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" eees the Eternal shall rejoice in his

works. He looketh on the earth, and it
trembleth: he toucheth the hills and

they smoke." N |
Psalm 10Y%: 31-32
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ABSTRACT

Jurassic dolerite intrusions of the Hobart district,
Tasmania, have been examined geologically and gravimetrically
in order to determine their form; The dolerite intrudes flat-
lying shallow marine Permian and continental Triassic rocks,
A major problem was the resolution of more recent faulting
superimposed upon Jurassic structures;

The intrusions are the result of a limited series of
injections (four or five); Bach individual intrusion has an
irregular flattened trumpet shape; Synchronous intrusions
have interconnected to produce a cross-wave pattern in which
each hollow represents the site of one or more massive feeders.
The feeders are basically dykes up to & mile across, although
some are pipe~like extensions or wedges from dykes, and most
are related to pre-existing faults.

Sheets have been initiated above feeder wedges at a point
where effective intrusion pressure (about 7x105gm/cm2) has
exceeded the load pressure, Dislocation by fracturing was
followed by hydrostatic intrusion. The actual form of the
sheets, termed chonoliths, is determined at any place by any -
previous and concomitant fracturing. Fractures are controlled
by rock heterogeneities, plastic confining beds, fluid
content and distance from the feeder, or proximity of the

free surface. Each sheet is about 1,000-1,500 feet thick.,



Initial intrusions are normally placed low in the
sedimentary column, while later intrusions generally found a
higher level., Ultimately a lava plateau could be produced
if the magma supply was adequate, although no evidence exists
for this feature in Tasmania.

Extreme products of differentiation are to be found
only in those parts of the intrusion adjacent to, or above,

a feeder. There is no evidence of assimilation within the

area,



1. INTRODUCTION

1.1 General
| The Hobart district, an area of 1,000 square miles, 1is

centred on Hobart in southeastern Tasmania. Although geolog-
jcally typical of eastern Tasmania, it has the bast outerop
and access. Dolerite outcrops over about half the area, and
possibly underlies much of the remainder. Structural config-
urations typical of the Tasmanian dclerites are found, these
being dykes, sills and sheets at various scales and attitudes.
The geology of the district is complicated by two super-
imposed systems of faulting. One Jurassic in age, and probably
partly contemporaneous with the dolerite intrusion, and the
other mainly Tertiary in age. Fault rejuvenation has made
study of the intrusions difficult, due to uncertainties in
age and structural relations. In addition, as also noted by
Carey (1958a, p.131), the detailed complexities of the
intrusions have fogged first order examinations. Previous
workers have attempted to resolve this problem using only
geologlical methods. Little of general value was derived.
Failure was often due to the smallness of area chosen, and
inability of geological methods to provide a unique solution.
Gravity surveys have only recently been employed, although
the possibilities have long been obvious. Three surveys have

been directqd at this problem in Tasmania; McDougall and
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Stott (1961); Jones et al (1966); Leaman and Nagvi (1967). All
dealt with small areas. They indicated that with a detailed
survey of large scale the form of the intrusions, as a whole,
could be resolved.lA detailed geological study by the
interpreter of the gravity survey was also shown to be
éssential. With application of both geologiecal and geophysical
methods a sense of uniqueness can be approached in interpret-
ation. It is impossible without drill control to fully
specify the parameters of intrusive bodies.

The bésic approach has heen to map and survey in detail
a2 significant, accessible and varied area. The range of
structures present, both intrusive and epeirogenic, and the
great topographic relief were key factors in the choice of
area., The district has one distinet disadvantage in that
many structures related to, or concealed by, the Derwent

estuary cannot be examined.

1.2 Geomorphology
Two features dominate the Hobart district, the Mt,

Wellington-Mt. Marian plateau and the Derwent lowlands.
Relief is generally moderate to high. Without exception,
elevated country is dominated by dolerite bodies which give
protection against erosion.

In detail, the topography is marked by fault-controlled
features, such as escarpments and straight narrow valleys.
The Derwent lowlands are fault-controlled and represent,

with the Coal River valley and Pittwater, a graben some 20
miles (32km) across. Step faulting within the graben has
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produced linear blocks at various elevations. The Mt. Direct-
ion and South Arm blocks represent a central zZone elevated
with respect to the eastern escirpment and downthrown com-
pare¢d with the western escarpment. Topographic regimes are
generally north-south. Few streams of any magnitude cut across
this grain. The River Derwent is an excdptibn, trending west-
east from New Norfolk to Bridgewater across the main north-
south range., The river follows fault trends in the lower and
middle reaches of the valley and there is no obvious struct-
ural control for such a course change. Several streams show
meander incision and quite possibly the course changé of the
River Derwent is an incised feature dating from Mesozoiec
times, as the Lower and Middle Derwent faulting is rejuven-
ated Jurassic faulting.

In the elevated plateau regions where frost action is
common, &and where periglacial conditions prevailed in
Pleistocene times, there is much evidence of solifluction
and congelifraction deposits. Substantial deposits of talus,
probably related to this time, are in places overlain by
more recent scree fields (Davies, 19%58).

The coastal regions are marked by the presence of higher
shoreline levels. These are particularly evident in the South
Arm-Seven Mile Beach region, and occur between 2 and 6 feet
(0.6-2 m) above the present sea level (Davies, 1959). There is
also much evidence for variation of erosion and river base in
the complex of depositional and erosional terraces in the

valleys of the Coal and Derwent Rivers. The coastline is

[
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generally one of submergence with inter-island bar connection

at South Arm.

1.3 Acknowledgments
I should like particularly to express my gratitude to

Prof. S. W. Carey for his guidance, discussion and criticism
throughout all stages of the work. My gratitude is also
extended to Mr., M. R. Banks, Mr. J. E. Shirley, Dr. R. Varne,
Dr. E, Williams, Dr. W. D. Parkinson and Mr. I. B. Jennings
for their general interest and help. I am also grateful to
the State of Tasmania (per the Department of Mines) for
enabling me to undertake this project.

1.4 Previoug literatyre
Although Bobart was first settled in 1803, it was not

until 1864 that the first geological work was published
(Harrison, 1864)., He referred briefly to the dolerites of the
city site and classed them as basalts, which flowed down old
valleys from which the divides have now been removed. The
first major work to appear (Johnson, 1888), following(?)

Jukes (1847), regarded the dolerite as 'greenstones' of pre-
Carboniferous age and as flows antedating the rocks now known
43 Permian~-Triassie. He ignored the evidence of thermal metam-
orphism, but was the first to recognise the significance of

faulting in the area.

Hills et al (1922), possibly following the sketchy general

ideas of Strzelecki (1845); Milligan (1849) and Selwyn (1855),
considered the intrusion to be a massive sheet with plugs and

e
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dykes pushing into overlying sedimentary rocks. Nye (1922, 192k)
also developed this idea. It was not until Edwards (19%2) and-
Lewis (19%6) that a reasocnable description of petrology and
distribution became available. Scme of Edwards' conclusions
concerning mechanism of differentiation are based on Lewls'
erroneous -interpretations of the structure, and should be
considered with reserve (p. 76). Many of the errors in Lewis'
published work, which is a monument to tireless =2nd generally
first rate observation, persist because of his death prior to
publication. Most errors are restricted to his map. He noted
the particular importance of Tertiary faulting and the Well-
ington uplift. Although generous in indicating faults on his
map, he often omitted reference to Jurassic structures. He
considered the dolarite to be intruded in the form of thick
and subsequently faulted sheets. No attempt was made to relate
the parts of the intrusion. He considered the intrusions to be
the result of a hydrostatic and non-forcible process.

Subsequent workers have generally done detailed geological
mapping of small sections of the area. No great interest was
shown, nor was it possible with the areas involved, to adduce
much of comprehensive value concerning the dolerite, e.g.

Mather (1955), Rodger (1957), Woolley (1959), McDougall (1959b),
Hastie (1961), Moore (1965, 1968) and Gatehouse (1968).

However, Green (1961) mapped sufficient area to suggest sill
repetition by Tertiary faulting aeross South Arm. McDougall
(1962), and Sutherland (196%4) also mapped areas dominated by

large dolerite bodies, which led both to significant comments
on intrusion mechanism and form. The validity of their con-



elusions is discussed later (p. 58, 75).

Literature on the Tasmanian dolerites has been predomin-
antly of a pétrologieal character, However, the Dolerite
Symposium (1958) contained some papers dealing with possible
mechanisms of intrusion and descriptions of the intrusion
form in this -and other provinces (Carey, 19%8a, b; Walker,
1958), Carey (1958a) postulated that the dolerite was intruded
28 massive cone sheets emanating from many centres, This idea
was followed by Spry (1958) and Sutherland (1964, 1966).
Carey's postulate was based on use of contact-stratigraphic
structure contours termed isostrats, which have since been
criticised (Leaman and Nagvi, 1967). Work in this district
shows that while the isostrat principle is not invalid it
gives only a partial solution.

Other than the examination of the Red Hill intrusion by
McDougall (1961, 1962) and McDougall and Stott (1961) no
other detailed geological-geophysical work had been undertaken

Addendum resulting from examiner's reports:

Some unpublished gravity work was in
existence prior to the survey. It is presented by
Cameron (1967) and included ithe small Sorell survey
of Shalley (1964) (Honours Thesis, Univ. Tasm.), end
exercise surveys by geophysics students. Its quality
is variable and coverage is sparse and irregular.

“"BiXl: An Infrusive body of igneocus rock of approximately
uniform thickness and relatively thin compared with
its lateral extent, which has been emplaced parallel

to the bedding of the intruded rocks. (Note use of
adJective 'transgressive' where the angle between



the plane of the intrusion and the bedding is small,
and the noun ‘transgression' which is a departure
from concordancy or sub-concordancy.)

Sheet: A tabular mass of igneous rock, either a flow, sill
or dyke. (In the context of this thesis it will be
taken to be a generally sub-horizoptal body on the
broad scale.)

Boss: A steep-sided protrusion from a major body (sill or

(Plug) sheet) into overlying intruded rocks (writer's defn.).
The word plug 1s used interchangeably with boss
threoughout the text, although some would resirict the
term to volcanic vents contalning glass. Many such
protrusions may well be true vents, Certainly they
are plugs in that they stop a hole produced by uplift
'forcos, and which was not stoped. In view of their
rossible vent character the term plug is not improper
although, in the context of lack of proof, boss is
the more technically accurate term. Local usage

supports the term plug.

Dyke: A tabular body which cuts across the structure of
the intruded rocks.
Feeder: The pipe or dyke-like body, in the crust, by which

the magma was intruded (writer's definition).
It should be commented that the term "sheet" will also be
taken to include combingtions of 3ills, transgressions and
dykes, where the whole system is substantially wide-angle and

predominantly sub-concordant in broad scale.



10

2, GEOLOGY

2,]) _Introduction
Detalled geological fleldwork, extending over a period

of more than three years, i3 summarised in Map 1 (folder). As
much of the area had been mapped previously most of the
present work took the form of revision and checking. About
one quarter of the map is original work., No previous workers
have had the advantage of an sccurate area-wide topographic
basemap.

Previous mapping by MecDougall (195%9b, 1962), Green (1961)73
and Moore (1965) was found to be reliable. Insofar as the map
of Banks gt al (1965) includes such work, and some other
unpublished Mines Department work, it is also accurate. Con-
slderable revision was undertaken of work by Mather (195%),
Gatehouse (1968) and especially Woolley (1959). Some simplif-
ication of mapping by Sutherland (196%4) was found necessary
&3 neither exposire nor map scale justified the detailishown
by him.

In a study of this kind, knowledge of all aspects of the
geology is essential in order to sort out the structures
involved. A brief summary of basic geological information

follows. More detailed particulars are given as required in

Section 3.h.k.



2,2 Stratigraphy
PERMIAN;

The total thickness of exposed Permian rocks is some
2,000 feet{600m). The base of the system is not exposed within
this district, although by analogy with the adjacent
WOodbridge, Oygnet and Maydena regions there could be a
further 500 feet(150m) of glacigene rocks. All formations

are conformablse.

i) Lower Permian:

The rocks designated Lower Permian consist of a mono-
tonous mudstone-siltstone sequence, with occasional sand-
stone units, in excess of L4OO feet(120m) thick. The only
exposures are in the Collinsvale=Glenlusk-Berriedale region
(see also Sutherland, 1964%). The group may be equivalent to
the Quamby Group of Northern Tasmenia (see also Banks, 1962),
It is possible that these rocks are in fact Carboniferous
(Gulline, 1967; M. Clarke, Tas. Dept. Mines, pers. comm).

i11) Bundella Mudstone:

A formation of fossiliferous and somewhat pebbly mud-
stone, also containing calcareous nudstone and limestone
units, about 250 feet(75m) thick. Complete sections through
this formation are rare because dolerite commonly intrudes
this horizon.

iii) Faulkner Group:

Rocks of this group are variable in thickness, facies

and lithology. They consist of sandstone, mudstone and
conglomerate. With the exception of the Cygnet Coal Measures,
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the only ncn-marine Permian rocks occur in this group. Thick-
ness varies from 60 to 100 feet(18 to 30m)(see also Banks and
Hale, 1957).

iv) Cascades Group: (Banks and Hale, 1957)

This group consists of very fossiliferous mudstone,
siltstone and limestone. The Berriedale Limestone has its
greatest thickness on Mt. Dromedary and thins to the south-
west., The dominant unit over the southern half of the district
is Grange Mudstone. The group has & thickness of 300-330 feet
(90-100m) . Due to the common occurrence of sills in this
horizon few total thickness estimates are possible.

v) Malbina Formation: (Banks and Read, 1962)

~

vy
~

The Malbina Formation is composed mainly of unfossilif-.
erous siliceous siltstone, with & pebbly fossiliferous sand-
stone at the base and a very fossiliferous mudstone at thé
top. Variation in thickness does occur, 220 to 300 feet(65-
90m), with the greatest thickness developed near New Norfolk.
It thins markedly to the southwest.

vi) Ferntree Group:

The base of the groiup is marked by a pebbly feldspathic
sandstone about 20 feet(6m) thick. The remainder consists of
550 feet(1l70m) of fissile and non-fissile generally unfossil-
iferous siltstone with occasional sand and grit beds.

vii) Cygnet Coal Measures:

This formation is that non~marine material, consisting
of coal, carbonaceous mudstone and shale and(or) feldspathic
sandstone containing carbonaceous fragments, which usually

disconformably overlies the Ferntree Group. Thickness varies
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from O to 100 feet(O to 3I0m).

TRIASSIC:

Iriassic rocks may be divided intoc two associations; a
sequence of quartz sandstone, mudstone and shale of Lower and
Middle Triassic age overlain by & sequence of lithic feld-
spatiic sandstone and mudstone of Upper Triassic-Rhaetic age
(Hale, 1962; Townrow, 1962). All rocks are of freshwater
origin,

The base of the Triassic rocks 1s marked by the appear-~
ance of pure siliceous rocks (compare Cygnet Coal Measures),
a topographic bench and occasionally a quartz grit. The
Lower Triassic rocks have & maximum thickness of 1,300-1,500
feet (400-450m) , and show a change in composition and texture
throughout the sequence. The basal rocks are nearly always
dominated by a massive medium=coarse sandstone while the
overlying rocks are more fine-grained, more feldspathic (app-
rox. 1l0-15%) and micaceous. The prOpoftion of lutite increases
upward, from minor dark shale occurrences near the base to
units of thick massive mudstone near the top. A succession of
massive mudstone units, often with red beds, normally
precedes occurrences of Upper Triassic rocks. There is some
interdigitation of the two asscciations.

The lithic sequence has a higher proportion of fine=-
grained rocks than does the quartz sequence. Thin coal seams
are also present. Its thickness 1s unknown but at least 500

feet(150m) was proven by drilling at Richmond.

r.:,v
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TERTIARY:

Non-marine clay and sand has been deposited in fault-
drainage-erosion troughs in the Coal and Derweni valleys. The
maximum thickness known exceeds 670 feet (drilling at "Carr-
ington", Richmond). The deposits conform to the shape of the
wedge~shaped fault'troughs, although the influence of erosion
channels within these is very important. The basin north of

Richmond contains much lignite.

QUATERNARY:

Alluvial deposits are associated with most streams, and
are generally only 10-20 feet(3-6m) thick. Thick deposits of
windblown sand are found at Seven Mile Beach and South Arm.
Gravels occur at up to‘50 feet(15m) above present river level
in the Derwent valley west of Bridgewater. These deposits
are probably related to greater river flows, or higher sea

levels of Pleistocene times,

2,3 Jgneous geology

JURASSIC:

Tholeiitic dolerite, dated at about 167 x 106 years
(McDougall, 1961), outcrops over about half the district. Two
major petrological studies have been made of bodies within
this area; those of Edwards in 1942 (Mt. Wellington, Mt.
Nelson, Gunnings Sugar Loaf) and McDougall in 1962 (Red Hill).
Both studlies were directed at differentiation sequences. No

significant attempts have been made to relate type, or stage

of differentiation to the form of the intrusion. The above-

Frp
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mentioned authors, Joplin (1957, 1964) and Spry (1962) have
stated that the magma was very uniform in composition and
intruded close to the liquidus temperature. This conclusion
is baseé& on chilled margin studies which may be open to some
doubt (see p. 107). These suthors have conciuded that the
intrusion took place in one major pulse but the general work
“done is hardly sufficient to be definitive. There is little
petrological evidence available to suggest that the intrusion
occurred in more than one pulse, Detailed work has not yet
been undertaken on adjacent intrusions to examine such
variations as may often be readily observed to be present. A
minor second pulse, at least, is definitely represented by
small dykes, @.g., Mt. Nelson (Edwards, 1942), Hickmans Hill
(McDougall, 1962) and Single Hill (Plate 2-extreme example).

TERTIARY:

Tholeiitic and alkall basalts occur in the valleys of
the Coal, Jordan and Derwent rivers. The thickest flows are
in the Jordan valley near Brighton, where the thickness
exceeds 150 feet(45m). Petrological studies have been under-

taken of the Brighton basalts (McDougall, 1959=a).

2.4 Structyral geology.

The location and general relationships of major struct-
ural features are shown in fig. 2, p. 16.
i) Attitude of sedimentary rocks:

With the exception of a narrow belt immediately east of
the Mt. Wellington-Mt. Faulkner block, all rocks dip west.
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Dips are normally of the order of 5-100, aiﬁhbugh 15-25° 1s
typical in the Coal River valley and estuary in association
with Tertiary step faulting. Dips are east at about 10° in
the crushed warp-monocline flanking Mt. Wellington and
extending southward to Kingston.

11) Faulting:

Normal faulting of Jurassic and Tertiary age has greatly
contributed to the complexity of the distriet. Jurassic
faulting includes all faulting directly associated with, or
immediately preceding, the dolerite intrusions. Such faults
are indicated by many sharp intrusive boundaries, or by
faults containing dykes and plugs in the slip surface. The
younger faults are indicated by disruption of such intrus-
ions. The age of the later movements may be impossible to
date however, if there is more than one pulse of intrusion,
as each pulse may activate or re-activate faults. There 1is
commonly insufficient evidence to show that a fault disrupts
one intrusion lnd'not another. Jurassic faulting has produced
north-south-trending horst and graben structures. The Coal
and Derwent Rivers occupy such grabens for part of their
lower courses, The central trough widths are often less than
0.5 miles(c 1 km), as at Richmond and Grass Tree Hill, and
the structures have an overall wavelength of 40 miles(60km).
The release of magma was probably indirectly caused by the
stresses producing these structures, It is not known why the
stress was developed in mid-Jurassic times, but forces

related to the break-up of Gondwana would account for it,
e.g., King (1953), see also page 107.

v
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Superimposed on the Jurassic structures is Tertiary
step faulting, which consistently downthrows to the sast, with
a trend slightly west of north. A Tertiary age is ascribed
to the later faulting on circumstantial evidence based on
its relationships to basalts and sediments of known Tertiary
age. Although there have been rejuvenations throughout the
Cainozole, the major post-dolerite movements appear to have
been Eocene(?) (Solomon, 1962), Such faulting is pronounced
only in the Coal River region, and adjacent to the Ht.

Nelson and Mt, Wellington blocks. In many cases YTertiary
movements have been deflected about major Jurassic structures,
€.gey Mt. Nelson, Mikes Hill., A shallow rotational origin is
indicated by the fault-dip relationship in the Coal River
Tegion,.

iii) Igneous emplacement:

The matter of dolerite emplacement forms the bulk of
the content of this thesis and will therefore be discussed
fully later. However, it may be noted that the most massive
dolerite bodies occur in the Grass Tree Hill-Cambridge and
Black Hills=Collins Bonnet-Longley reglons. Sills and sheets
of dolerite are often prominent but are no more common than
large dykes in exposure.

One pariticular aspect of value in structure reduction
of dolerite intrusions is that of dilation: While both hor-
izontal and vertical dilation may be present, the vertiecal
aspect is that usually noted, for example, where a dolerite

sill terminates at a fault, and the intruded side is uplifted
by the thickness of the sill. This simple estimate of
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intrusion thickness may be affected slightly by dip or
transgressive angle reduction effécts. Dilation is fully
discussed in Section 4.6, p. 86, fig. 5.

Sm&ll dykes of dolerite have been seen intrusive into
major bodies in several places, e.g., Mt. Nelson and Hick-
mang Hill., These are 3-20 feet(1l-6m) across and always
chilled.

Basalt centres are usually small dykes 6«50 feet{2-15m)
wide associated with Tertiary faults or fault junctions and
large Jurassie structures, e.g., Craigow-Mt. Rumney dyke

intrusions.

l'.-fi



3. GRAVITY FIELD

3.3 Introduetion

The use of gravity surveys for assessing emplacement
of basic intrusions is well known., Its effectiveness depends
upon any non-gravimetric restricticns on interpretation

available and the density contrast with the intruded rocks.

