tasmania. The specimen
numbers given in this seotion are those in the collection of
the University.

These are regionally metamorphosed sediments, originally
ehiefly arenites and pelites, which have suffered considerable
deformation. The members of the Howell Oroup, Dove Schist,

Arm Sehist and NMersey Quartzite belong to the garnet zone but
the slates of the Pisher would belong to the chlorite zone.

This is a sequence of schists and quartzites. The
schists are generally coarse and glossy, and rich in muscovite
with knots of garnet and albite. There is & good bedding-plane-
schistosity with an irregularly developed fracture cleavage at
about 30°. Lineation is well showa in some speciments. Typleal
examples are: 7386, 7387, 7388, 7399, 7hod.

Specimen 7408 is = glosey, contorted schist with a lin-
eation rather than a schistosity. In thin section it 1s coarse
grained and consists of guarts and muscovite with about 1078 of
albite and a little biotite and accessory sircon and tourmaline,
No. 7387 is coarse and platy with some imots but no lineation.
It differs from the previous specimen in containing more slbite
(large poikiloblastic porphyroblaste with Carlisbad twinning),
some chlorite and accessory rutile, aspatite and zircon.
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Specimen 7388 1s an execellent example of these schists.
It is sn albite-rich, guarts, garnet, muncovite schist with
much chlorite whieh has replaced garnet and possibly biotite.

This shows slip planes at an angle to the =ajor schistosity
with gquartz and chlorite growing along them.

The quartzites are rather fine grained rocks forming
beds a hundred or so feet thick. They tend to be platy with

thin bands of muscovite schist and are charascterised by a strongly

developed lineation.

Elsher Croup

This group comsists of alternations of guartzite and
slate in beds sbout a thousand feet thick. Details of some
quartzites from the Mersey are given as this rock would be the
foundation and portal material for the tentative tunnel-lines
C and D meationed later.

The quartzites e.g. 7389, 739 and 7405 are white,
massive and thickly bedded with well developed ripple marks
and even cross—bedding in some specimens. Despite the preser-
vation of these sedimentary structures the rocks show evidence
of complete internal reconstitution and deformation. The
original coarse clastic guartz greins have been broken down
in size giving the typical "mortar" texture of cataclasites
i.e, large, xenocblastic or leaticular guartz graine showing
undulose extinetion and "Boehme" lamellas set in a fine grained
matriz of regenerated quartz with 2 strong preferred orientation.

Specimen 7389 is a somewhal schistose guartzite with
about 154 of albite and 10-15% of very fine muscovite.

Numbers 739 and 7405, from the western bank of the
¥ersey kiver, about one mile south of its junction with the
Fisher are cnsracteristic examples. They are msssive in the
hand specimen with tiny white spots which are seen to be feldspar
by examination under the microscope. The rocks are fine grained
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with a strongly crushed texture in which the quarts shows sutured
margins. Host notable is the presence of about 208 of feld-
spar, microcline and albite (this is the first record of micro-
eline in Precambrian rocks in Tesmenia). The feldspars are
quite rounded and show undulose extinetion, bent twin planes,
are clouded with inclusions end have a thin peripheral layer
of muscovite flakes. These feldspars differ sufficleantly
from the metamorphic feldspar in the adjacent schists that 1t
is not unlikely that it is original clastic feldspar. The
mu-ammnu-m’mmw
iiged guartz has been recognised elsewhere meny times. This
fact is important because it means that the original sandstones
were at least feldspathic and in some examples, arkosic.

The slates of the Fisher Group are lithologically die~
tinetive and are the distinguishing feature of this group.
The name "slate" is used to separate the rocks from the schists
and phyllites of the srea even though the term might not strietly
be correct. The rocks are dark grey and fine grained with
alternating pelitic and arenscecus layers averaging about 4"
thick. The thin layers are puckered inte tiny cremulations
and there is a distinot cleavage, obligue to the bedding, visible
in the hand specimen, HNost examples are glossy and coarser than
the average slate and might be better termed phyllites.

In thin seotion e.g. numbers 7406 and 7350 they are
seen to be very fine grained rocks comnsisting chiefly of quarts
and sericite with accessory sircon and iren ore. The cleavage
is due to the presence of parallel mies laths and elongated quarts
orystals and clearly transgress the alternating mica and quartz-
rieh layers which ape the bedding.

Arm Schigt

The garnet, mica and albite bearing gchists of this
group together with their schistose gquartzites are sufficiently
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similar to those of the Howell Group as to warrant no further
detailed deseription.

The guartzite specimens, 7397, 7400 and 7402 are
described in detall as they are taken from the outerops on the

Mersey which form the dam-gite and portal for the tentative tunnel
lines A and B described later.

These gquartzites are messsive to slightly platy with a

distinotive saccharoidal to glassy appearance andi a moderate
lineation.

In thin section the rock is moderately fine grained with
an even texture and consiasts shiefly of guarts with a little fine-
grained muscovite and biotite with no preferred orientation.
Despite the outward messive appearance of the rock, the quarts

is quite distinetively fractured. It does not show elongation,
undulose extinetion, Boshme lsmellse of "mortar® Sexture of the
other guartzites in the ares, but the guartz grains are cut by

& network of quite irregular cracks which are outlined by an
extremely thin intergranular layer of opague, presumsbly fer—
ruginous material. |

#hile the rock appears to be hard and strong it might
be advisable to test it further if it is (o be used as a foun-
dation for a very heavy dam.

