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ABSTRACT

The Hibbs Ultrama.i'io Belt at Noddy Creek in South West

Tasmania, is interpreted as a typical " alpine type"

ultramafic body with related gabbro and diorite intrusions

and calc-alkaline extrusions.

The ultramafic belt was emplaced into Cambrian geosynclinal

sediments as slices of upper mantle material along major

thrust planes thought to be associated with a subduction

zone in the earths crust. Despite intense serpentisation,.

shearing, and peripheral metasomatism the primar.r textUl.'es are

well preserved, and it has been possible to reconstruct much

of the original i€;"neous history of the different rock assemble.",o-es

"nd to examine their possible relationships.

The deposits of chrysotile asbestos are localised in an

arcuate wider section of the ultr~~afic belt. There have been

several "hazes of tectonic movement and serpentinisation of the

ultramafics, which have combllled to promote fibre gr~lth under
•

certain structural conditions. The chrysotile deposits have

survived a later period of sh<:laring and lJletasomatism.

I



description and trace element analysis.

Mineralogical Laboratories (CJJ:O.Hlli) Sydney.

and seventeen specimens were ar,alysed at the Geochemical and

Vias performed by the aUthor at the :S.H.P. Melbourne Research

INTRODUCTIonJ;ART 1.

this belt. The author was a member of this party and oarried out

aobestos depostits located at Noddy Creek in the northern part of

..
inch. All the petrological specimens were collected, examined

The Eroken Hill Pty. Co. Ltd. which holds a mineral exploration

title over this part of South-West Tasmnnia, has been studYinG

the economic potential of the Hibbs Ultramafic Belt over a number

mappinG of the ultramafic complex, at a scale of 50 feet to one

and described by the author, except fer twenty four rocks sent to

the Australian Mineral Development Laboratories (A.JJ.D.E.L.) for

exploration in this area, intermittently from February to June 1971.

During this period the author carried out 80% of the detailed geological

of years. From December 1970 to July 1971, a team of geologists

from the company evaluated the potential of·the chrysoltile

Partial rock analysis of seven specimens was also carried by A.M.D.E.L•
•

The petrological work and x-ray diffractio~, ~.nalysis of these rocks

Laboratories.

rocks of the mafic suite. As part of this work, aSGociated icneous,

relationship with other as(lOciated rock types,such as the gabbroic

The major emphasis has been on the ultramafic rocks L~ order to

establish their origillal petrological character, distribution and

·.. /
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I

volcanic and sedimentary rocks were examined in some detail

to obtain an integrated view of the association and its possible

petrog~netic significance.

A secondary objective of, this work, was to try and define the

petrological, structural, and chemical environment in which

the chrysotile asbestos has formed, in order to predict where

similar deposits are likely to be fO\U1d.
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the west ooast.

near the mouth of the Spero River.

lielson River, lmown as the Noddy Creek area.

of Asbestos Point, in that part of the headwaters of the

Hibbs Lagoon to the west coast, and also a circular complex

landings at Asbestos Point, or Birches Inlet camp, which is

The area dealt within this study is situated five miles south

The Hibbs Ultramafic Belt occupies a narrow 25 kilometre lcng

strip from Asbestos Point or. the southern shore of ~acquarie

\J.,t....,:b. S PIt11arbour, south eae~exyy across the orell eninsu a 0

tracked vehicles lead to a ,former B.ll.P. oampsite beside

approximatel:l 15 kilometres by road south-east from Hoddy Creek. '..

Access to the area is achieved by launch from Strahan tc

From the landings, tracks suitable for four v:hecldrive or

south along the ultramafic belt to Hibbs L(l,S'oon and there

Hclipad 3 at Hoddy Creek. ,:Bulldozed tracks have been driven

are a number of helicopter pads in the area.

surface has been deeply dinsected by many crocks, rejuvenated

The Hoddy Creek area forms part of a gently undulatine, 800

by post glacial-uplift. To the north and east :the oreeks flow

foot high plateau, a remnant of the Tertiary Hcnty suface. This

Birches Inlet, while to the south and west the lteilson and

Madder Rivers flow more slowly in deeply incised valleys dovrn to

. steeply over frequent waterfalls into Macc;.uarie Harbour and

( .) TO" '!"'O'l lJm ACC:;;;SS OF STUDY Al'3AJ\ .... ·,~J.i ~ J.

(B) PIIYSIC\~RAPHYi vmETATIOH AND CLTI.IATE

I
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Geanticline in the North 'Nest of Tasmania and the Tyennan

greywackesof the Crimson Creek Formation of possible Lower

dOlm in a series of troughs developed between the Rocky Cape

The prevailing

. '~'"

This sedimentation was laid

Weather conditions usually

Geosynclinal sedimentation was

- 2 -

is covered by thick temperate rain fore,,~.The wi101c aree.

J.:"rtle and ",ssarras forest, with patches· of horizontal scrub,
J .

inches a year, most of which falls in winter.

Gonerally covers the Cambrian sediments, while scattered

Suealyptus .lith a- dense undergroVith of Bauera Manuka (ti-t:ree)

and cutting grass cover the ultra-basics.

the maximum temperature can reach 95 degrees F.; but bring cold wet

The climate is mild and wet with annual rainfall of about 60

limit the effective field exploration period to a months between

westerly winds provide warm, dry conditions in summer, when

weather for the rest of the year.

Jiovember and June.

given in Carey (1953), Spry and Banks (1962) and Soldmon (1965).

occurred under geosynclinal condition~ with marine shelf

envi,ronments late in the interval.

From Early Cambrian to Middle De vo'nian times, sedimentation

Geanticline in Central Tasmania.

dominant in the Cambrian with .the formation of argillites and

Cambrian age (Blissett 1962) and the Middle to late Cambrian

Dundas Group of graywackes and conglomerate and its equivalents.

The Mt. Read volcanic arc developed adjacent to theTyennan

Geantioline at the fiame time as the deposition of the Dundas

A,detailed account of ,the Lower Palaeozioc geology of Tasmania is

(C) SUJ,c,;AiIT OF THE R:i.~IOlJAL GEOLCGY

~", ,. ,'" " :':':' :."::,~.
~,. '), ,. ,',,' '>,"'-.'_ __,_ ...........-----------.........------.........~'f"'zz& A 0 H=--" "",~!ec .._'" ,. ~ ; f V
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Group in the west.

CD.:]lbrian ultramafics occur along the whule of the length

of thin ceosynclinal sequence, outcropping in an arc from

J)cMo'ln.field in the north, through Ylaratah, and Dundas in

""e central area south to the Hibb's Belt. The Adamsfield"a ,

and Boyles River ultramafics occur in a separate trough

on the eastern side of the Precambrian Tyennan Geanticline

in central Tasmania. The ultramafics appear to occur

between the Early Cambri:m Cri,nson Cr~ek Formation (Blissett

1962) and the Middle to Upper Cambrian, Dundas Group. This

is thouGht to be due to a combination of tectonic emplacement

before deposition of the ltiddle Camhria~ aediments, and P08t­

Cambrian faulting (Rubenach 1971).

Late Cambrian granite and diorite bodies intrude the sedimentary
,.

volcanic sequence in a line, from the north of Queenstown to

the south west coast at Lower Rockey Point. These were associated

mith the Jukesi~~ Movement which produced uplift a.~d erosion

of the Cambrian rocks and restricted ~rdovician sedimentation to

narrow basins within the Dundas Trough. The Caroline Creek

~

Sandstone and the Gordon River 1~stone which were deposited in

such basins in the region lie both conformably and unconformably

on the Cambrian at different locations.
I

Extensive faulting, uplift, ar;.d. erosion since the Tabberabberan Orogeny

has removed any record of later Paleozoic cr Mesozioc sedimentation

in the region, except in the pt. Hibbs area to the south.

Thick arenaceous sediments have developed III the Tertiar,r llac-Quarie

Harbour Graben. Pleistocene uplift of the Sorell Peninsula, has

promoted extennive erosion and formation of Recent alluvium along

the river val1pv" to th.. "ol1th
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They outlined a belt of serpentinites conth~uouS for about 20

7'-;0 presence of ultrabasic rocks at Asbestos Point and the

Spero River was known in the early 1920's and according to

Reed (1921) the Spero River bodY was considered by the

prospectors to be the southern extension of the Birch I s Inlet

cooy. The area between the two intrusive bodies was apparently

prospected for osmiridi~, but with only minor success. Taylor

(1955) in his discussion of asbestos in Tasmania, rejected the

possibility that serpentinite extends continuously between the

two known occurrences, due to "The marked difference in the type

of serpentinite occuring in the two areas. In the Spero area the

the sepentinite cuts out a few chains north of the river, and the

fact that at Asbestos Point the serpentir-ite definitely disappears

a little over half a mile south of the coast". However he Q,id

state that the facts "do not preclude the possibility that patches

of serpentinite may appear along the Spero Asbestos Point line."

kilometers which consisted of serpentinised pyroxenites, and

gabbro which were generally sheared, dipped stee?ly to the east

and from magneti.c eVidenc.~_ they were sheet like bodies haVing a

vertical pitch. In their summary of the eC0l10mio potential of the

In 1956 a large concession in south west Tasma.'1.ia was taken

up for mineral exploration pu.rposes by a comoined exploratiJn

E:I'oup comprising the Alt. Lyell Mining and Railway Co. Ltd., and

Electrolytic Zinc Co. of Australasia. They conducted an aerial

macnetic survey over the region and proceeded with extensive
I

ground surveys over anomalous areas including the Hibbs ultramafic

belt \Xhich they te:::med the Modder River ultrabasius.

""'- /: FJc~
(:;) c".-,:::VIOUS GEOWGICAL rIOPJ( ON THE HIJ3lJS ULT'WJA.3IC' :SSLT
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responsible for the majority of the detailed mappL~g on a scale

of 1" to 50' over the entire area, unde..--:;aken from March to June

ultramafics, located during previous base metal exploration at

along the ultramafic belt, together with reconnaissance geological

mapping of the area. In the 1970/71 field season, a detailed

ecological mapping and drilling progra..:n.'11e was undertaken to

evaluate extensive chrysotile asbestos occurrences in the

Noddy Creek.

~houGh not in significant amounts, (Sic), GeochemicD.l wo~·k· sho";led

• ,.~ \1idespread presence of nickel which was apparently very........ .

finely and sparsely disseminated as no nick81 mineral::: were

rococnigofl.. Olimiric1.i>.ln wall virtually abeent £'l:om the a:l:'aa." (ElJ:Is).

The exploration licence over the area was allowed to lapse in 1962,

and in 1964 the :B.H.P. Co. Ltd. began exploration in the region.

~ith the bulldozing of several miles of.access tracks across and

The author was a member of this exploration team and was

any part of the Early Paleozoic recleo to the ",""st <of :3ircl,"" inlet.

The author has reported the details of previous exploration in this

area because of the paucity of geological infor.:n2.tion lmown about

this part of Tasmania, and the lack of any recent or past

publications apart from Taylor (1955) of the de'~ailed geology of

.Exploration in the Noddy Creek area began in the 1967/68 field season,

The Noddy Creek track system was surveyed, and a grid placed over

the area, with its origin at Pad 3. Costeans across the ultramafic

body were cut to bedrock at approximately 500 foot (165 metre)
(

intervals and are referre~ to i~ the text as the 500 foot North line

(5N), or the 1000 foot South line (lOS), etc.
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PART 2 _ GEOWG'f OF THE HODDY" CREEK AtlEA

(A) STRATIGRAPHY"

The geosynclinal sequence into which the Hibbs Ultramafic Belt

in intruded contains up to 34,000 feet (11,000 metres) of

Cambrian greYVlacke, argillite and andesitic volcanics as

well as small bodies of diorite and gabbro. In the west the

base of the Cambrian is faulted against Precambrian metamo:rphic rocks
~

and the top of the Cambrian is conformably overlain by OJ::dovician

sandstone. To the east the Cambrian is unconformably overlain by

the Ordovician Caroline Creek Sandstone; a considerable thicl:rress

is missing (Hall et 0.1 1969). All age relationships observed in
v

the Cambrian sequence indicate younger beds towards the east.

The ultramafic belt outcrops as a single unit from Hibbs Lagoon

to a position approximately 15 kilometres south of Asbestos

Point (3 kilometres south cf Pad 2). ffrom this locality trro

diverging bodies, -the eastern and western ultramafics outcrop

continuously northwards until they are both faulted out a-tout

3 miles south of the shores of MacQuarie Harbour. The eastern
I

and western bodies join briefly a one kilometre south of Pad 2,

where the tot<.l thickness of ultramafic is 1,000 metres, the



, ,

:,,,:'0 study deals specifically with the eastern ultramafic body,

rcd its adjacent sediments aleng a strip 3 kilometres long and a

Hlor.:otrc wide, cent~ed on Helipad 3 at Noddy Creek.

: -,

740018
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~~~:'d:c~t part of the whole belt.

Tile Gediments to the west of this ultramafic body are a. monotonous

r.c'lucncC of pale grey to black siltstones with minor bands of pyritic

cnroonnceous siltstone, greywacke and shale •. The regional strike is

1120°]; and the dlps are essentially vertical although they lie in an

ca~tcrlY direction near the ultramafic contact.

J]~dding structures and laminations are well exposed in track cuttings

and along cleared traverses. Adjacent to tde ultramafic contact

from line 158 to 30N line at Noddy Creek is a black to dark grey
,~

pyritic, graphitic-carbonceous siltstone, which from expos;nes in

vD.rious conteans is highly sheared and slightly hornfelsed at the

contact. This contact looks like a faulted contact due to the smooth

contact surface, the shearing, and the straightness of the cuntact

over at least 1,300 metres. Brecciation alld fault gouge on the

158 line confirms the faulted nature of the contact.

Tbc sediments to the east of the ultramafic l.>ody have the same strike

and vertical dips as the sediments to the west but are noteably

coarser.' They consist of grey;vacke, siltsones, salldstones al1d

cone;lomerates. The sediments adjacent to the ultrzmafic-mafic

contact have all been metasomatized and highly sheared for

distances varying between 15 metres al1d 30 metres from the contact.

These altered sediments are more fully discussed under the heading

of lJetasomatism.
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300 metres north of Helipad 3 several thin lenses of serpentine

inl.rude the gre:{wackes about 70 metres from the main ultramafic

locality the graywacke is mtruded by gabbro and exhibits honfelsed

740019

At this

Approximately

Thus the eastern contact

East of Helipad 3 the greywacke

- 8 -

Graded bedded from conglomerates, through-_ ..."_.-----.~ .._--

,..

Gre;{wacke continues east of the gabbro to "here it

These lenses have sheared margins and some metasomatism

una as a result was considered to have been derived from the gabbros

1:.:;~:Ji('.~clJf east of Pad 3 at Noddy Creek are several distinct

l,:J;~n of conclomerate 3 - 5 lJetres thick which alternate with

,,-","~.r"C3 and siltstones. These congomerates contain eloneated
La'-';' lJ~_......

of the belt F.lay have been an erosion surface for a short interval

:~:j ~bC"':Nd olastc of milky Cl.ua.rtz, grej'1vacke, argillHe, and

;:~~:.cnt3 of fuchsite rich schist. A large fuchsite rich pebble

cxr•.,incd by Rubena-ch in 1968 appearf:d to have gabbroic texture

j~~ociated with the ultramafic belt.

<!.urin.:; the Cambrian.

C~'o'7iackes to siltstone appears to take place Dl the sediments

to the east of the ultramafic belt. This is typical of the Dundas

is 225 J.:etres wiele but it thins considerably to the north and is

only 30 metres wide along the 20N line (lr,cGregor 1968).

Group according to Eanks (1956).

contact rocks.

io faulted against volcanics further to the east.

OJ the sediments has taken place~

Approximately 650 metros south of Helipad 3, 350 metres of

groywacke is faulted ag'~inst the ultramafic belt to the west,

This siltstone unit is faulted agaDlst volcanics to the east

and is very similar to the siltstones -to the west of the ultramafics,

but is not thought.to be its equivalent.

contact.

and conformably underlies 160 metres of siltstone to the east.

r<t,:""" ;,"-··~'~i,

9,.<:)
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were probably porphyritic andesites and quartz porphyries. A tyPical-

?

I....(l-+C ). I

740020
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of the volcanic belt they are intruded by g-~bbro. The VOlcanics

of chlorite, calcite and epidote, with minor pyrite and chalcopyrite

have undergone metasomatic alteration resulting in the introduction

diorite, and porphyritic microgr~~ite, while at the northern end

mineralization.

between gahb~'o and sediments en the eastern contact o1ong the lOS

- 9 -

At Tirnbertops, 7 kilometres south east of Noddy Creek, the volcanics

The voloanics are up to 225 metres thick east of Noddy Creek and

consist dominantly of andesitic lavas of -two types mixed with tuffs,

Ilgr;lOJlerates, minor spilites, and basalts.

are intrudod by a number of bosses of' hornblende diorite, quartz

(il) VOLCANICS
The Hoddy Creek Volcanics are faulted against the greywacke:;; end

siltstone east of Noddy Creek but to the north are conformable with

the greywacke (McGregor 1968).

These are much altered, usually chloritized and silicified and

Minor volcanic horizons are known to occur in the gre:{''!acke Ullits.

volcanics. ?he authop suggests that, because of their petrologic

example is the completely altered vesicular volcanic rock preseni

relations have not been satisfactorily worked out for these other

comp~sition and stratigraphic position conformable with Dundas

Group sediments, the Noddy Creek volcanics could be correlated

with Mt. Read Volcanics to the north of MacQuarie Harbour.

The stratigraphic details of tho sucession given here, were taken

from unpUblished n.H.p. Co. Reports by Hall et al (1968) and

McGregor (1968), because the geological mapping by the' author at

line. No attempt has been made to correlate the Noddy Creek Volcanics

(after Hall et al) with other Cambrian volcanic rocks, because age

;
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Outcrop of m~ssive serpentirtised and steatitised
pyroxenite, eXhibiting near vertical primary igneous
layering. lOS line Noddy Creek.

I

PLATE 2.
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of most these rook types outcrop extensively espeoially along the

.I

Field

Altered equiValents

The ultrama£ics oonsist

the ultrabasio

I····

In general the mafio rooks,

All these rook typ~s and their

,\', ." ,I

. :".·!:'¥'rV.

~ 10 -

, 'r'
/ ".

