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T i, 1HTRODUCTION

Yhe presented study is part of 3 browder Gastn evaluation which i beinyg
carvied out by the Shell Cumpany in cunncction with coal exploration wuik

in arcas adjacent to the Fingat Cuiliury'in North Eastern Taspania.

A Permo-Triassic sequence Gi up tu GO0 metres thickness covers about half

of the area of Tasmania. FIGURE 1,

The Permian part consists of glacial, marine and fluvial depesits with
locally somne coal. The Triassic part contains extensive coal bearing alluvial

and fluvial deposits which are locally grading into marine deposits.

In the north east, the Triassic coal measures have their optimum developrent
with a thickness of more.than 300 metres, and some 5-10 coal intervals. This
area accounts for the bulk of Tasmania's total cumulative coal producticn

of eleven million tonnes. One third of this has been producad at the Fingal
of Duncan mine, which is currently the only operating collicry and produces

about 200,000 tonnes annually.

Here, room and pillar workings in the Duncan seam extend over scme three
& square kilometres. More than 50 kilometres of accessible rcadways expose
about half a million square metres of coal and roof rock surface. These
continuous exposures of the seam and its immediate roof, as well as the -
numerous large roof falls offered an opportunity to study depasitional

features, especially larger-oncs which can not be observed in bore cores.

The invitation to visit the mine was obtained from Cornwa1] Coal Company
on the basis of friendly rciations and consultations between lease neigh-
bours. Thanks are due especially to the mine manager, Mr. Robert Mellows
for the permission to give this presentation and to Mr. Vic. Threader fraom
the Mines Departmen{, who kindly arranged access to bore cores and made

core data available,
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buring the iast 10-20 youi, .o yenesis ol various sedimentary features
cuch s types of bedding, ks on bedding planes and shapes of rock budies

have been studied by nuinctous authiors, and were used as criteria for the

recognition of depositicnal envirviments,

“Models have been developed and refined for alluvial fans, alluvial plains,

braided, straight and meandaring rivers, lakes and coostal plains. Such
modeis have been applied to coual Learing sequences cspegially in the
Appatachian Dasin by Wanless, Donaldscn, Ferm and Horne and by many authors

in European coal basins.

Sedimentological characteristics of the Tasmanian coal nicasures can now
be compared in detail with those of similor deposits elscwhere which have

been subject to numercus dulailed investigations.
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the overall wssessment of the wopuntaionad envivoment of Lthe siudicd
scauence s laryely bascd ui. bure cure observetions refating to Tithology,

type of bedding, vertical varjations and correlations betwean boreholes.

A‘ISO metre thick intervai representing about hall of the totel thickness

of the coal measures in the studied area is shown on FIGURE 2.
The soquence consists basicelly uf four rock types:

1. medium and coarse greined clastics which are acﬁurding to PETTIJOHN'S
terminology sub-greywacke, |

2. fine grained sub-greywackes and siltstones.

3.  mudstones with little or no carbonaceous material.

4. carbonaceous mudstonz and coal

The basal 300 metres of a number of holes were found to comprise these irock

types at the following percentages:

medium gnd coarse sub=greywacke _ 537
find grained sub-greywacke and siltstone 15¢%
‘mudstcne (non-carbenaceous) _ 127
carbonaceous shales 7%
coal | 37

As recognised already in 1968 Ly V. Threader, these rock types are usually
arranged in upwards fining cycles, commencing above an erosional base

with massive, apparently unbedded or faintly horizoﬁta]]y beddod médium

and coarse grained ynits of 2-20 metres thickness. Mud pebhle congloncrates,
coal s=pars and clay bands occur often within these units. Commonly contorted

bedding, slumping and grain flow is svident. Threader (1963) pointed out

that these sandstones often cover as large arcas as carbonaceous intcrvals.,
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Detailed bove core studies suggeoi el whese sandstone intervels are
conposed of usually more than oo send bedy.  The gcoeetry of Liesc
individual bodies and the buundurics buetlween them has been studied in

the mine in some detaii.