This gquartzite is gemerally thickly bedded but there are
laminated and very massive varieties. OSome specimens show
glossy muscovite along the bedding which 1s a schistosity
direction and some have a lineation across the schistosity.

An outorop about half a mile south of the Mersey-Arm hut
shows tourmaline needles along the bedding snd thus shows

distinet similarities with the Raglan-Frankiin Quartzite of
the Frenchman's Cap area.
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Specimen 7385 from just north of the liydro-flectric com-
mission hut on the Nersey is a white saccharoldal gquartzite with
feldspar visible as tiny white spots. It is a fine grained
quartzite consisting chiefly of quartz but with about 10-15%
of xenoblastic alvite and some fine muscovite. The quartz shows
a distinct preferred orientation with some elongation parallel
to the schistosity marked by perallel muscovite flakes.
The albite is lenticular to tabular in shape with the C-axis
tending to be parallel to the schistosity.

Dove Sghist

Although these rocks do not occur within the mapped ares
they outerop well along the Forestry Road on the east side of
the Mersey, north of its junction with the Fisher, and as they
are petrologically interesting, a few of the characteristic
features are desoribed. Examples are 7362, 7366, 7368, 7370,
7371, 7572, 7378 and 7383.

This formation is a very thick mass of mica schist with
mmmmnmmmmmntm
quartzite. Lithologically the rocks show a strong resemblance
to the schists of the Howell Group.

Typieal is 7370, a fine grained, dark grey, knotted,
glossy schist. In thin section it is schiastose with gltermating
thin layers rich in quarts and muscovite. Small porphyroblasts
of garnet ocour with larger ones of albite. There are sheafs and
flakes of chlorite, much athwart the schistosity. Asessories
are tourmaline and iron ore.

No. 7382 1s an excellent example, snd differs from 7370
in containing biotite, much of it growing slong a second
cleavage which is sporsdieslly developed at about 35° to the
major schistosity.

In noe 7372 and others, the bedding plane schistosity is
crenulated and a second fracture cleasvage is developed across




the tightly sgueeszed limbs of the tiny folds.

Iusrmal lgtazorphlc Z2ocks

The Devonian granite intrudes along the unconformity
petween the Dove Schist and the Ordovieian quartzite on the
Mersey River and here some schist has been hornfelsed. These
rocks clearly show the effects of thermal metamorphism super-
imposed upon regional e.g. 7384, 7377.

These are dense, reddish brown rocks with a vitreous
lustre and a hackly fracture. A thin section shows the
original compositional lsyering to be present but the schistosity
has been obliterated by the rendom growth of large quartz,
muscovite and biotite erystals. There are numerous round and
prismatic massee of very fine sericite and these are clearly
pinite pseudomorphs of some metamorphic mineral which from the
form is presumed to be andalusite, As these pseudomorphs only
appear immediately next to the granite, the andalusite would
be a thermal not regional metamorphic mineral.

ZEREIAL 20CKG

These are flat-iying, generally uametamorphosed clastic
sediments most of which have marine and glaeial affinities. The
basal rocks on the Forth River west of the Feuruary Plains are
unususl and so will be deseribed in some detail,

Specimen 7322 is from 50" above the base of the Permian
in the Forth River and is & tough, messive, white non-friasble
sub-greywacke sandstone with mica flakes visible in the hand
specimen, It is composed of 70% of guartz, 5¢ muscovite and
& 1little blotite and iron ore and 25% of fine grained clay
to a mesh of interlocking flakes. The gquartz grains average
25 mm. in diameter and are angular but with a medium to high
sphericity. The muscovite flakes range up to 5 mm.
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The matrix of the underlying conglomerate is very similar
and this rock has also been baked by the overlying dolerite sill
which is only 200' away. The conglomerate is characterized by
containing abundant well rounded guartizite snd schist pebbles with
a bigh spherieity. The quartsite pebbles are peculiar in that a
high proportion of them show small e¢ircular depressions sbout
1 cm. across, on their smooth surfaces. These depressions were
also found in pebbles from this horizon below Yestern Bluff,
about 10 miles to the north-east.

The Permian beds in the scuth-western portion of the Arm
valley are tabulated elsewhere but one particular rock is
distinetive and is deseribed in detail here,

Specimen 7361 is a light grey sandstone with a caleite
cement which forms crystals over e centimetre across enveloping
the clastic grains, and which reflect the light giving bright
flashes. 1t is composed of angular fragnents between .2 mm.
and .5 mm. across of quartz (50%) plagioclase (10%) muscovite
flakes and rock fragments (slate 10%, schist 10%, chert and
basaltic rocks) with a calcite cement comprising 15€ of the
rock. The plagioclase is an scid sndesine such as would be
derived from the Devonian granites and some grains have been
partly or wholly replaced by suthigeniec caleite. The calecite
enclosed the grains with a seive structure and apparently has
completely replaced an original clay matrix. The apparently
high degree of sorting is due to the replscement and dlsappesrance
of the smaller particles. The rock is a sube-greywacke with e
structure somewhat like that of a Fontainbleu Zandstone due to
the addition of ealeite by the adjacent dolerite.