STRUCTURE

(i) THE SORELL mrnrSULA

ll.;..jlt Cl':'Jok w~s almost exlusively oonfined to

d t ' immediately enolosing sediments.bd1 an ,1e

and 280 metres wide averaging 165 metres wide.

and minor diorite, granodiorite, and lamprophyre.

mo.rgins of the intrusive oomplex.

norite and gabbro are oonfined to the southern end of the belt,

but they alsoooour as narrow intrusions in the north along the

of banded pyroxenite, minor peridotite, norite, gabbro, se~ntinite,

O'.lt for a short distallce before oontinuing.on for several kilometres

Within the study SJ:ea the Ultramafio belt. varies between 80 metres

3,;'00 oetres where upon it is faUlted out. To the south west from

to whore it thins ~d presumably cuts out or merges at depth vlith

1'00 3 it extends for at least 2,250 metre~ and then may be faulted

i .... a llll£ direotion from Pad 3 for a distanoe of approximately

the western ultralllai"io belt.

contacts of theultramafios.

mc.tasomatized eqUivalents SJ:e desoribed .separately and in detail

in the following chapters.,

:".,. on;;tern ultramafio belt through the Noddy C.~ek area extends

before the advent ot1arge soale mineral elq>loration with area in

the late 1950' s,/ Aerial '~urveys indioated. a. broad zonal arrangement

Tl'iei:egional struotureof the Sorell peninSUla was poorly known

of the rock units, sepSJ:ated by major lrn]J trending faults.

(B)I
i

!

I
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b <"',n'" companies, noteably Lyell-E.Z. Explora.tion CompOO1Y
~ork Ym~~~~ . .

:me- later the n.H.P. Co. Ltd. , has resulted in the production of

11 !:ili:1Y detailed geological and structural picture of the region.

Throe r.lajor nO:L'Illa.l strike slip fa.ults trendJ.ngNlil-NNE ooeur in the

wcstern part of the Sorell Peninsula. The two westerly faults known

ItS the Liberty fault and the Spence fault have produced a graben..

otructure, filled with essentially Cambrian but possibly Precambrian

ocdimcnts. This strllotural block is known as the Double Cove Belt

(l1all et aI, 1968). rt is .flanked on either side by 'Precambrian

sediments of the Modder Group rlhich have been regionally metamorphosed

to the ereenschist facies. The l.1odder G:t'oup has a reg:i,onal strike

of N20O'E,. is isoclinally folded with a prominent axial plane

cleavage and has essentia.lly vertical dips.

The thixd major tault known as the Modder Fault, sepa:t'a.tes the

PreCar.lbrian to the \7est and Cambrian-Ordovician sediment"s to' the

east.. The Spence and Modder faults produce between them a horst .

struc.ture of Modder Group sediments.

The Cambrian sediments and volcanics east of the Modder Fault, are

known collectivel:r as the Hibbs Belt. This belt has been subject

. to tectonic stress from the east and west and has subsequently

boon folded into tight but open folds with a general NNE strike- -_ .. -
and steep to vertical dips. This compression has also produc3d

I

a nlli~ber of sliahtl:r oblique strike slip faults along which the

ultramo.f'ic and gabbroic rocks have been reintruded. These faults

have produced considerable vertical movement but little 'or no

horizontal movement.

To the south and south east of the NOd~'Creek area the f~ld

ll"(os swing to the s;)uth east llJjd a. prQlJlinant S'JIlOline plunging

contly '~o the South East and ca.pped by ordovi<:ian sediL1"n'Ls is



widespread, and is set out below:-

740024- 12 -

Highly sheared serpentiJi.e oCC'.1rS at the contact all elCposu:z:es.

The contact rock :from 20S to 50N is 'a graphitic siltstone,

this horizon would clearly be a.weak zone the sedimentary

sequence and faulting could be expected along it.

The contact is fairly smooth except for minor irregula:z:ities
-..",.... ..

in. the ION and 50N areas. Black fault gouge is seen in the'

costeans across the contact at the 00 foot line and the 155

lilie (;ref. Plate 3)

d D<~ectly to the south an anticline plunging to the
lie11 exp03e. ~

north west has been inferred.

(ii)TilJ<~ HODDY CREEK AREA

At Noddy c~ek the region,al strike is N20C!;a: and t\1.e ultrabasic body

foms a. slightly discordant structure through' the area. :Between

the 20S line and the 6aN line there is a. ma:z:ked convex eastwards

!lexure in the intrusive body. This is interpreted as being produced

by folding of the ultramafics or by a. cu:rved :fault along the westem

contact of the body. Evidence for the existance of this :fault is

(4) On. the ION line 2 metres of ochreous clay derived from

dec.omposed cr..shcd serpertinite, occU:t'S at the contact with·

sediments. The sediments in all cases appea:z: to p.ll.ve been

little disturbed except right on the contact. where intense

sheari.'1g has taken place.

It is suggested that after the intrusion. b.r the gabbroic rocks in
~-". ,", . . .. -.' . . '

The eas.tern contact of the ultramafics and gabbroic rocks is highly,
irregular compared to the western cot;ltact. IntruSion and reintrusion

late Cambrian time~"'the area was temporarily uplii:ted and the

(1)

(2)

eastem contact of the ultrabasic.bpd¥was exposed to eroaien for.

of the norite gabbro bodies'along the contact between the ultramafic

and the sediments explains the irregularities south of Pad 3 but.

north or this area anothe:z: explanation a.ppears to be required.

i
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Th area subsided again and was covered with
"o~' rp~iod.. eAS•• • \Of Y-·

ke conO'lomerate sequence presently adjacent to the
t~.c r;ra:/'W8.C - b

t t Evidence for this erosion oJ: the ultrama1'icsu.l tr~a!'ic con ac •

ill 113 yet not totally convincing and is based mainly on the

Gang~ of :fuohsite :doh conglomerate clasts which exhibit relic
l'rfl, . -'~--" .....

boroic textq~, a.d.jacen,tto the easte~ ultrama.!1c Qontact atca .
~clipad 3.: Iron richchromian spinel and titanom~"net~te possibly /

\

derived trom the ultrama.fics is present in specimen No. 71/Ll-58, (1
,

a conzlowerate trom Helipad 3.

1'I1c irregularity of the eastern oontact at Noddy Cree~ may also be

o.tplained by the presence of cross faults outting the complex, but

there is no- direot evidenoe of the e:x1stance. of such faults, mainly

due to the poor expoS".Jre and sheared nature of the rocks along- the

contact.. It may be important to note that north west· trending

shears and small faul t8, have been observed in the conglomerates

and (l'rllywackes to the east oJ: the contact between the 5!i ~d ION

lines~ These shears may extend into the ultramafic body, as has

occurred north of the 10,000 foot line, where N. '1/. trending cross

fooltlJ ha.ve truncated the ultramaf'1c body.

JlcGregor' (1968) has interpreted two strike trend faults about one

hundred metres- east of the serpentinite contact. These faults have·
a.

interposeu a n~rrow block of sediments between the eastern serpentine-

gabbro complex: and also after metasomatism of the sedimen'~s by the,
eabbro •. Within the eastern fa;ulted block the continuous natllre of

both the gabbro. and its horn:felsed contact J:'ook, indioate that

either the ga.bbro is more extensive at depth along the serpentinite
. .'

contact north. of E:el1pa4 3, or, that it l\@been eroded from the
.. ,.'

contact where 'the surface now eXists.. Thisolose rela.tionship between

the gabbro aud nO:::nfels also series to ~liow that t.he gabbro not the, "" .. - .

serpentinite is responsible for the contact metasomatim ,,,,,pi3rier.,ned
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layered gabbro weatherd
vertically sheared

Note the irregular
contact zone below

betwliien (?)
light green
end 25N line.

carb.onaCeOtl s

Faulted contact between highly sheared and decomposed
serpentinites on,the left and sheared carbonaceous
pyritic siltstone on the right. West end line 158.
Note the sharp contact and the bleached nature of the
serpentinite on the contact.

Intrusive contact
yellow~brown, and
serpentinite east
/ ~ metr-e thick (?)

talc rich gabbro.

I
r

I l',,,
}:

•
I !,

~
-;,
c

I
it:
I
t'r

I
i

~'
I #

I,
"

K

I I
i'
1'·

f PLATE 5.

I ,
I I,I

!'
I
I (

I
!
!
1

II ,
1

I ~

f
I,
~

I f PLATE 6.

I
,
I

I



r
f;

I
I
I
I
I
II
I

i

. '
I 1

h.

I f
I

I ~

I I
I f

f
I. ;

I I
fI ,

I
I
I
I
I

- 14 -
740027

, the eastern side of the conplex.
aIM!,

t e"sterly strike slip faults mentioned above are interpreted
~hc Y10 ~

to huve origina.ted during the. Jukes i3J1. movement of the Tyennan

O
-,,.,,, J.' e late Cambrian or early Ordovician age. There has

l·O(;.... ~.." •• .-

undoubtedlY been furtbez: movemertt alortS these faults and also

~helU'ing within and adjacent to the ultrama.rio~ga.bbroiocomplex.

This movement probably ooourred during the Middle Devonian Tabberabberan

OrOc;eny when.compression from the east and west produced the major

folding in the Cambrian and Ordovioian sediments. A later set of

compreGGion directions from the north e~st and south wes:, produced .

the lar.;:e plunging folds situated 10 - 15 kilometres south west of

the noddy Creek area.

The ultrama!ic body itself is highly sheared, with more than 4/5

of the whole body being sheared to some degree. Because of this

tremendous amount of shearing, strike or cross faults are

unrecognisable in the field as such, although they ma;)' be."present.

Little attention was given by the author to the struoture of the

individual areas within the oomplex. However taking the complex

as a Whole, areas of shearing, their general shearing direction, if

MY, and the extent of shearing, were noted on the I' to 50'geological'

tact maps coveri:lg the cOlllPlex.(Figs 13 - 21). Elongated blocks of

pyroxenite, serpentinised pyroxenite or massive serl)entinite. ooour

throughout the ultramafic body as pods withi:l sheared serpenti:lite
I

and subparallel to the intrusive margins. Both margins of the

serpentinite belt are highly sheared parallel with the ultramafic

contacts. Shear planes around massive serpentinite tend to parallel

the discordant trends of the contacts of lllaElsive rock, and resemble

Iltructuresin ineompetent rocks surrounding' boudins (Lanecands 1971). .uf tA'"Q(
~

This relatiOll$hip' 'is a general f'eatu..-re of the ul trumaf'ic body as a

Whole and is oonstantly repeated right d~vn to ve~y small SGale

str~~ctu;rC's"
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I

the east -of the
thin bedding,

folding. - -

Minor structures in the greyWackes to
ultramafics, in road cutting. Note the
imbricate faults and tight isoclinal

Typi'cal massive and sheared serpentinite type 3.
Stichtite bearing, central zone 45N line. Note the
development of white s~ip fibre along shears near.>
hammer.
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wnfer-thin flakes of foliated serpentinite. No attempt was tna.d.e to

740029- 15 -

However the minor petrological struotures such

Therefore it is oonsidered quite likely that they

'I'M extreme na.turc of the internal shcaring can be seen in shear

zonps on the surface and in drill core, where large and small

Denle brecciation and shearing has produced masses of unconsolidated

or tension gashes.

au micro-layering were noted and are, reported in the chapter on petro-

l!:ap in detail, minor structures such as micro-crenulations, lineations

genesis of serpentinites.

(c) GEllE>IS OF TEE ULTRAl<\AFIC-GA1lJ3ROIC COMPLEX

of emplacement.

have similar origins and genesis.

".. ~,rt<' the regional compression of the Tabberabberan Orogeny,
.......... "'-"-u

. =ntinite body acted as a rheid - (after Carey) and was
tr;,O scr" ...

f
bd internallY by shearing while the body as a whole remainedce om... ,

clIDOntielly intoot. Lenll" oS: Illil:z;,pllntillitll and. I'abbro are known

to exist e.part from the ma.in complex and are thought to be emplaced

, bj' ceeondaxy thrusts genetically related to the main thrust sheets.

The Tasmanian ultramafic complexes are very similar to each other
1

'in their petrolorY position in the stratigraphic sequenoe, and time

It is suggested ill Rubenach (1971) in his study of the Tasmanian
I

ultramafic complexes - "that the ultramafios togethor with the

enbbroa, doleritea and volca~ics asanciated With many of them,

orieinally may have fomed' as oceanic crust during the spreading

apart of the Precambrian blocks in the late Proterozoio or earl~

'·Cambrian. During tho earlY' phase oithe development of the Ut. Read

Volcanios as an island arc, slices oi this ooeanic crust were tectonically
"

emplaced as the u.1tramsfic or ophio;Ute oOlnplexes".

!
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:l;cories of genesis of this type of complex.

IJIlrrounding sediments. As a "cool" intrusive the body produced no

marked metamorphic contact aureole in the higher reaches of the crust.

p:uotially serpentinized, layered intrusive emplaced concordantly and

bounded by thrust faults. As the temperature of the body cooled

bolow' 500°C, pervasive partial serpentinization took place in the still

riuin~ body. This was facilitated by the absorption of water from the

l\3 ezystal IlUlshes, along low angle thrust planes into the eugeosynclinal

ncqucmee of Dundas Group sediments. Rapid cooling of the ultramafic

body during emplace.ment resulted in the body beha.vi.."lg originally--

lil:e a hot ezystalline dia.pir, and finally as a cool c1'.'jfstalline

.l t~."'~y of the I'llgionaJ. geology and the detailed geology of the Noddy \

t~,"i; (;1."QI\' hac .na~18cl. th.8 a\l.tho:L' to ~OPOIlIl llo thllo;Z::Y of the eenQt;l.o

rIo'" ultrnmafic body is considered to· have possibly originated from

II r:no:a f011lled at the mantle-crust interface by heating of the upper

l\.:U1tlll loaterial.· Movement along a subduction .zone. in the crust produced

lI.tro\ldl in the developing geosyncline between Precambrian blocks in

Itllutcrn Tasmania. Continued movement of the crustal blocks facilitated

thO ur.1m movement of the di:f£erentiating magma into the crust.

t'arl.odieally, tectonic movements emplaced the ultramafic material

i~~to~J of the complex.

f

Shortly after this first phaze of serpentinisation, gabbros and

norites IVerB int=ded into its ultramafio body and along its contacts

with the sediments. SQ1le metasoma.tism around the edgeso! these

lIu:d'ic rocks ma,y have taken place at this time. In the l.1iddle Cambrian

continued thrusting- or general uplift of.' thesEll1illlehts IlIayhaveb:t>iElfly

oXPQsed the complElX to·'eroSion, giving rise to -ultrmafio detr:i.tal
",

material in the ove'rlaYing s~diments.
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Looally,

primary Ultramafic and mafic rocks.

elaborated upon and discussed in

All the rest of the metamorphio ohanges

- 17 -

This proposed genetic theory is
(

later chapters dealing vlith the

(D) HE:TJeWRYilISJ,f

~ctamorphism during or after consolidation and tectogenesis.

however, considerable metamorphism has occurred around Cambrian acid

comp)ete serpentinisation which was followed by metamor)lhiam to a small

The ultr3l;lafic-mafic body and its QUrrounding sediments have undergone

eonoiderable and varied changes due to mi'ltamorphism.

to intermediate intrusions such ,as are found 9 kilometres south east of

Hoddy Creek. At Noddy Creek, the ultramafic body has undergcni'l almost

CcneraJ.ly the Cambrian sediments have not experienced a:ny a.ppreciable

• nI ~m~~~a . and to the ultramafic bodies in the Greatu1trt!.~ics m ~a~ ,

Serpentine :Belts of New South Wales.

but were highly metamorphosed especially along the margins of the b~dies.

!

t I ul+-romafic body and very similar to the other Cambrian'alpinC spe • -

decree. The mafic rocks, experienced only minor serpentinisation

intrusive complex, have also been partially metamorphosed.

Tho I.smprophy:cic dyke intrusions, and the sediments surrounding the

The serpentinisation of the ultramafic body is dealt With under the

section headed serpentisation.,
have been grouped under 'the hea.di.ng of Metamorphism and lJetasoma.tism

snd are reported in that section.
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A third

outcrops of primary ultramafic

crust and are dark green to

- 18 -

Three such blocks exist at Noddy C:l:eek.

listed belmY :

0 " thi.s body is described under the five general headingsTroc petrology ...

pyroxenite.

part of the belt from the 75 line to the 15S line.

about 1 em. thick. The large,
rock have a thinner weathered

of the second block. Massive partially serpentinized wroxenites

minor body outcrops south of the 00' line to the 45 line on the

;'

The first is the western part of the body from the 45 line to ......

eastern side of the ultramaJ:ics, and may be the northern extension

lON line and the second and 12J:.'gest block in the central

genetic sequence of these complex rock types and the series of a.lterations

tha.t they have been subjected to.

outcrop as p2J:.'tly =ded or, pod shaped bedies in serpentinite,

,Which are covered by a buff coloured iron rich weathered crust

A. l'he Primary Ultramafic Rocks

B. The P.dmary Mafic Rocks.

C. The LamprophY"ric Suite.

D. ,5e;z;pentinisat ion. '
E. Metamorphism and Met~omatism.

It was decided to study the body in this Via::! in order to illustrate the

c....) PRDtARY ULTRPJ;lAFIC ROCKS.

A'il described previously almost the whole of the original

ultrama£ic body has been serpentinized. Unserpentinised

primary rocks are fairly rare and are only found in the

central parts of massive blocks of marginallyserpentinised

black in colcru.r dependiilg on the degree of serpentinization.

They also exhibit IB¥ering which is emphased by differential,

<l!)I'eather~ o£ individUal layers.

'~
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olivine c1inopyroxenite through to monomineralio orthopyroxenites

peridotite •.

. .) :1.8$

740033

The

A study of the

These have formed the basis

SOljla of the serpentinites we:t'e

- 19 -

/

Olivine Websterite

Enstatite Clinopyroxenite

Hypersthene Clinopyroxenite

Augite Hypersthenite

(a)
(b)

(0)
(d)

Enstatolite - Bronzitite

2., Websterite

1.. Peridotite

3~ Clinopyroxenite

4~ ll:iperdhenite

5•.

,end by A.lJ.D.E.L. for a number of specimens from the first two

:"in 5ection rock descriptions have been made by 'che, author

111001:.0 of massive primary rooks.

for the classifioation of the rook types ~:/; Noddy C:reek.

ultrnoofio assemblage is given below :

pyroxenites.. A Vlide range of pyroxenite rook types £rom

With only one exception all the primary rooks examined were

such as hypersthenite, have been identified.

massive, serpentinized pyroxenite blocks has shown that olvine

probably formed from oliVine rioh rooks suoh as ~herzo1ite,

',(..

serpentine' textures of speoimens within or marginal to these

was present in phaza layers.

harzburgite and other varieties of peridotite •

f
Thus it can be sholm that the primary ultramafio rooks at

Noddy Creek,_ are pyroxenites \vith a small peroentage of

orystallized within,a magma chamber and exh.:t1Jit typioal oumulate

textuxes.

.The primary Ultrama.ficrocks are oonsideraa.t~have been

(ii) PRThlARY MlllERALOGY AND T11JXTITRES

f
I

•
I
f

I



740034
"- 20 -

':"", cu;::uluS minerals identified are :

1. Olivine

2. OrthOpyl'oxene

3. Clinopyroxene

4. Chromite

5. tlagnetite

" , r+'.