Addendum resulting from examiner's reports:

The work presented by Cameron (1967),
comprising various small surveys, was limited in scope,
reliability and accuracy, and in order to obtain
uniformity of results the entire area was resurveyed.

r.:j

(Hinch, 1965; Longman and Leaman, 1967). Only the survey of
Longman and Leaman (1967) covered sufficient area to permit
broad scale deduction. The limitaticns of earlier work in
other areas precluded collection of useful general inform-

ation,

322 Survey details snd accyracy
Approximately 2,000 stations have been installed with

a station spacing of about 0.5 miles(0.8km). The base station

for the survey, at Hobart Airport (reference 5491.0161),
was originally installed by the Bureau of Mineral Resources,

Canberra, as part of an Australian network, It has a datum

value of 980448.91 mgsl and & terrain-corrected Bouguer

anomaly of 15.45 mgal, The station distribution is shown in
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Map 2 (in folder).

The meter used throughout the survey was Worden 273
with scale constant of 0.1008 mgal/division. Drift character-
istics of the meter were excellent, approx.  0.02(max)
mgal/hour.

Traverses on loop segments were made on a 2-3 hour base
interval. Although most loops contain more than 20 stations,
loop errors were normally less than 0.09% mgals, and in many
cases were nil. As a result many adjustments were made simply
to tie stations 1n ths loops. Where groups of adlacent
loops had significant erreors a least squares adjustment was
mada (Gibson, 1941), No specific corrections have been made

for tides and such as may be necessary are incorporated

rof

within the drift correction. The precision of individual
gravity measurements is considered better than + 0.02 mgal.

Stations have been sited, where possible, on State
Permanent Marks, or Lands Department survey spot heights.
The former are rare outside the Hobart Metropolitan Area,
whilst the latter are scattered across the district in
various topographic positions. Most elevations have been
determined barometrically, using a Mechanisms micro-barom-
eter, with respect to various survey points as ties. Many
stations have been tied to high water level in the estuary,
with & foot(0.3m) subtracted to approximate mesn sea level,
as used for survey standerd in Tasmania (M.S.L. Hobart).

As a result of the use of different sources for elevat=-

ions, there is some varistion in standards of accuracy.

Most stations are accurate to only 3-5 feet(l-1.5m). This
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results in an inaccuraey of some 0.30 mgal in the observed
Bouguer gravity.

All stations have been terrain-corrected using the
method of Hammer (1939) to a radius of 12 miles(19km). At
this radius the effects of the earth's curvature become
significant and the attravtion in outer zones becomes constant
for large blocks of stations. As a result no further
calculation is worthwhile and any errors present are constant
over the whole survey, as the dimensions of the area
covered become small compared with distances to significant
features such as the continental shelf. The accuracy of the
corréction made is estimated at 5% or less, resulting in an

error of 0.05-0.10 mgal at most stations, This accuracy is

for

consistent with the precision claimed by Hammer.

Availability of accurate survey maps has enabled station
locations to be stated to within 100-250 feet(30-75m). This
results in a maximug error of 0.05 mgal in the latitude
corraction.

The RMS accuracy of the observations is about 0.33 mgal,
and values have been contoured with interval of 1 mgal (Map
3, folder).

3:3 Bouguer anomaljes
3.3.1 SPECIFICATION AND PRESENTATION

The results of the survey have been expressed in terms
of the extended Bouguer anomaly, since this is the most

direct and useful form of preliminary treatment, leading to
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an interpretation of near surface crustal structures.

A density value of 2,67 gm/dc has been used throughout
the reduction. Although no pre-Permian rocks are exposed in
the Hobart district, and it is therefore not possible to
state the density of such rocks, shallow crustal seismic
surveys indicate a value of 2,65-2,67 gm/cec (Johnspn, Univ-
ersity of Tasmania Ph.D. thesis in preparation). In addition,
examination of those rocks éonsidered most likely to occur
have a density range of about 2,60-2.70 gm/cc. The upper and
lower figures represent Cambrian rocks and Devonian granites
respectively. Ordovician, Silurian and Precambrian rocks
generally have average values close to 2,67 gm/cc. The choice
of a value of 2,67 gm/cc presumes that all anomalies would
be related to density variations in the readily examinable
post-Carboniferous rocks including the dolerite. The possib-
1lity of a heterogeneous basement i1s further discussed on
page 3l.

Contoured total Bouguer anbmalies are presented in Map
3 (folder), with a contour interval of 1 mgal. All data and
observations from which this map was drawn are available at

the University of Tasmania, Geology Department,

3.3.2 REGIONAL SEPARATION

The total Bouguer anomalies (Map 3) show that the
gravity field decreases significantly to the northwest as a
result of the Central Tasmanian plateaﬁ. The Hobart district
is placed midway between the root of continental Tasmania

and the continental shelf. It is thus situated close to fhe

v
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zone of steepest gradients.,

The character of the reglonal gradient in Tasmania, and
it should be noted here that regional i1s taken to mean that
component of the field derived from the core, mantle and
lower crust, has been examined (Johnson, Ph.D. thesis in
prep). On the limited information available the gradient was
shown to be about -1 mgal/mile (0.6 mgal/km) to the north-
west, The information provided by this previous work could
have been considered adequate for the. specification of the
regional gradient. However,it was decided, in view of the
increased data, to adopt an averaging procedure over this
survey area and compare results. The initial averaging was
based on squares with sides of 2 miles(3km). Each square
included, with few exceptions, 8-16 stations. The averages

obtained. were then recalculated with squares of 16 and 25

Addendum_resulting from examiner's reports:

The filter has a section in the wave number
domain of sinc (kx), where k represents the wave
number as applied in two horizontal directions and
X 1s the width of the window used in the averdging
process., A uniform distribution of points is
desirable for the most effective filtering. The
major problem 1s the selection of the length scale
factor (x) in view of the range and continuity of
wave numbers.
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of the area. It was however, distorted in the eastern portion
due to the presence of a large positive anomaly with area

approximating 100 square miles (256km2). The area of this
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zons of steepest gradients.

The character of the regional gradient in Tasmanla, and
it should be noted here that regional is taken to mean that
component of the field derived from the éore, mantle and
lower crust, has been examined (Johnson, Ph.D. thesis in
prep). On the limited information available the gradient was
shown to be about -1 mgal/mile (0.6 mgal/km) to the north-
west. The information provided by this previous work could
have been considered adequate for the. specification of the

regional gradient. However,it was decided, in view of the
increaszed data, to adopt an averaging procedure over this
survey area and compare results. The initial averaging was
based on squares with sides of 2 miles(3km). Each square
included, with few exceptions, 8-16 stations. The averages
obtained were then recalculated with squaras.of 16 and 25

times the area. The separation is mathematically analogoEQWJﬁH_HX
to filtering in electrical circuitry - in this case a
sine(x) function (St. John, 1967). For such a filter to be
effective a uniform distribution of points is required, and
an appropriate frequency chosen., The latter factor is diff-

icult to prescribe due to great variation in anomaly
wavelengths.

| Bulk filtering was found to produce a fairly consistent
!

'gradiemk across the northern, western and southeastern perts
of the area. It was however, distorted in the eastern portion

due to the presence of a large positive anomaly with area

approximating 100 square miles (256km2). The area of this
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anomaly is greater than the bulk @Féd assumption used in the
filter, and hence the bfeakdown. Bﬁlk averaging on the scale
required by this anomaly 1s impossible on an area as small
as this district. Thé general gradient was shown to agree
closely with that obtained by Johnson (gp.-cit.), although
the contours are offset to the north as his data did not
include terrain corrections. The final gradient, as shown
in Map 3, was produced by eye-smoothing of contours, based
on the averages obtained by the method described above and
with the trend and absclute values indicated in the western
half of the area carried through the positive anomaly which
dominates part of the eastern half.

Edge effects were minimised, during averaging, by econ-
sldering such information as is available outside the area
(north; east, south only) and suitably weighted elsewheres.
It should be noted that such data 1s in no way comparable
in station density with the present survey and it is likely

that some edge effects persist.

3.3.3 DESCRIPTION OF RESIDUAL -ANOMALIES

Map 4 (folder) presents the residual Bouguer anomaly
field as obtained from Map 3 by removal of the gradient
indicated. This map shows that most anomalles are nearly
equidimensional, and have a range of +10 to ~12 mgals.

One ancmaly approaches the requirements of two=dimens-
jonality, i.e., has a length more than 20 times its width

(Grant and West, 1965). It is that associated with the
Tertiary basin faulting and the eastern margin of the
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TABLE 1: BULK WET DENSITIES

ranges, gm/cc av. gn/ce

TERT1ARY: clay, sandy clay 1.82 - 2,00 1.92
{0-500 feet from surfacs) '
volecanies{solid basait) 2,90 = 3.00

JURASSIC:  dolerite 2,75 - 2.95

’ ' (average for sill,
Jaeger, 1964) 2,90

TRIASSIC: upper lithic sequence

sandstone 2,36 - 2.4 2.#3*2.47

mudstone 2.49 - 2,52 2,51
lover quartz sequence

sandstone 2.30+~ 2,43 2.37,5 o

mad stone 2.4 ~ 2,54 2.4

PERMIAN: Ferntree Group 2.37+- 2,58 2,50=2.52
Malbina Formation 2.4 - 2,54

Gascades Group,
' weathered 2.10 - 2,1k

unweathered 2.49 - 2.54% 2.53
metamorphosed 2.64 -~ 2,68
Faulkner Group,sandstone 2.37
Bundella Mudstone,
mudstone 2,55 = 2,61 2.59
limestone 2,63

Lower Permian
mudstone, silistone 2,58 = 2,60

tillite matrix 2.59
tillite bulk 2,65
Average - total Permian 2,57

PRE~PERMIAN: See discussion Section 3.3.1 2,67

%
+weathered; average pased on roeck welghting of ssquence.
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fraligow-Rumney intrusion.

Significant positive anomalies are associated with the
Mangalore Tier and Craigow-Lindisfarne blocks (+10 nmgal),
and lesser anomalies are related to the Huonville, Boyer,
Lachlan, Dromedary and Mt. Nelson blocks (+5 to +8 mgal).
Large tracts of the district have anomalies between -2 and
+2 mgal, Moderate negative anomalies are associated with the
Lenah Valley-Berriedale, and Coal River graben faulting (=5
to -8 mgal), Lapge negative anomalies show a correlation
with deep outlet(?) channels for Tertiary basins. Tertiary
basins generally show & maximum negative anomaly of around

=1 mg al.

j.4 Interpretation
3.%.1 ROCK DENSITIES

The results of density determinations upon rock format-
ions occurring throughout the district are presented in
‘table 1. Each average is based on 10-20 samples. Determin-
ations have been made on fresh samples, unlesg otherwise
indicated, of 1-2 kgm which had been water saturated. Results
are to British Density Standard Specifications. Most samples

were taken from recent drill cores.

3.4.2 METHCDS OF INTERPRETATION
Only indirect, comparative interpretation methods have
been employed, as direct methods entail more complexity of

caleulation, precision and detail of specification of anom-



alies than is possible with this survey.

As most anoﬁalies are nearly equidimensional, three-
dimensional interpretation methods should be employed if a
reasonably‘pfecisa interpretation is required. There are,
however, considerable problems associated with such methods.
For example, calculations are invariably lengthy and even
with the facilities available for rapid computing (Elliott
503 automatic computer) corrective iterations are difficult
to prescribe and time consuming to make. These difficulties
notwithstanding it has been found fruitful to make such
interpretation in parts of the area., In this way a greater
understanding of aspects of the intrusion complex is gained
although the general structural outline can be deduced from
a qualitative study of the anomalies.

. The attraction of g2lices of a vertical cylinder may be
uéed to estimate values in many of the blocks. In addition
calculations on the attraction of cylinders can give an
indication of the scale of simple feeder systems. The
attraction of a cylinder is shown in fig. 3, p. 29,

Minimom limits on the mass requirements of various
anomalies can also be set by considering the anomaly pro-
duced by a two-dimensional structure composed of horizontal
slabs. As dolerite is, for all practical purposes, the only
positively attracting material present compared with the
basic density assumption used in the Bouguer reductions, an
anomaly of nil or greater implies dolerite in the eolumn.
The actual amount estimated is governed by tha magnitude of

the anomaly and the amount of negatively attracting materials

s
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present. Small negative anomalies are possible where the
sedimentar y sequence 1is thick, even though several hundred
metres of dolerite may be present. An example of this
qualitative usage may be shown where basal Triasgssic rocks are
exposed, and there is a positive anomaly of 1 mgal. This
implies about 450 metres of dolerite present, i.e.,

750 metres Permian rocks at -0.10 gm/ecc = «3.1% mgal

450 metres dolerite at +0.23 gm/cc = +4,26 mgal

+1.12 mgal

This kind of usage 13 more accurate than is immediately"
obvious, provided the surface dimensions of the slab anomaly
is much greater than the depth to anomely base (basement).
The relative reliability of this method is derived from the
addition of positive and negative terms at variable depths
in thin $lices. This reduces the total mass two-dimensional
end effects that would otherwise be incurred.

Such an approach may be regarded as preliminary to use
of more detailed methods. It provides much information about
the structure, quickly revealing those blocks where much,
little or no dolerite is present. It can give no indication
of the magnitude of vertical bodies or feeders, and always
understates the positively attracting material of a residual
anomaly, and conversely, where anomalies are equidimensional.
The degree of understatement has been found to be small.

The equétion used for all such qualitative (and also
complete where applicable) two-dimensional interpretation

is stated in fig. 3.

All interpretation has been made from the ground surface

of
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and is thus & two=part process since the base level is sea

level,

3:4.3 LIMITATIONS INHERENT IN INTERPRETATION

As indicated above, many conclusions of direct value
are possible, although interpretations of the gravity field
are basically ambiguous. Care must be taken however, not to
overinterpret the field in this district on account of the
following considerations.

Basement problems

It 1s possible that the basement rocks are not uniform
in density, and also that their bulk average is not 2.67 gm/
cc. The effect of the former property would be to produce,
i) anomaly patches of low amplitude and long wavelength,
which woﬁld not be readily discernible in an area where anom-
alies correlate closely with obvious near-surface structures,
or ii) anomaly trends. The latter would cause total variat-
ions in the regional anomaly, making all parts of the
residual gravity in error, although by a constant amount. The
presence of feeder systems in the pre~Permian rocks may also
add broad scale positive effects to residual anomalies. The
mass requirements of most feeder systems can be estimated
(Sect. 3.%.4), but the actual distribution of mass in detail
is another matter. Deep carry-over effects may be present
in many anomalies but are virtually impossible to recognize
or estimate. Thus any interpretation made of the residual
anbmalies, neglecting the possibility of such side effects,

is open to a margin of doubt.

o
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A thickness of 750 metres of Permisil rocks has been ass-
umed in all calculations, but only 600 metres are proven in
this district (p. 11l). Variations in thickness of tillitiec
rocks, if present, could produce variations of up to 0.3-0.5
mgal by varying the bulk Permlian average which includes this
material,

Regigngl assumptions

It is assumed that the regional gradient indicated in
Map 3 1is valid across thg area. Since interpretation is under=-
taken upon the residual anomalies, any deficiencies in this
gradient would invalidate any interpretation in detail. The
maximum varlation considered likely is less than 1 mgal, but

lacking a grid of deep bore holes by which to anchor fully

%

some part of the interpretation, and the residual anomalies;
ite possible existence should be noted.
3 8 on

The validity of the density values stated in Table 1 is
assumed., The variations noted may be significant. Dolerite
densities change with form, size and position of(or in) the
body. In all interpretation the densdty of dolerite has been
taken at 2.90 gm/cc, which in many cases would cause under=-
statement of the anomalous body. Ferntree Group values are
proportional to pyrite or siderite content. The averages
stated for the Triassic sequences are variable, depending
on the actual proportions of rock members. The average value
of the Permian rocks, as a group, increases with depth and

thus a partial sequence is denser than a total sequence.
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Realism of structure and anomaly distribution may not
be approached, particulariy in regard to the difficultles
inherent in specification and treatment of vertical bodies

and feeder systems, where geologic control is minimal.

As a consequence of the above factors unambiguous
interpretation is impossible, and indeed the magnitude of
features included may be inexact. The staticn spascing used
for the survey 1s adequate for a first order investigation
such as this, although many small areas require a detailed
coverage beyond the scope of this study.

Irrespective of the above deficiencies, this survey
permits indications and size estimates of masses producing
particular anomalies. The informaticn i1t provides on the
distribution of dolerite, and the order of its thickness, is
sufficient to remove most of L{he uncertainties and ambiguit-
ies that have dogged purely geoclogical studies. Feeders may
be unambiguously located by magnitude of anomaly, although

their exact form is not necessarily deducible.

3.4.4 INTERPRETATION OF STRUCTURE

Structure reduction has been basically geological, with
application of gravimetric tests to check scale and sign of
anomalies. Simple comparison of Maps 1 and & precludes meny
of the structural possibilities. The nature of the tests
used have been outlined on pages 28-30. Some direct profile=-

model comparisons have been made and these are indicated

fap



where appropriate,

Each section appearing in fig. 4 (folder) is discussed
briefly below. In order to avoid repetition, as many stiruct-
ures appear across several sections, the sections are out-
lined from north to socuth and only at the first appearance
1s a particular structural feature discussed in detail.
Further comments may be given in subsequent sectiens, but
these are subsidiary and spec¢ielized to the particular
section. For ease of reference,.letter or number symbols have
been used to refer to bloecks of each section. The key asgpects
of each profile only, are outlined as a comparative review
of the residual Bouguer anomalies (Map 4) and the geology
(Map 1) make mora detailed comments unnecessary.

Se 80Q1

This section is typical of those areas where dolerite

* The reader 1s advised that the following 40 pages (to
page 74) contain factual details and conclse discussion
difficult to assimilate. A first reading of the thesis
might well skim this section in order that a clearer view
of the concepts outlined be chbtained.

wiowéf Triassic sand;tone outéréﬁs iﬁ block Al. The
anomaly here is about O mgal and hence 400-450 m of dolerite
is present., This figure often recurs in anomaly estimates
and dilation studies ard has thus been used throughout the
interpretation. There is no real proof that such a thickness
could not be composed of two smaller bodies, but for simplic-
ity a single body has been indicated. Also, in many cases
significant exposures of sheet bodies show thicknesses

approaching this figure (e.g. Mt. Dromedary). The presence
of small plugs and dykes in Al imply that the sheet is not

o
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at any great depth. The hills to the north and south of this

section show the base of a further higher body and this is
indicated in the section.

Bl shows a decreasing anomaly to the east. Its absolute
magnitude indicates the presence of a sheet, and the dilated
block supports this conclusien. No exact figure can be given
to this dilation. The eastern boundary of Bl is a fault-ign-
eous margin feature, It is likely that the dolerite in block
C is related to the body falling transgressively east in B1,
since it is a sheet base, and the anomaly shows conclusively
that there is no deeper intrusion. A centre is implied, and
the presence of a series of ancmaly swells to the south
along this line, supports this implication. A source (S1) has
been indicated. The magnitude of the anomaly, and its shape,
suggests ‘that in this section it is the northern end of a
narrow dyke wedge.

‘The major anomaly in the section falls in D. The
margins of +% mgal imply a very thick intrusion (approx. 800
m if concordant) and the peak value of +10 mgal suggests a
very substantial dyke or pipe extending well into the crust.
A pipe 1,500 metres in diameter extending thropgh the crust
with effective contrast for 11-12 km will not produce this
anomaly! This centre (S2) appears to have a basic "Y" shape
but further details are uncbtainable. The great thickness of
dolerite, indicated in the section, is based on the above
estimates., It is likely that there are several closely
associated bodies present (p. 39).

Fault f£3, known as the Bagdad Fault, passes about the

f
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eastern margin of the Mangalore Tier ma&ss., The steep gradient
and negative anomaly to the east, suggests that the feeder
system and associated sheets(?) dip westward and that little
dolerite is present to the eaat, One sheet, at least, is
suggested in E by the presence of bosses and the moderate
residual anomaly. The value of the anomaly and the thickness
of sedimentéry rocks known to be present show that this sheet
is about %00 m thick. Since the increasing negative anomaly
reflects less dolerite and more sedimentary rocks this sheet
must alsc transgress steeply eastward. A fault at the point
of transgression is also suggested, both gravimetrically and
dilationally, as lack of such a feature would imply too
little Triassic in F, and the sheet would then expose Fermian
rocks, which it does not.

Block F 1is typified generally by an irregularly roofed
series of intrusions. Immediately south of this section is a
substantial positive anomaly and the structure shown is reg-
arded as a sheet arm rising away from that feature (55 -
Sect. 775).

Blocks Gl, G2 are essentially devoid of dolerite except
for the surface exposures of sill bases. The sharp, narrow,
elongate positive anomaly, on the western side of Gunnings
Sugarloaf, shows that the dyke boundary is in fact the edge
of a feeder and not part of a transgressing sheet since no
dolerité can be present at depth in Gl.

G3 is a little understood graben block which contains
100-200 m{?) of Upper Triassic rocks. For the most part it is

probably devoid of dolerite bodies. The very narrowness of
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G3 makes definitive interpretation difficult, even though it
is an easily calculable twe-dimensional feature. The bounding
faults were in existence prior to the intrusion, Fleld evid=-
ence suggests that they have been moved subsequently. The
scale of later movement on the western fault 1s inferred to
be small on the basis of comparative elevations of a fragment
of sheet base east of Gumnings Sugarloaf which 1s thought to
be part of the same body. The eastern boundary fault has many
plug and dyke intrusions along its length. All are reflected
by a series of positive anomalies. The amount of subsequent
movement on this fault is unknown.