Metagorphigm of the Permian Hogks

The intrusion of the Jurassic dolerite has caused some
slight alteration to the sediments cleose to the contact. The
rocks are hardened and in some cases the clay cement has been
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recrystallized to a fine mesh of illite (¥) or there hes been a
metamosomatic addition of ealecite to cement and replace the
clay matrix,

The volecanle rocks are chiefly basalis with pyroclasties
occurring in the north-east of the ares.

The thickest (400'?) pyroclsstic is a very coarse
voleanic breccia which outerops from 2000' to 2400' on the
eastern side of the Forth River just below the Berriedale Plains
and one mile north-east of Gisbourns's Hut. It is the movement
of this material which resulted in the landsiides mentioned on

Pe 75 and the instability of the breceia is due to

(a) low ecohesionm,
(b) high permeability, allowing lubrication by surface
waters,

(e) chemical instability, causing weathering to elay.
The breccia contazins blocks and bombs of besalt and tachylyte up
to 3' across, with the majority being sbout 6" in dismeter.
liany of the fraguents are scoriaceous and the rock is loosely
compacted and partially cemented with zeolite.

This brecoia occurs on both the east and west sides of
Gad's Hill on the road from Liena to Lorinna and appears to be
coafined to the centre of the pre-basaltic river valley.

Further up this valley, where it intersects the northern
side of the Arm, the pyroclastics are thinner and finer grained,
and on Magg's Hill they seem to be absent beneath the basalt,
&s shown in rig. -

The tachylyte tuff 7h411, from the north side of the Arm,

is rather weathered, with dark glassy fragmenis in a clay-rich
cement. A thin section shows that the particles are tachylyte
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contalning crystallites cemented by opal, calcite and a
ferruginous weathering product.

The basalts occur as flows varying from about 25' te
150" in thickness and resch a meximum thickness of 350" and
possibly 400 on the Berriedale Plains. They vary from dark grey
to black in colour whem fresh but become light grey and brown when
weathered, MNost are fine greined and massive but some are com-
pletely scorisceous and others are massive with a seoriaceous
top. Jolinting is ehiefly in a rectanguler primatic form but s few
flows show a platy flow structure; some have regular hexagonal
prisms about 18" across. One variety which occurs in situ on the
southern end of Magg's Mount and as large masses on the top and
sides of Magg's Mount shows a strong development of curved and
twisted columns from 6" to 12" across, with the columns commonly
horizontal.

From a petrological examination of thirty thin sections it
appears that there are four chief types. The specimens were
collected by traversing up the steep creeks which cut the sides
of the Forth, Arm and Mersey valleys. Twelve specimens were
collected up the creek which passes from the Berriedale Plain into
the Forth River, one mile north of Gisbourne's Hut; nine were
taken up the oreek from the Serriedale Plain into the Arm River
one mile north of the northern hmt on the Arm Plains; seven were
collected up the slope on the northern end of Nagg's Mount.

The most common variety is a porphyritic olivine basalt
with black "glasa" e.ge. 7353, 7350, 7340, 7332, 7327, 7335, 7354,
7342, 7356, 7346. This type has olivine phencerysts (5¢ - 20%)
averaging 1.5 mm. across, but ranging from .5 mm, to 2.5 mm. ,
in a fine grained groundmess of pyroxene, plagioclase and black
"glass"”, showing intergranular structure or a parallel flovw struct-
ure e.ge 7332. There is generally 50 of brown and green or even
orange opal and some calcite and chalcedony either as amygdale
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fillings or as intergranular patches. The olivine is almost
invariably partially or wholly pseudomorphed by s brown car-
bonate which has the optical properties of calecite. The
proportions of pyroxene and plagioclase vary, depending on the
smount of glass present, but they esch constitue from 30 - 50%
with the pyrozene in excess of plagioclase. The plagloclase
usually forms small lathe about .2 mm. long but may form pheno-
eryats up to 2 mm. across; it shows twinning on the Albite and
Albite plus Carisbad laws and is labradorite varying in com-
thm%“h”. The pyroxene is pale green to
colourless with a low 2V around 35° is generally from .05 to
2 mm. seross, but reaches 2.5 mm.

The blsck “glass fills the intergramular spaces and
consists chiefly of tiny closely packed granules and rods of
opague iron oxide., Between this is visible in some rocks a
green isotopic material, presumsbly glass e.g. 7340, in others
is a dense aggregage of tiny pyroxene microlites and in others
€ege 7357 there are crystallites of plagioclase and pyroxenc.

The second type is the porphyritic olivine bagall
®ithout glagg e.g. 7358, 7333, 7329. These differ chiefly
from the previous group in lacking the black glses, but in
addition appear to contain a little less olivine (10%) which is
generally unaltered and flow structure is more atbundant.