Horiionta1 and low angle cruss bedding was found to be more proncunced in
the finer grained intervals, while centimetre scale ripple cross bedding
and millimetre scale flaser bedding was common]y cbserved in the fine
grained, silty alternatiuns at tlie tup of these units, Bedding in scne
of the ffner clastics was often blurred by bioturbation and small scale

grain flow.

The sub-greywackes of this sequence are usually well sorted and centain
often less than 30% quartz while rock fragments prednmfnate. They are
usually poorly cemented and friable. More mature, quartzose sandstones
are missing here but are kncwn tu occur in lateral equivalents to the

south-west and south-east.

Various types of mudstone and clay are observed. Some are massive and
apparently unbedded, others are fine banded and show chavacteristics of

deposition from suspension in bodies of more or loss stagnant water.

Among the various types of clay and mudstone, the mosi conspicuous ones
are the numercus cm~dm thin usually 1light brown beds, which have been

used in the mine and in bpreho]es as correlation markers. Fecent clay
minera]ogicalgstudies by C. Bacon (1979) in this aicca have sucgested a

volcanic source of the material of some of them having high montmoriltenite

contents.

At the base of some of the observed ceal seams Lthere are 1-% contimetre
thin white or 1ight brown clay beds which have some resemblance with

underclays. Some of the carbenaceous shales at the base of coal seams
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contain abundant plant réicaiin, Lut ccuts have not been recogniced in thea.
Arlocoal seams in Uhiie seclion consict peeduminantly of dull coal. Most
have fairly high ializrent ash cuiients (niore than 20-25%) and grade into
carbonaceous shale or heavy dull mussive inferior coal. Locally a rew thin
torbanitic shales have been observed.

The laterally most persistent ruck units are the ones consisting of
carbonaceous shale and coal, {FIGURES 3 énd 4,) Borehole evidence suggests
that some of them may extend uver several hundred squere kilometres. Coal
is less persistant than shale, and may vary from less than one to more ihan

4 metres within a few hundred metres of Tess, as seen in the mine.

The 1ithology, frequency and succession of these rock types, their contacts
and interval features such as bLedding, and their lateral extent and lateral

variations suggest the deposition in an alluvial plain environment.

Observations in the mine confirmed this interpretation and added some

detailed evidence which is only obtainable from conilinuous exposures.
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I Bhe Fingal mine, Lhe Laacon oo canges o thickness betwecn 1.5 and
melres. 1L consists preqdminunafj ul dull coct with Taivly high inheront
ol content.  The predominance oF dull coual s interpreted o indicate
geposition in a comparatively weil deained coal swamp with partial oxidation

of the plant wmaterial. The high dvherent ash contents, swept in by wind

and water, may indicate ratiior slow coal deposition.

The base of the seam is rarely exposed. helow the seam there is usually &
Tight grey ov grey-brawa mudstone, localiy silty and Tivim but more oftoen
ralher soft and not suitabic as a werking floor. The uppermost 1-3 centi-
retres of the mudstone are wccasionaily light brown and resconblie ain under-
Clay. A persistant sione band of 1-5 centimetres thickness occurs about
60 centimetres above the base of the seam. The working floor is usually

kept at this band.

The seam includes a nuhber et centimetre thin stone bands, which were Tound
to extend throughout the mine workings and could be used as marker herizons.
Gf the stone bands higher up in the seam, two thin bands seﬁurnted by scme

6 centimetres of coal ave usually easily recognizable and have been used as
marker horizons throughout the mine. Other bands are more variable in
thickness and lithology, consisting partly of splinter-hard stone and partly
of soft plastic c¢lay. Locally, some 20 centimetres of torbanitic shale occur

within such & stone band.

The stone bands have usua11ywa sharp, slightly erosional BﬂSDa Tocally with
sonie grains and niud pellets near the bace. The toup 1s often gradational.
Upwards fining graded bedding is often clearly recognizable. 11 )incire
thin parallel and rippie laminaticn, scue centimetre scale drag Tolds and
Tozal minor erosion and re-working indicale moderats current activity, Bands
of similar tvpe are known from many other ccal basins., They are interpreted

I

to be deposiled from suspenced mud during occasional Tlcods when the entire

coal swamp was inundated. After each of these floods, coal depesition
obvicusly resumed rapidly.
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[i. the upper part of the scun, abuve the level chosen as key maiker, dotaiied

correlation 1S mere colpiéa, o5 11lustrated on FIGURLE 5.