H1l may Eontain one or two major sheets, or alternatively
the anomaly could be affected by the feeder system (S525) to
the scuth. This cannot be directly resolved in this seetion,

. but a lower sheet is inferred in Sections 725, 750, 775. This:
sheet may account for the transgression apparent near 800N,
5395E. Alternatively, the transgression could represent the
base of the sheet from 325 passing northward. Another possib-
ility is that the two bodies link at the line of White Kang-
arooc Rivulet; the lower sheet in rising to the north between
Sections 775, 800 has been cut off by a sheet from 525, The
occurrence of dolerite north of the section (lower sheet cont-
inued) supports this possibility, and also accounts for the
tendeﬁcy of the anomaly pattern to trend along the line of
the rivulet. Extensive, abnormal thermal metamorphism is
apparent in Hl.

The anomalies drop sharply in H2, I and show that the
doleritie of the hills and escarpment in I 1s only a capping,
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and that ne intrusions of consequence occur at depth.
Sectjon 729:

Many comments made in regard to Section 800 apply here.
Block Al shows the high level capping of the Bilack Hills
range. The anomaly over this part of Black Hills shows that a
further major sheet, probably in Lower Triassic rocks, is
present. This is also demonstrated by the outcrop about
Blaek Hills:, The sheet present in A2 is part of the ineclined
western arm of S1l. The eastern side of this body has inbtruded
along & fault which is indicated by drag phenomena. The wgst-
ern side has been faulted subsequently, and there is a similar’
possibility on the eastern side. A dilational block, Bl, is
also apparent., The anomaly due to S1 in this section is about
+l mgal, and suggests quite a substantial feeder. Rocks within °
Bl and east of the fault above the feeder S1 are intensely
| metamorphosed, C must be generally devold of dolerite in
depth, since the anomaly is so strongly negative. The dolerite:
al the surface can be shown te be a sheet baae which dips
steeply west to Sl. A ayk§ in C may in depth be part of the
Mangalore Tier feeder system (S2), as it certainly appears
to be econnected to it north of the section. It cannot be
related to other deolerites since C ig deficient in dolerite.

The section cuts obliquely across the northern tip of
the uplifted block of Permian rocks at Mangalore. These are
complethy surrounded by dolerite, probably cne sheet %00~
500 m thiek, with the displacement about the southern and

western portions of bleck D essentially dilational, being
roughly egual to the excess mass of dolerite calculated as
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present, However, on the slope of Mangalore Tier ithere is
3 suggestion of an overlying body which is reflected by
topography and included blocks (see p. 8§3). Interpretation
is impossible here due to the unknown depth effects of s84.
One arm of the feeder aysiem extends southeast along the
Bagdad Fault. Many intrusions are present in this zone, and
two ("e™ and "d") are indicated in the section. The sheet
39" is transgressive through both sedimentary rocks and sheet
"e™ and the relationships are clearly visible in the western
part of the uplifted Mangalore block. The great variety of
boundary phenomena led to this conclusion, and only detailed
petrological work could separate them and thus sither prove

or disprove this hypothesis.

o

Block E, as exposed in this section, is the western part
of F in Section 800 and is composed of Permian and Lower
Triassic rocks with minor oceurrences of the Upper Iriassic
lithic sequence. The gravity anomaly is about -1 to =3 mgal
in this section, but is wedged between two large positive
anomalies. The separation and gradients do suggest that this
is close to the true attraction, and that a moderate-sized
sheet 1s probably present and rising northward. The small
plugs present suggest dolerite below. The presence of steep
dips near the line of upward transgression of this beody to
the eagt is another significant feature. The roof boundary is
very irregular, e.g., at 7600N, 5240E, but is partly concord-
ant. It i3 believed to be a remnant of a different intrusion

which has been sliced through. (See also comments, Sections
700, 725). 85 must be a substantial pipe. The anomaly of +k
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mgal ig localized in an area where the exposed Triassic rocks
are estimated to be more than 300 m thick. The presence of
roof pendants dnd disruptions in F, with the general gentle
anonaly reduction, shows a transgressing eastern limb. More
than one intrusion may be present here, judging on the
murber and distribution of sedimentary fragmentis.

Blocks Gl, G2, and G3 are essentially as in Seetion 800,
with one notable exceptlon. Gl contains & large basalt cenire
and the ancmalies are considerably distorted about it. While
not a great volume of basalt remains, either as a fiow or
pipe (which is relatively small), there is considerable
thermal metamorphism. The problem of G3 was described in the
previous section.

H is shown to contair the northern part of feeder S25

and a sheet transgressing from the west. The size of the
positive snomaly (+3 to +4 mgal) implies a minimum mass
requirement equivalent to two large sheets. The shape and
terminaticn of the &nomaly does not suppcrt sueh a cconelusion.
There is also extensive thermal metamorphism in this region.
The anomelies west of S25 suggest only cone intrusion is
possible, although possibly more than 200 metres of Triassic
rocks are present. All igneous bourdaries in thié locality
are irregular, commonly discordant and very suggestive of
disruptgd roof effects.

Block I is as described for Section 800.

Section 75Q:

The western half of this section is structurally similar

to 775, 800, while the eastern half is characteristic of the

I
¥
<
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step~faulted Derwent and Coal River grabens. Al is basically
similar to Section 775 and the transgression of the Black
Hills capping sheet from the west is clearly seen. The pres-
enée of a deeper hbody 1is indicated by the dykes and plugs
emanating Just south of the western end of the section and
by the general gravity anomaly.

On the eastern side of the Black Hills massif is a
block (B) of Lower Triassic sandstone completely surrounded
by dolerite, It lies over the socuthern end of Sl at a point
where dolerite rising from the south joins material from S1
(Section 725) and is intruded again by part of the higher
cap dolerites. The actual distribution of the various
intrusions is indicated in fig. 8, p. 9%, The gravity paftern
is not a great help at this point, but the conclusion based
on study of all outcrop phenomena as shown in the section is
compatible with the anomalies. The dolerite from $6 (Sect. 725)
transgresses steeply northwest in the large dyke at 7450N,
5085E and meets that from Sl. It then passes over the enclos-
ed block. The structure of S1 alsc appears a little different
here, a vertical western margin being indicated. The dilat-
ional effect of the S1 intrusion has elevated this block,
since without dilation Upper Triassic rocks would be gxpect=
ed to outerop.

Cly G2 and C3 are blocks showing a sheet base only and
the anomaly of -4 mgal shows that deeper dolerites are un-
likely. The section across D appears a little odd dus to

obliquity. The dolerite is rising consistently southward
although showing crenulation. A concealed fault of some
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magnitude is shown to pass beneath the western arm of the
Mangalore structure and a feature not unlike a cauldron sub-
sidence is produced. North of the section a wedge of Ferntree
Group has been caught between the dolerite and a pre- intrus-
ion fault,.

Block E shows the presence of three sheets. The upper
sheet is clearly exposed &8 & fragment at 7550N, 5230E, snd
across the hills to the south, where it can be shown to be
relatively thin (<200-250m). A sheet from the west rises
steeply through the upper body te form the steep (dip slope?)
slopes of the Brighton Hills. The general level of the
gravity anomalies, and the presence of dykes suggest & deeper
dolerite about 400-500 metres thick. Correlation with other
sections suggests that it is probably equivalent to the
dolerite ‘from feeder S5, although some cross-faulting is
suspected to aeccount for absolute differences in altitude.
There is evidence for subsidiary feeders at Brains Hill (87)
and 58, both south of the section. The faulting east of 3
is consistently down to the east and throws are generally
small,

G3, comprising the central Coad River graben, is virtual-
ly impossible to interpret. The cover of Tertiary basalt and
sediment of unknown thickness provides the source of doubt.
South of this section this material is known to be in
excess of 670 feet(200m) thick. Precise estimates of structure
or dolerite content are impossible especially as a whole

Iriassic sequence, of unknown quantity, is probably present
as well., A possible solution satisfying the graviaty
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requirements is indicated in fig. 5, p. u43.

Block H is as described in Sections 775, 800, except
that this section passes over the anomaly peak related to
525, The gradients to east and south indicate a marked
transgression of the related sheet, and its base is clearly
seen in the small escarpment along the valley to the immediate
south. .

The structure in I is quite confused and the two intrus-
ive bodies seen in H interfere., Thus there are a large
number of included blocks and contacts of all types. In
addition, the gravity anomalies show that the interference
occurs wholly in Triassic rocks near the surface and that
there is no deeper intrusion.

Section 72%:

In Al the upper capping delerite is thicker and this is
- reflected in higher anomaly values. Fault fl, which i3 one
of a palir of faults concealed beneath the dolerite of Black
Hills, clearly shows pre~intrusion movement. Both faults
appear to have suffered minor subsequent movement. A2 is
marked by a gubstnntial north=south anomaly (S6) suggesting
that it has been produced by a dyke at depth. The anomaly
- trend carries northward toward Mangalore Tier (S2), and the
two features may be inter-connected. The reduction in anomaly
northward may reflect a depth effect since the Dromedary
Fault(f2) is crossed between them. Around the entire eastern
flank of Mt. Dromedary dolerite appears at about the

Bundella Mudstone horieon. Thus the feeder and sgheet must
form a 'T! junction. This sheet passes to fl at about the
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sane level, Its thickness is estimated at %00-500 metres
since the entire column, inéluding the thickness of the
capping dolerjite, is well known.

. The composition of B is difficult to assess due to the
shadowing effect of the nearby S6 snomaly. A thin sill out-
crops, and it is considered unlikely that there is a deeper
dolerite, There is evidence that f2 is in part Jurassic in
age, and that the sheet from S6 was terminated upon it.

There has been 500-600 metres of subsequent movement. C is

probably devoid of dolerite; the value of -3 mgals is not as

low as might be anticipated but then there are many additive

effacts about. C, Certainly no thick intrusion can bo‘pre;ent.
D and E are simple step=faulted blocks with cne complete

sheet in Lower Triassic rocks and the base of a further

sheet some 100-200 metres higher (compare E, F, Section

. 750). Southeast of Brighton, at fault f2A, there is a rise in

the anomaly of about 2 mgals which cannot be accounted for in

any other way than a further deeper intrusion, This conclus-

ion i3 reinforced by the occurrence of stratigraphically

higher rocks to the south, which would increase the negative

component of the anomaly, and a cross fault approximating

the axis of the basalt-filled Jordan valley is implied.

Exsmination of Sections 625-700 also shows the consistency

of this, and that f2A represents the source limit to the

west of any such lower body. Such a source is indicated in

the axis of the Derwent trough (Sections 600, 625 esp).

In F a dyke shows the contact relations and dilation of
the previcusly mentioned upper dolerite. This reflects a
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& transgression of a sheet. rising from the west. Two conceal-
ed sheets are present to the west and only one to the east
(note grade in anomaly). The simplest coherent explanation
is indicated in the section.

- Block G shows the asymmetrical lower sheet and source
57. The symmetry of this intrusion increases northward (Sect.
750). The eastern limb is exposed as the lower sheet on the
east side of Brains Hill. The western limb is inferred to be
in the Permian rocks, &s seismic work and drilling has shown
the Triassic rocks to be devold of dolerite. The presence of -
& dolerite body here is not obvious from a study of the
anomalies south of the section, but. these are complicated by
the presence of Tertiary sediments. The sheet 1imb is proven
in fig. 5, p. 43.

The structure of the Coal River Graben is uncertain and
the comments on Section 750 apply here also. Block H in this
section shows part of a very irregularly roofed intrusien.
The anomalies show that these intrusions are roof effects
and that a thick sheet is present below. The anomalies here
reflect a single sheel only, being between the effects of
525, S26 (Sect. 700). In I, a sheet rising southward from
S25 is considered to cut the previously mentioned sheet.

This conclusion is based on depth and thickness requirements.
Section 700:

Blocks Al, A2 show that the dolerite sheet derived from

86 (Sect. 725) is rising westward. The arch, at about 5020E,

is based on intrusion levels and suggests a merger with an-
other body rising from the west(?). Fault f1 is associated
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with the major upstep, and some rejuvenation i3 also indicated
resulting in a8 present~day escarpment. There 1g a possibility
of a small Jurassic fault under the Dromedary plateau.
Comments on By, 2 are as for Section 725,

Centred south of ¢ in the seetion is a further centre
(59} The transgressing sheet arms are indieated in BBl, BBZ2,
Their character, at least on the eastern side, is seen north
of Bridgewater, which is leas than a mile from the cenire of
the intrusion. The sheel in BBl is inferred from the gravity.
C 13 ag in Section 725, but due to the irregular nature of
pre~intrusion(?) faulting the symmetry of S9 is disrupted.
Such faults have also been reactivated. The intrusion "e" in
D; E and F in the Lower Triassic rocks of Sections 700 and 725
arises from this source. |

The raquirement of a further desper sheet sast of f2a
and its subsequent transgression was discissed in Section
725. The slcpe of the transgressive step in F must be steep,
sinee there is a marked gravity gradient st this point. The
Brains Hill structure has been partially ocutlined in Section
725(also Sect. 675), The structure in G, H ard I is similar
to previous sections, except that in the far east of I a
further centire 1s inferred. The anomaly in this region is
too high for simple sheei structures, and only one such body
is suggested anyway. The irregular pattern of the intrusion,
the dilation assoeiated with cross faults at 7050N, 54%00E
and eastwards, anl the very substantial positive anomaly in

an area where the sedimentary sequence is thick, supports
this contention,



‘Section 6753
A sheet outcrops in Cascades Group rocks in Al aﬁd A2,
. The minor variations in residual anomalies north of‘Now
Norfolk are due to variations in the amounts of Triassic
. rocks present in the various fault blocks. This section
passes directly through the plug intrusion(S6') on fhe south=-
ern slope of Mt. Dromedary. At this point an offshoot_from
the sheet rises vertically and terminates with this'plug in
& pipe type of structure. |

Cl and C2 are essentlally lacking in dolerite as indic-
atod by moderate negative anomalies. Tho north-gouth anomaly
trend (S9) passing through Cl appears to be related to a plug
on Mt. Faulkner, and probably represents the continﬁation in
depth of a feeding dyke between the two major features.

C3y Dy E, F and G are as for Section 700 except that
blocks D to F are upfaulted by 500-600 metres. The northern
‘plrt of the Quoin ;scarpmont represents most of the movement.
Fault £2A corresponds with an anomaly gradient and probable
source S8 continued. Two interpretations are possible for C3.
Alternative to that indicated in the section, and inconsistent
with the torminll‘raquirementa of this sheet (e.g., Sections
600, 625, 725), the sheet could transgress to the wngt. The
area is basalt covered and the gravity cannot distinguish
between these po;sibilities. In E the inflection of the
upper sheet represents the scoop base of a sheet radiating
norfh and west from S10 (Section 650).

The structure in F to G is cruclal to several sections.
The need of the sheet in Permian rocks is clearly shown in
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fig. 5, p. 43. Drilling and seismic work shows that it is.

not in Triassic rocks. S7 1s&also fixed in form. '

Blocks H and I are as in Sections 700, 725 with a feeder
527 suggested on the east margin of the Coal River structure.
Some plug-like intrusions are presont at the surfacs. The
single shest emphasized in previocus sections is demonstrable
bﬁ the large areas of 0 mgal anomalies in the Triassic
rocks. The sheet tongues of S26 are discordant and rise
through the hills in this region giving an irregular outcrop
pattern. |

Section 650:

The anomalies in Al and A2 indicate & sheet of about
450 metres thickness which is known to oecur in Cascades
Group rocks. ¥Fasulting in these blecks is the southern
extenaion of the Middle Derwent trough. There is evidence for
an included block east of f1 in A3 where the dolerite is much
thinner., The enclosing faults subsequently occupied by )
dolerite and plug S6' are diffiesuit to represent in section.
On the southwest mide of A3 (see map) is a smell wedge of
Iriassie rocks. It 1s left due to dilation effect, being
overlooked by intrusion even.though surrounded by concomit-
ant fracturing. The dolerite passes under and round A3 if only
as & thinner, more irregular body.

The Faulkner block (B) .is essentially devoid of dolerite.
A thin body (K200m) may occur. The assumptions of Section
3.4.3 are to be noted, as this is doubtful and possibly

within the interpretive errors. Small dolerite bodles have
been located on the north face of Mt. Faulkner suggesting



that a small sill is not unreasonable. The plug northeast of
Mt. Faulkner and its associated ancmaly 1s distinctive and it
probably dips southeast. The apparent plug at 6400N, 5130E 1s
deduced to be & basal step in a sheet rising south from 56 as
no anonaly 1s assoclated with it.

In Sections 600-675 the Cascades Fault(f2) has a throw
of about 600 metres. Block C is lacking in dolerite (anomaly
-4 to =5 mgal) exeept for the irregular sheet base exposed.
This block is more faulted than the mp or section shows, but
the positions of the faults are difficult to specify. There
are zones of steeper dips as well, and these structures
combined probably account for the obviously "irregular” base
of the sheet.

58, D and E are as Tor Section 675, although the end of
feeder dyke S10 is clearly developed (+7 mgal). The lower
sheet 18 dilationslly lifted to the east anl is now not
generally exposed although apparent chilled margins and fine-
jointing 1s present over much of this area, The ribbon wedge
of sediments between the sheets is noted round Mt. Direction
on all sides,

Block F is characterized by a very large anomaly (+9
mgal) whieh has a sharp eastern margin, The broad swell of
anomaly west of f3 can be aceounted for by S10, which could
imply & c¢onsistent forked-sheet strﬁcture. The dolerite which
outerops in F has an intrusive, but subsequently faulted
eastern margin (£3), and a moderately dipping western bound-

ary. The termination of this body shows that the roof 1s
present and that it 1s hinged southward. The anomaly is not
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compatible with a single sheet arm (as clearly seen in Secfs.
575-625 where two anomalies separate), The sheet arm present
conceals what must be a large dyke—plug'which dips steeply(?)
westward, as implied by gravity gradients and total anomaly
values west of f3., A single body is most unlikely in any
event. The particular problem of excess mass exists through-
out the Rumney ridge to the south and a dyke of this trend
is seen at Cambridge. The mass requirements there are less
and the dyke seen is related to a sheet offset from the main
plug system.

The sheet in blocks Gl, G2 and G3.and its southward
extension is clearly necessary as shown in fig. 5, p. 43. In
this regioﬁ the thicknesgs of Tertliary rocks, and the nature
and composition dr basin base is well knowp from drilling
and seismic studies,

East of the Brains Hill feature (S7) is a narrow channel
about 500 feet(150m) deep filled with Terﬁiary sediment. The
gravity shows only a slight dip heré, due to the presence of
two sizeable positive anomalies nearby, but drilling has
proven the structure and the channel is eroded along the line
of the western graben fault.

H and I are as described in previous sections, with the
addition of a high level sheet on Mt. Lord. S27 is shown to
be unrelated to that sheet, although the plug and outcrop
indications of Section 675 could suggest relation. S27 ig
considered to‘be associated with the disrupted genersl sheet
at shallow depth in this region.
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on 625:

The anomaly at A0, whiech is related to the uplifted
fault bloek of Lower Permian rocks (dilation 300-400m), is
cleirly due to a feeder. Any sheet producing such an amount
of dilation could not provide more than about +2 to +3 mgals.
The structure is difficult to indicate in section. The doler-
ite appears to rise southward onto Mikes Hill, and be termin-
ated by, or be a very thin dyke in, fl which extends north-
west into the Derwent valley (Alwar, 1960). This fault was
probably pre-intrusion. The Lachlan intrusion is also bounded
by it although this is by no means clear in the section, In
Al there is an» unusual effect of a sheet from the south arch-
ing over. The effect is merely a contraction of that structure .
in Al-A2, Section 600. Dolerite from S13, Slk (Sect. 600, 575).
join near 6200N, 5S04OE as a closed structure, and in a defin-
ite arch (see A2, Sect. 600), The sheet from S13 persists for
some miles to A3, and then transgresses steeply eastward upon
the same trend as dolerite rising from S6. The eastern part
of A3 is devolid of any major intrusions as indicated by the
~i mgal anomaly.

The Faulkner block(B) with capping sheet was described
on page 49, Cl, C2 and C3 are monoclinal drag blocks west of -
the Cascades Fault (£2). They are lacking in dolerite ami per-
sist to Mt. Nelson in the south. There are some plug intrus-
ions present which produce the small closed irregularities in
the anomaly ﬁattern.

S8 is clearly seen as the Cadbury's Point dyke. It is
the definite termination, or source of the lower Direction
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sheet, which is observed to plgngc westward on outerop occur=
rences. The dyke 1ﬁ this loéality is probably aligned along a
major fault in this part of the‘valley. The fault is possibly

of Jurassic age and the east side of the graben structure

which dominates the valley. The present line of the river

appears to occupy the trend of such an implied fault and the
anciialies are consistent with such & structure.

D, E, F1, F2, Gl, G2 and G3 are as for Section 650. A
separation of anomaly sources is clearly seen in Fl-2, The
peak of the anomaly lies close to f3, whereas the known dip-
ping body is well away and completely exposed. The need for
more mass near f3 is apparent and the shoets; as drawn lead-
ing to Slo; cannot produce the +5 mgals_which is the base
value iq‘the whole Lindisfarne bleck. Much of the broad
swell of internal anomaly (2 mgals?) must be contributed by
the feeder system S10 which has & north-south axis. The axis
of the centres qomprising 510 is the narrow graben extending
from Grass Tree Hill to Bellerive and offset at Risdon.

Fault £24 forms the eastern boundary of this graben.

Hl is as described in previous sections. However, HZ2 and
I show a sheet rising from the south and which upsteps onto
Mt. Lord enclosing the Permian block at its southern end. The
amount of dilation indicated is more than 200 metres. That it

is an intrusion separate from 527, is implied by the fact that

material from S27 is not faulted to Juxtaposition, since cne

body could not produce the sheet in both H1l, H2 ami I.