The third type is the semi-ophitiec basalt e.g. 7325,
7409, 7355, 7339, 7326 and 7341. These rocks ere rather fine
grained with phenocrysts of eolivine in & groundmass of pyroxene,
plagioclase, a little glase, opal and ealeite. PFyroxene is
abundant (up to 60%) end forms erystals from .2 to 1.2 mm. across
or aggregates of granules up teo 2 mm. across enclosing laths .2 mm,
long of plagioclase in an ophitic meammer. The plagioclase
usually does not exceed 358 and forms small crystals with
sporadic phenocrysts up to 2 mm. long. The pyroxene is pale
green to colourless and is characterized by having a low 2V,
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measurements ranging from 30° in 7339 to 40° ia 7355. Olivine
phenoerysts (5 -~ 20£) range up to 1.5 mm. across and are mostly
fresh with some alteration to earbonate or opal im a few speci-
mens. One example (7325) comtains up to 15¢ of brown opalj
another (7339) contains yellow and green opal, chalcedony and
dark glassj 7355 shows amygdales with & lining of opal and a
core of caleite and contains black "glass".

The fourth type is a glomeroporphyritic basalt e.g. 7343,
7345, 7332, 734k These are glomerophorphyritic ia texture
with large (3.5 mm.) aggregates of pyroxene orystals (.5 mm.
across) and phenoerysts of plagioclase (up to 3 mm.) in a
holoerystalliine, groundmass of pyroxene asnd plagioslase. Oliving
is generally not present but there is a very little, completely
altered clivine in some specimens., Glass is lacking and there
is usually about 10% of brown opal or chalcedony. Amygdales
(€ege 7345) have a rim of opal and a centre of calcite. The
plagloclase ranges in composition from labradorite Ab,; = Aby,.

The éistinguishing characteristics of the four groups
are summarized belows

One of the purposes of the petrological examination was
to endeavour to correlate flows between the Forth, Arm end Hersey
Rivers, and this has been found possible to a certain extent,
The highest flow (2780" = 2810') of the Forth section is similar
to the highest (2820%) of the Arm section in that they are
2orphyritic. olivipe begalis but the Forth rocks contain up te




b QSB

504037
62.

10£ glass wheress the Arm rock has none,

 The next specimen (2760' Ferth, 2780' Arm snd 2765'
lMagg's Mount where it is the highest flow) are all semi-ophitic
basalts and thus could be the same flow,

; Beneath these in the three sections are porphyritis
2iivine basalts. No. 7333 at 2700" on the Porth lscks glass
but otherwise all are similar and we may correlate the specimens
on the Forth ranging from 2700'" down to 2500' with those on the
Arm at similar heights and on Magg's ¥ount with rocks collected at
2765, 2740 and 2710 feet (lack of outerop prevented collection
of specimens just below this).

The porphyritic olivine basalt at 2500" on the Forth
may be correlated with the lowest flow found, at 2525', on Magg's
Hount.

The lowest flowa before the underiying basement or
breccia is met, on the Forth section, are glomercporphyritic,
and outerop at 2490" and 2460', These are below the base of the
basalts on Magg's Mount, but there is at least 50" of glomero-
porphyritic basalt (no. 7345) on the Arm section at about 2500°,

A lower porphyritic olivine basalt (no. 7352) occurs in
the Arm section at about 2300 and is the lowest found.

Lack of definite correlation is due to the fact that
all individual flows could not be recognized and sampled in each
area, snd all that was done was to collect from every flow
recognized, or at 50" vertical intervals, which ever was the less
distance. Differences in height between specimens coliected from
one flow at different localities is probably due to sampling
at differeat levels ia thick flows.

As far as can be determined, the flows are horizontal as
the contact between the upper two flows is at 2770' at the Forth
and 2760" at Magg's Mount, four miles away. This suggests a
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very slight descent to the south implying that the lavas may
have flowed upstream, but the difference is of the same order as
the error in height determination by barometer and thus is not
regarded as being significant.

There is a2 similar difference between the gimilar lavas
at the Forth River (2500') and Megg's Mount (2525').

The following general sequence holds guite well for
the three sections:

50' glomeroporphyritic basalt (top)

250" porphyritic olivine basalt

20 semi-ophitic basalt

60' porphyritie olivine basalt (base)
ELEISTOCUNE 114l

The following investigation was carried out on a speecimen
of till taken from the 40" high river terrace on the western
bank of the Mersey, half a mile north of the dAydro-Electrie
Commission hydrographic hut and 15' above river level. The
till is variable and this specimen may not be characteristic
of all the till although it was chosed as @ typlcal specimen.
The sediment is tough and well consolidated; it lascks bedding
and comparatively speaking is nmot frisble. The reference to
toughness and non-friabiliily are comparative as Lhe rock is
well lithified for Plelistocens material and is tougher than
moat Tertiary sediments but is inferior to most unweathered Permian
and Triassic sedimenta.

The ti1ll consists of pebbles of all sizes (up to many
feet in diameter) commonly several inches scross, set in a matrix
of sand and silt. Both the cumulative curve and the histogrem
indicate it to be very poorly sorted. The first and third
quartiles are spread over 6.24 Wentworth grades. The histogram
is bimodal and there is very little clay and silt present. The
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larger particles are of dolerite with a little quertszite; the
sand size is of fine grained dolerite, guarta, pyroxene and
feldsper and the silt of quartz, pyroxene and plagioclase. The
particles are fresh and unweathered, and of low roundness and
spherieity.

