by

1.J. .J. RURSiHCH, B • Sc. (Hons ) •

Submitted in partial fulfiluent of the requirements
for t'.ie Der,:ree o.L

Doctor of Philosophy.

University o.f rc2.smaniG.
HOB!'-'.1T

1973

This th0rJ:in con-Co.ins no ma toriaJ. uhich J1as be on a.ccop l;ncl for
tho nun-c·d of any othor doc-roe or diploma in any Univo1·~ity
8.lld, to the best of my J:noHledc;e and be lief, contain::: no
copy or ix1r;:i11lwo.ce of mate·cio.1 i)reviow..:ly im1)lished or
written b;:,r another pel'Gon~ except 1·:rl1ere due reference is
made in the text of the thesi3.

J.: •.J.

H.U:C~·JlU"C~I

Univei·si ty o.f Tasrro.nia
Ho.y, 19T5.

Fr ont ispi e ce - view l ooki nc north up t he Heaz l cmood
River va l ley f r om t he ~'fa ra tah-Savaee Rive r r oad .

i

ABSTRACT

. A string of ophiolite and ultrnmafic gabbro complexes in i·Testern
and northern

~asmania

consti t-utes the Main Belt, while a second group in

the Adamsfield area are composed entirely of ultramafics.

These complexes

are associated with Eocambrian and Cambrian sequences of muds tones", uackes,
conglomerates and volcanic rocks lyine; between or flanking J?roterozoic
blocks.

The Heazlewood River Complex, the largest and least dismembered

in the Nain Belt, is an ophiolite consisting of layered ultramafics intruded
by gabbros and overlain by extrusive rocks.

Dolerite dyke swarms intrude

the ultramafics and part of the volcanic sequence, while tonalites,
trondhjemites and granophyres intrude all other rock types.

The rock

contacts of the ultramafics with the Eocambrian Luin;;. Beds are faulted and/
or have formed by solid flow of serpentinite.
rocks and the Luina Beds are poorly

exposed~

Contacts between the extrusive
but on the basis of established

faults and melange zones it is tentatively concluded that the ophiolite is
an allochthon.
. The Nineteen Mile Creek Duni tes occurring along the :mr margin of
the Heazlewood River Complex are tectonites, some of which may be deformed
cumulates.

The rest of the ultramafics in the lleazlewood River Complex

and the other Nain ]elt bodies are dominantly layered orthopyroxenites,
harzbure;i.tes, lherzolites and dunites, many of which contain interstitial
plagioclase.

Considered t0Gether 1 the layering styles, textures, and

compositional ranges (Fo79-89, En79-89) of these rocko are consistent ui th
a cumulative origin.· It is suggested that nucleation (as opposed to
mechanical sorting processes) and postcumulus diffusion are important
controls on the

lay~ring.•
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The layered ul tramo.fics and eabbros of the Hain Bel Jc arc believed
to have formed by crystal accumulation from tholeiitic or hieh-Ilg
tholeiitic magmas.

Lack of olivine-plaeioclase reactions

suet~st

cr--Jstall-

ization occurred at pressures less than 6 kb.
The extrusive rocks of the Heazlewood :S.iver Complex are probably
mainly basalts, but high-Ng basalts ao well as some intermediate and acid
types also occur.

The dolerites, which have suffered less than the

volcanics from the pervasive hydrothermal or burial :o.etamo;rphism, are
quartz tholeiites which grade into granophyres and tonalites.

Although

similar to Cainozoic mid-ocean ridge basalts in Cr and Hi contents and
being relatively low in the incompatible elements, the dolerites and
volcanic rocks are dominantly quartz tholeiites rather than olivine tholeiitesand have unusually lou Ti0
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contents.

Nevertheless it is concluded that

the Heazlewood River Complex (and perhaps the other Tfain Belt complexes)
may have formed as Eocambrian lithosphere at a mid-ocean
sea, or similar spreading environment.

rid~,

marginal

Detritus of ophiolite rocks in

Cambrian sedimentary rocks in a number of localities suggests that the
Main Belt complexes were tectonically ei::iplaced prior to the commencement
of

r~iddle

Cambrian sedimentation.

It is sugc;ested that the lenses of

foliated amphiboli tes which occu:r alone; the contacts of several complexes,
may have formed by metamorphism of ophiolite rocks prior to, or in the
early staees of the initial tectonic emplacement.
As a result of a series of faulting, seri1entini7.ation and tectonic
re-emplacement events, several of the Tasmanian Complex nmr occur as
serpentinite lenses strung out along major fault zonesg and in contact with
sedimentary rocks as', young as Silurian.

iii

The first serpentinizntion phases

affectin~

the complexes prefer-

entially replaced dunites and harzbureites by massive lizardite
serpentinites, and altered i:;abbro layers and dykes to rodineites or
amphibole-prehnite rocks.

Characteristic massive and sheared varieties

of ereen 1raxy-lustred serpentini tes fonned in later phases associated
with deformation.

These ereen serpentinites are lizard.ite-chrysotile

mU:tures, and in many localities contain cross-fibre asbestos veins which
typically surround residual pyroxeni te kernals.
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INTRODUCTION
Scope of study
Having been granted a Commonwealth Postgraduate Scholarship, the
writer began work on "the petrology and chemistry of the ultramafic
rocks of Tasmania" in June 1967.

This work followed on from the study

of the Serpentine Hill Complex as an honours B.Sc. project in 1966.

It

was decided that a broad approach would be taken, covering such aspects
as the origin of the layered ultramafics and gabbros, the origin and
tectonic significance of the ophiolite complexes, and the dismembering
of the ultramafic-gabbro and ophiolite complexes by tectonic emplacement,
faulting and serpentinization.

The main reasons for such an approach .

were that no recent synthesis of the geology and tectonic significance
of these rocks had been made, and that the various aspects are interwoven and cannot be satisfactorily studied in isolation.
Research was concentrated on the Heazlewood River Complex,
the largest and' least dismembered of the Tasmanian complexes.

Of a

total of 16 weeks of field work, 11 were spent mapping the Heazlewood
River Complex while 2 weeks (in addition to 12 weeks in 1966) were spent
on the Serpentine Hill Complex.

Periods ranging from 1 to 7 days were

spent on each of the other complexes.

About 700 thin sections were

examined, while 64 rocks were analysed for major and some trace elements
by X-ray fluorescence, 21 pyroxenes were analysed by electron microprobe,
and over 70 diffractograms of serpentinites and rodingites were examined.
The writer was also given the opportunity of working with Dr. R.
Varne on geology

an~

petrology of Macquarie Island, which we believe to
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be an uplifted slice of oceanic crust (Varne and Rubenach, 1972, 1973).
About 15 weeks were spent mapping

th~

island and additional time was

spent on trace element analyses and petrographic studies.

Besides

providing invaluable experience, the Macquarie Island work considerably
influenced the writer's ideas on ophiolites.
Location, access and field conditions
The distribution of the ultramafic-gabbro and ophiolite complexes
is shown in Figure 2, while Figure 1 gives the location of the main
towns and highways in Tasmania.

With the exception of the Wilson River,

Noddy Creek, Spero Bay and Boyes River bodies, the larger complexes are
crossed by roads or highways.

The Noddy Creek Complex is crossed by a

number of tracks, which are generally passable only with tracked vehicles;
these tracks are accessible from Asbestos Point or Birchs Inlet in
Macquarie Harbour.

The Spero Bay Complex could be reached by attempting a

landing in Spero Bay.

Most of the Wilson River Complex can be reached

overland with considerable difficulty; the writer was flown by

heli~opter

to field camps set up by Aberfoyle N.L., but these are now abandoned.
Mapping in Western and Southwestern Tasmania is inhibited by the
high rainfall (80-150 inches per annum) and the dense forest or scrub
covering much of these parts of the state.
Heazlewood River Complex

A large part of the

covered by dense vegetation (tea-tree, Banksia,

rain forest with thick undergrowth) would have been very difficult to map
except for lines cut by Amax Mining Ltd and Comstaff Pty Ltd.

Exposure of

the ultramafics is generally fair, but the dolerites and basalts are
usually poorly

expo~ed.

A frustrating feature of the field work was the
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lack of exposed contacts between major rock types, for field

relations~ips

are critical to any study of alpine ultramafic or ophiolite complexes.
Previous literature
The occurrence of asbestos at Andersons Creek was documented by
1820*, and briefly referred to in Strzelecki (1845) and Gould (1866).
In 1876, osmiridium (incorrectly called palladium) was discovered in the
Wilson River area, but the identity of this metal was established much
later (Montgomery, 1894).

An "osmiridium rush" began at the beginning of

the 20th Century, and stream gravels and sands were extensively

wor~ed

in

the Nineteen Mile Creek-Savage River, Mt. Stewart, Wilson River, and
Adams field areas.

The reports of Twelvetrees (1914), ·Reid (1921) and

Nye (1929) describe the osmiridium deposits.

The report of Reid is

particularly impressive with regard to accurate observations and petrographic descriptions concerning the ultramafics and origin of the
osmiridium deposits.

With regard to the asbestos deposits, the report of

Taylor (1955) is significant.
The work of Green (1959) on the Andersons Creek Complex is the
only systematic study of the geology and petrography of an ultramaficgabbro complex to be published in more recent times.

* Historical Ree. Australia Series III, Yol.III, p.38. Library
Committee of the CorronomveaZth ParZiament, Sydney, 1921.
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Specimens and thin sections
All specimens and thin sections referred to in the text are
housed in the Geology Department, University of Tasmania, unless otherwise stated.

A list of specimens and their localities is included as

Appendix 2.
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CHAPTER 1
OUTLINE OF THE PROTEROZOIC AND LOWER PALAEOZOIC GEOLOGY OF TASMANIA

INTRODUCTION
The purpose of this chapter is to set the geological framework
within which the ultramafic-gabbro and ophiolite complexes can be described.

More detailed summaries can be found in Spry and Banks (1962)

and Solomon (1965), while a number of reconstructions according to the
plate tectonics model are ·given in Solomon and Griffiths (1972) and
Corbett et al. (1972).
THE PROTEROZOIC
The largest areas of Proterozoic rocks are referred to as the
Rocky Cape Geanticline and the Tyennan Block, so-named because of their
apparent influence on Lower Palaeozoic sedimentation and folding (Carey,

1953; Solomon, 1962).
The Proterozoic rocks can be subdivided into a metamorphosed
group consisting of dominantly greenschist facies schists, quartzites,
and phyllites, and an "unmetamorphosed" group of shales, quartzites and
dolomites.

Within the Tyennan Block these groups are separated by an

unconformity and the so-called "Frenchman Orogeny"

(~pry,

1962a) .

Meta-

morphosed rocks in the Rocky Cape Geanticline are confined to a narrow
belt, the Arthur Lineament, which is convincingly argued by Gee (1967)
to be a zone along which deformation was more intense than in the
essentially contemporaneous rocks flanking it.

The deformation phase in

which the Arthur Lineament formed comprises at least part of the Penguin

Fig'Ul'e 1.
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Movement (Gee, 196 7) , which was originally defined on an unconformity
between Middle Cambrian sedimentary rocks and deformed Precambrian rocks
near Ul verstone (Burns, 1964) .

K-Ar dating of a sample ?f syntectonic

Cooee Dolerites as about 700 m.y. (Spry, 1962a), more recently confirmed with other samples (R. Coleman, pers. aomm.), gives an Upper
Proterozoic age to at least part of the Penguin Movement.
CAMBRIAN ROCKS
In the Cambrian, Tasmania

formed part of the Tasman Orogenic

Zone and "eugeosyncljnal-type" sedimentation began.

In many areas,

the "Cambrian" sedimentary rocks can be subdivided into two groups, one
of which contains fossils giving Middle or Upper Cambrian ages (Banks,

1962; Quilty, 1970; J. Jago, pers. aomm.), and unfossiliferous rocks
which in this thesis are labelled "Eocambrian" as their ages could be
anywhere in the range from Upper Proterozoic to Lower Cambrian.

In

some areas where fossils have not been found, the sedimentary roc'!<s can
be tentatively placed in either group on their lithologies.

A third

important Cambrian element is the Mt. Read Volcanics, which flank the
Tyennan Block to the west and north and which interdigitate with both
Eocambr.ian and Middle to Upper Cambrian sequences.
1.

Eocambrian rocks
The best known sequence of Eocambrian rocks is the Crimson Creek

Formation, which occurs in the Dundas-Serpentine Hill area and extends
NW as far as the Meredith Granite.

This formation consists mainly of

argillites and lithic wackes with some basic volcanics, and conformably
overlies an inlier ,of unmetamorphosed Proterozoic rocks at Renison Bell

Figure 2.
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(Blissett, 1962).

It is overlain by tectonic slices of the ultramafic-

gabbro or ophiolite complexes, which are in turn overlain by Middle to
Upper Cambrian sequences.

To the north of the Meredith Granite, the

Luina Beds, which disconformably or unconformably overlie an inlier
at Waratah (Groves, 1968) are correlated on lithology with the Crimson
Creek For111ation.

In the Adamsfield

ar~a,

an unfossiliferous sequence

of mudstones, turbidites, conglomerates, cherts and basic volcanics
underlying fossiliferous Cambrian sediments (Corbett, 1970) can be
placed in the Eocambrian group.
The Tasmanian ophiolite and ultramafic-gabbro complexes are
associated with the Eocambrian sedimentary
ally emplaced to higher levels.

rock~,

except where tectonic-

Other gabbros and basalts, which are

abundant in the Eocambrian sequences in certain areas, differ petrographically and chemically from rocks in the ophiolites and ultramaficgabbro complexes.
2.

Middle to Upper Cambrian sedimentary rocks
The best known sequence of Middle to Upper Cambrian sedimentary

rocks is the Dundas riroup (Elliston, 1954; Banks, 1956, 1962; Blissett,

1962).

Northeast of Zeehan, this unconformably overlies the Serpentine

Hill Complex, and consists of mudstones, chert breccia conglomerates,
para<..:onglomerates, wackes and acid volcanics.

The Huskisson River Group

to the north correlates very well with the Dundas Groui) (Banks, 1962;
Blissett, 1962).

Middle to Upper Cambrian rocks are apparently absent

from the Heazlewood River-Waratah area, whereas in the northern part of
the state the majority of the exposed Cambrian rocks probably belong to

8

the Middle to Upper Cambrian group.

In the Adamsfield area, 'there is a

Middle or Upper Cambrian sequence of mudstones, dolomitic sandstones
and conglomerates, and several Upper Cambrian shallow marine sequences
(Corbett, 1970).
3.

The Mt. Read Volcanics
The Mt. Read Volcanics are pyroclastics and lavas, mainly of

acid to intermediate compositions.

They interfinger with the Eocambrian·

rocks near Rosebery (Brathwaite, 1969), and even more extensively with
the Middle to Upper Cambrian sequences in the west and north of
Tasmania.

In the Queenstown area, it has now been established (Jago

et al., 1972) that the Mt. Read Volcanics can be subdivided into an
older mineralized and more deformed sequence, unconformably overlain by
a late Middle/Upper Cambrian sequence.
The Mt. Read Volcanics probably represent a Cambrian volcanic
arc, which would imply the existence of a subduction zone according to
the plate tectonics model.

More recently, Anderson (1972) has shown

that the chemistry of Mt. Read Volcanics is more consistent with Andeantr,pe continental arcs than oceanic island arcs.
4.

Cambrian tectonics
Previously, it was thought that Cambrian sedimentation took

place in a series of troughs between or flanking the Precambrian blocks,
and that the Middle Devonian Tabberabberan Orogeny was the main period
of deformation occurring after the Proterozoic (Solomon, 1962).

However,

the presence of unconformities at the base of the Dundas Group, within

Figure 3.
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the Mt. Read Volcanics, and in the Cambrian sequences in the Adamsfield
area, together with abundant detritus from the ultramafic-gabbro and
ophiolite complexes in Cambrian sediments in a number of localities,
shows that the Cambrian was indeed a tectonically active period, at least
with prespect to faulting or thrusting.

However whether there was a

period of folding in the Cambrian has not been established with certainty
(see Chapter 2) .
On a broader scale, the ophiolites and the Mt. Read Volcanics
provide the keys for the interpretation of the Cambrian geology in terms
of plate tectonics.

In later chapters an attempt is made to synthesise

the formation of the ophiolites and Mt. Read Volcanics, together·with
the sedimentation, unconformities, periods of deformation etc.,
according to the plate tectonics model.
5.

Ordovician to Devonian sedimentation
At the end of the Cambrian, the

11

eugeosynclinal phase" in the

development of the orogenic zone had ceased.

Uplift of the Tyennan

Block resulted in thick wedges of Lower Ordovician fanglomerates

forming

on top of the Cambrian rocks bordering the block (Corbett, 1970).
Following a marine transgression, the Gordon Limestone (Lower to Upper
Ordovician) was deposited.

In the Silurian and Lower Devonian,

deposition of the Eldon Group (mainly sandstones and mudstones) occurred
in the western half of Tasmania, which by this time had stabilized as
part of a large shelf.

10

6.

Mid-'Devonian deformation
Sedimentation had ceased by the Middle Devonian when the main

deformation phase of. the Tabberabberan "Orogeny" set in". The
Tabberabberan deformation is essentially of the paratectonic style in
the sense of Dewey (1967), as there is no regional metamorphism and
the folds are generally broad and upright.

The structural trends were

controlled to a fair degree by the Precambrian blocks (Carey, 1953;
Solomon, 1962).
7.

Upper Devonian to Carboniferous granites
A number of high level granitic plutons were emplaced in the

Upper Devonian and Lower Carboniferous following the cessation of the
Tabberabberan foldi?g·

'11

CHAPTER 2
GEOLOGY OF THE OPHIOLITE AND ULTRAMAFIC-GABBRO COMPLEXES

INTRODUCTION AND DEFINITIONS
In this chapter, the geol.ogy of each of the Tasmanian ophioli te
and ultramafic-gabbro complexes is briefly described.

Conclusions

regarding such problems as the origin of the layering and solid
intrusion of serpentinite 1 which are discussed in detail in the following
chapters 1 are at this stage presupposed.
The term "ophiolite", originally defined by Steinmann (1927),
is used in a number of different ways in the literature.

The present

writer largely concurs with the definitions ,agreed to by those present
at the Geological Society of America Penrose Conference on Ophiolites
in 1972; essentially 1 an ophiolite is a complex in which ultramafics and
gabbros are overlain by mafic sheeted dykes, which in turn are overlain
by mafic volcanics .. That a large proportion of the ultramafics
necessarily have to be tectonites is not considered essential by the
present writer.

When only parts of the original sequence are represented,

the term "dismembered ophiolite" can be used.

If, however, both the

sheeted dykes and volcanics are missing 1 the terms "ultramafic gabbro
complex" or simply

"ultrama~ic

complex"' are preferred, since there is no

way of showing that the plutonic rocks were originally part of, an
ophiolite.

Thus, in this thesis, the Heazelwood River Complex is

referred to as an ophiolite, the Serpentine Hill Complex as a dismembered
ophiolite, and the.others, which-originally may or may not have formed
parts of ophiolites,' are called ultramafic-gabbro or ultramafic complexes.
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THE TASMANIAN "ULTRAMAFIC BELTS"
A string of ultramafic-gabbro and ophiolite complexes occurs in
western Tasmania, from the Spero Bay Complex to the Heazlewood River
Complex (Figure 2).

The Andersons Creek Complex in northern Tasmania,

is very similar to the western complexes, and together they comprise the
Main Belt.

In contrast, the complexes at Adamsfield, Boyes River, and

perhaps at Rocky Boat Harbour in the far south, are ultramafic bodies and
form a separate belt (the "Adamsfield Belt") flanking the eastern side
of the Tyennan Block.

Longman and Leaman (1971) postulate a series of

subsurface ultramafic bodies to explain gravity highs flanking the northeast margin of the Tyennan Block.

Assuming these exist, they could

belong to either the Main Belt or the Adamsfield Belt.
~

THE HEAZLEWOOD RIVER AREA
The geology of the Heazlewood River-Waratah area is shown in
Figure 4.
River road.

Access to the area is provided primarily by the Waratah-Savage
The road to the summit of Mt. Cleveland, and with difficulty

the tracks to Jasper Hill, the Lord Brassey Mine, and along Roaring Meg
Creek (see Fig. 11), are accessible to four-wheel drive vehicles.
Parts of Betts Track are at present open to four-wheel drive vehicles,
while the tracks to Mt. Stewart, the Godkin area and the Magnet track are
accessible only by foot (see Groves, 1965; and Jack and Groves, '1964, for
details).

Except for the relatively open area underlain by pyroxenites,

the ultramafics are generally covered by dense scrub, the volcanics by
eucalypt forests

w~th

undergrowth of varying density, and the sedimentary

Figura 4.

Geology of the Heazlewood River - Whyte
River area. The western part of this
area was mapped in detail by the writer~
and is included herein as figure 11.
The geology of the rest of the area is
compiled from Nye (1923)P Groves (1968)p
Cox (1969) and Dr. Ransom (pers. comm.),
together with several traverses and
reconnaissance mapping by the present
W'Z'i tel'.
The base map was prepared using the
provisional Savage River - Waratah 4 in.
= 1 mile and Pieman 4 in. = 1 mile
topographic maps of the Tasmanian Lands
and Surveys Departmentp together with
BalfoT - Valentine air photos.
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rocks by rain forest in which the undergrowth is commonly quite dense.
Lines cut by mining companies covering part of the ultramafics and the
volcanics in the Jasper Hill area, together with logging tracks in the
Jasper Hill area and covering parts of the dolerites, were of considerable
help during the mapping program.

Many-of these lines and tracks are

probably now overgrown.
1.

Stratigraphy
The stratigraphy of the area is described in Nye (1923) and Groves

(1968).

The geology of parts of the area is discussed in Groves and

Solomon(1964), Groves (1966), Cox (1968) and Cox and Glasson (1971).
In the western part of the area, Proterozoic schists, phyllites
and quartzites are faulted against the Eocambrian sediments.

These

rocks are called the Whyte Schist and form part of the Arthur Lineament
(Gee, 1967).

To the east, unmetamorphosed Proterozoic sandstones, shales

and dolomites are exposed in an ENE-WSW anticlinorium (Groves and
Solomon, 1964; Groves, 1968).
The Luina Beds are a monotonous series of wackes, mudstones, basic.
volcanics and cherts.
are no marker horizons.

Except for some localized horizons of cherts there
The Arthur River sequence

~f

Groves (1968),

which disconformably or unconformably overlies Proterozoic rocks at
Waratah, forms part of the Luina Beds.

Local subdivisions·by Cox (1968)

and Cox and Glasson (1971) have little regional significance as the
present writer has formed similar lithologies
throughout the entire area,

interbedd~d

with each other

14
The writer agrees with

Gr~ve~

and Solomon (1964) that the Luina

Beds are similar to the Eocambrian Crimson Creek Formation and unlike
the Middle to Upper Cambrian sequences.
A NW-trending synclinal structure of orthoquartzites, siltstones,
and some limestone lenses is in part faulted against and in part unconformably overlying the Heazlewood River Complex and Luina Beds.
Ordovician fossils occur in the limestone lenses (Groves, 1966), while
the other rock types are similar to the Eldon Group (Silurian to Lower
Devonian) found elsewhere in western Tasmania.
Flows of alkali olivine basalts of Tertiary age cap many of the
hills throughout the area.

They are probably relicts of extensive flows

which have now been largely removed by erosion.

Thin poorly consolidated

lacustrine and fluviatile sediments of Tertiary age underlie the basalts
in some localities; they are briefly described in Reid (1920), Nye (1923)
and Groves and Solomon (1964).
2.

The Meredith Granite
The Meredith Granite is one of the largest granitic plutons in

western Tasmania.

It is described in Groves (1968) and Stockley (1972),

and is dated as Late Devonian-Early Carboniferous ·by Brooks (1966).
3.

Structure
Deformation of the Whyte Schist was achieved during the Penguin

Movement.

Groves (1968) tentatively concludes that his Fl folds present

in the Proterozoic rocks at Waratah, but not in the adjacent Eocambrian
rocks, belong to the Penguin Movement, while F2 folds present in both
groups represent Tabberabberan deformation.

The Proterozoic and Eocambrian

15
rocks at Waratah would probably be separated by a disconformity or
unconformity.
Further to the west, the Luina Beds are noted for their lack of
mesoscopic folds.

A cleavage is

spo~adically

but is refracted near contacts with wackes.

developed in the mudstones,
In the Cleveland Mine area,

Cox and Glasson (1971) have deduced that the dominant folds are tight
NNE to NE trending folds with axial surfaces dipping steeply NW and with
easterly limbs overturned to the east.

Superimposed on these are meso-

scopic folds of variable orientation but with a dominant NE trend.

The

last phase of folding affecting the Luina Beds in this area are open
folds plunging steeply NW.

All this folding is assigned to the

Tabberabberan by Cox and Glasson (1971).

Although the field observations

of the writer are consistant with this structural picture, the regional
geology and structure are at present under review by geologists from
Cleveland Tin Mining Company N.L.

In this thesis, then, the structure

of the Luina Beds as outlined in Cox and Glasson (1971) is tentatively
accepted.
In contrast to the dominant NE to NNE trending folds in the Luina
Beds, the Ordovician to Devonian sediments form a more open NW trending
syncline.

Since this fold is almost certainly Tabberabberan, the

question arises as to whether the dominant folds in the Luina Beds are also ·
Tabberabberan or represent a period of Cambrian deformation.

The apparent

lack of tight NE folds in the Ordovician-Devonian sedimentary rocks does
not necessarily imply that such folds in the Luina Beds are Cambrian;
the two groups of rocks are quite different and so the situation could
simply be an example of disharmonic folding, all the deformation taking
place in the Tabberabberan.

16
4.

The Heazlewood River Complex
The Heazlewood River Complex is composed of layered ultramafics,

dolerites and volcanics with some gabbros, tonalites, trondhjemites and
granophyres (Fig. 4).

Bodies such as the Mt. Stewart Serpentinite, the

Whyte River Complex and the Magnet Spilites are not included in the
definition, even though they, together with the Heazlewood River Complex,
may have been derived by dismembering of a larger ophiolite.

Lj~ewise,

the numerous isolated bodies of volcanics occurring in the Luina Group
are not included in the definition of the Complex; these differ. from
volcanics within the ophiolites in having signi£icantly higher iron
oxides and Ti0 2 contents.
The ultramafics of the Heazlewood River Complex occupy about
64 km 2 , while the dolerites and volcanics outcrop over an area of about
66 km 2 •

The depth to which these rocks extend could not be predicted

from the surface geology.

However, a gravity survey along the Waratah-

Savage River road was interpreted by both Johnson (1972) and the present
writer.

These interpretations place at least some limitations on.the

depth of the complex.

The interpretations (see Appendix 3) are limited

by the fact that a two-dimensional model was used, and more particularly
by the fact that variations in the degree of serpentinization can produce
rock densities over a range of 2.5 to 3.3 gm/cm 2 , thus giving rise to an
unlimited number of possible solutions.

However, relatively unserpentin-.

ized ultramafics (i.e. the Caudrys Hill Pyroxenites) must extend for at
least 3-4 km below the surface in order to explain the 38 mgal anomaly.
The model given in Appendix Figure3Jcontains a block of volcanics and
dolerites 5 km thick, but the real thickness could be much greater or less
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depending on whether ultramafics underlie these rocks and whether or not
they are serpentinized.

So except for there being at least 3-4 km of

relatively unserpentinized ultramafics beneath part of the Heazlewood
River Complex, very little else can be said of its subsurface shape.
4.1

Ultramafics and gabbros
The ultramafics forming part of the Heazlewood River Complex are

dominantly layered orthopyroxenites, harzburgites and dunites.
of the area they are plagioclase bearing.

Over· much

Where they have suffered

serpentinization, the composition and textures of the primary rock type
can generally be recognized.

The description of the ultramafics, together

with gabbroic rocks intruding them, is left to the following chapter.
4.2

Dolerites
Tabular dykes of dolerites and microgabbros intrude the eastern

part of the ultramafics, and are particularly abundant in road cuttings
in the Duffs Hill area (see Fig. 11).

The dykes range from 2 cm to

several metres in thickness, have trends ranging from NW to NE, and in
general dip to the east.

Locally they are fairly closely spaced forming

sheeted dyke swarms as in Plate 1.

Larger patches of dolerite occurring

within the ultramafics, such as the one on Burgess Hill, are poorly
exposed and it is not known whether such bodies are single or composite
intrusions.
Dolerites underlying an extensive area flanking the ultramafics
on the eastern side are poorly exposed, and were mapped mainly from
surface float.
cutting on the

The contact with the ultramafics was observed only in a
m~in

road, where the dolerite appears·to intrude the
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ultramafics.

Several patches of ultramafics and amygdaloidal rocks

which are almost certainly volcanics have been found enclosed in the
dolerites, which are interpreted as a dyke swarm intrusive into both the
ultramafics and parts of the volcanics.
Many of the patches of more coarsely textured basic rocks
scattered throughout the volcanics are almost certainly dolerite dykes,
but exposure is generally too poor to establish field relationships.
4.3

The volcanics
These are probably largely of basaltic compositions, but silicifi-

cation accompanying some of the metamorphism of these rocks has made it
difficult to judge their compositions.
types do occur.

Some "andesitic" and "dacitic"

Of interest are the high-Mg basalts which occur to the

SE of Jasper Hill and in a number of localities in

the volcanics SW of

Mt. Cleveland (particularly in a road cutting at 34190E/89330N).

These

rocks contain abundant euhedral pyroxenes pseudomorphed by chlorite or
tremolite-actinolite.
Exposure of the volcanics is very poor, and most mapping was
done using surface float.
could be obtained.

As a consequence, very little structural data

In general, the rocks were called volcanics in the ·

field if they were fine-grained, and in particular if they were obviously
fragmental or contained abundant amygdales.

Pillow lavas were not

observed in outcrop, although a number of pillows or parts of pillows
were found as surface float.

Most of the lavas would appear to be massive.

Characteristic agglomerates interbedded with tuffs form prominent
outcrops at 33540E/89260N, NE of Jasper Hill, and in several localities
\

'

I
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along Betts Track close to the Meredith Granite.

The blocks in these

agglomerates are characteristically equidimensional and subangular to
rounded (Plate 2).
Thin beds or small lenses of elastic sedimentary rocks occur
interbedded with the volcanics in a number of localities.
cherts, jaspers, mudstones and micaceous wackes.

These include,

It is concluded that

r

the volcanics forming part of the Heazlewood River Complex are probabJy
subaqueous.

The lack of pillow lavas would be unusual in comparison with

other ophiolites, but the writer has observed thick sequences of massive
lavas, in part interbedded with pillow lavas, on Macquarie Island where
they certainly formed under marine conditions (Varne and Rubenach, 1972).
4.4

Tonalites, trondhjemites and granophyres
These rocks occur as thin tabular dykes or as very small stocks

intruding ultramafics, dolerites and volcanics.

Some are described in

Nye (1923) and Groves (1966), who call then "syenites".

They are

generally poorly exposed.
4.5

Structure and contact relationships
The effect of folding on the rocks of the Heazlewood River Complex

has not been established with any certainty.

No mesoscopic folding of the

layering has been observed, and the complexity of variations in interlayered rock types together with the faulting has made the characterization
of larger folds extremely difficult.

A plot of 34 layering poles in

Figure 5 shows a scattering which may be in part a reflection of the fact
that a lot of measurements were taken near faults.

The data in Figure 5

are not inconsistent with upright folds of NE to NNE trends (i.e. parallel

Figure 5.

Poles to layering in the ultramafics of
the Heazlewood River Complex, plotted on
a Wulff net.

z
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to the dominant trends in the Luina Beds), but cannot be used to
demonstrate such folding.

Two tentative folds in the Caudrys Hill

Pyroxenites are shown in Figures 4 and 11.

Because of their poor

exposure, data obtained from the volcanics was insufficient for any
structural interpretations.
Faults in the Heazlewood River area are shown in Figures 4 and 11.
NNW and NW faults are dominant.

Many small sheared serpentinite zones

occurring in the ultramafics may be a reflection of faulting, but are not
included on the maps.
Contacts betwe·en the ul tramafics· and the Luina Beds are exposed
in a number of localities -along Nineteen Mile Creek, in a quarry just
north of the road in the extreme west of the complex, and to the SE of
the latter locality.

In all cases, the contact consists of highly

sheared serpentinite against sedimentary rocks.

The sedimentary rocks

adjacent to the contact show no thermal metamorphism, but those immediately "
in contact with serpentinite are deformed.

Specimen 38795 is a sericite

schist formed from a siltstone, and has a crenulation cleavage.
Specimen 38799, which was also collected inunediately adjacent a serpentinite
contact, is a deformed basalt in which anastomosing cleavages wrap around
relict fragments of the original rock.

Specimen 38798 is a deformed

"conglomerate" occurring at a contact: this rock may be tectonic in origin,
produced by deformation of interbedded mudstones and fine sandstones.
The lack of magmatic thermal aureoles and sheared nature of the rock types .
at the contacts show \hat the ultramafics did not.crystallize in situ
but rather the contacts are a result of later faulting and/or solid flow
of serpentinite.
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Three amphiboli te bodies occurri.ng at contacts are thought to be .
the result of metasomatism accompanyi.ng deformation and serpentinization,
and are discussed in a later chapter.
Since the contact areas are faulted or not exposed, the writer
could not establish with certainty the

o~iginal

structural relationships'

between the ultramafics and the volcanics within the Heazlewood River
Complex.

It can be argued, however, that since the volcanics are

compositionally very similar to dolerites intruding the ultramafics
·(Chapter 6), that at least some of the volcanics formed later than, and
originally overlay, ·the ultramafics.

The picture of dolerite dyke

swarms intruding the ultramafics and continuously feeding a growing pile
of lavas overlying the ultramafics is quite consistant with the
observed relationships between ultramafics, dolerites and
the east and northwest of Brassey Hill.
for other ophiolite complexes

volcani~s

'/'

to

Such a model has been proposed

'

(Gass,

1967; Moores and Vine, 1970),

and for the Macquarie Island rocks (Varne and Rubenach, 1972).
South of the main body of ultramafics, the relationships between
ultramafics, volcanics, dolerites and sedimentary rocks are most
confusi.ng.

Outcrop is poor and contacts are not exposed •. In this area

it appears that blocks of cumulate

ultra~afics

(the Caudrys Hill

Pyroxenites) and Luina Beds sedimentary rocks are randomly mixed up with ·
the volcanics.

The individual blocks

hundreds of metres.
mel~nge

r~nge

in size

from metres to

It is postulated that area represents a tectonic

in which blocks of the various rock types were jumbled together

during complex thrusting or gravity slidi.ng.
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Southwest of Mt. Cleveland, the volcanics of the Heazlewood
River Complex are probably faulted against the Luina Beds.

Recent

mapping by Cominco Exploration Pty Ltd has established that in the area
SE of Luina marked as volcanics in Figure 4, a number of roughly conformable sheets composed of ultramafics, dolerites and volcanics are
interlayered with the Luina Beds.

These sheets are thought to be a

series of thrust slices rather than have formed in situ during deposition
of the Luina Beds (Dr. D. Ransom, pers. aorron.).
In no place has a normal sedimentary contact between the Luina
Beds and the volcanics of the Heazlewood River Complex been observed;
either the contacts are thought to be tectonic or exposure so poor that
any interpretation of the nature of the contact can be considered
possible.

Unfortunately, the nature of these contacts is critical with

regard to the origin of the ophiolite; is the Heazlewood River Complex
allochthonous, as is considered likely for most ophiolites (Coleman,
1971), or is there a possibility that it could have formed in situ during
· deposition of the Luina Beds?

Both possibilities cannot be excluded from

the field evidence, but the writer tentatively concludes that the
Heazlewood River Complex, t.ogether with the associated bodies such as
the Whyte River Complex, the Magnet Dyke, and the Mt. Stewart Serpentinite,
are more likely to be tectonic slices or allochthons.
TIIE Mr. STEWART SERPENTINITE, WHYTE RIVER COMPLEX AND MAGNET SPILITES
These bodies occur in the Heazlewood River-Waratah area.

They

are possibly fault blocks or slices formed by dismemberi.ng of a large
ophiolite of which

~he

present Heazlewood River Complex is also a part.
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The writer did not map these in any detail, and it is not known for
certain whether the volcanics and dolerites comprising
large parts of the Whyte River Complex and Magnet Spilites are related
to those within the Heazlewood River Complex.
1.

The Mt. Stewart Serpentinite
This is accessible via an old pack track which can be picked up

at Jasper Hill.

The body, which is described in Reid (1921), is

composed largely of serpentinized dunites containing some orthopyroxenite layers, and is similar to the Nineteen Mile Creek dunites in
the Heazlewood River Complex.

Thermal metamorphism by the Meredith

Granite has affected the serpentinites which now largely consist of
felted serpentine minerals and tremolite-actinolite with no trace of the
original igneous textures (for example, specimen 38684).
\

· 2.

The Whyte River Complex

0

The rocks of this body are briefly described in Nye (1923), Cox
(1968), Groves and Solomon (1964) and Groves (1965).

Cox (1968) describes

it as a sheet-like body broadly conformable with the Luina Beds.

The

ultramafics are generally serpentinized and sheared, and contain lenses
of cherts as well as bodies of dolerite and gabbro which may be tectonic·
inclusions.

Specimens of relatively unaltered ultramafics collected by

the present writer from a quarry in Luina are very similar to the
medium-grained plagioclase pyroxenites in the Heazlewood River Complex.
The dolerites may consist of sheeted dykes as is probably the case for
the Heazlewood River Complex.

24
3.

The Magnet Spilites
This body is described in Twelvetrees (1900), Nye (1923), Scott

(1954) and Groves and Solomon (1964) who refer to it as the "Magnet
Dyke".

It is largely composed of altered basaltic rocks which originally

may have been extrusive, intrusive or both.

Several lenses of

websterite occur within the body, and in places these have unusual
orbicular textures (Twelvetrees, 1900).

The rocks are all very poorly

exposed, and no specimens of the websterite were found by the present
writer.

Blocks of Proterozoic rocks are included in the body.

The

writer believes that the Magnet Spilites more probably represent a fault
slice rather than having formed by intrusion and extrusion in situ.

THE SERPENTINE HILL COMPLEX
The geology of the Serpentine Hill Complex is described in
detail in a paper submitted for publication, included herein as an
appendix.

A sununary is given below.

The Serpentine Hill Complex is an ophiolite which has been dismembered during tectonic emplacement and later faulting.

It is

essentially a sheet-like body, in the main lying between the Eocambrian
Crimson, Creek Formation and the Middle to Upper Cambrian Dundas Group
and tapering to the ·NE within the Crimson Creek Formation (see Figs. 6
and 7).

Clasts from both the volcanic and

pl~tonic

rocks occur in

basal conglomerates of the Dundas Group, which unconformably overlies
the complex.

It is suggested, then, that the complex was emplaced as a

thrust slice prior to Middle Cambrian sedimentation.

Figure 6.

Geology of the Serpentine Hill area.
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The important features of the geology of the Serpentine Hill
Complex are sununarized below:
1)

The formation of the ophiolite and its subsequent tectonic

emplacement occurred before the Middle Cambrian.
2)

The layered ultramafics grade through a transition zone into

layered hypersthene gabbros.

Layered gabbroic rocks (i.e. with more

than 20% plagioclase) are quite rare in the Heazlewood River Complex.
3)

The relationships between a number of types of serpentinites

were established in this complex.

Massive, relatively undeformed black

or greenish-black serpentinites were the earliest to form, preferentially
replacing the harzburgites and dunites.

These serpentinites are

composed essentially of "lizardite" and probably formed prior to tectonic
emplacement.

Highly deformed chrysotile-antigorite serpentinites

occurring only at contacts with sedimentary rocks may have formed during
tectonic

emp~acement

or later faulting.

Characteristic green serpentinites

("lizardite-chrysotile" composites) with a somewhat waxy lustre are
associated with localized deformation which probably occurred after
tectonic emplacement in the Cambrian.

They cut across the primary

layering and the other serpentine types, and range from massive to highly
sheared varieties.

Veins of cross-fibre asbestos are associated with

these serpentinites, particularly as shells concentrically surrounding
relict kernals of pyroxenites.
serpentinites

an~

Counterparts of the black "lizardite"

the sheared contact serpentinites occur in most of the

complexes, while green serpentinites very similar to those in the
Serpentine Hill Complex occur in the Wilson River Complex, the Dundas
Serpentinite, and

~he

Noddy Creek Complex.
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THE DUNDAS SERPENTINITE
This body occurs just south of the Serpentine Hill Complex.
is briefly described in Taylor (1955) and' Blissett (1962).