Section 60Q:
In Al the dolerite capping Mikes Hill rises from the
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northwest whereas the Lachlan body is rising northward. On
the nofth and east sides of Mikea Hill it appears as though
the upper body has cut through the lower. This 1s the only
structure compatible with dilation and anomaly distribution.
The dilation could be explained with a vertical body compris-
ing the bulk of the hill but thils would not account for the
low and high level dolerites, nor their dips.and concordances.
A2 shows coalescence of two dolerites and in this zons of
arching and consequently thinner dolerite exposure there is
& decrease in anomaly. A3 shows the uplifted, inner zone
above a sheet from S813(+5 mgal). The dilation, and hence
sheet thickness, is about 450 metres. A4 is lacking in
intrusions (=i mgal).

Bl and B2 contain a sheet, low in Permian rocks, which
is transgressing northward from the Collinsvale structure.
In Bi there 1s an apparent excess in doclerite thickness, but
this is due to the angle of the szection and the twisted
northward transgression. The thickness of the Collinsvale
body is a minimum of 300 metres, as shown by the dilstion
across the dyke limb on the east side of Mt. Faulkner (6100N,
5170E). However, as there is known to be 150-200 metres of
dolerite present in the Faulkner block, this thickness is
increased to about 500 metres., The general anomaly values
are consistent with this figure. There is a smaller abrupt
positive anomaly high on Mt. Faulkner which may represent
8 feeder to the Collinsvale body or the upper Faulkner

sheet (328a).
Apart from small plugs, C 1s lacking in intrusions. Any
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anomaly of -7 mgal can only be produced by the complete
thickness of the Permian and Lower iriassic rocks being
present, No sheét is possible. There is the suggestlion that
f2 is in part concomitant or pre-intrusion and that the
Collinsvale body terminated upon it or rose up it.

D, E, F, S10 and 511 are described in Sections 625-650.
Transgression of the sheet from S8 is clearly seen on the
face of Mt. Direction and the dilational effects of the
sheets above S10 are most marked. The continuous dyke from
Grass Tree Hill to Risdon represents the margin of the sheets
from 510. The extra mass of the Craigow body (S1ll: +10 mgal)
is also noted. The momaly is far too great over the whole
area to have been produced by inclined sheets alone as that
would require an impossible 1,000 meire sheet. A feeder must
be postulated to explain the anomaly. Fault f3 causes some
offset of the anomalies to the west and shows that the east-
ern dyke boundary dips west.

FF is sandwiched betwesn S11 and S12, S12 is a localirzed
anomsly, the msgnitude of which upon a small dolerite body
in a thick sedimentary sequence, implies a feeder structure.
The anomaly spread from the two features blankets FF and the
anomaly of ¢ mgal suggests no dolerite between the two bodies.
This is supported by the sharpness of the 511 anomaly imply-
ing a mass deficient zone.

East of S12 lies Pittwater with a faulted Triassic
sandstone platform covered by Tertiary sediments. The precise

structure is indeterminate., A study of the anomalies about
the water~covered areas suggests that the Lower Triassie
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rocks which outerop in the zrea, or more likely the Permian
roecks below, are intruded by a single large sheet as at
Single Hill (Section 525).
) on . LE

S14, a centre for the Lachlan body, is indicated by a
+6 mgal northwest-trending anomaly in Al. The sheet of more
then 400 metres thickness trasngresses east and west. A2
shows windows of dilationally lower rocks as sheets from 513
and S14 pass over them. Bl and B2 show the thick Collinsvale
sheet. There is a further complication in B2, where the high-
er level sill caps the Mt, Hull ridge and is clearly observed
at its eastern end. Cl and C2 are as in previous sections.

Bloek D covers the main Derwent lowlands whieh lack
dolerite sheets of any significance at depth. There are some
small plugs and sills near the Cascades Fault margin and
material intruded along it may have squeezsed inteo this block.
The course of the old Derwent River and the sediment fill and
lava capping 1s indicated west of the present course. Drill-
ing has shown that basalts are intercalated with the sediments.
The thickness of the deposits probably exceeds 100 metres,

810 and associated structures are detailed on pages 60,
97. The graben blook inferred to laek dolerite further north
may contain dolerite here. Fl1 needs comment. The inclined
sheet from S10 crops out ag a dyks arm which is terminated on
f2A. At about the same point the anomaly is increased. In add-
ition a dolerite sheet of considerable thickness must persist
under Fl-2, The S10 sheet is obaerved to rise and flatten into

the Lower Triassic rocks and cap Craigow. The lower intrusion
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rises steeply east via the Cambridge dyke. The point anomaly
at 5600N, 5310E and much of the anomaly increase in Fl1-2 is
probably due to an extens;on of S1]. and that the second sheet
derived from it cleses round and reconnects via the dyke limb
in the east, There is also a pronounccd{step in the intrusion
at depth indlcated by the anomaly upsteplat the east-west
faults which bound the southern edge of Fl-2, Two shgets are
eonclusiﬁaly necessary, 28 a study of the dilation require-
nents will reveal, A vertical dyke and horizontal 1imb cannot
produce this pattern, nor account for the upper Gréigow~
eoncordancy. ‘

Comments on FFP apply as in Section 600. The structure of
G is adequately discusased in Section 525 where exposure perm-
its full evaluaticn., In this section all structure is obscur-
ed hy Tertiary sediments. Further east toward Pittwater the
anomalies do indicate a lower sheet (compare Sect. 600) and
whiech, by analogy with Single Hill (Sect, 525) upsteps aboutl
the line of splay faulting from f3, 1s considered to pass
through the region of 812,

Section 5503 ;

In Al and A2 dolerite rises transgressively from S1k.
The fault batween Al and A2 has been indicated as post-intrus-
ion. This may not be so, and in view of the size o the anonm-
aly over the Lachlan block, the sheet may be thicker than
indicated with a change in thickness at this point. The
structure at 5450N, 5024E shows some post-intrusion movement

vhereas that at 5330N, 5025E does not. The ages may be purely
relative. The roof form of the Lachlan intrusion to the south



53
is quite complex and 1rregular although showlag an overall
tranggression séuthward.‘The larger anomaly over this intrus-
ion (éompare Boyer stfﬁeture, 313) may be explained in three
ways. The feeder could be larger and more trumpet-shaped; the
sheet eould be thicker although dilation estimnatas do not
suppbrt this; or a further dolerite intrusion could be present
deépér in the section. The first is the most likely.

The feeder Sik, & transgressive limb and small fault
(£f1), probably pre-intrusion, meet in this section. A struct-
ure of the form suggested is necessary to preserve the
approximate dilationary balance between intrusions from east
and west. Blocks A3 and A4 whieh contain thick successions
must also contain & large sheet to balance anomaly require-
ments. Study of the windows to the north shows that it rises
steeply arocund A3. Feeder S15 is indicated by the marked
increase in anomaly, which occurs over the small dolerite
tongue exposed at 5600N, 5095E. Metamorphism is more intensae
than usual here. These blocks alsc contain a higher level
dolerite south of the section, at Collins Cap.

Block B; shows the structure proposed for the Collinsvale
intrusion. It is not dissimilar to that of Sutherland (196%)
which was based partly on petrological evidence. The anomale
ies éuggest a sheet 500-550 metres thick. The Mt. Hull rise
is exceptional and stards as a dyke projecting froem the sheet
roof. A small source is inferred beneath this zone on the
spmall increase in anomaly (S16). Dolerite iransgresses west-

ward and rises to meet material from 315. This relationship
and the necessity of two separate bodles meeting is seen from
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compariscen of the reguirements of adjacent sections (esp. 500
and 525), and slso from structure dips. The occurrence of
Lower Triagssic rocks at S450N, 5130E is & result of the
transgression of the sheet being steeper than the topography
at this point. (Compare Bl, Seat. 57%), There is zlso the
possibility of a s=pall faunlt, the only demonstrable ocutcrop
of which 43 at 5100N, 5140E. To the east the Collinsvale
sheet rises steeply and the blocks C are devoid of any major
dolerite. Similarly D contains enly a sheet base (also Sect-
ions 57%, 600), and f2 here has a throw of 800(?) metres. The
snomaly pattern in D shows that the sheet base i3 repeated
by faulting, although some arching and cross trlnsgr&séion
is indicated from both east and west.

. The structure beneath the river cannot be outlined, buﬁ
it 18 likely that it is comparable to the structure of the
Coal River valley at Richmond. Available drilling information
supports this conclusion. The circular anomaly (+7 mgal) at
Lindisfarne on £2Ah is a finger(?) from the S10 feeder system.
The dolerite bedies around this area show dips radial to S10.

Dolerite outerops in E as a coarse grained, irregularly
rocfed sheet; probably the sheet derived from S10. While
faults £24A and f2A can be shown further north to be Jurassie
in 2ge, at this pqint post-dolerite movements ere indlcated.
It is no% clear whéther this graben block contairs dolerite
north of XKengeroo Rivulet, The thickness of this body is
estinated from the anomaly requirements of this block further
south, and away from the effectg of S10 and S11. Welghing

all considerations and remembering the position and termin-
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ation of the Flagstaff Iill intrusion, which has been deduced
to be related to S10 also, only one conclusion is possible,
It appears likely that the sheet in E passes southward, but
is terminated at about the line of the valley of Kangaroo
Rivulet by a cross fault, with the same alignment as the
Flagstaff intrusien. Thus the entire 510 structure is a large
ovate funnel with & sheet centred on it. Ils southern end has
been broken by reactlivation of the graben faulting, lhereby
depressing the assocleted sheet which had risen into Triassic
rocks at this point. The inconsistency of throws on the
‘graben faults in this region, aliled to the known presence of
shests, ls compatible with the presence of cross faulting ard
(or) upstepping of the sheet as envisaged.

Throughout Fl, F2 and F3 a thick body of dolerite
intrudes the Permlsn rocks. It is either an east-west dyke
limb upstepping to the north from S11 or & changs in thickness
structure. It 13 probably & combination of the two. The dyke
limb is indicated by the arc of higher anomaly arcund blocks
Fl to F3 from the Flagstaff intrusion which it underlies
structurally but overrides gravitationally.

In F4 there 13 no evidence for dolerite in the Permian
rogks, but a body does intrude Iriassic rocks, Mueh metamorph-
ism 1s present, The patch of Triassic sandstone atop Mi,
Rumney 1s consildered to be on the roof of this sheet. It is
difficult to speelfy all forms of the movement on the faults
in F1 to Fli, Many of the faults appear to be rejuvenatced

econcenitant or pre-intrusion structures. FY% in this section
also shows the special mass requirements for the Rumney ridge
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as were necessary for Craigow (Sects. 600-650). The residual
anomaly produced by a 500 metre sheet at the hase of the
Triassic system would be about +1.5 mgal. Both sides of the
intrusion are discordant, and comparisins with Sectlions 500-
525 show that the sheet alone cannot produce the boundary
phencmena or the +4 to +9 mgal anomalies. A partly concealed
(?) dyke mass (517), is added to compensate and provide the
extra mass. As there can be no dolerite in depth in FF, S17
ias indicated as a vertical intrusion with a plug-dyke char-
acter.

The structure in G is implied from Section 525, as
there is total concealment in this section.

Section 525 -

Al 18 dilationally lower than Al and A2 of Section 550 by
at least 300 metres. It is comparable with A2 this section,
however., As the anomaly on Al suggests absence of any major
bodies, while that on A2 shows one cap dolerite (clearly seen),
and one body (from S15) at depth, the sheets from sources
Sl4 and S15 must rise and meet in fl. Consistent with
comments in Section 550, f1 must also have a pre-intrusion
throw of about 250-300 metres. The mass, dip and dilation
requifements can be explained in no other way. The sheet from
S15 is transgressive to east, south and west.

Bl consists of a dolerite cap from S16 (Collinsvale).
The anomaly distributich: over the whole Mt, Wellington block
shows only one body can be present and that it is on the top.

Dolerite from S16 and S15 meet in the Collins Bonnet ridge.
The sheet-dyke separation is clearly seen south of the section.



62
B2 is similar to Bl, but contains a plug intrusion which 1is
aligned with S18, as the anomaly trend clearly shows.

Cl and C2 are monoclinal or warp b;ocks intruded by a
thin 1rr;gu1ar sheet from S18. The intrusions are more
discordant than concordant. Many of the faults contain
dolerite dykes. The faults are thus dated, in part at least,
although some have been rejuvenated. The anomalies suggest
the presence of 518 as a partly injected plug. There are
probably many small offshoots, e.g. HSO60N, 5214E and also
that drilled at depth in South Hobart (Johnson, 1888). -

D1 and D2 are difficult to interpret. North of tie
section they are clearly devoid of dolerite at depth, where-
as south of it there is an implied sheet. It is possible
that a deep carry-over effect from the Nelson mass 1is
complicating the anomaly pattern. The problem of whether
there 1s a deeper sheet, or whether the feeder anomaly
carries over cannoct be solved at present. The need to term-
inate abruptly any such lower body of sheet form makes that
possibility ugllikely. The dolerite of Knocklofty appears
more than a simple sheet base although its form can be
explained by a sheet rising from the southwest and, as
indieated, this would provide the discordant east margin.

E is as described in Section 550 except that here the
anomalies are sufficiently separated toc be sure that the
sheet i1s present. The intrusions in Fl, F?=and F3 are as in
Section 550, but in F3 the separation of the two bodies

clearly shows the need for a major accessory plug systenm.
The small patch of Triassie rocks forms a window to the
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sheet rising steeply from the west. FF is as for previous
sections.

The structure of Single Hill has been referred to
earlier. The cutercp and gravity pattern show it to be an
élbow in a sheet rising from the east. Some of the assocliated
faulting appears concomitant. On the coast a sill in Cascades
Group rocks is disrupted by later faulting. The deficiency of
mass to the west confirms the field observations.

Section 500:

Al and A2 are as for Section 52%. The fault (f1) is
again implied marginal to the intrusion. Its threw cannot be
determined precisely due to lack of outcrep of any specific
horizons. The anomalies in the region immediately south of
the section imply a further massive intrusicn concealed by
the capping dolerite. In A3 the Collins Bonnet dyke is seen
at a much lower level. It is likely that the sheet from 515,
indicated in Permian rocks, is not as thick in this part of the
reglon. Examination of the anomalies in the Grove-Mountain
River region suggests that a sheet is present with marked
thickness variations. Dolerite occurs below this region,
as indieated by numerous small plugs and other irrsgular
intrusions. As described in Section 425, a thin sheet rises
to the southwest from this region. It is possible that the
faulting is simply in the roef, above the intrusion, and
thereby reflects variable sheet thicknesses.

All the anoﬁalies south of this sec¢tion in the region

of Mountain River appear more negative than might be expected.

This cannot be directily accounted for (see page 103). The
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ancmslies in A3 show that no major sheet can be present to
the west.- The range of dolerite hills form no part of a dyke
complex here, The anomalies over the Mt. Wellington-Mountain
River blocks are about two or three mgals more negative than
can be accecounted for with the known rocks. While this pre-
cludes the possibility of deeper intrusions little else may
be stated. In B, the Mt. Wellington block, the maximum anom-
aly that can be obtained with the observed geology is =k.5
to =5.5 mgals. The deficient srea is too large and the topo-
graphy too varied fer this to be the result of short radius
terrain corrections.

Cl and C2 are the severely faulted monoclinal blocks of
South Hobart. The anomaly indicates a general lack of doler-
ite although plug feeders such as S18 are present. Blocks
D1 and D2 expose dolerite but its exact relationship to the
Nelson intrusion is unelear due to faulting and discordancy,
although it may represent an offshoot sill with a diseordant
northwest arm. The thickness of Tertiary sediments in D2
exceeds 200 metres. No other details are known and no
further interpretation is possible until the thickness of
such sediments is known. The thicker the overlying cover,
the thicker the dolerite body required beneath it.

Fl, F2, F3 and FF are as for Section 525, A large pipe
in F3 is implied by the anomaly of +6& mgals. The sheet in
F1, F2vcannot provide this anomaly, although it is trans-

gressing eastward at an angle of about 30° in this region.

Section 47%:
Al, A2, A3, B and {1 are as described in Section 500
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with the specific exceptions that a pipe is present in fl and
that the western transgression from the lower intrusion in
A2 and A3 is probably to the west of the included Triassic
block at Crabtree (4750N, 5055E). The snomaly over this block
is too high for it to be deficient in dolerite although a
feeder zZone is nearby (S19).

. The limitations on the reconstruction in A2 and B are
as for Section 500, although south of the core of the Mt.
Wellington block it. does become possible to explain the
anomaly with known materials. ‘

Blocks C comprise the faulted South Hobart monocline,
vhich is intruded by an irregular transgressive sheet with
many dissordant basal upstep edges. The anomaly distribution
shows that little intrusive material is present in these
blocks away from the Nelson feeder zone in D. All outcrops
in D show that sill initiation has taken place in the
Cascades Group.

Bloecks F2, F3, FF and G are as for Sections 500, 5<5.
In F1 the increasing anomaly toward the river, outcrop dis-
tributioﬁ of Permian rocks and the transgressive character
of the dolerite thereby implied suggests a source equivalent
te 811(?)(Sect. 525). The eastern coastline of the South
Arm peninsula (G) is intruded by a sill in Cascades Group
rocks.

Section 450:

The Permian rocks in Al contain a thick sheet emanating

from centres S20a and b. It transgresses east and north but

cnly in the narrow dyke to the east is the transgression
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observed, as dolerite from S19 conceals it to the north. The
relationship of intrusions from east and west in A2 is clear-
ly seen further south (Section 425), A2 and A3 appear to
contain doierite in a patchy(?) intrusion whieh slso trans-
gresses east into or through(?) or under(?) & steep pipe
intrusion which is partly dyke-like to the northeast. This
i3 ahown by the dyke in the North West Bay River at Wellington
Falls and Mt. Montague. '

In B2 dolerite riges as a transgressive wall (hence the
apparent thickness) from the Nierrina intrusion to the south.
This body is about 500 metres thick based on the general +i
mgal anomaly over the large region where the sheet is con-
cordant in Cascades Group rocka.

C and D are as in Section 475. A series of fault blocks
tangential to the Nelson intrusion form the western side of
the Derwent trough and comprise DD. Tertiary sediments fill
the basin so produced.

F3, FF and G:afe as in Sections 475, 500. The diminish-
ing positive anomaly in F3 for which a plug-dyke feeder
system i8 proposed aleng strike suggests a size reduction or
greater depth. No surface dolarite features can be correlated.

Sgction 425

Al 18 composed basically of a feeder-sheet system for
which few details can be adduced due to fhe maghitude and
breadth of the anomaly. It does appear to be a two part
system which upsteps gently to the east and steeply to the

west aleng the line of pre-intrusion structures. The upstep

at the west end of the section is in fact & complex wedge-



67
shaped intrusion which has 1ifted a large triangular pilece
of roof from the sheet arm to the west (Mather, 1955).

At A2 the major sheet from 520a and b rises steeply east
end south. In the narrow dyke trending northwest from Grove
there is sufficient exposure to show that two bodies are in
fact involved. The small wedges of sedimentary rock at 4150N,
5085E are below both. The eastern intrusion, which in prev=-
ious gections (450-500) has been regarded as patchy and
variable in thickness, is about 100-150 metres thieck. Expos-
ures further east are consistent with this conclusion and
such a value of thickness 1s also compatible with the general
spread of anomaly values in the Grove-Mountain River block.

The Triassic sedimentary bloeck at Longley (Bl) must be
devoid of dolerite as indicated by the low anomalies of -k
to -6 mgal, A dilaticnary step can be ssen at the NNE trend-
ing fault-boundary structure at Longley (W200N, 5160E). B2
contains the thick Nierrina sheet. Only the top of this body
with various roof pendants is visible. It is seen to rise
gently northward over the whole area with an anomaly of +4
mgal. The implied thickness, aceepting this anomaly value,
is 550-600 metres which seems very thiek. The dilation
indicated at Longley is %00-500 metres, and this figure may
represant either the true thickness of the sheet and a 100
metre pre-intrusion fault at Longley, or overall residual
valus elevation.

West of £2, which is the Tertiary component of the

Gascades Fault zone movement offset around the Nelson block,
the Nlerrina sheet is faulted and generally concealed. f2
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also shows itself to have been a basic fault at the time of
intrusion since no major sheet intrusion ¢an be ascribed to
‘the Triassic capped block east of it. There i3 some conrusion
here in 1nterpretation since the Nelson anomaly trend
appears to contimie into the Kingston-Blackmans Bny region
and cause a slight olevation in values.

f2A is the line of the Jurassic movement of the Cascades
Faulf. Tha.shape'or the intrusions in its viecinity show 1its
| importance. In addition it shows more than one age of move-
ment. Small dykos of younger dolerite are intruded into-the
fault zone at MBMON, 5255E and contaet phenomena with the
major body are visible. Some basalt necki of Tertiary age
also occur adjacent to this structure. .
| D contaimrs the squared transgressive southern end of the
Nelsoin bloek rising to th; sout h.

FlL and F3 are as in Sections 450, %75. In F4 the Rumney
dyke-plug system indicated in other sections 13 offset about
two km to the east. Although little dolerite is obvious here,
comparison with the features of the Rumney dyke and the rel-
ative sharpness of the inomaly generally would indicate that
this 13 a dolerite structure and not a pre-~Permian basement
influence. It 1s possibly a small reéding dyke, or just the
plug in F3 offset. The nature of any connection of the pliug-
dyke system and the sheet is totally unknown. The sheetl
passing beneath this area is shown to rise to the east in
F5. The structure in F6 cannot be detailed as there are too

many unknowns, the most critical of whiech is the thickness
of less dense sedimentary cover. G is as in Section L450.
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Section %00:

Block Al is as described in Section 425 except that a
fault {fl) west of Mountain River is crossed. The anomaly
assoclated with this fault implies a thickness variation in
the 311l rather than just a change in depth on the east side.
This sheet transgresses east and south and its base 1is
rapeated at the deep gully in A2 (LO50N, 5105E). The structure
in A3.reflects dolerite rising from the Nierrina intruaion
to the southeast and does not represent dolerite from either
east. or west., The Iriassie rocks on the surface are clearly
& roof as examination of the noighboﬁring areas shows.