The mechanical analysis was carried out by using seives
and the pipette method on the dis-aggregated material.

Analysis of the Individual Practions

Each of the frections was analysed under the binocular
microsecpe as far as possidle. Ia the fractions with the
grain size greater than 0.5 mm. the material consisted of rock
fragments while those with grain sizes less than 0.5 mm. were
composed mainly of individual erystals. In sll cases in which
the fragments were crystal eggregates dolerite was the main rock
type (usually about 70%). The rest consisted meinly of quart-
zites with an occasional fragment of mica schist. In the finer
fractions pyroxene (augite and pigeonite) made up about half the
total while the rest was composed of feldspar (plagioclase) and
quartz with a little magnetite and suscovite. The rock frag-
ments sre usually angular to sub-rounded with the sub-angular
(facets?) while there were several dolerite pebbles which were
flat slivers.

Due to the difficulty in recognisiag the different
minerals in the fractions with grain size less tham Ou5 mme, 1t
was necessary to carry out a heavy mineral separation using

No. of particles

Size examined Composition, Zoundness

+»1" 6 Dolerite, 1 very well rounded, 1

-l & 6 angular dolerite (67X)
2 angular guarts-mica schist (22%)
1 engular quertzite (11%)
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0.501 mm.

19

Size examined Composltion, Roundness
-" ¢ " 56 m}n to sub-anguler dolerite
22 W. white and grey guartzite
1 sub-angular, quartz schist
-§" & 3" 200 angular-sub=-rounded dolerite (71%)
e snguliar quartzite (274)
3 quartz mica schist (17)
3 angular baselt (1%)
=65e35 mm. + %5 dolerite (few
59 angular guartzite (27%)
6 guarts museovite schist (3%)
wliie 72 mme + 358 dolerite frag-
2.06 mm. 108 white, W angular guartzite
10 quarts -unl schist - usually
cleavage flakes (27%)
2,06 ma, + 202 W dolerite frag-
1.68 mm, 58 (m angular quartzite fragments
15 W flakes of quarts mica
=1.68 mu. + 267 m?’)bw‘l dolerite
1005 mme 108 Too% guartzite frag-
6 t-rl mica schist cleavage flakes
=1.005 mm. + 93 sub-angular-sub-rounded dolerite

mw¢“m

“dm “ g
msupmmumu

The guartz is present as irregular colourless grains
having a vitreocus lustre., Some grains have & central sub-rounded
core surrounded by & later thin growth of guarts in optical
continuity with the centre.
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Huscovite ocours as colourless to slightly turbid
cleavage flakes and has a biaxisl negative figure with a low 2V.

E How, assuming a density of 3.3 for the heavy fraction
Mulnth!hﬂﬂltm-mm:ﬂﬂﬂh‘riu“
(cce)e

!h:hunm-th-th!iutmnm
um-m(-gzioo)mmscmmmum

m-su§ x 100).

Now assuming the average volume of the particles is the
— : same, then from the count of 180 particles in the light fraction
the percentages of the different minerals in the whole is

plagioclase 488

] quarts 1%
musgovite 1%
] and from the heavy fraction the percentages of the minerals in
i the whole is
pyroxene 39%
1 iren ore 1%

i.e. an approximstion to the mode is therefore

£ plagioclase L85
pyroxene 39%
25 quartz 1%
muscovite 1%
“ iron ore 1%

In the smaller fractions it 1s very difficult to
differentiate between the feldspar, quarts and pyrozene crystals
under the binocular microscope, so & heavy mianeral seperation
& was carried out using bromoform.
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This fraction consists dominantly of pyroxenes which
are generally a pale transiucent yellow brown and rearely slmost
colourless. Commonly the erystals are encrusted with white
earthy material (clay?). On clear fages the lustre is resinous
to sub-vitreous while the cleavage is generally not obvious,
elthough meny fragments have cleavage faces, which they lie upon
making it almost impossible to obtaln centred figures. Under
the microscope a very fine twimning in one direction is observed
on meny grains. Host fragments show come alteration but the
extent is qguite veriable. The pyroxenes are biaxial positive
with a 2V ranging from nearly sero to sbout 60° - 70° and thus
it 1is considered that both pigeonite and sugite are present,
the sctual proportions of each being difficuit to determine. Due
to the lack of centred figures and the presence of two different
pyroxenss il was found that agcurate refractive indices could
not be obtained. The range of the refractive indices measured
wes from 1.690 to 1.715.

Eagnetite comprises perhaps 21 of the heavy fraction. It
is opague (black) and preseat both as distinet crystals {octahe-

drons) or as irregular grains.

A few fragments of a pale green mineral cccurred in the
heavy mineral fraction. Under the microssepe 1t is ecolourless but
slightly turbid and is lath shaped. Cne good cleavage is present
parellel to the length of the erystal with s second one developed
at right sngles to it. Extinotion of the clesvage was 16° while
the figures obtained were poor but appeared to be blaxial. One
ReI., was just less then 1.664 and the other considerably less.
The properties would indicste olivime but the ocbligue extinction
tends to rule this ocut as a poseibility,

The light fraction consists of plagloclase, guaris
and muscovite and in a count of 180 grains 807 of them were
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plagioclase, 18.5% quarts with the remaining 1.5 muscovite.