It

The main

body, together with two very small satellite patches to the south, is
composed of deformed green serpentinites very similar to the green
serpentinites in the Serpentine Hill Complex.

The Dundas Serpentinite

is in contact with the Dundas Group, the Crimson Creek Formation and
the Proterozoic Oonah Quartzites and Slates.

The contacts, which

locally are silicified or are marked by a zone of sheared talc, are
probably faulted and/or the result of solid intrusion of serpentinite.
Several residual kernals of layered pyroxenites and harzburgites
occur at the northern end of the Dundas Serpentinite, and are surrounded
by veins of cross-fibre asbestos, as at Serpentine Hill (Taylor, 1955).

THE WILSON RIVER COMPLEX
The geology of the general area including the Wilson River Complex
is described in Waterhouse (1914), Reid (1921), and Taylor (1954).
geological map is included as Figure 7.

A

Except for its narrow southern

extension where it crosses the Pieman River and the Murchison Highway,
the complex is accessible overland only with great difficulty.

The

writer spent a week on the geology of the complex, having been flown in
by helicopter and working from exploration camps set up by Aberfoyle N.L.
Tracks cut by this company allowed reconnaissance mapping between the
Wilson River and Riley Knob, and contacts exposed in Ahearne Creek,
Christina Creek,

an~

Riley Creek, together with the spectacular layering

Figure 7.

Geology of the Wilson River areae
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on Riley Knob, were examined in detail.
The complex is essentially composed of serpentinites, generally
sheared, with scattered lenses of primary ultramafics.

These lenses vary

in size from less than a metre to larger masses forming ridges which are.
generally parallel to elongation of the complex.

Most lenses observed ·

by the writer are composed of orthopyroxenites or interlayered orthopyroxenites and harzburgites.

Waterhouse (1914) and Reid (1921) describe

a variety of orthopyroxenites, websterites, norites, two-pyroxene gabbros
and peridotites, especially from the area north of the Wilson River.
Much osmiridium was recovered from streams in the area (Reid, 1921).
In the Heazlewood River and Mt. Stewart areas, this mineral can be
associated with dunites, so perhaps some of the serpentinites in the
Wilson River Complex were derived from similar dunites.
The Wilson River Complex is underlain by the Crimson Creek
Formation, consisting mainly of argillites and wackes with some cherts
and basic volcanics.

These are folded, with the main folds trending NW.

The contact between the ultramafics and these sediments is quite
straight and is marked by a sharp change in vegetation from myrtle forest
covering the sediments to eucalypts with dense undergrowth covering the
ultramafics.

The contact dips very steeply NE and generally consists

of highly sheared serpentinite against unmetamorphosed sedimentary rocks.
Waterhouse (1914) and Blissett (1962) describe local silicification and
slight hornfelsing of the country rocks immediately adjacent to the
contact, and the present writer interprets this as due to emplacement
of warm serpentinite and/or some serpentinization occurring after
tectonic

emplacemen~.

Several lenses of amphibolites with well-developed
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foliation occur along the contact, and one of these, which is particular_ly .
well-exposed in Ahearne Creek, is described in detail in a later chapter.
A thin zone of deformed and weathered serpentinite occurs between the
amphibolites and the sedimentary rocks.
The contacts with the overlying sedimentary rocks are also
marked by sheared serpentinites.

In the Huskisson River area, the

complex is overlain by the Huskisson River Group consisting of mudstones,
wackes, conglomerates and acid volcanics (Taylor, 1954).

These rocks

are very similar to the Dundas Group and also contain Middle and Upper
Cambrian fossils (Banks, 1962; Blissett, 1962).

Furt~er

north, the

Huskisson River Group is wedged out between the complex and the
Ordovi~ian,

Syncline.

Silurian and Devonian sedimentary rocks of the Huskisson
It is not known whether the latter rocks overlie the

Huskisson River Group unconformably; they are faulted against each
other in Christina Creek, and much of the contact SE of this locality
may be faulted.

North of Christina Creek, sheared serpentinites are in

direct contact with the Ordovician and Silurian rocks.

These contacts

may be the result of faulting and/or solid intrusion of serpentinite.
Lenticular bodies of conglomerates and limestones are probably Ordovician
in age, while the sandstones, siltstones and mudstones comprising most of
Huskisson Syncline are Silurian and Devonian (Taylor, 1954; Banks, 1962).
The Wilson River Complex, therefore, has been placed in contact· with
rocks as young

a~

Silurian, either by faulting or solid intrusion as

serpentinite.
South of the Pieman River, the Wilson River Complex tapers to a
narrow body enclosed within the Crimson Creek Formation, and ends in a
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Y-shaped body of sheared green serpentinites near Colebrook Hill, which
is only 2 km east of the NE part of the Serpentine Hill Complex.
Kernals of pyroxenites and asbestos veins occur in the serpentinites
near the Murchison Highway (Taylor, 1955).
The Wilson River Complex is part of a larger ultramafic-gabbro
complex which has been subjected to serpentinization and tectonic reemplacement.

A high level aeromagnetic survey over Tasmania (Finney

and Shelley, 1967) shows that the largest anomaly in the state (over
600 gammas) is centred on the Huskisson Syncline rather than the
\

Wilson River Complex.

Either the Wilson River Complex is folded under-

neath the syncline, or, more likely, a larger body
syncline.

occurs beneath the

The latter idea is supported by the three isolated lenses of

serpentinized ultramafics occurring along the eastern margin of the
syncline - these bodies, together with the

Wils~n

River Complex, may have

all been produced by dismembering of a large ultramafic-gabbro
complex.

Perhaps they were all emplaced into faulted anticlines which
"

originally flanked the Huskisson Syncline.

THE McIVOR HILL GABBRO AND THE TRIAL HARBOUR SERPENTINITE
Both these bodies are crossed by the Zeehan-Trial Harbour road.
The Mcivor Hill Gabbro, which is poorly exposed and highly altered, is
generally referred to as a "hornblende gabbro" (Waterhouse, 1916;
Blissett, 1962).

Only a small number of specimens were studied by the

present writer, who found no convincing evidence of primary hornblende;
'

the samples consist essentially .of saussuritized plagioclase and uralitic
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amphiboles and chlorite replacing clinopyroxene, orthopyroxene, or both.
In other ultramafic-gabbro complexes, the writer has observed nonuralitic secondary hornblende replacing clinopyroxene, and it is
possible that the hornblendes in some of the specimens described by
Waterhouse (1916) are of this origin.
Fine-scale layering, with small cross-cutting bodies of
pegmatitic gabbros, were observed in one locality.

From field and

petrographic observations, it is concluded that the Mcivor Hill Gabbro is
more related to gabbros forming part of ultramafic-gabbro complexes, in .
particular the Serpentine Hill Complex, than 'to smaller gabbro bodies
occurring outside these complexes.

This is supported by a chemical

analysis given in Spry (1962b); the.Ti0 2 contents of rocks from the
ultramafic gabbro complexes (including the Mcivor Hill Gabbro) are less
than 0.6%, whereas Cambrian gabbros and dolerites which 4o not form part
of these complexes have Ti0 2 contents greater than 1.5%.
The Mcivor Hill Gabbro appears to be chilled against rocks• of
>
the Crimson Creek Formation near the South Comstock Mine and sediments
are hornfelsed adjacent to the contact (Blissett, 1962).
are faulted.

Other contacts

Of all the Tasmanian ultramafic-gabbro complexes and

ophiolites, the Mcivor Hill Gabbro. is therefore the only one that can be
shown to have crystallized in situ in Eocambrian sedimentary rocks.
A date of 518 ± 133 m.y. usi?g the Rb-Sr method is given in
Brooks (1966).

The age obtained is of little use, for besides the large

error involved, Brooks points out that isotopic redistribution could
have occurred during the strong alteration suffered by the gabbro.

31
The geology of the Trial Harbour Serpentinite is described in
Green (1966a).

The ultramafics have been hornfelsed by the Heemskirk

Granite (Green, 1966b) and very little can be said about the original
nature of the rocks.

THE NODDY CREEK AND SPERO BAY COMPLEXES
The Spero Bay Complex and the serpentinites at Asbestos Point,
which is in Macquarie Harbour at the extreme north ot the Noddy Creek
Complex, are briefly described in Taylor (1955).

Mapping by geologists

from Broken Hill Proprietary established that the ultramafics form an
almost continuous belt from Asbestos Point through to Hibbs Lagoon.
A magnetic anomaly running from Hibbs Lagoon to the Spero Bay Complex
suggests that the two complexes may in fact be connected (Flood, 1972).
At Asbestos Point, the ultramafics consist mainly of green, massive
to highly

s~eared

serpentinites.

Small residual kernals of pyroxenite

are common, and veins of cross-fibre asbestos surround these in a similar
fashion as in the Serpentine Hill Complex.

Flood (1972) states that the

ultramafics at Asbestos Point are faulted off about 0.8 km inland, and
reappear. as two separate belts 3 km south of Macquarie Harbour.

These

converge 11 km further south, and continue for 10 km to Hibbs Lagoon.
In width the belt varies from 50 to 1000 m.

The dominant rock types are

massive and sheared varieties of green serpentinites.

Scattered lenses of

primary ultramafics and gabbros are enclosed in the serpentinites; orthopyroxenites are the most abundant, but interlayered pyroxenites and
harzburgites or dunites, pyroxenites grading to norites, and various
gabbroic rocks also occur.

Figure 8.

Geology of the Pad 3 area, Noddy Creek Complex.
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The Noddy Creek Complex is elongate NNE, essentially parallel
to the regional structures.

Along most of its length it is bordered by

Cambrian sedimentary rocks, but along part of its western contact it is
juxtaposed against a thin elongate fault slice of Ordovician rocks
(M. Hall, B.H.P., pers. aomm.).

The Cambrian rocks are mainly mudstones

and siltstones on the western side while on the eastern side they are
mainly mudstones, wackes, conglomerates and andesitic volcanics.

The

andesites could represent a western extension of the Mt. Read Volcanics.
The area .around the Broken Hill Proprietary camp at Pad 3,
which is accessible by tracks passable to tracked vehicles from Asbestos
Point or Birch's Inlet, was the only part studied by the present writer.
A sketch map is included as Figure 8.

The ultramafics in this area are

largely massive or sheared green serpentinites.

In many localities, the

massive green serpentinites are obviously replacing pyroxenites.

In the

massive types, stichtite occurs as disseminated blebs in some localities,
while in some deformed varieties stichtite occurs as small lenses.
Residual orthopyroxenites, ranging from small kernals a few cm in
diameter to lenses up to several tens of metres in size, are abundant.
In some of these, interstitial plagioclase is obvious in hand specimen.
One lens included in the serpentinites consists of orthopyroxenites interlayered with harzburgites and dunites, the layering being on a scale of
several centimetres.
margin.

A'long strip of gabbros occurs along the eastern

These are medium-grained and although the pyroxenes define a

foliation there is no obvious mineralogical layering.

The gabbros are

more similar to gabbro and microgabbro bodies which intrude the layered
rocks in the

Serpe~tine

Hill and Heazlewood River bodies

than to gabbros

3.3

forming part of the layered sequences.

Small dykes of pegmatites and

trondhjemites intrude the gabbros and in places appear to have. caused
metasomatic alteration.
The contacts of the ultramafics and gabbro and the Cambrian
sedimentary rocks are near vertical and are probably' the result of both
faulti.ng and solid intrusion of serpentinite.

Contact zones filled

with friable clays and iron oxides may be faults.

In other localities,

finely interbanded and crenulated talc and serpentines marks the contact
zone, while in other places serpentinite which may be very sheared
or· only

s~ightly

deformed occurs as the contact (see Plates 4 and 5).

6

At one locality, chrysotile cross-fibre veins occur within unmetamorphosed siltstones near the contact, suggesting that at least some of the .
asbestos formation occurred after tectonic emplacement of the complex
into its present position,
Small clasts of a soft-green mineral, together with rarer .small
fragments of serpentinite, occur in
east of the complex.

severa~

localities in co.nglom,erates

X-ray diffractions of the green mineral show that

it is a mica, while a partial analysis gave of the order of 2000 ppm
Cr (M. Hall, B.H.P., pers. aorrun.).
is the chrome mica fuchsite.

It appears, then, that this mineral

A relatively

l~rge

pebble of fuchsite

(specimen 38835) shows that it has replaced a gabbro very similar to
those occurri.ng in the complex just west of the conglomerate.

It is

concluded, then, that the ultramafics and gabbros were exposed to
erosion duri.ng the deposition of. the conglomerates, and that by later
faul ti.ng and solid intrusion of serpentini te, the complex was placed in
contact with Cambrian sedimentary rocks which previously disconformably ·

···
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or unconformably overlay it.

Other than they are Cambrian, the exact

.age of the sedimentary rocks east of the Noddy Creek Complex is
uncertain.

They are lithologically similar to Middle and Upper Cambrian

rocks elsewhere, but correlations on this basis over such large distances
cannot be justified.
Part of the Spero Bay Complex is briefly described in Taylor
(1955).

It consists of layered ultramafics, of which orthopyroxenites,

lherzolites and perhaps dunites are the most abundant types.

The olivine-

bearing layers have been partly or largely replaced by massive serpentinites, and Taylor (1955) observes that the best development of asbestos
veins occurs at lherzolite-serpentinite contacts.

More recently a large

area of gabbros was found by B.H.P •. geol.ogists on the northern side of
the ultramafics.

THE ANDERSONS CREEK COMPLEX
The first detailed description of the Andersons Creek Complex is
by Taylor (1955) •

The geol.ogy of the general area is discussed in some

detail in Green (1959), who established that the ultramafics are preOrdovician in age on the occurrence of chromite in several horizons of
Ordovician conglomerates.

Green (1959) describes the petrography of the

ultramafics and gabbros in detail, and concludes that the Andersons
Creek Complex consists mainly of partly to completely serpentinized
orthopyroxenite with lesser peridotite and clinopyroxene-rich rocks.
He argues that alteration of intrusive gabbros to rodingites probably
occurred duri?g serpentinization, and that albitite dykes occurring in
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some localities may be linked to the "hydrothermal" processes involved
in serpentinization and the formation of rodingites.

The origin of the

rodingites is also discussed by Baker (1958).
The present writer, who spent only two days looking at parts
of the Andersons Creek Complex, largely is in .agreement with
Legge (in press) concerning the

o~igin

of the complex.

Gee and

These authors,

who mapped the layering and structures in some detail, believe that the
'

complex was essentially a layered ul tramafic.-gabbro complex which has
been in part serpentinized and tectonically re-emplaced.

The gabbroic

rocks, some of which are interlayered with pyroxenites, include
plagioclase pyroxenites, norites, and two-pyroxene. gabbros.
these show fine-scale layering.

Some of

Other gabbros, includi.ng hornblende

gabbros, intrude the layered rocks, and have been converted into
rodi.ngi tes where the primary ul tramafics have been serpentinized.
Contrary to Green (1959), Gee and L.e.gge (in press) argue that the
albitite dykes were emplaced before the formation of the rodi.ngites and
probably belong to some

magma~ic

event prior to serpentinization.

Three

septa of metamorphosed greywackes included in the complex are thought ·to
have been hornfelsed during the magmatic stage of the ultramafic-gabbro
complex (Gee and L.egge, in press).

The septa have suffered only low

grade metamorphism, however, for the presence of albite and biotite
s.uggests al bi te-epidote-hornfels facies (Turner, 1968) .

Cambrian slates

along the western boundary of the complex have been altered to
andalusite hornfelses, and Gee and Legge (in press) believe this metamorphism is due to re-intrusion of the' complex as a warm serpentinite
body.
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In summary, the Andersons

Cr~ek

Complex is believed to have

crystallized essentially as a layered ultramafic-gabbro complex.
Following serpentinization, re-emplacement occurred essentially as a
warm serpentinite body into early Upper Cambrian sedimentary rocks,
thermally metamorphosing slates at the contacts.

Exposure to erosion

occurred during deposition of Lower Ordovician conglomerates.

During

the Tabberabberan deformation, the sedimentary pile was pushed against
the Precambrian block to the west, and a series of folds and imbricate·
thrusts developed.

Gee and Legge (in press) believe that "the partici-

pation of Andersons Creek Complex in the Tabberabberan Orogeny is
minimal."

ULVERSTONE-FORTH AREA
Several very small bodies of

deforme~

green serpentinites occur

in the Ulverstone-Forth area, and are briefly described in Taylor (1955)
and Burns (1964).

This occurrence is unusual in that they occur entirely

within metamorphosed Precambrian rock.5 in the centre of the Forth Nucleus.
They have probably been emplaced as solid serpentinites into their
present locations, but it is not known whether or not they were
derived from a Cambrian ultramafic.:..gabbro complex.

o~iginally

37

TI-IE ADAMSFIELD AND BOYES RIVER COMPLEXES
The Adamsfield Complex is described in Reid (1921) and Nye (1929).
More recently, the Adamsfield are~ was mapped as part of a large project
on the Cambrian and Ordovician sedimentation (Corbett, 1970) and the
Adamsfield Complex studied in detail as an honours B.Sc. project
(Brown, 1972).

The present writer spent only 5 days mapping rocks of.

the Adamsfield Complex.
'

The. geology of the area is shown in Figure 9.

The Adams field

'

Complex, which has been shown by Brown (1972) to be discontinuous along
the Saw Back Range (Fig. 10), occupies a faulted anticline and is in
contact with an Older Cambrian* greywacke-mudstone-chert sequence, an
Upper Cambrian deltaic sequence, and Lower Ordovician fanglomerates
and shallow marine sedimentary rocks.

The Lake Edgar Fault, along which

the Adamsfield Complex is situated, appears to have influenced tectonics
and sedimentation as far back as the Proterozoic (Corbett, 1970).

The

Boyes River Complex is in contact with similar rocks, and as well
Proterozoic metamorphics.

Some of the contacts are faulted, but Corbett

(1970) interprets the relationship of the Upper Cambrian rocks to the
Boyes River Complex as an unconformity.
The Adamsfield Complex consists of sheared and massive darkcoloured serpentinites with inclusions of partially to completely
serpentinized orthopyroxenites, olivine pyroxenites and dunites (Brown,
1972).

The serpentinites are unlike the green waxy-lustred serpentinites

* Equivalent to the Eocambrian in this thesis.

Figure 9.

The geology of the Adamsfield - Florentine
area. This figure has been taken without
alteration from Corbett (1969).
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which are common in most of the other complexes.

Some of the primary

ultramafics are massive and have deformation textures, while some
lenses consist of interlayered olivine pyroxenites and dunites, similar
to those in other Tasmanian complexes.

However, some of the ultrarnafics

are tectonitescontaining such structures as intrafolial folds (commonly
isoclinal and in places refolded by later folds), cross-cutting relation-

-•

ships between pyroxenites and dunites, boudinaged pyroxenites in dunites,
and finely layered mylonitized ultrarnafics which lie between the massive and:
the layered ultramafics, and may have been derived from the latter
during tectonic emplacement of the complex.

Small ridges of quartzites

near the northern end of the Adamsfield Complex may be tectonic
inclusions.

An

unusual jasperoid rock with patches of a quartz-

riebeckite rock occur along part of the NE contact zone is described in
Corbett (1970) and Brown (1972); no satisfactory hypothesis for the
origin of these rocks can be offered by the present writer.
Abunqant serpentinite detritus occurs in an unusual sequence of
dolomitic sandstones, mudstones and conglomerates

cropp~ng

out along

the Scotts Peak Road just SE of the Adamsfield Complex (Corbett, 1970).
Fossils collected from this sequence indicate a Middle or perhaps Upper
Cambrian age (Quilty, 1971),

Some of the conglomerates contain more

than 50% serpentinite detritus, with some rounded fragments of serpentinite over 10 cm long, as well as pebbles and boulders of dolerites and
other altered igneous rocks.

At the northern end of the Adamsfield

Complex, abundant serpentinite detritus occurs in the lowermost beds of
an Upper Cambrian shallow marine sequence.

The ultramafics originally

were probably unconformably overlain by this sequence (Banks and

Car~y,

Figure 10.

The geology of the Adamsfield
district. This figure has been
taken without alteration from
Brown ( 1971 ) •
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1954; Banks, 1962; Corbett, 1970), but the contacts are now faulted and/

or are the result of solid intrusion of serpentinite.

Detrital chromite

occurs throughout the Upper Cambrian shallow marine sequence, and less
commonly in the Lower

Ord~vician

fanglomerates; the chromite may have

been derived directly from exposed ultramafics or by reworking of
older sediments.
The Adamsfield Complex is therefore in contact with a number of
sedimentary successions which contain detritus

o~iginally

it and in some cases which unconformably overlay it.

derived from

It is thought by

Corbett (1970), Brown (1972) and the present writer that the complex was
probably emplaced into the Lake Edgar Fault zone early in the Eocambrian
and then throughout the Lower Palaeozoic was subjected to successive
cycles of exposure to erosion and re-emplacement in the Lower Palaeozoic.
The Boyes River Complex is poorly exposed, and appears to be
composed mainly of massive serpentinites similar to those in the
Adamsfield Complex (K, Corbett, pers. aorrun.).

ROCKY BOAT HARBOUR
A small body of ultramafics is recorded from the Rocky Boat
Harbour area, just east of New River Lagoon in the far south of
Tasmania (Twelvetrees, 1915).

A probab1e Cambrian sequence of conglom-

erates, siltstones and mudstones in places containing serpentinite .
fragments, unconformably overlies Precambrian dolomites in this area.
(Banks, 1962).

''

'
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SUMMARY AND CONCLUSIONS
Ultramafic-gabbro and ophiolite complexes occur in the Cambrian
belts flanking Proterozoic blocks.

The Heazlewood River Complex is an

ophiolite, the Serpentine Hill Complex a dismembered ophiolite, while
the other bodies of the Main Belt in western and northern Tasmania are
best referred to as dismembered layered ultramafic-gabbro complexes.
The Adamsfield and Boyes River bodies are ultramafic complexes and
form a separate belt on the eastern side of the Tyennan Block.
With the possible exception of the Mcivor Hill Gabbro, all the
Tasmanian complexes have been tectonically emplaced into their present
locations.

The presence of unconformities between several of the

complexes and the overlying Cambrian sedimentary rocks, together with
the abundance of ultramafic detritus in sedimentary rocks (probably
Middle or Upper Cambrian in most cases) suggests that the magmatic
events which formed the complexes occurred before the Middle Cambrian.
Tectonic re-emplacements appear to have occurred

throughou~

the Lower

Palaeozoic, so that many of the bodies are severely dismembered, largely
serpentinized, and have been placed in contact with sedimentary rocks
as young as Silurian.

The disruptive effects of these tectonic and

serpentinization processes.have been more extreme in the Noddy Creek
and Adamsfield areas, where series of narrow elongate serpentinite
bodies are strung out along major fault zones.
The Tasmanian bodies can be referred to as alpine complexes in
that they occur in an orogenic belt and have been tectonically emplaced
into their present locations (Benson, 1926; Turner and Verhoogen, 1960).

41
lt is important to realize that tectonic re-emplacement began at a
relatively early stage in the development of the Tasman Orogenic Zone
in Tasmania; the tectonic significance of this will be discussed in
following chapters.
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CHAPTER 3
PETROLOGY OF THE ULTRAMAFICS AND GABBROS OF THE HEAZLEWOOD RIVER COMPLEX

INTRODUCTION
In this chapter the layering and petrography of the ultramafics
and intrusive gabbroic rocks of the Heazlewood River Complex is discussed in detail.

Brief comparisons are made with similar rocks in

the other Tasmanian complexes and the

o~igin

of the textures and

layering in discussed.
The geology and petrography of these rocks is described in
Twelvetrees (1913) and Reid (1921).

Allowi.ng for the fact that Reid's

is a sketch map with little survey control, and that the present writer
prefers to call most of the layered pl.agioclase-bearing rocks
"plagioclase ultramafics" rather than gabbros, there is a fair degree
of similarity between the map of Reid (1921) and that of the present
writer (Hg, 11),

Reid also observed the layeri.ng, noted the association

of the osmiridium with the pl.agioclase-free dunites along the NW mB:rgin
of the complex, and proposed what is essentially a crystal settling hypothesis for the origin of the rocks.

Together with other authors writing

in the first part of this century, Reid (1921) was influenced by the
ideas of Bowen (1915) and thought that the ultramafics and the. granites
(now known to be Devonian-Carboniferous) were differentiates from the
same magmas.
As previously mentioned, much of the area, with the exception of
the parts underlain by pyroxenites, is covered in dense scrub.

Thus

Figure 11 •

Geology of the western part of the
Heazlewood River Complexo
The provisional Savage River - Warcitah
in. = 1 mile topographic maps of the
Tasmanian Lands'a.nd Surveys Dept. were
used in preparing the base map.

4

Mapping done by M.
period 1967-1971.
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mapping was difficult except where lines were cut by mining companies.
The NE part of the complex proved very difficult to reach, and the
writer did not map it.

The outcrop varies from poor to fairly good,

but single outcrops are usually

quit~

small and reasonably continuous

outcrop is restricted to a few creeks and some road cuttings.

SUBDIVISION OF THE ULTRAMAFICS
The subdivision of the ultramafics into the Nineteen Mile Creek
Dunites, the Caudrys Hill Pyroxenites, and the Brassey Hill Harzburgites
is shown in Figure 11.

This subdivision was made possible by the fact

that the rock types are easy to rec.ognize even when serpentinized.

Post-

serpentinization deformation, during which primary textures are
generally destroyed, is mainly restricted to localized zones such as
faults.

Totally serpentinized rocks NE of Caudrys Hill form the only

substantial area where identification of primary rock types proved very
difficult, and these are labelled as "undifferentiated" in F.igure 11.
The Nineteen Mile Creek Dunites do not contain plagioclase and
have altered to massive serpentinites of lighter shades of green than
dunites in the Brassey Hill Harzbu.rgites.

Distinction between the

Brassey Hill Harzburgi tes and the Caudrys Hill Pyroxeni tes was. generally
very easy, except in the faulted area between these groups, where rock
types characteristic of both are interlayered in some outcrops.
Near the NE contact of the complex in Figure 11, serpentinites,
coarse-grained pyroxenites, and some medium-grained pyroxenites ·and
plagioclase lherzolites are left as "undifferentiated".

In the NE part
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of the complex not mapped by the present writer, the ultramafics are
dominantly orthopyroxenites according to Reid (1921).
Besides the layered ultramafics, several ultramafic dykes intrude
the Brassey Hill Harzburgites just west of Burgess

H~ll.

The largest of

these is shown in Figure 11.

ROCK TYPES AND LAYERING
1.

The Nineteen Mile Creek Dunites
These consist mainly of dunites largely replaced by massive green

serpentinite.
.fairly rare.

Some pyroxene dunites and harzburgites also occur but are
Interlayering of dunites and orthopyroxenites on the scale

of 0.5-5 cm occurs in some localities, 'especially near the faulted
contacts with the Brassey Hill

Harzb~rgites

and the Caudrys Hill Pyroxenites.

Orthopyroxenite layers of the order of several metres thick are less
common.

Where exposed, the layeri?g is similar to the interlayered

pyroxeni tes and harzburgi tes in the 8rassey Hill Harzbu.rgites; no intrafolial folds or cross-cutti.ng relationships between pyroxenites and dunites
were observed, which is surprisi?g considering the deformed fabrics
developed in these rocks (see discussion in the followi?g sections).
Some

l~rger

bodies of pyroxenite appear to be surrounded by deformed

dunites, and may be "tectonic fish" or boudins.

Schlieren of chromitite,

described from one locality by Reid (1921, Plate III), may be boudinaged
chromitite layers.

The present writer found numerous small boulders of

chromitite in gravels in creeks about 2 km NE of the summit of Caudrys
Hill, but none in situ.

Figure 12.

Sections through the Heazlewood River
Complex. The position of section AB
is shown in Fig. 4, while CD is shown
on Fig. 11 • The legend is the same
as for Fig. 11.
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As previously mentioned, near the contacts with the Luina Beds
the serpentinized dunites are sheared and no thermal metamorphism of
the sedimentary rocks has been observed.

'.
2.

The Caudrys Hill Pyroxenites and Brassey Hill Harzburgites
The main rock types occurring in these. groups are summarized in

Figures 11 and 13.

It must be emphasized that the stratigraphic sections

in F.igure 13 are quite tentative, as the structural data necessary to
establish the sequence in the layered rocks are too few.

The cryptic

variation in chemistry of the rocks is consistent with the sequence
deduced on structural. grounds (Fig. 15) .

However, this may be fortuitous

as there could be multiple intrusions. Also, layered intrusions do not
necessarily show a r.egular cryptic variation (see Hawkes, 1967).

Of the

stratigraphic sections, the Caudrys Hill Pyroxenites section is probably
the most reliable and the northern Brassey Hill

Harzb~rgites

the least

reliable.
Most of the lower part of the Caudrys Hill Pyroxenites is
composed of interlayered olivine pyroxenites a~d orthopyroxenites,
except in the east and NE where most pyroxenites are olivine-free.

In

contrast, the upper part of the sequence is composed mainly of mediumgrained pyroxenites, plagioclase pyroxenites, with less abundant layers
of norites, and rare plagioclase lherzolite and wehrlite layers.
Little evidence of serpentinization is visible in the typical
hillside outcrops of the Caudrys Hill Pyroxenites, but in the more continuous exposures in road cutti.ngs and alo_ng Roari.ng Meg Creek, partial
serpentinization alo.ng joints is obvious.

The pyroxeni tes are fully

Figure 13e

Hypothetical columnar sections through
the ultra.mafics of the Heazlevood
River Complex. The legend is the same
as for Fig. 11.
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serpentinized only adjacent to faults and alo.ng the sheared contacts
with the Luina Beds.
In the southern part of the Brassey Hill

Harzb~rgites,

the

most abundant rocks are harzburgi tes, both. granular and poikili tic
varieties bei.ng represented.

The olivine/pyroxene ratio in these is

quite variable, while interstitial altered plagioclase is present in
amounts ranging from 0-2%, and very rarely is as much as 10%.

Inter-

layered with harzburgites are olivine pyroxenites, medium-grained
pyroxenites and plagioclase lherzolites in which the plagioclase content
rarely rises above 20%.

Northeast of the Lord Brassey Mine, some

dunites and plagioclase dunites are interlayered with harzburgites.
In the northwestern part of Brassey Hill Harzburgites, the
main rock types are pl.agioclase harzburgites and harzburgites interlayered with pyroxenites and plagioclase dunites.

These are apparently

overlain by a monotonous sequence of interlayered plagioclase dunites
and dunites in which pyroxenes are very rare.

Locally, the plagioclase

duni tes grade into trocto.li tes, but rocks with. greater than 30%
plagioclase are not common.

The dunites and pl.agioclase dunites appear

to be overlain by a sequence of pl.agioclase lherzoli tes, plagioclase
harzburgites and some pyroxenites.

Flanki?g the plagioclase dunites to

the west is a sequence of harzburgites and plagioclase

harzb~rgites,

but

these were not studied by the writer,
In .the western part of the Brassey Hill Harzb~rgites, particularly
in the complex fault zone separati?g them from the Caudrys Hill
Pyroxenites, layers of pyroxenites,
norites are fairly abundant.

medi~-grained

Just west of the

pyroxenites, and

faul~

zone, some layers of
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poikilitic harzburgites and rare plagioclase dunites occur in the
Caudrys Hill Pyroxenites.

There may be, then, a lateral grading of the

Brassey Hill Harzburgites into the Caudrys Hill Pyroxenites, but the
complex fault zone has made it impossible to establish this with any
certainty.
The olivine grains in rocks comprising the Brassey Hill Harzburgites
are commonly partly to entirely replaced by serpentine minerals, which
are dull in lustre, and are coloured black, greenish black, or, in the
case of many dunites and plagioclase dunites, a dark brownish green.
Plagioclase is commonly replaced by hydrogrossular or saussurite.
along shear zones are pyroxenites
2.1

replac~d

Only

by serpentinite.

Layering

In the lower part of the Caudrys Hill Pyroxenites, layering is
on a scale of 1 cm to 1 m (Plates 10-12) .

Outcrops in which no layering

is obvious are probably parts of _more massive layers.

Adjacent layers

may differ in the ratio of olivine to pyroxene, and/or textures (for example,
degree of preferred orientation, grainsize, grain shape, etc.).

In the

upper part of the sequence, layeri?g is commonly the expression of textural
variations, but compositional variations also occur.

Within

so~e

plagio-

clase pyroxenites, a diffuse layering, which is a function of variations
in the interstitial plagioclase, may be subparallel to the main layering
(Plate 13).

In other plagioclase pyroxenites, the distribution of

interstitial plagioclase appears to be quite patchy.

In some rock lenses

of plagioclase, several cm in length, represent si.ngle oikocrysts which
include numerous small orthopyroxene grains.
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Layering in the Brassey Hill Harzburgites is quite variable in
scale, from several millimetres to the order of tens of metres.

The

layering is more Obvious in the field when it reflects abrupt changes
in rock types, such as pyroxenites interlayered with poikilitic
harzburgites.

A reconstructed section (Fig. 14) through a drill-hole

put down by Amax Mini.ng at the Lord Brassey Mine shows the typical
layeri.ng developed in the southern part of the Brassey Hill Harzburgites.
Harzburgites may occur as massive layers or as units broken by numerous
olivine pyroxenite layers on a spacing as short as 2-3 cm.

In some

massive harzburgites there is a "sub-layering" on a scale of 2 cm or
greater, due to variations in the olivine/pyroxene ratio, while others
appear to be quite uniform throughout.

The average olivine/pyroxene

ratio and the interstitial pl.agioclase content varies from unit to unit,
as is illustrated in Figure 14: Units of olivine pyroxenites and mediumgrained pyroxenites interlayered with harzburgites are commonly themselves
layered on a scale as fine as several millimetres.

The core of a drill-

hole put down at 8944N/3376E shows a greater proportion of pyroxenites,
olivine pyroxenites, medium-grained pyroxenites and norites interlayered
with harzburgites, but the hole passes

thro~gh

a fault zone and much of·

the core is serpentinized and deformed.
Layering in the plagioclase dunites varies from massive to ·very
fine-scale (Plate 14) .

Contacts between layers can be quite sharp

(Plate 16) or diffuse (Plate 15).
reflection

of

later section.

The diffuse layering is probably a

the pl.agioclase bei.ng interstitial, and is discussed in a
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Because of the lack

o~

good outcrop of these rocks, it is not

known to what extent the pl.agioclase lherzolites are discrete layers or
lenses and

ir~egular

patches within plagioclase harzburgite or plagioclase

dunite layers.
A quantitative study of the modal variations within layers was
not done.

Thus the proportion of layers showi.ng rhythmic variations in

modal composition is not known with certainty.

However, it is usually

obvious in the field whether or not rhythmic layering is abundant, and
very few definite cases were observed by the writer.
layer grading from an olivine pyroxenite to
in Figure 14.

~

One example is a

granular harzburgite shown

Some possibly graded layers also occur in the troctolites

and pl.agioclase-rich dunites.
2.2. Other structures
There is some evidence for current activity during the crystallization of the Brassey Hill Harzburgites.

The best evidence includes

cross-layering in plagioclase dunites in one locality (Plate f6) and a
scour-and-fill structure in olivine pyroxenites (F.ig. 16, Plate 17).

The

latter occurs at 89410N/33805E, and consists of a small trough cut' into
,,

finely-layered
overlying

medi~-grained

coarser-graine~

olivine pyroxenites which is filled by the

olivine pyroxenites.

Small elliptical nodules

of plagioclase dunites are included in the coarser-grained pyroxenites in
or near the tro.ugh; these were presumably derived from the "erosion" of
a plagioclase dunite by currents within the

~agma.

Besides bei.ng caused

by currents acting in the magma duri,ng the settling of crystals, the
writer can think of no other satisfactory explanation for these two
structures.

They provide some of the best evidence that the layered

Figure 15e
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ultramafic rocks formed .by crystal accumulation from a magma.
In general, the style of the layering in the Brassey Hill and
Caudrys Hill Pyroxenites is consistent with a cumulative origin.
No intrafolial folds or other structures characteristic of tectonites
were found.

Some local deformation of primary rocks, such as the

fracture or spaced cleavage shown in

P~ate

17 is superimposed on the

primary layering and is probably related to nearby faults or may be
axial surface to folds.

Post-serpentinization deformation (i.e. local

serpentinite shear zones) are fairly common and are probably largely a
reflection of faults.
3.

Intrusive ultramafics
Several bodies of ultramafics intrude the Brassey Hill

Harzburgites west of

B~rgess

Hill.

harzburgite dyke shown in Plate 21.

The smallest of these is a plagioclase
The largest body is a pyroxenite

locally grading and interlayered with
Figure 11.

harzb~rgite,

and is shown in

The cross-cutting contact of this body .against plagioclase

dunites, is shown in Plate 20.
serpentinized,

Unfortunately the contact zone is largely

The significance of these intrusive bodies regardi?g

textures of ultramafic rocks is described in a later section.
In other localities where layering is not well developed, it is
difficult to tell if some of the pyroxenite bodies, such as the one in
Plate 19, are part of the layered sequence or later intrusives.
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TEXTURES OF THE ULTRAMAFIC ROCKS
In this section, the textures of the layered ultramafic rocks
and the ultramafic dykes are described in detail.

It is shown that some

textures are ambiguous, since those developed in ultramafic dykes and in
annealed tectonites can be quite similar to certain cumulate textures.
However, consideri.ng the style of layeri.ng arid variations in chemical
composition of the layered ultramafics as well as the textures, a
cumulative hypothesis
is preferred for the Brassey Hill Harzburgites
.
.
and Caudrys Hill Pyroxenites as it is the most consistent with all the
observed data.
In describing cumulates, the nomenclature of Jackson (1967) is
used in preference to that of Wager and Brown (1968).
1.

Intrusive ultramafic bodies
The petrography of these rocks is described first because of the

s.ignificance of the textures .
Specimen 38916 is from the harzburgite dyke

shown in Plate 20.

It is composed of approximately 55% orthopyroxene, 35% olivine, 5% each
of clinopyroxene and saussuri tized pl.agioclase, and accessory chromite.
The grainsize averages 1 mm.

Olivine grains are anhedral and partly

moulded against subhedral orthopyroxenes which define a foliation
parallel to the dyke walls.

Where in mutual contact, orthopyroxene

grains have triple-point grain boundaries.

The altered plagioclase and

most clinopyroxene is interstitial.
The l<i:rger ul tramafic dyke shown in F.igure 11 is composed mainly
of granular orthopyroxene with a little olivine and clinopyroxene (38564).

Figura 16.

Locations and compositions of analysed
samples of ultramafics 1 Heazlewood
River Complex.
Fo and En values are for olivines and
pyroxenes res~ectively while "R 11 is
the Mg/r~g;-Fe tmole percent) for the whole
rock.
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However, near the contact with plagioclase dunites (Plate 19) it
consists of alternating layers of olivine pyroxenite and serpentinized
pyroxene dunite (38563).

The orthopyroxenes define a foliation parallel

to the contact, and clinopyroxene is interstitial to orthopyroxene and
in places poikilitically enclose them.
The textures developed in these dykes are similar to some of
the textures of rocks from the ultramafic zones of the Bushveld and
Stillwater Complexes which are believed to be cumulative in
1960; Jackson, 1961;

~ager

o~igin

(Hess,

and Brown, 1968), demonstrati?g very well the

ambiguity of certain textures in ultramafic rocks.
The mode of emplacement of the dykes is uncertain.
have been emplaced as

~agmas,

They may

as crystal mushes lubricated by inter-

stitial magma, or as hot solid bodies by plastic flow.

If the last of

these is true, annealing must be postulated to explain the lack of
deformation textures.

Emplacement occurred before serpentinization, as

no thermal metamornhism of the serpentinized country rocks has occurred,
A

'

Replacement of the walls of the smaller dyke by rodingite is also
consistent with serpentinization occurring after emplacement.
2. 'Brassey Hill Harzburgites
'

These rocks show every gradation from dunites to

plagiocl~se

dunites and plagioclase lherzolites, and from dunites to harzburgites
and to orthopyroxenites.