Bl, B2, f2, Cl and C2 are as in Section 425. Block D is
probably not dissimilar to the western margin of the Mt.‘
Nelson intrusion. Along the coast south of Kingston part of
& dyke, whiech has the same trend as f2A, is visible., Compar-
ison with Sections 375, 350 suggest that this is merely the
west wall of & transgressive upstep from the east.

Blocks Fl to F5 and G are essentially as for Section
425 execept that the anomalies present can be adequately
accounted for by the simple sheet in mid~Permian rocks,.
Iittle evidence of the plug trends of previous sections
persists. It is not possible to correlate structures in F5
or G due to the deep Tertiary basin at Clifton, which is
believed to be a filled fault wedge at Least. 200-300 metres
deep (anomaly max, ~12 mgall).

Sectiony 37%5:

Blocks Al and A2 are basiecally as in Section 400 except

that the structures of Al, A2, A3 and Bl of that section
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are compressed here. The nature of the contacts on the
Herring Back are indicsted and the small patches of Upper and
Lower Triassic rocks are either smsell roof capping remnants
or windows to one or other of the iptrusions, Dolerite
rises into the Herring Back from the southeast, scuth and
west; any northern contribution being negligible., Between
Al and A2 the situation is more complex. The gravity field
indicates the necessity of a second dyke and subsidiary
fesder system northwest of the main transgressive boundary
(3800N, 5060E) but cannot resolve the structure completely.
Mather (1955) suggested a structure not unlike that proposed,
and which is based on the occurrence of a trapped wedge
bloek being of such stratigraphic elevation as to indicate
dllation. This is consistent with the boundary phenomena and
the requirements of the sheet from 520 to north and south., A
detalled petrologic study would be necessary te sort out the
entire story at this point since all the bodies merge to one
grest mass of dolerite over much of the ridge and it is only
where included blocks are present that any separation can be
made, Gravity snomalies are generally 0 to =4 mgal and indic-
ate the amount of capping dolerite. The anomaly range would
be -1 to +3 mgal if a deeper sheet was present.

Bloeks Bl and B2 are dominated by the massive Nierrina
body whieh 1s essentlially a large dyke with uplifted roof
over the central feeding zone (S2l - esp. in Red Hill region).
Fault f2 appears to have little Tertiary movement in this

section, although further south such movement 1s indicated
at the dyke boundary (Sect, 300). Further north the younger



71
movements are offset into many small fault blocks. Most of
the surface displacement of 500+ metres is thus dilational
since the gravity field on C2 indicates little or no dolerite.
Indeed, with a slightly thinner Permian succession the
anomalies would be totally accounted for. The illusion of a
very thick Nierrina sheet can also be reduced slightly in
this way.

D, F1, F3, F4, F5, F6 and G are as in previous sections,
although a junction between the eastern and western sheets
of South Arm exists at F9 where a number of discordant °
boundariés occur. It is not possible to determine whether
this is a true merger or whether one boedy cuts another.

Section 350x

Block AA cannot be described totally due to lack of
gravity coverage. The hilltops southwest of Huonville are
capped with a 2ill. It i3 not clear whether the dyke to the
river is connected as the one body, or whether it has been
cut through by a later intrusive sheet. The ancmalies of
one to two mgal at Huonville and north in AA suggest that the
dolerite from S20a rises southward in this dyke. This is
clearly indicated in Al east of the Huon River. The structure
suggested for A2 is only one of two possible. There must
be a dolerite rising south from S20a and a dolerite rising
north from the region of Grey Mountain (out of area - see
Leaman and Naqvi, 1967). This second structure is shown by
the upstep in Sandfly Rivulet and the gravity anomalies over

the Pelverata-Kaoota block (A2). Where the two bodies merge,
the section would imply Upper Triassic rocks at shallow depth.
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In fact, the outcropping rocks adjacent to this section are
Lower Triassic. It is likely that a concealed dilation of the
type suggested in Section 375 would provide the solution.
Faulting is an unsupported possibility.

Dolerites from the Nierrina and Grey Mountain sources
merge in A3. Contact phenomena and petrographic variations
are present. Block B with 521 and C2 are as in previous
sections but with f2 showing little displacement other than
can be accounted for by dilationary effects.

The structure of D is clearly shown in coastal exposures
to be a sheet transgressing steeply westward by & narrow dyke
limb to cap the hills of Piersons Peninsula. A dilation of
about 350 metres is indicated across this dyke and the
anomaly of more than -3 mgal on the Triassic rocks of North
West Bay precludes much dolerite continuing under the penin-
sula. As mentioned in Section 375 a slight thinning of the
Permian succession would account completely for the anomaly
and no dolerite would be necessary. The structure of Piersons
Peninsula is shown in fig. 6, p. 73. Fl and F2 are as for
previous sections. The Tertiary trough is fairly symmetrical
(graben?) and of unknown depth, but probably more than 200
metres assuming a structure as indicated in the sectiom.

Section 325

The Rad Hill dyke with obvious roof uplift is shown in
B: There 1is no evidence that the dyke extends in depth
beyond the base of the sheet produced by S21 (see also
McDougall and Stott, 1961). Cl and C2 are as in Section 350

although there is a clear requirement for some faulting of
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{(or warping) of rocks in North West Bay. At Piersons Point
the coastal sheet is faulted down to the east but the north-
west transgression 1s seen around Mt. Louls.

Betsey Island (H) has an unknown structure. The presence
of Triassic rocks on the i1sland and Permian rocks on the
reefs between 1t and the mainland suggest some form of
dilation or east-west faulting in the channels betwgen the
island and the malnland.

| Section 300:

As for Section 325, Clear Tertiary or post-dolerite
movements are observed on the dyke wall at B although the
stratigraphic and dilational requirements suggest that the

throw must be small.

Structura arys:

Some general comments may be made of the structure, as
it exists, without much regard to the emplacement of the
intrusions which is fully discussed in Section 5, p. 90.

The Derwent, Mt. Faulkner and Mt. Wellington blocks
contain no dolerite sheets below the level of 200-300 metres
above the Permo-Triassic boundary. Dolerite feeders are
fairly regularly spread over the district.

The effects of Tertiary, or certainly post-dolerite
faulting, have been basic to the structural confusion ex-
perienced by earlier workers and may be fully appreciated,
particularly when the results show many localities in which

different dolerite bodies can be placed adjacent to one

another. Tertiary faulting is most pronounced east of f2
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(Dromedary-Cascades Fault). f2 extended as the North West
Bay Fault shows surprisingly little Tertiary movement over
much of its length. These three faults were key structures
at the time of the intrusion as many intrusiorss terminate
or upstep near them. Whether they then formed one fault
system is not clear., It is likely that Tertiary reactivation
and block cross-breaking, as near Dromedary and Mt. Nelson,
combined to produce one crush zone., The monoclinal or warp
blocks about the Mt. Wellington block are probably related
to this reactivation.

The Bagdad Fault (f3) and its southern extension has a
similar history although the later movements show & hinging
southward. Tertiary faulting dominates the present structure
of the Derwent lowlands, the Coal River lowlands, the Brighton-
Tea Tree region and South Arm, The southern part of the
Middle Derwent faﬁlting is observed near New Norfolk but
much of the movement is terminated on one or two cross faults.
Few features between New Norfolk, Huonville and Mt. Wellington
are of this age (see also fig. 2, p. 16).

Some structural conclusions made by previous workérs
may &lso be discussed here, The structure proposed for South
Arm by Green (1961) has been proven basically correct. The
'cone! structure proposed for the Collinasvale region by
Sutherland (1964%) has also been verified. There is a problem
providing a feeder for this structure, and the only conclus-
ion is that several small sourgfes are involved, e.g. S28a, b,

The two sheet struevture of Mt. Dromedary (McDougall, 1959b)
and the dyke-sheet structure of Red Hill (McDougall and

.
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Stott, 1961; McDougall, 1962) have been verified. The present
results on Red Hill are minimum estimates because a uniform
demsity wvalue has been used whereas McDougall and Stott allow-
ed different values across the dyke but did not terrain
correct their observations. They also had a problem acecunt-
ing for the amount of granophyre present, but their survey
did not extend far enocugh north to locate the Nierrina
feeder. The concept of a massive feedar system of upturned
"v" shape for the Craigow-Rumney dyke (Hastie, 1960) is
partly supported geophysically, but modified to the exﬁont
of demonstrating that more than one body is present.

The structurs proposed for Gunnings Sugarloaf differs
considerably from the wide dyke of Edwards (1942). The narrow
dyke feeder to the west of the Sugarloaf would provide a
"bottomleéss" body in part, at least. This body needs re-
examination regarding the differentiation process.

The association of & major feeder with the Nelson sill
would also affect the acid content of the material and
comparlisons of the Nelson and Wellington sills may not be
valid (see Edwards, 1942),
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4. PHYSICAIL AND STRUCTURAI ASPECTS OF DOLERITE INTRUSIONS

4,1 Thermal characteristics
Petrological evidence suggests that the magma intruded

close to its liquidus temperature of about 1100° (Edwards,
1942; MeDougall, 1962). Jaeger (1958) has shown, under
reasonable assumptions, that a sheet of the scale common to
this area will solidify‘in about 1,000 years from this temp-
erature. The rate of temperature fall is very rapid late in
the crystallization process but probably only changes by 20-
50° while the dominant minerals are crystallizing., The time
to cool to less than 100° is considered by Jaeger to be loh; ..g
105 yvears. He also showed that & second intrusion into a
solidified but incompletely cooled sheet is unlikely to form
& chilled margin if the first has not cooled below 30000.
This would be expected to take of the order of 10“ years, In
addition, Jaeger (1961) has shown that if there is a dyke=-
sheet junction then the time of cooling i3 increased at the
Junetion and 1s greater than the cooling time in either

dyke or sheet.

A further aspect concerns the heating capacity of the
feeding pipes. Such features had a direct connection to the
heat source and also passed & large volume of material
through a small cross-section. The effect of this is to
inerease the wall temperatures, reduce the efficiency of

heat transier by decreasing the temperature gradient and
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thereby increase the time of cooling of the material in the
pipe. No realistic estimates on the time of c¢ooling involved

are possible due to the variety of assumptions necessary.

4,2 Inktrys argins

Intrusion margins are invariably crisp, sharp features.
While they may, on occasion, have a blocky irregular charac-
ter there is no evidence of assimilation. The intrusions
have produced slight thermal metamorphism of the sedimentary
rocks with marginal chilling of the dolerite itaelf, The
chilled margin is rarely more than é few feet thick near the
roofs of sills, or walls of dykes. Near the base of 1urg9
sub-c¢concordant bodies the grain size can grade imperceptibly
over large distances and fine-grained material persists |
through many tens of feet. Contact phenomena in the intruded
rocks are variable, and marked thermal effects can only be
seen within a very few feet of the intrusion margin. This
applies particularly to the siliceous formations (e.g. Fern-
tree Group, Lower Triassic sequence). Those formations which
have a high caleareous content (e.g. Bundella Mudstone,
Cascades Group) show thermal metamorphic effects over a
greater area, .but even then it is rarely more than <20-30
feet(6-10m). The above comments apply to obvious changes.
Hamilton {1965) has suggested that the whole intruded sequence
in Antarctica has undergone changes of some sort, often
very minor, as a result of the intrusions within it. Whether

this is in fact so in Tasmania cannot be judged as yet

since insufficient study of the textures of the intruded
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rocks has been made. The carbonisation of spores would
suggest that thermal changes have occurred. The narrowness
of the obvious effect indicates a low heat capacity a that
few hydrous phases were possessed by the magma.

Metamorphic effects are more extreme where the material
is over the roof of & major body, e.g. Collinsvale, or a
feeder., Metamorphism is especially severe in the case of
ineluded blocks.

Dolerite at intrusion margins is always finely Jointed
and it is not uncommon for two sets of jJoints to be formed
perpendicular to the contact sufface. Columns of four, five
or six sides are often produced and these may extend well
into the intrusive body becoming larger and more continuous
away from the margin (e.g. Mt. Wellington -'organ pipes').
The attitude of such columns gives & reliable indiecation of
the dip of the body.

internal boundaries between dolerite bodies are more
difficult to assess. Where a definite chilled dyke of younger
dolerite can be observed such boundaries are quite sharp.
They are rarely found by surface mapping and cuttings and
quarries are the usual sources of information. The difficult-
ies are compounded when trying to locate boundaries between
large dolerite intrusions suspected of being a little
different in age. Firstly, unless the time is long, no
chilled margin will develop (p. 77) and there may only be
subtle changes in grain size. Secondly, as any dolerite

boundary is very suscepiible to weathering and erosion, such

junctions may be difficult to determine directly in the
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field. These problems have been noted elsewhere (Biignaut,
1952}, but better ocutcrop and less vegetation heips consid-
erably in South Afriea and Antarctica (e.g. Hamilton and
Hayes, 1963, pp. 9-10).

There is also an incomplete understanding, at the present
time, of the pattern of petrological and grain size variations
in dykes or dyke limbs of inclined sheets. Any changes that
may appear out of sequence could be miginterpreted when it
is realised that most information comes from road or creek
sections which may not give a three-dimensionally consistent
picture due to a relative paucity ef traversing. Cross
country traverse information is often patchy and unreliable
due to rock drift and soil creep effects. Some changes may
even reflect injection by pulses to produce the dykes and
sills. A complete systematicec petrological study is long
overdue.

Variations that are compatible with the sectiens and
structure suggested in Section 3.4.4 have been found on
some structures. Some othere can cnly be implied, as deep

weathering occurs at the points where contacts were expected.

4 ensjity an $¢0

The density of solid dolerite is well known (p. 26).
The 1iquid density is not se well known but Dane (19%2, p. 36)
has given results of 2.60-2.64 gm/cc at 1200°C. This value
would be altered by volatile content and econsequent changes

in eompressibility. In near surface conditions this effect
is considered negligible (Bireh, 19%2), although its elffect
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at depth is unknown., Hamilton (1965) concurs with the above
stated density range.

Viscosity dseterminations suifer from similar deficienc-
ies. Dolerite at 1400°C has a viscosity of 15-400 poises,
whereas Hawailan olivine basalt has a viscosity of 127
poises at that temperature, and 4 x 10“ poises at 1150°c,
Figures after Ramberg (1967, p. 127). Consideration of these
results would suggest that a viscosity of 105 polses would
be a realistic figure for dolerite &t 1100°C, as at the
time of intrusicn.

4,4 Included blocks and their jmplication

"Inclusions" of sedimentary blocks are commonly noted
in dolerite intrusions. In most cases such blocks are small;
perhaps 100-200 cubic feet or less, and are normally found
within inches, or in the case of large intrusions sbout 20
feet(6m), of the upper Junction or roof of the body. A large
inclusion more than 100 feet by 20 feet (30x6m) in section
can be seen within about 20 feet of a sill rocf in a road
cutting at Sorell River (63108, 5091E).

An examination of the geological map (Map 1), and
sections (fig. W), will show that quite large bodies,
apparently “inclusions”, occur centrally disposed within
dolerite masses. Examples may be seen in the Brighton-Tea
Tree Hills and at Mt. Direction. The apparent senigma of such
blocks either at the margin or hundreds of feet from it

prompted c¢onsideration of the forces acting on an included
block in a large body of fluid.




82

Any slab of sedimentary rock of the type intruded is
less dense than the surroundirg magma. Hence, as soon as it
is broken away from the base of the body, and fluid surrounds
it, buoyant forces become active and 1lift it upward.

If h, is the distance from the roof of the intrusion, A
is the area of the block and hence the cross section of the
fluld to be displaced, 'l is the viscosity of fluid a&nd Fb is
the buoyant force then the time taken for the block to rise
to a height h from the roof is given by |

t=AR n ( 1 1 ) . b

Fb h h

O

g §7D, » f2 » block volume)
=g v (pg=-f)

= density of rluid,fgz density of block, v = volume, g =
acceleration due to gravity. (Scott Blair, 1949)

This equation gives the time for a very loosely fitting
piston tb compress a fluid and should ideally be used for
regular bodies with circular section. It assumes a true fluid
at constant temperature and ample room for fluild escape - a
required assumption in the circumstances. The effect of
changing temperature is discussed below.

e.g. If ho = 500 feet(lEOm),'ﬁ -fL= 0.2 gm/ee, h = 100

feet(30m), volume = 5,000 x 10,000 x 300 cu feet
(1,500 x 3,000 x 90 cu m), | = 108 poises; then
time = (approx) 2.3 x 102 seconds.

In view of some of the assumptions made, the value of 7
is greater than might be expected in order to give a margin
for error. If the viscosity is 1019 poises near the roof, due
to cooling effects at the margin, the time for the Fody to
reach 20 feet(6m) 1s about 2 x 10° seconds. This would allow
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a maximum of about a week for this block to 1lift close to
the roof - & very small fraction of the total crystallization
time. It is possible that these times are 102- 103 times &
true figure, considering the viscosity assumptions.:

As the block rises through the fluid there is condens-
ation effected about it, and crystallization will take place,
In effect, the size of the block will increase with time and
decrease the density differential. With a large block this
effect will be negligible. As the block nears the roof, its
rate of ascent is decreased systematically by the increasing
viscosity resulting from coocling across the narrowing gap.
While the cal culation above assumes static conditions it will
still overestimate the time involved.

On the basis of buoyancy, no blocks, regardless of size,
"should be found anywhere other than the upper margins of
intrusive bodies, The time taken is proportional to the area
compressed and inverse to the volume of the body. Hence the
more massive the body, the more rapid the approach. A factor
of two makes a 66% difference in time.

The direct coneclusion from such observations on
"inelusions" infers that such blocks in major dolerite masses
reflect boundaries, or near boundaries with later intrusions.
The field evidence, when reinterpreted in this 1light, supports
its consistency. In fact, they are probably Part of the roof
in which subsequent intrusion has taken place. These situat-
ions rarely have the clarity of exposure seen in Antarctica

or Skye, where definite slivers between sills are visible
and where there are clear contact features between 8ills
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(Hamilton and Hayes, 1963). An example of this situation,

which is common to other provinces, is at Mt, Direction.

Alternatively, this conclusion may be derived from
consideration of the hydraulics of a multiple system. Two
fluid sheets, one above the other, in a sedimentary pile form
an hydraulically unstable system., If both are connected,
however indirectly by pipes, dykes or other such features,
the upper body will load the 1owef+and since sheet intrusion
in this environment is hydrostatic and flotational (p. 122),
the magma will be transferred from the lower to the upper.
shortly after initiation of the second intrusion which can
never he lower than the first. The transfer will not be
complete due to chilling effectsf This result was also
deduced by Bradley (1965, p. 39).

This process is best understood by considering two
newly formed offshoots from a feeding dyke. After a time,
the load of the'upper intrusion will become such that the
system does less work lifting the roof above the upper off-
shoot than the lower which is 1lifting extra sediment plus
thé upper intrusion. Intrusion can continue at the higher
level since the magma pressure must have been suffickent to
ralse the magma to it in the f;rst instance. An analogy is
given by Bradley (1965) of slabs of wood in water. Such slabs
will eitmer float as a unit,o; only one will float. There
will not be a series of floating pieces irrespective of where

a wedge of fluld has penetrated.
Ags a corollary it will be observed that major sill
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initiation can only take place at one level for a given
intrusion and that the presence of more than one major body
per column implies multiple intrusion with a separation at
least equivalent to the crystallization time. ‘

The presence of minor intrusions in assocliation. with
major intrusions implies either |

i) trapped fluid in a fracture unable to grow as a result

of the process outline above, or
ii) intrusion by pulses, where the minor intrusion

represents one pulse. Under this hypothesis major

‘ bodies would be built up of many spurts of magma
separated by only a short time interval. If concord-
ancy of pulses is disrupted an included block could
be produced. They would however, remain marginal as
a result of the special conditions of this environ-
ment.

Probably both processes occur. The larger of the minor
intr2sions are possibly produced by the latter mechanism
(e.g. P1. 4, Hamilton, 1965). The validity of the latter
hypothesis remains to be seen, although.several authors now
believe that major bodies are so built up (e.g. Walker, 1969).

It might be argued that sheets from different sources
could be contemporaneously intruded in the one column and
not affect one anothér. However, the sheets show upward
transgressions and as soon as they Joined the comments on
page 84 woﬁid apply. The presence of many faults makes

complete separation impossible for any time as blocks of
intruded rocks will be movedé during intrusion and hydraulic

4
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connection could be readily established.

4.5 Form and scale

Three main types of structure are represented in the
intrusions of this district - sills, dykes and bosses(plugs).
An examination of the sections (fig. 4) will show that many
of the sills and dykes are connected to form, in overall
section, an inclined (stepped) sheet. Such sheets form at
two scales only; very small or very large. Although there 1is
a ceonsiderable range in thickness of the dyke limbs in such
sheets, depending on their angle and any horizontal dilation,
the sill limbs are either within the range 1,000-1,500 feet
(300-450m) or one ineh to six feet(<2m). Unlike some other
provinces, e.g. South Africa, there is no intermediate size
distribution. The large bodies present are very large and
two to five times the average size of the intrusions in many
other provinces. Plug-like bodies are usually one half mile

(0.8kin) square or larger.

4.6 ation

The tople of dilation was briefly mentioned in Section
2,3 where the general principles were enunciated. Examination
of the geological map will show many likely examples
(e.g. Longley, 4380N, 5170E; Blackmans Bay, 3600N, 5270E;
Mangalore) which have been supported in the struetural
reduction. In every case vertical dilation is the dominant

characteristif although some discordant bodies appear far
wider than their angle of dip and vertiical component would
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suggest. Examples of such a situation are at Mt, Rumney and
Craigow where possible dyke wedgks are involved. Dilationary
components may be affected by dips in intruded rocks and
faulting, and by interference of uplift agsymmetries. All
aspects of dilation are outlined by Leaman and Nagvi (1967)
and a revised summary figure 1s‘reproduced here (fig. 7, Dp.
88). If the fracture and intrusion is three-dimensional a
elosed funnel block will be uplifted as in the case of

cone~sheets., A small scale examﬁle is shown in Plate 1.