01!v!ne

A!l ~tatcd previously olivine is relatively rare. This is partially

•
"due to the fact that olivines are no:cnally the first mineral group

o.tfected by serpentinisation so it is not surprising that little

ur.4lterod olivine occurs in these rooks and it should be expected
1-

thatperidolites originally were present in larger amounts at

lloddy Creek. The presence of detrital osmiridium and gaid in

tho Big Gravelly beach area on the southern shores of l<lcQ;uarie

llarbour indicate the presence of peridotite rocks at the northern

end of the Western "Ultramafic Belt about 5 miles north-north west

of Iloddy Creek. The olivine is present as small to medium sized,
..-

equant, euhedral-subhedral or rounded crystals. In specimen

•
71/11-53 the olivines in the peridotite phaze average-1.5mm in

diorneterwhile in the olivine websterite phaze they average l.mm

varylIlg from 0.5 mID to 1.5 mm in diameter.

Sorpentinisation of the olivines produoes a typical feather

or" hour glass mesh texture in the serpentine" within Which the

origina.l equant; crystal bounderies of the olivine can sometimes
I

be faintly dicerned. This is especially obVious when opaque material

resultlIlg from the serpentinisation follo\'ls fractures in the

original olivines r....ld along their crystal boundaries

, OrthowrolCene

(Ref. plate 21)

Orthopyroxenes are the dominant lllinCral species in the
';,.......- .-:._, ..._.. -.. __ .....~,.~>

primary ultrama.filc rocks. Hypersthene a.'\d. enstatite ar~ both

common consHtuen"os of these rocks and Bronzite j.s also tuspected.

Bronzite has not been positively identified because all thes(l
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1 be identified. by o'1.'tical methods and not by 74 0 0 3 5'~Ar~S have on Y . .'
t::.llU '"

c _'A-lor analytical methods, such as x-ray diffraction.
Cl/.C;... l ...."

':he OrLhopyroxenes are present as cUlllulus minerals only in the

k-tAr'tes but they occur also as post cumulus material in thewe ....; ",,"'" ,

orthopyroxenites; In clinopyroxene rich r?cks, the orthopyroxene

r:ns !xl present only in exsolution lamel~ \'Iit1;l olinopyroxenes,

or as Gubhedral orystals, usually \Vith schiller texture, which

eI1st31lized first and are scattered through the olincpyrcxenes.

OJ inonyroxene

Clinopyroxenes are also a common primary rock ccnstituent and

nrc taken to be mostly augites on examination of their optical

properties. Clinopyroxenes in faot have. been identified in

all:lost all the primary igneous rocks including the lamprophyre$

whieh outcrop at Noddy Creek. In the ultramafic rooks and

particularly the websterites, olinopyroxene is present mostly as

post-cummu2as material. This has an average diameter of 0.3 mm

between the large cumulus orthopyroxenes with diameters in the
"..

range of 4-5 mm. Large oummulus olinopyroxenes up to 4= and 4.5 mm

in diameter ocour in olinopyroxenite and olivine websterite respeotively.

Clin0PJ'roxene is also present as exsolution lamellae within large

orthopyroxenes exhibiting sohiller texture. Twinnihg in the

elinopyroxencs is quite eemmon, partioularly in the large

,cummulus orystals but also in the interstital pest oummulus

material.

Ohromite
I

Cbromite has beon,identified in thin or polished sections of

most of the ultramafic rocks including sopentinits~. It is present

as a 1-2% mino!.' constituent cumulate mineral between the pyroxenes

, and occurs as equant, euhedral to .subhedral crystals.

Chromite is scat~cred in an apparent random IT.a.nner· in both pyroi~nitcs

and sel1JCnt:j.nites,. being dissemihated evenly thrO>J.gh a rock when it
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•i ,.,:; ;.41 pt, 4 ll,.. Pli4

nt However it appears to occur preferentially m: ... ':i:resc. '
~J • .'

t
'. 'f~,venites and websterites, m deference toor i.OP"",\"i.,o\o

1
, yr,venites and peridotites. This may be a local trende mop ~ .

~.Y be entirely misleading, as only a dozen thin sectionsor 60_', •

of thece. rocks were examined.

Specimen (7l!LI-I01) is completely serpentinised, however the

Olivine Websterite.

This speoimen exhibits a ratio contact between Peridotite and

textures in the serpentine indicate the for-iller presence of oliVine..

and orthopyroxenes. Sife grading :ill. the mmerals appears to occur

in one layer. At' th" "base" large planar laminated bastiles

(Z-3mm in diameter) give rise to smaller bastiles with possible'

intercl.lIDU1ate serpentinised olivine remnants. This in turn grades'

up to indistinquishabie serpentme .mIl.te#aiiposSibly fb:r:.ning

e.ftor smaH olivin~.crystals. Above this fine g:'ained s":t'p(mt:m.e

la-ver, serpentine witn'much coarser texture is present. DJ€ge"tivc

clinopyroxene. The olmopyroxene formed as cumulus minerals

--
first cUl11Ulate to form, followed by minor orthopyroxene and lastly

Tiler(! is no positive evidence to suggest that this mineral occurs

"n 0. primary- cumulate mineral. It often does not Occur in the

:::t\ssive pyroxenites and when it is present the rock is partially

llerponti....lised and most of the magnetite occurs within fr£\.Ctures.

11m/over SOllle equant subhedral magnetite' crystals which.ma.y be of

i'riJ:lary oris'in eXist within the pyro:x:enites.

Textures in the Ultramafic Rocks.

The ultrsma£'ic rocks exhibit typioal cWllU1ate textures. The

peridotite IB.yers (ref. 71/L1-53) shoW that oHvme was the

, espeoially near the IJJa.T;gins of the layer, but usually it ocourred

as post cumulus material between the other two mineral-phases.
,

Chromite is notibly rare 1%, or absent 1:rom the peridoti:re layers.
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Layering

They axe ~eridotite

It appears that this specimen

The change in the distribution

!" f

.:. 23 -

Specimen (71/Ll-S3}

/

Chrome spinel is not evident in thisphaze of the specimen

"i' !o::.:>o:: lar<;e cummulate pyroxenes •..
,,:,; (l:'lount of opaques between the 18O'ers is very marked.

1"0 evident in the hand specimen.
i~ n ~ "

e-x;,ibits crysta.l graded bedding as well as phaze contacts between

l/Vcro. S!iooiD\en' (7~A;L-164) oxh1bitil 4'loppaNnt phazelEl¥ering in

#t"ll''OntinitCl (Ref. P').ate 27) with distincj;'terlural colo\U:' and

~.ll.:".!noss differences between layers o.:f peridotite ana. pyroxenite.

TIlia layer ~ the specimen contains 45% clinopyroxene, 40%

olivine an41S'I>' o~thopyroxene with tr~es of altered chromlte.

~he olivine .. 'a:re smaller tban in the., peridotite layClr Slld averaee

!M Peridotite l8O'e1' contains about 75% o1ivine, 20% augite and 5'1> enstatite.

~ olivines are equant ana. average 1.5mm in d:lalaeter r:mzin« fro.0.6 mm

\0 2.2mm•. They are subhedral when in Mntact with other oli"1oe6 and

I"Jhodra.1 in contact with clinopyroxenes wh.ich form both cumulus and post

c:u;::ulus material.

Talc has begun to replace the olivines and orthopyroxenes marginally and

alollll' fractures.

(b) Websterite

FOllr varieties of this group of pyroxenites have been identi.fied.

'(~) furidotite speci.'llen "l{o. 71/L1-53

fi::,a .• ~hinsection of th~s .slJIiloimen CrOEl6eS a ratio bcnmda.r:r in the
.": ..." .., .... '.

"...,
rt.¢t, Il-'ld thu.s two rocktnes occur in the OllOr s1ide.

~~,I olivine websterite.

1

I
'.. nnd since there is little serpentinisation, magnetite occurs only in trace

MOWlts, within the serpentine filled fractures. (Ref. Plate 9)
(
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1 •.Omm

SPECIMEN 71/Ll-53 PERIDOTITE BAND
Talc is rimming and filling cracks in the olivines.
Amphibole (tremolite) is forming .in the matric between
the olivines and pyroxenes. MAGx2.5xNICOLS

SPECIMEN 71/Ll-53 OLIVINE WEBSTERITE BAND ~(------­

The olivine is being rel'laced by talc (top left). The
tremolite (centre left) has replaced former c:Litt.o­
pyroxene, it is fractured and filled with chlorit.e»
and.magnetitec'tystalS. MAGx2 5xNICOLS

!

PLATE 9,

PLATE 10.
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It ha.s

The

Enstatite

The first alteration product

Specimen (71/Ll-56)

The twinnedclinopyroxcne remains mostly

- 24-

s high angle to the cleavage alld a:t:e subpa:l:allel
f

se:t:pentine veins. have been partially altered

Thi's J:ock was ve:l:Y similar in original composition

They are sux:roundcd by large au(;ites up to 4.5 mm

These

, __ in diameter........ .

l' c'cr sometimes twinned and exhibiting crude planer lamination;.t; ~•.la.'!l 100" .' '. . '.

(11) El1STATI~ CLINOY:f.ROXEtlITE

to trcmolite-chlorite and talc (Ref • Plate 12).

been partiallY' l>heared, serpentinised and. metal>omstically a,ltered

•.-...r:J.llol to the boundary of the :l:ock types. Urge orthopyroxenes,,
J:.lt:1 in diameter, probablf near !lUsta.tite in compos:i.tion are scattered

~n z:::lll ~oups through the rook. Chromite now almost completely'

"Heloed to titanomagneti.te occurs as scattered rounded gra.ins.

:,,,,,,nolite and/or ho:rnblende is alte:l:ing from the large cli,nopyroxenes

:lnd forms subhedral laths with r~ed ends due to growth patterns

in th~ tremolite. (Ref. Plate 10)

"'his is a lirht grey medium-coarse gra.ined massive rock.

the enstatite he.s now been altered.

clinopyroxene probably augite hal> remained essentially unaltered

r.nd constitute; apP:l:oximately 6Cf/o of the :l:Ock.

orieinally approximately 40% of the rook, exhibits sohillo:l:

texture with chinopyroxene exsolution lamellae, all but 'Jf, of

lrrc[;Ulax late stage se:t:pentine. veins appea:t: to cut across the

end Vias followed by tremolite-chlo:l:ite as felted masses in shea.:t: zonel>.

,,&$ the .formation of bastite pseudomo:t:phs after the enstatite crystals

to chlorite and talc.

pyroxene c:l:YstSls s·t

to each other.

&0 the previous specimen.

VC:l:Y minor opaques are p:cesent, and a:t:e probably a miXture of cumulus

chromite and magnetite produced by se~inisation of enstatite

Specimen (71/L1"'64)
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PLATE 12.

cut the rock. Subhedral
within the pyroxenes.
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to clou~ brownish material composed mostly of chlorite which

fmd talc have formed. No opaques were visible in the section.

\7ithin and adjacent to minor she~ \!Iones through the rock tremotile

'."

.',-;.

has formed marginally

The c1:L.·lOpyroxene

Epidote is also suspected

Clinopyroxene forms 5% of the

Theorthopyroxenesl.oJ1ig~lyforming 90'''
': -.

The hypersthene is almost completely altered;

been subject to extensive alteration processes.

replaces both amphibole and hypersthene.

crystals surrounding both cummu1us orthopyroxene and clinopyroxene

rcLlains essentially unaltered and is present as equi.-granular

nubhedral crl.lmmu1ate crystals and large poika1:itic post cummu1us

(iii) 1l'li'ERSTHElTE CLllWPIROXENITE Specimen (71/Ll-49)

OriSinally clinopyroxene constituted 60% .of the rock and orthopyrO.;,ene

the remaining 40% but since itscrystalli\!lation this rock has

.
to. have formed wiJ,;h the amphibole but only constitutes 1% of: the rock.,

..;::.1 tCr!'d but the enstatite is cut by irregular serpentine veins

• _1 t:1Crc is minor tremolite and chlorite alteration -of large
.:.0'."

cr;:ctals of enstatite with exso1ution texture._ The tremolite

1,;;.1) fot1:l3d frolll the exsolved blebs of clinopyroxene. Ex:tensive

j,.""C1l!) of saussurite and c12¥ appear to be aJ.terations of orthopyroxene

llr.d possibly also clinopyroxene.

50? of it forming amphibole - probably hornblende and the ~st altering

(Rof. Plate 14)·

(tv) AUGITE ITYPERSTHENITE (7l/Ll-50)

hiZhly serpentinised pyroxenite.

to crystals and a.lso replaees exsolution 1amel;Lae -of clinopyroxene

rock and is lar~~ly unaltered although amphibole

This specimen is a hard dark grey to black, medium grained, massive,

in the hypersthenos.

Of the rock, are n,OW altElring to serpentine ~'three forms:
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SPECIMEN 71/11-158 STEATltIZED ORTHOPYROXENITE
Talc has almost completely"aitered this rock. Only the
outlines'uf the original pyroxenes, and cleavage.trace
indicate the former cumulate rock texture.

MAGx25xNICOLS

PLATE 13.

PLATE 14.

I
I
I i·

.\'<

'~:

I
1~

1
J:',

I:

~

I
,
c

t
t'

"

""'"~:"'~'~,ig",!Ill'
~

I
I
I r

I

I
;

!

f,

I
\

!,
f

I t

-t
!

I f

~

t
I
I

I
I

I t



.

740043

The a"4;ites

-'>. :

have been altered

-.. ~'

Ii

The augite crystals

Opaques a,ppeartobe a.bsent and little

,

.. 26 -

}. L:..tc stage serpentine veins.

I hctlle pseudomorphs after the hypersthenes •. ,.. .. .

, ",,," texture serpentine replacing the bastites.
;.:,,, ........ Jo

~\ ,.,.,ite Orystal,s Which form 2%' of the rock are fractured andembayed.¥,.r.......

,01'1 a.rc sometimes eQ.Ull:Utand others al1e:l?Ounded probably due to

:;IiU'Cino.1 formation •.of titanomagnetite duririg' serpElntiriisation.

~,lC llI'.d oh1QritG form 1at,& st~ veins replll.Qing the serpentine.

rc.: chlorite forms ligllt':dark green masses Wi~h possible rare

, dillOCl: ore exhibiting de~p hlue inter.ference colours.

Cl ino:>vroX'enite(11!Ll-55) .

~~ ~.,.r.:l specimen ,this rook is green to grey, medium grained and partia.lly.

,I",trad with tension gashes filled by guariz.

;:.:~ cumulas o.vergrowth fill ing the :interstices between the =ulate

~:!.:lop:rroxenell.. Shearing has bent the augite lamellae adjacent to

.:,e~r:J nnd has fOJ:1)led crush zones of broken augite crystals.

...... ooatly altered to tremolite and,then talc, and set :in a matrix of
;'. '.,

=~no serpentisation has taken place.

,f~.~hup to 4 Illlll in diameter, are distinctlY lamirtated and twirts are

,;;It!'.olI. The crystals .•are subhedraJ. to anhedral in outl:ine rei'lell'!;:ing

'tHin specimen was prelimirtarily identified in the field as a bronzitite

Lo primarily to the coarse grained, euhedral :interlockin(; textu...-e of

the pyroxenell.. In hand llpecimen it ill a light to dark ire,enillh grey.

alte:r:edto serpentine and teJ.c•..Some oJ..teredoiiYstals exhibii. diallage

i·,·-::.···,

rock whioh is partially llerpelitinized. Uioroscoit~':examination sU~lltli
~-,''::::: .. : " ',_ ".... ." ,>,/ <,",: .. .' :'.,<:'<;';-:~\i';";':;"'::':,: ',' .. ....." .'J',h,:-'

that the Orthop;yroxene'is,mostly hypersthene of,\'thich 50jt has heen

l'~ting and the original OhiinopyroxeneintllreiowthsI· . ' '. '.. .
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Igneous

types in the

- 27 -

crystals of enstatite-cli1llopyroxene, replaced by antigorite.

banding is sharp but not usually sheared."
(

the primary rock assemblage at Noddy Creek.

Thus it is seen that both enstato1ite imd bronzitite form part of

Specimen No. B6274 (B.H.P. Rock Inde~) 'from the 00 foot line as

by the author mB¥ be a bronzitite which has been highly steatitized.

In hand specimen the rock is coarse grained \'lith large grains up to

1 em across of steatitised fe=omagnesian minerals which onj;he weathered

?:<:,vious workers at Noddy Creek have. desoribed orthopyroxenite rocks

Cr,,:ll the lOS line as enstatolites and bronzitites. Palethorpe

indeatified two enstatolites from the drill core of DOO1 in the

tat area. The author personally bas not desoribed suoh rooks,

hOO1evor specimen (71/Ll-158) described by A.M.D.E.L. but examined

ultramafic assemp1age,riiosto£the rocks haveunde:rgone considerable

alteration. This alteration has been subdiVided intotbro~ types or

(e) fu:;tatolite - Bronzitite (71/LI-IO)

Noddy Creek was described by Corbett as an enstatilite. It shows

IIjz1terlayered bands of fine and ooarse' enstatite with intergrown green

, .blende. Talc has ,extensively replaced the pyroxenes along
:;. l.orn .

1::, .. i:: boW!daries and along fractures as a matt of fine grained flakes

",ieh constitute 40% of the :r:ock. Epidote is rare and replaces pyroxene

, "scent to fractures. Serpentine ccours as large late stage veins of
; ...."
otrouS and non £:l.brous ma.te:i:iaJ. and ispa.:rn;':!.allY re:pl~ed by .chlorite

, 'he centre of these veins.1"-1 ~.

f
r
t
I
i

I
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,

•..••. (iv) SecongaIY Minenlljzation

, ...... ,_ 'he ,,"Vi,,,,,, heOOii,""""
'> . '.. ,

nurfaoe have a distinct brcnze oolour. A detailed petrographic study

i of this specimen is reported in A.M.D.E.L. as sample HC.10 (Appendix 3)
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t e are sern.entinisation, metasoffi&tism 2nd weatheringTilese S'&g S

All these stases are described in detail in- later

a l 'st of the alteration products (in the order.of:.~, but .l.

imPortance) is given below :-

1. Serpentinite

2. Talc

3.
4.
5.
6.

7.

~'remolite

Chlorite

Amphibole-hornblende

Saussurite and clay

Epidote

8. Titanomagnetite.

(...) !'P.tro··cnes~s

(n) TI1c narent magma from which the ultramafics and gabbros

nere both derived was originally derived from the upper-mantle 2nd

has undergone two separate periods of melting and crystal

differentation. The resultant ultramafic bod>' at Noddy Creek

is deficient in Al, Na, K2, Ti and V and enriched in Mg and Cr;

except for Al those trends are repeated in other Tasmanian

Ultramafic assemblages. It is proposed that the original parent

material \'las a tholeiitic magma trending towards an ultramafic

m1l{,ona •.