Compositionally, they fall in the range Fo79-89

for olivines and En79-89 for orthopyroxenes (electron microprobe
Plagioclase is commonly altered, but where it could be determined
optically, a

of An60-65 was obtained from albite twins.

r~nge

'

a~alyses).

5.3
2.1

Dunites and plagioclase dunites
These rocks are generally serpentinized, the olivines being

replaced by mesh-textured "lizardite"

an~

the plagioclase by hydro-

grossular, saussurite, chlorite, or fine.-grained white mica.
Dunites free of plagioclase (38?72) are .quite rare, for commonly
where they appeared so in outcrop they were found to contain a little
altered plagioclase in thin section (38654, 38904).
Specimens 38601, 38602, 38604 and 38605 are typical plagioclase
dunites and troctolites.

Where the outlines of the

o~iginal

olivines are

obvious, they are. generally ovoid or equant and range in size from 1-3 mm.
The pl.agioclase is now pseudomorphed by fine-grained isotropic hydrogrossular with veins and patches of a cloudy fine-grained mineral
(Plate 23), or less commonly by chlorite.

When only a little pseudo-

morphed plagioclase is present, it occurs as cuspate patches interstitial
to the pseudomorphed olivines.

Where more abundant, the pseudomorphed

pl.agioclase encloses subhedral serpentinized oli vines, as in Plate 24.
Accessory chromite occurs in most dunites and plagioclase dunites.
The textural relations in the dunites and pl.agioclase dunites
are consistent with olivine bei.ng a cumulus phase while plagioclase was
in most cases post cumulus.

In some of the more pl.agioclase-rich duni tes

and troctolites, the plagioclase could be a cumulus phase also.

Chromite

is probably cumulus.
2.2

Poikilitic

harzb~rgites

and lherzolites

Harzburgites and lherzolites in which the pyroxenes are less than
50% and the plagioclase content less than 20% are generally poikilitic.
Exceptions include ?pecimen .38554 in which the pseudomorphed ortho-

Figure 17. - Texture of lherzolitep 38565
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pyroxenes (but not the clinopyroxenes) are non-poikilitic, and 38562
in which the clinopyroxenes are non-poikilitic.

In the poikilitic

rocks, olivine (generally partly to entirely replaced by mesh-textured
"lizardite") and accessory chromite can be interpreted as cumulus phases,
while the poikilitic and interstitial pyroxenes would be essentially
post cumulus, and the interstitial pl.agioclase (in most cases replaced by
hydrogrossular, saussurite, or chlorite) also postcumulus.

In most

cases, orthopyroxene is more abundant than clinopyroxene, and some rocks
(e.g. 38592) contain no clinopyroxene.

Wehrlites, such as 38562, are

very rare.
Orthopyroxene oikocrysts are generally in the range 2-30 mm in
size.

They may be fresh, partly replaced by uralite or talc, or

pseudomorphed by single "lizardite" plates (the so-called "bastite"
pseudomorphs).

They contain (100) exsolution lamellae and in some

cases blebs of clinopyroxene.

The oikocryst boundaries tend to be

moulded against cumulus olivines, while olivine inclusions (which may ormay not be serpentinized) are rounded and on the average half the size of
those outside the oikocrysts (for example, in 38592, olivine inclusions
average 5 mm while those outside the oikocrysts average 10 mm). ·This
could be only partly due to protection of olivine against postcumulus
enlargement, but is probably

l~rgely

a result of reaction between the

cumulus olivines and the interstitial magma from which the oikocrysts
grew.

In contrast to many clinopyroxene oikocrysts, the volume of

olivine inclusions never exceeds the volume of the host orthopyroxene
oikocryst.
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Clinopyroxenes rarely comprise more than 20% of harzburgites and
lherzolites.

They are usually unaltered, but may be partly replaced by

uralite or pseuclomorphed by light green or brown hornblende:

They

commonly occur as interstitial cuspate grains or thin rims surrounding
cumulus olivines.

In many clinopyroxene oikocrysts, the volume of

olivine inclusions greatly exceeds the volume of pyroxene (Plate 25).
Cuspate grains and rims may be optically continuous over a large area of
thin section, showing that they comprise a single oikocryst enclosi?g up
to 20 cumulus olivines.

The interstitial magma crystallizing clino-

_pyroxene did not, therefore, react with the cumulus olivines to the
same extent as in the case of orthopyroxene oikocrysts.
In many cases (especially 38554), clinopyroxenes rim ortho·pyroxene oikocrysts,

s~ggesting

that the latter crystallized first.

However in 38565, and to a less extent in 38555, parts of clinopyroxene
oikocrysts extend into large orthopyroxene oikocrysts.

In these

specimens, orthopyroxene oikocrysts continued to grow after the clinopyroxene oikocrysts formed, replaci?g the olivine inclusions in the
clinopyroxene, but not reacting with theclinopyroxene itself (Fig. 17).
Although the pyroxene content of poikilitic rocks is generally
less than 50%, in some olivine pyroxenites, most (38556) or all (38573)
the olivine is poikilitically enclosed in large orthopyroxenes.

It is

not known whether the orthopyroxenes in such rocks are entirely postcumulus or partly cumulus and partly postcumulus •

.'
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2.3

Plagioclase-rich harzburgites and lherzolites
The textures of the rocks are quite variable where the plagioclase

content is greater than 10%.

In all cases, olivines and accessory

chromite could be interpreted as cumulus phases.

The olivines, which

are partly replaced by serpentine, are usually anhedral equant or ovoid
grains, but surrounded by pl.agioclase they are subhedral stubby prisms
or plates (38565, 38568 and 38575).
Orthopyroxenes could be interpreted as cumulus in some rocks
(38569 and 38575) while in others they are poikilitic and are probably
for the large part postcumulus.

In 38558 and 38576, orthopyroxene

oikocrysts up to 1 cm long contain anhedral inclusions of cumulus olivine
and clinopyroxene and euhedral inclusions of cumulus plagioclase
(Plate 26).

It is probably significant that the latter two specimens are-

some of the most differentiated rocks of the exposed Brassey Hill
Harzburgites, with olivine compositions of Fo81 and Fo79 respectively.
Clinopyroxene never comprises more than 25% of these rocks. It
occurs as interstitial or poikilitic grains in 38565, 38566, 38568 and
38575, while in 38558, 38570 and 38576 it occurs as anhedral grains which
may be cumulus.
The plagioclase in most of these rocks is partly or largely
.altered to saussurite or fine-grained white mica, and never comprises
more than 40% of the rock.

Albite and pericline twins are common.

Compositions in the ra.nge An61-64 were measured, and although such
•

.'>I

compositions are rather low for ultramafic rocks they were all obtained
from the more·differentiated rocks.

When it occurs as polygonal mosaics
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between the other minerals it is difficult to judge if plagioclase is
essentially a cumulus or postcumulus phase.
2.4

Granular harzburgites
Specimen 38571 is an unusually fresh granular harzburgite

consisti.ng of

~0%

orthopyroxene, 40% olivine, and 1% chromite,

an average grainsize of 3 mm.

with

The texture is unusual, with odd-shaped

orthopyroxenes moulded against subhedral olivines (Plate 27), perhaps
due to interference during postcumulus enlargement of both minerals.
Specimen 38560 is a typical. granular harzburgite, with cumulus orthopyroxene and olivine and interstitial postcumulus plagioclase and some
clinopyroxene.
2.5

Olivine pyroxenites and pyroxenites
Specimens 38591 and 38594 are typical olivine pyroxenites.

They -

are composed of subhedral orthopyroxene and anhedral olivines with
some interstitial saussuritized plagioclase and accessory chromite
grains.

Clinopyroxene occurs as interstitial rims and cuspate patches,

and less commonly as large oikocrysts in which the olivine and orthopyroxene inclusions have a much smaller size
oikocryst (see Plates 28 and 29),

tha~

grains outside the

These can be interpreted as having

classic cumulate textures in which the orthopyroxenes and olivines
"settled", grew larger by postcumulus addition, and in which postcumulus pl.agioclase and clinopyroxene crystallized interstitial' to and,
in the latter case partly reacting with, the cumulus grains.
Specimens 38586 and 38587 were collected from the "scour-and-fill".
exposure (see Fig. 15 and Plate 17).

The former is a olivine pyroxenite

of average. grainsize less than 1 mm collected from the lower scoured
ii

I

I
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horizon.

Specimen 38587, collected from inside the scour, is an

olivine pyroxeni te aver.aging 2 mm in grainsize and contains duni te and
plagioclase dunite nodules.
a previous section.

The origin of the structure is described in

The fine-scale layering developed in both the

olivine pyroxenites is due to variations in interstitial plagioclase
content.
Specimen 38544 consists mainly of granular anhedral clinopyroxenes
with scattered large orthopyroxenes.

It has the dubious distinction of

being the only clinopyroxene-dominated ultramafic rock found by the writer
in the Tasmanian complexes.
2.6

Medium- and fine-grained pyroxenites
Pyroxenites similar to some of the medium- and fine-grained

pyroxenites in the upper part of the Caudrys Hill Pyroxenites occur interlayered with the harzbu.rgites in some localities.

These range in size

from less than 1 mm to several millimetres, and in many cases have a welldeveloped planar lamination parallel to the layer contacts"

Fabric

studies, which would determine the degree of aligrunent of crystallographic
axes, were not done.

The orthopyroxenes commonly have developed triple-

point junctions, except where interstitial plagioclase is present.

Some

specimens (e.g. 38567 and 38584) contain scattered anhedral clinopyroxenes
up to 2 mm in size.

The textures in many of these rocks, although

consistent with a cumulative origin, are nevertheless amb.iguous, since
they are similar to those of observed pyroxenite dykes (see 38916 in
section on intrusive ultramafic bodies).
more detail in another section.

This problem is discussed in
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2.7

Chromitites
No chromitite layers were observed within the Brassey Hill

Harzburgites, but a lens of chromitite, partly replaced by the
kamm~rerite,

chlori~e

was found in a serpentinite shear-zone on the SW slopes of

Brassey Hill.

The texture of this rock (Plate 30) is consistent with a

cumulative origin.

Massive chromitite at a locality 3385E/8958N occurs

in a pegmatitic. gabbro dyke and is described in another section.
2.8

Summary and conclusions
Despite the amb.iguity of some of the textures a cumulative

origin is preferred for the Brassey Hill Harzbu.rgites.

In accordance

with this hypothesis, most of the rocks would be classified as olivine
cumulates, in that cumulus olivine occurs in most layers, the only
exceptions being olivine-free pyroxenite or norite layers.

In

plagioclase dunites, the interstitial pl.agioclase could be interpreted as
postcumulus, but could also be a cumulus phase in some troctolite layers.
In poikilitic harzburgites and lherzolites,
and plagioclase would be postcumulus.

orthopyroxene~,

clinopyroxene

In granular harzburgites and

olivine pyroxenites, both olivine and orthopyroxene would be essentially
cumulus phases.

Plagioclase lherzolites, in which olivine, clinopyroxene

and plagioclase would be cumulus phases and orthopyroxene essentially
postcumulus, happen to be the most differentiated rocks and could be
representative of the top of the exposed sequence.

Accessory subhedral

chromite, which is slightly more abundant in the dunites and harzburgites
than in pyroxenites, is probably cumulus thro.ughout.
The origin of the layeri_ng is discussed in another section.
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Another question that needs to be considered is the exact relationship of
the northern and southern parts of the Brassey Hill Harzburgites.

As

illustrated in Figures 11, 13 and 16, the northern and southern sections
differ in the relative abundance of rock types, but each shows a similar
differentiation range according to their

~g/Mg +

Fe contents.

But are

these sections lateral equivalents of each other, having crystallized
from a single magma chamber, or did they crystallize from separate magmas?
The former hypothesis is preferred, as the more differentiated rocks
(plagioclase lherzolites) are similar in both cases, and the differences
in other rock types are largely a function of which is the more abundant
postcumulus phase, plagi0clase or pyroxene.
3.

Caudrys Hill Pyroxenites
3.1

Pyroxenites and olivine pyroxenites, lower zone of Caudrys Hill
Pyroxenites
Most of these rocks are coarse-grained, but average. grain sizes

fall in the range 2-20 mm.

They are granular, and consist dominantly of

orthopyroxenes (anhedral, but subhedral in some samples), with 0-20%
olivine, 0-2% interstitial clinopyroxene, and approximately 1% accessory
chromite.

Plagioclase is generally absent, but close to the faulted

contacts with the Brassey Hill Harzburgites, some samples of plagioclase
pyroxenites, poikilitic harzburgites and one possible wehrlite (38542)
were found.
Specimens 38537 and 38538, collected from two adjacent layers
from the outcrop in Plate 12, are typical of these rocks.

The former is

an orthopyroxenite containing a little interstitial clinopyroxene, less
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than 1% chromite (including several larger anhedral grains up to 2 mm
in size), but no olivine.

Specimen 38538 contains 2% chromite and

about 20% olivine which occurs largely as grains with curved boundaries
which are smaller than, and tend to be interstitial to, the orthopyroxenes
(Plate 30) .
Specimen 38539 is another olivine pyroxenite similar to 38538,
while 38533 and 38534 are olivine-free pyroxenites.

In all these rocks,

the orthopyroxenes are commonly anhedral to subhedral stubby prisms which
commonly form mutual interference and triple-point. grain .boundaries where
interstitial clinopyroxene or olivine are absent (Plates 31 and 32).
Such textures are commonly developed in rocks believed to be cumulates
(see Jackson, 1961, especially Fig. 62; Wager and Brown, 1968).

In the

extreme case where no interstitial minerals are present, Hess (1960)
postulates that continuous diffusion between magma interstitial to the
settled crystals and the immediately overlying body of magma allowed the
cumulus grains to continue. growi.ng at the expense of other possible postcumulus phases.

However, similar textures in metamorphic rocks are

believed to have formed by deformation followed by annealing (Spry, 1969;
Vernon, 1970), so cannot be considered as being diagnostic of a cumulative
origin for ultramafic rocks.
Specimen 38545, which contains interstitial plagioclase, is very
similar to pyroxene cumulates in which some secondary
occurred (see, for example, Fig. 61 in Jackson, 1961).

enl~rgement

has
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3.2

Medium-grained pyroxenites and plagioclase pyroxenites
These rocks consist essentially of orthopyroxene and accessory

chromite, with varying amounts of plagioclase and clinopyroxene.
contain scattered large olivine grains.

Some

The grainsize generally averages

1-2 mm, but a r~nge of 0.3-S mm has been recorded.

In some specimens,

for example 38622, the grainsize is quite variable, some patches
averaging 0.3 mm while others average 1.5 mm.
Many specimens (e.g. 38633) show a distinct planar lamination due
to alignment of platy orthopyroxenes parallel or subparallel to the
layering.

In other rocks, especially coarser-grained varieties, the

orientation is apparently

random (no petrofabric studies were done) .

Orthopyroxenes vary in shape from stubby laths to thin elongate
plates.

They probably fall in the range En82-86.

The amount of ortho-

pyroxene in most of the rocks ranges from 50% (e.g. 38613) to 95% (e.g.
38633).

Some rocks (e.g. 38637) contain scattered phenocrysts of ortho-

pyroxene.
Clinopyroxene is ubiquitous, ranging from 1-15%.

It occurs

interstitial to the orthopyroxenes, commonly as thin rims which poikilitically enclose numerous orthopyroxenes.

Some specimens Ce.. g. 38633)

contain scattered la.rge anhedral clinopyroxene. grains, up to 3 mm in size.
These poikilitically enclose orthopyroxenes at their

m~rgins,

so it is

difficult to decide if they.are in part cumulus or entirely postcumulus.
In some rocks, such as 38613, the anhedral clinopyroxene grains are not
interstitial and are probably in part cumulus.
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Plagioclase is present in most rocks, in amounts up to 50%, and
is commonly partly altered to a cloudy saussurite.
range An51-64 were determined from albite twins.

Compositions in the
Its distribution is

quite variable, usually occurri.ng as diffuse patches which may or may
not be subparallel to the main layering.

These patches are composed of

numerous grains which on the whole are interstitial to or surround the
orthopyroxenes (Plate 34).

Usually plagioclase has crystallized after

clinopyroxene (e.g. Plate 35).

In some rocks (e.g. 38621), lenticular

gra'ins of plagioclase up to several centimetres long poikilitically
include 15 or more small platy or lath-shaped orthopyroxenes.

In some

rocks (e.g. 38613 and perhaps 38888) plagioclase may be a cumulus as
well as a postcumulus phase.
Several pyroxenites and plagioclase pyroxenites (38607, 38631,
38632) contain scattered large anhedral grains of olivine, up to 5 mm
in size.

These may be quite

ir~egular

in shape (Plate 37).

Perhaps

they are large cumulus. grains.
Specimen 38610 is from one of the rare peridotites interlayered
with the pyroxenites and plagioclase pyroxenites.

It consists mainly of

subhedral or euhedral olivines poikilitically surrounded by orthopyroxene
and clinopyroxene, with accessory chromite and a little interstitial
plagioclase.
In these rocks, plagioclase is commonly partly altered to
saussurite (dark cloudy patches of indeterminate Ca-Al silicates).
Orthopyroxene may be partly replaced along grain

boundar~es

fibrous tremolite-actinolite (uralite)' and/or talc.

and· cracks by

Clinopyroxene in

many sectj.ons is partlr or entirely pseudomorphed by light green
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hornblende (Plate 35); this is thought to be a later hydrothermal
replacement rather than part of the original magmatic processes.
Olivines are partly replaced by veins of serpentine and dust-like
magnetite.
With increasing alteration, the,pyroxenites and plagioclase
pyroxenites are converted to rocks composed of uralite, saussurite, talc,
serpentine, and magnetite dust.

Most of the small enclaves of pyroxenites

within the volcanics are completely altered.

The original textures are

generally well preserved (38635, 38638, 38934) but in some cases

(~.g.

38636) they have been obliterated despite the fact that the rock is undeformed.

In many samples, the plagioclase is replaced by chlorite

rather than saussurite.
The textures of the upper part of the Caudrys Hill Pyroxenites
show a range from polygonal types with well-developed triple points to
interstitial and poikilitic types where plagioclase and clinopyroxene
have crystallized later than the orthopyroxenes.
3.3

Deformation of the Caudrys Hill Pyroxenites
Rocks from the lower part of the Caudrys Hill Pyroxenites have

suffered deformation in localized areas, particularly adjacent to faults.
This deformation has been superimposed on the "primary" textures and
layering described above, and is thought to be a result of
and/or an axial surface cleavage.

~he

faulting

The expression of the deformation in

outcrop is the development of a fracture or spaced cleavage, the best
example of which is shown in Plate 18.
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Specimens 38535, 38536 and 38543 are pyroxenites anJ olivine
pyroxenites that have suffered protoclasis.

Granulation has occurred

along the grain boundaries and some cracks in the original orthopyroxene, producing mortar texture (in the sense of Spry, 1969).
The finer-grained orthopyroxenes surrounding the larger remnant grains
are only partly annealed in 38536 and 38543 (Plate 38), while in 38535
they have formed a better-developed polygonal texture and are probably
annealed to a greater extent.
. Specimen 38541 has a rarer well-developed polygonal texture
(Plate 39) which differs from the previously described textures with
abundant triple-points in that a far greater proportion of the grain
boundaries are straight.

The rock also has the distinction of being

the only rock in which exsolution lamellae of clinopyroxene are absent
in the orthopyroxenes.

The texture of this rock is interpreted as being

due to annealing after it had been deformed.

The kink bands present in

some grains may be relicts of the deformation.
3.4

Summary
The Caudrys Hill Pyroxenites are orthopyroxene-dominated ultra-

mafic rocks.

In the lower part of the sequence, they are mainly

pyroxenites and olivine pyroxenites in which olivine and minor clinopyroxene have crystallized interstitially.

The upper part of the

sequence consists of medium- to fine-grained pyroxenites' and plagioclase
pyroxenites in which clinopyroxene and plagioclase have largely
crystallized interstitially to subhedral orthopyroxenes.
rocks show planar lamination of orthopyroxenes.

Many of these

The orthopyroxenes have

developed mutual interference or polygonal textures where in contact
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with each other.

Protoclastic deformation of some of the pyroxenites

and olivine pyroxenites occurred after the layering and the above
textures had formed.
The textures in the Caudrys Hill Pyroxenites are consistent
with a cumulative origin,. the only unusual textures being the interstitial olivines in many of the olivine pyroxenites, which the writer
has not seen described elsewhere.

Other possibilities are they they are

annealed tectonites or the result of multiple intrusions of ultramafics.
The last two hypotheses are considered the least likely since no isoclinal or intrafolial folds, or no cross-cutting relationships between
ultramafic rock types, have been observed.

These points are discussed

in more detail in a later section.
4.

Nineteen Mile Creek Dunites
These are largely serpentinized dunites with some pyroxene

dunites and harzburgites.
layered with dunites.
4.1

In many localities orthopyroxenites are inter-

Most specimens collected are deformed.

Dunites and pyroxene dunites
These are replaced by a serpentinite with a fine mesh texture.

Brucite and fine-grained magnetite a!e also present, and in some samples
talc occurs as scattered flakes concentrated in bands or rimming
serpentinized orthopyroxene augen.

Minute residual cores of olivine are

usually scattered thro.ughout the serpentine mesh, and the shapes and
sizes of the original olivine grains are commonly defined by simultaneous
extinction of these cores in patches throughout the thin section.
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Specimens 38522, 38523 and 38524 are typical serpentinized
dunites and pyroxene dunites.

The original olivines were quite elongate

(up to several centimetres in length) and sl).OW a well-defined foliation.
No petrof abric studies were done in order to determine the degree of
lattice preferred orientation.
out the slide.

Scattered chromite grains occur through-

Specimen 38524 also contains scattered augen of

serpentinized orthopyroxene (Plate 40).

In 38526, the section is cut

almost parallel to the foliation plane and shows that the olivines do not
define a dimensional lineation.

A single large deformed chromite grain

occurs in the latter thin section.
4.2

Harzburgites
Specimens 38527 and 38528 are composed of strained anhedral

orthopyroxenes surrounded by a finer-grained granoblastic mozaic of
anhedral olivines (Plates 41 and 42).
olivines (Plate 43).

Kink bands are common in the

Accessory anhedral chromite is scattered throughout

the rocks.
Sections 38933a, b, c were cut from a deformed ultramafic rock
consisting of interlayered pyroxenites, harzburgites and dunites.

The

olivines form a granoblastic mozaic, whereas most of the orthopyroxenes
are thin, lo.ng, lenticular "strips" which are essentially parallel to
the layering, which in this case is almost certainly tectonic in origin.
Some of the orthopyroxene augen have been necked or boudinaged (Plate 44).
It is thought that this rock has suffered plastic deformation, perhaps at
a higher temperature than when protoclastic deformation of pyroxenites
occurs.
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4.3

Pyroxenites
Specimens 38521 and 38530 are coarse pyroxenites in which the

anhedral orthopyroxenes are strained and kinked.

Finer-grained ortho-

pyroxenes produced Cl'..<.cing protoclasis surround some of the larger
grains and also along the kink surfaces in some .grains (Plate 45) .
Specimen 38531 is a granoblastic pyroxenite in which a polygonal
texture (i.e. triple-point junctions and straight boundaries) is poorly
developed.

Some of the grains are undulose and kinked.

Elongate undulose

orthopyroxene augen and chromite schlieren provide the best evidence
that this rock has been deformed, the present granoblastic texture
probably being due to partial

an~ealing.

Specimen 38525 has a similar

granoblastic/xenoblastic texture as in 38531, but few grains are undulose
and scattered deformed chromite grains provide the only evidence to
suggest that the rock may have suffered deformation.
4.4

Chromitite
A chromitite sample (38905), collected from a loose boulder in a

creek, probably came from one of the lenses or layers in the dunites
(Reid, 1921).

The rock consists mainly of euhedral chromite grains

enclosed in pyroxenes and olivines replaced by serpentinite (Plate 46).
In places, pseudomorphed orthopyroxenes poikilitically enclose the
chromites.

The only evidence of deformation are spaced cleavages along

which the chromites have suffered cataclasis, probably prior to s0rpen-.
tinization (Plate 47) •

The texture of this rock is very similar to

chromitites of cumulative

o~igin

(for example, see Jackson, 1961).
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D

4.5

Origin of the textures
With the exception of the chromitite, the textures in the other

rock types of the Nineteen Mile Creek Dunites are all thought to be
the result of deformation.

The distinct foliation due to the preferred

orientation of olivines in the dunites is probably due to a relatively
high temperature plastic deformation.

Fabric studies of naturally and

artificially deformed peridotites are discussed by a number of authors,
including Raleigh (1967), Carter
and Lappin (1971).

(~970),

Ave'Lallemant and Carter (1970),

However, because of the serpentinization, it would

be extremely difficult to compare the fabrics in the Nineteen Mile Creek
Dunites with the patterns obtained by other workers.
The textures of the harzburgites are similar to textures produced
in the transitional stage during the tectonic emplacement of the Twin.
Sisters Dunite (Ragan, 1963, 1967).

The rocks have obviously been

deformed, but a granoblastic mozaic of recrystallized olivines has been
produced rather than an obvious preferred orientation, which possibly
forms during deformation at higher temperatures.

The pyroxenite layers

in 38933 developed a stro.ng dimensional preferred orientation and necking
rather than protoclasis, apparently under similar conditions as the
formation of the granoblastic mozaic of recrystallized olivines.

The

textures in the other pyroxenites may be the result of deformation
followed in most cases by partial anneali.ng.
Associated with such plastic deformation, one would expect to
find intrafolial folds or isoclinally-folded layering, such as the
examples described in Thayer (1963), O'Hara (1965), Ragan (1967) and
Brown (1972).

Where the dunites are massive and no other rock types

70

occur, lack of such structures is not surprising.

However, where

dunites, pyroxenites and harzburgites are interlayered on a fine scale,
no folding or cross-cutting relationships were observed.

Undoubtedly

at least some of the layering observed in the Nineteen Mile Creek
Dunites is tectonic in origin (due to metamorphic differentiation or
perhaps transposition), but perhaps some could be relict cumulate
layering.

Some of the larger pyroxenite bodies may be tectonic fish

or boudins surrounded by plastically deformed dunites.
The presence of cumulate-like textures in the chromitite
specimen is significant, for it suggests that at least some of the
Nineteen Mile Creek Dunites could be deformed cumulates.
possibly acted as a competent block or layer.

The chromitite

With the exception of one

dunite, the compositions of the rocks and minerals (Fo88-89, En88-89)
fall in the range of cumulates reported in Jackson (1967) and Wager and
Brown (1968).

However, they also fall in the range of alpine ultramafics

believed to be of residual upper mantle or.igin (see Chapter 5).
5.

Undifferentiated ultramafics
Specimens 38546-38552 are serpentinites from an area NE of

Caudrys Hill marked as "undifferentiated" in Figure 11.

Many are

weathered and most have suffered post-serpentinization deformation, so
that deducing the composition of the primary ultramafic is very difficult.
Specimen 38546 is the least deformed, and the presence of some bastite
pseudomorphs suggests that it is a serpentinized

harzb~rgite.
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Specimen 38596 was collected from an inlier of medium-grained
pyroxenites and lherzolites occurring within dolerites about 2 km due
east of Burgess Hill.

It is composed of olivines poikilitically

surrounded by plagioclase (altered to saussurite and white mica),
o~thopyroxene

and clinopyroxene.

Where surrounded by plagioclase the

olivines are subhedral to euhedral plates (Plate 48), but the olivine
grains included in the pyroxenes are smaller and more rounded.

This rock

is similar to the rare lherzolites occurring in the upper zone of the
Caudrys Hill Pyroxenitesand its texture could be interpreted as .a classic
cumulative type.
Specimens 38683 and 38685 were collected from small serpentinite
bodies occurring within the volcanics of the Heazlewood River Complex
SE of Whyte Hill (Fig. 4).

The former is a coarse-grained peridotite

largely replaced by serpentine and talc, and has been deformed after
alteration.

Specimen 38685 is an altered plagioclase dunite, with

euhedral olivines replaced by mesh serpentine and the interstitial
plagioclase by a fine-grained chlorite (?).

The latter rock is

extremely similar to the plagi?clase dunites of the Brassey Hill
Harzburgites and raises the possibility of layered ultramafics underlying
large parts of the volcanics of

th~

Heazlewood River Complex.

Specimen 38653, collected from a quarry in the town of Luina, is
a plagioclase pyroxenite very similar to those in the upper zone of the
Caudrys Hill Pyroxenites.

This rock comes from the Whyte River Complex,

which is thought to be a fault slice of rock types similar to the
Heazlewood River Complex.

Both of these complexes originally may have

formed part of the same ophiolite.
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INTRUSIVE GABBROS AND MICROGABBROS
Dykes of pegmatitic. gabbros and coarse-grained gabbros are
very common throughout the Brassey Hill Harzburgites, and are particularly
abundant on Brassey Hill and extending to the NW.

They are generally

less than a metre thick, and are quite irregular in shape and size;
they curve, form sharp bends, occur as complex interconn'ections (Plate 49),
and show abrupt thickness variations and terminations.
traced for more than 10 m.

Very few can be

Those that have intruded poikilitic

harzburgi tes and pl.agioclase duni tes have altered to rodingi tes, probably
during serpentinization of the host ultramafic.
Medium-grained gabbros tend to form straight tabular dykes,
generally thinner than 2 m.
10 m.

These also could not be traced for more than

There is a gradation from the medium-grained gabbros into micro-

gabbros, which occur in the same areas as, and are subparallel to,
sheeted dolerite dykes intruding ultramafics.

The medium-grained

gabbros and microgabbros are restricted to the southern half of the
Brassey Hill Harzburgites and to the upper zone of the Caudrys Hill
Pyroxenites.

A single exception is a microgabbro dyke intruding

pyroxenites on the SE side of Caudrys Hill.
As is discussed below, all the gabbro types appear to grade into
each other.

In some places this can be observed in outcrop; for example,

Plate 50 shows a "microgabbro" dyke with irregular patches of typical
pegmatitic gabbro.
Gabbro and irregular pegmatitic gabbro intrusives are abundant in
ultramafic-gabbro and ophiolite complexes elsewhere (for example,
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Thayer, 1967; Thayer and Himmelberg, 1968; Moores, 1969).

Similar rocks,

together with microgabbro dykes, intrude harzburgites on Macquarie
Islan<l (Varne and Rubenach, 1972).
Petrography of the intrusive gabbroic rocks
The intrusive. gabbros, P.egmatitic gabbros and microgabbros are
essentially composed of plagioclase and clinopyroxene.

Orthopyroxene

(bronzite to hypersthene) occurs in most mediwn- to coarse-grained
varieties, but is rarer in the microgabbros.

Plagioclase compositions

determined from albite twins fall in the range An60-68 for coarsergrained rocks, while unaltered microgabbros have compositions in the
range An50-60,

A very small amount of accessory spinel (probably magnetite)

occurs in most of these rocks, while large irregular grains of magnetite
occur in some of the coarser-grained rocks such as 38644 (Plate 51) .
Specimens 38645-7 are typical pegmatitic gabbros composed of
orthopyroxene, clinopyroxene and plagioclase, with grain sizes varying
from 1-10 mm.

These are altered in that the plagioclase is partly

saussuritized and the pyroxenes partly replaced by amphiboles.
Specimens 38639, 38640 and 38642 are typical medium- to coarsegrained. gabbros with a more uniform grainsize.
anhedral, but in

3863~

mozaic (Plate 52).

Most of the grains are

the plagioclase-rich patches form a polygonal

Some inclusions of plagioclase occur in pyroxenes of

38639, which on texture alone could easily be mistaken for a cwnulate
if its field relationships were not known (compare Plate 52 with Fig. 154
of Wager and Brown, 1968).
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Texturally, 38608 is a transition between the

t~pical

medium-

grained gabbros and the microgabbros such as 38705 and 38891.

Micro-

gabbros commonly have a uniform grainsize of around 0.5 mm and are
composed essentially of augite and labradorite with a little iron oxide.
More rarely they contain a little hypersthene.

The augite grains are

anhedral and commonly define a foliation parallel to the dyke walls.
The overall texture (Plate 53) is "granoblastic", similar to many
coarser-grained gabbros, but also very similar to some granulites.

It

is suggested that these "granoblastic" textures in the gabbros and microgabbros formed instead of subophitic textures because the magmas were
injected into layered ultramafics that were still quite hot.

So in

cooling more slowly than a normal dolerite dyke, granoblastic textures
resulted from subsolidus adjustment of grain boundaries, as would occur
during the formation of a basic. granuli te or hornfels (Spry, 1969).
Specimen 38897 (Plate 54) is. an unusual microgabbro containing a
thin lens and a "nodule" of coarser-grained augite which show a polygonal
granoblastic texture (i.e. similar to some cumulate pyroxenites).
Specimen 38917 is from a block of massive chromitite occurring in
a pegmatitic gabbro dyke at 3385E/8958N.
is shown in Plate 55.

The texture of the chromitite

The chromite grains, some of which appear to have

been resorbed, are surrounded by hydrogarnet and saussurite replacing
pl.agioclase and tremolite-actinolite replaci.ng pyroxenes.

A partial

analysis of the hyd!'.ogarnet, which is l.ight green in colour, yielded about
5% Cr 2o3 , suggesti_ng that it may be a hydro-uvarovite/hydrogross_ular
mixture instead of the usual
rodingite.

hyd~ogrossular

replacing plagioclase in

(Massive·chromitite was also found by the writer in a
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pegmatitic gabbro dyke intruding harzburgites on Macquarie Island.)
Most of these gabbros and microgabbros are altered.

Usually,

the plagioclase is replaced by cloudy saussurite, fine-grained mica, or
more rarely, chlorite.

The pyroxenes have been partly to entirely

replaced by amphiboles; orthopyroxenes are usually replaced by uralitic
tremolite-actinolite, while the clinopyroxenes may be replaced by
v.ralite or pseudomorphed by single crystals of light green or l.ight brown
hornblende.

Some of the altered rocks in which the textures ar0

preserved include 38609, 38657, 38673, 38892 and 38898.

Specimens 38652

and 38662 consist of a mess of random tremolite-actinolite grains and
interstitial saussurite, the original .igneous textures being entirely
destroyed.

Specimens 38675, 38680 and 38681 are altered gabbros con-

taining abundant anhedral quartz which is probably of metasomatic origin.
As mentioned above, gabbroic

dy~es.

in highly serpentinized ultra-

mafics have commonly been replaced by rodingite.

This process almost

certainly occurs during serpentinization, and commonly involves Ca and
Al metasomatism (Bilgrami and Howie, 1960; Coleman, 1966, 1967).
Specimen 38669 is a rodingitized gabbro in which the plagioclase has
been replaced by fine-grained hydrogrossular, the orthopyroxenes partly
replaced by uralite and chlorite, while the clinopyroxene and magnetite
have suffered sl.ight alteration.
very well preserved,

The texture of the original rock is

Specimen 38661 is a rodingite in which the

pyroxenes are relatively more altered to uralite, but in which the
igneous texture is still fairly well preserved.

A more complete

discussion of the origin of the rodingites is given in another chapter.
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Specimens 38651 and 38671 are altered gabbros consisting

of

uralitic amphiboles, saussurite, chlorite, and patches and veins of
prehnite.

ORIGIN OF THE TEXTURES AND LAYERING IN THE ULTRAMAFICS AND GABBROS
1.

Cumulate textures of the Brassey Hill Harzburgites and Caudrys
Hill Pyroxenites
As has been indicated, the textures of the undeformed layered

ultramafics are very similar to those developed in complexes believed to
be of cumulative origin, in particular to the ultramafic zones of the
Stillwater and Bushveld complexes and the Great Dyke (Hess, 1960;
Jackson, 1961; Wager and Brown, 1968).

In accordance with this hypothesis,

most layers in the Heazlewood River Complex can be classed as orthopyroxene and/or olivine cumulates.

Accessory chromite is ubiquitous and

is probably cumulus in most or all layers.

Where the cumulus grains

continued to grow after settling, presumably by continuous diffusion
between the interstitial magma and the immediately overlying main body of
magma, granular orthopyroxenites, dunites or harzburgites with mutual
interference textures were formed.

If such diffusion was incomplete or

did not take place, the interstices between the settled crystals were
filled by varying proportions of plagioclase, orthopyroxene, clinopyroxene,

.

and olivine (?) with little or no secondary enlargement of the cumulus
grains.

Such interstitial minerals may form

isolate~

grains·or may be

optically continuous over patches, so forming oikocrysts enclosing a
number of cumulus grains.

The minerals forming oikocrysts are ortho-
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pyroxene and clinopyroxene (in poikilitic harzburgites and lherzolites)
and to a less extent plagioclase (in some plagioclase pyroxenites).
The interstitial magma may react with cumulus grains, so that the
oikoc:r:yst grows at the expense of the cumulus grains.

This commonly

occurred duri_ng the growth of orthopyroxene oikocrysts in poikilitic
harzburgites.

Reaction with the cumulus grains during the formation of

clinopyroxene oikocrysts was generally more limited, but more extensive
reaction has occurred in some layers of lherzolite and pyroxenite.
In comparison with other cumulates, the only unusual rocks are
the olivine pyroxenites from the lower part of the Caudrys Hill
Pyroxenites.

In accordance with the cumulate hypothesis, the olivine in

these rocks would be interpreted as an interstitial postcurnulus phase
The writer does not know of the occurrence of similar rocks from other
cumulates.

The plagioclase dunites and troctolites, which are abundant

in the northern part of the Brassey Hill Harzburgites, are not very
common in the ultramafic zones of the Bushveld and Stillwater complexes
and the Great Dyke.

However, the writer observed abundant plagioclase

dunites interlayered with gabbros and troctolites in the layered gabbros
on Macquarie Island.(Varne and Rubenach, 1972).
It has been

~rgued

in a previous section that some of the

deformed Nineteen Mile Creek Duni tes could have or.iginally been cumulates,
mainly on the basis of a single specimen of chromitite.

The composition

of these rocks also does not preclude a cumulative origin.

However,

this hypothesis must be regarded as quite tentative for the positive
evidence for a cumulative origin is very slight.

2.

Multiple intrusion and tectonite hypotheses
On textural. grounds, there is no reason why the Brassey Hill

Harzburgites and the Caudrys Hill Pyroxenites cannot be cumulates.
However, it has been shown that textures of ultramafic and gabbroic
dykes, and also of rocks which have been annealed following deformation,
can be fairly similar to certain cumulate textures, namely the granular
or polygonal textures and interstitial textures.
would be more difficult to explain:

The poikilitic textures

they could perhaps form by slow

cooli.ng of a magma or crystal mush lubricated by magma, but it is more
difficult to explain how poikilitic textures could form during
annealing of a tectonite.
If most of the layering in the Caudrys Hill Pyroxenites and
Brassey Hill Harzbu.rgites is the result of multiple injections of magmas
many more

cross-cutti~g

relationships would be expected (for example,

as occurs in the dolerite dyke swarms on Macquarie Island - Varne and
Rubenach, 1972).

Also the hypothesis of abundant multiple intrusions is

far more complex than the cumulative hypothesis for the variety of rock
types and their bulk compositions would be even more difficult to explain.
If part or all of the Caudrys Hill Pyroxenites and Brassey Hill
Harzburgites are annealed tectonites, the layering would have to be
explained by metamorphic differentiation, involving mechanical separation
of grains into layers and/or diffusion.

However, as has been already

discussed, isoclinal or intrafolial folds, together with cross-cutting
relationships, would be expected if the rocks are tectonites, and these
are not observed.

Also, some relict deformation textures would be

expected to be preserved, but the only deformation textures observed are
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cataclastic rather than "plastic", and formed later than the textures
under discussion.
It is very difficult to explain the observed scour-and-fill
structure and the outcrop showing truncated cross bedding according to
the tectonite hypothesis, ·but these structures are easily explained in
terms of the cumulate hypothesis.
From all this textural and structural evidence, it is concluded
that the cumulate hypothesis best explains the observed data.

In the

next chapter it is argued that the chemical data are also consistent
with crystal accumulation.
3.

The convergence of textures of cumulates, dykes and high grade
metamorphics*
Given that certain textures developed in cumulates, gab?ro dykes,

ultramafic dykes, and high-grade regional or thennal metamorphics are
similar, what is the explanation of this convergence?

The common factor

in all cases is that they all cooled slowly through the moderate or high
temperat~re

range.