The feldspar occurs as opague white to translucent laths
having a sub-vitreous lustre on fresh faces. Alteration result-
ing in turbidity of the fragments is commonly preseant. Two
cleavages, approximately at right angles are developed and albite
twinning is present. In the majority of cases the refractive
indices lie in the range 1.550 « 1.570 indicating a plagioclase of
labradoritic composition. 3Several fragments of plagioclase were
recognized with one BRI = 1.5295 and another less than 1.5295 and
from these it is inferred that the fragments are albitiec in

composition.

Assuming the guartz and muscovite came primarily from
the Precambrisn rocks the remsining constituents reecalculated to
100% ares

plagioclase Slie 5

pyroxene Llie 55
iron ore 1.2%

This corresponds to the mode of dolerites gquite well,
allowing for the absence of the mesostasis, which would break
down very easily and would have a finer grain size than this
fraction. The calculated mode therefore supports the results
obtained in the coarser fractions that the greater part of the
sediment resulted from the break down of dolerite.

From both the histogram and cumulative curve it can be
seen that there is a considerable spread of sizes., There is
about 80% of the total ia the pebble, granmule and sand grades
with the silt and clay grades comprising only sbout 20%. These
facts are brought out by the statistical treatment of the
curves also., Thus the geemetric guartile deviation QDg (the
ratio between the quartiles) and known as the sorting coefficient

PRGES 69Y TO. rISSnG
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(S0) is 8.87. Trask founa that a velue of S_ less than 2.5
indicates a well sorted sediment, a value of about 3.0 indicates
a normally sorted sediment, while & value greater than 4.5 a
poorly sorted sediment. Thus a value of 5.57 indicates a very
poorly sorted sediment which bears out the direct cbservation
from the curves.

This result ecan be better visualized Ly application of
the phi seale to the guartile deviation (Krumbein 1936). In this
scheme each Wemtworth class limit is an integer and the phi
scale increases with decreagsing grain sizes. Since the phi
values are expressed in Ventworth grades as units, the difference
between the guartiles indicates directly how many ¥Yentworth
grades lie between the first and third quartile and half this
mummm(m‘h Thus in this sediment
the first and third quartiles are spread over a distance of
602l ventworth grades and comnsequently the curve is decidedly
drawn out. Krumbein and Pettijohn (1938) cite an example of
a glacial till in which the spresd is 4,9 Ventworth grades. The
ma‘wumuo‘mmwmmmm
(8e) by the relationship @‘ = ‘lq’@‘

Lu@‘ = 8,82 which is the value for
80 shown previocusly.

The advantage of this method of expressing the results
is that it may be used directly in comparing the relative spread
cth.u-n'mnﬂ‘uuhanh'

Thus it can be seen that the sediment is very badly
sorted. The histogram is bimodal but not distinetly so; one mode
lies in the pebble range and the second in the fine sand grade.
From the results given above, therefore, the sediment may be
glacial till but the small smount of materisl in the silt-clay
grades is surprising. This may be explained by the fact that
the material was derived from hard crystalline rocks and not
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Apart from a regiomal geological survey, geological
data were collected relevant to a poesible fydro-Zlectric scheme
involving a dam on the NHersey and a tumnel from the lersey to
the Forth as shown in fig., 14. This preliminary investigation
shows that the area is mtisfectory as a reservoir, that the
Mersey site is suiteble for a dam, that roads may be easily
constructed, that there are ample supplies of some constructional
materials but that the location of tumnel lines is a problem.

EOTENTIAL DAN-GITE (HOWELL'S PLAINS)

A sketoch map of the dam-site is shown in fig. 15
It shows an antieclinal ridge of guartzite which ecrosses the
river causing a marked constriction. There are rapids in this ares
and the river is only 6' wide except under flood conditions.
A transverse profile sketch is shown in fig. 15« There is a ten
foot fall seross the first constriction followed by a series of
steep rapids extending for about three hundred yards downstream,
The bar stands above terraces 10°' (upstream) snd 22' (downstream)
above river level. The river at one stage pasaed tarough the
’phthq-tlﬂo-m.‘thmnt'ﬂlth
straightening of tihe river course discussed on p., the Nersey
was directed to its present course leaving & cut-off meander 40
above river level. The bar is still acting as a local base
level (rig. 4) and controls the form of the river for many
miles upstream. Well developed meanders in a broad, long flood
plain (Howell's Plains) ocour Lmmediately upstream from the
rapids and the form of the river is quite different from that
downstream. The marked and long standing control of the river
by this guartzite testifies to its mechanical and chemical
resistance to erosion. This rock appears to have exgelleat
foundation properties as it is & hard, dense gquartszite, with

MG E 74, ppuSSrnc
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few jolnts. It is somewhat schistose in parts and hes some
very thin mica schist layers. Solid reck is exposed almost
completely across the full valley floor. The valley is narrower
here than ia most parts and shows more bed-rock than any other
portion of the valleyfloor for more them 5 miles upstream and
2 miles downstream.