(b) Emnlacement and Ori~in of Rock Tynes.
(

The parent magma was coneived at the crust-m3ntle interface by

the partial melting and crystal differentiation of ultramafic

material at the base of the magma chauber. Some volatile rich _

li~uid was removed at this stage leavine the melt as a whole

depleted in K and Ti and possible V and Zr. The liquid siphoned'

off may have moved up through the crust and eventually fo=med oceanic
'.

tholeiites (Green 1971). The Eald Hill Complex bl N.W. ~asmrolia

has ~n olivine rich, chromium poor basal unit, compar.0':' 'be the



Tho Mt. Read. volcanic arc and the Dundas Trough are considered

tQ be a contemporaneous 'Island arc - ocean trench' system created

caused by plate tectonic action, created a. subduction zone, ~d

74Q046

This resulted

progressive

Concomitant

, .

The theor,1 most acceptable

This is interpreted in Palethorpe

J 'J

- 29 -

Thus overlapping of the Precambrian, custal blocks

rttz##

'. i.,{(;S:>

of the (!:t'Ust ana.,during this period'tl'lere was,

lellv,ing :rell.i.dua.l olivine :t'ioh material deplllted in this

content in the peridotites may be explair!edby a,Simila.r process

O\'Crly'ing ultramafic horizons.

(1971) to be oonsistant with partial melting of the upper mantle,

material at 40KD producir.g' a melt strongly enriched in chromium,

element.

At Noddy Crllek the paucitY' of olivine riclirocks and the low Cr

of partial melting, together with removal of the residual

crust.

of oceanic crust to continental crust.

to the evidence involves the interation between lithospheric'
, "-'

correot, then their emplacement must be related to the oonversion

ultrernafic associations are representative of oOeanic crust is

plates moving towards each other."

block (Tyennan Geanticline) in the east.

by the movement of a crustal block in the west under a crustal

and is responsible for the diapiric upwelling of shear-heated mantle". .

Movement of the downgoing plate has been shown by Minear and

Toksoz (1970), to produo'e high heat flux at the base of the crust

pr,)oxlced downward movement of the Dundas Tro~gh.

material.

material by early thrusting or emplacement in lower levels of the

,Palethorpe (1971) states that "If the interpreta.tion that A.ustralian

or,ystallization near the base of ,the magma cha~bar.

. ' ,-

upward Illovement of the ~a occurred £xOl1lthe lower t.o

I
~

!
I

1
~"-C~.'-;:l::K!&li

'.f\ .

~

I
I
I
I
I
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The last differentiate of the magma was probably a diorite-quartz

There is st:x:ong evidenoe for the thrust emplaoementof the Hibbs

with

740047
a liquid

Similar
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At the same time the tholeiitic and calo-

-
These later intrusions were probably pene-contemporanccu.s

the complex are faulted and strongly sll-eared and are

geological conditions in other complexes are inte~preted

.. ":;';

chlorite, prehnite or amphibolitic rooks.
! ,.

moderatelY to highly' altered in partstotremplite,

CC:ltcnporaneous periodic thrusting removed the partially

.
Glice into the base of the eugeosynclinal pile fOrlllin.g' in the Dundas'

t -'lizcd layered sequence of basal dunite and peridotitecriB 1;U.

c>'/crlayiDg pyroxonit&!I and emplaoed it' as a. low an.gole thrust

l ayered crystal mush of u1trama£io-oo~positionand
1.."1 a

::~lt of pyroxene-£elspar material.

laycred norites and gabbros which were immediately removed by

thrusUng and emplaced into and along the margins of the still

Trou(;h. Continued orystallization in the llJa€;llla chamber produced

lllkaline fraction of the melt were erupted along the 1l.t. Read Vol-

cooling ultramafio body.

conio Arc to the east of the Dundas Trough while gabbro and

doleritio bodies were emplaced into t,he volcanic sequence.

invaded the ultramafic complex as well as the sedimentary-volcanio

diorite melt which was intruded into the Noddy Creek volcanics.

At the same time a series of lamprophyric and microdiorite "pykes

sequence.

with the Late Cambrian intrusive of. the Da..."'Win Granite to the

north and the Lower Rook;y Point Granite to the south.

relevant to thrust emplacement of the ultramafics.

Ultramafio Belt but it has been .la.rgelyobsoured by later

:reintrusion and strong alteration of the intrusive rocks and
(

marginal sediments. The .fol1ow.iJ:lg £acto:cs are oonsidered

1. The pre=ed basal (western) margins in particular of

i
/,

~..~~ '-'$I ffk~
~

I
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I
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I
I
I
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I
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I
I
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b1 Pale thorpe (:t911) to be due to high pressure thrusting.

The Faulted margins of the belt are subparallel and
2.

close' to the edge of therncambrian-Cambrian

contact whioh is a major fault zon~ in the region.

!(:cording to Taiiaferro(1943) "a non-hydrostatio stress field

is required to bring any peridotite magma or hot crystalline

diapir from its normal possible level of intrusion, i.e.

(The lLohrovic Discontinuity) . into crust~l rockS; and at

shallower depths is. responsible for the 'coldintru,stion'

or serpentinised peridotite as slickensided and shear

bounded bodies."

The anthor proposes that the hot semic:rystalline mass of

ultramafic material removed from the magma chamber ~ thrusting,

began to cool rapidly while it was being emplaced up into the
.. " ."..-

=st, and. below the 500°0 isothem, serpentillite began to

form marginally armmd the body•. The metasomatic aureole

around the body which fonned when the intrusive was a hot

. crystalline diapir began to cllJninish as upward movement continued

end cooling accelerated. The aureole was largely left behind

when serpentinisation began, at this stage th~)lltrariu•.fio body

began to exhibit the features of a 'COlO. intusive'.

I
In his study of the Lizard Perllotite mass Green (1968)

stated that "where the driving mechanism is the 'rheidity'

difference between peridotite and.count:ry rock and external stress

field, internal movement would be localized in the zone of

~atest :dieidity difference, i.e. near ii~e margin of the
'·',d.,.-•. t"".,

, .. .:: .... :i:', ',,_:,0··i,i:" ..:<").

Tbus. to re-establish the local stress field/the core of the
''-.....:

bodt has a tendency to move upwards as ~ pascive body while

rol~t:l.ve movement is localized in the margin".,:
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These

They reacted =gin-

Thus fluid movement

The first Vias

,,1,' ..
i. . ~

- 32 -

The serpentinisation was due to the

'I"~J' ~r. to the higher reaches of the crust,

rroduced 1:ly the body.

a.'l4 solidified and'largely left its metamorphic aureole belUnd.

.tn tho Hibbs \Jltramafio body rose in the crust, it cooled

Iltdhcnts at the base of the Dundas Traugh.

:'he onset of serpentinisation drastically reduced the metasomatislll

!ntroduotion of connate water whichproba1:l1y originatea. largely from the

tho onset of serpentinisation in the ultxamafic ma.ss.

~.~ d d
~"? ,. ~"O driving mechanisms, thrusti."lg and rhei i ty induce

;;c;'CI responsible for the movement of the u.ltramafic
: ~.:! t

!toddy Creek: is due to tVIO separate events.

gnbbroic bodies due to their xap5.d emplacement, probably along

tho same thrust plane as the preceeding Ultramafics, were still

quite hot l1hen they intruded the ultramafics.

lllly' With the pyxoxenites, serpentinites and country rO(lkS to

produoll nar:l:-Oll', t~lllo~ij;(;l. :r:ioht<l1'110~ite,..t40 J;"-"4','

(/iU arrival of thrust emplaced gabbroic intrusions shortly after

':; ,.
.:;."

zones respeotivelY' with tl\El'se rooks.

1
I
I f (~i £O:1trlct Effpcts

f ... '.'~c\ls'sed !nthe previous section, the ultr8lllafic body most

1".1 - ~ . t t t ~ h·c ~"-ole after it was• Hl:dl hM a strong con a.c me BIDO p ~ .......~

-*If.. l~;:o!lica.llY J;'cmovcd from the ~a. chamber and while it was

I..•·•.,~.'.',.•,.....•,•....•'. { :;::~~:: :~::;.:r::::::b:.:::
f :'(':>:tir.e.d a.t this stage of development of the 'Alpine typa'

I,; Ii;Hro.:::a.fio intrusive sequence.

I

IJ
If

f.
II

tI i. I/:lll to\1oxds the intrusive and not away fr~ it at this stage.

It is thought that the contact metasomation present at



The second period of metasoma.tism ocouxred concurrently

tlith the emplacement of t1:le nearby" quartz diorites and

the llllll~opll.Yr.io in~%'Us:lons. 1'b1s pr.¢duoed 10oeJ.

alteration ot the ultramafic-mafic complex to greenschist and

ampbibolite facies.

(d) Crystallization Sequence

740050
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Talc-chlorite alteration was dominant on the eastern

margin of the complex While ho:mfels type alteration

occurred on the west margin ot the complex. Later

shearing and faulting and weatherfu€; has obscured

these relationships some\vhat, but .it oan be said that

the contact metascmatio alteration around the intrusive

cOlllplex, is post emplacement in origin and very localized

in extent.

The high degree of tectonio action and metamorphic

alteration which the ultremafic bOdy has experienced

has precluded fifIW detailed stUdy of the crystallization

sequence in the intrusive. Olivine rich rocks nO\T

serpent:lnized were originally peridotHes and possibly

harsburgites or dunites! The extent ot these rocks

are not knOlm but it is suggested that they form only

a small percentage of the ultramafic assemblage a.t

Noddy Creek.

I

l

I
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MODAL CLASSIFICATION OF THE ULTRAMAFIC ROCKS

(After Goode, 1971)

-- <-- -- Shows proposed differentiation trend.
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(After Goode, 1971)

-- -+ -- Possible differentiation trend.
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of .he pyroxenites south of Helipad 3 at NoddY Creek. It is

(e) IaYeriM

Scall scale layer:i.n8 from 10m to 10 em thick is a :feature

From the examination of thin sections across this layering-i:t

is· seen that both phase and ratio ccntacts occur, with'the

the western part of the ultramafic belt from 2mr to 4ClN".

pyroxenitea within the chrysotile aSPestos rich zone aloIlg

also: present in massive serpentinites and serpentinized

- 35 -

"",, bull<: of the ultramafio rooks are pyroxenitea \vhich
•..c

libit a wide compositional range from olivine, orthopyroxeneex 1

D:l:i clinopyroxene rich webaterites to monomineralic

l"Il:'OXOnitee. :Plai'ioolase is the only pha.se which is

cntil:'SlY abs.ent. Tliere are no ohromite rich layers as

such, instead the Cr rich spinel is disseminat.ed throughout

the rock t~'pes, with a preponderance to websterites over other

latter type probably being more common. No attempt was made

to determine ~' possible rhy~1:u:lio nature of the layering in

the field. However, it was noted that orude gra.ded bedding

appeared to be present in some layers. This may ho\vever just

be a funotion of the weathering of ratio-oontacts between

layers or due to the chango in grain size bet\7een fine and

coarse layered pyroxenite.

. tock types.

Selected samples taken over a narrow sequence of layers, and

Sev<>ral isola.ted me;Js\\:r.ements or .the strike and. I"':"'j o:th~

based on superfioial textures and oolours, show that the

lay-ering s.ppe~s to be a ,unct.i.onci' the degree of serpent1nisatio:n

··and/cn' :stea.titizEj,tiontogethor witn c~~ ....:!J.1.. the grain si;ze of

cumulate pyroxenes.

I
I
I r
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Ii,
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,

,,"c~ill& indicate ti?at the average strike is parallel to
.. ·v ..

the reGional strike of li200 E and the dips vary from vertical

tQ 300 to the east or west, again conforming to the regional dip

of scdiJllents and the ultrlllllafic body.

There is no evidence of strong magmatic currents producing

Isediolcntary type' structures in the layered ultramafics,

neither is there evidence for .flow differentiation of the

type described by :Bhattacharji (1967). The author interprets

the layering as the result of crystal fractionation in the

Illagma ch3lllber and gravity settlill£i of the crystaIsto form·

¢lllllUlus laye:L's. These crystal layers Vlere later cemented bt

post-CUIlII1lus growth of interstitial material and/or adcumultis

growth in the oase of monomineralio py:roxenites •



',',- j': •

"

r~:)bl'OS ar:d norites whi.ch fiske up the bulk of the origjnal mafic

.;~: acscmblagc appear to be emplaced ll'.arginally to t,,8 ,,1trznafic body,

'"rcc.ular lenticular bodies. They are extensively c.8vclc)2d
....._ u

,,0:':, the wester., margin ,of the complex from the &.'f area to 20S

c",il along the eastern margin from 5N to 203 line and further so;;..th

>,; "~,l the immediate study area.
",' ,

Along the 203 line the gabbro is

r
"

c.\ lc"ot 300 metres wide and bodies of {,rranodiotite (up to at least

>J ;"dres wide) are xeported to occur within it. Further north the

tt;:.;l;;:o attains a maximum width of 250 met:r:es along the 78 line and.

"'.:c {;"bbros are generally heterogeneous in grain size and

r:lnQralogy and may be commonly layered. Poor exposure and

Lx~cnnive alteration of the p:ri..~~.y' minorals have militated

·,/:;"inzt the field study of these rocks.
,f'............

The ga~bros from isolated

c~$~ive rounded outcrops, in which the ,rocks are mcditun to coarse

,Tained, generall:>' e'luigranular and con'cain lenses or layers of

c,j!~rse grained prrox:ene rich material. They weather to mottled ?ale

(Teen and white rocks cut by reticulating milky <:[uartz veins

:md veins upto soveral inche:> 'wide composed of prehnite rich material

1J1 the highly 2.1tGre~ areas. (Ref. Plate 15)

I
;\lOTIe the Ylestern (basal) .margin of the intrQsive complex, the

;~ufic rock:-J s.re e:::tensively sheared and v~i..."'18d and have been altered

to Vo.l'ymg degrees to tremolite, chlorite, and prehnite, rich rocks,

n..fld in some extreme cases to rodingites.

AIOl::;with the shearing-has comesomol~te stac-C"\S magmat'ic

illo.tcrial which has formed sm:J.ll concordant pegmatitic dykes of
\



)
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, ...~.. --..v: ._

\

,
............. ,-- - _._- .....:.... '~"" -- ........,._-=-....-,,:~_...~"'-.............;

OUTCROP OF l·lEATHERED, ALTERED GABBRO ON THE (yES fERN EN')
'--,--

OF THE OOFT. LINE
These rocks are chlorite rich and the white veins are
either J?rehnite" albite, quartz,or zoisite.

VEIN OF CARBONATE RICH MATERIAL IN A CLINOfYROXEi"lT::'
- ---

Note the reaction rims alcmg the vein, and the colour
of the rock in outcrop. This colour is similar to
weathered outcrops of gabbJ;'oic rocks, and may.testify
to the -r:elease of calcium f:eorn the clinopyroxenes.

l'LATE 15.

PLATE 16.

. ~,

I , '. -~"..-'~-----~.!~~~~~~- -,--- .._.",.
-'-~C~'"'."·''';:ji":~''"'''' . 7 4 () 0 5 5 .I

l'cI (;,)'r.>
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o Cl'iorite (~pec~~cn 71/Ll-48) •. :':l~ric.c -

740056

, "

---
... rock o.s3cmblagG waz formed by the coobinat':"or... of three

.,;..:t.C

..,_ oincral specie s, n3l;1cly plagioclase, ortho)y~o:=e~G z-~d

Ko attcm~.Jt was made to accur~~ocely ':"dent::- r the.. ::>?:fI'0;.:cne. oJ

.~c.::.l conpositiol1 of a:ny of these minerals 3...Yld identii'::'catiCu."'1

~ based solely on microscopic exemination of thin sections of

!cct~d rock specinlens.

,r;-;thcne is the dOrill-Tlc.nt orttopyroxer~e prc~cnt although

c.otitc occurs L~ specLcen 71/Ll-163. C1inopyroxenes ~re more

~~on t~m1 othe~ pyroxenes III these rockD and both augite and the

J~~ calcium rich variety diopside aresuspected to be present •

.iC 'pyroxenes have undergone extensive, DI:1?hibol.:.tiz~tion,

c: .•oritisation, epidotization, steatitiz£'..tion and serpent:L'l'lisation,

~:ich makes interpretation of the original =Linl;;):::,als 2l1.d tex-:i..Xes

.... i..fficul t. The plagioclase content in these rocks varies f::o:J. 1550

ID the pyroxene rich varieties, to 6~0 L~ the leucogabbros, and

the eompositi~n of or-he felspar ~ppea.rs to be in the bytO\'mite

j,obradorite range. r,;ost of the ::e1spar has been altell:ed to

::~~u3G'J.rite, clay or prehnite ..

h..":!:'lhibolite, probably ::orn~lcr:de, is present in some specimens a.YlQ.

r.~y be a priJn=y 'nine ra.1 , horrever, i.'l most cases (71/Ll-48) excepted)

it is suspected. 'chat it is merely 3.l1 altcr.?vtion p:roduct of cli:rlO-

pyroxene.

Three types of textures are observed L~ these specimens. The first

and most COi:1.'ilon is the allotriomorphic ;ranular texture, e.g.

"'l~c:i.mcn No. 71/LI-60. It a.ppears th<lt thEt'"lo.giochse h~~ crystallized

~:tc~ the pyroxenes in most case~, and forms ir~tcrstitinl and somctinc3

SOTLc+''';mc ••
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t1:"::l:erthe plagiocalse or the pyroxenes exhibit subhedral or

:: 71/11 - 39. Specimen n/Ll - 4.8 1o"s stronr; hypidioGtorphic granulax
~.,., ,

....tuN with euhodr2.1 hor.nblende set :iJ;l a matrix of granular felspar •
•~A .

Tbo third texture obse:<.'Ved in these rocks is the subophitic texture.

In this type the felsp:o.r forms euhedral to subhedral radial growth

tatterns of laths, within 02: partially enclosed by pyroxene grains.

cno ple.giocalse appez.rs to have cr,fstallized first in this

'j'wo specimens nos. 71/Ll - 59 and 169 exhibit chaIlges 1.'1. tho pyrox.one/

fclspar ratio to form mineral graded layers within the gabbros.

Another specimen 71/Ll - 60 shm1s good pla..'1.a.r lamination of the

pyroxenes in layers, and specimen 71/Ll -. 39 exhibits euhedral

pyroxene crystals with1.'1. anhedral plagioclase crystals. These

three textural features are evidence for the possible fractional

crystallization origin of some of these rocks.

j.J.mited chemical arl;j.lyses of these rocks, (Table 1) shOW that they

are marginally ric'!f': in l.!g and Ca and marginally low in Alz0
3

compared

to similar rocks from the :Bushveld Igneous Complex and the Skaerga;J.rd

htrusion. The total alkali T
l

0
2

, and total Fe contents are Im7,

this is pa.rticu18~ly so in thercase of NaZO and total Fe (3.7%). The

K20 content (0.6%) is high for these rocke 2nd reflects their highly

differentiated nature. This high KZO content is also repeated in

the lamprophyres.