In metamorphic rocks, textures are believed to tend

towards the lowest total surface energy by grain boundary migration
(Spry, 1969) •

The polygonal granoblastic textures (i.e. straight. grain

boundaries and abundant

triple~points)

in many regional and thermal

metamorphic rocks are thought to reflect such a low surface energy state.
There is no reason why similar

tex~ures

cannot form either as crystals

slowly grow from a magma or by subsolidus grain boundary migration during
slow cooling.

* After preparation of this section~ it was discovered that many of the
ideas .expressed here are discussea in detail in Vernon (1970) .
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It is suggested then that some, and perhaps all, the cumulate
textures satisfy the lowest total surface energy requirement.

It is

not known whether the present texture of a rock formed in the final
stages of magmatic crystallization, or is small or major textural adjustments occurred by subsolidus grain boundary migration, as is suggested
by Cameron (1969) for some plagioclase cumulates.
Whether a particular grain forms rational (i.e. is euhedral) or
irrational grain boundaries in contact with another mineral can also be
linked to the surface emergy requirements (Spry, 1969).

Similar

explanations may be applied to such observations as (1) olivine inclusions
in orthopyroxene iokocrysts are invariably rounded; (2) contacts between
olivines and orthopyroxenes in. granular harzb'Ll:rgites and olivine
pyroxenites are usually curved; (3) olivines surrounded by plagioclase
are commonly euhedral; (4) where in mutual contact, plagioclase grains
in both cumulates and gabbros commonly form polygonal textures in which
triple-point junctions and straight boundaries are abundant.
To explain why the gabbro and microgabbro dykes in the Heazlewood
River Complex have granoblastic textures similar to basic granulites and
hornfelses, it is suggested they intruded the layered rocks while the
latter were still hot.

As previously described, coarser-grained gabbros

and pegmati tic. gabbros form very irl'.egular dykes, so

perhap~

emplaced while the ultramafics were still relatively plastic.

they were
It is

possible that some of these formed by the channelling of interstitial
magma trapped between cumulus grains, perhaps by a filter press mechanism
as described in Hess (1960).

The medium-grained gabbros and microgabbros

tend to form tabular dykes, so when these were emplaced the ultramafics
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had cooled sufficiently for brittle fracture to take place.

It is

also interesting that the microgabbro dykes intruding ultramafics occur
in the same areas and are subparallel to sheeted dolerite dykes.

The

dolerites have subophitic textures and lath-shaped grains rather than the
gr11noblastic textures in the microgabbros, and perhaps intruded the
ultramafics when they were ccoler than when the microgabbros intruded.
The picture, then, is one of continuous intrusion of basic dykes
into the layered ultramafics as they gradually cooled.

In chapter 6,

it is argued that to some degree there is a chemical as well as textural
continuum in these rocks.
4.

Origin of the layering in the ultramafics
The origin of layering in cumulates is discussed in detail by

a number of authors, including Hess (1960), Jackson (1961, 1967), Hawkes
(1967), and Wager and Brown (1968).

Since the present writer did not

do modal analyses or study sections of layered rocks in a systematic
way, the layering in the Heazlewood River Complex is only briefly
compared with that in other complexes and conclusions drawn must be
regarded as tentative.
4.1

Comparison with layering in other layered intrusions
At first sight, the layering in the Brassey Hill Harzburgites- and

Caudrys Hill Pyroxenites would appear to be very similar to layering in
the ultramafic zones of the large layered intrusions.

This could be

expected in view of the similarities in textures and most of the rock types.
The southern part of the Brassey Hill Harzburgites, where the most common
rocks are granular and poikili tic harzbu.rgi tes, commonly with thinner
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layers of olivine pyroxenites and pyroxenites, would appear to be the
most similar to the ultramafic zones of other layered intrusions.
However, a comparison outlined below, using the nomenclature of Jackson
(1967) reveals some differences.
As far as can be judged without detailed modal analyses, most of
the layers in the Brassey Hill Harzburgites and Caudrys Hill Pyroxenites
appear to be essentially isomodal with respect to the cumulus phases, as
is the case for the large layered intrusions.

Observed mineral-graded

layers include a single olivine pyroxenite-granular harzburgite layer
(see Fig. 14) and some layers of plagioclase dunite and troctolite.
The types of contacts between adjacent layers (see Jackson, 1967,
pp.22 and 35) are summarized below:
1)

Phase contacts - horizons marked by the appearance or dis-

appearance of a cumulus mineral.

Many of the contacts in the Brassey Hill

Harzburgites are of this nature, especially contacts between poikilitic
harzburgites and granular harzburgites or olivine pyroxenites.

Such

contacts are quite rare in the Caudrys Hill Pyroxenites, being restricted
to contacts between plagioclase pyroxenites and the rare lherzolite layers
in the upper part of the sequence.
2)

Ratio contacts - horizons marked by a sharp change in the

proportion of two cumulus minerals.

Again, such contacts are quite common

in the Brassey Hill Harzburgites (especially contacts between granular
harzburgites and olivine pyroxenites), but very rare in the Caudrys Hill
Pyroxenites.
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3)

Form contacts - horizons marked by sharp changes in such

properties as grainsize, shape and preferred orientation of cumulus
grains.

Many phase and ratio contacts are commonly, but not necessarily,

also form contacts.

Form contacts are abundant in the Caudrys Hill

Pyroxenites, common examples including sharp changes in grainsize and/
or sharp changes from layers composed of stubby prismatic grains of a
more random orientation to layers composed of platy grains defining a
distinct igneous lamination.
4)

A type of layering contact, which is common in the Heazlewood

River Complex but not mentioned in

Jac~son

(1967) is a reflection of

variations in the interstitial postcumulus minerals.

Examples of this

include most of the layering in the plagioclase dunites and some of the
layering in the pyroxenites and olivine pyroxenites of the lower part of
the Caudrys Hill Pyroxenites.

"Sublayering" due to variations in inter-

stitial plagioclase content within layers of plagioclase pyroxenites,
especially in the upper part of the Caudrys Hill Pyroxenites sequence,
is of this type.

The contacts in this type of layering may be sharp but

commonly are diffuse.

There is every gradation from a well-defined

"sub layering", which is parallel to other local layering types, into
irregular patches of interstitial plagioclase within a larger plagioclase
pyroxenite or plagioclase dunite layer.
According to Jackson (1967, p. 35), over 70% of the layer contacts
in the ultramafic zones of the large layered intrusions are phase contacts
between adjacent isomodal layers, each of which contains a single cumulus
phase (excluding accessory chromite).

Such layering also occurs in the
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Heazlewood River Complex, but in contrast, phase contacts involving
two cumulus minerals, ratio contacts, contacts exclusively of the
form type, and layering defined solely on variations in the proportion
of interstitial phases, are also fairly abundant.
Because of structural complications and lack of detailed studies
by the writer, it is not known if cyclic units such as those present
in the ultramafic zones of the large layered intrusions (Jackson, 1961,
1967; Wager and Brown, 1968) occur in the Heazlewood River Complex.
4.2

Origin of the layering
Discussions of the possible factors involved in the formation of

the smaller scale layering in cumulates (as opposed to the larger scale
cryptic variations) can be found in Hess (1960), Jackson (1961), Hawkes
(1967) and Wager and Brown (1968).
As a first approximation, some of the main factors which may
directly or indirectly produce layering are as follows:
1)

Nucleation.

This can also be linked with undercooling.

2)

Hydrodynamic factors.

The rate of settling of crystals in

_ 2gr 2 dc-dm
a m.agma can be expressed as V - ~n

9

(Hess, '1960, p. 139), where

V is the settling velocity, g the gravity constant, r the radius of the
grains, de the density of the crystals, dm the density of the magma, and
n the viscosity of the magma.

So in a magma chamber at any given time,

the densities and sizes of grains should be the important factors in
crystal settling rates.

The presence of convection currents in a magma

would provide an additional hydrodynamic factor.

85

Hess (1960) has shown that olivines and orthopyroxenes of similar
Mg/Mg+Fe have nearly identical densities.

Thus sorting of olivine and

orthopyroxene grains of similar sizes would not be expected.

The

relative lack of mineral-graded layers in the dominantly orthopyroxene
and olivine cumulates of the Heazlewoo<;i River Complex and the large
layered intrusions is consistant with this observation.
Because of the dependence of settling rates on the square of the
radii of the grains, size-graded layers would be expected to be common
if the crystals fell through an appreciable column of magma before accumulating on the floor of the magma chamber.

Unfortunately lack of time

prevented detailed studies of grainsize variations in layers, such as
those done by Jackson (1961) and Macdonald (1967).

However, a large

number of layers less than 1 m thick were closely examined in the field
and in thin section.

If size-grading occurs it is certainly quite subtle,

as it is not at all obvious in thin section.

It would be quite insigni-

ficant compared with very sharp grainsize changes across layer contacts.
Jackson (1961, pp.35-37) discusses the lack of size-graded layers in the
ultramafic zone ?f the Stillwater Complex, and on the basis of this and
other arguments postulates that crystallization occurred relatively close
to the bottom of the magma.

The present writer believes that similar

arguments could apply in the case of the Heazlewood River Complex.
The present writer also agrees with Jackson (1961) regarding the
or.igin of planar lamination of platy grains.

If grains grow with such a

habit, it would seem likely that they would define a planar lamination
simply by falling and coming to rest on top of other crys·tals; convection
currents are theref9re probably not necessary to explain planar lamination.
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As in the case of the Stillwater Complex, there are some structures
which can be explained by convection currents during crystal accumulation,
but these are relatively rare in comparison with the Skaergaard Complex
(Wager and Brown, 1968).
In view of the fact that the layering in the ultramafics cannot
be satisfactorily explained in terms of hydrodynamic sorting processes,
it is suggested that undercooling and nucleation could be important
controls in producing phase, ratio and form contacts.

It is proposed

that after considerable undercooling of stagnant magma near the bottom
of the chamber, nucleation,growth and settling of cumulus olivine and/or
orthopyroxene occurred.

The temperature of the magma at

the bottom of

the chamber would rise due to this crystallization (due to the "latent
heat of crystallization"), so that crystallization would cease until
there occurred sufficient undercooling for another nucleation burst.
In order to explain rhythmic layering, Hawkes (1967) suggests
undercooling and nucleation may cause oscillatory variations in the
composition of a magma.

He illustrates his model with reference to the

Di-Ab-An system, and shows how undercooling could produce oscillatory
changes in the composition of the liquid about the cotectic.

It is

suggested that a similar mechanism could apply in the case of the
Heazlewood River Complex, but in contrast to the formation of rhythmic
layering in the Freetown Basic Complex as discussed by Hawkes, it is
suggested that relatively short nucleation bursts near the bottom of the
stagnant magma may have produced the fine-scale layering with isomodal
phase and ratio contacts in the Heazlewood River Complex.

The relevant

cotectic in the case of the -Heazlewood River Complex would be olivine-
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orthopyroxene in the system Mg Si0 -CaMgSi 20 -Si0 2 of Kushiro (1964).
6
2 4
Hawkes (1967) also argues that the total number of crystals per
unit volume of rock is a measure of the degree of undercooling.

If

this is so, then in the case of the Heazlewood River Complex, the average
grainsize of a layer could reflect the degree of undercooling.

Thus the

sharp changes in grainsize which are commonly concomitant with ratio or
phase contacts between adjacent layers, could perhaps be explained by
cycles of undercooling, nucleation and sudden cessation of nucleation due
to release of latent heat.

The shapes of grains depend to some extent on

nucleation and especially the rate of growth, so these factors may also
explain the abrupt changes from layers comprised of platy grains showing
planar lamination to layers composed of stubby prismatic grains of
apparent random orientation.
Jackson (1961) suggests that intermittent variable depth
convection could periodically replenish the magma from which crystallization is occurring at the bottom of the chamber.
Hess (1960) suggests that a relatively slow accumulation of
grains would enable a more complete diffusion to take place between the
magma interstitial to cumulus grains and the immediately overlying main
body of magma, thus promoting overgrowth of cumulus grains rather than
interstitial crystallization of other minerals.

Conversely, a relatively

rapid accumulation would tend to trap the interstitial magma so that
interstitial and poikilitic grains of minerals other than the cumulus
phases will crystallize.

Wager and Brown (1968) point out that under.:.

cooling may also influence whether or n'ot the cumulus grains continue to
grow so as to completely fill the interstices (i. e. form adcumulates);
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if the temperature of the interstitial magma is sufficiently raised by
the growth of the cumulus grains then secondary enlargement of the cumulus
grains would temporarily cease.

By the time undercooling sufficient for

continued crystallization of the interstitial magma has taken place,
too many additional cumulus grains could have settled on top of the
horizon under consideration so that the diffusion necessary for continued
enlargement of cumulus grains in this horizon is impossible.

So

localized undercooling ,and diffusion of ions may go hand in hand in
determining the relative importance of secondary enlargement of cumulus
grains or interstitial growth of other minerals during the formation of
any particular layer.

Perhaps such processes also help in determining

the relative abundance of the various postcumulus phases (usually orthopyroxene, clinopyroxene and plagioclase) in any particular layer.
The type of layering which is a function of variation in interstitial minerals may therefore be controlled by such processes as rate of
settling of cumulus grains, diffusion between the interstitial magma and
the immediately overlying main body of magma, together with temperature
changes, undercooling, and nucleation processes acting within the interstitiai magma.

The diffuse nature of much of this type of layering would

be expected from such processes, as would the irregular patches of interstitial plagioclase in many plagioclase pyroxenites and dunites.

It is

also possible that diffuse layers and irregular patches defined on interstitial plagioclase content could have formed by postcumulus diffusion
entirely confined to the interstitial magma trapped between the cumulus
grains.

89

4.3

Conclusions
It is concluded that the Caudrys Hill Pyroxenites and the Brassey

Hill Harzburgites are essentially orthopyroxene and/or olivine cumulates
which may have formed by crystallization at the bottom of the magma
chamber.

Cycles beginning with undercooling, followed by nucleation and

growth which raised the temperature sufficiently to stop crystallization,
may explain the observed layering in which the contacts are of the phase,
ratio, and form types.

Layering defined by interstitial minerals may

depend on similar processes acting at or near the interface between the
settled grains and the main body of magma, as well as diffusion
processes acting between the interstitial magma and the overlying main

body of magma and/or entirely within the magma trapped interstitially
between the cumulus grains.
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Chapter 4
THE PETROLOGY OF THE LAYERED ULTRAMAFICS AND GABBROS OF
THE OTHER TASMANIAN COMPLEXES IN COMPARISON WITH THE
HEAZLEWOOD RIVER COMPLEX

In this chapter, the rock types, layering, petrography and
intrusive relationships of the primary ultramafics and gabbros in
the other Tasmanian complexes are compared with their equivalents in the
Heazlewood River Complex.

In making such comparisons, it must be

realized that these bodies have all been dismembered to varying degrees
and in no case is a compl,ete stratigraphic sequence represented.
1.

The Serpentine Hill Complex
The petrology of the layered ultramafics, layered gabbros and

intrusive gabbroic rocks in this complex is described in detail in the
Appendix.

The ultramafics are mainly orthopyroxenites, harzburgites, with

rarer dunites, lherzolites and wehrlites.

Such rock types as plagioclase

dunites, plagioclase harzburgites, and plagioclase lherzolites are
extremely rare or absent, and rocks similar to the Nineteen Mile Creek
Dunites were not observed.

The pyroxenites, harzburgites and dunites

occur interlayered with each other, commonly on a relatively fine scale.
Both poikilitic and granular harzburgites occur.

Interstitial plagioclase

occurs in some rocks, but it is not nearly as abundant as it is throughout
most parts of the Brassey Hill Harzburgites.
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As a generalization, the layered ultramafic rocks in the
Serpentine Hill Complex resemble the Brassey Hill Harzburgites to the
west and SW of Brassey Hill itself, where abundant pyroxenites occur
interlayered with harzburgites.

The textures are extremely similar

to those in the equivalent rock types in the Brassey Hill Harzburgites.
Many of the orthopyroxenite layers do npt contain olivine, however, and
are also similar to olivine-free layers in the Caudrys Hill Pyroxenites.
The medium- to fine-grained pyroxenites or plagioclase lherzolites,
which typify the most differentiated rocks in the Heazlewood River Complex,
are missing from the Serpentine Hill Complex.

Instead, there is an

apparent gradation from the layered ultramafics into layered twopyroxene gabbros, through a transition zone consisting of interlayered
pyroxenites, plagioclase pyroxenites, and two-pyroxene gabbros.

Olivine

is totally absent from both the layered gabbros and the transition rocks.
The exact relationships between the three groups are obscured by swarms
of ,intrusive

mic~ogabbros

and faulting.

There are no equivalents of the

transition rocks and layered two-pyroxene gabbros in the Heazlewood River
Complex.
The pegmatitic gabbro and microgabbro dykes are very similar in
form and composition to their counterparts in the Heazlewood River
Complex, except that the microgabbros are very abundant in parts of the
Serpentine Hill Complex.
The textures in the layered ultramafics of the Serpentine Hill
Complex are very similar to the equivalent rocks in the Heazlewood River
Complex.

Observed differences, such as the presence of some very coarse-
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grained pyroxenite layers in the former complex, are relatively minor.
The layering is also very similar, with phase, ratio and form contacts
all being fairly abundant, as in the Heazlewood River Complex.

Layering

defined entirely by the proportion of interstitial minerals is not as
common in the Serpentine Hill Complex but has been observed within some
coarse-grained pyroxenites which contain "sub-layers" with interstitial
plagioclase.

As described in the Appendix, the transition rocks have

classic cumulate textures, while plagioclase, hypersthene and augite can
all be interpreted as cumulus phases in the two-pyroxene layered gabbros.
Layering in the latter is commonly on a fine scale, and planar lamination
is fairly common.
Several residual lenses of interlayered pyroxenites and harzburgites
occurring in the extreme north of the Dundas Serpentinite are very similar
to those occurring in the Serpentine Hill Complex.
2.

The Wilson River Complex
As previously mentioned, this body has suffered more than the

Serpentine Hill Complex from dismembering and serpentinization.

The

writer looked in detail at well exposed layered ultramafics on Riley Knob,
and also observed massive orthopyroxenites near the eastern contact just
north of Christina Creek.

Small pods of massive and layered pyroxenites

occur in the Colebrook Hill area (Fig. 7).
At Riley Knob, the main rock types are orthopyroxenites, granular
harzburgites and some dunites.

Plagioclase pyroxenites and some norites

(in which plagioclase is interstitial) also occur.

The layering is on a

fine scale, and the pyroxenites either alternate with granular harzburgites
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or occur as successive pyroxenite layers with form contacts (i.e. sharp
changes in grainsize and grain shape, and in the degree of preferred
orientation) (see Plates 58-60).

Some pyroxenite layers show size-

gradi.ng, being the only examples of this phenomenon observed in the
Tasmanian complexes.

Many of the finer-grained pyroxenite layers are

composed of platy orthopyroxenes showing planar lamination.

The rock

types, layering style and textures developed in the layered ultramafics
are very similar to some parts of the Serpentine Hill succession, and
are quite consistant with a cumulative origin (see specimens 38860 and
38878).
Some gabbroic and ultramafic rocks occurring north of the Wilson
River are described in Waterhouse (1914).

One rock

part~cularly

well

described is an olivine websterite in which anhedral clinopyroxene is
interstitial to subhedral orthopyroxenes.
A considerable quantity of alluvial osmiridium was obtained from
the Wilson River area (Reid, 1921).

In the Heazlewood River Complex,

the occurrence of this mineral is obviously associated with the Nineteen
Mile Creek Dunites, and

als~

occurs in association with serpentinized

dunites in the Mt. Stewart Serpentinite.

It is suggested

then, that

some of the highly serpentinized rocks in the Wilson River Complex may be
similar to the Nineteen Mile Creek Dunites.
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3.

The Mcivor Hill Gabbro
As previously mentioned, layering (Plate 3) and intrusive bodies

of pegmatitic gabbros have been observed in some localities in the
Mcivor Hill Gabbro, which in many ways resembles the layered gabbros in
the Serpentine Hill Complex.

In thin section (for example, specimens

38935 and 38878), the. gabbro consists of saussuritized plagioclase,
orthopyroxene replaced by

~astite

pseudomorphed by hornblende.

or uralite, and clinopyroxene partly

The texture is consistent with, but not

diagnostic of, a cumulative origin.

The replacement of augite by

hornblende in believed to have occurred during alteration, and the
existence of primary hornblende, as

reported in Waterhouse (1916) and

Blissett (1962) could not be confirmed.
4.

The Noddy Creek Complex
Relict cores of unserpentinized ultramafics are not very common

in the Noddy Creek Complex.

In the area examined by the writer (Fig. 8),

most of the primary ultramafics are massive orthopyroxenites, but one
kernal of interlayered pyroxenites, dunites and harzburgites occurs
(Plate 61).

The orthopyroxenites locally grade to plagioclase pyroxenites

in which plagioclase and clinopyroxene are interstitial to the orthopyroxenes (Plate 62).

Most of the gabbros shown in Figure 8 are very

similar to those intruding ultramafics in the Heazlewood River Complex,
but some (for example, specimen 38834) could be part of a layered ultramafic-gabbro sequence.

Most are highly altered to saussurite and amphiboles.
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5.

The Spero Bay Complex
Partly serpentinized ultramafics consisting mainly of ortho-

pyroxenites and lherzolites interlayered on a relatively fine scale
(1.5-17 cm) are briefly described in Taylor (1955, p.57).

It is not

known whether the l<l:rge. gab bro body immediately adjacent to the ultramafics is composed of layered gabbros, intrusive gabbros or both.
6.

The Andersons Creek Complex
The petrography of this body is discussed in detail in Green

(1959) and Gee and Legge (in press) and only a brief summary is given
here.
Gee and Legge (in press) interpret the primary rocks as layered
ultramafics passing up into layered gabbros, and intruded by various
gabbros and hornblende gabbros.

The ultramafics have been serpentinized

and the only unaltered cores remaining are orthopyroxenites.

However,

Green (1959, p.15) argues that at least some of the partly or entirely
serpentinized rocks are peridotites.

Gee and Legge (in press) observed

gabbros interlayered with pyroxenites on a scale of metres.
pyroxenites have interstitial feldspar.

Some

The layered gaqbros are mainly

two-pyroxene gabbros with some norites, and are laminated on a scale of
millimetres to centimetres, adjacent layers differing in feldspar content.
No textures typical of ·tectonites have been observed, although many of the
ultramafics have suffered post-serpentinization deformation.

Some of

the thin sections of Gee and Legge (in press) and Green (1959) were
examined by the present writer;

the rocks are very similar to the

pyroxenites and layered gabbros in the Serpentine Hill Complex, and are
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quite consistant with a cumulative origin.

The layering is very similar

to that in the Serpentine Hill Complex, and as is discussed in the
following chapter, the rocks of both complexes are very similar in
chemistry.
Intrusive gabbros in the Andersons Creek Complex include pegmati tic gabbros, and also some hornblende gabbros which were not observed
by the writer in other complexes.

Many of these have altered to

rodingites where they are in contact with serpentinites (Green, 1958;
Baker, 1959; Gee and Legge, in press); this alteration is discussed in.a
later chapter.

Albitite and quartz-albite dykes are also fairly

coITu~on.

Gee and Legge (in press) argue fairly convincingly that these are
intrusive bodies that were emplaced before serpentinization.

Such

dykes do not appear to be common in other complexes, although the
present writer found one in the Serpentine Hill Complex (see the albiteprehnite rock in the Appendix) and several highly altered quartz-albite
rocks in both the Heazlewood River and Noddy Creek bodies.
7.

The Adamsfield Complex
The Adamsfield Complex is described in detail in Brown (1972),

and the discussion below is mainly a summary of his conclusions, with
which the present writer is largely in agreement.
The Adamsfield Complex consists entirely of ultramafics, none of
which are plagioclase-bearing.

The primary ultramafics include layered

series of orthopyroxenites, olivine pyroxenites and dunites interlayered
on a fine scale.

Brown (1972) indicates that these rocks have textures

consistent with (but not diagnostic of) a cumulative origin, and their

97
chemical compositions fall in the range of cumulates from the large
layered intrusions.

The rest of the ultramafics are tectonites, which

include plastically deformed massive dunites and protoclastically
deformed massive orthopyroxenites.

Between the massive and layered

ultramafics is a complex deformation zone of dunites, pyroxenites and
mylonitized pyroxenites.

Irregular layering, boudins of pyroxenite

dunite, and isoclinal and intrafolial folds (several phases in places)
are typical of this zone.

The folds have plastically deformed the cata-

clasites and mylonites which presumably must have been produced by an
earlier deformation.
Brown (1972) postulates that all the primary ultramafics may have
formed part of a layered complex of cumulative origin, and that most of
the deformation probably occurred during tectonic re-emplacement.

In

the earlier stages the hot ultramafics, in particular the dunites,
deformed plastically but as the rocks cooled down brittle or cataclastic
deformation occurred.

Serpentinization was later still and facilitated

tectonic re-emplacements .to still higher levels.

In the essential

details, the tectonic re-emplacement of the Adamsfield Complex is believed
by Brown (1972) to be analogous to that of the Twin Sisters Dunite
(Ragan, 1967).
The layered ultramafics at Adamsfield are similar to some of the
rocks in the Heazlewood River Complex, and in particular to the finely
interlayered pyroxenites and dunites exposed at Riley Knob in the Wilson
River Complex (cf. Plate 58).

However, mylonites, isoclinal and intra-

folial folds, boudins, and irregular transecting relationships between
ultramafics have not been observed in the Main Belt complexes. The texti.a'cs
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in the deforme'd Nineteen Mile Creek Dunites are similar to those of the
massive dunites and pyroxenites of the Adamsfield Complex, suggesting
that the deformation perhaps occurred under similar conditions.

It is

also significant that the osmiridium deposits are associated with both
the Nineteen Mile Creek Dunites and the Adamsfield Complex.
8.

Discussion and conclusions
In making comparisons between the Tasmanian complexes it must be

remembered that all of them are dismembered to varying extents during
tectonic re-emplacements and later faulting.

The fact that ortho-

pyroxenites and gabbroic rocks are the most abundant primary rocks in
the more serpentinized bodies as Noddy Creek, Wilson River and Andersons
Creek may be simply because these rock types are obviously the most
resistant to serpentinization.

Bearing these facts in mind, the following

generalizations can be made:
1)

With the exception of the Nineteen Mile Creek Dunites, the

textures and layering in the primary ultramafics and layered gabbros in
the Main Belt complexes are consistent with these rocks being formed by
crystal accumulation from magmas.

They can be classed as olivine and/or

orthopyroxene cumulates*, with clinopyroxene and plagioclase being
additional cumulus phases in the layered gabbroic rocks.
2)

Probable gradations from layered ultramafics upwards into

layered two-pyroxene gabbros occur in the Serpentine Hill and Andersons
Creek bodies.

It is not known

whe~her

or not such layered gabbro sequences

* Accessory chromite present in most rock types is probably an
additional cumulus phase.
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originally formed part of such complexes as Heazlewood River, or whether
layered ultramafics originally formed part of the Mcivor Hill Gabbro.
Similarly, it is impossible to tell if rock types peculiar to one
complex (for example, the plagioclase dunites of the Heazlewood River
Complex) were present in other complexes before serpentinization, tectonic
re-emplacement and faulting.
3)

Intrusive gabbroic rocks, in particular pegmatitic and

coarser-grained. gabbros, occur in all the large Main Belt complexes.
Microgabbros have been observed only in the Serpentine Hill and
Heazlewood River Complexes.
4)

The Adamsfield Complex differs from those in the Main Belt

in that no plagioclase-bearing rocks are present.

A series of layered

ultramafics is, however, similar in textures and layering characteristics
to some outcrops in the Main Belt complexes.

Deformation textures in

massive dunites and pyroxenites in the Adamsfield Complex are similar to
those in the Nineteen Mile Creek Dunites, but in contrast no counterparts of the mylonites or the isoclinally folded and boudinaged tectonites
have been observed in the latter.
In subsequent chapters, differences in chemical compositions and
serpentinite types in the Main Belt complexes
are discussed.

and the Adamsfield Complex

The Boyes River body is composed of similar serpentinites

and is probably related to the Adamsfield Complex.

However, despite the

differences in location, petrology and chemistry between the Main Belt
and the Adamsfield ultramafics, it is nevertheless interesting that
osmiridium is associated with both.

(The upper mantle under Tasmania in
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the Eocambrian was presumably enriched in osmium and iridium relative
to other platinoid elements.)

r

r
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CHAPTER 5
CHEMICAL COMPOSITIONS OF THE TASMANIAN ULTRAMAFICS AND GABBROS

INTRODUCTION
In' this chapter, the chemistry of the primary ultramafic and
gabbroic rocks and their constituent minerals is discussed in detail.
Comparisons are made with such rocks as the large layered intrusives,
alpine ultramafics and ophiolite complexes, and conclusions are reached
on the nature of the magmas from which the layered ultramafics and
gabbros crystallized.
The methods of analysis are discussed in the Appendix.

BULK COMPOSITIONS OF THE ULTRAMAFICS AND GABBROS
The chemical compositions of most of the ultramafics analysed by
the writer are presented in Table 1, while analyses of rocks from the
Serpentine Hill Complex are given in the Appendix.
of Tasmanian ultramafics and gabbros

a~e

Additional analyses

given in Taylor (1955), Spry

(1962b), Palethorpe (1972), Brown (1972) and Gee and Legge (in press).
1.

The affect of serpentinization on chemical composition
As can be seen from the ignition losses, the olivineMbearing

ultramafics are partly or largely setpentinized.

The question as to

whether metasomatism has accompanied serpentinization must be considered
if the serpentinized samples are to be taken as approximately representing
the primary composition, allowance being made for the H2o added.

Table 1
Analyses of ul tramafic rocks.
38531

38595

38530

38540

38622

38619

38555

38565

38587

38591

56.36
0.18

54.55
1.12

0.60
0.00
0.10
n.d.
0.97
0.84

54.36
0.39
1.80
6.22
33.39
1. 28
0.01
0.00
0.11
0.00
0.17
0.16
0.56
2.29

54.81
1. 78
0.60
9.60
31. 75
1. 21
0.02
0.00
0.14
0.00
0.18
0.29
o. 74
0.79

54.56
3.02
0.80
9. 79
27.99
1.96
0.32
0.00
0.14

40.11
2.14
4.38
4.11
33.65
2.14
0.01
0.00
0.09
0.02
0.17
0.27
0.62
11.82

38.57
6.35
2.16
6.91
31.60
3.77
0.11
0.00
0.11
0.00
0.13
0.23
0.66
9.57

52.39
1.95
1.60
5.38
30.97
3.47
0.01
0.00
0.12

0.17
0.15
0.48
1.22

52.50
7.49
0.59
8.58
22.81
3.98
o. 84
0;21
0.13
0.01
0.16
0.20
0.48
1. 09

0.12
0.13
0.57
2.86

50.78
3.87
0.47
6.52
29.08
5.35
0.22
0.00
0.13
0.00
0.13
0.21
0.62
2.11

38.44
11.55
0.53
5.29
22.17
13.10
0.05
0.00
0.07
0,00
0.08
0.28
0.47
8.16

100.12 100. 56

100. 74

99.63

101. 91

100.60

99.07

99.53

100.17

99.57

99.49

100.19

38526

Si0 2
Al 20 3
Fe203
FeO
MgO
Cao
Na 20
K20
Ti0 2
P205
MnO
NiO
Cr203
Loss

*

36. 71
0.95
1.53
7. 71
41. 97
0.04
0.01
n.d.
0.07
0.00
0.11
0.36
o. 64
10.02

7.73*
3.4.14
0.12
0.02

o.oo

9.02*
32.23
o. 79
0.01
0.00
0.09
0.00
0.13
0.28
0.73
0.68

o.oo

o.oo

38569

total Fe as FeO.

38526
38531
38595
38539
38540
38622
38619

serpentinized dunite, Nineteen Mile Ck Dunites
pyroxenite, Nineteen Mile Creek Dunites
olivine pyroxenite, Nineteen Mile Ck Dunites
olivine pyroxenite, Caudrys Hill Pyroxenites
pyroxenite, Caudrys Hill Pyroxenites
plagioclase pyroxenite, Caudrys Hil 1 P'ites
II

II

II

II

II

38555

poikilitic harzburgitb, Brassey Hill
Harzburgi tes

38565
38587
38591
38569

"
olivine
II

"

pyroxenite,
II

plagioclase lherzolite,

. II
II
II
II

Table 1 cont.

Si02.
Al203
Fe203
FeO
MgO
CaO
Na20
K20
Ti0 2
P20s
MnO
NiO
Cr203
Loss

*

38604

38573

38576

38874

38573

38544

38596

38563

38853

38862

38863

35.43
9.59
3.06
3.51
28.10
7.14
0.02

41.69
14.91
0.64
6.03
18.30
11.08
0.46
0.05
0.11
0.00
0.10
0.14
0.35
6.80

43.12
0.81
0.93
7.76
35.62
0.47
0.02
0.00
0.10
0.00
0.14
0.21
0.66
9.61

49.48
2.84
2.40
10.01
27.60
2.74
0.03
0.02
0.16
0.00
0.16
0.24
0.75
3.88

52.26
1.41

0.12
0.00
0.12
0.23
0.72
10. 74

52.39
1. 95
1.60
5.38
30.97
3.47
0.01
0.00
0.12
0.00
0.12
0.13
0.57
2.86

53.02
1. 54

0.12
0.12
0.41
1.93

43.14
5. 77
2.82
9.98
27.27
4.85
0.37
0.02
0.21
0.01
0.10
0.19
0,80
5.28

41. 74
1.06
4.92
3.55
35.38
1.35
0.02

0.10
0.00
0.06
0.27
0.52
11.39

42.47
7.46
1. 71
6.90
27.30
5. 72
0.17
0.03
0.11
0.00
0.12
0.19
0.61
7.61

57.39
0.18
0.00
5.31
36.53
1.16
0.08
0.00
0.10
0.00
0.09
0.15
0.57
0.00

99.19

100.40

100. 66

99.45

100.31

99.19

99.81

99,95

99.57

100,38

o.oo

8. 30*
23.61
10. 71
0.20

o.oo
0.12

o.oo

o.oo

7.59*
30.21
4.07
0.00
0,04
0.15
0.00
0.13
0.22
0.67
2.74

101. 38

total Fe as FeO.

38604
3.8575
38576
38874
38573
38541
38596

Plagioclase dunite, Brassey Hill Harzburgites
plagioclase lherzolite, Brassey Hill Harz'ites
II
II
ol-opx-cpx-bearing gabbro, II
harzburgite, Caudrys Hill Pyroxenites
olivine pyroxenite, Brassey Hill Harzburgites
II
II
II
pyroxenite,
plagioclase lherzolite, "undifferentiated",
Heazlewood River Complex

38563
38853
38862
38863

harzburgite, ultramafic dyke,
Heazlewood River Complex
pyroxenite, Wilson River Complex
pyroxenite, Andersons Creek Complex
pyroxenite, Adamsfield Complex
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In chapter 7, it is established that metasomatism has occurred where the
ultramafic rock has suffered post-serpentinization deformation or alteration to the green waxy-lustred serpentinites; such
excluded from discussion in this chapter.

serpen~inites

are

It is also quite likely that

Ca metasomatism was involved in the alteration of the plagioclase dunite
38604, in which the plagioclase has been replaced mainly by hydrogrossular.
For the serpentinite derived from a dunite with olivine of about
Fo90-93, the MgO/Si0 2 ratio should be about 1.23 if the reaction was of
the constant composition type (Coleman, 1971) .

Palethorpe (1972).

analysed a partially serpentinized dunite (BHl) from the Nineteen Mile
Creek Dunites, and obtained a MgO/Si0
dunite 38526 has a lower MgO/Si0

2

2

ratio of 1.23.

The serpentinized

ratio of 1.14, but this is perhaps

because it has a higher FeO content.

Both these dunites contain brucite,

as is expected for constant composition serpentinization of dunite (Coleman,
1971).

Serpentinized or partly serpentinized harzburgites from the

Main Belt complexes have MgO/Si0

2

ratios in the range 0.70 - 0.90.

This

is consistant with constant composition serpentinization, since harzburgites should have ratios in the range 0.55 (orthopyroxenite) to 1.23
(dunite), depending on the relative proportions of olivine and pyroxene.
However, this could only be confirmed by doing detailed modal analyses
and analysing the constituent minerals, as done by Green (1964).

Such

work was not done by the present writer, but whether or not metasomatism
has occurred during serpentinization does not affect the main conclusions
of this chapter, as unaltered pyroxenites show the same differentiation
ranges as the serpentinized harzburgites.
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2.

Comparisons between the Tasmanian complexes
It must be emphasized that the complexes are dismembered and were

not sampled systematically.

In other words, compositional ranges quoted

probably do not represent the ranges of the original layered sequences.
Rocks from the Brassey Hill Harzburgites and the Caudrys Hill
Pyroxenites show a similar range in chemical composition.

This is illus-

trated in the AFM plot of Figure 18, which shows a continuum in weight
percent MgO/MgO+'FeO' ratios from 69.0 to 82.2 for both groups. ~One
troctolite analysed by Palethorpe (1972) falls outside the range with a
value of 83.7.

There are no obvious differences in the compositions of

pyroxenites, which occur both in the Caudrys Hill Pyroxenites and the
Brassey Hill Harzburgites.

In contrast, the Nineteen Mile Creek Dunites

have MgO/MgO+FeO ratios between 80.9 and 82.5, with one partly serpentinized dunite (BHl) with a value of 87.8.

(This sample is referred to above

in relation to constant composition serpentinization.)
There is no obvious distinction in composition between the
pyroxenites and harzburgites of the Serpentine Hill Complex and similar
rock types in the Brassey Hill Harzburgites and the Caudrys Hill
Pyroxenites, even with regard to the NiO and Cr
and Co values given in Palethorpe (1972).

o

2 3

contents and trace V

The pyroxenites and harzburgites

of the Serpentine Hill Complex show a more restricted range of MgO/MgO+FeO
rock and the plagioclase websterite is the only analysed ultramafic rock
with a ratio of less than 80.

However, the Serpentine Hill Complex is

more dismembered than the Heazlewood River Complex, and more of the
original sequence is probably missing.

Figure 18.

.A.FM diagrams for

Ta~anian

ultramafic

rocks. Oxide values a.re in weight
percent.
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Pyroxenites from the Andersons Creek Complex and one from the
Wilson River Complex are similar to those of the Serpentine Hill Complex
and to those of the Caudrys Hill Pyroxenites and Brassey Hill Harzburgites,
except in that one sample from Taylor (1955) has a MgO/MgO+'FeO' ratio
of 86.3.
The layered ultramafics from the Adamsfield Complex show a range
of MgO/MgO+FeO ratios from 77 to 86, while the massive rocks range from
82 to 88.

(Note: in Fig. 6 of Brown, 1972, cation percentages for

Adamsfield rocks are compared with weight percentages from other
complexes.)
3.

Layered gabbros and intrusive gabbros
Compositions of intrusive gabbros from the Heazlewood River

Complex are given in Table 2, while microgabbros and a layered gabbro
from the Serpentine Hill Complex are given in the Appendix.
In terms of chemical composition, there appears to be an overlap
between the layered gabbros, coarser-grained intrusive gabbros, and microgabbros.

Plotted on an AFM diagram, most of these fall in a cluster

removed from the ultramafics, with one intrusive gabbro occurring in the
intervening space.

As is discussed in chapter 3 and the Appendix on the

Serpentine Hill Complex, there also appears to be-a mineralogical and
textural_ gradation between all these gabbro types.

Two rocks from the

Mcivor Hill body are more differentiated than the other gabbroic rocks.
It is not known whether the apparent bimodal distribution of
layered gabbros and ultramafics on the AFM plot is real or is due to
insufficient sampling.

Structurally there seems to be a gradation from

Table 2
Compositions of gabbros and microgabbros from the
Heazlewood River-Complex.

38639

38642

38705

38891

38893

38897

Si02

49.15

49.51

52.05

49.66

48. 74

49.03

Al203
Fe 20 3

15.90

15.10

15.27

15.03

15.89

15.19

0.90

FeO
MgO

11.15

Cao

1.44

5.85

7.87

9.83*

7.58*

9.86*

11.39

8.66

9.83

9.89

9.53

13.42

13.16

11.67

13.52

11.70

12.52

Na 20

0. 79

1.01

2.54

1.13

1. 63

1. 28

K20
Ti02

0.20

0.20

0.00

0.02

0.70

0.20

0.14

0.24

0.12

0.24

0.18

0.31

9.13*

P205
MnO

0.00

0.00

o.oo

0.00

o.oo

0.00

0.10

0.14

0.08

0.15

0.11

0.11

NiO

0.02

0.03

0.05

n.d.