L Fault 2 )

With respect to the dolerite intrusions, raultsémay\be
classified as pre-intrusion, concomitant or post-intrusion.
On many occasions it is difficult to separate the former
pair. If a displacement can be proven or directly implied
beneath an intrusion then the fault is clearly pre-intrusion.
In many cases this is impossible to show and a minimum age
of concomitance may be indicated. A throw above an intrusion
may represent a change in thickness of the intrusion below
(e.g. McDougall, 1962, p. 282; implication Section 400, Huon-
ville). Concomitant faulting represents the fracturing and
general disturbance accompanying the intrusions while the
pre-intrusion faults reflect the stress environment leading
to activity. In the case of concomitant features there is
always an occupation of the fracture as a dyke or as one
side of an intrusion. The key observation concerning either
type of fault is that intrusions rise steeply along thenm,

exanmples being the Collinsvale intrusion on the Cascades
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Ftult} Droﬁedary intrusion on Dromedary Fault, Magra Fault
(f1, Sect. 700). Some intrusions terminate upon concomitant
faults, as south of Mt. Dromedary and on the North West Bay
Fault (fig. 4; fig. 8, p. 94).

Some difficulty has been encountered with interpretation
of post-intrusion faults. Firstly, they may be inter-intrus-
fonal and thus their character will not be tétally post-
intrusion. Secondly, they may be rejuvenations of earlier
faulting. As commonly happens, these faults show both contact
phenomena and contact dislocation. If the former movement
also produced crushing and dragging of the intruded rocks

any post-intrusion character may be impossible to deduce.
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5« FORM OF DQLERITE EMPLACEMENT

5s1 Genera]l .

Examination of the geological map and structural sections
(Map 1; fig. 4) shows that the intrusions within this area
have the form of sub-circular inclined sheets, each sheet
being related to a source at its despest point in the
intruded rocks. The actual shape of each intrusion is quite
variable and ranges from & ¥~ to T- shape at its heart. Class-
ification of centres with respect to the basic variations in
form is shown in fig. 11, p. 118. The sheets are composed
predominantly of concordant or sub-concordant limbs with
abrupt transgressions between such limbs. Ih the Permian
rocks concordant bodies are restricted to Bundella Mudstone
and Cascadesg Group horizons and in the Triassic rocks to
those partis where much mudstone is present. The condition of
the roof 13 much more irregular and disrupted at, or above,
the boundary with Upper Iriassic rocks.

In the third dimension each intrusion ranges from a
crude circular outline to a sheet trough. In extreme cases,
such as the inferred Craigow and Rumney-Augustus plug-dyke
systems, the trough reduces to a dyke. The general shape of
some of these intrusions was predicted by Carey (1958a)
although none of the examples described by him were in this
area. The form predicted, based on a mechanistic “punch"

process, is valid and the Sl1, S10 and S15 intrusions may be
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cited. This intrusion shape has been called & cone-sheet.
This term is confusing and not strictly accurate, since none
of the intrusions is conical, and most are a flattened and
distorted Y shepe. Some are even asymmetrical and only half a
T in form (e.g. S8, 5117, fig., 11l). Such asymmetrical forms
have also been noted in Guyana (Hawkes, 1966b).

In view of the jirrsegular form of the intrusions it is
proposed to refer to sach by the general term ghonolith
defined by Daly (1933) as:

"A discordant ignsous body (a) injected into dislocated

rock of any kind, stratified or notj; (b) of shape and
relations irregular; and {c) composed of magma passive-
ly squeezed into a subterranean chamber or actively
forcing apart the country rocks (p. 108)."

The concept is one of the filling of an actual or
potential cavity, and aspect (¢) is supported later in this
thesis (p. 114%). Chonolith is a general term etymologically
referring to a mould. Each component of the intrusion (sills,
dykes, etc), and the whole, will be shown to have filled a
mould. As such it includes the term cone-sheet but avoids
the special c¢onnotation that term implies.

Apart from the descriptive lspects'of the form of each
individual intrusion (chonclith), the mest important single
observation is the recogniticn of up to three large intrus-
ive sheets in one column over substantial areas. This leads
to the corollary that at least three pulses of intrusion are
represented (see Section 4.4, p. 83). Previous workers have

regarded the intrusive stockwork as a single phase intrusion
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and a rebuttal of the reasoning leading to this conclusion
appears in Section 6.9, p. 128 and Sectioen W1+, p. 81.

Normally only one sheet appears as 8 sill in the Permian
rocks and then only in one or other of the horizons mentioned
above. Such a sheet transgresses sharply into middle Lower
Triassic rocks (e.g., 56, S8, S13, S15, S16, S20, and 821).
It is not uncommon, however, to find two sheets In the Lower
Triassic rocks which are much thinner as & group. The availe
ability of intrusion horizons is a key factor in this (Secf.
6.5, p. 114). S8ills in the Triassic rocks are, with few:
exceptions, much more extensive than in Permien rocks.

A further general observaticn is possible regarding the
source localities. Many are releted to graben faulting which_
wvas at least concomitant with the intrusion (e.g. S10 and
S1l). Others are related to single faults of the same age
(e.g. S1, 513, 519 and S20). The 1m§11cation is that these
faults were (and still are?) major fractures in the crust,
since the anomalies suggest bodies extending to great depth.
There 1s nothing to imply that the dolerite fortuitously
occupies them at shallow depth only. Since the magma was
probably derived from & depth of at least 35km any association
of centres with faults implies use of a major fracture from
that depth. Normal faults pass to shallow angles at depth
(65-70° or less, De Sitter, 1956, p. 147) and in most cases
would not reach that depth. This saggests that many of the
occupled faults, as observed now, are normal rejuvenations
of major crustal fractures which at one time may have had

some transcurrent movement. Many other faults act as termin-
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ators to the intrusion or as initliators of transgression.

This clearly implies either concomitancy or pre-intrusion.

5.2 Specific features of emplagement

A separation of intrusions with respect to age relations
is indicated in fig. 8, p. 9%. The location of feeders is-
shown in fig. 9, p. 102, Figure 8 presents the simplest model
available and the evidence for it 1s discussed below. The
boundaries betwsen different dolerites are placed as accurate-
ely as known. There are few ground contacts observed
(Sect. #.2, P. 79} and most junctions are sited on structural
evidence. This study indicates that a detalled petrological
investigation of adjacent dolerites is long overdue. It is
realissed that such work is the only way to confirm the infer-
ences, predictions and conclusions made. The intrusion
labelled "c" ig taken as a 'marker' due to its extent and
easily established contimuity, The ages given are relative
within parts of the area and obviously a "h" intrusion may
be an "a" where there is insufficient evidence to establish
& complete ordinal scheme.

A representative of the oldest intrusion "a" occurs
beneath the Collins Cap-Grove blocks. As far as can be
estimated the feeder and sheet jinitiation are quite deep
(note the breadth of anomaly compared with other feeder
systems) and probably close to the pre~Permian unconformity.
The sheets from this source (S15) are cut off by sheets from

Collinsvale (S28) and Nierrina (S21), and such structures
are clearly shown in section (fig. %). The Grey Mountain-
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Pelvarata intrusion (822) and is probably the same age. This

is indicated by its relations with the Huonville intrusion
"b" in the Herring Back, where the presence of ‘'included'
blocks is crucial te this correlation. Not a great deal 1is
known of the S22 intrusion, being only partly in the area
studied. S15 has produced an irregular, elongate intrusion
in which the sheet thins significantly to the south (1,500~
<500 ft; 450-150 m), No evidence or trace of its high level
form is obtainable &s dilation by later intrusions has lifted
it above the present topography.

The Huonville intrusion (520) is younger than S15 or S22
but is itself cut off by the Crabtres (S19) and South Huon=-
ville (S23) structures. 520 is a massive intrusion with
multiple sources and forms the bulk of the Herring Back., In
the north the Dromedary (86), Boyer (S13), Lachlan (S1lk) and
Crabtree (S19) dolerites appear to join and form the high
level Mt. Marian-Trestle Mountain-Collins Bonnet massif and
plateau. The 520 sheet thus appears at Crabiree only where
it passes over the trapped Triassic block above the sheet
"g"(=815) and is itself sliced by the plateau sheet. How far
"b" passes to the east is unknown. The intrusive junctions
and closures between the 86, S13, Slk and S19 bodies indicate
concomitancy (e.g. at 6180N, 5024E; 6330N, 5110E; 5500N,
5050E), There is a slight possibility that S19 is later.

The same age as S19, however, are the Nelson (S2k),
Collinsvale (S28) and Nierrina (821) intrusions. These rise
onto the Mt. Wellington-Collins Bonnet massif and there

Join the main plateau sheet from the west, which also caps
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Collins Cap. There is no evidence to suggest that these
bodies did not merge, Of like age is the S23 intrusion in
the far southwest of the area which trensgresses through the
magsive S20 chonolith on the Herring Back. Dolerite from the
discordant wall of 86, south of the Derwent Rlver at Dromedary,
rises onto Mt. Faulkner where it coalesces with materilal
from the south (328).

Subsequent intrusiocns are indicated at Moogara (Sh),
Mt. Hull {S516) and Mt. Montague (S25). Those of Sk and S16 are
indicated by cut~through and double sheet environments -
whereas 525 and its properties are implied only. It may well
blend with intrusions of age "e™.

Dolerites of age ™c™ from Boyer (813) and Dromedary (S6)
rise northwest into the middle Lower Triassic rocks of °
Black Hills. An interesting feature is the wedge left at a
pre~intrusion fanlt between these intrusions at 640ON,
5107E. This block was probably a wedge between two fault
surfaces sach of which was later taken up by intrusions from
elther side. Intrusions of this age also appear to be term-
inated by the Dromedary Fault, and agsociated fractures in
the north of the district, and by the North West Bay and
Cascades Faults in the south, In the latter case the Nierrina
ehonolith is sealed to the west and the Nelson chonolith
to the south, The axis of the Nelson intrusion lies down the
Derwent coast to Piersons Point and the dolerite upsteps
westward. However, the age of the Piersons Point dolerite is

unknown, The Nelson and Nierrina chonoliths are at compar-

able stratigraphic and structural elevations at Ferntree
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where they rise to coalesee and upstep onto Mt. Wellington.
It should be mentioned that this lsa the simplest conclusion.

In the step-faulted hills of West Hobart the dolerite
sheet can be seen to arch. The source S10 on its bifurcate
elongate fracture is thus of age "c" and joins the Nelson,
Collinsvale intrusions in the Moonah-West Hobart area.
Tertiary movements have produced the slevation differences
between Mt. Wellinzton and Enocklofty.

~* The large funnel of S10 expands to the east at Flag-
staff Hill, Roshy Hill and Craigow, and to the west at the
Mt. Direction-Grass Tree Hill rise., The lower sheel on Mt.,
Direction is elearly older as contact and 'inclusion! phen-
omena show that its roof ig cut through by the S10 body. As
far as can be determined "a" 1s asymmetrical with an axis
approximating the river, Its exposure has been terminated
by the line of dilation from 510 in the Grass Tree Hill
dyke. It is classed as an age "a" intrusion on the relative
requirements of the Tea Tree dolerites to the north., Althaigh
this intrusion is sliced by S10 the mass requirements
suggest that the intrusions "a™ are linked to those at Rich-
mond where there is another feeder system (S7). This whcle
sheet forms & low arch and the dolerite from it does not
appear to reach higher than Lower Triassic rocks.

In the Tea Tree region sheet "c", whiech is faulted and
partly concealed northwest of Grass Tree Hill, steps
through the repeating sheets ("b") of the Tea Tree Hills.

It 1s therefore younger than them. The evidence for such a

conclusion is purely structural. Detalled field considerat-
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jons indicate that interference of two dolerites is the only
way that the distribution of chilled margins, small inclusions
and topographic form could be attained. The sheets "b" cannot
be the same age as "a" since they appear in the same section.
The sequence of events in this region appears to have been a
low level injection ("a") causing minor disruption above
basal Lower Triassic horizons followed by intrusion of a thin
sheet ("b"), possibly from sources to north or east (reactiv-
ation of 87?). The major intrusion ("c¢") from S10 then passed
through "a", "b" to intrude the level of the Upper Triassic
rocks.

The intrusion S10 is the largest single chonolith in the
district with trough length of about 10 miles and width of k4
miles. The closure at the southern end 1s concealed by the
river and broken in the north by later cross faulting which
has depressed one segment of the intrusion (Sections 675, 700).
The northern sheet from this intrusion overlies much of the
0ld Beach region and, prior to the Derwent faulting of
Tertiary age, probably linked with the high level dolerite
on Mt. Faulkner., To the east dolerite rising from the Flag-
staff Hill arm of the intrusion becomes concordant onto
Craigow and slices the plug(?) intrusion which forms the bulk
of the hill. In addition, the peculiar concordant sections of
the intrusion on a hill south eof Craigow (5790N, 5350E) are
explained by the interference of the two dolerites, one of
which is discordant, the other concordant. Bothnintruéiﬁns
810 and S11 appear to be centres on the same feederh;one

&

although the incompatibility of age is indicated by the
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overlap properties shown in Section 575, p. 56. The Sll
intrusion has produced a sheet in the Rokeby-South Arm region
which rises eastward from an axis on the eastern side of the
river into the Rumney ridge.

The age of the plug core of the Rummey ridge and South
Arm region is unknown. It shows a north-south lineation with
S7 and the Jurassic faulting of the Coal River alsc has this
trend. S12 could be a partially exposed section of such an
extended body. Sheet propagation is not necessary from it in
this part of the area and it may simply represent the_tohgue
end of an elongate feeding column. It 1s inferred, from such

restricted evidence as is possible to deduce, that this plug

system may be equivalent to "c" and may well have linked with

the sheet rising from S10.

The intrusion into the eastern part of the Socuth Arm
peninsula is thought to be either "b" or "c¢" in age. The
intrusion contacts another at only one point and age relations
are uncertain there. West of Single Hill it could rise to
join either "b" or "e"(?) in the Rumney ridge.

In the hills northwest of Brighton the order of intrusion
is complex. Several intrusions are indicated by the number
and distribution of included roof and window fragments and
the great variability of intrusion margins. The western
boundary of the intrusions in these hills is formed by the
upstep of intrusion "¢" from both S9 and S10. Also at this
boundary are traces of sill "b" which is more clearly repres-

ented at Tea Tree. The bulk of the region is composed of an -

earlier intrusion "a" which shows a general transgression
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to the northeast, and there joins dolerite rising westward
from the S5, S7 feeder systems considered to be of age "a"
by their relationship to the Tea Tree intrusions.

Dolerite from S9 persists under the Brighton Block &nd
is synchronous with that of S10 which i1t meets in the arch
at 0ld Beach., It is dislocated by the Mangalore Tier intruse-
ion, which being at a lower stratigraphic level uplifts both
Permian rocks and the concealed sheet "c¢c" which now caps
Mangalore Tier. It is indicated by the concordancies over
the uplifted block, benches and rafted sediments. The Mangal-
ore Tier intrusion (S2) is very massive and is considered to
be representative of tha youngest phase present. It offsets
intrusions of age "c" near Brighton and passes as a thick
sheet to the south and west. Some traces of it are probably
also present in the Brighton Hills at high level as there
are a few boundaries and small blocks which are difficult to
explain otherwise. It 1s upfaulted by the Dromedary Fault
(f2) and rises transgressively a little west of the fault to
cap the Black Hills region, in which it cuts a further sheet
rising from S6. All the visible relationships at Broadmarsh
indicate that S1 and S2 are connected and of the same age.

It 1s not elear what form the intrusion tock in erossing
the Coal River graben. Subsegquent faulting has not aided
clarification. A line of feeders occupies the approximate
line of the east graben fault. These centres have supplied a
sheet which, although disrupted by at least one later phase
of intrusion ("b"?), is continuocus over the whole region

east of the Coal River. This sheet is correlated as age "a",
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on the ground of its probable equivalence with the eastern
arm of the sheet based on S7. No direct correlations are
possible, since definitive structural or gravimetric inter-
pretation is impossible across the graben structure, although
a suggestion is shown in fig. 5, p. 43.

In summary, it may be stated that the intrusions of each
age iiterconnect to form & rolling cross-wave pattern. This
1s most clearly seen with regard to "c", as "a" or "b" are too
often concealed or eroded to show the gress form.

The presence of a sheet, say age "a", in part of the
area has forced subsequent intrusions higher in the section.
If the centre for the later intrusion is beneath such a
sheet, the sheet propagated will transgress steeply to a

level above the previous body.

5,3 Feedersg

Feeders have been recognised by the substantial positive
anomalies associated with various parts of the district. In
almost every case there is a direct relation with an exposed
dolerite body. The distribution and nomenclature of feeders
is shown in fig. 9, p. 102, The random point distribution:
precludes shallow basement influences. In addition, the
gradients reflect both & shallow and deep-seated sourcé for
the anoﬁalios interpreted as feeders.

Several of these bodies are prabably related, although
in most cases the relation is not apparent. It is considered
that the Grass Tree-Risdon-Lindisfarne feeders form one dyke
in depth (S10). The Craigow-Mt. Rumney-Mt. Mather trend like-
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wlse also represents & dyke. The actual magnitude of these
bodies is unknown, but the ancmaly in a number of cases implies
either a pipe or dyke up to a mile wide and extending at or
near that width well into the crust. When it is realised
that the density contrast vanishes in depth, and probably
also inverts, an sppreciation of the scale of these features
and the mass involved is possible. The form of the feeder
systems can only be discussed in a very general way.

Most ecentres appear to be single columns, whereas
others show a definite 2lignment and are probably 'fingefs'
from a dyke. Examples of fingers are the Grass Tree, Risdon,
Iindisfarne sources of S10, the bulges of S1 and the Rumney-
Aungustus dyke structure. Other sources, such as 37, are
¢learly dykes. The massive anomalies assgsociated with S20 at
Huonville suggest a cluster of pipes in this locality and
hence a major crustal weaknass.,

The distribution map (fig. 9) shows that there is an
average separation of 6 to 8 miles(10-13 km). The region
enclosed by the broken line possibly contains only one large
feeder and that very much smaller than the average. The
broad mass deficiency of one or two mgals over large parts of
this region, with respect to the regional gravity field
assunptions made, suggests that the regional field alse-
where in the district may be too high by this amount due to
the cumulative effects of many deep aﬁomaly gsources. There
is no known reason for the lack of centres in this zone. A
small granite stock at depth in the bisement would account

for the anomaly deficiency and the concentric nature of many
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ofbgrstructural features. It could preclude intrusion,

All the feeders indicated in fig.l9 have been located
'becaugéqf théir size. Smaller feeding systems may we;llhave
been overlooked due to lack of resolution. A further aspect
of rgodinz sfstems worthy of note 13 the shape of thosd
strgctures which have not grossly intruded:.or disrﬁpted the
Pofmian rockﬁ. fwo such features are at South Hobart (518) and
Mt. Augustus (Sect. h?f, ﬁ. 68), where tﬁe anomalies are rough-
ly c;rcular lnd the gra@ionts 1gp1y éﬁnt th; feature is at
shgllow depth. It is concluded that such structures.havéa
conical termination to a cylindrical pipe, but other mass
configurations are obviously possible. Small scale structures
of this type are to be seen at Sihgle Hill (fig. 10, p. 113)
and Blackmans Bay.

Some pipes or dykes are aligned upon major faults. Such
faults are invariably pre-intrus;on (Cascades, Coal River
east, Lindisfarne graben), and have also been subject to
extensive rejuvenation. These faults must reflect fracture
systems in the basement rocks. As many feeder dyke orientat-
ions show little semblance to the major Jurassic or Tertiary
trends, the only possible conclusion is that the bulk of the
basement fracfuring was slightly oblique to the Jur#ssic or

Tertiary stress field (see also pages 106, 120).
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6. PROCESS AND CONTROL OF INTRUSIQN

6 The int 0 n

Throughout Tasmania dolerite has intruded relatively
flat-lying epi-continental sedimentary rocks. At the time of

intrusion these formed a large basin some 150 miles by 100

miles(240 x 160 km). The maximum known thickness of Permian
and Triassic rocks is about 5,000 feet(1,500 m). It is .
possible that the actual thickness was of the order of 7,000
feet(2,100m) since it might be expected that any newly depos-
ited, poorly compactdd Lower Jurassic rocks would erode
quickly upon uplift. There is a suggestion that, prior to the
intrusion underground, basalts existed on the surface. This
is inferred from the presence of tuffaceous rocks capping the
known succession. The minerals and rock .fragments may suggest
andesitic volcanism, but this is by no means proven (also
Hale, 1962)., No deep fault blocks preserve the Upper Triassic-
Lower Jurassie succession as far as i3 known. The block at
Richmond has not heen bottomed.

The Hobart district appears to have been close to the
axis of Permian sedimentation (Banks, 1962, p. 203), but in-
sufficient informaticn about the Triassic rocks is available
to determine whether this axis persisted in time. The exposed
sequence is among the thickest known in Tasmania,

It is likely that all rocks were flat-lying at the time
of intrusion and that the regional and local dips now observed
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have resulted from Jurassic disruption and Tertiary epeir-
ogeny. At the time of intrusion most of the sedimentary
column wiS‘subject to brittle fracture., The Permian rocks
were probably of comparable density and state of compaction
a8 observed today.

The nature of the basin floor is a koy variaple deter=
mining the basin load and thickness. Rel;ef may exist of
500-2,000 feet(150-600m)(e.g. Maydena, Jago, 1965; Wynyard,
Banks, 1962),

- Comparison of pre-Permian, Jurassic and Tertiary raﬁlt
and Joint trends throughout eastern Tasmania shows that the
same stress field has persisted with time (Williams, 1967,
1969; Marshall, 1968; Legge, 1968), Three main trends are
apparent and all appear to have been synchronous; these are
NNW-SSE, NE~-SW, and E-W with the first the best developed. An
exanination of many discordant boundaries will show that
these trends were occupied by the intrusions (e.g. near
6330N, 5110E).