All these Values except for iron, are compatible with the theory that

these rocks arc the result of continued differentiation of the magma

Which produced the ult~amafic assemblage.
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.:C:8XiICAL AKALYSIS
)

ROCKS (a.s Oxide WT 50)

, '0 71/11-161 71/11-163 71/11-16971/11- 0

{"O 49.3o. 2

.\12°3 13.5
i·

3.7
I

:'0,;a1 Fe I I

~!;;O J.O.O I
I

C:l.O 12.6 I,

" ° 0.6 I
.1U2 I

:'20 0.6 I
I

71°2 <0.1 I

I
TCf);!J.. 90.4 (by GEOliI11'f) I

(0.

5

58

30

33

15

A.V.PB.:

9780

55

75

140

(by A.M.D.E.1.)

I
i

TRACE EliEI:ISlfT Al{ALYSES VlT. PEM

",. : 82 70.''''

Cr 7°° 50

Co 30 20

Cn 5

Po 5

Zn 25

50

25

35 5 I

, I 5 5 I
_I 35 30!

.~ --I. .J- -1- ..l- !-__' .

(iv) CLASSD'ICATION
1

Only a dozen speci6ens of the mafic rocks at Noddy CreGk were selected fc~

mic~cscopic eA~~ination, but tpese specll1ens shoy' adequatel;;" the evolution~T

trend in the mafic rock sequence. The mafic ass~mblage is given belQ~ :

1. Ortho-Norite

Pegmati'~;ic HOl.":lblcne:tc Diori1ie

2. Augite-Norite

3. Enstatite Gabbro

Gabbro4. Hypersthene

5. Gabbro

6.

7. Granodiorite



~ith the exception of the felspar phase, to the ultramafic, assemblage.

Thcnorites and gabbros being the mafic eqUivalents of the pyroxenites

I
I
I
I 'i

I;

,*
I

,
l
~,
r
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of these rocks have undergone con~iderable metasomatic alter-

ation 8,.;.'1d have becom~ ensentially met2.0'TIorphic recks f a st-.l.dy of

these changes &'1d de cc:r:iptions of the rock types ~e given i,.-,. the

Beetion under Metamorphism and Met'.l.somatism.

'7ne mafic assemblege shows a marlced similariiy in mineralogy",

740059

I
I

I.
I.i·

I
I
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I
I

:::ld websterites.

?r,esc minerlogical similarities together with the chemical similarities

(discussed later under Petrogenesis) leads the author to suggest that

\r.c ultren,afic and mafic rock suites were derived from tb,(> same parent

t1una. A similar conclusicn was reached by Rubenach (1972)' With regard

to the gabbro and pyroxenites of. the Serpentine Rill Complex, 25 miles

';'sth of Q.ueenstown in western Tasmania.

~>Ottho-1{orite specimen 71/Ll-43A

:.) original constituents of this rock were enstatite 40'/0 ano. plegioclase

W,:; makinG the rock a mesocratic norite. Tb,e crystals are equigranular,

:cr~,inc an allotriomorphic granular texture. Th" unaltered enstatite

:··)';;tals up to lmm long, exhibit twinning and th" Ja:rD;Llae are commonly

;;t uue to shearing of the rock. The pyroxene alteration products are,

·,.~ly, ccrpentine in the form of bastite pseuc"iomox1lhs, and later

.titbution followed by late stage talc replacement of the serpentine

,;; fro.ctuies. The felspar is wholly al-Cered., mostly, to sa.ussurite

'11 <;0 pn.rtially to green a..'1d brovm fine grained chlorite. Weathering

lh~ rock has produced claY and minor iron ore.
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(;;}<f (b) Audte Norite 3pecimen No. 71/11-54

~his specimen has been hi5hly altered and is now a metarnorphic

rock •. Relics of the prilnary minerals occur,which suggest that

740060
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tlle o;x:iginal rock was a. llloso-norite. Tho ~;riginalconstituents

being plagioclase 40j'~ and dominant orthopyroxene 6(};;!> With exsolution

texture. 1finor prilnary clinopyroxene crystals may be present with

the orthopyroxene ::md all are set.in an allot:ciamorphic granular

texture. The rock now contains 30% tremolite-acti::lO;J.ite, 4(}10

prebnite and 20% chlorite with minor talc, muscovite, quartz and

relic' pyroxenes. The tremolite has replaced the pyroxenes as large

anhedi'al crystals possibly a.ctionolite, and as small needles in the

orthopyroxene,;. Chlorite also replaces the pyroxenes as fine

grained masses, S0me of which shoVi deep blue interference COlours

typical of clinochlore. Prehnite occurs as replacement intersitial

aaterial with muscovite between the. original pyroxenes and as late

stage veins with minor quarts inclusions cutting the rock.

The prebnite is derived from original felspar. },linor talc replaces

both chlorite and tremolite along small fractures. Remna."lt

oxsolution textnre is seen with chlOrite replacement of ortho-

pyroxene end thin blebs of tremolite up to 1.3mm long rep1.acing

the exsolved clinopyroxene. Due to the presence of,augite the rock

nay be. called an augite-norite.·

(0) ~atite Gabbro s-oecimen No. 71/Ll - 163

':;li.c specimen is a melagabbro with only 15;0 original plagioclase

fulcpar content. Tho primary mineral relationships are obscured by

:1,0 f:lct that mor" than 50% of the rock has been replaced by the

~ct""norphic minerals chlorite, tremolite, and talc. This rock was

eM of a suite of 24 rocks sent to A.M.D.E. L•. fOr e:X;Sll).inaU.Qp;~ and
. ·.·.,..···.1.

if! fully descrioed by th.em as sample No. NC 15i.n AppendiX No.3.
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\6) TIYLcrsthcnc r.aooro spec~cn neG. 71/L1-57 anQ 604

740061

30th these spccimer.s are Ir.esoOJ.bb~·os 3-TJ.d con-:c..i.n only 30-4~ origi..Y1al

• 1 _o~ T'ney h"'re been h~~~ly altered, shcar0c ~~ veL~ed.:c... st".... · - ~

~~ ~?CC~Dn 11/Ll-57, the orthopyroxcncs ex la;ge:y ~:tc=ed ~o

,. . te and t~l c '"h'le t"e c bo~yro~e""es ~~e ol_+e~p.c.- J: o +r,-:.~ol__,· +e.~'.on "'_ , ". .. -->" J. >. - _. _- . • -_ •

:-..~ clino?yroxenes shorr relic t·:!ir...~inS a..'1d con-:a.~:1 :;11ates o~ exsolved

..;iPe:rsthe:le.. Speci.l!len 71/~: - 60 on the otr.e~ :~ar..c., s:·_':',:s li~tle

c: co replace:len-:; of ~he cl:.nopyroxe:l8s and o:r:ly c~.lo=:..te replacc=ent

..: t::.c ort~.... -:::oxenes.

_Ciocl~se oc~urs 25 tTIir~ed C=Y8t~~S no~ beL~g replaced by

oJ.:surite a.Tld as albite ve':"'"rl3 with mosaic texture cutting preb.nite

.. :ch oClterial in shear zones in specimen 71/~1 - 57 (ref. plate 17).

-;1 :pccimcn 71/Ll - 60 the felspnr ha.:::: altered to sauszu:::,:'J~e and r:.inor

..y ..

cxtures of ,he tuo roc;~s are :nax;cec.ly d::":ferent. Specben

./!.l - 57 sho'clS rac.ic.:' gTo·,':ths 0:: plagioclase laths in subop, itic

...ore non:aI allo-:::-ic2orph::"c ~<::.-~u:"-= texture.

:"'" .0 specken no. 71/Ll - 59

rock has been partiall:{ altered to se.ussuri-:e 8..'r1d then to c::::.y.

~lso prese:r: as lU'lco!:".!!lon twinned. crystals of albite in :ate. ':2.5'3

of: qu:u-tz and prehnite. The do:ni.'1a.'1t pyroxey.o l.; "'Ubite Ylhich hc.s

'lly altered to hornblende. Hyperst .ene is a.'1 L'1CCJ'n-;."1 constituent

nally probably 51> of the rocl: o.nd OCC~1rS as l=ge phcr. 'crysts 1. 5-3:r.:n

,oter. It has altered l=gely to trcmolite crys"_Clls t 0.9:::",



I
I
I
I
I
I
I ~i,

I·.~
I
I
I

I.
I.
I
I
I
I
I
I
I

PLATE '17.

740062

1.Omm
"' ,

SPECIMEN 7l/Ll-57 METASOMATISED NORITE
This photograph shows the contact between vein filling
prehnite and albite (upper right) and altered norite.
The clinopyroxenes (cer,tre bottom) have altered to
tremolite and chlorite and fine gruined secondary
albite forms the matrix. MAGx2,5xNICqLS

l '"'1.._----"5~cm~------l..~1

r
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set in an interlocking granular matric of intermediate plagioclase.

740063

Mi.'1or

Shears are

&~desine composition,

The felspar shows

Interstitial opaques in the

Crude layering is evident with

- 44 -

specimen No. 71/11 -48

MeaSU~~illents of the felspar!pyroxene ratios ~

some chlorite and talc.

Hornblende Diorite

z-.nes and also fill fractures in prillla..-y plagioclase.

h:emolite but this mostly occurs in the shear zones.

caloite is also ?:'.'esent in the shears.

)'rominent in this rOCk, and are filled with crushed primary rock

now mostly altered. Quartz veins which carry interstitial plag­

ioclase with albit-0 twinning (ref. Plate 19) occur in the shear

'''.paroline and albite twinning indicative of

altered felspar are probably magnetite and ilmenite.

The hornblende is also altering i:il places to a light green

and chlorite (ref. Plate 18)

of the rock occurs as large, averaging 2 em long, euheClral crystals

The texture i" hypidiomorphic gra.'lular.

(f)

surrounding rocks, and is light grey, <r~artz veined,and sheared•

ana is altering extensively to the secondary products, s8llssurite

In. h8ud specimen this rock is pegmatitic in relation to the

~re diffioult due to alterations and shearin$ in the rook.

pyroxene in the other.

plaeioc1G,sc beinc domina.'r'J.t in one section of the slide and

Tbe primary mafic mineral hornblende which OOIlStHutes about 2Cfj'6
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!l'his rock because of its mineralogy and texture is re&'8.X'ded as

Il late stage mafio intrusive rock and was seen to occur only in

the gabbros along the vrestern margin of the oomplex in the 5N
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PLATE 18. SPECI~ffil 71/Ll-48 HOR~BLE~DE DIORITS
large felspar (right) exhibits pericline and albite

twinning, shearing has distcrted the lamellae. A
chlorite crystal (centre bostom) has been formed along
a frac ture 20:1e. Primary hornbfenci e and secor.cary
tremolite foro the rest of the roc\<. , MAGx2 5x:\ICOLS

;

I :-.. ..? -~

...~ -.. '''';-

" ----- --_. --" .. -. -- ..
1.Omm

« ~

PLATE 19. SPECH:EN 71/Ll-48 HOp:!,!BLENDE DIORITE" FRACTURE 7.0;';;-'
IN ROCK
Albite-(top) forms the bulk of the vein IT:2terial, Hith
chlorite and treffiolite forming marginal to the u:1altere(
primary plagioclase and hornbl.ende. ~;.'\Gx2 5xNICOLS
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( ~) '"·t[;, Gr8-.1'10CJ.orl e

have been extensively acted upon by solutions of metasomatic origin

It can be seen f:::'cm the rook desciptions that the pri1llaT'J minerals

within the coarse grained poorly outcropping gabbro.

as. the Noddy Creek Volcanics to the east.

and orthoclase have invaded the gabbros at Hoddy Creek as well

means that late stage intrusives oontaining quartz with pla,,::;eool8.se

c.horitization. The parent rook is a quartz diorite". This

parallel to chlorite plates; possible autobrecciation before

'l.uartz; orthoclase has altered to serioite. Iron ore strinGS

dark chlorite in white groundmass. AGgregates of plagioclase aIld

Noddy Creek, and desoribed by Corbett, is "mottled with patohes of

classified as granodiorites from the Hoddy Creek area. The author

Specimen B628l (B.ll.P. Rook Index) from the 00 feet line at

has' not uo~n o.ny gr"",odioJ>it(l" within th<l ~tud.y a.re ... b'..t they

undoubtedly do oocur to the south within the ~lide gabbroic

weathers to a buff oolour and outcrops as iiTegular jointed boulders

e'l.uigranular, and light green grey in the fresh speoilnen! It

Previous wo~cers Corbctt and McGregor (1968) have described rocks

lines. The granodiorite is reported to be fine to medium grained,

mass on the eastern side of the complex between the 20S and 30S

to form a variety of seoondary produots. Completely lleVi met~orphic

rocks have formed in some cases and as such have not been described in

(Yl) SI\:;ONDARY 1,lIi~IlALOGY
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this section under Prim~-y Mafic Rocks.

The secondary minerals, thei:calteration processes and resultant

i
rock types =0 :.:a fully described in tile section under Metamo:t'phism

and Metasomatism.



is evident (ref. Plate No.6).

When they intruuod the pyroxenites.

intrusions along. the eastern margin of t::e ultramafics where

740066- 46 -

The pegmatiUc hornblende diorite

These rocks are probably derived from the

srune parent magma as the ultramafics and represent with the advent

o'ior short intervals into and along the margins of the existing

of the felspar phase, a continuation of the differentiation trend

ultrcmafic body.

is ,thought to be the hypabyssal eQuivalimt of the gra!1.odiorite

found in the ultre.mafics.

The mafic rocks axe considered to have been intruded in stages

~uartz dibrites which occur withL~ the Noddy Creek Volcanics to

and this ,in turn is probably closely related to the diorites and

it" southeast.

L~.the 5N area where the exposure is relatively good, the gabbros

seem to be highly lenticular or dyke-like in shape and transition

rocks between pyroxenites and gabbros were expected to occur.

However, no felspatic pyroxenites or fine grain;ed chilled margins

This means that the gabbroic rocks in this area were 'fairly 0001

,
were s~en during petrological examination of these rocks.

This is definitelY not the case with all the massive gabbroic

same contact met~somatismusually in the form of talc rich rocks,
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(c) .THE l}Jl~PROPrr{n.IC SUITY,~~

(i) general .. Features

Tile lrto.'nprophyres occur ~s discontinuous, narrow, lensing.

boundinaged, blaok to light grey dykes throughout the serpentinites

of the ultramafic compleJ:o They also occur in the sediments to the

east of the complex. and one dyke between the 78 and lOS line has

been traced from the eastern sediments across half the ultrama£ic

body. The dykes with the exception of the one trans[;ressive dyke.

are an parallel to the general cleavage - shearing direction in

the intrusive complex and tend to be intru.ded close to or on the

contact be~v~en massive and sheareQ serpentine or pyroxenite.

The dykes tend. to have sharp boundaries but they ue.y be gradual

where extensive chloritization, silicification or other metamorphic

alteration of the surrounding serpentine has occurred.

(ii) MIlfERA.LOGY ;L1'{D TEXT'O"RES

These rocl~ have been termed lamprophYres, because of theirpGrph~yritic

t.extures, felspar rich matrix and dominant biotite mica phel'\ocrysts.

Alkali felspar is the conmlOn matrix forming mineral £.'1. the majority

of the eleven specimens exa..'nined. L"l two specimens the matrix we.s

partly couposed of plagiocalse felspar. A few specimens usually the

darker coloured types were chilled d=ilig enrplacerJ:ent and exhibit

extremely fine g~ained matrices ccmposed cf devitrified glass altering

to fine gTained chlorite. Fine grained crystals of biotite, ra:ce

hornblende, and sphene are commonly present in the mesostasis of

these rocks. The phenocrysts are dominant biotite, less COffi.'non

augite and rare hornblende, calcite, and ~uartz.
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BOUDINAGED LAMPROPHYRIC DYK~ cut by veins of carbonate
material and surrounded by sheared serpentinite.

EAST END 25N LINE

CONTA{~T ALTERATION OF ,J.AMPROPHYRIC I?,YKE ROCK
Extel{;ive marginal chlorite alter<;ltion of the dyke ~"
the adjacent serpentinite (right). Chrysotile fibr(
',d8 formeeJ "in fractures 'h7ithil~ the dyke (left).

PLATE 20,

PLATE 21.
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These 'rocks ar2 all altered to somo d0b~ee by metamorphism or

metasomatism. Clinopyroxene has altered to amphibole, biotite

to chlorite and felspar to saussurite, sericite or chlorite.

of the speCimens are vesioular and others contain quartz rich

zenoliths.
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The overall texture III these rocks is porphyritic and hypidiomorpr~c

granular with equant phenocrysts set in a fbe grained matrix of

equant mafic minerals and subhedral to anhedral interlockL~g plates

of twlilned or untwirined felspar.

(iii) GEOCIPill.nSTRY

The geochemioal study of these rocks is restricted to one partial

rock analysis and three trace element analyses. This is llw1.1.fficient

information for a:"lY comparative study of this suite and serves only

to indicate the differentiation trend in the rocks of this complex.

Specimen 71/11 - 67 described as a vogesite, has high silica ~~d

potassium content and a low magnesia, calcium and sodium content.

This suggests '"hat this rock is a late' stage ext~~,,-sive from a highly

differentiated magma. The volatiles, particularly K
2

0 (8.2%) are

high and show an bcreasing trend from the ultramafics through

the gabbros and appear to be concentrated in the lamprophyres.
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80 55

35 27

15 25

5 27

90 87
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71/11 - 168 ..1 '-71/L1 - 167

(By A.M.D.E.L;')

The assemble.ge is given below ;,-

162

- 49 -

7

VogGsite

Augite Kcrsm~tite

Augite Jllillette

lSinette

71/L1

All but three of the specimens examined ca.'1 be

(a)
(b)

Cc)
(d)

(:By G:80Mlli)

8.2

71/11 - 67

T:r.a.ce Element P.nalvses WT.

(after Rosenbusch).

Q~assifi~d as augite minettes.

matrix component, in this case fe1spar, al'ld the dominant mafic phenocryst

The classification of the l&~prophyric suite is based on the dominffi1t

ITi 30 70 50

Cr 60 55 25

Co 24 20 30

Cu; 25 35

Pb 30 45

Zn 70 100
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\i)AURite 11inettc speoimens 71/L1 - 89, 90, 91, 104, 138, 167, 168•

Atypical example is specimen 71/11 - 104 which is a dark grey

ocdimil to fi..'le grained biotite rich rock in hand speci:nen. On

detailed examination it cOntains 15% biotite a."ld 15% augite as

euhedral phenocysts set in a fine grained matrix of orthoclase

biotite and augite. The orthoclase also fills rare vesicles and

is partly altered to clay. The mafics axe altered to chlorite.