0.02

0.01

Cr203
Loss

0,06

0.17

0.01

n.d.

0.12

0.02

1.52

0.48

1.02

0.61

3.68

2.35

100. 22

100. 56

100.78

100.02

100.24

100.38

38639, 38642

gabbros

38705, 38891, 38893, 38897
* total Fe as FeO.

microgabbros
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layered ultramafics into layered ultramafics in both the Andersons Creek
and Serpentine Hill Complex, but it is possible that the layered gabbros
in both these complexes crystallized from a separate magma (possibly
similar in composition to the other intrusive gabbros) which intruded
the ultramafics.

On the other hand, the chemical differences do not

preclude crystallization of the layered ultramafics, the transition rocks
and the layered gabbros all from the one magma.
4.

Comparison of the Tasmanian rocks with the large layered intrusions
In Figure 19, the Main Belt ultramafics and layered gabbros are

compared with the layered rocks of the Bushveld, Stillwater and Great
Dyke intrusions, and show a closer resemblance to the Great Dyke.

The

earliest differentiates of the Stillwater and Bushveld intrusions have
MgO/MgO+FeO ratios of 78 or less, while those from the Great Dyke have
ratios of as much as 83; with the exception of one dunite which may not
be part· of the layered sequence, the Main Belt ultramafics have MgO/
MgO+FeO ratios of up to 84.

The plagioclase-bearing differentiates of

the Great Dyke and Main Belt complexes tend to hug the FM tieline of the
AFM diagram than do gabbroic rocks of the Stillwater and Bushveld
intrusions; in the case of the Main Belt complexes, this reflects

~he

lack of leucocratic gabbros and anorthosites rather than the plagioclase
compositions, which if anything are less anorthite-rich than in the other
layered intrusions.

The Stillwater, Great Dyke and Main Belt complexes

do not show the upper extremes of differentiation as in the Bushveld
Complex, but the Bushveld intrusion is the only one of these with its
top exposed.

Fig11re 19.

.AJ!M diagrams comparing Tasmanian u1 tramafics

and layered gabbros with the Bushveld Complex
(Hallg 1932; Lombaard. 9 1934) the Stillwate~
Complex (Hess 9 1960; Bowes and Skinner, 1969)
and the Great Dyke (Worst 11 1958). Values
are in weight percent.
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Other comparisons between the Great Dyke and the Main Belt
complexes are also interesting.

The Hartley area of the Great Dyke is

about 3 km thick, with a 2 km ultramafic zone (Worst, 1958; Wager and
Brown, 1968).

Layered ultramafics in the Heazlewood River Complex could

extend for as much as 4 km below the surface, but it is not known how
many separate intrusions are present or whether the same sequence is
repeated by faulting and/or folding.

The ultramafic zone of the Great

Dyke is composed of olivine and orthopyroxene cumulates while the
gabbro zone, in which plagioclase, augite and orthopyroxene are all
cumulus phases, contains no olivine; this compares very well with the
Main Belt complexes.

There is a disproportionate amount of ultramafics

relative to layered gabbros in the Tasmanian complexes and in the Great
Dyke in comparison with the Bushveld Complex which is known to have
crystallized from a basic magma (Wager and Brown, 1968).

This can be

explained in either of three ways.
1)

Much of the gabbro zones are not exposed.

This is particu-

larly relevant in the case of the Tasmanian complexes considering their
degree of dismemberment.
2)

Crystallization occurred in an open magma chamber, with a

considerable part of the parent magma being removed, perhaps tapped off
through overlying vo1canoes (Wager and Brown, 1968, p.467).

This could

also be relevant to the Tasmanian complexes considering the large volumes
of volcanics associated with the layered rocks in the two ophiolite
complexes, and will be discussed in detail in another section.
3)

The Great Dyke and Tasmanian complexes may have crystallized

from picritic or high-Mg basaltic magmas rather than ordinary basaltic
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magmas.

This is quite possible in the case of the Great Dyke, as the

olivines (Fo94) and orthopyroxenes (En93) are more magnesian than in the
layered basic intrusions which have also crystallized at relatively low
pressures (Wager and Brown, 1968, p.467).
There are numerous differences of course between the layered
rocks of the Main Belt complexes and the Great Dyke when more detailed
comparisons are made.
quite

r~re

For example, layers of chromitite appear to be

and postcumulus pyroxenes more abundant in the olivine

cumulates of the Tasmanian complexes in comparison with the Great Dyke.
The geological setting is also quite different

the Great Dyke is

a post-tectonic intrusion in a stable area while the Tasmanian complexes
occur in an orogenic belt.
5.

Comparisons with alpine ultramafics and ophiolites
5.1

Alpine ultramafics and their origin
Alpine ultramafics are generally thought of as occurring in

orogenic belts and being tectonically rather than magmatically emplaced
into their present locations (Benson, 1926; Turner and Verhoogen, 1960;
Wyllie, 1967).

Emplacement can be achieved in various ways, of which

cold solid intrusion as serpentinite, cool to hot emplacement by plastic
flow of peridotite, and thrust emplacement bei.ng the more common
mechanisms postulated.

Peridotites, commonly partly to entirely serpen-

tinized, are the most abundant rock type.
classified as plagioclase-peridotite,

The primary rocks may be

spinel peridotite, or garnet

peridotite facies (O'Hara, 1967), although low-alumina peridotites which
do not contain plagioclase or garnet but contain low-alumina chromite as
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the spinel phase, are difficult to classify on this basis.

The present

writer prefers not to include in the definition of alpine ultramafics
either the zoned ultramafic complexes such as those described in Taylor
(1967), or Archaean ultramafics such as those described in Viljoen and
Viljoen (1970) and Williams (1972).
A conunonly held hypothesis is that alpine peridotites are
tectonically emplaced slices of upper mantle (Hess, 1955; de Roever,
1957; Ragan, 1963; Green, 1964, 1970).

In this hypothesis, it is usually

postulated that the peridotite is residual upper mantle from which a
basaltic fraction has been removed (Green and Ringwood, 1967).

Other

alpine ultramafics are thought to be cumulates which crystallized in the
crust (for example, Challis, 1965, 1969), and some authors take the more
extreme view that a relatively large proportion of alpine ultramafic
bodies are dismembered re-emplaced cumulates (McTaggart, 1971).

Thayer

(1967, 1969) argues that many of the deformed alpine ultramafic-gabbro
complexes were originally cumulates that were tectonically re-emplaced,
perhaps as crystal mushes.
It is quite possible that there is at least an element of truth
in each of the current hypotheses concerning the origin of alpine ultramafics.

As long as the alpine ultramafic hodies are defined

in terms of

tectonic emplacement in an or.ogenic belt, then all the various hypotheses
concerning the origin of the rocks before tectonic emplacement must be
kept open, and each case examined on its own merits.
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5.2

Chemistry of the Tasmanian complexes in comparison

~ith

alpine

ultramafic bodies.
A large number of the "typical" alpine ultramafics show a
restricted range in composition.

Rocks from the Lizard (Green, 1964)

are typical of these, and are plotted on an AFM diagram (Fig. 20).

There

is an overlap between the bulk compositions of such alpine peridotites
and the cumulates from the large layered intrusions, in particular the
Great Dyke.

However, in such bodies in which the spinels are aluminous,

a residual upper mantle origin is preferred (Green, 1967).

It is also

possible that alpine peridotites with aluminous spinels could have crystallized from magmas within upper mantle, as suggested for the Burro
Mountain peridotite by Loney et ai. (1971).
Other alpine peridotites of restricted bulk compositions include
the New Zealand Permian ul tramafics, which Challis (1965, 1969) believes
to be 13:rgely cumulates.

However, Walcott (1969) shows that the Red

Hill Complex has deformed or tectonite fabrics, so the origin of the
New Zealand ultramafics is still controversial.
5 .3

Comparison of the Main Belt complexes with alpine ultramaficgabbro and ophiolite complexes
Thayer (1967) poirtts out that in many complexes the alpine ultra-

mafics are intimately associated with gabbros which might be cogenitic.
This is particularly true of the ophiolite complexes which (if complete)
contain dolerite dyke swarms and basic volcanics as well as ultramafics
and gabbros.

The various rock types in an ophiolite bear definite

structural relationships to each other, as is
chapter 7.

~iscussed

in detail in

Figure 20.

.A.FM diagrams, comparing Tasmanian
ultramafics and gabbros with alpine
ultrrunafics and ophiolite complexes.
Values a.re in weight percent. Data
for the Lizard are taken from Green
( 1964) P for the New Zealand u1 tramafics from Challis (1965)~ the
Papuan Ultramafic Belt from Davies
(1961)p and the Bay of Islands
complex from Smith (1958) and Bowes
tl & (1970).
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Thayer (1967) plots rocks from some of the classic Tethyan
ophiolites on AFM diagrams, and in general terms the distribution is
similar to that obtained for the Main Belt complexes in Tasmania.

He

suggests the various rock types may form an "Alpine Mafic Magma Stem".
However, it must be emphasized that trends on variation diagrams do not
necessarily mean that the rocks are genetically related.

If genetic

connections exist, they may include fractional melting as well as
fractional crystallization sequences.
It is now believed by a number of authors that the majority of
ultramafics in complete ophiolite sequences are non-cumulative and are
probably residual upper mantle, while layered ultramafics and gabbros of
cumulative origin comprise a smaller proportioR (Moores, 1969; Moores and
Vine, 1971; Coleman, 1971; Davies, 1972).
also occur in ophiolites.

Abundant intrusive gabbros

In contrast to these ophiolites, most of the

ultramafics of the Main Belt complexes are of cumulative origin.
In Figure 20, data of Davies (1971) from the Papuan Ultramafic
Belt in which satisfactory distinction is made between cumulative and noncwnulative ultramafics, as well as between layered and non-layered gabbros,
are compared with the ultramafics and gabbros from the Main Belt.

The

four cumulus ultramafics from the Papuan Ultramafic Belt show a range of
MgO/MgO+FeO ratios from 70 to 80, compared with a range of 69 to 84 for
the Main Belt cumulates.

As in the Main Belt complexes, layered ana non-

layered gabbros from the Papuan Ultramafic Belt are very similar in
chemistry, but

i~

contrast they are more magnesian than the Tasmanian

gabbros and overlap with the cumulate ultramafics.

Rocks from the Troodos

and Vourinos complexes (Moores and Vine, 1971; Brunn, 1956) show a
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similar distribution as in the Main Belt complexes, but in these cases
distinctions between cumulates and non-cumulates, and between layered
and intrusive gabbros are generally not made in the presentation of the
analytical data.
The ultramafics and gabbros from the Bay of Islands Complex
(Smith, 1958; Bowes et al., 1970) are also plotted on Figure 20.

This

complex is now known to be an

ophio~ite

(Will.iams and Malpas, 1972).

Wager and Brown (1968), together with Bowes

or a series of ophiolites

et al. (1970), believe the ultramafics and gabbros to be cumulates.
The present writer, however, believes that comparisons based on chemical
data, such as those made by Bowes et al. (1970), are meaningless unless
the geological situation and textures of the specimens analysed are
studied in fair detail.
6.

Conclusions
In terms of bulk chemical compositions, the ultramafics and

layered gabbros from the Main Belt complexes show a variation similar to
the ultramafic zones and lower gabbro zones of the Bushveld, Stillwater
and, in particular, the Great Dyke intrusions.

However, the Tasmanian

complexes are alpine bodies in that they have suffered tectonic reemplacement, and occur in an orogenic belt (in fact, were

initiall~

emplaced in the sedimentation phase in the development of the Tasman
Orogenic Zone in Tasmania).

In comparison with other alpine bodies, they

show a greater degree of affinity to the ophiolite complexes than other
varieties of alpine peridotites which show a more narrow range of
compositions.

In the following chapter, discussion of the chemistry,
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origin and tectonic significance of ophiolites is dealt with in more
detail.
In this section, little has been said concerning the Adamsfield
ultramafics, some of which are quite magnesian in composition.

This

body will be discussed in the following section on mineralogical
compositions.

COMPOSITIONS OF CONSTITUENT MINERALS
1.

Olivines
Electron microprobe analys'es of olivines from the Heazlewood

River Complex were done concurrently with pyroxenes.
contrast with the pyroxenes,

Unfortunately, in

the olivine analyses gave poor totals

(around 93%), thought to be due to a poor carbon coating on the olivine
standard used.

The analyses are not tabulated here, but the Fo values

given below may be approximately correct.
38528

Fo88

38569

Fo88

38538

Fo86

38631

Fo86

38657

Fo84

385.76

Fo81

38573

Fo81

38558

Fo79

As can be seen from Figure 16, the Fo values are similar to En values
for coexisting orthopyroxenes.

Table 3
Compositions and structural formulae of orthopyroxenes.

Orthopyroxenes from ultramafic rocks
38528

38569

38538

38576

38573

38657

from microgabbros
38558

38887

34747

38808

38891

Si0 2

56.91

57.35

57.05

57.21

56.93

57.26

55.91

57.80

54.18

52.35

53.56

Ti0 2

0.06

0.06

0.06

0.12

0.08

0.09

0.28

0.05

0.16

0.17

0.12

Al 20 3

2.89

2.40

1. 73

1. 39

1. 75

1.81

1. 29

2.22

1.30

1.06

1.05

FeO

6.53

6.66

8.21

10.25

8.20

9.22

9.94

6.06

17. 34

19.89

16.38

Fe 20 3*

o. 72

0.82

0.78

1.36

2.87

0.91

3.63

0.50

2.73

3.13

4.08

.MnO

0.12

0.16

0.14

0.24

0.21

0.15

0.29

0.12

0.38

0.46

0.44

MgO

31.17

32.44

31.13

30.03

29.78

30.43

28.36

32.90

22. 72

19.91

22.87

Cao

1.19

1.20

0.90

0.79

0.88

0.94

0.91

0.90

1.69

1. 30

1.06

Na 20

0.04

0.00

0.05

0.00

0.02

0.05

0.00

0.00

0.00

o.oo

0.06

K20
Cr 20 3

0.00

0.00

0.00

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.54

0.50

0.30

0.27

0.25

0.21

0.11

0.58

0.21

0.10

o.oo

NiO

0.12

0.11

0.17

o.oo

0.14

0.21

0.11

0.10

0.13

0.19

0.00

100. 29

101.70

100.52

101. 71

101.12

101. 23

100.85

99.56

*

101. 29

100.83

---

Fe 203 values were taken from the bulk composition of the same specimen

OT

the closest Tock type.

Table 3 cont.

-Orthopyroxenes from ultramafic rocks

Si
Al (Z)
Al(WXY)
Ti
Fe 3+
Fe 2+

Mn
Mg_
Ca
Na
K

Cr
Ni

z

WXY
mg
'Mg'
'Ca'
'Fe'

from microgabbros

38528

38569

38538

38576

38573

38657

1.963
0.037
0.081
0.002
0.019
0.188
0.004
1.603
0.044
0.002
0.000
0.015
0.003
2.000
1.960
88.6
86.5
2.4
11.1

1.958
0.042
0.050
0.002
0.021
0.190
0.003
1.650
0.044
0.000
0.000
0.014
0.003
2.000
1.975
88.7
86.6
2.3
11.1

1.979
0.021
0.050
0.002
0.020
0.238
0.004
1.609
0.033
0.003
0.000
0.008
0.005
2.000
1.973
86.2
84.6
1.8
13.6

2.008
0.000
0.043
0.003
0.036
0.298
0.007
1.556
0.030
0.000
0.000
0.008
0.000
2,008
1.980
82.3
81.1
1.5
17.4

1.973
0.027
0.045
o. 002
0.075
0.238
0.006
1.537
ff. 033
0.001
0.000
0.007
0.003
2.000
1.947
83.l
81. 7
1. 7
16.6

1.980
1.968
0.020
0.032
0.054
0.022
0.007
0.002
0.024
0.096
0.266
0.293
0.004
0.009
1. 568
1.488
0.034
0.035
0.000
0.003
0.000
0.000
0.006
0.003
0.006
0.003
2.000 . 2.000
1. 988
1.981
84.4
79.3
82.8
77 .9
1. 2
1.8
16.0
20.3

38558

--

Electron microprobe analyses.done by M. Rubenach, at A.N.U.
.
.
Mg I Mg+Fe 2+ +Fe 3+ , cation
ratios.
mg

38887

34746

1. 967
0.033
0.056
0.013
0.001
0.173
0.003
1.671
0.033

1.952
0.048
0.010
0.005
0.077
0.541
0.012
1.263
0.068
0.000

0.000
0.016
0.003
2.000
1.957
90.6
89.0
-1.8
9.3

O. OOO

o.ooo

0.006
0.004
2.000
1.985
67.2
64.8
3.5
31. 7

38808

38891

1.982
0.018
0.020
0.005
0.089
0.630
0.015
1.124
0.053
0.000
0.000
0.003
0.006
2.000
1.971
61.0
59.3
2.8
37.9

1.970
0.030
0.016
0.003
0.113
0,504
0.014
1.254
0.042
0.002
0.000
0.000
0.000
2.000
1.947
67.0
65.6
2.2
32.2

Table 4
Compositions and structural formulae of clinopyroxenes.

Clinopyroxenes from ultramafics
38569

38576

38558

38887

from microgabbros
38807

38808

38891

38644

dolerite

tonalite

38700

38786

Si0 2

52.14

50.49

51.45

53.34

51.78

49.89

51.26

49.86

51.06

50.91

Ti0 2

0.15

0.20

0.22

0.12

0.19

0.17

0.24

0.20

0.21

0.20

Al 20 3

3.46

2.75

2.45

2. 71

2.12

1. 29

2.03

2.34

2.63

1. 85

FeO

2.37

4.17

5.31

2.23

4.39

8.98

7.36

9.35

8.82

10.04

Fe 20 3*

0.82

0.55

0.70

0.19

0.36

1.41

1. 83

1.89

1.12

1.46

MnO

0.09'

0.12

0.11

0,06

0.14

0.20

0.22

0.27

0.23

0.27

MgO

16.83

15.99

16.61

17.22

16.53

13.66

14.63

13.21

16.86

14.66

Cao

23.50

23.24

22.49

23.83

23.01

22.75

20.56

21.95

19.55

20.38

Na20

0.32

0.35

0.30

0.29

0.24

0.27

0.15

0.22

0.25

0.31

K20
Cr203

0.02

0.03

0.03

0.00

0.00

0.00

0.03

0.06

0.00

0.04

0.92

0.58

0.39

0.92

0.44

0.11

0.05

0.00

0.22

0.00

NiO

0.03

0.13

0.12

0.12

0.11

0.14

0.12

0.14

0.12

0.14

100.11

98.60

100.17

101. 03

99.31

98.67

98.48

99.49

101. 07

100.26

-----

* Fe203 values were taken from the bulk compositions of the same specimen or the closest
rock type.

Table 4 cont.

Clinopyroxenes from ultramafics

Si
Al(Z)
Al(WXY)
Ti 3+
Fe
Fe 2 +
Mn
Mg
Ca
Na
K

Cr
Ni

z

WXY
mg
'Mg'
'Ca'
'Fe'

from microgabbros

dolerite

tonalite

38569

38576

38558

38887

38807

38808

38891

38644

38700

38786

1.850
0.150
0.003
0.004
0.023
0.075
0.003
0.944
0.948
0.024
0.001
0.028
0,004
2.000
2.056
90.6
47.5
47.6
'4. 9

1.891
0.109
0.012
0.007
0.015
0.131
0.004
0.893
0.933
0.025
0.001
0.017
0.004
2.000
2.041
86.0
45.3.
47.3
7.4

1. 898
0.102
0.005
0.006
0.020
0.164
0.003
0.913
0.889
0.021
0.001
0.012
0.004
2.000
2.037
83.3
46.0
47.8
9.2

1.993
0.077
0.038
0.003
0.005
0.067
0.002
0.925
0.920
0.020
0.000
0.026
0.004
2.000
2. 011
92.8
48.2
48.0
3.8

1. 918
0.032
0.011
0.005
0.010
0.136
0.005
0.913
0.914
0.018
0,000
0.013
0.003
2.000
2.027
86.2
46.3
46.3
7.4

1.909
0.058
0.000
0.005
0.041
0.287
0.006
o. 779
0.933
0.022
0.000
0.003
0.004
1.967
2.081
70.4
38.2
45.7
16.1

1.934
0.046
0.024
0.007
o. 052
0.232
0.007
0.823
0.831
0.011
0.001
0.001
0.004
2.000
1.993
74. 3
42.4
42. 9
14.7

1.896
0.104
0.001
0.006
0.054
0.297
0,009
0.747
0.893
0.003
0.001
0.000
0.004
2.000
2.014
68.l
37.5
49.9
17.6

1.884
0.114
0.000
0.006
0.031
0.272
0.007
0.927
o. 773
0.018
0.000
0.006
0.004
1.998
2.044
75.4
46.3
38.6
15.1

1. 911
0.082
0,000
0.006
0.041
0.315
0.009
0.820
0.820
0,023
0.002
0.000
0.004
1.993
2.039
69.7
41. l
41.1
17.8

Electron microprobe analyses done by M. Rubenach at A.N.U.
2+
+ Fe 3+ , cation ratios.
mg - Mg/Mg + Fe
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2.

Pyroxenes
Analyses of pyroxenes from layered ultramafics and intrusive

gabbros arc given in Tables 3 and 4.

Exsolution lamellae were not

properly accounted for, producing likely small errors (except for the
clinopyroxenes of 38700 and 38786, which do not contain lamellae).

The

errors would be larger for the ultramafic and gabbro clinopyroxenes as
these contain thicker and more widely-spaced lamellae than the orthopyroxenes, and may account for the position of the clinopyroxenes from
the Tasmanian complexes in comparison with the Bushveld trend on the
pyroxene quadrilateral (Fig. 21).
The compositions of the pyroxenes are fairly similar to those
from the ultramafic zones of the Bushveld and Stillwater Complexes
(Hess, 1960; Wager and Brown, 1968; Atkins, 1969), even with regard to
such components as Ti0 2 , Cr 2o3 , NiO and Al 2o3 .

The orthopyroxenes range

from En90.6 to 79.3 in the layered ultramafics, similar to the ultramafic
zone of the Bushveld intrusion.

No pyroxenes from layered gabbros have

been analysed, and the values quoted above probably do not include the
upper and lower limits of the layered rocks exposed in the Main Belt
complexes.
Plotted on an Al 0 /Si0 2 diagram (Fig. 22), the clinopyroxenes
2 3
fall in the tholeiitic field empirically determined by Challis (1965,
1969).

The clinopyroxenes are mainly diopsides and augites according

to the nomenclature of Poldervaart and Hess (1951).

Fig-lll'e 210

Pyroxene compositions plotted on the
pyroxene quadrilatera.lo Coexisting
pyroxenes a.re joined by tie-lineso
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2.1

Exsolution in pyroxenes
In most ultramafics, layered gabbros and intrusive gabbros in

the T::tsmanian complexes, the pyroxenes contain exsolution lamellae,
with calcium-poor pyroxene lamellae in host calcium-rich pyroxenes
and vice versa.

In the host orthopyroxenes, the lamellae are parallel

to (100)* and are rather thin and closely spaced, whereas the (100)
lamellae in clinopyroxenes are thicker and more widely spaced.

Rocks

containing little or no clinopyroxene, in particular the lower zone of
the Caudrys Hill Pyroxenites, contain

v~ry

few obvious lamellae,

At first sight, the occurrence of (100) lamellae in both
calcium-rich and calcium-poor pyroxenes suggests that the latter
crystallized as orthopyroxene rather than pigeonite (Poldervaart
and Hess, 1951, Hess, 1960).

However, in lherzolites in the Brassey Hill

Harzburgites where postcumulus clinopyrox".lnes are abundant (for example,
38568, Plate 64), (001) as well as (100) lamellae occur in clinopyroxenes
suggesting that they originally coexisted with pigeonite rather than orthopyroxene,

Also the orthopyroxenes in rocks containing fairly abundant

clinopyroxene (either postcumulus or cumulus) commonly contain abundant
blebs of calcium-rich pyroxenes as well as (100) lamellae (Plate 65).
Wager and Brown (1968, pp. 42-48) suggest that the presence of abundant
blebs of calcium-poor pyroxenes implies that the host orthopyroxenes
crystallized as pigeonite close to the inversion temperature, exsolution
occurring almost contemporaneously with inversion.

* Robinson et aZ. (1971) have demonstrated that pyroxene ·lamellae are
not exactly (001) or (100) .

Figure 22.

Al 2 0 versus Si 0 plot for clinopyroxenes.
The fields for thofeiites and alkali basalts
are ta.ken from Challis (1969)0
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Curved irrational grain boundaries are commonly developed between
orthopyroxenes and clinopyroxenes in cumulates or annealed metamorphics
(see chapter 3), presumably satisfying minimum surface energy requirements
(Spry, 1969).

So pyroxenes exsolved at higher temperatures would perhaps

tend to form blebs, while at lower temperatures the grain boundary
migration would tend to be too sluggish and the normal thin lamellae
would remain as such.

The thin (100) lamellae which also occur in

bleb-bearing orthopyroxenes may have exsolved during cooling after inversion.
If the interpretation regarding bleb lamellae is correct, it
would imply that inverted pigeonites occur throughout the exposed Brassey
Hill Harzburgites.

The fact that (001) lamellae do not occur in calcium-

rich pyroxenes in most of the ultramafics may be because the latter are
generally postcumulus and so may have crystallized interstitially to the
calcium-poor pyroxenes after inversion.

The (001) lamellae are present

(Plate 64) in the rare cases where large clinopyroxene oikocrysts have
substantially "replaced" cumulus olivines, and perhaps this particular
postcumulus reaction occurred earlier than normal, when the calcium-poor
pyroxenes were still pigeonites.
It can be argued then, that pigeonite was formed at least during
the crystallization of the more differentiated Brassey Hill Harzburgites,
and perhaps much earlier if the

interpretat~on

of bleb lamel.lae is correct·.

1

On the presence of abundant bleb lamellae, the calcium-poor pyroxenes of
the upper zone of the Caudrys Hill Pyroxenites may be inverted P,igeonites,
and similarly the calcium-poor pyroxenes of the transition rocks of the
Serpentine Hill Complex.

In the layered gabbros of the Serpentine Hill
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Complex, bleb larnellae are abundant in orthopyroxenes while coexisting
clinopyroxenes have both (001) and (100) lamellae, indicating that they
coexisted with pigeonites which subsequently inverted.

Similarly most

orthopyroxenes occurring in intrusive gabbros and microgabbros can be
shown to be inverted pigeonites.
The occurrence of inverted pigeonites of more magnesian
compositions than in the Bushveld and Stillwater intrusions could mean
that the liquidus temperatures of the magmas crystallizing the Tasmanian
Main Belt ul tramafics were relatively h.igher, as is illustrated in
Figure 23.

(Compare with Fig. 23 of Wager and Brown, 1968, and Fig. 12

of Hess, 1960).

This conclusion must, however, be regarded as tentative

since the relationships between the various calcium-poor pyroxene polymorphs is poorly understood, the influence of FeO, Fe 2o3 , Al 203 , etc. on
the pigeonite-orthopyroxene inversion is not known, and the kinetics of
the inversion have not been studied.

The amount of undercooling between

each crystallization burst could also be important; perhaps duri.ng crystallization of parts of the Heazlewood River Complex that the inversion
temperature was close to the liquidus temperature, so that after substantial
undercooling orthopyroxene would directly nucleate, but with less undercooling P.igeonite would crystallize and soon after invert to orthopyroxene.
Another interesting point with regard to exsolution in pyroxenes
is the possibility that calcium-rich pyroxene exsolved soon after
crystallization of the calcium-poor host could migrate to the grain
boundaries and form part of the interstitial clinopyroxene.

The writer

found no clear-cut cases where this could have occurred, but the textures

Figure 230

Hypothetical relationships between
liquidus temperatures and pyroxene
inversione The line I-I represents
the pigeonite-orthopyroxene inversion
curve 9 while B-B represents the
Bushveld pyroxenes (Hess 1 1960)Q The
field T represents crystallization
of pyroxenes from the Tasmanian Main
Belt complexes.
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in 38625 (Plate 66) suggest this process could be possible.

In this

rock, small calcium-rich pyroxene blebs grade into larger ones, which
are optically continuous with interstitial calcium-rich pyroxene.
this

proce~s

If

does occur it would imply that "equilibrium" between co-

existing pyroxenes in the Tasmanian rocks could in

~ome

cases possibly

be subsolidus rather than strictly magmatic, and this would have to be
taken into account in any interpretations based on the chemical
compositions of the pyroxenes.
In some rocks, thin rods of a dark, high relief mineral have
exsolved along a number of crystallographic directions in pyroxenes.
This occurrence is rare in the layered ultramafics, but has been found in
lherzolites and plagioclase lherzolites such as 38558 and 38568.

The

exsolution rods are very abundant in pyroxenes in some of the Serpentine- ·
Hill microgabbros (Plate 67).

The mineral could not be positively

identified, but is thought to be rutile rather than spinel, as it is
anisotropic and the rods are similar to the exsolution rods of rutile
described by Moore (1968)..

In contrast to the Giles Complex occurrence,

however, in the Tasmanian rocks the rods are more abundant in clinopyroxene
rather than orthopyroxene.

Moore (1968) suggests that rutile exsolution

may indicate relatively high pressure conditions, but this is precluded
for the Tasmanian rocks, since these probably crystallized at relatively
low pressures (see below).
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2.2

Alumina content of pyroxenes
Discussions concerning the dependence of the alumina content of

pyroxenes on pressure can be found in Green (1964) and O'Hara (1967).
It is suggested by 0 'Hara (1967)

~ha~

more Al should substitute in

pyroxenes at higher pressures within the plagioclase lherzolite facies,
although the amount of substitution should also depend to some extent on
temperature.
In Figure 24, the Al

o

2 3

content of pyroxenes from the Tasmanian

complexes is compared with pyroxenes from the Bushveld and Stillwater ,
intrusions (which crystallized under high-level crustal conditions) and
with pyroxenes from the Giles Complex, which is believed to have formed
by crystal accumulation under granulite facies conditions (Nesbitt et aZ.,
1970; Moore, 1971).

Since the alumina content of pyroxenes also depends

on magma type (Le Bas, 1962),
comparisons are to be made.

this must be taken into account if any
However, Nesbitt et aZ. (1970) indicate

that the composition of the chilled margin of the Mt. Davies intrusions
of the Giles Complex is very similar to the Stillwater chilled margin,
and that on the abundance of orthopyroxene the parent magma was almost
certainly tholeiitic.

Clinopyroxenes from the Bushveld, Stillwater,

Giles Complex and Tasmanian bodies all plot" in the tholeiitic field of
the Al

o /Si0 2 plot of Challis (1969).

2 3

Assuming the proposition concerning the pressure dependence of
Al contents of pyroxenes is valid, the plot in Figure 24 is consistant
with the field observations concerning the relative depths of crystallization of the Giles Complex compared with the Bushveld and ·stillwater
intrusions, and suggests that the layered rocks of the Tasmanian Main Belt

Figure 24. Al 20 contents of pyroxenes from the
Main 3Belt complexes and other layered
intru.sions. Data from the Giles
complex are taken from Moore (1971) 1
the Bushveld Complex from Atkins (1969),
and the Stillwater Complex from Hess
(1960) and Wager and Brown (1968).
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complexes crystallized at a depth comparable more with the Bushveld and
Stillwater intrusions than with the Giles Complex.

The relatively low.

AlIV component in the Tasmanian clinopyroxenes is also fairly consistent
_with this view, for with the exception of two Serpentine Hill pyroxenes
they fall within the igneous field in the AlIV/AlVI plot of Aoki and
Kushiro (1968).

The Giles Complex clinopyroxenes fall within the

granulite field (Moore, 1971).
As previously mentioned, the Tasmanian pyroxenes and those from
the Bushveld are similar with regard to their minor component contents
The Giles Complex pyroxenes are also similar,
except that the Cr 2o content is higher; this might be expected if Cr and
3
Al were competing for the same octahedral sites.
There are a number of objections and other factors that must be
considered in relation to Al 2o content and pressure.
3
effect of temperature.

First of all is the

Anastasiou and Seifert (1972) believe on the

basis of experimental work that the solid solution of Al in enstatite is
a function of temperature and is not strongly pressure-dependent.

The

present writer has found it very difficult to reconcile this view with the
empirical relationships deduced from Figures 24 and 25, and would prefer
to see experimental _work done on the solid solutions involved in the
system orthopyroxene - clinopyroxene - plagioclase.

Another factor which

could be important if the temperature dependence is the more critical, is
the possibility of subsolidus adjustment of Al contents of pyroxenes
during slow cooling.

With r.egard to this, no definite spinel or other
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aluminous phases have been observed as exsolution bodies in the Tasmanian
pyroxenes, as is the case for some pyroxenes from the Giles Complex
(Moore, 1971) .

However, it will be important to check that the rod

lamellae exsolved from some pyroxenes are really rutile and not a spinel.
2.3

Partition coefficients between coexisting pyroxenes
K values for the partitioning of Mg and Fe between coexisting
0

orthopyroxenes were calculated according to the equations of Kretz (1963) .
They fall in the range 0.75-0.95 for ultramafic pairs and 0.87 and 0.90
for the two microgabbro pairs.

Bushveld pyroxenes give a range of 0.64

to 0.70, and according to the data in Kretz (1963) this could imply
higher liquidus temperatures for the Tasmanian rocks.

Ultramafic nodules

in basalts and alpine ultramafics have K0 values in the range 0.34 to
2.00 (Kretz, 1963).
Interpretation of K values cannot, however, be taken very
0
seriously.

They could be affected by such factors as the Al o , Fe o ,
2 3
2 3

Na 2o etc. contents of the pyroxenes and by subsolidus "re-equilibration".
Errors of up to 10% would be involved in the Tasmanian rocks as
exsolution lamellae were not properly accounted for.

Also, it is quite

likely that kinetics, diffusion, and lattice defects have a strong
influence on partitioning (C. Cuff, pers. corron.), so that interpretation
in accordance with a simple thermodynamic model may not be justified.
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3.

Chromites
The compositions of two chromite samples are given in Table 5.

Two other partial analyses from the Heazlewood River Complex, done at the
Tasmanian Department of Mines laboratories, indicate similar types of
spinel compositions, namely fairly high Cr 2o3 (greater than 40%),
moderate total Fe as FeO (25-35%) and relatively low Al 2o3 (around 10%).
The compositions of the two chromite samples are plotted on
Figure 26.

However, a lot more analyses are necessary in order to

characterize the spinels occurring in any complex (see Thayer, 1970; and
Loney et aZ., 1971).
Four chromite samples from Adamsfield (Brown, 1962) are also
plotted in

~igure

26.

The Adamsfield chromites are characterized by

unusually low A1 2o3 and high Cr 2o3 , and their significance in relation
to the origin of the Adamsfield Complex is discussed in another section.
4.

Plagioclase compositions
As previously mentioned, plagioclase from the layered ultramafic?

and gabbros have labradorite compositions from albite twins.

The only

samples of ultramafics in which plagioclase grains are relatively
unaltered are generally the more differentiated types, but an unaltered
norite layer low in the Serpentine
composition (An68; see Appendix 1).

Hil~

sequence also gave a labradorite

These plagioclase compositions are

low in An compared with those from the ultramafic

~ones

of the large

layered intrusions, in which most of the plagioclase is also postcumulus
(Wager and Brown, 1968).

The present writer can offer no explanation for

the unusual plagioclase compositions in the Tasmanian rocks.

Table 5
Chromite compositions.*

38905**

Andersons
Creek

MgO

7.1

9.4

Al 2 03
Cr 2 0 3

5.5

10.0

57.1

58.0

Fe0'

24.8

18.7

1

MnO

0.3
94.S

96.4

Formulae on the basis of four oxygen atoms
(total Fe was distributed between the two
sites and the formulae recalculated as
Fe 2 + and Fe 3+).
Mg
Fe 2 +

0:383

0.479

0.632

0.503

Mn

0.008
1.015

0.990

Cr
Fe 3+

1.637

1.570

0.120

0.033

Al

0.234

0.413

1.991

2.016

* Samples analysed by Tasmanian Department of
Mines, Launceston.
** Chromitite from Nineteen Mile Creek Dunites.
'FeO' - total Fe as FeO.

Figure 26.

2
Cr x 100 / Cr +Al versus Mg :x: 100 /Mg + Fe +
for Tasmanian chromites. The fields for alpine
and stratifonn chromites are taken from Irvine
( 1967L and the Adamsfield data are taken from
Brown ( 1972).
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SIGNIFICANCE OF THE COMPOSITIONAL DATA
The iron enrichment trends shown by the bulk chemical compositions
of the rocks and compositions of pyroxenes and olivines are consistent
with the cumulative origin proposed on textural and structural grounds
for most of the ultramafics and layered gabbros of the Main Belt complexes.
The variations in bulk chemistry of the ultramafics are similar to those
shown by the ultramafic zones of the Bushveld, Stillwater and in particular
the Great Dyke intrusions.

With regard to alpine ultramafics, the bulk

compositions of the Main Belt complexes show greatest resemblance to the
cumulate ultramafics and gabbros and the intrusive gabbros within
ophiolite complexes.
Exsolution information indicates that pigeonite was the liquidus
calcium-poor pyroxene during the crystallization of at least some or
perhaps most of the Brassey Hill Harzburgites, and also during the
crystallization of the upper zone of the Caudrys Hill Pyroxenites, and
the transition rocks and layered gabbros of the Serpentine Hill Complex.
The crystallization of pigeonites of higher

~g/Mg+Fe

ratios than indicate<l

by the Bushveld or Stillwater sequences, may mean that the parent magmas
for the Main Belt layered rocks has higher liquidus temperatures than the
Bushveld and Stillwater magmas.
The pyroxenes from the Main Belt layered rocks are fairly similar
in composition to those from the ultramafic zones of the Bushveld and
Stillwater complexes.

The Al 2o3

and Al IV contents of the ultramafic

pyroxenes are similar to Bushveld and Stillwater pyroxenes, and lower
than for pyroxenes from the Giles Complex which is believed to have

123

formed by crystallization under granulite facies conditions.

Empirically

this suggests that the Tasmanian Main Belt rocks crystallized at relatively shallow crustal depths, roughly of the same order of depth of
crystallization as the Bushveld and Stillwater intrusions.

However, the

relative importance of temperature and pressure in determining the Al

o

2 3

content of pyroxenes is not fully known as yet.
1.

The number of parental magmas giving rise to the Heazlewood River
ultramafics
It was indicated in chapter 3 that it was difficult to decide

from the field evidence whether or not the main subdivisions of the
Heazlewood River ultramafics (i.e. the Nineteen Mile Creek Dunites, the
Brassey Hill Harzburgites, the Caudrys Hill Pyroxenites and the
pyroxenites of the Bronzite Hill area) are fault blocks of a layered
sequence which crystallized from a single parent magma, or whether they
are blocks from different intrusions that have been tectonically juxtaposed.

This problem is again looked at in the light of the compositional

data.
At least some of the Nineteen Mile Creek Dunites fall in the
compositional range of cumulates.
cumulate-like texture.

Also, the chromitite 38905 has a

So some of the Nineteen Mile Creek Dunites may be

cumulates, and perhaps could be representative of the basal zone of the
Brassey Hill Harzburgites and/or the Caudrys Hill pyroxenites.

However,

it is also possible that a large proportion of the Nineteen Mile Creek
Dunites are residual upper mantle rocks rather than deformed cumulates.
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Compositionally, rocks from the Brassey Hill Harzburgites and
the Caudrys Hill Pyroxenites show a fair degree of overlap.

The rocks

within and immediately adjacent to the complex fault zone between these
two sequences appear to represent a transition.

However, if these two

groups are lateral equivalents of each other, one would have to postulate
drastic diffusive and convective processes to explain why a thick
sequence of orthopyroxene cumulates formed in one part of the magma
chamber at the same time as a thick sequence of olivine and orthopyroxene
cumulates formed elsewhere in the chamber.