The environment wes in a state of minimum compression
and evidence of compressional and transcurrent features is
absent, A developing regional continental stress preceded
the break-up of Gondwana which presumably occurred in middle
Mesozoic times. Some, for example King (1953), have suggested
a Middle Jurassic age for this rupture. The overall stress
related to this would be NE-SW. Comparable environments

exist in other Mesozoic southern hemisphere provinces.
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6,2 Msgma type and source

Tholeiitic magma is thought to be derived by partial or
total melting of more basic material near the Moho Junction,
or from the upper mantle to depths of up to 100 km; e.g.
McDougall, 1962, -

The c¢ircumstances by which the heat necessary to produce
such melting was available during middle Mesczolc times are
not known, but as this magma release was global over a
restricted period of time (see table 2, p. 148), any explan~
ation must also provide an irreversible global mechanism.
Global expansion would provide a pressure reléase, and in the
sones of rupture and stretching, allow isostatic rise of the
nantle and asscciated isotherms. If the hypothesis of global
expansion be accepted, a critically irreversible condition
relating pressure, temperature, surface accessibility
could easily have been reached, Due to the nature of the
origin of the magma it might be expected that intrusions
would be possible over an extended period. Indeed, the heat
flow in Tasmania is still exceptional by normal continental
standards (see Gutenberg, 1959, p. 130). Present day remanent
stresses are also quite high (Judd, 1964, p. 16).

The composition of the magma has been deduced from
exanminations of chilled margins which are fairly constant in
composition in the few intrusions sampled in Tasmania. From
this observation the following assumptions have been made
(Edwards, 1942; MeDougall, 1962); the magma was very uniform
and rapidly intruded as one major pulse. This conclusion

ignores the fact that magma derived at different times from
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the same source region with similar injection rates should
have a similar leading tongue, which is all a chilled margin
can be taken to represent. Probably, the assumption of rapid

intrusion is the only one with validity.

agma ris

Dolerits magma is considered to have a maximum density
of about 2,65 gm/ce (p. 80), the actual value being determined
by water and volatile content. Hence, & density inversion
would exist in the upper mantle when magma is present, On
pure hydrostatic grounds the excess pressure applied to a
magma, as a result of overburden load, 18 sufficlent to 1lift
1t to & height of 15-20,000 feet(%.5~6km) above sea level.
Standard estimates of present day crustal thicknesses and
densities can account for the observed level (Holmes, 1965,
p. 251), although it should not be assumed that the same
proportions were true at the time of intrusion.

The nature of the melting processesz, the general compos-
itlional consistency, the conditions of temperature and
pressure in the mantle and the masasive volume of material
required (5«10,000 cu miles for Tasmania alone) militate
against there being a magma pool, or that such a convenient
pool could exist statically for any time even if it could
form. It seems likely, therefore, that the material would be
inJected as a series of squirts from the one source ares,
none of which need be very massive. This does not preclude
synchronous squirts from different source volumes. This is

implied by the semi-interlocking character of the intrusions
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in this area, some are synchronous while others are not. As
this is but a small part of the total province a minor phase
here may he more significant elsevheres,

.The crustal load presumably acts upon a very large spongy
reglon in the zone of melting since a partial melting process
(5-10% by volume) 1s most likely. coﬁsidering the volums
required and the area over which the load is applied no
isogtatic . restrictions would apply.

The maximum magmatie pressure will be determined by the
load wheresas the effective pressure will be controlled by
the size of relief passages, viscosity effects and the like.

6,1t Feedsrs and feeding systemg

The distribution of feeders {intrusion centres or axes)
ig indicated in fig. 9, p. 102, Some alignment of feeders is
apparent with regard to observable fault systems. An example
is the Grass Tree Hill = Rumney - Mt, Mather axis, to which
the Mangalore feature may also be related, parallel to tha
Bagdad Fault. The string of basalt necks immediately east of
this line does imply & major erustal weakness.,

It 1s not possible to state the precise shape of the
feeders. Some may be cylindrieal or eilipsoidal pipes, and
others dykes. All are probably variations on & hand-finger
pattern, The dimensions of these structures can only be
estimated. Pipe diameters are in excess of one miie(l.6km)
and dykes are severzl miles leong. It cannot be stnted whether
the occuplied volume is a fracturs or a true pipo; the latter

implying ejection of material. There is no conclusive evid-
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ence to suggest this might have happened and 1t can be shown
that some feeder systems did not approach the surface directly,
a3 pipes.

Throughout the district, inecluding areas adjacent to
centres, there has been no folding or other disruption assoc-
iated with any part of the intrusions. This property probably
reflects the fluldity of the material, in that fracturing
and not folding resulted from the applied upward force.

If the feeders are true stoped or explosive vents where
has the pre-existing rock material gone? It is possible that
many feeders and their high level dykes may have had egress
to the surface, in which case all material could be expelled
explosively. Other dykes either passed into sheets or termin-
ated at depth (South Hobart, S18; South Arm, S17 ext.).
Explosive removal, as a result of gas or fluid pressure,
ultimately implies a free vent to the surface and a situation
comparable to the diamond pipes of South Africa. In the case
of "I" or "Y" intrusions fragments from the pipe would be
collected at the roof of the intrusion near the pripe. Ho
svidence of this has been found. It 1a unlikely that the
volume of material removed from pipes of the size envisaged
could have passed to the surface by the tortuocus fracture
routes occupled by most sheets and which probably never reach
the surface anyway. In additioﬁ, there iz no evidence that
the dolerite magma was ever rich in volatiles and there is

no trace of vesiculation at the higher levels. This suggests
that either
1) the gas escaped early and blasted a hole, or
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11) there was little gas present. Metamorphism shows this
was not a "“wet™ magma, or
111) the roof load was greater than belleved and gas con-
Tinement occurred.

The first is unlikely as some traces of gas should
remain if the material was so enriched. The last possibility
cannot be excluded.

Bearing on this problem is the possibility that the
Upper Triassic-Rhaetic rocks are tuffs (Hale, 1962)., Appraisal
of the contained feldspar, mafics and rock fragments is’
difficult, but if they are indded tuffs then the implication
would be that an extensive periocd of volcanism preceded the
dolerite intrusion. Thus pipe expansion could have occurred.
It is uniikely that the vents were situated in the basin
since sills would have resulted (see p. 114). A roof load of
basalts and andesites could then have been present. This
evidence is circumstantial and inadequate but no other
explanation of the tuffaceous rocks has been advanced.

However, while it 1is possible that some feeders were
produc¢ed in this way many could not have been. How else then,
can sub~circular structures be produced? Fracture conditions
are unlikely to provide holes of the specification roquired.
A further complication lies in the observation that the
scale of tension and fracturing would be Tasmania wide, yet
dolerite is rare outside the post-Carboniferous basin. This
feature of intrusions has also been noted in South Africa,

where it has been suggested that basin extension provides a
source of stress release ( also Fairbridge, 1949). A
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genetic relationship between basin and feeders is implied,
a3 those areas outside the basin are generally lacking in
dolerite intrusions. Where observed they range in size to
one mile by half a mile(l.6x0.8km) and are rarely more elong-
ate than 2:1. In no case is there obvious associated fractur-
ing.

The problem can be resolved if the feeders are fracture
fillings, or dykes, at depth but which in plan and section
are somewhat bulbous, i.e. they may be lens or cigar-shaped
in plan but also have a leading edge of variable amplitude.
Fig. 10, p. 113, shows the form of small wedged feeders which
have produced no noticeable distortion in the intruded rocks.
Thus while strictly sub-circular pipes would not be produced
the eombinations of these two components could produce the
peaking of material and hence anomaly. Active fracturing has
then taken place at the peaks of the intrusion - a situation
not unlike that proposed for the cone sheets and ring dykes
of Seotland (e.g. Anderson, 1935; Richey st al, 1961). Such
shapes are in accord with a fractured environment (basement)
in a state of minimum compression or tension. It does not
preclude some wedging of the magma in widening the gaps made:
aveilable to it,

The nature of the fractures in the basement is unknown.
The faults at high level are normal, high angle features. It
is likely that most are recent, shallow structures although
some of the larger, older faults may represent rejuvenation

of concealed basement structures (e.g. Cascades Fault) which

may well pass deep into the crust (also p. 92).
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As intrusion has taken place in a number of pulses, it
might be anticipated that nested feeders would result. The
original weakness would be occupled but other weaknesses

might be induced nearby.

ac cons nt _int on_sha

A number of factors may control the fracturing associated
with magma injection. These include magma pressure, size and
shape of feeding body, overburden load and homogeneity,
stress conditions and type of rocks intruded. i

Carey (1958a) believed that the dolerite passed through
the basement rocks as a pipe, and upon reaching the Permian
rocks (or very close to the unconformity) punched out a
shear fracture with internal angle of about 45°, This can
happen once magma pressure exceeds load plus friction. The
precise angle developed depends upon the internal friction
of the rock and the whole concept requires transfer of a
probable compression, as about the pipe, into a shear. Any
heterogeneity, or environmental stresses present, in the
fractured materials will also affect the shape of the fract-
ure. It is agreed, however, that the source structure,
whether a 'pipe' or dyke, will produce a fracture whieh will
approach the free surface and that the magma will then |
follow and fill such an opening. He also states (p. 162)
that the angle of transgressions flattens from #50 to about
10° in the Triassic rocks. However, Lombaard (1952) would

infer that the angle increases as the free surface is
approached. Obviously the particular conditions are signific-
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ant (see also page 119), and although Lombaard is certainly
correct in suggesiing such behaviour near the free surface
the effects at moderate depth (e.g. in mid-Triasgsic rociks)
are uUnknowl.

Once a fracture is produced, by whatever mechanism, it
will be followed by the magma since it will be the path of
least work done. The region about the unconformity would be
vary sensitive to vertical stresses, such as the magma would
apply, since it is the regime between fractured basement
rocks and strongly bedded flat-lying rocks although both are
affected by the same tensile stresses.

The concept of a fracture-mould precludes such hypoth-
eses as compensation surfaces {Bradley, 1965), which state -
that varying load conditions caused the intrusive sheet to
rise up &and down by a hydrostatic mechanism. This is illogie-
al on three grounds. Firstly, the material must propagate
then fill a fracture, and any load or load defieisency of
limited extent will cause the fracture to approach the free
surface (compars Ramberg, 1967, p. 938-99). chéndl}, the fract-
ure will be propagated and its shape determined in advance by
stregs conditions near the feeder. Thirdly, the forces reguir-
ed to push a magma downward are enormous, as per the compen-
sation hypothesis, particularly in a system as entropic as
this, Magma can go downwards if a closed fracture system is
present to permit such passage., A variation, of some magnit-
ude, in surface load would cause an immediate upstepping of
fracture regardless of concordancy and flotational 1lift,

providing the load exceeds the shear strength across the
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potential fracture surface to the free surface. If a fracture
i3 already in existence near such a load change, then the
intrusion fracture will join 1t and any intrusion will éither
pass up it or terminate against it.

Examination of the structures present will show that
there has been considerable variation in the fracture form,
and thet instead of a 45° cone there has generally been a "T"
shaped intrusion (see fig. 11, p. 118). This shows that
bedding heterogeneity cannot be neglected, ani that it exer-
cises considerable contrcl on the fracture system. It may be
observed pragmaticallf that concordant intrusions are of limit-
ed extent in the middle~lower Permian rocks, particularly near
the feeders. Examples may be gseen at Collinsvale (S28), Boyer
(S13), Nierrina (S521) and South Arm. In these examples an area
four milés by three miles(6.4xl4.8km) is the maximum extent of
such intrusion before a discordant rising stage 1s reached. In
the Triassic rocks concordancy is more common over larger
areas although this is not obvious in this district.

"M shaped feeder-sheet junctions hawe been proposed by
Mudge (1968), His mechanism requires that a dyke wedge passing
upward into heterogeneous sediments reaches a fluid barrier
(e.g. & shale; which becomes ductile at depths greater than
3,000 feet (Jones and Pugh, 1948, p. 9%; Mudge, 1968)) which
prevents passage of the vertical tension fractures and causes
parting beneath it. Such a layer may also serve as a vapour
barrier confining pressures. It should be noted that intrusion

18 not & flash process initially and there is a slow build-up

of vapour pressure with increasing temperature. Once the
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pressure 1s released and rractpre commences, the process
becomes impulsive., Sill intrusion may then take place provided
magma pressures are sufficlent and sheathing rluids‘nre
present (see also page 126). Mudge in no way specifies the
distance the parting fracture will persist parallel to the
fluid barrier, and this is difficult to specify mathematic-
ally due to the presence of many unknowns. The fluid barriers
in the Permian rocks are the calcarecus mudstones or lime-
stones, That this process is applicable 1s undoubted, although
the extent of effect is variable (compare Nierrina and Boyer).
An additional factor, not included by Mudge, is the effect
of sub-parting compression caused by the finite thickness of
the feeding wedge away from the tip. Walker (1958, p. 89) has
also shown that massive units can prevent vertical dyke
penetration and this situation may lead to parting fractures.

All variations bofween a "Y" and "T" might be expected
depending upon the effective presence of partings and fluid
barriers, Intrusion base forms within the district are shown
in fig. 11, p. 118.

It will alsc be seen that local controls may affect the
shape of the fracture at all points to the surface. The furth-
er the fracture is from its source (and closer to the surface),
the more likely it is to be controlled by bedding hetsrogen-
eity. It would therefore be reasonably expected that the
fracture would form a series of steps, and that moderate
fracture angles could not be present unless a body of thick
homogeneous material were being traversed. The thinner the

heterogeneitioé the more nearly vertical the steps would he,
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The level of any "T" may be related to the depth at which the
excess buoyancy of sediment over magma equals the tensile
strength of the potential parting surface.

It will be observed that this argument appears to pre-
clude magma intrusion, by sill wedges, close to the surface.
At distance, where the fracture may dle out, this is not so
although it should be remembered that the body behind the
wedge may be thick and will tend to tear the fracture tip
upward (see also p. 126). Thus a balance must be struck between
horizontal stress, parting strength and amount of overburden.
Jones and Pugh (1948, p. 93) have also noted that certain
layers in a heterogeneous succession might be more suilted
to lateral intrusion depending on thelr particular properties.
The fracture process ls dominant near the source and the
shape of the intrusion csnnot be controlled by the magmna
itself close to the feeder as suggested by Bradley (1965).

An example of the control of loading on fracture 1s seen
on Skye where 3i1lls(sheets) intrude a pitching syncline but
are not concordant with it. Rather they show intrusion such
that magma pressure matched the load pressure which was con-
stant and substantial due to lava cover. That the intrusions
cut the sedimentary rocks in such a fashion shows that a
fracture was being followad (Anderson and Dunham, 1966).

‘A further control on the form of the high level fracture
not mentioned previcusly 1s that of the stress condition of
the area at the time of intrusion (see page 106). Dolerite

intrusions occupy trends related to the main trends that have

persisted over a long period mad such occupations suggest a
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secular persistence of stresses. Thlis means that the lnherent
tenslle stresses, closs to the free surface anyway, exerted
significant contrcl on the intrusion fractures. Examples may
be seen neorthwest of Mt. Faulkner where the interrelation of
the three main trends is c¢lear. Elsewhere other steep dclerite
boundaries show one or other of these trends. Elongation of
the feeder syhtems, however, only partly reflects such trends.
The South Hobart (S18), Nelson (324%), Boyer {(S13), Lachlan
(S1%), Huonville (320), Collins Cap (515), Bridgewater-
Faulkver (S9), Craigow-Rumney (S1l), Mangalore (in part, S2),
Brains Hill (S7) and Pittwater structures generally show &
N-NNW orientation while Nierrina (S21), Craigow~Flagstaff
and Grass Tree-Risdon (S10) show & NNE trend.

In summary, fracturing at high levels is induced by the
fecder pressures but the feeder and fracturing need not be
central or truly conical. Any asymmetries of form laterally
or vertically can be related to boundary conditlions prevail-
ing in the rocks as a result of tensions or heterogeneities.
Any fractures produced will be immedlately filled by magma
although there are limitations (p. 84%). It may well be that
at some distance from the source of fracturing, the magma
will propagate a fracture and then fill it (p. 126). Such
propagation is passive horizontal parting, and quite distinct
from the active vertical-horizontal wedge-shearing that
occurs about the feeder.

Such a mechanism provides for the slivers of material
that "peel" away from major bodies. These minor intrusions

represent filled fractures but which, with the development
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of other nearby fractures to full size, have been limited in
growth (see comments p. 84%). In addition, great care must be
exercised in stating the source directlon of the magma ln a
particular fracture if it shows an arch. Many such arches
are illusions being, in the third dimension, just a kink on a
rising surface. In reality, magma has not ‘'fallen' at all.
Instances may be cited where a dome has formed (e.g. Mt.
Wellington cap). This can only mean that the magma from
several sources 1s synchronous although the fractures occupled
need not be. It is possible that if the fracture system shows
doming, & most unlikely occurrence, magma from one source
could fill the system, providing the pressures were sufficient.
Studies in this district show that domes merely represent
elther points of coalescence of synchronous bodies from
individual centres or places of intersection giving dome
illusions.

In the case of the nested sheets of Glen Grey, South
Africa (Du Toit, 1905) all that is implied is a series of
repeated synchronous intrusions each preoducing a fracture
system which is sub-parallel and above (p. 123) the one
before it. The comparative homogeneity of the rocks intruded
accounts for the regular angle of the fractures.

The presence of pre-intrusion faults or major joint
systems 1s the one remaining aspect of fracture control of
gome significance. Some faults have been definitely categor-
ised a3 pre-injection and in every case major upsteps have

taken place alopg them. The effect of any joint systems
cannot be fully estimated but it i1s likely that many of the
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concomitant features originated in this way. It should be
observed that the intrusion or fracture system need not
totally follow pre-existing structures, or to the surface,
a8 each intrusion is three-dimensional and only a partial

component will utilise them.

6,6 Parameters of jintrusion
Injection of magma is controlled gravitationally (p. 108).

Due to the inability to specify the total load on the magma
source the potential magma pressure is unknown. The actual
pressure at the point of flaring is somewhat less due to the
effects of friction losses, viscosity and compressibility
variations.

There is no evidsence of high level forcible intrusion
and the intrusion was probably relatively rapid although
estimates can not easily be given of speed (see discussion,
P« 124), The intrusion has taken place by filling and expans-
ion of fractures. As the magma density would be about 2,6-
2.65 gm/ce, and the average intruded rock density less than
2,3-2,4 gm/cc, it would be expected that the block of material
dislocated by each fracture and filling woul& float upon the
magma. Thus while the density of the sedimentary column
remains low, little or no magma could ever reach the surface
even if free openings were available (Bradley, 1965, p. Lo).
The magma was under a limited pressure since only & limited
sheet thickness is supported by any given intrusion.

As the magma nears the base of the lower density rocks

it passes a point at whiceh the overburden load is less than
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the magma pressure. The magma could thpreafter intrude later-
ally and do less work than by proceeding to the surface. In
those areas where folded basement rocks (density 2.6-2,7 gm/
c¢c) were present any feeder dykes would pass through since
there is no trigger for fracture (see also Carey, 1958b). At
any time after the pressure exceeds the load, the roof rocks
can be sheared and lifted, the actual site of fracture
ingtigation depending on the featurwms discussed on page 11k.

In Tasmania, the lowest known intrusions occurred 5-
7,000 feet(1l.5=2.1 km) below the Jurassic surface. The press-
ure to 1lift this load is not less than 7,000 1bs/sq in.(5 x
105 gn/cmz). The loss due to the shearing and delay in hor-
izon occupation is inestimable, However, Mudge (1968) arrived
at a similar figure for magma head in similar intrusions in
the United States. The figure stated above would be increased
if a lava plateau was in existence. If the roof 1s now lifted
by 1,200-1,500 feet(350-450m), i.e. the thickness of emplaced
sheets, then the magma pressure must have been 6.2 x 105 g/
cnz(pressure to put dolerite on the surfaces 6.8 x 107 gm/cmz).

If the pressure of magma from a given source is less
than 6 x 107 gn/cnz, or the column has been loaded by prev-
icus intrusion then the subsequent intrusion must take place
at a higher level and probably above any previous body. In
the 1limit this means, that even with a very low pressufo,
magma can be extruded provided the roof rocks available for
intrusion are either very thin, or very dense, i.e. contain
many intrusions (also Bradley, 1965, p. 53 - on S. Africa).

If the magmatic pressure is variable, the location of
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fractures will be variable, and if the pressure is greater
than 6 x 105 gm/cm2 intrusion can be initisted below a prev-
ious intrusion (e.g. 510). The magmatic pressure on S10, .
éompared'with that calculated theoretically on maximum depth,»
probably reflects a larger, freer channel with fewer energy
losses. This alsc shows that given appropriate conditions
fhe energy was available to put magma on the surface.

If the effective magmatic pressure is varied, as a
result of pipe or other constrictions, it is possible that a
large sheet fed from several points may show thickness var-
iations and steps, or tilt the roof blocks. It is possible
that the Collins Cap-Grove sheet which appears to show such
thickness changes was formed in this way. Lombaard (1952) has
made similar observations.

Using the values estimated for the intrusion pressure
it is possible to gain some idea of the rate of intrusion.