1o some areas, the deposition of coal continued, and as much.as two melres
of coal follow locally above the marker hed. This coal interval includes
sohe cluy beds of variable thickness. One of them ranges in thickness from
& few centimetres to several uetres and separates an upper coal ply of abuut

one metre thickness from the main sean section.

The mudstone and the upper coal are lateral facies equivalents of a mediun

to coarse sub-greywacke which usually froms the roof in the mine workings.

The edge of this sub-greywacke is exposed along the periphery of the mine
workings'over a tength of about 4 kilometres. All along this edge there
are numerous large roof falls which c]ear1j expose the transition zone.
{FIGURE 6.) This Sub-greywacke-is composed of individual rock bodivs, vach
of several decimetres to meters thickness, which laterally represent

individual mudstone and coal beds.

The edge of the sand body js locally inc]ined at a low ang]é.to the ceil
scam, Mostly the angle is in the order of 30 degrecs but locally it is

atmost vertical (FICURE 7 and 8).

Differential compaction along this zone has caused locally extensive squeczing
of ¢lay and coal, slickensides, fractures and faults which usually originate
and terminate within the seam (FIGURE 9). It is evident that these displace-

ments are caused by local compaction and not by regional tectumic stress.

4

However, the fact that the most pronounced parts of the cdge of the sand

body follow fairly straight Tines may suggest some stight cyndepositional
movements. (FIGURE1O). | |

The sand bady was obviously deposited on the topographically lowest pairts af
the coal swamp while on the surrounding slightly highar ground coal and mud-
stone deposilion continued. Compactional processes stabilized for some time
the position of the edge of the sub-greywacke until eventually the sub-

greywacke spread out gver the entire arca.
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Tne kasal mesboe of the roef canusicne v the wine warkings s youeliy
massive, eitner unstraliiicd v with wide spaced Vaint horizoncal Tatuaiiea.
This unit may locally cxceod Uhitee meties in thickness. Where it is thick,
the roof of the mine workinge i1s siable and exposures of its full thickness
in roof falls are rare. Whore it 15 than or missing, there 1s often sopic

evidence for ergsicn. Whure the nassive basal sandstone is thick, ifs base

is often unduleting and shows channels and scours with pebble lag congloneratas,

Th:is basal sand has all churacteristics of a grain flow or shecet sand.  Sanud
fans with similar charoactervistics have Leen desceribed from different sub-
aqguatic environménts where Tarye amcunts of sediment material were initiaily
accumulated on relatively steep silopes, of perhaps 1-2 degrees  started to
creep down-slope, became 1iquefied and eventually formed turbulent grain
flows with high density and high velocity. In most reported cases such flews

cceurred entirely within extensive bodies of more or less stagnant weter,

The basal member of the ryoeof sandstone is followed by leminated and ripple

cross bedded units whiéh may indicate waning floods. Higher up follow low angla
_crossbedded sandstones with erusional base, which may represent stream

channel deposits. Braided streams and straight éhanne]ﬂ appear to have becn

more common than meandering channels.

At many Jocalities in the mine, large stumped masses are exposed in the
immediate roof of the mine and can he studied in larve roof falls. They
ftave an erosional basc and contain slwaped and conteried moterial dincluding
blocks of several cubic ﬁélrus. They may have been Tormed by undercutting

of channel edaes or simply by slope failure as & result oi rapid doposition

on a slightly inclined base.
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e Base of the sandstonc wiich usueady Torms the miniug voof displays a
Lerge varicty of featuics with deponitioial significanve (FICURD 14).
Ihosome parts of the miae, the vout iy diwcst perfectily flat and stows

no clear evidence of erosion. In uthier parts it is more or less undulating.

Here some erosion 1S recoynizeble.  The maximum amount of erosion obsery-

~able under channels and scours rarely exceeds 10-20 cm.  The amount of

erosion was inferred from detailed mapping of the interval between the
sandstone base and the main marker bed. Obvicusly the peat waes not easily
ercdad by thie basel sandstonc, or by any scours cutting down from higher

levels within the sandstone unit.