Another possibility is that

the two groups are juxtaposed blocks representing different horizons of
a sequence which crystallized within a

s~ngle ~agma

chamber; a sudden

influx of a large body of fresh magma into the chamber after crystallization of one group could explain why the second group gives considerable
overlap in Mg/Mg+Fe ratios.
Harzb~rgites

A· third possibility is that the Brassey Hill

and the Caudrys Hill Pyroxenites

ea~h

crystallized from

separate magmas.
It is not known, then, whether the layered ultrarnafics of .the
Heazlewood River Complex all crystallized from a single parent

~agma,

from a series of magmas injected into a single magma chamber, or from a
series of magmas each of which crystallized as a separate entity.
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PARENTAL MAGMA TYPES AND DEPTH OF CRYSTALLIZATION
1.

Possible parental magmas
Because of the. similarities regarding rock types and textures

with the ultramafic zones of the Bushveld and Stillwater intrusions, it
is possible that the Main Belt ultramafics and layered gabbros also
crystallized from tholeiitic magmas.

Possible parental magmas for the

Bushveld and Stillwater intrusions are given in Wager and Brown (1968,
Table 26), and vary from a quartz-normative tholeiite to an olivinenormative tholeiite.
Because of the presence of inverted pigeonite at more magnesian
compositions than in the Bushveld and Stillwater Complexes, it is
possible that the liquidus temperatures for the TasmaniaR rocks were
higher than the latter.
have been a

~igh-Mg

Thus the composition of the parent magma may

tholeiite.

Wager and Brown (1968) suggest on the

basis of olivine compositions as h.igh as Fo94 and the disproportionate
amount of gabbroic differentiates, that the parental magma of the Great
Dyke might be more picritic than the Bushveld and Stillwater magmas.
The minerals analysed from the Main Belt rocks are not quite as magnesian
as those at the bottom of the Great Dyke, but the bulk compositions of
some rocks are (Fig. 19), and it must be remembered that the base of none
of the Tasmanian ultramafic sequences is exposed.

Perhaps the parental

magmas for the Main Belt rocks were similar in composition to intrusive
gabbros such as 38639, or even the
following chapter).

high-~g

basalt specimen 38876 (see

Such high-Mg basaltic rocks are quite common in

Archaean Greenstone belts (Vilj oen and Vilj oen, 1970; Hallbe.rg and
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Williams, 1972), and are known from younger rocks (Dallwitz et aZ.,
1966) .

All of the intrusive gabbros and microgabbros analysed have

MgO/Mg+Fe ratios higher than the parental magmas of the Bushveld and
Stillwater intrusions, and these compositions can also be considered as
possibilities for parental magmas for the Main Belt layered rocks.
As previously mentioned, it has not been demonstrated conclusively
that the layered two-pyroxene. gabbros in the Serpentine Hill and
Andersons Creek bodies crystallized from the same magmas as

th~

layered

ul tramafics, al though the field evidence stro.ngly s:uggests that this is
the case.

Because of their close similarity in

pet~ography

and chemistry

with intrusive gabbros and microgabbros, it is possible that the layered
gabbros crystallized from relatively

l~rge

bodies of magma which intruded

the layered ultramafics.
2.

Relevant experimental work
Experimental work relevant to the origin and crystallization of

tholeiitic basalts is discussed in Green and Ringwood (1967), Green

et aZ. (1967) and Green (1969).

Accordi.ng to these results, olivine but

not orthopyroxene occurs on or near the liquidus of quartz tholeiitic
compositions at low pressures (Green et

aZ., 1967). However, at greater

than 9 kb, orthopyroxene and/or clinopyroxene replaces olivine as the
liquidus phase (Green and Ringwood, 1967).

This would appear to be

inconsistent with the fact that orthopyroxene, as well as olivine is a
cumulus phase at the bottom of the ultramafic zones of the Stillwater and
Bushveld Complexes, which certainly crystallized at less than 9 kb.
The saturated quartz tholeiite composition studied in Green et aZ. (1967)
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is in fact not very different from the compositions of chilled margins
of the large layered intrusions.

The fact that orthopyroxene can

appear as an early liquidus phase in quartz tholeiitic magmas at low
pressures is also demonstrated by the Tasmanian Jurassic dolerites, thick
sills of which commonly have an orthopyroxene-bearing zone just above
the lower chilled margin (Edwards, 1942; McDougall, 1962).

It is

possible that subtle compositional differences could determine whether or
not orthopyroxene appears as an early phase in tholeiitic rocks at low
pressures; for example, the compositional differences between the
Tasmanian Jurassic dolerites and the Palisades Sill parental magmas are
slight (Walker, 1969), but olivine, which is unknown in the Tasmanian
dolerites, appears before orthopyroxene in the Palisades sequence.

In

large magma chambers, the thermal. gradients throughout the magma are
probably quite complex, and such factors as undercooling, ease of
nucleation, and the effects of convection currents are undoubtedly
critical in determining what mineral is nucleating and accumulati.ng at
any given time and place.

In fact, it could be expected that the.results

obtained in an experimental capsule might not necessarily be consistant
with what actually occurs in a crystallizing magma of similar composition
in a far more complex natural environment.

It is concluded, then, on

the basis of observations of natural rocks rather than experimental work,
that orthopyroxene as well as olivine can be precipitated from tholeiitic
magmas at low pressures.
Tholeiitic magmas (probably including

~igh-Mg

tholeiites) are

believed to form by partial melting of upper mantle material at pressures
less than 9 kb, or.by more extensive partial melting at pressures greater
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than 9 kb (Green et al.,1967; Green and Ringwood, 1967; Green, 1971,
especially Fig. 3).
Olivine-plagioclase reactions, investigated by Kushiro and Yoder
(1966) and Green and Hibberson (1970) are very important regarding the
depth of crystallization of the Main Belt complexes.

The latter authors

included runs on Fo + An and Fo(92) + labradorite (An59) in their
invest.igations, the second of these being particularly relevant in the
case of the Tasmanian ultramafics.

The results show that olivine

+

plagioclase is unstable about above 9 kb at 1100 0 C, and are replaced by
the assembl.age olivine

+

orthopyroxene

+

clinopyroxene

+

aluminous spinel.

The reaction has a positive slope on a T/P phase digram, so that an
olivine

+

plagioclase assembl.age would react on cooling at constant

pressure, assuming that the temperature of the reaction boundary is
sufficiently high for the reaction to be kinetically viable.

Green and

Hibberson (1970, p.220) state that "an olivine tholeiitic or picritic
magma, crystallizing in the lower crust at depths corresponding to 6-10 kb,
might yield accumulates containing olivine, pyroxenes and plagioclase.
Cooling of such accumulates at constant pressure would result in incompatibility of olivine and plagioclase, while temperatures were quite high
(

800-l000°C).

The extent of reaction would be kinetically controlled

largely by the cooling rate of the body.

It is considered that these

conditions would lead to corona formation, often of concentric

multis~age

type ..... , as the olivine and plagioclase passed successively through
stability fields of pyroxenes
pyroxenes + garnet."

+

spinel, pyroxenes

+

spinel

+

garnet,

No such reaction coronas exist in rocks from

Tasmanian complexes in which olivine and plagioclase coexist, so they
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probably crystallized at pressures of around 6 kb or less.

Reaction

coronas around olivine in contact with plagioclase have been observed
by the writer in some of the Macquarie Island non-layered gabbros (Varhe
and Rubenach, 1972) .

They also occur in the Giles Complex accumulates

(Nesbitt et aZ., 1970), which are discussed above in regard to the
alumina contents of pyroxenes.

The presence of these reaction coronas

in the Giles Complex accumulates is consistent with the view that the
relatively high Al 2o3 contents of the Giles Complex pyroxenes (compared
with the Bushveld and Stillwater pyroxenes) is due to crystallization at
relatively higher pressures.
It is concluded, then, that with the possible exception of the
Nineteen Mile Creek Duni tes, the ul tramafics and layered. gabbros of the
Main Belt complexes crystallized from tholeiitic or migh-Mg tholeiitic
magmas at relatively shallow depths corresponding to pressures of less
than 6 kb.
3.

Origin of the Adamsfield ultramafics
The or.igin of the Adamsfield ultramafics is an

and is discussed in Brown (1972).

int~igui.ng

problem,

The relatively undeformed layered

ultrrunafics are quite possibly cumulates on their textures, layering
style and bulk compositions.

However, the layered ultramafics overlap in

composition with the more deformed massive pyroxenites and dunites, many
of which, however, are most probably
~agmas

at .low pressures.

too.~agnesian

to form from mafic

If they crystallized from a magma at higher

pressures (i.e. in the upper mantle), the

~agma

would have to be of

ultramafic composition and considerably depleted in alumina to explain the
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very low alumina contents of both the orthopyroxenes and the
chromites.

coexistin~

The massive ultramafics on the other hand could be residual

·upper mantle, as is suggested by

~agan

(1963) for the Twin Sisters Dunite.

The latter also has low-Al chromites (Irvine, 1966), although not as low
as in the Adamsfield rocks.
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CHAPTER 6
THE HEAZLEWOOD RIVER OPHIOLITE COMPLEX AND ITS TECTONIC SIGNIFICANCE

INTRODUCTION
In this chapter, consideration is. given to the doleri tes,
volcanic rocks and acid intrusive bodies which, as well as the ultramafics and gabbros, form an int.egral part of the Heazlewood River Complex.
The various rock types, their structural relationships and chemical
compositions are compared with other ophiolites and rocks comprising
oceanic crust in order to critically evaluate the hypothesis that
ophiolites form at mid-ocean ri.dges and are tectonically emplaced into
orogenic belts.
In an attempt to explain the origin and emplacement of the
ophiolites and other aspects of the Eocambrian and Cambrian geology of
Tasmania, a number of models based on plate tectonics concepts are discussed in the final sections of this chapter.

OPHIOLITES AND THEIR TECTONIC SIGNIFICANCE
The term "ophioli te" was coined by Steinmann (1905, 1927). in his
discussion of the association of ultramafics '· gabbros, di abases, pillow
lavas and cherts in certain mountain belts.

From the late 1920's to

late 1960's, the term was given a variety of meanings by different
authors.

Recently, a more restricted definition of "ophiolite" has

become fashionable, and

th~

present writer concurs with most aspects of
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the definition as used by those present at the Geological Society of
America Penrose Conference on Ophiolites (1972).
1

According to this definition, the lower part of a completely
developed ophiolite is composed of ultramafics "··· consisting of
variable proportions of harzburgite, lherzolite and dunite, usually with
a metamorphic tectonite fabric (more or less serpentinized)."*

This is

overlain by a "gabbro complex, ordinarily with cumulus textures,
commonly containing cumulus peridotites and pyroxenites and usually less
deformed than the ultramafic complex."

The gabbros and ultramafics are

in part intruded by and la.rgely overlain by a mafic sheeted dyke complex
which passes up into a mafic volcanic complex, commonly consisti.ng of
pillow lavas.

Minor sodic extrusives and intrusives of acid composition

are commonly present.

A complete ophiolite sequence is not necessarily

represented in any particular body, and dismembering by faulting is
common.
Followi_ng suggestions that alpine ul tramafics could be slices of
oceanic crust/upper mantle (Dietz, 1963; Hess, 1964), it was realized by
Gass (1968) that the Troodos massif of Cyprus (Gass and Masson Smith,
1963; Gass, 1967) may be a slice of oceanic crust and upper mantle formed
at a mid-ocean ridge.

As the similarities between the rock types

comprising ophiolites and rocks dredged from mid-ocean ridges became more
obvious (Thayer, 1969), the interpretation of ophiolites and ultramafic
gabbro complexes as having formed at ridges was accepted by many workers.
At the same time, the popularity of sea-floor spreading was gaining

* Passages in parentheses are quoted from the "Ophiolite Manifesto"
of the Penrose Conference. See "Geotimes", Amer. GeoZ. Inst., 17,
No. 12, pp. 24-25 (De~. 1972).
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(Vine, 1966; Sykes, 1967; Le Pichon, 1968; Oliver et al., 1969), as was
the realization that many ophiolites have been emplaced as entire thrust
sheets (Gass and Masson Smith, 1963; Davies, 1968, 1971;
Thus

oph~olites

~einhardt,

1969).

fitted neatly into a scheme involving formation at ridges

and emplacement as tectonic slices at or near subduction zones in models
explaining orogenic belts in terms of plate tectonics (Dewey and Bird,
1970, 1971; Coleman, 1971; Church and Stevens, 1971).
It would appear that the same sort of magmatic and structural
processes would be involved in the formation of both ophiolites and
oceanic crust at a mid-ocean

ri~ge.

Certainly, the emplacement of sheeted

dykes in some ophiolites on such a density that horizons consist of
greater than 90% subparallel dykes must involve crustal extension on a
scale envisaged in sea floor spreading (Moores and Vine, 1971).

There is,

then, a similarity between the geology of ophiolites and oceanic crustal
models, such as those of Cann (1968) and Miyashiro et al. (1970), which
are based on the petrology of samples dredged from the ocean floors,
various geophysical data, and structural considerations involved in the
emplacement of

l~rge

volumes of magma into a tensional environment.

Support for these models has

been provided by studies of the geology and

petrology of Macquarie Island, which is believed to be a slice of oceanic
crust and upper mantle (Varne et al., 1969; Varne and Rubenach, in press).
The northern part of Macquarie Island is composed of ultramafics and
gabbros intruded by sheeted dyke swarms, while the rest is composed of
basaltic volcanics, in places intruded by abundant dykes.

The ultramafics

are mainly harzburgites, and the gabbros include a layered ultramaficgabbro complex as well as a variety of non-layered

types~at

least some of
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which intrude the ul tramafics.

The petrography and chemistry of the

dolerites and volcanics are quite compatible with the olivine tholeiites
formed at mid-ocean ridges, and a reconstructed section through the
island, based on observed intrusive relationships and the metamorphic
grade of the extrusive rocks and dykes, is quite consistent with oceanic
crustal models.
Havi.ng established that a particular complex in an orogenic belt
is allochthonous and that it consists of a complete or near-complete
ophiolite sequence, prima faeie it should be a simple matter to compare
the petrology and chemistry of the ophiolite rocks with oceanic crustal
rocks.

In particular, the volcanic rocks and dolerites could be

examined in detail as mid-ocean ridge basaltic rocks fall in a narrow
compositional range which is now fairly well characterized (Engel and
Engel, 1965; Kay et aZ., 1970; Cann, 1971; Nicholls and Islam, 1971).
However, there are certain problems, and these are outlined below.
1)
unique?

Is the spreading environment at a mid-ocean ridge necessarily

If marginal

seas of inter-arc basins form by crustal spreading ·

(Karig, 1971), then perhaps ophiolites form in these environments instead
of at a mid-ocean ridge.

What data are available suggest that the

basaltic rocks formed in m~rginal sea environments could be similar to
mid-ocean ridge basalts (Hart et aZ., 1972).
2)

Do. rocks emplaced at pre-Cainozoic ridges or in marginal seas

nec'essarily have to have the same compositions as those formed at
Cainozoic equivalents?

This question raises a number of interesting

problems, some of which are discussed below.
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3)

Ophiolite rocks are invariably metamorphosed, and changes in

chemis1:_!y are likely to accompany metamorphism, even of the burial or
hydrothermal types in which the rocks have suffered no penetrative
deformation

(Smith, 1968; Cann, 1969; Govett and Pantazis, 1971).

This

problem was realized by Moores and Vine (1971) who attempted to compare
the dolerites and pillow lavas of the Troodos Complex with ocean floor
basalts.

However, because of the demonstrated relative immobility of Ti,

Zr and Y during certain weathering and metamorphic processes (Cann, 1970),
success has been attained in compari_ng ophiolite volcanics with rocks from
various oceanic environments (Pearce and Cann, 1971);

the relatively

large and least dismembered ophiolites such as the Troodos and Oman
complexes are fairly similar in Ti, Zr and Y contents to mid-ocean ridge
basalts, and unlike seamount basalts and tholeiites or calcalkaline rocks
from island arcs.

THE HEAZLEWOOD RIVER COMPLEX AS AN OPHIOLITE
1.

Summary of important field relationships
In previous chapters it was established that the ultramafics of

the Heazlewood River Complex are intruded by sheeted microgabbro and
dolerite dykes, and that in the area immediately east of the Brassey Hill
Harzburgites, the dolerites are probably dyke swarms intruding the ultramafics and

par~

of the volcanic sequence.

The volcanic rocks, mainly

massive lavas and fragmental types, are intruded by dolerite dykes in some
localities, while the other patches appear relatively free of dykes;

a

similar situation occurs on Macquarie Island (Varne ·and Rubenach, 1972)

Figure 27.

Diagrammatic representation of the
important structural relationships
between various rock types in the
Heazlewood River Complex. This
section is based on the section .AB
of 12 and the aJ;>pendi:x: figure 3.1,
but is largely hypothetical.
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and in the Troodos Complex (Gass and Masson Smith, 1963; Vine and Moores,
1971), and it is thought likely that many of the dykes were feeders for
overlying extrusives.

Tonalites, trondjhemites and granophyres intrude

ultramafics, dolerites and volcanics.
In the areas mapped in more detail by the writer, the contacts·
between the Heazlewood River Complex and the Luina Beds are almost
certainly tectonic.

The contacts with the ultramafics are considered to

be tectonic, as they consist of sheared serpentinites against sedimentary
rocks which show no thermal metamorphism.

The sedimentary rocks may,

however, be sheared for a distance of up to one metre from the ~ontact.
To the SE of Mt. Cleveland, the contacts of the dolerites and volcanics
with the Luina Beds are faulted.

In the Jasper Hill area, the poorly

exposed but confused jumble of volcanic rocks, sedimentary rocks,
pyroxenites and dolerites could possibly represent a chaotic melange
produced by

~hrusti_ng

or gravity sliding.

East of the area mapped in

detail by the writer, such bodies as the Whyte River Complex, the Magnet
Spilites, and several separate bodies SE of Luina appear to be conformable
sheets composed of ul tramafics, doleri tes and volcanics, and are tho.ught
to be thrust slices of ophiolite rocks rather than having formed in situ.
Altho?gh the data are preliminary (see discussion below), there appear to
be distinct petrographic and chemical differences between ophiolite rocks
and other Eocambrian, Middle or Upper Cambrian basalts, dolerites and
gabbros, which further supports the idea that the_ ophiolites are entirely
allochthonous.
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The Serpentine Hill Complex is a dismembered ophiolite which was
probably emplaced as an allochthonous thrust sheet
Cambrian (see Appendix 1).

before the Middle

In view of their similarities in rock types,

textures and chemical compositions, it is possible that many or all of thG
Main Belt complexes are fragments of ophiolites; this question is discussed in more detail below.
2.

Petrographl of dolerites, extrusive rocks and acid intrusives
2.1

Metamorphism
The extrusive rocks, together with the dolerites, tonalites,

trondjhemites and granophyres, have all suffered metamorphism which is
essentially of the hydrothermal or burial type.

So except near fault

zones, the primary materials (largely pyroxenes and plagioclase) have
been replaced in such a way that in many cases the original textures are
fairly well preserved.

These types of metamorphism depend on the avail-

ability of water as well as the

t~mperature,

pressure and other conditions

and this may explain why there are patches, in some localities less than
1 m in size, which have suffered only slight alteration.

Some dolerites

intruding the ultramafics show hardly any alteration, while some
dolerites and tonalities elsewhere are only partly altered.

However, in the

majority of specimens that were sectioned replacement of the primary
minerals is complete or near complete.,
The style of alteration, the mineral assemblages and their distribution are in general similar to those described by Smith (1968) for
burial metamorphosed Ordovician lavas from New South Wales.

Much of the

outcrops would correspond to the grey domains of Smith, while relatively
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small patches and irregular veins rich in quartz and epidote would
correspond to his yellow-green domains.
The most widespread assemblage consists of albite

+

tremolite-

actinolite, with varying amount.s of chlorite, quartz, epidote, finegrained white mica, saussurite, and iron oxides.

Albite, corrunonly

accompanied by saussurite and/or very small flakes of white mica, has
replaced the plagioclase of the original rock.

Tremolite-actinolite

has largely replaced pyroxenes, and varies from single grains pseudomorphing pyroxenes to acicular bundles corrunonly referred to as uralite.
In thin section it ranges in colour from very light brown to darker greenbrown varieties.
quite likely

It generally has a low extinction angle, but it.is

in some rocks that the amphibole is hornblende rather than

tremolite-actinolite.

The quartz in most cases is probably primary, but

in some specimens the quartz is partly or largel,¥ secondary.

The chlorite

has in general replaced pyroxenes, but in some rocks has replaced what
was probably intersertal glass or mesostatis in the original rock.
Epidote occurs as small grains disseminated throughout

so~e

specimens,

while in others it occurs in small partly radiating acicular masses.

The

iron oxides present include primary magnetite in some rocks, while in
others they

are finer-grained and probably result from alteration of the

original pyroxenes.

Vesicles have been filled by quartz, quartz

+

epidote, albite + quartz, chlorite, or chlorite + epidote + quartz
assemblages.

The assemblages and textures in these rocks show that they

have suffered burial or hydrothermal metamorphism, probably to greenschist
facies.
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Some specimens of metamorphosed dolerite have been altered to
amphibolite facies.

In 38714 and 38919, the pyroxenes have been pseudo-

morphed by a light green-brown amphibole (hornblende) while the
plagioclase, although partly altered to sericite and saussurite, is
still labradorite (Plate 68).

In 38727 the plagioclase is still

labradorite but the green-brown amphibole which has replaced the
pyroxenes is somewhat uralitic.

Each of these specimens was collected

within the main mass of dolerites just east of the Brassey Hill
Harzburgites, ·where otherwise the above greenschist metamorphism is more
prevalent.
A third type of metamorphism has affected most of the volcanic
rocks north and NW of Jasper Hill, extending for at least as far as the
Heazlewood River.

The essential minerals are albite, chlorite and quartz,

and varying amounts of carbonate (probably calcite) are present in most
samples.

In contrast to the above types, amphiboles are absent.

Epidote

and small amounts of secondary iron oxides are present in some specimens.
The albite has replaced primary plagioclase, while the chlorite has
replaced pyroxenes, glass or mesostasis.

The carbonates are patchy,

occurring as irregular grains, vesicle fillings, and scattered large grains
(Plate 69).

It is very difficult to tell how much of the quartz is

primary and how much is secondary.- Patches and anastomosing veins consisting largely of a mosaic of granular secondary quartz are common in
many rocks (e.g. 38756, 38773).

In some localities, whole patches of

volcanic rocks (especially tuffs) have been silicified; remnants of
original textures may occur in some of these (38770, 38774, 38776), but
in other specimens these have been completely destroyed (38769) .
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TI1e writer is uncertain as to how much of the intersertal quartz and
isolated quartz grains occurring in the volcanic lavas is primary and
how much was introduced during alteration.
in naming the rocks

This is of course important

if the quartz is primary the rock could be called

a dacite on its chemical composition, but if it is secondary then it is
probably silicified basalt.

It is thought that most of the volcanics

suffering this al bite + chlori te + carbonate metamorph.ism are in fact
silicified basalts, but some specimens may be altered andesites and
dacites.

Govett and Pantazis (1971) appear to have had similar problems

in dealing with altered volcanics and dolerites in the Troodos Massif.
The albite

+

quartz

+

chlorite

+

carbonate metamorphism would

differ from the other two types in that the PC0 2/PH 2o ratio was probably
higher.

The situation is perhaps analogous with experimental data. given

in Turner (1968, pp.135-142);

tremolite tends to be unstable at relatively

high PC02/PH20, but in the volcanics in question an assemblage of
chlorite + carbonate + quartz formed instead of carbonate + quartz in
the reactions discussed in Turner.

In contrast to areas containing

amphiboles, the chlorite + carbonate + quartz metamorphic assemblage
occurs in a restricted area of volcanics, many of which are fragmental.
The same area is the "chaotic melange" zone previously described, and
metamorphism and silicification have also affected to some
pyroxenite blocks.

~egree

the

Perhaps the greater permeability of this area due to

complex faul ti.ng and the presence of fr.agmental volcanics provided easier
access to fluids of relatively higher PC0 2 .
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2.2

Petrography of dolerite dykes
As mentioned above 9 the affects of hydrothermal or burial

metamorphism on these rocks have been quite variable 9 some (38706,
38803, 38805, 38895) being remarkably unaltered whereas most have
suffered partial to complete alteration to minerals such as chlorite,
amphiboles, albite and epidote.

It can be established from the large

number of specimens secti~ned that most (if not all) the dolerites are
quartz tholeiites.

With the exception of 38723,

pigeonite or hyper-

sthene (generally but not exclusively inverted pigeonite) occurs in
all rocks which contain unaltered or partly altered pyroxenes.
The textures of the dolerites are typically subophitic, with
interlocking laths of plagioclase (.An 58-68) and larger pyroxenes (Plates

70, 71). However, some doleri tes intruding the

u1 tra.mafics (in particular

38704 and 38895) are intermediate in texture between the microgabbros
described in chapter 3 and the normal subophitic dolerites.
Where present, quartz tends to be interstitial.

It :varies from

0% in specimens such as 38706, 38803 and 38805, to oyer 10%

in some

specimens, and there appears to be every gradation from quartz-free
dolerites to granophyres and tonalites such as 38786.

In the more altered

samples, some of the interstitial quartz could be secondary, but in many
cases granophyric intergrowths between quartz and albite indicate that
the quartz is igneous and was not introduced or did not form during late1•
metamorphism (Plate 72).
Primary iron oxide grains generally comprise less than 1%of
any dolerite specimen.
of magnetite (Plate 72).

Some specimens contain scattered skeletal grains

142

Dolerites collected from the '\'fhyte River Complex (38708, 38709)
and from an ophiolite sheet south of Whyte Hill (38717) are petrographically indistinguishable from the above dolerites 1 except that 38708 and
38709 are in part brecciated.
It is concluded that the dolerites forming part of the Heazlewood River Ophioli te Complex are mainly quartz tholeii tes. 1 grading into
tonalites and granophyres.

They are petrographically dissimilar from

mid-ocean ridge basalts and dolerites (which very rarely contain calciumpoor pyroxenes\ and are quite unlike any of the doleri tes from Macquarie
Island which consist essentially of augite + plagioclase + titanomagnetite.
2.3 Petrography of tonalites, trondjhemites and granophyres
Host of these rocks are altered 1 with the pyroxenes replaced by
chlorite or uralite and the plagioclase (or albite ?) altered to
saussurite and fine-grained white mica.

Specimen 38786 is the only one

which contains some relict pyroxene (see analysis of augite in Table

4).

It consists mainly of altered stubby plagioclase prisms, small augites
partly replaced by amphibole and chlorite, and a little interstitial
quartz.

The pyroxenes occur as inclusions in the plagioclase, rather

than in subophitic relationships as in the dolerites.

Specimens 38779

and 38788 are similar to 38786, but are more altered.
Specimen 38787 is from a dyke intruding volcanics.

It consists

of elongate laths of albite up to 5 mm in length in a finer-grained
ground.mass of chlorite and albite (preserving a subophitic texture) and
interstitial quartz.
Specimens 38781 and 38732 are granophyres consisting mainly of
quartz and altered plagioclase (which could have been originally albite),
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with 10% chlorite which has replaced pyroxenes or amphiboles.
2.4 Petrography of extrusive rocks
Besides the obvious tuffs and agglomerates, extrusive rocks are
labelled as such mainly on their fine grainsize and on the abundance of
amygdales.

Neither of the latter two criteria are of course satisfactory.

(For example, abundant amygdales occur in dykes intruding pillow lavas
on Macquarie Island).

Therefore, many of the specimens described as

extrusives may be dolerites, and vice versa.
In contrast to the dolerites, no primary plagioclase or pyroxenes
have been identified in the extrusive rocks.

Specimen 38749 is a "bJpical

basalt consisting of tremolite-actinolite, albite, and a small amount
of iron oxides.

The i:ntergrowths of albite and amphibole are probably

preserving primary subvariolitic intergrowths of plagioclase and pyroxene.
Specimen 38753 is a similar rock in which the subvariolitic textures
have been par·tly obliterated during metamorphism.
of chlorite,

albite~

are preserved.

Specimen 38754 consists

saussurite and epidote, in which subophitic·textures

It contains scattered amygdales composed of quartz and

epidote.
Specimen 38751 is from an agglomerate block, whose chemical
composition is more similar to an andesite than a basalt (Table VIII).
It consists of tremolite actinolite, albite, chlorite (after glass?),
amygdales of quartz of epidote, nnd has n general subophitic to intersertal texture.

It could, however, be an altered basalt, with Si0 2 added

during metamorphism.
Specimen 38764 consists of luths of albite and chlorite (after
pyroxene) , with

a w,ell-developed

flo~·r

or trachytic texture.

Sea ttered
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elongate pyroxene phenocrjsts pseudomorphed by chlorite and small grains
of quartz also occur.

This rock has the chemical composition of a dacite

(Table VIII), but again it is difficult to tell how much metasomatism
accompanied the metamorphism.
Specimen 38876 is one of the unusual high-Mg basalts occuring
in the Heazlewood River Complex.

It.i::i composed of euhedral pyroxene

grains up to 2 mm long in a ground.mass of chlorite and tremoliteactinolite (Plate 75).

The pyroxenes, which may have included both

calcium-poor a..'l'ld calcium-rich types, are replaced by tremolite-actinolite
or chlorite.

Abundant amygdales composed of chlorite or g-ranular albite +

quartz occur in the rock.

Specimen 38875 is

an~ther

high-Ng basalt,

but is more highly altered.
2.5

Comparison with basalts and dolerites outside of the ophiolites
Specimens 38746 and 38747 are tiw basalts within the Luina Beds.

They consists of augite (partly altered to chlori te) a..'l'ld albite with subophi tic t0xtures, and contain titanomagnetite and intersertal glass replaced

by chlorite and iron oxides.

Specimen ·'.38750 is a similar but more altered

basalt from the Cleveland-Mine.

These basalts differ from the ophiolite

volcanics in that primar>J iron oxides are much more abundant.

Similarly

38736, which is from a dyke intruding the Luina Beds, contains scattered
large iron oxide grains.

Similar

titanomag~etite-bearing

dolerite and

gabbro dykes are common in the Crimson Creek Formation in the Serpentine
,Hill and Wilson River areas, and all of these are petrographically unlike
rocks within the ophiolites.
The extrusive.rocks and dolerites from the Serpentine Hill
Complex are

genera~ly

highly altered, but resemble certain types from

Table 6
Chemical compositions of dolerites and volcanic rocks from the Heazlewood River Complex.

Si0 2
Al 20 3
Fe203
FeO
MgO
Cao
Na 20
K20
Ti02
P205
MnO
NiO
Cr 2o 3
Loss

Rb
Sr
Zr
y

Ni
Cr

38876_

38803

38702

38704

38700

38701

38753

38751

38764

38766

38776

Mid-ocean
ridge
basalt

50.96
7.56
1.38
7.62
17.78
6.92
0.60
0.00
0.18
0.00
0.16
0.14
0.47
6.24

50.10
14.80
n.d.
7.51
12.22
11.90
1.37
0.29
0.40
0.07
0.12
0.01
0.08
1.08

49.85
15.41
0.94
8.19
8.04
10.98
2.22
0.21
0.30
0.00
0.06
0.02
n.d.
3.03

52.30
14.53
1.49
7.87
8.17
11.85
1.40
0.15
0.30
0.00
0.12
0.01
0.08
2.11

53.33
14.05
0.91
8.83
6.87
9.20
2.74
0.18
0.35
0.07
0.14
0.01
0.05
3.08

50.81
14.52
1.43
11.14
6.42
9.15
1. 92
0.43
0.43
0.02
0.22
n.d.
n.d.
3.48

52.59
14.53
n.d.
8.82"·
9.08
11.39
1. 23
0.08
0.31
0.01
0.14
n.d.
n.d.
1. 78

56.25
14.11
n.d.
7.19*
6.63
5.26
5. 71
0.02
0.28
0.06
0.09
n.d.
n.d.
4.05

64.33
12.86
1. 98
5.04
4.90
2.49
5.37
0.03
0.30
0.06
0.03
0.07
0.01
2.65

66.09
15.93
n.d.
4.69*
2.76
0.38
6.97
0.15
0.25
0.05
0.01
n.d.
n.d.
2.82

77 .69
10.39
n.d.
2.80*
0.93
0.32
5.52
0.10
0.18
0.04
0.00
n.d.
n.d.
2.05

49.61
16.01

100.01

99.86

99.25

100.38

99.81

99.97

99.96

99.65

100.12

<6
62
28
<6
n.d.
n.d.

<6
46
49
<6
100
470

<6
15
<20
<6
1080
3190

25
105
32
14
220
550

11
79
<20
<6
160
n.d.

2
28
8
10
110
530

9
77
15
8
110
345

23
64
29
6
n.d.
n.d.

10
44
<20
8
n.d.
n.d.

100.10
11
50
49
<6
n.d.
n.d.

99.42
<6
51
118
<6
n.d.
n.d.

11.49
7.84
11. 32
2.76
0.22
1.43
0.14
0.18

--101.00

0.6-12
40-250
35-165
10-60
30-200
200-400

38876 - high-Mg basalt; 38803, 38702, 38704, 38700, 38701 - dolerites; 38753, 38751, 38764, 38766 volcanic rocks; 38776 - silicified volcanic rock.
The Rb, Sr, Zr and Y values of 38704 were determined by Dr. R. Varne using X-ray fluorescence at the
School of Environmental Sciences, University of East Anglia. The data for the mid-ocean ridge basalt
is taken from Cann (1971) and Nichols and Islam (1971) .

Table 7

C.I.P.W. norms for some dolerites.

38803

38702

38704

38700

0.00

0.28

6.02

4.32

1. 71

1.24

0.89

1. 06

AB
AN
DI
HY
OL

11.59

18.79

11. 85

23.19

33.38

31.46

32.92

25.51

20.33

18. 71

21.06

16.21

22.73

22.58

22.34

24.20

8.08

0.00

o.oo

0.00

Mr

0.00

1.63

2.16

1.32

IL

0.76

0.57

0.57

0.67

AP

0.17

0.00

0.00

0.17

SI
OR
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the Heazlewood River Complex.
3.

Chemical conrnosi tions of doleri tes, extrusive rocks and acid intrusives
Table VI lists major and some minor elements for dolerites and

extrusive rocks from the Heazlewood River Complex, with data for mid-ocean
ridge basalts added for comparison.
The high-Mg basalt is similar in composition to the clinoenstatitebearing basalt from Cape Vogel area, Papua, which may or may not be related
to the Papuan Ultramafic Belt (Dallwitz et al., 1966).

It is also fairly

similar to some of the high-I Ig basalts which are abundant in the Archaean
1

greenstone belts of South Africa and Uestern Australia (Viljoen and
Viljoen, 1970; .Williams, 1972).
C.I.P.W. norms for the least metamorphosed dolerites are given
in Table VII.

Specimen 38803 has normative olivine, while the rest have

normative silica.

The norms overlap with the more silica-saturated

mid-ocean ridge basalts, which are less common than the olivine normative
types (Kay e't E:1,., 1970; Cann, 1971).

They are also similar to the

saturated continental tholeiites (t;lalker, 1969, p.83), except that
normative OR and IL are lower for the dolerites from the Heazleuood River
Complex.
The dolerites and volcanic rocks are all relatively low in Ti0
and P 2o when compared with mid-ocean ridge basalts.
5

2

They all have lou

or fairly low K20 and Rb, but it must be emphasized that 38803 is the
only unaltered rock.

The rest of the dolerites are partly altered and

all the extrusive rocks completely replaced by secondary

minerals~

K, Rb and Sr are particularly mobile during metamorphism of

igne~us

and
rocks

Table 8
Compositions of tonalite, trondhjemite and granophyre.

38786

38784

38790

SiO

60.74

78.64

66.07

Al 0
Fe 2o3

15.70

11. 25

16.05

n.d.

n.d.

n.d.

FeO

6.06*

1.44*

2.92*

MgO

4.15

0.60

3.89

Cao

4.09

0.55

3.16

Na 0

4.30

6.45

6.65

K0

0.34

0.09

0.22

TiO

0.22

0.24

0.38

p 0

0.17

0.01

0.10

MnO

0.06

o.oo

0.05

Loss

3.23

1. 00

1.13

99.06

100.27

100.60

Rb
Sr
Zr

9

<6

13

158

48

46.

26

31

33

13

<6

<6

Ni

140

<20

90

Cr

170

35

80

y

* total Fe as FeO.
38786

tonalite

38784

granophyre

38790

trondhjemite

\
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(for example, Cann; 1970) •
very high Cr and

Ni~

Excluding the high-Mg basalt which has a

the Ni contents are within the range or slightly

higher than mid-ocean ridge basalts, while the Cr contents (even for the
"clacite" 38764) tend to be higher than mid-ocean ridge basalts.

In

terms of Cr and Ni. contents the volcanic rocks and dolerites from the
Heazlewood River Complex are quite unlike tholeiites and calcalkaline
rocks from island arc regions 9 which typically have Cr values in the
range 0-50 ppm and Ni values in the range 0-30 ppm (Jakes and White, 1972;
Jakes and Gill 9 1970).

Thus with regard to Cr and Ni, the fonnation of

the Heazlewood River Complex within an island arc environment, as is
suggested for ophiolites by Jakes and Gill (1970)~ is considered to be
unlikely.
The Ni and Cr contents of the tonalite and trondhjemite (Table
VIII) fall outside, while those of the granophyre lie within the ranges
of island arc rocks •
.Analyses of some other Cambrian basic rocks are given in Table
IX.

The two rocks from the Serpentine Hill Complex are similar to the

dolerites and volcanics from the Heazlewood River Complex, but the other
four

rock~,

collected outside the ophiolites 9 have much higher Ti0

2

contents, corresponding to the relatively higher titanomagnetite contents

in these rocks compared with the ophiolite rocks.

The majority of the

Precambrian and Cambrian basaltic rocko whose analyses are recorded in
contents greater than o.5J6 and/or
2
relatively high K 0 contents (greater than 0.4%). There are exceptions~
2
ho·wever, and it will be interesting to compare the major and minor element

·Spry (1962b, Table IX) have Ti0

Table 9
Compositions of gabbro, dolerite and basalts from outside
of the ophiolites, and of a dolerite and a basalt from
the Serpentine Hill Complex.

Si02
Al 2 0 3

Fe 2 03
FeO
MgO

cao

Na20
K20
TiOz'
P205
MnO

Loss

Rb
Sr

Zr
y

Ni
Cr

38747

31832

.38815

40130

38811

38812

51. 75
13.90
n.d.
11.45*
4.87
6.91
5.44
0.15
1.87
0.22
0.17
2.86

47.18
16.31
n.d.
13.27*
5.43
7.70
2.97
0.56
1.68
0.12
0.24
4.23

52.12
14.25
n.d.
12.41*

3.45

3.92

53.92
14.07
n.d.
12.73*
5.21
9.44
1.55
0.00
0.31
0.01
0.25
2.57

47.20
13.62
n.d.
13.45*
7.04

0.11
0.11

46.05
16.08
n.d.
ll.13*
3.30
13.63
3.26
1.63
1.05
0.09
0.25

99.59

99.69

100.19

100.49

100.06 . 100.89

34

29
332

74
326

71

10

13
<20
80

21
40
185

<6
41
13
<6
70
140

<6
186
120
50
60
120

189

37
30
n.d.
n.d.

4. 71

6.54
4.14
1. 04
1.61

4. 72

1. 70
0.00
0.54
0.03
0.18
12.41

<6
68
63
<6
100

140

* total Fe as FeO.

38815
40130

basalt from the Luina Beds.
gabbro intruding Crimson Creek Formation,
Ring River.
dolerite intruding Mt. Read Volcanics.
basalt from the Mt. Read Volcanics (Anderson,.

38811
38812

dolerite, Serpentine Hill Complex.
altered basalt, Serpentine Hill Complex.

38747
31832

1972) .
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com:posi tions of thG various suites of Upper Proterozoic mid

Lo~;er

Palaeozoic basaltic rocks in more detail.
In Figure 28, the Ti and Zr contents of dolerites, volcanic rocks
and acid intrusives from the Heazlewood River and Serpentine Hill Complexes
are compared with mid-ocean ridge basalts, island arc tholeiites,
calcalkaline andesites from island arcs, and seamount basalts.

These

results indicate the depleted ooiure of the Tasmanian ophiolites with
respect to Ti.