The, biotite phenocrysts in the other minet'~es mSV' constitute

up ta 20%, while the augites may constitute up to 3o-j,. Hornblende

phenocrysts may also form up to 5% of thc rock. Chlorite is the

products are epidote, talc, calcite, and saussurite. PlagioclaGe

may also be present in small amou.'lts in the matrix e.g. 71/11 - 138,

and is interstitial to the orthoclase felspar.

C'0 ) Minette specimen no. 71/11 - 139

This: specimen difi'ers trom the other mi..'lettes in that it does

net contain any pyroxene ora"phibole and it has plagioclase as

wall as- orthoclase in the matrix. Quartz and spinel probably

mc:gnatite or ilmenite form mL"lOr phases in the matrh. Speok.en

71/L1. - 161 described by A.M.D.R.L. is considered by the author to

be also a minette, L"l which the biotite has been replaced by

chIo:cit-e... It, howev8r, has no plagiocals8 prescnt,and quartz

crystals up to, O.lmm ~e scattered an unco~~on phenocr,ysts in the

matrh •.

( c ) Voaesite specimen No. 71/11 - 67B
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PLATE 22. SPECIMEN 71/Ll-168 AUGITE MINETTE
Biotite and pyroxene phenocrysts set in a fine grained
glassy mesostasis ",-hich is ,partially chlorit.ic.
Serpentine, possibly after olivine. or pyrox2'1e forrns
:';',;:0 irregular elongated mas ses. ViAGx2, 5xNICOLS

D.2mm
PLATE 23. SPECIHEN 71/Ll-'-168 AUGITE NINETTE ~ ~

A more detailed view of the above photograph showi~g

fine grained augite and bitoite crystals in the lowtd."­
MAGxlOQfN1COl,S
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SPECIHEN 71/Ll-167 AUGITE MINETTE
Vesicle filled with orthoclase and rimmed almost com- I

pletely by biotite laths now altered to chlorite.
Small equant crystals of pyroxene are also altering tr

chlorite along fractures. MAGx25xNICOL~

1.Omm
/

..:~ l>SPECIMEN 71 Ll- 67 VOGESITE
Large ( 6mm) twinned hornblende phenocryst set in a
fine> grained matrix of orthoclase with laths pf hon
blende, possible biotite and sericite and chlorite
partially replacing original (?) pyroxene.

MAGx2 5xNlCi

PLATE 24.

PLATE 25.
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hOlnblendes have ragged .ends which are indicative of f~st growth

bei.rJg' halted by prematurecrysta2,:iz.z.tion· of the matrh:. The

hornblenc1os arc altering to tremolitc Yw'hich forms laths up to 1.5m.rn

~ diameter. Epidote and chlorite may also be forming from

corroded phenocrysts of pyroxene. Orthoclase felspar also forms

phenocrysts (5%) set in theL~tergranularmatrix dominated by

orthoclase and containing small randomly o~ientated crystals of

the sa~e compostion as the phenocrysts. This rock is .closely

related to the augite minettes and differs from them" only in

the dominance of hornblende over biotite' in the phenocrysts.

Cd) Augite Kersantite specimen. no. 71/11 - 52

This is a specimen in which the phenocrysts (6~) dominate over

the matrix. On visual estimation of total rock content the

phenocrysts are: biotite 35%, augite 20% and felspar 5 - 1~0.

The biotites are bimodal in size and are randomly orientated

br01'irt laths averating O.35mm in diameter extending up to 0.7mm

irt diameter. The augites are sometimes altered wholly or

marginally to amphibole. The felspars form large phcnoC~Jsts

and" are mostly a] ~;ered to muscovite or sericite with crystals up

up to 1.3mm in diameter.

Tl'e: groundmass is fine grained and consists mostly of chlorite

altered from original glass with some mafies, sericite, saussurite,

clay, and minor ope.'1.UGs.

The texture is par~.diomorphic and vesicular~ with the ground-mass

filling the vesioles which al~e often ~artially r~~ed with mafic

phenocqsts. It appGars that the rock was CI"Jstallized ~oo '1.uickly

for the fel;3parto form in the matrix. The rock was classifiGd 'a

kersantite on the basis of the plagioclaseph<lnocl.'Ysts, ar.d not as

an alntlite on the basis of the glassy matrix.
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I :l\~ l~prophyrcs are cl@arly the last pne..se of igneous iniru.sion at
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;~otliy Creek, as they intrude a.ll the other :rock types. They were

uso emplaced before the last phase of shem::ing, serpentinise.tion

end' metasomatism L~ the ultramafics.

They axe youngGr than thG Dur.das Group sediments alld are most

li\?ly associated with the intmsions of 1ate C"""brian biotite rich

at Timbertops south-east of Noddy Creek and further south at Lower

Rock;)' Point.

llica: rich lamprophyre dykes were reported by Taylox (1955) from

south of .the Spero River, 25 kilometxes south of Noddy Creek.

They were in the form of l1l.;lmerous narrow dykes into the Precambrian

sediments, and \7ere pharacterized by numerous inclusions of angular

.~
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fragments of Cluartzite, torn from the walls during emplacement.

have been reported. from further south along the Hibbs :Belt and

rest· of the ultr6raa...fic complex.

Lampropbyric or doleritic dykes

67A "':bien is a vogcsite,havG been selected as

.".,.,...., .. '.,
"-,;,..,,..~.

One of the dykes at Noddy Creek, specimen 71/11 -91, contai.ns----_._-_._------_._--.'---_ .._ .. -- .. ---_.. --_ .. _---..

al30 from the Precambrian basement.
d '"

zcnol:Lths of garne:t.bearing siliceous gneiss and quartzite prob2.bly.......__._•....,.--,.._"._ " __ .".,- ,', ," '.' . - . ', ..,. ... -.,' . '. --- ,. "'.' " .•..,.~_ •....~-_.' .. ,~.- .. ,. '.' , ..•....,.•.....• _ ,".- .'- ."..,..'. " _.•. ,. ..".

tra.'1sgressive dyke in the southern part. of. the Noddy Creek area

specimen 71/11

representative of the rock types present withL"l the obliquely

be the one body) is considered to be the hypabyssal eq,uivD.::'ont

Thus there is a. resion-al :cel~tio:lship between the o..ykos 2X'~cl the

mi0ro-Ciorite rocks h&ve been reported from the Noddy Creek Volcanics.

of the small and intimc.tely p.ssociated hyperstheno diodte,

Speoimens n/11 - 139 and 161 whioh are mL"lottes, together with

(Fig. 4). This dyke (it is assumed from field relationshi~~to

!
1

I
I•

I

I
I
I
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~uartz dolerite, gr~~odiorite and prophyritic microgr~~itc ?lutons

""esent ncarby and withL, the ultra':lafic ccmplex. Specimen 71/Ll 52
iJ..

thQ &\l.ll'1tc kers;ant;i,te 1" the hyp",bassal equivalent of the diorite

bodies, and the augite minettes represent the very last explusion of

liquid melt from the parent magma chamber of all these related rocks.

This =uite of rocks has been termed lamprophyres for r·easons already

outlined,. but it is quite reasonable that some of the dyke rocks

coUld bc. called micro-diorites or micro-syenites·, It is felt, however,

I

;

1
I
I
I

that as a suite the rocks exhibit the character of lamprophyres.

..
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An

It has formed

is round witb~~and

They are as follows :-

This practice was followed

green, partially to wholly serpentinised

cross-fibre bearing layered ul-trmnafic.

In future discussion all these :::'Ock t:n;>es will be

Sheared and highly sheared, brecciated, light to dark

green, serpentinite.

Blocky, massive and sheared light to dark green, often

stichtite bearing serpentinite.

Compact but sheared, dark green to black, magnesite

bearing se:rpentinite.

Massive light to dark' green cross-fib:re bearing

serpentinite.

Massive, dark

occassionally

This typ~ of serpentinite e.g. 7l/Ll - 50

,
~ ..Type

Type 5.

Type 4.

Type 3.

emphasized the importance of distinguishing in the field bet1veen

Recent world wide geological mapping of serpentinites has

duri..'1g the detailed mappbg at Hoddy Creek, and the colour, appearance,

relate the microscopic petrography and geoche11istry to the field rock

attempt has been made to correlate t,le widely spaced outcrops and to

massive and sheared scrpentinites.

At. Hoddy Creek five main serpentine rock types ranging from massive

shear~d vaDieties were identified.

partial1y serpentinised ultrainafics to highly serpentbized and

texture, and relationships of the rock types were also noted.

body duri-"lg em):'lacel:lcnt, and is composed of bas+.ite pseudomorphs after

orthopyroxene, and mesh textu:re serpentineafter olivine .'Uu/or

referred to by their numbers.

In general it may be said that Types 1 and 2 are progressively more

serpentinised while Types 3 to 5 are progressively more sheared ~~d/or,

around massive unserpentinised pyroxenite and peridotite.

as a result of the initial partial serpentbisation of tile ultramafic

met.arf'!orphosed.

,
},

'. (D) .§i,p;;:;lTTInSATION

~,\q, (i)DistrilJ11t i on Df Rock Types
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1.0mm

..L""-~"". '., '",

1.0mm

0(

""" '

SPECHlEN 71/U-164 TYPE 2 SERPENTINITE ( >
Cll1~ysol:i.] c veins cn~Gcl\():l()n and pa1'<111Q1 to original
luykring in Lheprimary ro~k. Bast{Loand mesh-texture
serpentine present, magnetite has formed in [r.acLm-"s
around Crystals and rims former (?) chromites.

}JACx2 ,5xNICOLS

SPECIMEN 71/11-50 TYPE I SERPENTINITE
SERPENTINISED AUGITE HYPERSTHENITE
Bastites after orthopyroxene have been cut by later
serpentine veins giving a fibro-lamellar texture.
Exsolution lamellae of both ortho «nd clinopyroxe(le are
preset-,t, Equantchromite grains are sometimes fracture,
and embayed by serpentine. MAGx2 5xNICOLS

PtAT!'; 27.

'PLATE 26.
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740079
clinopyroxene. Uet~aorphic alteration may also OCCUl~ in this rock type

and rCf.;ults in tho .foI'Llation of chlo!'ite CL.Yld remolite from the pyroxenes.

I
Talc is cften present ~, small but variable amounts.

cross fibre asbestos.

forms tho host reck for the majority of the chrystoti1e asbestos

varieties of serpentinite. This serpentinite f:,e,y &:<hibit layering

parellel veins, and minor magnetite occurring as stringers through

Type 2 s-.rpentinite is quite cOl!'ffion at Hoddy Creek a...YJ.d

the rock. This rock type is discussed more fully in connection with

ultr~~afic. It is typified by specL~en 71/11 - 120 Which is a light

e.g. specimen 71/11 - 164, and other primary textures of the origL'1.al

prl~ary ultramafic, andTypes :3 and 4 whioh are the blocky and sheared

Type, 2.

deposits. It generally outcrops be~veen Type 1 serpentLYJ.ite or

green massive serpentinite with strong cross fibre development in

I
I
I
Ie•I
I
I
I

I.­
I.
I

'r'me 3. Rock Type 3 is typically light green and contains disseminated

,blebs of lilac coloured stichtite, speci.'Ilens 71/11 - 4 and'172 are

&ood examples of this rock type. Serpentine blocks averaging lOcm in

diamoter ranging from 5cm to 50cm, are sepaxated by thin ZOJ;les of

;:;hcaring and slickensides; in which slip fibre, magnetite '01.' brucite'

:;;,y occur. Cross fibre is present only as t!:J,read veins, 1/32inch in

t;'cared speoimens but in the larger blocks, more typical of: Type 2

I
I

""rpentinite, asbestos may form blmches of ribbon fibre containing veins

,; up to 2/16 inch ,1.11 ",idth, this however is not common, (ref. plate 40)

, ,,-, serpentine type is fou,"l.d mostly-near the centre of the serpentinite

I
~:;:; and is probably the product of partial shea:2i.."1g of Type 2 se:r'penti."'1ite~

I
~Lichtite serpentinite ooours in cne main body from north of the

'«(O'Ii line along thEl western m2.:rgin of the ultramafic to the 4500'U

I
I

'.'~/.

; ;.nc Where it spreads to' the centre of t?0 body and continues south as

ci:ntral' u"'>1ittojustsouth of: the 500 rj-f line \fheTe it cuts out en the

Two other sLlaH areas oJ: stiohtite bearing so:::p,mtL"l.H F are
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I 'n "lcluo"''''''p' a mas"J.',ve ve;~ of' s-l-uJ.'c\lt~te u;) to j- metr8s long::nOY, ""0 ...... .J..J."o ~ ............. ,-_

n,ne:. :"·r"m wide on the westem part of the 1500 f 8 line. 'rype 3

serpentinite has been shown by drilling to widen northwards at

740080

I
I
I

I'I-
I
I
I
I tl
I.
:1
I
I

depth and appears to encompass the whole of the ultramafic belt

along the 4000'11 line,(rer. Fig.12~

;rn t\1in section, Type 3 serpentinite shovls a typical dombant fibro-

lamellar texture, With rare bastites and fine gTained mesh tex~re

which embays and veins the bastites.

Stichtite altering from chromite forms blebs avering 2mm b diameter

and comprises on the average 2'10 of the rock, rare massive veins of

stichtite ,ar.e, also present (Specmen 71/Ll - 46.)

It may be important to no'~o that stichtite has not been found elsewhere

in, the Hibbs Belt. It is found exactly where the largest known

depOSit of chrysotile is located, yet from field evidence, chrysoti1e

cress fibre and dissemi..'lated stichtite are locally mutt1.ally exclusive

(:Ganglands 1971). This problem is partially resolved by the fact that,

~.rQSs fibJ:e is present in the stichtite zones, but is of very limited

extent and position in the ultramafic body is disoussed fully under

metssomatism of the serpentinites.

TYbe 4., Type 4 serpentirQte is found surrounding or adjacent to all

other serpentine types except rffpe 1, which is usually shielded from

t.~e Shea:L~8d serpentinite by massive Type 2 serpentinite. Sheared

I
I

/:
I
i

I
I
r
!
f
I

tho only oxc.optionp being whc~co GahLJros lie directly o.djaco;~d; 'to

massive serpentine Types 1 or 2. It is found between the ;fibre' zones

and the stichtite sarpentinean4 outcrops Widely in the central part

of the body from the 10N line southwards beyond the 208 line.

,;;:
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The sl:.oD..r'')d. t:eri1entine may be light green to neCl.X'l~f black in colour,

I
a..Yld is composed of .flak~s or lenticular chips with polished or

slickensiclcd. fcces. The dominc.:.at texture of this type is rop:ccsen-ted

I

bxittle butmc.ssive rock. When broken, it shatte.rs· i.."1to small

lenticular fro.gments, similc.:r to som.(~ varieties of sheared sarpent:LYlite"

~ithin,the shea~ed se~pentinitos, slip fib~e in bunches up to several

inC:he.:s loY'~ and up to an inch wide is commonly developed. Fibrous

magnetite with,nassive serpentine also occurs in some zones, specimens

True 5.. Type 5 serpentinite is a dark com¥act rock, with vaxy lust~e

up to 10 em. long are lmo\'m, anel the total iron content of: these rocks is

by wa~l foli~ted, Q~ecciated, sl~edded, pl~ty, m1diib~ous se~pent~,e'

similar to the sheared serpentinites reported by P8?cie (1967).

which has obviously been highly sheared ~1d then reformed llito a

l?c.:ct.icul~::cly a.long the eastern conta.ct adjacent to bz.sic intrusives"

some of the less sheared varieties, but these veins are usually trunc~ted

after a short distance.

high.. R2.re l£..te stnge aIDBS fib:ce veins b,;;.ve been identified cutting

It is wall developed on the eastern contee'" of the 5500'H line, but is

possibly'related to the intrusion of the basic intrusions along the

Ie-sa obvious on other li.'"1es. It appears to be formed as a ~esult of

the combi.'"lution of intense shaaril1.& and moderately high temper~ture3

0' 0
(400 - 500, c) produced during metasomatism. This metasomatism was

'i,
i

{

!
i
!

I

I
I

I

I
I

I
I ,

!I
I· ·.1,

f

I
I

I
margins of the ultramafic body. Fibrous m,~1.gTlcsitc and pos.sibly talc

a~e related to this period of metasomatism; as ma~1estite is not fCW1d

were calmeed to picrolite the fibrous form of antigorite duri."1g the

formation· of ~ype 5 serpentinite.

I
I
II

in any other rock type, (ref. Plate 41).

veins have developed after metasi):c,~tism.

Vary rare late staa~ cross fibre
;

All previous chrysqtile veins
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(ii) Mineralocy

740082

information relating to serpentine mineralogy;

deterr.lined by a combination of optical and X-ray techniques.

serpentine products. Lizardite appears to have directly replaced

Earlier work in this field by Page (1968), Aumento (1968), and

Coleman. and Keith (1971) ~ere referred to extensively ~or

Three serpentine minerals were identified fr~~ the NodCy Creek

s.erpentinites. They arc: lizardite., clinochrysotile and antigorite,

The min0.l'D.1 assemblages of the se:cpentinitcs at l{oddy Creek were

, ,
of mesh texture or more rarely hourglass texture which is produced

ID, all, serpentine types except Type 5. It may form mesh texture

bastite pseudomorphs after orthopyroxene are a very con~on occurrence

to a lesser .:.xtent. Due to the high pyroxene content in these rocks

with lizardite being the dominant species forming about 6a;0 of the

the primary minerals olivine andorthopyroxene and also clinopyroxene

especially in serpentine TJ'pes 1 - 3 which are the massive varieties.

crystals and their margins.

serpentine after bastites, or after olivines, with cl~~oC~Y~9jile-,-----'- -..

Lizard-ita is pale green to colourless in thin section and :Il8.y occur

by' the: out:vard growth of serpentine along fractures with:L.'l olivine

cilivina \7hich was only recognised in a few specinlens, takes the form

f,
:!

j

I

1
I
I
I
I-......w
1 !;

I
1
I

I Clinopyroxene is the last primary silicate minerals to alter to

I

I I
I J

I.', I
I.

serpentine, ~~d often it see~s to alter preferentially by metarncsphism

tu chlorite or trcmolite.

Exsolution lamellae of clinopyroxene, usually p,u'aJ.1nl to tho 100

face,are ,often seen in othe~.1iso completely serpentinised. orthopyroxenes.

Clinopyroxenes alter to mesh textures composed prL~arily of lizardite.
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clinochrysotile content of the rocks generally increased with

the .deform3.tion of the rocks "nd is particul2oEl:r hili'h in sheared

s~rpontinos or in those m~ssive serpentinites TIhich contain nlunerous

parallel or ccncentric veins of.chrysotile asbestcs, e.g. specL~en

',l
j
J

I
I

7l/Ll - 125.