There are no comparable sites on this streteh of the
river as the floor is quite wide in most places and bed-rock
is rare. Fig. 7 shows the form of the river terrsces composed
of Pleistocene Till covering ths floor of the valley. The
terraces are by no means unsatisfactory for foundation purposes
and have some favourable gualitiecs. They are composed of a t1ll
which 18 rich in sand and eilt grades with abundant boulders but
lacking eliy. This results in a tough, compact material which
L9 comparatively impermeable. Despite the fact that it forms river
terraces its strength is such that it could support considerable
loads and would be satisfactory for powerhouse foundations. It
coulé not be excavated Ly bulldozer. The unsorted nature of the
rock lowers iis permeability and porosity. Some Plelstocene
tills in Switzerlend meke umsetisfactory dam foundations due to
the fine clay being removed by wster pssaing through the rock
under pressure. This results in eavitation and considerable
loss of water under the dam and may result in collapse. This
till lacks clay and has a low permeablility and therefore should
not suffer from this deficlency.

Posaible Tvanel Lines
The problem of tumnelling from the Nersey to the Forth

is a complex one and a number of difficulties are apparent.
Four possible routes are discussed.

The proposed tunmel line A is unsatisfectory in respect
to the outlet portal and the detailed map, fig. 17 shows that
the portal ls located im an extensive landslide area. The base
of the Tertiary volecanics varies between 2000" and 2400' on the
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eastern side of the Forth Valley, but basaltic debris has
slipped down almost 1000' lower than this. The bracken-covered
slopes east and north-eest of Gisbourne's Hut have the
characteristic hummocky appearance of landslides, streams
disappear underground, and in the upper parts, the typiecal
arcuate slip cireles are visible (these are visible in airphoto

of *un, WNersey ). The largest slip cirele
ia over -haif a mile long and is situated right on the edge of
the Berriedale Plain; it forms a depression 120" deep.

The debris extends downhill beyond the motor track
along the Forth. Its thickness is not known but 30" would be a
minisum and 1t might reach 200°,

The degree of disseetion and size of some gum-trees
suggestis that there has been no movement of the lower parts
for some temns of years but the area must be regarded as
dangerous and it seems inevitable that further slides (perhaps
on a very large scale) would occur if there were excavations
in the landslide debris for a portal.

It is suggested that the portal be relocated to B,
three quarters of a mile to the south thus swinging the line
of the tunnel through sbout 10°. This does mot alter the inlet
portal position, the length of the tumnel, mor the type of strata
traversed, but the portal would be loeated on a clesn slope
underlain by solid Precambrisn guartzites and slates. The
north-west trending group of transcurrent (?) faults occurs in
this area and several feults, almost parallel to the tunnel line,
1ie within half a mile. The position shown in fig. 14 1is only a
few hundred yards from what appeass to be a large foult and
further detailed work is regquired to clarify the structure here,
Unfortunately, outerop is not sbundant on the steep, demsely
vegetated slope.

At present, the inlet portal does not appear to involve
any difficulties and would be located in very solid guartzite.

PAGE 77 rrSSHIECT
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From the inlet portal the tunnel should traverse massive
quartzite for about 1000', followed by contorted garnet-mica
schists with thin guartzites for about 7,000', schists 2,000
then somewhat closely folded but massive quartzites for about 4,000"
schist and guartzite 6,000 then iaterbedded slates with thin
quartsites for the last 3,000'. Details of lithology and
structure of the rocks are given in the petrological, structure
and stratigrephy sections and it is emphasised that the sbove
predictions of the types of rocks occuring sleng the tunnel
cannot be relied upon without comsiderable further investigation.

It is not possible to predict where faults may be met
in the structurally complex and strongly faulted Precambrian
rocks, but 1t is possible that two may ocour as shown in the
section. Nor is it possible to prediet the behaviour of any
faults to be met in tummelling. Séme of the older fsults have
erush breceia zones which have been strongly silicified and
would cause little difficulty; others however could be open
and allow comsiderable influx of water. There is little surface
run-off from the Berriedsle Plains and Gad's Hill so that much
of the heavy rain of the area may pass down through joints in
the basalt and thence along joints or faults in the underlying
Precambrian rocks. Tunnelling mey not be as dry as in Jursssie
Deolerite and may well be very wet,

The major syncline could have a large fault along its
axis and as the tunnel should meet this below the Arm River
valley, this fsult may carry a considersble amount of water.

The tunnel would be chiefly cut through schists and
slates interbedded with minor quartzites and these are compurative-
1y soft, particularly compared with the maasive quartzites which
will occur along about a guarter to a third of the tumnel's
length. The guartzite should be considerably harder to tunnel
than Jurassic dolerite.
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One major difficulty is that the direction of the tumnel
(310°) 1s close to that of the strike of the steeply dipping,
schistosity and cleavage (280°) of the rocks. These pronounced
weaknesses in the rocf of the tumnel may lesd to considerable
overbreak sad roof collapse, and the roof will probably need
¢lose supporting even in the guartzites. The schists near
the outlet should result in much easier tumnelling.