The Zr values show a greater range, from less than the

detection limits of the analytical procedures for some specimens to 118 ppm
for the silicifie~ volcanic rock 38776.

(It is possible, that Zr could

have been introd.uced during metasomatism of this rock.)

The rocks from

the Tasmanian ophiolites are, therefore, unlike rocks from the various
oceanic environnents with regard to Ti and Zr, and unlike most of the
basalts and dolerites from the Oman ancl Troodos ophiolites which Pearce
and Cann ( 1971) show to be similar to mid-ocean ridge basalts.

4.

The Heaz1m·rood River Comulcx and oceanic crust
In previous sections it is argued that, based on the rock "bJpes

and their structural relationships, a good case exists for ophiolites
being tectonic slices of oceanic crust (Gass, 1968; Thayer, 1969; Hoores
and Vine, 1971; Bonatti et al., 1971; Coleman, 1972; Varne and Rubennch?

1972, in press).
by

comp~ring

This hypothesis can therefore be examined more closely

the details of the petrography and chemistry of the rocks

cons:ti tu ting any particular ophiolite with oceanic crustal rocks.
In many aspects, the petrocraphy and chemistry of the dolerites
and volcanics from the Heazlewood River Complex a.re at variance with
mid-ocean ridge basalts.

In particular, the dolerites and volcanics from
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the Heazleuood River Complex commonly contain calcium-poor pyroxenes
and/or quartz, and these minerals are quite rare in mid-ocean ridge
:cocks.

Also, the Ti0 2 contents of the Tasmanian rocks are unusually

lo~r.

On the positive side, dolerites and volcanics from the Heazlewood'River
Complex are relatively low in the incompatible elements as are mid-ocean
ridge tholeii tes, and their Cr and Ni contents are more similar to midocean ridg-e basalts than to island arc rocks.
Since the incompatible elements should be strongly partitioned
into a basaltic melt (Green & Ring1rood, 1967), it is concluded by Green

(1971) that Cainozoic mid-ocean basalts are probably partial melts of
upper mantle rocks already depleted in these elements during an earlier
partial melting event.

Strontuim isotopes data from oceanic peridotites

and mid-ocean ridge basalts are consistent with this hypothesis (Bonatti
et .§1.., 1971).

As the rqcks from the Heazlewood River Complex are also

depleted in the incompatible elements it is possible that they too were
melted from upper mantle rocks which had suffered an earlier partial
melting event.
Relative to other basaltic rock types, tholeiites and quartz
tholeiites are thought to be produced by partial melting of the upper
mantle at shallow depths (less than 10 kb) or extensive partial melting
at pressures greater than 10 kb.

It is postulated, then, that the

dolerites and volcanics of the Heazlewood River Complex could have formed
in a spreading zone such as a mid-ocean ridge, but the magmas were
produced at less than 10 kb pressure 9 or, relative to the tYJ,Jical olivine
tholeiites of mid-ocean ridge basalts, by a greater degree of partial
melting at pressures greater than 10 kb.

20,000

TI ppm

"
10.000

"

• ••

0

•
•"
0

•
•
•

•
too
Zr ppm

200

Figure 28.

Ti versus Zr for dolerites (dots)~ volcanic
rocks (dots)? sodic acid intrusives (open
circles) and Tasmanian Cambrian basalts which
do no belong to the ophiolites. The various
fields are taken from Pearce and Caz:n ( 1 971 ) ..
JT
OB
A
HT

-

Japanese tholeiites (island arc tholeiites)
mid-ocean ridge basalts
island arc andesites
Hawiian tholeiites
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Despite the differences in petroc-raphy and chemistry of the
dolerites and volcani cs of t he Heaz leuood River Complex and mid-ocean
r idge basa lt s, it i s concluded that ther e is no necessary r eason '·rhy the
Heazle1-rood River Complex did not f orm at a mid- ocean ridge or a spreading
environment similar to what is postulated for margina l seas .

s very

few data have been publi shed from other ophiolites , it is not lmolm
whether or not the Heazlewood River Complex is uni que in that unusua l o_
special conditions operated during its f ormat ion in a spreadi n& environment.

It is possible t hat other ophiolites are appr ecia bly different

from Cainozoic mid- ocean ridge basalts , and it is possible that rocks
formed in Phanerozoic spreading zones may be different from those formed
in Cainozoic spreading zones .

5. Possible genetic relationships between the rock types comprisin,, the
Heazlewood River Complex
The association of extrusive rocks, dolerites, intrus ive gabbros ,
layered gabbros and acid sodic intrusives with ultramafics in ophiolite
complexes is now wel l known (Thayer, 1967; Davies, 1971; Coleman , 1971).
Plotted on a AF'r·1 diagram these rocks fc;.11 into overlapping fields, which
Thayer (1967) refers to as the "alpine mafic ma~a stem" .

That there

must be some structural or tectonic control on this very commoi ass oci6.tion
appears to be hi ghly likely, but are the vari ous rock types related by
fractional melting processes, fractional crystalli zation processes, or
a re they genetically unrelated?
In chapter 5 it was ar gued that the layered ultramafics probably
crystallized at a r elatively hi gh l evel in the crust from tholeiitic or
hi gh- Hg tholeii tic maonas .

Since mos t of the intrusive gab bros, mic ro-
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ga.bbros, dolerites, and at least some of the extrusive rocks are
tholeiitic in composition, the parent magmas giving rise to the cumulate
ultramafics could have been similar in composition to any of these
rocks.

If so, it is possible that some of the most differentiated

dolerites could represent magmas tapped off from a chamber in which
olivine and orthopyroxene (the more abundant cumulus minerals) wer~
precipitating to form the layered ultramafics.

Thus if a less different-

iated eabbro (such as 38639) or the high-Hg basalt (38876) are taken as
parent magmas, could fractionation of olivine and orthopyroxene from
these produce typical microgabbro 1 ga.bbro 1 dolerite or basalt compositions?
It is obvious that this cannot occur within the Heazlewood River Complex
itself for the gabbros and dolerites intrude the ultramaficso

However

it is conceivable that the dolerites and volcanic rocks represent
magmatic fractions

dra~m

off from a chamber in which cumulates similar

to the ultramafics in the Heazlewood River Complex were being formed.
Possible genetic connections between uitramafics 1 gabbros and
basalts in the Papuan Ultramafic Belt were investigated by Davies (1971)
using a graphical method devised by Powers ( 1958).

In this method, the

compositions of the postulated parent maema 1 the cumulus phases fractionated, and the fractionated ma&'!Ilas are plotted on diagrams of oxide
components versus MgO.

Thus if

is the parent, vectors are

_91

dra~m

and Opx are the cumulus phase 1 o.nd X

alone the 01-X and Opx-X lines so as to

reach the composition of the fractionated magma (see Davies, 1971, pp.32-38).
If this can be done for each plot then it is possible that various rocks
are related by fractional crystallization.

Figure 29.

.AJl'ill diagram (weight percentage 1 total Fe

as FeO) for the Heazlewood River Complex.·
A basalt and a dolerite from the Serpentine Hill Complex are also included 9 each
being marked ld th an "S".

F
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Table 10
Fractionation of high-Mg basalt.
Composition of high-Mg
basalt (water removed).

Composition after removal
of 33% orthopyroxene.

Composition after removal of 17%
orthopyroxene, 17% olivine, 2.5%
plagioclase, 2.5% clinopyroxene
and 0.7% chromite.

Si0 2

54.38

52.74

57.59

Al 20 3

8.67

12.01

12.21

Fe203
FeO

1.47

1. 79

1.92

8.13

8.04

7.14

MgO
Cao

18.97

12.90

9. 20

7.38

10.50

10.15

Na20
K20

0.64

0.92

0.85

0.00

0.00

0.00

0.19
0.00

0.25

o.oo

0.27
0.00

0.17

0.18

0.16

NiO

0.14

0.12

0.13

Cr203

0.47

0.56

0.11

Ti02
P205
MnO

Table 11
Compositional ranges of gabbros and dolerites.

Gabbros and microgabbros

Dolerites

Si0 2

49-52

50-54

Al 20 3

15.0-16.9

14.0-15.5

'FeO'

6.8-9.9

7.5-12.5

MgO

8.7-11.2

6.5-12.3

Cao

11.7-13.5

9.3-11.9

Na 20

0.8-2.5

1.4-2.8

K 20

0.00-0.70

0.15.-0.45

Ti0 2

0.12-0.31

0.30-0.45

P20s

o.oo

0.00-0.07

MnO

0.08-0.15

0.06-0.14

Cr

80-1190 ppm

350-550 ppm

Ni

85-230 ppm

110-220 ppm

Rb
Sr

0-31 ppm
29-113 ppm

0-25 ppm
28-105 ppm

Figure 30.

MgO diagrams for selected rocks. For
details concerning construction and
significance of this type of diagramg
see Davies (1971)0
The compositions used for olivine 9
orthopyroxenevclinopy:t'oxene and plagioclase are "average" values for the
Heazlewood River Complex. The arrows
represent the direction of movement
of the residual liquid composition; in
this figure they do not represent
vectors.
H
G1
G2
D1
D2
D
T3

-

high-Mg basalt? 38876
gabbro, 38639
gabbro, 38642
dolerite? 38803
dolerite 9 38700
dolerite 9 38701
tonalite, 38786

Total Fe is calculated as FeO. Values
plotted are weight percent of the rocks
recalculated wa tar free.

a
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Figure 30 consists of MgO diagrams in which are plotted the
11

average 11 compositions of the component minerals of the

ultramafics~

together with the, gabbros 38639 and 38642, the high-Hg basalt 38876, the
dolerites 38700, 38701 and 38803, and the tonalite 38786.

It was found

that it is impossible to reach the compositions of the dolerites or
tonalite by fractionating olivine and orthopyroxene from the gabbros,
especially with regard to the FeO/MgO, Na. o/~1g0, Ca.O/Mf!P and A120 /MgO
2
3
plots.

Even if large amounts of plag.i.oclase and clinopyroxene (which are

not as abundant as orthopyroxene and olivine in the ultramafics) are
fractionated as l·rnll, it is still impossible to reach the dolerite and
tonalite compositions.

It appears probable, then, that the ultra.mafics,

intrusive gabbros and dolerites are not related by simple fractional
crystallization processes.

In a similar study of the Papuan Ultra.ma.fie

Belt rocks, Davies (1971) showed that it was possible for many (but not
all) of the plots to reach the composition of the basalts from a highlevel gabbro by removal of reasonable proportions of the minerals occurring
in the cumulate ultramafics and gabbros.
The plots in Figure 30 indicate that compositions fairly close
to the dolerites could be produced by fractionating about 33% orthopyroxene
from the high-Hg basalt.

This is not surprising since the basalt contains

about 25% pseudomorphed pyroxenes (Plate 75), some or perhaps most of
which were orthopyroxenes.

Table 10 gives the composition of a liquid

obtained by fractionating 33% orthopyroxene from the high-Ng basalt.
This liquid is fairly similar to the dolerite 3880~ (the high Cr 2o could
3
be easily lowered by removing 1~6 chromite).

However, removing olivine

(uhich is the other important cumulu.s phase in the ultramafics) produces
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greater misfits, especially regarding silica.

It must be remenbered,

though, that the basalt has been metamorphosed and probably has suffered
'

.

metasomatism; the quartz comprising the amygdales might have been added 1
for example.
As a corollary to the latter discussion, it is interesting to
note that the high-Mg basalt provides an example from within the Heazlewood River Complex of a tholeiitic magma which, having been produced by
partial melting, probably stopped in a magma chamber long enough to
crystallize large pyroxenes before it uas tapped off as lava flow.

It

is exactly this process of settling crystals in a magma chamber from a
tholeiitic magma that is required for the fonnation of the cumulate
ultramafics.

However, the above discussions indicate that the more

fractionated dolerites and the layered ultramafics probably did not
crystallize from a single magma type similar in composition to the less
fractionated dolerites and gabbros.
It is suggested then, that while fractionation probably played
some part in producing the variations in dolerites, basalts, and intrusive
gabbroic rocks, fractional
ine factor.

me~ting

may have been a more important controll-

In chapte,r 3 it '·ras argued that the textural continuum from

coarser-grained gabbros through microe;a.bbros to subophitic-textured
dolerites intruding the layered ultramafics may have been the result of
continuous injection of tholeiitic magmas during slow.cooling of the
ultramafics.

Table 11 and Figure 29 indicate an overlap between chemical

compositions of the gabbros and dolerites, suggesting a chemical as well
as a textural

continutL~.

The dolerite 38704 is quite similar in composit-

ion to the basalt 38753, and it is thought likely that the basalts and
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dolerites were derived from the same types of mac;mas.
The picture, then, is one of partial melting and emplacement
of larce volumes of tholeiitic magmas over a large period of time.
Large magma chambers formed in which the cumulate y.ltramafics (and perhaps
layered gabbros as in the Serpentine Hill Complex) formed by crystal
settling from tholeii tic or high-Hg tholeii tic,

mae,mas.

There are no

lmown rocks i'rithin the Heazlewood River Complex itself which obviously
represent the more differentiated liquid fractions of the parent magmas
from which the ul tramafics cr,Ystallized.

As the ul tramafics gradually

cooled, basic magmas were continuously injected into them, first forn:ing
irregular coarser-grained gabbro bodies and later tabular dykes of microgabbros.

By this time tensional fractures were forming in the layered

rocks, perhaps in response to a regional tensional stress, and subparallel
sheets of tholeiites were injected, in places forming swarms of over

9o%

dolerite dykes.

The dykes possibly fed overlying basaltic extrusions,

many of which were themselves intruded by dykes as a thick doleriteextrusive pile gradually formed.
6.

Origin of the "calcalkaline rocks 11
On the AFH plot in Figure 29, the tonalitep trondhjemite and

granophyre appear to form a calcalkaline trend.

The intermediate and

acid volcanic rocks also fall on this trend, but as previously mentionedp
·the writer is uncertain as to how much metasomatism has been involved
during the metamorphism of the· volcanic rocks.

Nevertheless, the trend

is real for the intrusives, and bas been noted for sodic acid intrusives
in other ophiolites (Thayer, 1967; Coleman, 1971).

Although some of the

dolerites appear to have differentiated towards an iron enrichment (for
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example, 38701

7

toeether with the dolerite and basalt from the Serpentine

Hill Complex discussed in the Appendix 1), there also appears to be a
gradation from quartz-bearing dolerites such as 38700 to tonalites such
as 38786.

Assuming these are fractionation trends, they are quite

unlike those shmm by other differentiated quartz tholeii tes, such as
the Tasmanian dolerites (HcDouga.11 1 1962), in which the granophyric
types show appreciable iron enrichment.

Another interesting point is

that the acid intrusives and volcanics have relatively low A1 2o and verJ
3
low K 0, and in most cases quite high Cr and Ni when compared to calcalk2
aline rocks from volcanic arcs or continental plutonic environments (Taylor,

1969).

It appears unlikely that the ophiolite "calcalkaline" rocks were

produced either by anatexis of crustal rocks, as is considered likely
for granitic rocks, or by partial melting of eclogite or amphibolite as
is postulated for island arc rocks (Green and Ring;rood, 1968).

It is

possible to obtain a calcalka.line trend by fractionating magnetite from
a basalt under relatively high f0 2 conditions (Osborn, 1962), but this
process is thought to be unlikely in the case of normal calcalkaline rocks
because of their JU, V, Co and Cr contents (Taylor et al. l' 1969).

Hoi;·rever,

it is possible in view of the unusual "'calcalkaline" rocks from the
Heazle1·rood River Complex that they were derived by fractionating magnetite
from tholeiitic magmas.

(In this regard it 1·rnuld be interesting to look

at the transition metal contents of magnetites which occur in some gabbros
and dolerites in the Complex.)

It may also be possible to obtain

andesi tic and do.ci tic liquids by part~a·i n{el tinf; of upper mantle peridoti te
under hydrQus conditions, as is suggested by Kushiro et_,&. (1972); however,
the liquids these authors obtained e.:re very depleted in HsQ, and in
contrast the

11

calcalkaline 11 rocks from the Heazlewood Hiver Complex have
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relatively high He\) contents.
It must be pointed out that 'l'Thile sodic acid intrusives and
extrusives are fairly common in ophiolites they appear to be fairly rare
within Cainozoic oceanic crust (Aumento, 1969 1 and Hart, 1971 describe
/

some examples).

This may reflect the sampling problem involved in study-

ing oceanic crust or perhaps different environmental conditions in the
spreading zones in which Phanerozoic ophiolites formed.

?. Summary and conclusions
The main conclusions regarding the origin of the Heazleuood
River Complex are outlined below.

1)

The Heazlewood River Complex is an ophiolite which uas quite

probably tectonically emplaced into its present location.
2)

The greater proportion of the ultramafics are cumulates

which probably crystallized at pressures less than 6 kb from magmas of
tholeiitic or high-Ng tholeiitic composition.

3)

There appears to be a chemical as 1rnll as textural continuum

from intrusive gabbros through microgabbros to dolerites and
Most of these rocks are tholeiites or quartz tholeiites.
appear to grade into tonalites and

granophy-~es 1

basalts~

The dolerites

but the origin of the

sodic acid intrusive and extrusive rocks is difficult to explain.
4)

The Heazlewood River Complex may form a geochemical as well

as a structural entity.

However, the variations in chemistry of gabbros,

doleri tes and volcanics cannot be easily explained in terms o:f 101·r pressure
ol
fracti~nation of fivine and pyroxenes (i.e. the minerals which are the
dominant cumulus phases in the ultramafics) from tholeiitic magmas.

It

is.suggested that much of the variety in chemical composition of these
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rocks may be the result of fractional melting rather than fractional
melting relationships.
5)

The dolerites and volcanics haYe relatively. low concentrations

of the incompatible elements, but relative to Cainozoic mid-ocean

ridg~

basalts they tend to form a_ suite of quartz tholeiites rather than
olivine tholeiites, and are unusually lovr in Ti0 •
2

It is arguecl, hovrever,

that tl1is does not preclude the Heazlewood River Complex from forming in
a spreading environment such as a mid-ocean ridge or marginal sea.
Relative to mid-ocean ridge basalts, the magmas giving rise to the dolerites
and volcanic rocks may have been produced by partial melting at low
pressures or by a greater degree of partial melting at pressures greater
than 10 kb.
It is suggested that upwelling of a mantle plume (Green, 1971)
into the axis of spreading may have been important in producing the extension
partial melting required.

At first these ma£1Jlas formed large magma

chambers in which thick sequences of olivine-orthopyro:x:ene-chromite cumulates
formed, probably at pressures less than 6 kb.

As the cumulates gradually

cooled they were intruded by gabbros and microgabbros, and later, under
the influence of a regional tensional stress, were fractured and intr-u.ded
by subparallel dolerite dyke swarmso

The dolerite dykes at least in part

fed overlying fissure eruptions, and a thick sequence of dolerites and
extrusive rocks was built up.
The considerable variations from area to area within the cun.ulates
of the Heazlewood River Complex can be explained in tenns of this model •
.As discussed in Greenbaum ( 1972), one could expect such variations in
cumulates which formed at a mid-ocean ridge, as the temperature variations
within the large magma chambers 1·rould be quite complex, and sudden
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of fresh magmas into th0 chambers would probably be common-

influxes

place. It is also conceivable that a sequence of

cu.~ulates

could be

intruded by another large body of magma from which crystallized another
sequence of cumulo. tes.

Thus it is possible that some of the comyle:d ties

of the geology and petrolOg<J of the plutonic rocks of the Heazleuood
River Complex reflect the complex fluctuating conditions 1·1hich could be
expected in a spreading environment.
The Serpentine Hill Complex is a dismembered ophiolitej and
probably fonued in a similar way as the Heazlewood River Complex.

LATE PRO'.l.1EROZOIC .A..1\TD C.ANBRI.AN TECTONICS OF TASNANIA
The.main elements in any tectonic

reconstructio~

of the Late

Proterozoic and Cambrian geology are as follo1-rs.

1)

The Precambrian blocks.

The most important of these are

the Rocl0J Cape Geanticline and the Tyennan Block 1 but others such as the
Jubilee Block (Corbett~ 1970) on the eastern side of the Tyennan Block
could be important.

It must be remembered, also, that the Rocky Cape

Geanticline was probably continuous with Precambrian rocks now in
Antarctica (Solomon and Gri'ffi ths, 1972).
2)

The Eocambrian and Niddle to Upper Cambrian sedimentar>J

rocks uhich between the Precambrian blocks and flanking the Tyennan Block
on the eastern side.

West and north of the Tyennan Block 1 these can be

subdivided into an Eocambrian group of wackes and mudstones with minor
basic voJca:aics and cherts, and a Middle to Upper Cambrian group of parac onglome rates, 1·rackes 1 mudstones and acid volcanics.

East of the Tyennan

Block, older Cambrian rocks are mainly sequences of mudstones and wackes,
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mudstones and acid volcanics.

East of the Tyennan Block, older Cambrian

rocks are mainly sequences of mudstones and wackes while Upper Cambrian
sedimentary rocks are shallow water (del ta.ic).

3)

A third element is the Ht. Read Volcanics flanking the

Tyennan Block to the west and north.

On their major and minor element

chemistry, these rocks are fairly typical calca.lkaline (Solomon, 1964)0
The abundance of acid relative to intermediate members, together with the
details of the trace element chemistry, show that these rocks are more
similar to continental or Andean-type arc volcanics than island arc
volcanics.

Some of these rocks are lmmm to be Upper Cambrian in age,

while the underlying volcanics are probably Middle Cambrian and may or
may not extend down into Ji;he Lower Cambrian (Gee et al. , 1 970; J'ago et al. ,
1972).

According to the plate tectonics model, a Cambrian subduction

zone would have been associated with the volcanic arc.

4)

The ophiolites and ultramafic gabbro complexes.

These

probably have a magmatic age of Proterozoic or Lower Cambrian, as several
of them were tectonically re-emplaced and subjected to erosion in the
Middle Cambrian.

The ophiolites (the Serpentine Hill Complex 1 the H.R.C.

and its satellite sheets such as the Whyte River Complex) could have formed
as part of oceanic crust during Late Proterozoic or Lower Cambrian spreading which occurred betl·1een the Tyennan and Rocky Cape blocks, and uere
later emplaced as thrust slices into the Eocambrian rockso

On their

similarity wil:;h the ultramafics and e;abbros of the Heazlewood River .:;.nd
Serpentine Hill bodies, the other Main Belt complexes may also represent
thru.st slices of layer 3 of oceanic crust formed in this period of spreading.

Houever, it is reported in Blissett (1962) that the Hcivor Hill

Gabbro has a chilled margin and has metamorphosed sedimentary rocks of the
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Crimson Creek Fonnation.

If this observation is correct, it coulcl mean

that some of the other Hain Belt complexes also crystallized within the
Eocambrian sedimentary rocks rather than at a mid-ocean ridee.

At this

stage, less i's understood about the Adamsfield Complex, but this together
with the Boyes River body. may have been initially emplaced as a hot
solid diapir of upper mantle rocks.
A

number of models, i'Thich attempt to explain these and other

features of the Upper Proterozoic and Lower Palaezoic geology of Tasmania,
are proposed in Solomon and Griffiths (1972).and Corbett et al. (1972)0
The realization that Mt. Read Volcanic Arc is very similar to Cn.inozoic
continental

e~cs

rather than oceanic island arcs poses a major objection

to the model of Solomon and Griffiths (1972).

Thus the subduction zone

corresponding to these volcanics would have to be located west of th0

In either case the subduction

volcanic arc or east of the Tyennan Block.
zone would face towards the volcanic arc.
Figure 31

1

The two models are shown in

and are discussed below.

Model_J_
In this

model~

the ophiolites and ultramafic-gabbro complexes of

the Hain Belt formed by spreading at a mid-ocean ridge or similar tensional
environment.

Subduction beginning in the Lower Cambrian gradually consumed

the oceanic crust between the Tyennan Block and the Rocky Cape Geanticlineg
and slices of oceanic crust were thrust into or on top of the Eocambrian
sedimentary pile.

The collision and related thrusting was accomplished

before the Niddle Cambrianp as Dundas Group sedimen ta~J rocks UiJ.confonµably
overlie the Serpentine Hill sheet.

After the collision 1 the Nt. Read

volcanism continued into the Upper Cambrian.

P~rhaps

the emplacement of
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the Adamsfield and Boyes River ultramafics (uhich also probably occurred
before or during the :Middle Cambrian) was related to this collision.
ThGre are many objections to

·~his

modeL

Firatly, because of'

their nature it would be logical to asstmie that the Bocambrian sedimentarJ
rock.s could. hs.ve formed at or near the trench.

Ho·.re-ver, at Renison Bell

the Crimson Creek For.nation conformably overlies upper Proterozoic
quartzites nnd dolomites Hhich would appear to have been deposited in a
relatively shallow marine environment.

The trench itself would have to

be placed nest of a line between \'laratah and Renison Bell 1 and the necessary
distance between the trench and the volcanic arc would also rec1uire this.
But

this creates a major space problem, as the rocks of the Rocky Cape

Geanticline appear far too close to this line.

A possible solution is

to :J?ropose that the Rocky Cape Geanticline was thrust over the trench
during the collision.

There is no direct evidence of this, and faulted

contacts at ·the present mare;in of the Tyennan Block appear to be q,uite
steep.

However, the possibility that the Rocky Cape Geanticline was

thrust over the trench in. the Lower Cambrian cannot be precluded from
what is currently k:novm of the e;eology alone; its present contacts.
Another major objection to Model 1 is the intrusive contact of
the Ncivor Hill Gabbro with the Crimson Creek Forrnation.

It is obvious

that this body must be looked at in more detail, both from the point of
view of relationship to the other Hain'· Belt complexes, and also check
the contact described in Blissett (1962).
Additional problem is the apparent lack of deformation in the
Eocambrian rocks.

The only reported tight folding in the Eocambrian

rocks is in the Cleveland Mine area (Cox and Glasson 1 1971), but this is
now disputed by D. Ransom (12.~.~· ~·)·who has' recently remapped the
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nrea.

Possible records of the collision in the rocks themselves could

be the thru.st emplacement and dismembering of the opbioli tes and ultramafic c;abbro complexes, the unconfonnity at the base of the Dundas Group
at Serpentine Hill, and the defamation of the lower part of the iit. Read.
Volcanics.

It is possible, thoueh,

th~t

a collision can be accomplished

without intense folding of the sedimentary rocks.
1fodel 2
This model overcomes the "trench problem 11 by placing the su1Sduction
zone in an area where conveniently there io greater cover of Ordovician
and younger rocks.

The Hain Belt complexes woul?- have formed by lir.ii ted

spreading in a small oceanic basin developed be"bi·reen the Tyennan i3lock
and the Rocky Cape Geanticline.

In the Lm·rer or Lower Biddle Cambrian 1

collision occurred between the 'i'yennan Block and another large block
(which included the Jubi~ee Block now exposed in the Adamsfield area),
emplacing the Adamsfield and Boyes River bodies as mantle slices.

The

effects of the collision were felt on the other side of the Tyennan Block,
with the I.'Iain Belt complexes being tectonically re-emplaced.

The collision

l·ras over by the Upper Cambrian, and deltaic sediments, fanglomerates, and
shelf sediments were deposited for the rest of the Lower Palaezoic.
The main objection to this model is the location of the Ht. Read
Volcanics; it seems too much a coincidence that the arc is located at
the edge of the Cambrian basin on the western and northern sides of the
Tyennan Block.

The situation of the volcanic arc is more elegantly

explained under Nodel 1.
The present writer tends to favour 11odel 1 rather than Hodel 2.
It is obvious, however, that a lot more

~rork

must be done in critical

areas in order to test the various tectonic modelso

Figure :;1.

Two plate tectonics models for western
Tasmania ( diagramm.a tic) • The hatching
represents sialic crust including
Proterozoic rocksp the stipling Eocambrian flysch wedges 9 the v-symbols the
Mtu Read Volcanics 9 and the black areas
oceanic crust generated at spreading
zones as well as ophiolite and ultramafic
thrust slices.
In model 1p oceanic crust generated. at
a spreading ridge situated between the
Rocky Cape Geanticline and the Tyennan
Block is consU!led at an easterly-dipping
subduction zone (1A). Ophiolites are
emplaced as thrust slices as a result of
a continent - continent collision (1B)
which occurred prior to Middle Cambrian
sedimentation. In model 2i the subduction
zone is situated east of the Tyennan
Block, and oceanic crust forms between this
block and the Rocky Cape Geanticline by
limited spreading in a marginal sea type of
environment (2A). The ophiolites and
the Adamsfield ultramafics are emplaced as
thrust slices after a collision east of
the Tyennan Block (2B).

Note - compare with figure 3.

MODEL 1

MODEL 2
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CHAPTER 7

SERPENTINITES, RODING!TES Al\J'D JiJ1iPHIBOLITES
SERPENTINITES

A systematic study of serpentinized ultramafics was not undertaken.

The most detailed work was done on serpen tini tes in Jche eastern

part of the Serpentine Hill Complex, and is discussed in Appendix 1.
As is discussed in Appendix 1, the exact relationship between
lizardite and chrysotile is still uncertain, especially after the observations of Chernosky (1971).

In this thesis,· the serpentine-g-~oup

minerals are labelled according to the criteria of \·lhi ttaker and Zussman
(1956); the identification of lizardite, clinochrysotile and orthochrysotile, which is based solely on diffraction pealw 11 must therefore
be regarded as tentative.
1.

Serpentinites from the Serpentine Hill Complex
These are discussed in detail in Appendix 1 , and the main

conclusions are summarized below.
1)

-

An earlier phase of serpentinization preferentially attacked

the harzburgite and dunite layers, replacing them by massive black to
green-black dull-lustred serpentinites.
also attacked.
lizardi te,

bu·~

In places the pyroxenites are

These black ser-_flentinites are essentially composed of
contain chrysotile where deformed along local shear zones.

Gabbro dykes or layers in the ultramafics were altered to al!lphiboleprehni te rocks prob.ably during this phase.

Sea ttered clumps of the chrome

chlorite kammererite occur in the black serpentinites in some localities;
this mineral has formed at least in part from alteration of chromite.
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2)

A second type of serpentinite occurs only at contacts bahreen

the ultramafics and underlying count!"J rocks.

This serpentinite is highly

sheared, is essentially composed of antigoritc and chrysotile, and is
thought to have formed during tectonic emplacement of the Serpentine Hill
Complex before the 1·1iddle Cambrian.

3)

A third variety of serpentinites is restricted to a shear

zone, and cuts across (so is younger than) the other two types.

The

ser:pentinites are green (ranging from dark to light, but mainly a medium
green) and have a characteristic waxy lustre.

They range from highly

sheared varieties to massive. blocky varieties which are cut by widely
spaced joints with slickensided surfaces.
chrysotile mixtures.

Compositionally they are lizardite-

The green serpentinites have replaced pyroxenites

and even gabbro as well as peridotites and dunites, but residual pyroxenite
kernals are fairly abu..1dant.

Concentric shells of cross-fibre asbestos

veins commonly surround these residual kernals where they occur in t.1.e
less deformed varieties of green serpentinites.

Small lenses of stichtite

(a chrome-magnesium hydrated carbon~te) occur in the green serpentinites~
in contrast to the silicate kammererite in the black
2.

serpent:L.~ites.

Seruentinites from other Hain Belt com-plexes
2 .1

The Heazlewood River Complex
As in the Serpentine Hill Complex, the harzburgites 9 lherzolites

and dunites of the Heazlewood River Complex are partly to entirely
replaced by unsheared dull-lustred serpentinites.

Pyroxenites are e;enerally

not replaced by serpentinites (except along shear zones, faµlted contacts
and adjacent to slickensided joint surfaces), but in places are partly to
entirely replaced 'by fibrous tremolite-actinolite and/or talc.
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The harzburgites and lherzolites from the Brassey Hill

Ilarzbu.~t;ites

are partly replaced by black serpentinites, as in the Heazlewood River
Complex.

Orthopyroxenes in these rocks may remain largely altered, or

otherwise are partly replaced by tremolite-actinolite
are pseudomor11hed by laree basti te plates.

and/or talc, or

Clinopyroxenes are unaltered

or replaced by light green-bro1m hornblende.

Interstitial plagioclase io

replaced by hydrogrossular and/or saussurite.

The serpentinite replacing

dunites and plagioclase dunites is generally a dull
than black.

g-~een-brmm

rather

r

In all cases, 'the olivines are replaced by mesh-text-ured

serpe::itinites, and the primary textures are conmonly well preserved.

Fine-

grained secondary magnetite occurs disseminated throughout serpentinized
ultramafics.

Clumps of k:i.mmererite occur in several localities.

The duni tes and harzburgi tes from the Nineteen Tllile Creek Duni tes
are replaced by unsheared dull-lustred serpentinites, ranging in colour
from apple-green to darker

green-bro~m.

Along faults and shear zones, the ultramafics are commonly
entirely altered to deformed serpentinites, which break along polished or
slickensided surfaces.

These are generally green-black in

colour~

but

are lighter green in shear zones in the Nineteen Hile Creek Dunites.
Deformed magnetite veins and small amou....-1ts of kammererite may be folUld. in
these shear zones.
Counterparts of the green waxy-lu9tred serpentinites of the
Serpentine Hill Complex have not been observed in the Heazlewood River
Complex.
Table XII lists the species identified in some serpentinites
from the Heazlewood River Complex.

Specimen 38522 is an apple-g-reen

serpentinized dunite from the Nineteen Hile Creek Dunites 1 and contains

Table 12
Serpentinites from the Heazlewood River Complex.
"Lizardite"

"Clinochrysotile"

"Orthochrysotile"

Antigorite

Magnetite

Talc

Brucite

Others

Unsheared serpentinites:
38522 (dunite)
38555
(harzburgi te)
38557
(harzburgite)
38565
(harzburgite)
38605
(plag.dunite)
38656
(harzburgi te)

xx

tr

xx

x

xx

x

xx

x

tr

x

?

xx

trace ol

x
opx

+

ol

cpx

+

hb

tr

xx

xx

Deformed serpentinites:
38541
38550
38559
38599
38600

x
xx
xx
x

xx

x

xx
x

?
?
?
?

x

tr
tr
tr

x

?

xx

tr

?
?

xx

Sheared serpentinite at
contact with sedimentary rocks:
38597

xx abundant

x

fairly abundant

tr

trace

? not positively identified
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brucite as well as lizarditc.

This is consistant 1·Tith the observation

of Hostetler et al. (1966) that brucite commonly occurs in serpentinizod
dunites or olivine-rich ultramafics, and also suceests that the serpentinization reaction is closer to the "constant composition 11 type
than "constant volume" tYPe (Thayer, 1966).

:x:

rather

The other tmsheared serIJen-

tini te samples are black serpentini tes from the Brassey Hill Harzburgites ·
and consist mainly of lizardite.

However, in contrast to the unshea,red

black ser:pentinites from.the Serpentine Hill Complex, two of the samples
contain some chrysotile.
The deformed serpentinites, most of which were collected near
large faults within the Heazlewood River Complex, are obviously quite
variable in mineralogical composition; all five contain lizardite, while
two contain chrysotile and two contain antigorite.
The highly sheared ser:pentinite (38597) was collected from a
contact with sedimentary rocks.

It is composed of chrysotile and antigorite 1

as are similar contact serpentinites from the Serpentine Rill Complex.
2.2 1•Tilson River Complex
Se:rpentinites in the Wilson River Complex are mainly black,
green-black or green-bro1m varieties, and are commonly deformed.

Lighter

gTeen waxy-lustred varieties similar to the green serpentinites in the
Serpentine Hill Complex, occur around Riley Knobp and along much of the
souther Y-shaped branch in the Colebrook Hill area.

x Disregarding the H o content.
2
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2.3

The Dundas Serpentinite
This main serpentinite at Dundas, together with the small

satellite bodies to the south, is composed almost en til·ely of green
uaxy-lustred serpentinites.
near contacts.

These are highly sheared in places, 'especially

At some contacts a zone of deformed talc separates the

green serpentini tes from the sedimen tartJ rocks.

At one locality n9ar .

the Razorback Hine, serpentinite at the contact has been replaced by silica.
Asbestos veins are associated with several residual ker-Dals of p;/roxeni te
in the extreme north of the body.
Small blebs and rarer small lenses of stichti te are abuna.ant in
some patches in the green serpentinites on Stichtite Hill (Petterd, 1910;
Twelvetrees, 1914).
2.4

The Noddy Creek Complex
In the area sho>m in Figure 8, and in the Asbestos Point area,

the ul tramafics consist largely of green waxy-lustred seI"pen tini tes which
are very similar to those at Serpentine Hill.

Lenses of primary ultramafics

included in these are mainly peridotites partly replaced by black serpentinites (Fig. 8).

Both highly sheared and "massive" varieties cut but

fe1·r shear planes occur.

Diffraction studies by R. Close (~~· ~·) and

the present writer shoii that they are mainly lizardite-chrysotile mixtures,
while some composed only of lizardite.

Cross-fibre asbestos veins commonly

form concentric shells surrounding orthopyroxenite kernals in patches of
undeformed green serpentini tes which h:we clearly pseudomorphed orthopyroxeni tes.

Stichtite is quite abundant as blebs and small lenses in

the serpentinites; according to R. Close (pers. ~.) stichtite-bearing
serpentinite commonly occurs zones surroundine serpentinites in which
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cross-fibre asbestos veins are abundant.

2. 5 The Andersons Creek Complex
The nerpentinites in thin body are described in Taylor (1955),
Green (1959) and Gee and Legge (in nres~).

Dark coloured ser:pentinites,

both massive and deformed, are common, as are deformed green 1·raxy-lustrcd
vnrieties.

Asbestos occurs in the latter

fibre as well as cross-fibre types.

varieties~

and includes slip-

No stichtite has been recorded from

this area.
2.6

The Ulverstone area
Several small bodies of serpentinite occurring in Precambrian

metamorphics in the Ulverstone area are described in Taylor (1955).

These

are mainly deformed green waxy-lustred serpentinites which contain asbestos
as in other localities.

3.

Sernentini tes from the Adamsfield Comnlex
The serpentinites from the Adamsfield Complex are discussed in

detail in Brown ( 1972).

They are generally black, green-black or darl-c

green in colour, although some highly sheared varieties are light green.
Both massive and sheared varieties occur; the massive varieties have a
dull lustre 1 while sheared varieties tend to be more vitreous and have
slickensided joint surfaces.

Kone of the green waxy-lustred serpentinites

that are common in many of the Hain Belt complexes occur in the Adamsfield
area.
Brmm. (1972) discusses the results of 33 diffractograms from
selected serpentinite samples.

Regardless of the composition of the

primary rock, all contain lizardite and the dunites and olivine-rich
harzburgites all contain brucite.

Chr<Jsotile occurs in nine of the samples,
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and appears to

be~r

no relationship to deformation as is suggested for

serpentinites from the Serpentine Hill Complex (Appendix 1).

rTacroscopic

and microscopic veins of chrysotile appear in general to be more abundant
in the serpentinites from the Adamsfield Complex in comparison with dark
coloured serpentinites from the Nain Belt complexes.

4. Chemistry of the serpentinites
The chemical compositions of some serpentinized ultramafics are
given in Table 13.

Additional analyses can be found in Taylor (1955)~

Palethorpe (1972), Brown (1972) and Gee and Legge (in press).

Some of the

specimens in Table 1 (such as 38526, 38555 and 38604) are largely replaced
by serpentine and other secondary minerals, and are also discussed in this
section.

4.1

Oxidation during serpentinization
The serpentinized ultramafics all show appreciable oxidation of

2
Fe + to Fe 3+ during serpentinization, except for the serpentinized dunite
38526.

It is interesting to note that all the black or green-black serpen-

tinized rocks (whether deformed or not) have Fe o /Fe0 ratios greater than
2 3
1, while 38604 and 38526, both of which contain green-brmm ser:pentinite,

o /Fe0 ratios less than 1. Thus the colour of xhese serpentinites
2 3
in part reflects the amount of secondary fine-grained magnetite present,

have Fe

althouch the amount of Fe substitution in serpentine minerals could also
influence the colour.

The green waxy-lustred serpentinites from Serpentine

Hill (38806; three samples in Palethorpe, 1972; one from Taylor, 1955) have
total

1

Fe0 1 x contents of 2.2-3.5% (calculated dry), while all other

x Total Fe as FeO.
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serpentinized ultramafics (regar<iless of colour) have 'FeO' contents of
6.5 or creater.