The X-ray diffraction data suggests that orthochrysotile also appeexs

to be present in small alllounts with clinochrysotile in the sheared

rock types. Chrysotile asbestos Which is composed entirely of

c1j~ochrysotile, is described at length jn later chapters.
"

Thc third major serpentine mineral identified was,antigorit~J.which

cOmprises about 10% of the total serpentine products. Type 5

serpent~~ i3 almost wholly made up of this m~~eral, and it is also

pre<;;ent in minor amounts in all other types except Type 2, .An'.;igorite

forms a type of me<;;htexture with 'feathery' mesh borders, this

texture may be extremely fine grained. A.."1tigorite appears to replace

all other serpentine minerals, m1d a good example is the replacement

of chrysotile in veins by picrolite the fibrous fo~'m of antigorite.

Brucite is present in very small quantities in the<;;e rocks a.'1:3. is

restricted to the slickensided and slip fibre filled shears and

veins in rock Types 3 and 4. :Brucite was only identified in specimens

of slip fibre sent for X-ray determination of their chrysotile fibre

c.ontent and was present as the dominant mineral in 7 of the 9 samples

tested, (refer appendix 2). The fibrous form of brucite known as

Magnetite is ubiquitous in all specimens of serpentinite and is

present in several foxms. J;t occurs as finely spread dust throughout

lizardite llleshtexture serpe:ntill~ of the darker g'l:'een varieties of

massive and sheared serpentinite Q Morc commonly magnetite Lorras

isolated crystals or stri..'1gers witl1Ul fractu:ce filled s€:?:'pcntip-p.



Thc original crystal outlL~es B.rG mirrored by the magnetite st:cings.
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(Ref. Plate 27). l'lagnctite is also prcclcmi....""'1a..""'1t as fai...."'1t parallel lL"les

Ln bastitcs where serpentinsation has developed along the cleavage o£

in scrpcntlllite.types 3 and 4. Here it forms thL~ layers or coatmgs

along shear planes or as fibrous masseS several mohes long m:b:ed with

massiv~ or fibrous serpentine. The magnetite in the shear zones apFears'

to have been remobilized by shearmg of rock Types 1 ; 3.

The chromite m the primary rocks has been affected marglllally due to

serpentmisation. Some grains have reaction rim:3 Iiith the serIlentmc,

which are composed of titanomagnotite, other graL~s are merely rounded

~ef. Plate 36), Co~monly chromite grains are fractured and filled With (?)

serpentme, this is strons evidence for expansion due to serpentmisation

(ref. Plate 35). Later metasomatic action on the chromites has produced
, .

stichtite m well defmed zones withm the ultramafic body.

Pentlandite is found as rare blebs or smears in massive serpentinites

from the 6N area to the 26N area in a zone parallel to the proposed basal

margm of thc\ultramafic body. The blebs up to 6= L~ diameter may be veined

or rimmed by secondary bravoite or violarite (Ref. Plate 34). The

pentlandite and associated minerals may have formed ~~ing serpentjnisation

of nickel rich peridotite rocks.

Talc and carbonate have formed as a result of serpentinisation but these

minerals appear to be more rel~ted to metasomatism Qf the $e~pentinites

and are discussed under that heading.

In s1.unmary, lizardite and clinocrysotile are the main components of

the serpentinites and these are accompanied by less co~.rnon an·tigorite

and magnetite with very mmor chromite, related stichtite, pentlandite

and brucite.
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j PLATE 28. SPECIMEN 71/L1-120 SERPENTINITE
The long hOllOl~ tubes .are chrysotile
massive plates are lizardite.

fibrils. The
HAGx60,OOO

,.../

~

~~,_:.~.(;Jjf
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PLATE 29. SPECU1EN 71/Ll-41
Electron micrograph
serpentine 'types.

SEHPENTINITE
showj.ng liza;ditc and chrysotile

NAGxL.O, 000
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CBRYSOTILE FIBRE
of a bundle of fibres. Lizardite
indicating that minor lizardite
veins. 1£\Gx40,OOO

'·f

SPECIMEN 71!Ll-125A
Electron micrograph
plates also present
occurs in the fibre

$PECIHEN 7l/Ll-126 ANTIGORITE: SERPENTINITE
Electron micro~raoh showjn~ anti~orite ]?~~S and

PLATE 30.

PLATE 31.
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LIZARDITE SERPENTINITE
lizardite. HAGxGO,OOO

"'.

f

SPECIMEN 71/LI-50
"Typical p~ates of

SPECI}illN 71/LI-50 LIZARDITE SERPENTINITE
Laue diffraction pattern of the large lizardite plate
in plate 32 •. This is a typical diffraction pattern fo
liz2rdite.
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PLATE 32.

PLATE 33.
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bAGx2 5

1.Omm
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SERPENTINISED PYROXENITE
grams, rounded,embayed aDd fractured

REFLECTED LIGHT
,MAGx2 5

.:

1.0mm

.. ,"
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SPECIMEN 71/Ll-50
Subhedral chromite
by serpentine.
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PLATE 35.

PLATE 36.
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SiX specimens of serp8ntL~~tG fro~ various drill cores ~t ~oddy Creek

TIere sent to the A.U.TI.E.L. ~aboratories fc~ partial rock ~~alysis ~~d

i'iith the analyses of four pe::::ooxenites a.l1d six serpe:''1tini.l.;es,frorll

DDE 1 Noddy Creek, pe~fo~cd by Palethorp0 (1971), refer Table 3.

The zuthor has noted t~at the compariso~ of the ~~~lyscs 0=
C8Tpentine rocks from various localities may not be valid due to tte

probable differing natu=e of their primary rocks a.~d also the fact

that these ~~alyses were perfo~ed at different laborato~~cs. The
,....-:~--~._-- ---- - -

observed ch~!ges in the rock composition due to serpentLDis~tionm~st

be considered to be only bener~l trends.
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PAIE'THOR?E' S ~UfALYSES

NoO) of
lmal~rses

ultrs.'1ls:t'ic rock:> are olearly shovm.

?jy:,:-ox:cnites, while the authors' analyses were performed lar6"C~:J" 0:: she axed

:~:(l massive serpenJcinites. The effects of serpentinisation of thefprimary

r~l8~ho=P8ts an~lyses r0p~esbnt illost:y massive serpentinites &1Q primarJ

'lADLE '1

cmp,qsTRX Ow TIIF.~ UQDIJX qR!jp!K JJLTRN,l.'W~.

NEHANALYSES I
j

(. I I
I

No. oi' M:ea..YJ.

IA."lalyses Value

Si02 21 37.5

Al203 ' 21 0.4

Total Fe 21 4.8

I J.lgO 2:L 39.8

CaO 21 <:0.1

Na20 14 .< 0.1

K20 14 <0.1

Ti02 21 <0.1

N' 27 1611 ~ ,-';

1:.

Cr 25 2924

Co. 26 84

I'b 6 4
I

45Zn 13

Cu 10 8~-'

!
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SHOWS THE PYROXENITE GROUP
SHOWS THE SERPENTINITE GROUP

\

50

!

AREA 1.
AREA 2.

S.M.F. DIAGRp~1 SHm~ING DISTRIBUTION OF PYROXENITES. -
AND SERPENTINIES AT NeD;)Y CREEK

X ANALYSES AFTER PALETHORPE
NEW Al'jALYSES

NOTE: The increase in the MgO/SiO Z ratio during
serpentinization and the decrease in iron
due to shearing.
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proba.ble· loss of both silica 8..'ld magnesicc in solution and a. strong

decrea.se in. the calcium contont' due to serpen~~ini.sation. The total

i:roIl.content remains uncna.l1g;::(l i."1 the serpentinites, however in

the mo:::e sheared spec:icoer,s the i",on has been released from the

serpentine network a.'lQ forms masses of magnetite in the shears.

Local concentrations of iron Day occur ~~ t~e oassive serpentiLites,

an exa,nple is specimen 71/Ll - l19 which contains 23.8% total Fe.

The, iron is present as individual crystals ~~d ~tringers of

magnetite.

~hG' alum5.na. content of the rocks is very' low (')*45~) and is 'little

I
I;
I
II
I
I

affected by Serpentinisation except in highly serpentinised. a'1d

sheared varieties where the alurr,L'1a content decreases marginally.

The tra.ce elements Or IDd Co appear to have been littlo affected

by serpentinisation. The Cr values alt:hough va.l'iable are high£or

ultramafic rocks in general, and average approximately 3000 ppm Cr.

The. nickel content in the primary ultramafic rick is u..'1i.i'cr:::ly low,

lOOOpPlll, due mainly to the high pyroxene oontent of these rock".

~ing serpentinisation Ni is released from the primary silicate

l~ttice and concentrates in the serpentine. lattic20 or combines

with iron and sl.llphilJ: in solution to form pentlz.ndite. The average,
Hi conte;:" of th6 serpentinites is approximately 1800pplll, '':hich

I <:'10WS tha.t the serpentinisation process has tended to concentrate

the ni:.kel in the serpcntinites. However, it must be consid.ered

I

I :h,:t '1O olivine bearing prima:L"'J rocks wera analysed, and the

I
I

i;:crea.sed a.verage Hi content of the serpentinites may be due to Ni

releasee. from these pl.'i.-nary ·rQcks.. A possible example of ttl"

",obility of the nickel i" proVided by the presence of mO:t:0noshe

,. "" ~ ;,1,,1_.' ._. • .' ..•
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SPECIV£N 71/LI-119 SERPENTINITE
Large irregular mass of pentlandite (centre) rimmed by
bravoite, which also fills cracks in the pentlandite.
To the left is a magnetite crystal with serpentine
inclusions. This specimen is very rich in magnetite
which is thought to form during serpentinisation.

REFLECTED LIGHT
MAGx2 5

I
f

I
L~. ~_~_

PLATE 34.
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st~tcs th~lt this lnQY :)8 c:..::uscd by the Dxidatio!1 '-': 1.iS e.g. pcnt-

l:mditc, but also "may havG been dcpo.:;:':~cd by a p:':0ces3, \'lhe~eby

the pyrite in th8 shale was oXidized to ~eSO , ~~d th~s V~S c~ried
~.

and dcpositicd :lC a finG coatlllg of NiSO II'

elements in both P~L~~Y and seco~d~~J rocks anu are little

cffectc0 by serpentinisation.

The calciurJ p~e~ent in the priu.~~ rocks is contai~3d ~~ t~e'"
~ clinopy~oxenes of the web3tc~i~C5~ Dur:r~~ serpenti~is~t~o~ the

C +2 ,. l' 1 d' ~ " , d ' , d 'th.;}. rnO'±9....e 28 rc ease .:.n""o 30 ...1;:;;2.0:1 c:c 1.8 carrJ..e awa~r 1.."'1. e

ffi8teroic w~ters because it c~~o~ fit ~:vo the cryst~l lattices 0:

;my of the serpentine produ.cts at Nod.dy Creel:::. The follo\'ling rc:.ct.:..c:::

2.:..y explc.in the releClse of c:'lcium i...."1.to solut:.v:'l b-,;.t rr.ay not have

(1) ),lgSiO4 -}- C2l,;cSi0
3

+ E
2

0 + O
2

olivine + diopside + fluid

---;;. .. S' 0 (0") )'--10")l:~g3 2.:2 5 "J. ~t. + ..le.\ _... 2

seTpentD1e + bruc~te

++.;. o:~ -:- C2.

+ ca:!.ci::"'r:!

v~curred \',ridely dtle to the fact thc.t both olivine a:nd parcicula2:'2.y

l"I.lcite arc minor phases in these rocl:s.

'Cm~ G...Yld Xci tl: in rci'erence to reaction (:.) state that "when

't:iopyroxene exceeJs 40wt per cent :""'"'1. harzburg;ites, there is

'c;h GUica avao.lable to produce serpcntine and magnetite without

"C sCl~pcntinc lattices and it \"las fo~~ced to crysto..llise as magnetite.

-.. ,'caters to form talc 2nd carbonates, e.g. speciJr.cn 71/Ll _ 131.

lciQ" rich waters resultinff from reaction (1) may te2m up with

It seems thatthe paucity of bruci~e ~t Noddy Crce~
.:ite 1/.

,:~.'c::l 09cause there was too ouch iron L"1. tr.~ syste to be incorporated

":0 rco.ct with basic rocks such as g'J.bbros to form Co.., ~,!g, Al



- 66-

SiO,.. ric:1 roc~:s such as c;~:.~_-.~ ... c::::: :'.::Id. ul~iri1c..tc:!..y rO~3·itc.s, e.c_
~

s!?cci:cC:1 ?l/Ll. - :'.35.

740095

..

:vidcnco for t: ~~escr.cc of silic~ in solutio~ ~esultinS :ro~

metco=ic waters frau ~ne cnclosir.G scd~e~ts.

(2) Fe bp.a:::-i:og olivine T en3tati'~e ::1
2
° ,- 02 ----'/

(fluid)

clinochrysotile + lizarditc + magnetite

(3) Fe bearing olivine + ---->
clinoch~ysoti:e + liz~~~~te 7 br~cite T ~agne~i~e

}~cotion (3) occurs at lo~er tc~,ercturez ~~~~ reaction (2). These

~~O reactio~s pl~s reaction (1) could ex?l~in the ~rocesz~w of

.. l,;rpentinisat ion .

.'~ t~ree reactions require on:y ttc introc.uctio:1 of a r:-I.l':'c.. rich

~ h~~er ~~ oXYbcn and C~ take ?lacc in lev pressure cor.d~t~ ns

Cn
v v. In c~ner~l these reactions occur ~t ~iotcr temperatures when

'.: hiGtor enclosi~g pressures .

..) eVident that the ?rccess of scrrcntinis.?.tion at Noddy Creek

):::;.

~,,;>..o~~~ .ted :;c the ifferc:lt 'p::"~c3sllr0-i:c:n''\c:.:'o..tu=e c0~di -:;~ O!1~ :",:l~"t ... :.':_ vcd.'- _
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in the ultramo.fio body.

There D.1ipea.:::s to be three msin phases of serpentinisation at NoddY

Creek, which are also common L~most ultramafic bodies which contain

economio ohxysotile asbestos deposits.

Ph8.se A. A pervasive partialserpentinisaticn. extendi:c..g from the

marffins througho~t the ultramafic mass, the degree of serpentinisation

may only be slight and varies bet'ueen localit.ies. It is considered

that 50% of the ultramafics at Hoddy Creek have been altered in this

phase, and Type 1 serpentinite is a typical product.

Phase B. Superimposed on Phase A is a later phase of through--
serpentinisation developed along shear zones, faults, intrusive

margins, and fracture systems.

Phase' C. A final phase is developed withL~ the serpentine zones of

Phase B which L~cludes serpentine Types 2 to 4. This phase is typical

of the do\relopment of chrysotile and to a lesser extent a"'1tigorite

and. results often in the form~tion of economic asbestos deposits.

Phase. A serpentinisation occurred during the emplacement of the

ultramafic body as discussed previously and resulted D1 the formation

G

mainly of lizardite bastites with some olinchrysotile in the mesh
!\

tr:xtured serpentinite. Pns.se B followed cooling and shc&.:::ing- of' the

body and resulted in the fo~m~tion of liz~rdite and clinochrysotile

b appraximQtely equal amo~~ts within mesh textured serpentinite •

-::.8'~ C resulted firstly and primarily L."'1 the formation of chl7sotile

,cbs composed of massive and' fibrous clL~och"ysotile with a little

,,·chochxysotile. These veins appear to ,fill tensio:l gashes <:md'

fracture systems in the massive se:rpentinites. The second stage of

~;:l3C C is relativelY' mjl~er at Hoddy Creek, but seems tc be- more

~\~nsive in other: ultramafic bodi0s.. This sta&e is the formc..tion of
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~~tuc to ~hc effcct~ of shc&ring stress durin~ meta~orphiGm of

liz~rditc-clinochrysotileserlJcntinites. The resultant rock is

Type 5 scrpcnt.iYlite with picrolite which replaces former ch=~"Ysotile

740097

voins. Phase C may last a. long ti!7lG (even r:"bht u::> to t~e present),

~'lith repeated shearing of the :cock 8...'1d a continuous flow of nagnesiu::u

rich Bolutio~s P~3sinff throu~h these zones.

(v) Orir,in of Fluids fQr t~8 SerDentinis~tion ?~oc~

Bo,'ten anc;euttle (1949) h::ve deduced f=om experimental work that large

scule sc~pentin::'sation is due to the introduct:"on of cxtrzr.eolls

hyd::-otherT:12.1 solutions, durin,:; the fin:::.l st:::...;es of cool~;'6 (.:~OOoC)

of the intrusive mass, or during a separ~te period of 1~1 heating.

If the source of fluids is in fact extraneous, it would be expected

that serpentinisa~ionwould be concentrated alo~g t~e mO~8 permeable

fractnred zones withL~ the ultrQm~:ic m~ss, and would tend to L~c~c~se

to',','ards the marg:i.i.1 of the rr.ass. :2i1is a?pears to be the situatio~ e..-;;

Noddy Creek, with the introduction of COl~~~te ITater derived from the

compaction of enclosing Dundas Group Sedir.lents. nm'lever, there re~3.ins

~ the possibility that Phase A of sC:::·pent:...."1.isat ':'on nay h8.vC take:: place

pnti~lly or wholly by the action of nagmatic water enclosed in vDe

rising mass of c:::"".fstalline ultrGI:afic.
Hydrotherm~l sO~iltio~s related

:v the emplacement of the gabbros, dicrites ar:d e=2_'1odi~_.:.tes a.'1d may

bve played an important part i..~ the met2..llorphisrn 0:' the lizc~~dite-

clinochrysotile serpentinites to antigrori te along the margL;s of

the ultr8.:nafic m~ss.

, ,)
.Yl Cross-?ibr8 Chrvsotile at NOGdv Creek •

.rY30tile fibre development has puzzled 8cholal~s r'or a nu.T-ber of

codes but r8ccnt resec.rch ::..:: this field has provided sc';·er,,: VlorkinS

:ot:~~ ..... .:s for th8 genesis of chrysotile fibre.

b



3,., Gash veins

r:crpent.inite.

4'•. Thread veins
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forme,tion of chrysotile has been attributed to both fissure filling

5., Ribbon fibre ve~~s.

All these vei..'l types may be found in association in the massive 'Eype 2

r .. Stockwork veins

Cree1~which,togetherproduced five main ve~~ types (After Langlands 1971).