An orifice 0.5 miles(0.8km) in radius is assumed in the
calculations below. Consider the Bover intrusion as an exam-
pﬁér(siﬁ). The sedimentary roof load was about 1018 gms.,
Once the roof was fractured, the initial upward acceleration
of the roof can be directly calculated from NowtoﬂQ second
law as 12 cm/sec>. Thus in the first second the roof is
lifted 6 cms. These figures are probably maxima, as no illow—
ance has been made for the elastic recoil following fractur=-
ing which will be the critical impulsive term during the
first second. Assuming a conical fracture, the volume of
magma emplaced is about 1013 cn3. This volume plséed thraigh

& pipe with area 2 x 1010 .2 in one second. Hence the
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2
velocity of the material in the pipe was 5 x 10~ cm/sec, and
the flow laminsr. At these rates, assuming no pulsations, it

H to 105 gseconds to emplace a full sheet,

would have taken 10
This time does not include the effects of supply restrictions,
diminishing rate of uplift and £i1l with time and is clearly
a minimum. It does show, however, that the total emplacement
time could have bheen very short - perhaps of the order of a
year.
The above approach is very simple, but serves to give
an indication of intrusion rate. The process is not acceler-

ative as it soon reaches a terminal velocity determined by

viscositj, density, volume and supply requirements.

6.7 5111 intrusion
0f all the aspects of the hypabyssal intrusion of doler=

ites that of sill intrusion is perhaps the best known. Sills
result from twe processes, each of which may have common
cohtrols determined by the intruded rocks.

8ill ‘intrusion may take place along a pre-existing fract-
ure or bedding parting. The fracture may have been produced as
a result of pressure transfer at the time of injection from
the feeding column. Such a fracture may not persist concord-
antly from the propagating centre, the distance being control-
led by horizontal heterogeneities. This process was realised
by Anderson (1938).

Alternatively, intrusion may take place by the method

proposed by Bradley (1965) or Mudge (1968). These authors
envisage sill propagation as a self-reproducing process, in




126
that a 8ill wedge intrudes a well-defined pqrting surfaqe
under a fluid barrier or seal. The role of water or steam
, pressﬁre is unknown but it is thought that the confining
pressure under the.temperatu:e conditions involved is suff-
icient to aid the splitting process (Jones and Pugh, 19%8,

p. 9%; Bradley, 1965, p. 39). Neither author states how the
weige started away from the feeding column but a fracture 1is
implied. If the initial fracture was of restricted extent
then it might be expected that one horizon might be occupled
for some distance due to self extension. This process ignores
the tendency of the magma to approach the free surface and
when, or if, the distance and pressure gradients are critical
it must break upward to a parting at a lower potential.
Bradley (196%, p. 36) was aware of this occurrence and good
examples are seen at Boyer, Nierrina and also at Victoria
Land (Hamilton, 1965). Well away from the intrusion source
and particularly high in the intruded sequence, where the
intrusion is reaching nil potential, this process will be

the only one avallable. The magma could not easily force
higher in fractures even if they were available. Thus cone
sistent horiron propagation would be expected high in an
intruded sequence.

The wedge hypothesis does involve some assumptions and
limitations not noted by Bradley (1965). In the limit their
application may preclude or halt intrusion by this means.

The angle of the wedge must be small or else razged edges

will develop due to fracturing over the wedge. Further, as
the material in any wedge chills quickly, the process must
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be very rapid in order to intrude cleanly. There is no reason
to suppose that 1nitiation of a #1ll could not take place at
or near the fracture velocity in the medium. Obviously,
further from the source there will be a lag between fracture
and fluid fill. Bradley also noted (p.36) that if there is a
‘low angle wedge there is much unsupported roof and a raised
megma pressure is needed to support it, and that forcible
and not flotational intrusion is the appropriate process.
Once a tongue of material is emplaced the intrusion becomes

flotational.

6,8 Roof uplift and plug intrusion
Many examples of direct roof uplift have heen observed

within this district. This structure is characterized by a
continuous sheet with a dyke or plug “bubble™ in the roof.
The best example 1s that of the Red Hill dyke. Many other
plugs throughout the upper parts of the Triassic rocks pose
similar problems. These features have variable shapes and
relief above the supporting sheet, are closed in form and
often have a sub-rounded ocutline. The only means of emplac-
ing such features, without disruption of the intruded rocks,
is to push the roof upward. There is no direct evidence, in
most cases, of associated faulting or fracturing due to any
causes. These structures are rarer in the Permlian rocks.
Production of such a structure implies either roof weakness
or vertically directed stresses. The latter are only possible

in assoclation with feeders, particularly in the case of

deeper rocks, and in fact feeders or possible feeders are
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close to the Permian cases (Red Hill, Mt. Hull).

The lack of bowing and distbrtion about plugs in Triassic
rocks indicates that these were not generally in a soggy,
plastic condition but were capable of tensile fracture. The
rapidity of the process may be significant here. If the sed-
imentary column has suffered two previocus intrusions, intrus-
ion below the level of Upper Triassie rocks is precluded. The
excess pressure differential may be substantial since the
load-pressure balance may have occurred below one of the prev-
ious bodies and, if lateral fracturing is prevented, all
force may be applied to the weakest rocks in the column.
Marked irregular disruption would occur and vertical intrusions
of no particular form would predominate. Thig is not coemmon
in the area under study since there are few places where the
lower horizons have been fully occupied, thereby forcing
feeder pressures upward. There are few chunks of high
Iriassic-Jurassic rocks visible to examine.

Similar structures have been observed elsewhere. Lombaard
(1952) has described cupclas on sheets leading to further
fracturing and intrusion. Anderson and Dunham (1966) found
similar plugs ani irregularities on the sills of Skye.

6,9 Multiplicity of intrusjion phasesg
' It was deduced in Section 4.4, p. 83 that more than one

sheet in a column requires multiple injection with a period
greater than the crystallization time, The structural con-

figuration of the intrusions (fig. %, folder) verifies this
conclusicn in practice.
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The first intrusions to occur should be the simplest in
form due to relative paucity of faulting and lack of differ-
ential loading of other intrusions. Subsequent intrusions are
affected by fracturing induced by earlier intrusions, the
effect of loading and magma pressure (see p. 123).

- Four, and possibly five, pulses of intrusion are indic-
ated within this distriet (Sect. 5.1, p. 91, fig. 8, p. 94).
However, there is no evidence to suggest that each major sill
has itself been built up of many minor pulses of intrusion
having close proximity in time. The impliéation is that a
major sill represents one surge of material and that it fills
fractures to the thickness that the pressures can support.
Modern volcanism would suggest an oscillation of magma input
during intrusion but no obvious evidence of this is present.

Extended intrusion should be anticipated in all provinces
as a direct result of the mechanism of magma production not
being a flash process, Within this area period "c" appears to
represent the maja pulse, but this is probably an illusion
since much of the material intruded in the other periods has

heen eroded.

. T natjon rusjo
Termination may be used in the particular sense of one
body or in terms of the whole intrusive phase.
Some agpects of the former have already been mentioned.
Vertical constrictions or pressure dissipation would prevent

intrusion. I{ might be expected that intrusions would lens
ocut and dissipate as local wedges and tongues (e.g. Skye:
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Anderson snd Dunham, 1966). No information on this subject is
available in this district.

In the latter case the intrusive province would cease to
be active if the supply of magma was cut off, either in
translt or at source. Changes of conditions of temperature
and pressure and perhaps crustal saturation with pipes are
important., Subsequent intrusions approach more closely to the
surface, whether or not they start deeper (see p. 123). As
the gsedimentary pile 1s loaded the magma is forceé higher
before intrusion can take place. It would ultimately reach
the surface as volcanic activity, if the magma supply were
malntained. There 1s no direct evidence of Jurassic volcanism
in Tasmania, although the feldspathic, lithic rocks of the
Upper Triassic imply concomitant and pre-intrusion volcanism

(see p. 111). The evidence is admittedly poor.




131

7. CONCLUSIONS

Dolerite intrusions at all scales within the Hobart
distriet are inclined, stepped sheets (chonoliths), which
have resulted from four or five substantial pulses of inject-
ion., Each intrusion has a c¢rude trough or basin shape and a
dyke or pipe feeder is associated with the intrusion base.
Although previously called cone sheets these intrusions-are
not directly comparable with the originally defined sheets of
Scotland. Indeed, many probably have a "T" fracture system
above the feeder rather than a "Y", As meuntioned by Carey
(1958a) such sheets occupy a fracture system, at least near
the feeder, and generally becomse horizontal as the free
surface is approached.

The feeders generally occupy wedged fractures and have
local pinnacles which may be comparable to pipes. Above the
vertical feeding wedge a series of fractures is instigated of
which those at the level of critical overburden pressure will
be adopted - and then only if partings, confining pressures
and barriers are present to provide a preferential selection.
In the Permlian rocks the calcareous members of the Bundella
Mudstone and Cascades Group have provided these properties
at about the level of effective pressure - load. The fractures
have been produced by direct shearing above the feeding

wedge or by splitting due to water pressure confinement below
impermeable strata. The latter factor is probably very sig-
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nificant at the higher levels of the intrusion. Regardless
of process it is unlikely that a sill would propagate far from
the source while the potential is high unless strong hetero~
genetic controls are present (unconformities, bedding). Only
Ga;ey (1958a) and Bradley (1965, p. 36) have noted this tend-
ency to split upward and suggest mschanisms of intrusion with
respect to this observation. As the nil potential for the
magma 1s approached concordancy will then dominate and the
3111 will self propagate until the friction forces overtake
the pressure available, which is diminishing rapidly with
distance from the source. No clear terminations have been
seen in Tasmania.

S8ills are not observed to have a wide areal extent,

probably as there is no unbroken expanse of Triassic rocks
in whiceh to find them. However, in the past there has been a
tendency to say that because a sill occurs in Cascades Group
at many points across the area that it is one and the same
body. Thus on this logiec it might be said that because two
horizons are commonly occupied (right physical properties at
the appropriate pressure levels and therefore relatively fort-
uitously) that there are two consistent sills. Dyke limbg are
then passages to high level for such sills, It is generally a
dangerous assumption but one which has often been made (e.g.
S. Afriea, Du Toit (1954%); Guyana, Hawkes (1966a, b); Antarct-
ica, Hamilton (1965), McKelvey and Webb (1959)). Close sxam-
ination of maps shows that thils solution is possible but not

necessarily true. Drilling or continuous outcrop 1s required
but is rarely present. In view of the experience gained in
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this district it is believed that many of the idealized(?)
sections so common in the literature will be found to be
inadequate under close examination.

Widespread sills probably reflect feeder separation. In
a region of few centres the proportion of vertical or lateral
forces would be less and more persistent sills might be
anticipated. This is especially so away from the chPres. The
presence of synchronous or pre-existing intrusions is
important as these affect the local environment.

Under static head conditions subsequent intrusions will
approach the surface as & direct result of column losding. If
the magma supply is sufficient, determined largely by the
contimation of the processes producing melting, a lava plat-
' eau would result. No evidence of a Jurassic lava plateau is
preserved today.

The pressure on the magma was at least 7 x 107 gm/cmz.
Assuming an 11 km, 2,67 gm/cc Sial and a 24 km, 3.00 gm/cc
Sima, & pressure of about 8 x 105 gm/em2 i3 possible assuming
the magma to have a density of 2.65 gm/cc, Such calculations
show that the dolerite could not have been derived from depths
much greater than the Moho, as the density potential shows
very raplid expansion thereafter. A corollary to this observ-
ation iIs that the Antarctican dolerites which are very similar
compositionally were alsc intruded under a similar pressure
whereas the South African dolerites were under much greater
pressures using the theories here developed, are not as thol-

- elitic and therefore were derived from a greater depth.
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The petrological studies so far undertaken are not, in
the writer's view, adequate to permit the conclusions that
have been made on uniformity of material and one major
intrusion. Further detalled examirmtions are necessary as only
limited deductions are possible from chilled margin or grain
size studies. Granophyres are directly related to feeders, e.g.
Red Hill, Hickmans Hill (McDougall, 1962) to Nierrina centre
(S21); Flagstaff Hill to S10/S1l, and are generally rare.
Other granophyres have been noted at Single Hill and Battery
Point. The granophyre - feeder relationship implied and the
residual anomaly values suggest a feeder just offshore in
each case. Some of the previous petrclogical conclusions
such as those of Edwards (1942) on bottomless dykes may need
re-examination. His example of Gunnings Sugarloaf is predom-
inantly a thick sill fragment with a narrow marginal feeding
dyke., He believed the whole hill to be a very wide dyke.
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APPENDIX ONE
COMPARISON WITH OTHER PROVIKNCES

The term 'province’ refers to a region which has under-
gone a major basic hypabyssal intrusion irrespective of age.
Table 2, p. 148 shows the similarities and characteristics
of the intrusions which any mechanjism must explain. Excluded
from the table are those provinces which are minor, and which
have been compared by Mudge (1968).

At the time of intrusion most provinces were receiving
fresh-water sediments in relatively stable continental
environments. The intrusions terminated sedimentation. Two
exceptions to this state are the North American Palisades
province, which in places had suffered marked tilting prior
to intrusion, and the English Whin Sill province about which
few details are known &3 to thickness and attitude of the
intruded rocks at the time of intrusion. In each case, except
for parts of the Palisadan province (e.g. Hotz, 1952, 1953),
the intruded rocks were sub-horizontal and still are. The
basement rocks are everywhere a mixture of folded or crystal=
line rocks.

The thickness of the flat-lying sedimentary cover varies
from province to province, In Tasmania and Antarctica the
maximum thickness is of the order of 5,000-7,000 feet (1,500-
2,100 mj; Mudge, 1968) whereas the Karroo systems of South
Africa average 10-20,000 feet (3-6,000 m; Du Toit, 1954).

Reliable estimates are not possible for other provinces.
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Little 1s known of the feeders anywhere. In the Hobart
digtriet large pipes and dykes abaat a mile (1,600m) in
diameter have been suggested (p. 103). Plugs of dolerite up
to one mile long and half a mile wide have been observed 1in
pre-Permian rocks elsewhere in Tasmania (sheets 39, Ly ggol~
oglcal atlas, Geological Survey Tasmania). In South Africa
only narrow dykes have been observed in the basement complex.
These are usually much less than 100 feet (30m) wide (Du
Tolt, 1920; Lombaard, 1952; Walker, 1958, 1959). In the
Guyana province of South America dykes up to 1,800 feet (550
») wide are present (Hawkes, 1966a, b). The Whin Sill of
England and the sills of the Scottish provinces, e.g. Skye,
are fed by small dykes less than 200 feet wide (Holmes and
Harwood, 1928; Anderson and Dunham, 1966). Little information
is available on other regions.

- Every province contains stepped sheets and dykes on
various scales, but only in Tasmania and South Africa have
basin or "conical" sheet structures been suggested or
described previously (Carey, 1958a; Sutherland, 1966; Du
Toit, 1905, 1920; Walker and Poldevaart, 1549; Lombaard,
1952; Walker, 1959). Similar structures may be inferred from
the sections of Hamilton (1965) for Victoris Land, Antarctica,
The flat-bottomed "basins™ of Hotz (1952, 1953) are not
directly comparable due tc the slight differences in
intrusion environment.

Volcenism cannot always be shown to be related to the
underground activity, and often there is argument as to

whether it precedes or follows it (Du Toit, 1920; Lombaard,
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1952; Bradley, 1965). However, the consensus of evidence would
suggest both pre-, post-intrusion volcanism in South Africa
(Lombaard, 1952); pre-intrusion volcanism in Skye (Anderson
and Dunham, 1966); apparently contemporaneous voicanism in
vhe Serra Geral rocks of South America (0liveira and Leonardos,
19%3; McDougall and Ruegg, 1966), and an uncertain relation-
ship in Antarctica (Gunn and Warren, 1962). No volcanism can
be proven conclusively in relation to the dolerites of

Tasmania and England.




TABLE 2: Dolerite Provinces = basic facts
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Province Approx. age  pulses sheet - scale
intrusion scale of
x10” yrs. . est, (feet) prov.
Tasmania mJ 24 1000-1500 moderate
| 160-168 ~ 1800
Antarctica mJ . Zh 600-100C moderate
| *+ 147-175
South Africa J 7 100=300  v. large
+ 154=190 av., .
North America Tr-J 21 1000av small
South America: ‘
Guyans pE >2 1000-1200 moderate
(implied)
Brazil J=K 2 - V. large
0 120-126 (implied)
Britain:
Whin Sill post-Carb, 73 80-%ﬁgav V. small
Skye Tertiary y2 - small

* Webb and Warren, 1965

+ McDougall ard Ruegg, 1966

o MeDougall, ‘1963
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NAME INDEX

The list below includes all geographical place names,
and all structure names with a geographical component, referred
to within the text. Where the name occurs on & figure feference
is given, otherwise coordinates are provided.

Bagdad Fault: fig. 2

Battery Point: 5100N, 5270E

Bellerives fig. 1

Berriedale: fig. 1

Betsey Island: fig. 1, &

Black Hills: fig. 1, L

Black Hills bloeck/me.ssif/range: fige 2
Black Hills=Collins Bonnet-Longley regiont fig. 1
Blackmans Bay: fig. 1

Blue Hill intrusion: fig. 9

Brains Hill: fig. 1, &

Bridgewater: fige 1, 4

Brighton: fig. 1

Brighton Hills/block: rfig. 1, 2
Brighton-Tea Tree region: fig. 1

Boyer: fig. 1

Boyer block/structure/intrusion: rig. 4
Broadmarsh: fig. 1, 4

Butchers Hill: fig. 1

Cadbury's Point/dyke: fig. 1

Cambridge: fig. 1
Cambridge dyke: ﬁoou 53508
730K, %330E

"Carrington';

Cascades Fault-

Clifton: fig. 1

Coal Riverk fig. 1

Coal River graben/faulting/region/valley/lowlands: fig. 2,4
Collins Bonnet: fig. 1

’
Colling Bonnet dyke/ridge: 5400N, 5125E - 4900N, 5130E
Collins Cap: fig. 1

Collins Cap block: fig. 2

Collins Cap=Grove block: fig, 2

Collinsvale: fig. 1

Collinsvale structure: fig. b
Collinsvale=Glenlusk=Berriedale region: fig. 1
Crabtree: fig 1

Cralgow: fig. 1

Craigow=Mt. Rumney &ykez fig. 2
D'Entrecasteaux Channel: fig. W

Derwent Graben/lowlands/trough/faulting: fig. 2
Derwent River: fig. 1, 2

Dromedary: Tig. 1

Dromedary bleock/structure: fig. &

Dromedary fault: fig. 2

Droughty Point: fig. 4

Faulkner block: See Mt. Faulkner block.
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Ferntree: 4750N, 5215E

Flagstaff Hill: fig. 1

Flagstaff Intrusion: fig. 9

Gelibrand Point: fig. &

Grass Tree Hill: fig., 1

Grass Tree Hill-Cambridge region/block: rig., 2
Groves figo 1

Grove structure: Cfig. & ,
Grove~Mountain River region/block: fig. 2
Gunnings Sugarloaf: fig. 1,4

Herring Back: fig, 1,4

Hickmans H1ll: 352ON 5180E

Hobart Airport: 56598, " SL10E

Huon River: fig. l, L

Huonvilles fig. 1

Huonville block/intrusion: rig. 2, 9
Jordan River: fig. 1

Kangaroo Rivulet: fig. 1

Kaoota: fig. 1

Kingston: fig. 1,

Kingston-Blackmans Bay regionk fig. 1
Knocklofty: rig. 1,

Lachlan: fig. 1

Lachlan block/body/intrusions: fig, 4, 9
Lenah Valley: fig. 1, 4

Lindisfarne: fig. 1

Lindisfarne block: fig., 2

Lindisfarne graben: 57008, 5290E
Longley: rig, 1, 4

Lower Derwent faulting: approx. 5500N, 5260E
Magra Fault: 71008, S060E

Mangalore: 7700N, 5200E

Mangalore Tier/bloek}mass* fig. 1, 2, 4
Middle Derwent faulting/trough: rig., 2
Moonah: fig. 1

Montague intrusion: fig. 9

Mt. Augustus: rig. l

Mt. Direetion: fig. 1

Mt, Direction block: E

Mt. Dromedary: fig. l,

Mt. Faulkner: fig. 1

Mt. Faulkner block: hg. 2

Mt. Hull & ridge: £ig. 1, 4, 9

Mt. Lord: fig. 1 ’

Mt. Louis: fig. 1

Mt. Marian & plateau' fig. 1, 2

Mt., Mather: fig. : ,

‘Mt. Montague: E

Mt. Nelson: fig. 1, 9

¥t. Nelson block: . 2

Mt. Rumney: fig. 1,

Mt. Wellingtons: fig. 1, 4 :

Mt. Wellington-Collins Bonnet massif: fis. 2
Mt. Wellington-Mt. Faulkner block: fig.
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Mt. Wellington-Mt. Marian piateecu: fig. 1, 2
Mountain River: fig. 1

Mountain River bloek: fig. 2

Nelson mass/intrusion: = fig., 9 3= Mt. Nelson.
New Norfolk: fig. 1 .
Nierrina bloek/intrusion/sheet: rig. 2, & 9
North West Bay: fig. 1, 4

North West Bay Fault: ‘ fig. 2

0ld Beach: fig. 1

Pelverata~-Kaocota block: ‘fig. &

Piersons Penipsula: 3600N, 5260E

Piersons Point: fig. 1, 4

Pittwater: fige 1

Quoin escarpment: - fig. 1

Red Hill: fig

Red Hill dyke: 3100N, 5190E

Richmondk fige. ‘

Risdons 5950N, 5270E

River Derwent: fige 1

Rokeby=~South Arm region: 5000~3500 N, 5360E
Rosny Hills 5350N, 5292E

Rumney=-Augustus dyke-plug. fig. 9

Runney ridge: asee Mt. Rumney

Sandfly Rivulet: fig. 1

Seven Mile Beach: fig. 1

Single H1ill: fig. 1, 4

snag: fig.

South Arm/blocks fig. 2, 4

South Hobart: '5050H, 5240E

South Hobart monoeline: fig. 2

Scouth Hobart intrusion: fig. 9

Tea Tree: fig. 1

Tea Tree hills/region: approx. 7100N, 5280E
Trestle Mountain: 150N, 5105E

Wellington Fallis: 750R 51508

West Hobart: T Tig. 1

White Kangaroco Rivule¥: fige 1
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