As is discussed below, Fe was probably removed during

the formation of the green waxy-lustred serpentinites.
4.2

The NeQ/Si0 2 ratio of serpentinites
As is discussed in Thayer (1966), serpentinization can be a

"constant composition" process, in which water alone is added, or at the
other extreme it may be a "constant volume" reaction.

In the latter case,

some elements are partly removed so that the alteration of a dense primary
ultramafic to a less dense serpentinite occurs uithout increase in volume
of the body as a whole.

The I1g0/Si0

2

ratio offers a guide in considering

uhat type of serpentinization process has occurred (Page, 1967; Coleman,
1971); the ratio for an alpine dunite is around 1 .23, for an orthopyroxenite
around 0.55, and for a pure serpentine around 1.0.

Other.factors such as

density, removal or addition of other components, etc., must also be taken
into account, so that it can become quite involved or even impossible to
determine the exact chemical changes during serpentinization.
If the alteration is essentially isochemical (except for the
addition of water), a serpentinized dunite would have a Iig0/Si0

2

ratio of

around 1.23, a serpentinized orthopyroxenite a ratio of around 0.55, uhile
a ba-czburgite or lherzoli te would vary between these extremes, depending
on the relative proportions of olivine and pyroxenes.

As mentioned in

chapter 5, a serpentinized dunite analysed by Palethorpe (1972) gave a
ratio of 1 .23 uhile 38526 gave a ratio of 1 .14.

The latter sample has

a greater Fe content, so the Mg0/Si0 2 ratio would be expected to be slightly
lower than 1 • 23.

Nost serpen tinized harzburgi tes and lherzolites froru.

the Serpentine Hill and Heazlewood River Complexes have HgO/Si0

ratios
2
in the range 0.70-0.90, but the only way of checking if the alteration was

Table 13
Compositions of serpentinites, rodingite and amphibolites.

38542

38599

38597

38806

38655

38689

38694

34736

Si02
Al 20 3

41.46

39.82

41.13

40.60

34.32

47.76

44.79

48.05

1.02

1.61

0.11

1.16

12.20

13.62

17.56

14.90

Fe203
FeO

6.61

6.86

3.82

0.79

n.d.

n.d.

1. 26

n.d.

3. 71

3.05

2.63

1.05

9. 71*

9.75

7.86

10.51*

MgO

30.28

36.06

39.11

40.91

11.86

11.81

10. 28

9.87

Cao

6.02

0.05

0.05

0.00

22.44

8.90

12.87

10.68

Na20
K20

0.00

0.00
0.00

0.00
0.00

o.oo
0.00

2.80
0.27

1.48

1.50

0.00

o.oo
0.00

0.40

1. 26

Ti02

0.09

0.10

-o.05

0.06

0.45

0.84

0.50

0.64

P205
MnO

0.01

0.01

0.02

0.00

0.14

0.11

0.05

0.06

0.10

0.06

0.05

0.07

0.15

0.18

0.11

0.24

NiO

0.20

0.34

0.33

0.15

n.d.

n.d.

n.d.

n.d.

Cr203

0.36

0.66

0.55

0.60

n.d.

n.d.

n.d.

0.08

Loss

9.47

11.67

12.69

15.28

8.01

4.93

3.02

2.42

99.33

100.29

100. 54

100.67

99.28

100. 97

100.18

100.21

,38542

partly serpentinized wehrlite or websterite, Heazelwood
River Compl -ex.
deformed serpentinite, Heazelwood River Complex.
38599
sheared contact serpentinite, Heazelwood River Complex.
38597
38806
green waxy-lustred serpentinite, Serpentine Hill Complex.
rodingite, Heazlewood River Complex.
38655
amphibolites, Heazlewood River Complex.
38689, 38694
34736
amphibolite, Serpentine Hill Complex.

* total Fe as FeO.
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isochemical would be to base calculation on such factors as the chemical
com~osition

of the rock and of the primary minerals, the density of the

rocks, and the model composition of the primary rock (for examplep 'see
Green, 1964).
Specimen 38597 has an HgO/SiO

2

ratio iof 0. 95.

This is highly

sheared serpentinite derived from an orthopyroxenite and so either much
Ng was added or Si uas removed.

The latter alternative is the more likely

as mudstones in contact with this serpentinite are silicified.
In Table XIV, the composition of a residual pyroxeni te kernaJ.
from Serpentine Hill is compared with the immediately surrounding green
waxy-lustred serpentinite which has obviously replaced py-roxenite.

The

results indicate that serpentinization involved total depletion of Ca,
depletion of Fe, and it is thought that Si was probably removed rather
than ~lg added to cause the large change in the J.Ig{)/Si0

2

ratio.

T•m analyses

of green'13axy-lustred serpentinites in Taylor (1955), and four analyses

in Palethorpe (1972) give the same results; loss of Cap depletion of Fe 1
and change in the He;O/Si~ 2 ratio from 0.55-0.70 for the pyroxenite to

1.00-1 .05 for the serpentini te.

It is concluded tha·I; the serpentinization

processes producing the green waxy-lustred serpentinites approximate to
the

11

constant volume 11 serpentinization, i'li th excess Si, Fe and Ca having

been removed in solution.

The presence of talc and/or silicification at

contact zones involving green serpentini tes and sedit:lentary roclr..s in the
Dundas Serpentini te and in the l'Joddy Creek Complex is consistent 1-tl th this
hY})Otheses.

Perhaps some of the Fe removed during serpentiniza tion was

concentrated in localized shear zones, some of which contain abundant
fibrous magi.1etite.

Table 14
Analyses of pyroxenite kernal and surrounding green serpentinite from
Serpentine Hill quarry, recalculated water-free.

pyroxenite

serpentinite

Si02

53.05

47.87

Ti02

0.10

0.07

Al203
FeO

1. 36

1.37

6.31

1. 24

Fe203
MgO

1.32

0.93

32.53

48.23

Cao

3.90

0.00

Na20
K20

o.oo

0.00

0.00

o.oo

P205
MnO

0.00

0.00

0.27

0.08

Cr203
MgO/Si0 2

o. 71

o. 71

0.61

1.01
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Bro1m (1972) discusses the chemistry of pro~--ressive scrpentinization
of dunite and pyroxenite from Adamsfield.

He shows that the Mg{)/Si0 2

ratio for tbe dunite-serpentinite sequence decreases froo 1 .18 to 1 .00 1
while for the orthopyroxenite sequence it increased from 0.75 to 1.00.
'
From this he concludes
that serpentinization processes in the Adamsfield

Complex 1-Tere essentially on a volume for volume basis.

4.3 Conclusions
From these preliminary studies of the chemical compositions of
the Tasmanian serpentinites, the followir..g conclusions can be made.
1)

The form.a tion of unsheared dull-lustred serpentini tes in the

rfain Belt ul tramafics 1-ras probably at least in
process.

SOLie

places an isochemical

However, quite detailed work 1-muld be nocessarJ to establish

this with greater certainty, especially for serpentinized peridotites.
2)

The serpentinization processes during 1·rhich the e;reen waxy-

lustred serpentinites formed appear to be quite vigorous, and resulted in
the removal of some Si and Fe and virtually all the Ca in the original
rock.

The process was probably close to a "constant volume" replacement

type.

The presence of the carbonate stichtite (in contrast to the silicate

kammererite in the black serpentinites) and of fibrous dolomite in some
localities in the ereen serpentinites sugeest that the fC0 2/fH 2o ratio
may have been slightly higher in comparison with the for.nation of the black
scrpentinites.

3)

The colour of ser-pentinites in Tasmania is a f'unction of

the total Fe left in the rock at the conclusion of serpentinization and
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5.

He-in·tntSion of solid serpentinite
As is characteristic of many alpine bodies, contacts betu·een

ul tramafics and countr-.r rocks in Tasmania generally show no metrunorr;hism
of magmatic origin.

The contacts commonly consist of serpentinite

sedimentary rocks 1-rhich are either unmetamorphosed
1 m of the contact.

o:i.~

are sheared

~e;ainst

~;i thin

.An apparent exception is the presence of andalusite

in pelitic sedimentary rocks along the western contact of the .Andersons
Creek Complex.

However,· the present 1-1riter agrees Hith Gee and Legg--e

(in press) that this thermal metamorphism probably occurred during
serpentinization, and also believes (contrary to Gee and Legge) that
appc.rent thermal metamorphism of septa of Preca.mbrian schists included in
this body is probably due to serpentinization rather than mag.natic processes.
The only other alteration of coUJltry rocks noted by the writer is localized
silicification of contact zones in some localities in the Dundas Serpentinite and Noddy Creek Complexes.
Since magmatic thermal aureoles appear to be absent, it is thought
that the contacts between ultr8l.!lafics and country rocks in Tasmania are
tectonic, being produced by faulting and/or solid flow of serpentinite.
(The uriter knows of no field criteria which satisfactorily distinguish
betueen these two processes 7 and is uncertain as to whether such a
distinction is realistic).
A mechanism for solid emplacement of serpentinite is discussed
in Raleigh and Patterson ( 1965) and Raleirrh ( 196'7).

Experimental work

by these authors sbm1 that serpentinite loses its ductility at about

500°c, partly dehydrates and deforms brittlely.

Under these conditions,

the serpentinite could be intruded as a number of independent fault-bounded
blocks lubricated by the high PH 0 set frco by the partial dehydration.
2
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Another possible mechanism ..is proposed by Carey ( 1953).
a sufficiently large

str~ss

If

is applied·for a sufficiently long period of

time, serpentinite may be capable of plastic flow as a "rheid" body,
analogous to the solid flow of salt in a salt dome.

The temperature of

the serpentinite body would have to remain relatively low 1 for otherwise
partial dehydration and embrittlement would occur (Raleigh, 1967) and
11

rheid" flow would be less unlikely.

RODINGITES AND RELATED ROCKS
Rodingites were first described from the Roding River, Hew Zeahnd
(Harshall, 1911; Bell

tl al., 1911). They consist essentially of hydro-

grossula.r, with pyroxene and/or amphiboles, and varying amounts of other
hydrous Ca-Al silicates such as prehnite, vesuviani te, zoisi te and pectoli te".
They usually occur within ultramafic bodies or at their
country rocks.

co~tacts

uith

It is now thought that they probably form by metasomatism

of basic igneous rocks, or in some cases seaimentary rocks, during
serpentinization processes (Bilgrami and Howie, 1960; Coleman, 1966, 1967).
The present writer found no evidence contrary to this hypothesis.

1.

Rodingites from the Ande-rsons Creek Com1Jlex .
The alteration of eabbros and hornblende e;a.bbros in the Andersons

Creek Complex to rodingi tes is described in Baker ( i 959), Green ( 1959) and
Gee and Legge (in J2.r..§!Ss).

The rodingites consist essentially of fine-

grained hydrogrossular, pyroxenes and/or arnphiboles, and chlori t~, with
such minerals as vesuvianite, clinozoisite and prehnite present in many
samples.

Baker ( 1959) records an analysis of hydrogrossular with 0. 99%
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Data given in Gee and r;~C:ee (in .ill:"'..~§§) indicate considerable
2
Ca-metasomatism in converting a gabbro to rodinc;ite.

rr o+.

Baker (1959) argues from field evidence that the rodingite fo1med
prior to the intrusion of serpentinite.

However, the present writer agrees

with Gee and Legge (in E~~.) in that the rodine;ite probably formed from
,gabbro dykes during serpentinization, and that the 8erpentinite uas
subsequently deformed and "re-intruded" the rodingite.
2.

Rodinr;i tes from the Heazlewoocl River Comple:i;
Gab bro, microgabbro and dolerite dykes intruding what are now

serpentinized or partly serpentinized ultrarn.afics have been altered either
to saussuri te-urali te rocks or to rodirigi tes.

Roding:i tes are more common

in the olivine-rich harzburgites and plagiocJ:ase dunites where serpentinization is complete or near complete.

In some cases, the alteration of

the dyke to rodingi te is restricted to a narrow margin (Plate 21), with
the plagioclase in the rest of the dyke replaced by saussurite.
The petrography of rodingitized gabbroic rocks is &escribed in

chapter ).

Hydrogrossular is an essential mineral 1 and others present

include pyroxenes (the orieinal igneous pyroxenes)~ amphiboles (replacing
py-~oxenes), chlorite, and iron oxides (in many cases the original igneous

magnetite).

Very fine-grain8d high relief minerals (saussurite) also

occur, but no vesuvianite, clinozoisite or pectolite could be identified.
Prehnite is quite rare.

In some roding:ites the overall texture of the

ga.bbro is preserved, while-in others the original igneous texture has been
oblitera.ted.

In some cases a "reaction zone" containing anphiboles and

chlorite occurs in the serpentinite immediately adjacent to the roding:ite
body.
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The composition of o. rodingi te (38655) is c,'iven in Table 13. ,
The rock consists largely of hydrogrossular, with scattered small clinopyroxenes partly replaced by chlorite and tremolite-actinolite.
orieinal rock may have been a

doleri~e

or a microgabbro.

The

The analysis

succests considerable Ca-metasomatism during the formation of the rodingite
from the original rock; the Al 2o /cao ratio is 0.54 for 38655, compared
3
with a ratio of 1.1 or greater for unaltered dolerites and microgabbros.
As described in detail in chapter 3 9 the interstitial plagioclase
in most of the serpentinized plag?.oclase dunites and peridotites from the
Brassey Hill Harzburei tes is replaced by hydrogrossular and some saussuri te.
Specimen 38604 is such a serpentinized plagioclase dunite, and its chemical
composition is given in Table I.

The A1 o /cao ratio of this rock is
2 3

1 • 34, which is lower than calcic plagioclase (which has a ratio in the
range 1.9-2.4) from which the hydrogrossular and saussurite was derived.
The higher ratio for 38604 compared

w~th

the rodingite 38655 is perhaps

due to the greater amount of saussurite in the former.
The formation of rodingites and the replacement of interstitial
plagioclase in ultrarn.afics by hydrogTossular and saussurite most probably
occurred during serpentinization.

However, the origin of the extra Ca

needed for the formation of hydrogrossular is a problem.
could have been derived from the alteration of pyroxenes.

Perhaps some Ca
However, clino-

pyroxenes are generally replaced by amphiboles rather than serpentine
minerals, while orthopyroxenes are replaced by tre;nolite-actinolite or
by both basti te and tremoli te-actinolite, which if anything would require
addition rather than loss of calcium.

Some Ca was probably available from

the serpentinizatj.on along faults nnd shear zones where pyroxenes are
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generally fully scrpentinized.

It is also qui to poosible that Ca was

brought in by the water which produced the secyentinization.

3.

P.mphibole-prehnite rocks from the Serpentine Hill Comnle:::c
In contrast to the rodingites formed in very similar types of

serpentinites in the Heazleuood River Complex, dykes and layers of gabb1""0s
in black serpentinites in the Serpentine Hill Complex have altered to
amphibole-preln1ite rocks.

These are described in detail in Appendix 1.

In contrast to the formation of

rooingites~

appreciable Ca-metasomatisrn.

does not appear to have occurred during the formation of amphibole-prehnite
rocks.

This is consistent with the suggestion of Coleman ( 1967) that the

stability of prehnite

rela~ive

to hydrogrossular is enhanced by higher

Si activity and lower activities of Ca and Al.

COHTAC'I' AHPHIBOLITE LfilTSES
Lenses of amphibolites occur at ultramafic contacts in the
Serpentine

Hill~

Wilson River and Heazlewood River complexes,

They rm1ge

up to 500 m in length and 200 m in width, and are elongate parallel to
the contact.

\'Tith the exception of the one cropping out in the Ring River

in the Serpentine Hill Complex, the lenses are surrounded by sheared
serpen tini te.
serpentinites.

Hone of the lenses are associated i·ri th the green 1·;axy-lus tred
Sedimentari; rocks immediately adjacent to the lenses shon

no effects of thermal metamorphism, but in some cases mudstonEEhave been
converted to sericite-bearing phyllites within a metre of the contact.
With the exception of the lens in the Ring River, most of

tk~

amphibolites show a strong foliation that roughly parallels the contact.
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In many localities, a lineation (defined 1Jy the elongate amphiboles) is
obvious, and is generally sub-horizontal.

In some localities, the

amphiboli tes are striped, with layers varying in pla1..,rioclase content.
Elsewhere, they contain no plagioclase.
represent transposition.

The foliation is thought to

Isoclinal folds were not observed in the field,

but occur in one of the specimens (38689), in which the foliation is
clearly axial surface to the folds.
1.

Amphibolite lenses from the Ser1Jentine Hill Complex
These are described in detail in Appendix 1.

The arnphibolite

body in the Ring River differs from the others in that it is not foliated,
and consist mainly of fibrous tremolite-actinolite and serpentine rainerals.
It contains residual olivine grains and there is no sheared serpentinite
zone between the amphibolite and the sedimentary rocks.

It is thought

that this body may have formed by meta.somatism of partly serpentinized
.•. 1

ultramafics in a similar fashion to the tremolite-actinolite reaction zones
at serpentinite contacts as described in Coleman (1966, 1967).
The other two lenses in the Serpentine Hill Complex are fold..ated
similar to those in the Wilson River and Heazlewood River complexes.
2.

Amphibolite lenses from the Wilson River Comple1:
An amphibolite lens on the lower contact of the Wilson River'

Complex in Ahearne Creek was studied in detail.

Such lenses 1·rere not

present at other contacts examined by the writer, but A. Jessup (pers. ~.)
found several other lenses along the lower contact.
Creek is about 20 m wide.

The lens in .Ahearne

It is separated from unmetamorphosed Crimson

Creek mudstones and wackes by a thin sheared serpentinite zone, while on
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the eastern side it is repl.:iced by sheared serpentinite. (Specimen ,38848
shows the amphibolite replaced by chlorite at the actual contact.)
The amphibolites are foliated, show an obvious lineation, and
vary from fine-grained to rocks with an average grainsize of 3

:r:un.

In

38847-38850, the hornblendes are very light brmm :i:enoblastic prisms.
They appear to have suffered some protoclasis as they are surrounded by
fine-grained hormblende; annealing uould have occurred after deformation,
since the grains are generally unstrained.

Specimen 38849 contains come

hornblende porphyroblasts up to 2 mm, the groundmass hornblendes avero.i;;inc;

0.3 mm.

Small grains of olive-green spincl are scattered throughout these

rocks, uhile fine-grained mae,neti te occurs mainly interstitial to the larger
Specimen 38849 contains small relict olivine grains, while

hornblendes.

38850 contains several large relict porphyroblasts of olivine (Plate 81),
as well as small clinopyroxenes uhich may or may not be of metamorphic
orizin.

It is quite probable that those amphibolites have been derived

from the metamorphism and metasomatism of ultramafic rocks, the olivines
being relicts from the orieinal peridotite.
Specimen 38851 consists of darker green-bro1m hornblende vTi th 30/~

-

plagioclase

re~laced

'

by sericite.

It does not contain green

spinel~

and

contains several relict clinopyroxenes partly to largely replaced by
hornblende.

This rock is similar to 34736 from the Serpentine Hill

Complex, nnd may lk'l.Ve been formed by metamorphism and deforillation of a
gabbro rather than an ultramafic rock.
Table z::.I gives analyses of an am:phibolc and spinel from' .38850.
The amphibole is obviously a hornblende rather than tremolite-actinolite,
uhich uas first

s~spected

from the very light pleochroic colours and small
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extinction ane;le.
to

11

The composition of this hornblende is fairly similar

po.rc,"3.si tes 11 from the Lizard (Green g 1964) and St. Pauls Rocks

peridoti tes (Ifolson et §1., 1971) o.nd le so oo to the hornblende from a
lherzoli te nodule (Varne, 1970).

It is lo~·rer in alkalis tban true

pargasites, and is best called "hornblende" from the data in Deer et §1_.

(1966; fies. 60 and 61).

The green spinel is best referred to as picotite

(Deer et al., 1966, p.426).

Although the spinel may be relict from the

original ultramafic it is thought that it is more likely to be meta::1orphic
in

oriein~

probably forming in part from .the original chromite.

Green

spinel formed by thennal 14etamorphism of the Trial Harbour Seri:ientinite
by the Reemskirk Granite in described in Green

(1966), demonstrating that

ereen spinal can form in ultramafics by metamorphic processes.
The amphibolites are amphibolite facies, while the adjacent
mudstones and ereywackes show very low grade regional metamorphism (probably
lower than g:ceenschist facies).
foliation

a~d

lineation in the amphibolites occur in the adjacent

sedimentary rocks.

ill

foru.

sit~,

1fo structures corresponding Jco the

These observations show that the amphibolites did not

bu:t were tectonically emplacecl with the ul tramafic body.

Their origin is discussed in more detail belo1·r.

3.

/\mnhibolite lenses from the Heazle1·rood River ComTilex
The northernmost is the lar(;est of these and is exposed in a

small creek flm·ring into Nineteen Nile Creek.

The others were observed

as blocks that are probably float rather than outcrop.

The tuo northern

bodies are separated from sedimentary rocks by a thin strip of sheared
serpentinites, but there is no outcrop in the vicinity of the southern
lens.

All three lenses shou a foliation ancl generally o. lineation.

'"'

The
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foliation in the northern lens strikes

mr to mrw (parallel to the main

contact in this area - see Fie. 11), and the linea tion a11pears to be mainly
sub-horizontal.

Nuch of the amphiboli te in the norther11 lens iD striped,

whereas the other tuo are more uniform.
Specimens 38686 and 38699 are from the southern lens.

The former

is a fine-grained amphiboli te composed , of green-bro1m hornblende and a
little quartz 1 and is cut by veins of

epidote and prehnite.

Specimen

38699 is a fine-grainecl amphiboli te i'Thich has been brecciated subsequent
to the development of the foliation.
Specimen 38695 is from the HlT lens 1 and is composed of green-brmm
amphibole and saussuritized plagioclase.
The amphibolites from the northernmost lens are composed of greenbroi'ln amphibole, with or without saussuritized or sericitized plagioclase.
In 38639, the foliation is obviously axial surface to small isoclinal folds.
Specimen 38693 is composed of green-brown hornblende and sericitized
plagioclase, and is very similar to 38851 from the r:lilson River Complex.

A crenulation cleavage occurs in part of 38690, suggestins two 11,phases" of
deformation.

Specimen 38691 contains uhat appear to be augen of dolerite

wrapped around by the foliation; the pyroxenes in the augen are replaced
by hornblende and the plagioclnse by saussuri te, but the texture is ver-J
similar to that.of a typical sub-ophitic dolerite.

Specimen 38692 actually

contains residual grains of hypersthene and clinopyroxene partly replaced
by hornblende.

A number of loose boulders of dolerite 1·rere found in the

area underlain by the amphibolite, and these (e.g. 38703) are composed of
labradorite, hypersthene and augite, and are indistinguishable from dolerites
intruding ultramafics about 1 km to the SE.

It is quite :Likely that these

Table 15
Compositions of hornblende and green spinel from the amphibolite 38850.

hornblende

spinel

45.81
0.45
11.84
7.28
0.19
17 .57
12.28
1. 29
0.05
0.24

0.00
0.23
47.22
28.39
0.32
11.02
.0. 09
0.00
0.00
10 .19
0.85

97.00

97.51

Si02
Ti02
Al203
'FeO'
MnO
MgO
Cao
Na20
K20
Cr 20 3
NiO

o.oo·

Structural Formulae
Based on 24(0H)*
Si
Al

6.432 )
2.000
1.568 )

Al
Ti
Fe
Mn
Mg
Cr

0.391
0.047
0.855
0.023
3. 677
0.027

Ca
Na
K

1.848 )
0.351 ) 2.207
0.008 )

OH*

2.818

)
)
)
5.020
)
)
)

* Assuming 3.00% H2 0.

Based on 4(0)
Al
Cr
Ti
Fe**

1.588
0.230
0.005
0.177

)
)

Mg
Fe**

0.469
0.504
0.008
0.020

)
)
1.001
)
)

Mn

Ni

)
)

1.990

** Total Fe was distributed
between the two sites.
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loose boulders occurred as augen or lenses in the amphibolites, and that
the amphibolites uere at least in part derived from the metamorphisu of
dolerite.dyke swarms forminc; part of the Heazlewood River Complex.
(Hypersthene-bearing rocks have not been observed in the Cambrian rocks
outside of the ophiolites.)
As in the case for the two uestern lenses in the Serpon tine IIill·

t

Complex and the one from the Wilson River Complex, it is though that t~e
lenses in the Heazlewood River Complex were f onned before tectonic
emplacement into their present situations, as the metamorphic grade and
structures in the amphibolites are incompatibJ.e with those of the
immediately adjacent sedimentary rocks.
Throe analyses of amphibolites are given in Table XIII.

4. OriP;:i_n of the amphibolite lenses
The occurrence of metamorphic a.mphiboles or amphibolites :i,n
ultramafics or at their contacts may

b~

the result of metasomatic alteration

during serpentinization (Coleman, 1966, 1967), recrystallization under
hydrous conditions durine tectonic emplacement of an ultramafic body (as
~

is

sugG~sted

by Green, 1964a, for the hornblende-bearing ultramafics in

the Lizard intrudon), or perhaps

11

dynamothermal 11 metamorphism of country

rocks during emplacement of a hot periodtite
,diq.pir (Green, 1964-b).
',

As

previously mentioned, the lens cropping out in the Rine River fits best
into the ideas of Coleman (1966, 1967) reearaine tremolite-actinolitebearine reaction zones nt serpentinite contacts.

The other lens are

different, and the ideas of the above authors are dra1m upon in the follouing hypothesis to explain their origin.
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It is suggested above that the foliated amphiboli tc lenses T:rore
derived from metamorphism, deformation and, at least in some cases,
metasomatism of ophiolite rocks, namely
suarms.

ultra~afics,

and dyke

g~bbros

That th.is uas achieved before tectonic emplacement of the complexes

into the positions they now occupy is necessitated by the dis:pari ty in
metamorphic g-..cade and structural style between the amphibolites and the
country rocks.

That this process is possible can be demonstrated from

the Gray Creek Complex (White, 19659 Green~ 1968a) situated l T'°lf of r.2mmsville
1

in North Queensland.

In this complex, which is currently being studied by

the present writer, residual lenses and boudins of clinopyroxenites,
wehrlites and layered gabbros, in places intruded by abundant dykes, are
wrapped around by foliated amphibolites derived from these rock

types~

The amphibolites, which in places are very well exposed, have suffered at
least three phases of deformation, the first of wl:1ich produced the dominant
foliation and lineation by
isoclinal folds.

11

strippine out" of cleavae;es axial su:rface to

:Many of the mnphibolites are remarkably

similar~

both

in hand specimen and in thin section, to those on the ultrD.!llafic contacts
in Tasmania •
It is sugeested, then, that the foliated am:phibolites fom.ed by
deformation and metamorphism of the ophilites either (1) along local belts
before tectonic . emplacement~- or (2) during defor:na tion vrhich occm·red as
an early stage in the tectonic emplacement.

In the former hypothesis, it

can be further postulated that the thrusts 1·rhich emplD.ced the ophiolites
developed along these local belts of deformntion 1 so as to explain the
occurrence Of the amphibolite lenses at the ophiolite contacts.
quite possible

tha~

It is

deformation of the Nineteen Nile Creek Dun.ites occur1"0d ·
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contemporaneously with the formation of am:phibolites but und.er relatively
dry conditions.
The hypothooea for tho origin of the folio.tod mnphiboli te lensez
are illustrated in Figure 32.
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su:mIJ\B.Y .<llm CONCLUSION'S
GEOl~OGICAJJ

HISTORY OP THE TASHA!.TI.AJT OPHIOLI'l'Z AHD UI/rP..;\HAFIC-G.A.BBRO COiIPLGTIS

In this section, the geological history of the Tasmanian ophiolit0 ·
and ultra.mafic-gabbro complexes is traced from the magna tic sts.ge through·
the various re-emplacements and serpentinization phases.
1•

Narl':!a ti..£._*'"!Jie

Most of the layered ultramafics and gabbros of the Main Belt
complexes

probab~y

formed by crystal

or high-Mg tholeii tic magmas.

accu.~ulation

from large tholeiitic

This probably occurred at a relatively lo':·i

load pressure (probably less than 6 kb), possibly at a mid-ocean ridge or
some other spreading environment.

The layered rocks were intruded by

abundant gabbroic dykes and later by microgabbros at the host rocks gradually
cooled.

Then,as a result of the pervasive tension in the spreading zone,

the layered rocks in at least some of the bodies (the Heazlewood River and
Serpentine Hill ophioli tes) uere fractu.red and intruded by dolerite dyke
swarms.

The dykes, largely quartz tholeiites and relatively depleted in

the incompatible

elements~

probably acted as feeders for a thick volcanic

sequence which formed above the l.::i.yered plutonic rocks o

Bodies of

tonalites, trondhjemites and granophyres also intruded the layered ultramafics and gabbros, dolerites and at least some of the volcanic rocks, and
the extrusive rocks of acid to intermediate composition may have fol'.ned
from similar m.ngmas.

At this staee all these rocks may have constituted

layers 2 and 3 of oceanic crust formed in the spreading zone in the late
Proterozoic or Lower CamQrian.
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A possible objection to the bypothesis that these complezes
originally formed at a mid-ocean ridge type of envirolliilent is the observation of Blissett (1962) that the Mcivor Hill Cabbro is chilled agairu::t
and has thennally metamorphosed sedimentary rocks of the Crimson Creek
Formation.

This implies that this body 1 and some other of the Ifain Belt

complexes 1 could have formed in situ during

~ocambrian

sedimentation.

Eowever 1 all the contacts between the complexes and the sedimentary rocks
examined by the present writer are tectonic 1 and the sharp contrast in
composition between the ophiolite rocks and other intrusive and extrusive
rocks in the Eocambrian sequences supports the hypothesis that the Main
Belt.complexes are allochthonous.
The layered ultramafics of the Adamsfield Complex may hnve foxmed
by crystal settling from a magma (Bro1m, 1972).

However, it is not kno1m

whether the massive ultramafics of this complex are cumulates for uhether
they represent residual upper mantle; if the former hypothesis is correct
it would necessitate crystallization from an ultramafic magma within the
upper mantle.
2.

Tectonic emplacement in the Eocambrian
2. 1 The Main Belt complexes
Nost of the !fain Belt complexes were probably emplaced as thrust

slices into the Eocambrian sedimentary rocks.
amphibolites by

metamo~phism

The formation of the foliated

of ophiolite rocks preceded or accompanied

the earlier stages of this tectonic emplacement.

Deformation of the Nineteen

Hile Creek Dunites may have occurred penecontemporaneously with the
formation of the amphibolites.

Dismembering of the ophiolites (e.g. the

Serpentine Hill Complex), the production of melange zones in the SW of the

Figure 32.

Model for the formation of amphibolites

and tectonic emplacement of the Tasmanian
ultramafic gabbro and ophiolite complexes~
In A, oceanic crust is locally deformed 1
forming lenses of amphibolites in deformed
and partly serpentinized ultra.mafics.. In
B, slices of crust are thrust into the
Eocambrian flyschoid sediments~ the thrust
.initiating along the belt deformed in Ao
.A:rl. amphibolite lens is shown in black.

T-:''"i?T-.::;:i;i~,;....,.-__JEg:ocam br i an sediments

__,e.-~..L.---:...L...~'i,i,/.'l::!::!.~~~1~/Q~Ceanic crust <?>
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Reazlewood River Complex, and the formation of at least some of the
sheared contact serpentinites 1 may have occurred during this initial
tectonic emplacement.
The emplacement of the ophiolites and ultramafic-gabbro complexes
as thrust slices may be related to a continent-continent collision.

The

unconformity between the Serpentine Rill Complex and the overlying Dundas
Group indicates that the thrusting occurred before'the Niddle Cambrian
sedimentation began.

The abrupt change in lithologies from the Eocambrian

sedimentary rocks to the Niddle and Upper Cambrian sequences may also be
a consequence of this tectonic event.
2,2

The Adamsfield area
The deformation of the massive ultramafics, and the formation of

myloni tes and their subsequent folding? may have occurred durine the initial
emplacement of the Adamsfield Complex as a diapir or hot slice from the
upper mantle.

The abundnnce of ultramafic detritus in Hiddle or Upper

Cambrian sedimentary rocks exposed along the Scotts Peak road places a:a
upper limit on the initial e;nplacement of these rocks.

3. EarUer sernentinization nhases
3 .1

The Main Belt complexes
In the Hain Belt complexes, the·dunites and peridotitcs, and less

commonly the

pyroxenite~

serpenti:nites.

have been largely replaced by wassive dull-lustred

These are generally black or greenish-black, bu·c are

~Teen

or ereenish-brown where they have replaced duni tes and plagioclase dtmi tes
in the Heazlewood River Complex.

The replacement of i..'1terstitial ril<:!.t;.i.oclase

by bydi~ogrossular and/or saussurite, and the alteration of other gabbroic
and dolerite dykes to rodine;ites, amphibolc-prehnite rocks, or saussurite'
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uralite rocks, probably occurred during the foimation of these massive
serpentinites.

These serpentinization events, then, occurred after the

intrusion of gab bro and dolerite dykes 1 but it is not kr10im ·whether they
took place before of after the initial tectonic enplacement.

Similarly,

it is not lmown when the deformed serpentinites (excluding the c,-reen 1·r2;x.ylustred tY}les) occurJ•ing alone; faults and shear zones uere produced~ but
it seems quite likely that they formed at various times spanning much of
the geoloi:i;ical history of the Hain Belt complexes.
3.2

The Adamsfield area
The serpentinization processes in the Adamsfield and Boyes River

bodies possibly began in the initial tectonic enplacement and continued
throughout subsequent re-emplacements along the Lake Edgar Fault zone.

4.

Late:r ser1Jentinization and tectonic re-intrusion events

4. 1 The Nain Belt complexes
Nost or all of these were prqbably emplaced as thrust slices
before the Middle Cambrian, but many have been re-emplaced so that they
are now in contact '\'Tith Nicldle and Upper Cambrian sedimentary rocks (the
Dundas Serpentinite), Ordovician rocks (the Anderso:1s Creek end Noddy
Creek bodies), and rocks as young as Silurian in the case of the \Tilson
River Complex.

Tectonic

re-emplacemen~,

may have been achieved by faulting

or solid flow of serpentinite according to the mechanism of Raleigh (1967)
or Carey (1953); several of these mechanisms could have been involved in
the formation of any single contact between serpentini te and country rocks.
In the Serpentine Hill Complex it can be demonstrated that the
green waxy-lustred ser-pentinites formed after the black massive serpentinites
and the sheared contact serpentinites, and probably occurred after the

initial tectonic emplacement as a thrust slice.

The same green

serpentinites comprise large parts of the Dundas 9 Noddy Creelcjl

wa:;;:y-lusti~ed

\'!il~;:;on

River

and .Andersons Creek bodies, all of which have bten placed in contact 'l'Ti th
sedimentary rocks younger than Eocambrian; thus it appears likely that
re-emplacement of these complexes is related to the formation of these gree::J.
serpen tini tes.

The re-emplacement r::i.ay have occurred during the Eiddle

Devonian Tabberabberan

11

0roseny 11 , the only established significant Palaeozoic

deformation phase that occurred after the Hiddle Cambrian.
4.2

The Adamsfield area
As mentioned above 9 the Adamsfield Complex must have been emplaced 9•

partly serpentinized and. exposed to erosion during the deposition of Hiddle
or Upper Cambrian sedimentary rocks in the Scotts Peak Road area.

Subsequent

to this it was unconformably overlain by Upper Cambrian deltaic sediments
at Adamsfield itself.

Ultramafic rocks uere again (or still?) exposed at

the start of deposition of the Louer Ordovician fanglomerates (uhiciJ. ii:;.
places contain chro111i te), but later (during the Tabberabberan "Orog;eny")
uere placed in contact with these Ordovician rocks by faulting, solid flow
of serpentinite, or both.

The Adamsfield Complex, together ·with the Boyes

River body, is situated alone the I.iake Edgar Fault zone, which is believed
to have controlled tectonics and sedimentation throughout the Upper Proterozoic and L01·rer Palaeozoic (Corbett, 1970).

5.

The si,c.;niJ'icance of successive re-intrusions of the Tasmanian comnlexes
A number of conclusions regarding tectonic re-intrusions of ophiolite

and ultramafic-gabbro complexes are summarized below.

1)
c;abb~o

After their initial emplacement, ophiolite and ultramafic-

complexes are likely to lJe tectonically re-emplaced during any
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subsequent movement or dc:foIT.iation phuse in the oroGGnic belt.

In

fact~

the co111ple:rns uould tend to lie alone a zone of ;10akness by virtue of their
initial tectonic emplacement, and later deformation events are likely to
be concentrated alone such already existing weak zones.
2)

The aGe of initial emplacement

anQ subse~uent re-intrusions

can be V9".J!Y difficult to establish, especially in the case of an orogenic
belt which h.'.3.s suffered more deformation and metcmorphism than the ?alaeozoic
of Tasmania.

Since successive re-intrusions can occur, the initial

emplacement of a dismembered 01Jhioli te or alpine ultra.mafic body cannot
necessarily be determined from the ages of the country rocl:s with uhich the
body at present :r.appens to be in contact.

3)

Searching for ultramafic detritus in sedimentarJ rocks ~·Tith

which ophioli tes

m1d

ultramafics are associated can prove quito helpful in

placing limits upon aeBs of tectonic emplacement and re-intrusion.

4)
chemistr'J,

Detailed studios of the field characteristics and. rcle. tionships,
anc~

mineralogical compositions of serpGntini tes may distinc;uish

a number of :phases of serpentinization ancl their relationships to tectonic
re-intrusive events.

5)

Successive scrpentinization, deformation, and tectonic

re-intrusive events can convert an ultramafic-eabbro

com~lex

into a series

of thin eloneate lenses of serpentinite stretched out along a major fault
zone and containing only sea ttered residual kernals of the primD.r-<J rock
types,

In such casesg it may be difficult or impossible to unravel tne

geological history of the ultramafic rocks.

1 so
CONCLUSIONS - Yu"'rUHE \'TORK OH TinJ

TASHJ1.JH!:J~ COHPIJEX~S

A broad approach was taken in this Ph.D. project on the Tasrnanian
ultramafic-gabbro and. ophiolite complexes; i t involved studyin3' field
relationships, petroeraphy and chemistry of the associated volca.nics d.olerites
ancl add intrusives as well as the ultrD.mafics nnd go.bbros 1 a study of
the various serpentinites and associated metasomatic rocks, and an attem::;rt
at

synthesizin~

all .this data to detennine the origin and tectonic si.:;,nif-

icnnce of the complexes.

Because of this approach, no particular aspect

was exhaustively studied; all h;ypotheses and conclu::Jio:ns must be reG<J.rded
as tentative and can be tested by more detailed studies.
Some of the more obvious areas for future investieations are
outlined below:
1)

A detailed study of the layered ultramafics.

This would. involve

careful mapping and layer-by-layer chemical and petrographic studies
(including moclal aru:tlys0s) of well expo::.:ed accessible segucncea such o.s
those at Serpentine Hill and Brassey Hill.

Among other thine;s, such

irxvestigations could evaluate the nucleation hypotheses outlined in this
thesis, and should lead to a better understanding; of the origin of the
layering.
2)
Complex.

A detailed study of the structure of the Hea?.leuood River

This vrould involve careful mappinrr of all the faults and contacts

betHeen different 11.orizons, together ui th the measurenent and interpretation
of all structural elements, in particular the layering.

3)

A study of the· Hcivor Hill Gab bro.

Detailed investie;ations

of the petrology would probably be di1.rnappointinc; 1 as
extensively o.l tered to urali te ancl saussuri te.

the rocks are

II01rnver, a st-11c1y of the
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southern contact, which Blissett ( 1962) describes as intrtJ.sive into
sedimental"J rocks, may be critical rec;nrcline emplacement of the Eain Belt
complexes.

4-)

Detailed investigations of the petroe;raphy and mo.jor and trace

element chemistry of_ Proterozoic and Cambrian volcanics, dolerites and
gabbros in comparison i;ri th the ophiolite rocks.

5)

A study of the serpentinites.

Excellent exposures occur in

the Tasmanian complexes for research on aspects such as chemical chanc;es
durine serpentinization and the origin of chrysotile asbestos.

.A co:abination

of J?etrorr.raphic uork, microprobe analyses, and X-ray investieations of
various serpentinite ty-pes could illuminate the problems of serpentine
11

polymorphism 11 •
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