As shown in fig. 2 the Tertisry basalt has filled an old
valley and it is not impossible that deep basali~filled channels
exlat beneath the present basalt plateaus. This possibility
has been investigated and 1t seems unlikely that the pre-basalt
valleys extended below 1800' in their decpest part, and this
places them well above the tummel line. In addition the tumnel
line avoids the decpest part of the duried valley located.

The tunnel lines C snd D were not investigated in any
detail, as they lie outside of the area mapped and the following
Mmmnqmmwm.mmn
the Berriedale Flains road.

Tunnel line C has several atiractive features; beth
its inlet and outlet portals lie in gquartzite. The inlet end
is located in a thick, massive guartzite of the Pisher Group
and the outlet is placed in the solid guartszite (Pisher Group?)
ridge just north of the landslide ares on the Forths The beds
at each end dip in opposite dirsetions so that the tunnel would
cross the faulted axis of the Fisher Anticline. There is a
possible fault a few hundred yards from the inlet and this would
meet the tummnel about half 2 mile from this end, There is a
gap in the Tertiary basalt cover sbove this tunnel line and it
should be péssible to determine the structure and lithology to
be met. This elternative is much shorter than A and B, does
not pass below a major river valley, (i.e. Arm River) and would
be located in guartzites and slates of the Fisher Group.




504071
070 "

The tunnel should not meet the mica and garnet schists
vhich occur elsewhere in the ares and which would be expensive
to tumnel through beceuse of the strong schistosity snd the
tendenocy to deep weathering. One 4ifficully may lie in the
extensive guartzite-gseree deposits on the steep slopes of the
Mersey River shown on plate e Exeavation in these
serees or blasting associated with the construction of a dam
could cause extensive movement of this material. The screes

may be extensive enough to provide useful construetional
material,

Tunnel line D appears on the present state of
knovledge to be a very bad cholce. It lies either along, or
very clieose to, a major fault between Plsher guartzite and
Dove schist. The rock would probably be very broken with
shattered quertzite and strongly weathered schist and the
zone could carry a large amount of water,

Tunnel line D has the advantage that a dam placed
at this poiat on the Hersey would cateh the waters af the
Fisher without extra tumnels or diversion but geologically
appears to be very dangerous. It lies very cleose to, and
partly along, & major fault between Pisher Group guartzite
dipping south and Dove Schist dipping north. This fault zone
would be wide and would contain sisttered quartzite and
deeply weathered schists and should be avoided.

Nost of the roads in the area are along the flat-
topped river terraces of the Nersey, Arm and Forth Rivers,
and these have quite good foundation properties, the main
difficulty lying in their poor drainage.

" Although the till of the terrases is gquite sound, the
varves assogiated with 1t in the Avm valley (see ppe 4O and
41) should be avoided. This material is generally damp, due

u:umwp—au-.utmnum
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after being dried out, it swells repidly and crumbles. HNaterial
of this kind in Burope has beem found to be very sensitive

and may flow badly. Although the material stends in vertical
faces 10' high in cuttings in the Arm and Forth valleys it
should be classed as unrelisble and avoided if possible, It
would be dsngerous to place bridge foundations on this material.

The access road via Gad's Hill passes across basalt
for considerable distances and although this is quite
satisfactory, difficulties may be met in passing from the
basalt platesu to the valleys begause the slope along the Lase
of the basalt is prone to landslide.

Some steep slopes underlain by guartzite develop
thick serees with an angle of rest of 40° (e.g. east side of
Mersey, between Arm and Fisher) and these would slide if
excavated near the base.

There are ample supplies of clean guartzite for
concrete aggregate as shown on the map no. 1. Basalt is also
abundant and varies in character from msssive to closely

.

jointed or secoriacecus types. The basalt has the disadvantage of

being located above the 2000 level, and ususlly above 2500'
so that it may have to be crushed and carted considerable
distances for most purposes. Supplies of guartzite could be
found almost anywhere in the valleys.

Unconsolidated coarse materizl is not abundant, In a
few places there are quartszite screes, but the volume is too |
small to warrant consideration of their use in any major project
although they could be utilized for road construction where they
occur locally. The till in the river terraces is a tough,
unsorted silt-sand-boulder mizsture, unsuitable for aggregate
and probably also not satisfactory for earth-fill dems. Large
deposits of unconsclidated river pebbles and sands occur north
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of the Forestry Commission camp on the Mersey River. This
material is probably too remote to consider its use on tunnels
A and B but is only & few miles along a good road from tunnel
Ce There is only very limited amounts of clean sand in the
Mersey and Forth Rivers.

The varved clays of the Arm and Forth Rivers contain
& considerable amount of silt, and swell whem first wetted but
should be a satisfactory source of clay material.

As no detailed work has been done in the area around
tunnel lines C and D, this should be regarded as necessary to
the evaluation of those workse.

Lack of surface exposures make it quite impossible
to predict what rock types may be met along the tumnel line,
and this could only be determined by a series of diamond drill
holes along the line. One drill should certainly be placed
where the tunnel B is to pass below the Arm River to find out
the thickness of glacials and of solid rock above the tumnel.

The configu-ration of the base of the basalt on the
Berriedale Plains and on Magg's Mount could be checked by
seismic work. The thickness of glacials in the Arm valley
might need to be checked by the same method if tumnel B is
considered.
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