- Channels aré perhaps the most conspicuous ones, Thoy are usualiy
roughly parallel and trend NHE SSW o in the old workings. in the southern
and eastern part of the wine they follow often the edge of the sandstecne.
Some protrude as much as one wmetre or more from Lthe roof, have a width
of 10-20 metres and a length of 100-200 metres. Their deepest parts
are often filled with gravel lags. Differential ccmpaction resulted in
some squeczing of the coal underneath and in faults aleng th¢-channe]
flanks.

- Smaller scours of 0.5-2 metres width, 3;10 metres length and 0.1-0.5
metres depth.are locally common. Only few are assymetrical and indicate
the direction of transport.

- Treé logs, branches and reed type plants, tool marks and various types
of current Tineutions such as flute marks and furrows are counon. hey
are usually parallel to 'the general transport direction although local
deflections are evident,

- Areas with thicker and coarser sandstone have usually @ more undulating
roof while in areas where the basal sub-greywacke is thin the roof can
be almost perfectly flat over as much as a hundred metres.

- Upright large trees and large roots are common in some parts of the

mine.,
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There are docaliy Bifd Con e uvonai oiid LCusional features bioauin Gy
folds aid what o 2istoicty known au sendstong dykes.  The sancsiunic
dykes ere roughty povoiicl Lu the edije of the basal sub-greywacke body.
follow often Sivaight fives of as wuch as 100 wetres and have a width
of 3-10 el where they pootiud. feom the reof. (FIGURE 11).

- In the zouth contern jeri of Lthe wine the direction of transport was
obviously from the SH lu ihe NE. 1o the western part of Lhe wing the
transport was parallel to the meny HHE trending channcls,

FAULTING (FIGURE 12)

Nearly all discontinuilics ofseived in the ming are related to depositicnal
and compattioh phencimene and Lave Jittle or nothing to do with real Faultine.
Come minor syndepcsiticnal block wmovenenls may, however, have influenced the
topography on which the sund vias deposited and thus predetermined the pus-

ilion of chiannel edges.

The most coamon discontinuivies that Took 1ike fawlts occur alony chammeld
eeges.  They are nol displacing the roof and floor of the seam but usuclly
disappear in scme horizontal bed that ofien shows siickensides. They are
clearly the result of the different compaction rates of the coal and the

channel fill.

The cleat pattern in the mine is poorly developed and not showing any

persistent trends.

Horizontal or low angie sijckensidas occur often along the rocf. Logally
ithey surround Tens or disc shaped bodies of roof rock material of several
metres in diametre which have coused particularly dangoersus sudden roof
falls. They also are depociticral and compactional features and have nhothing

to do with real faulting.

The thick dolerite which intruded about 150 metres above the mine workings

has apparently not affected the interval cxposed in the mine,
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CuinCLUSIGNS  (FIGURE 12)

The investigated scguence w0 depenried ahodn adluvial plain envivonmens
and comprisés extensive coal owanp depusity in alternation wilh Tacustrine

and stream deposits.

During pericds of widespriad {iveding, Targe masses of sediment which had
been accumulated at the tdge o1 the basin, became unstable, were liquefied
and moved as high density grain f]gws towards the central parts of the
flooded areas, where they furmed large fen shaped sheet sands. Lateraily
and above tnese grain flows, the suspended mud settled down. Such lakes
were short lived, and some of their sediments were reworked while the
floods were waﬁing and in subsequent periods by stream channels., Slight
variations in topographic gradients and fluctuations in the available
sediment and water dischargc caused the formation of & variety of stream

channel types including braided, straight and meandering channels.

The alternation of widespread intervals of clastic sediments and of
extensive coal swamp deposils could be fully explained with variations in
water discharge;- It is not necessary to postuate tectonic events, major

changes in tographic relief and large variations in sediment availability.

Similar a]luvié] plain deposits are known from basins in Northern Spain,
Central France and many other places to contain scme locally very thick
coal seams. The observations in the Fingal mine have shown that seam

profiles vary significantly over very short distances,and that in such a
depositional environment a' relatively dense grid of .borehales and other

cbservation points is requircd for ocutlining areas with optimum coal

thickness and quality as well as favourable roef and floor conditions.
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