There a-~ several generations of chrysotile fibre development at Noddy

crystallized serpentine from the magnesia rich fluids providing

Z., Widely spaced sub-parallel veins

material for the fibre growth.

production of fractures during fibre development. Massive light green

vein walls., Occassional1y inclusions of wall rock occur, testifying

serpentinites. Partll1gs a.re cOIrcnon as irregular ~ines through the

evidence., Ho serious atteI:1pt was made to study the fibre veins at

serpentine veins marginal to or within cross fibre veins 'may be wall rock

to croSs fibre. Alternatively these J:lassive lenses may be rapidly

serpentine in the process of alteration to clinochrysotile and ultimately

to possible wall rock replacement cr to continued of later movement and

growth from one or both sides of tension fractures in massive

lar6er veins ~~d illustrate the differential growth of fibre from the

and repl~ccment of wall rock material, a~d it seeDS t~at both processes

Noddy Creek but it appears tb;.t the cross fibre developed by outward

~ust be postulated to account for all the field and microscopic

I
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.1... c.,. ~, ,..". b . t . 1 'thiJ ..... OCKV!OrK cross 1~ re J,.S -;;rplca 01 .~e very rich 2~reas of fibre

development &~d is present as a th2~ee dimentional vein'net~ork in massive

:;e~pentinites e.g. 40N li11e western Cl~OSS fibr~ body, ~;,.lso 158 lL."'1e cross

:ibl'e zone. In a, few cases a rectanguLar network VILS noted. a."ld

. :"O~0 veins \'Iere usua.lly 1" in width (refer Pla.te 39).
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TYPICAL CROSS-FIBRE BEARiNG
Chrysoti1e veins up to.' 1" thick

'.~ .'

VIEW OF AN OUTCROP OF
type 2 serpentinite.
are shown.

740099

OUTCROP OF CROSS-FIBRE RICH MASSIVE SERPENTINITE. ._-_._-.__.
SUII.ROUNDED BY SHEAF.ED SEl{PENTINE
Note the combination of s'tQckwork and ribbon fibre·
types of chrysotile.

F'j..TE 38.

PLATE 37.
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CHRYSOTILE CROSS FIBRE IN MASSIVE SERPENTINITE.40N LINE
Th'l cross-fibre is in a rectangular network. One set ot
veins lw parallel to the original layering in the
primary rock and another weaker set at right angles to
the former set.

TYPICAL RIBBON FIBRE ASBESTOS developed in massive
light green serpentinite and surrounded by dark green
sheared(?) antigori.te ri.ch serpentinite. Note the
increased spacing and width of the veins fr(:lm):"ighc to
left. .

PLATE 40.

PLATE 39.
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has til ted the fibre at an angle to the vein walls or has created kink

near minor shears, Y/ithi.."1 fi1=c zones, movem.ent along cross fibre veins

oriented parallel to the vein 11alls, so that it resembles slip fibre. /

740101

Rar81yhas shearing c~used the fibre to become

- 70 -

7iidclw sT)accd, subparallel veins occur D8-r:illel to t~:e layering of.I _. .. . .' ~

08Jlds in the wide::r veins ..

5., Ribbon fibre serpentinite exhibits n~~erous'closelyspaced, parallel

4., Thread ,veins are verJ narrow often discontinuous veinS less than

1/32 of an inch thick. They Occur L'1 all serpentine types except Type

5 u..'1Q may be the foreruPJ1er of other vein types, particularly ribbon

fibre and gash veins.

2..

GD,sh veins along the contacts between layers in the oriCi.tlalprimary

:rQ~)" 'l'hO mo~t n~t1oJ,'l dovllllopmont of this type is in the southern

zone from 103 to 15S ~~d in the western zone along the 3m~ line

(refer Plate 27).

S01'pentiniscd pyroxcL.:.tC. In hcmd specin:.en Md. ·c..::1d8r r:::!J~::-oscopic

.. ..~1~::.ti(m, thc;,;e VOIDS arc seen to ooeur o.s coalescing cn-ect1e.~on

3., Gash veins are not ::lore t\1a.'1 a few inches long and seen in section

the maximum vein width ~'1d therefore the lm~est fibres occur towards

the middle of the vein. Gash veL'1s in massive serpentinite occur

throughout the area but are only a minor form of asbestos mL'1era.lization.

I
I,
I
I
I,
I
I
I
I
I
II
I ,
, -\

I
I

voinslcss than 1;" wide, and pccurs as concentric spheroids and ellipsoids

around barren cores of serpentinite or serpen~iniz0d pyroxenite.

I (refer Plate 6).

i'ilere is a high percentage of, fibre in these ;rocks, up to 4(1(& in some

C'.::scs,~d it 5.s in·t~eresting to note the inc:r:-e:8.scd. spacing Me'.. wid..th of

."'..
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the fibre veL~S 3TIay from the centre of the barren cores. The scale

of ribbon fibre development at Noddy Creek varies from small bodies

;;;8ver8.1 ccntiJnet.:cos across, to larce massive bodi8S 10 metres or

more across. In fact, by distorting this ribbon fibre model a

Berpentu.ite and serpentinised pyroxenite in two basioally parallel

zon,es of disco!l.Y1ected ,pods. These zones; morro as the eastern and

superimposed on the simple ribbon fibre struoture.

Taking the analogy further, it is possible to generalize about the

zones gnd are separatedwestern zc...'1es are surrounded by narrow shear

at No~dy Creek. The cross fibre at Noddy Creek occurs L~massive

having nassive co~es and sheared margins, with other c+oss fibre types

str~ctural ~~d petrological conditions which led tip to fibre development

Creek are remanents of partially eroded largB scale ribbon fibre bodies,'

little one could say that·most of the 0::0;:;.0' .fibre deposits at Uodd.y

I
I
I

Ie
I
I
I
I
I
II
I

"by a zone of partially sheared disseminated stichtite bearing serpentinlte.

It is proposed. that these two zones of massive bodies, were the least

serpentinized areas aftGr Phase A of serpentinization and during Phase

Tl they acted as resistant bodies in the ultramafio zone. Durbg
.",

,'urther serpent~"s8,tion they expanded margL'1a.llyfoxmbg a. shell of

Gcnexally conce'ncrio tension fractures around each body. Phase

::crpentinisation saw the development of ohrysotile asbestos in +hQ~'"

tehsion fractures forming ribbon: fibre bodies. This fibre development

I
b often oomplio,",ted by the presenoe of stocklVorks, and parallel fibre

,,'inn in tension Gashes related to differentia.l expansion between

I ,,"/ern of the original ultramafio rook types.

I
I

;:.u.~ the fibre bodies at Noddy Creek m.ay be seen as combin8-t.l.on:;;

iibro vain types 1 - 3 in shells of partial shells aroltnQ massive

';'!n of partially serpentinised pyroxenite.
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:I.'WO tYPG,s of slip fibre \'lCrC seen at :~oddy Creek. They arc :_

1. Sheared cro~s fibre

2. Brucite slip Eibre.

~he f:xst of t:10nc tYPC8, f::::-om X-ray aYlalY:Jis- appears to be of miner

2-Yld OCC'lll'S only
8~ears cutting cross fibre zones.

The brucite rich slip fibre is found ITidcly distributed in sheared

serpentini~,;e a.'1d thG less sheared stichtite bearing serpentinite: It

occurs b1 veins up to 2 ems ITide or as sil~· fibrous s~ears on shear

planes (L~r~lcnds 1971). L~ so~e of the wider veins, fibre lengths

u~ to 15 c~s have been observec. ~hese lonGer ~i~~es are brittle and

o.rc cO:':"·:lOnly associated r:ith (?) talc ~~d me..e,'"'11etite. 1Teen weathe:::-ed,

":i~) fibre typically lorms distinctive sticlcy grey m~sses on rock faces.

31ip fib~~ forms @uch less th~~ 5% o~ the tot~l ~ock'vol~~e L~ the

shco.r zor.es in \"lhich it occurs.

;lioriion (1957) Elnd Laubscher (1%4) consider that some cross fibre in

~sbe8tos deposits has been derived by recrystalliz~tionunder favourQ~le

::a,ross conditions of picrolite and colloidal serpentine. The authol.'

::083 that cross Eibre may be derived from the li0ht bTeen colloidal

or"cntine wbich often occur's within cross fibre veins, bu-t does not

C'~8ider th'lt much cross fib:::,e is derived Eron picrolite. Field

bbck massive 7ype 1 or ~'Y'"e 5 serpent inites. I~ appears that i;'1

"'htions at :Joddy Creek show thQt picrolite occurs only in dal'k g'reen

fibre. This has OCcurred durine; reheati.."1c;' a.'1d margi..~al she,aring-l

"'Give ul tr,'maEic bodies F_~d .i.s possib:'y relatec. to the emplacec:,ent

;:c a.djacent cabbroic intrusions.

c';e 55:-1 3nd 15S lines, picrolite h:ls replaced both cross fibre a~d

,Q 1 80rpentin.i.te on the 10;3 a"1d 158 li.."1es, c..~d Type 5 serpenti..~ite



is formed when cb~ysotilc veins undergo shearL~g. This

in studies of Horth AmeriC2Jl serpentinites has·ob.3crvcd
I
I

(;~~::c.l: (1971)

~~:.t picrolitc

- 73 - 740104

I
8.:;l~C·:)D with the author t s limited st.udy at Noddy Creek ..

I

origin. The metamorphic mineral phases axe :-

Maenesite is typically found in the antigorite rich sheared

scr;xmtinites at Hoddy Creek but their overall effect has been

The magnesite (e.g.

3. Talc-carbonate

2. Magnesite

1. Chlorite

'4. Stichtite

Chlorite replaces chrJsotile in veins ~~d in the mesh texture

forms irreg~ar lenses parallel to the shearing direction in the host

serpentines marginal to the ultramafic body.

specimen 71/11 - 127) which has been identifi8d by X-ray diffraction,

contacts.

mld has only been observed in a few specimens near the ultramafic

strong in asbestos veins which invade thccolli1try rock, e.g~ at the

serpentine marginal to these V~ll1S, this alteration is pa~ticularly

1. The ·ch1.orite present in the serpentines is of very minor importance

Various types of metasomatism or metamorphism have affected the

marginal, with less than lo.lj of the rock ~~erals being of metasomatic

I

I
I
I 'lectern end of the 30N line.

Ii: 2.

I

I
rock ..

The most likely method of the formation of magnesite was by simple

I ca~bonisation of serpentine.

I
I
I



PLATE 41.

740105

MAGNESITE VEIN WITHIN COMPACT SHEARED TYPE 5
SERPENTINE
This serpentine h.as been metasomatically altered to
antigorite.

\

~r.I\TE. 42. HASSrvE STICHTITE BEARING SERPENTINITE TYPE 3
Note the slip fibl;e \7ein containing fibrous magnetit'"
pa1;allel with the hammer . The thin ve in below. it is
cross fibre asbestos.



1..I2.-311.Cf3ite L1C,y also have fanned vIi th serpentine by the hyJ.rothcnnal

alte:ro:tion of olivine or brucite when the partial pressure of CO 2

740106
E

4
1'SSi20

9
-I- 3C02 .--.....,. 1"ce03 -I- 2112°-I-

sc:;:pen.tine in fluid IU%'7lcsite in solution

.,
was above O.51,'OL~;,. as in the folloV/:i.ng reactions :-

I
I

I
I

I
I
I­
I-

I
3.. Talc-carbonate alteration within the serpentinites is weak and is

restricted to zones of shearing adjacent. to be.sic intrusives. Speoimen.

71/L1 -131, a talo carbonate rock is probably the surface expression of

I
I
I.:
I

the contaot between serpentinised pyrxenite and gabbro intersected by

DDE? on 1ine 20Ix.

Talc· is· often not related to carbonate alteration in the serpentinites

2nd is fbu..'I"ld in shear zones with:ir.l. Type 3 serpentinite. Talc alteration

'If parti.any or unserpentini.sed ul tramafics is widespread .in the Hibbs

Belt but was only found to ooour extensively at ~oddy Creek in the

massive ultramafio body between the lOS and 15S line.

I
I

4" 8tichtite.The fonnation and distribution of this rare hydroxyl

curbone:.te is discussed in detail bec2..use of the excellent exposures of

tbis mineral at Noddy Creek and the' lack of previous a..oc\l.rnentation

I
I

on the subjeot.

','0 date, stichtite 1,IgC03' 5lv!g( orr) lCr( OR) 32H20 has only been reported.

from Ontario, Canada, the U.S.S.R., and :>t Du.'1.de.s in Western TaSmal'l.ia

I
nl>~u.t70 k:l.lc:>metres north of Noddy Creek.

I
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:I1hc :J.utbor has alec tentQtivcly identified n.s stichtitCjI a l::'lclj' 4 010'7 (
~olourCQ nineral present as thin films alone carbonate alteration

zo~eswithin fra0turesof a podiform chromite deposit at Coobina,

8.-;)'Jroxi:J:rcely 50 kilometres cast of l:;It" HevlIr!.Dn in VlcsternAustralia.

;,:icroslOopic ev,' :;nco of several specimens, 71/Ll - 41, 172 and !r6

chows that sticht~te forms by the action 'cf CO2 rich solutions upcn

chromite and occ=s as wavy masses in the sexpentine around broken

chromitc graL~s or within fxact=es in the chxomite. Refex Plates

43 a.~d 44.

A discription of a typical stichtite bearing serpentL~ite specimen

71/Ll - 172 (NC24) is given in appendix 3.

It is not known wh;y" stichtiGis so raxe in nature a:o.d it is assumed"

the.t stichtite xesults fxom an unusual combL'l.ation of ?ressure-

temperature con~itions durL~gmetasomatism, and also the chmistry of

the chromites. None of these factors have been studied' in this thesis

and it is suggested that slOne experL'llontal work is re'luired to

elucidate this problem.

"ield mapping of the distribution of this xock type has provided sene

observations WD ich may be of some impo~tar*ce.

1. The stichtie occurs in well defined zones within the

serpent,inised ultramafic body. These zones were originally partially

sheared serpentinite be~veen blocks of massive serpentinite and

adjacent shear zones.

2. Stichtite bearing serpentinite and gcod clll'ysotile 2,sbestos

deposits are ~tually exclusive because of their different

structUI'al Bettings. The chrysotile forms in the massive

serpentinite, while the stichtite is L.11. the mOI'esheared

varieties.

3, The main stichtite zone stretches from the 60N line to the

5lT line, wi-:'11 an extension on th.e 15S line. Stiohtite is not fOlli'l.d

anywhere else in the ~bbs Ultramafic Belt, and it is thought that

the intxusion of gabbrcs at Hoddy Creek may have hee.ped stichtite

fOl:11'~tion.
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Sti.chtitc usually takes t11e fo::.:m of 3t.liJ.ll bleb::: f:rom It"lD - 1 em

diull1c"ter, L1vcra.ei..n(; }r'Yill"l9 '.rhich arc Uf.rually oval l....""l shape due to

effects of shoarb1g. Rar8 nassivc lenses up to 1 ~ metre wide

::ll1Q. 3 metres lone, such as 3.t the western end of the ~5S line are

assumed to be formed by late shearing and concentration of the

stichtitc blebs.

I
I

I

I
I
I
I:
I
I
I
I
I
Ie
I
I
I

5. T"'J.G clOGS not 'UGUQ.lly occur visiblY" with the stichtite, but

it sometimes forms thL~ lenses within massive stichtite which

gives the roole a curious "Potted appearance, e.g. specimen 7l/Ll - 46.

6. The cha.ngo from non-stichtite be;J.ring serpentinite to stichtite

bearing v~ieties is fairJysharP1 .ra.."'1ging from a few cent~ters'to

3" meters. The trensition zone is ID<J.rleed ,bY' dark spots scattered :LTl.

the rock which on close:r inspection a:re ic.entified as ch:romit'e

grains altering marginallY' to stichtite. The cross fibre present in

small :l.1lou.nts in the stichtite rocks does not cut a:Dy stichtite

which means that the stichtite probably formed afte:r the main

pcriod of chrysotile fibre fomaticn. SHchtitc is related to the

talc and c~bonatealteration nhich occurs ,elsewhere ~~ the

serpentinites at Noddy Creek.

I
I
I
I

I
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SPECIl'1EN 7l/Ll-ln STICHTITE BEARING SERPENTiNITE,
On the left stichtite is forming around broken chrom;
grains. Serpentine with fibro-lammellar and mesh
texture surrounds the "bleb", A chrysotile vein is
seen in the top right corner. VlAGx2 5xNICOJ

SPECIHEN 7l/Ll-46 ~J'JE VEIN OF STICHTITE IN
SHEARED SERPENTINITE

- -On the right a cbromite grain is split in two and is
rimmed by sti.chtite. Tl1is is set in mesh, texture,
lizardite serpentine, near the border'with the massive
stJchtite' zon<> (left), \"hich contains il.'regular masses
of (?) chromitc andmagno Ute, Wo.GxJOOxNICOLS

i'iNrE 44- . ..

PLATE 43,

I /0 cr

I
I
I ~
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All the roc;{ types of tbe ultramafic c0mplex at Heddy Crl:;ck have

~~dc~Gon8 one or more periods 0: n0ts30matis~ by fluids derived

~n~r~sion of the aci~ to interT.ediatc bodies ~1d cont~~u8d TIell after

I:I- to.i110rphisJ:l of tbe conple): ~GG2.l1 s~ortly ai'te::- t~G ini:t~2.1 pervasive

scrpentin:i so.tion of t ~1e u: t:::02J::o..-fic body, was stronb' duri::1S t:1.e

the main period of serFcnt~nisation of the ultrw~afic b9dy.

There ~rG sever~l st~scs evident in the mctascmntic process at Noddy

Creek. These 0=0 s~ilar if not i.dentical to the stagas r8!Jorted to

occur ir.. GO::le of the other ult2"a:."7:afic co:n:)ll?xes in TaSI:1ar..ia.

SO::JO eXL,lp1es o.1'e the fOr.:lo.tion of stichtite at Du,odas a.'1d the presen:::e

of rodingites at Beaconsfield. Tiosa stages are also referred to by

l.!~rtin (1970) in his discu3sion on the effects due to serpe~tir:isa-tion.

He states that lILTl open hiCbly sheared enviro~.ments where ';ci:e:ce :'s

ready vater excess through cracks and faults, larb~ vol~~es of fluid

ffi.:ly be involved•••••••••.•••••••• continuous flm'l o~ such fluid mea..'1S

th~t their composition rlill change as the ultra.-nafic bccor.:.cG p~:'ce~T(~ssiv0ly

~cr~entinized aTlQ ~ence ttey ~ill be capable 0: dif=erjng metaDo~~tic

cii'ccts at diffe::-cnt tir.1es II.

,1".,(; diffe~ent rock su:."tes at Noddy Creek, have there':ore been altG:::ocd

" v:.....:..:ious tii118S to form a wide renS;e of seco:1dur'J ?roc.ucts. Th~.s rl[2.S

,.(: firs~':ly to the d:"fferent pr~ary I:1ineral assGreblases, &'1d secondly

,0 \;b~ varying temper3tu.re and com~osition of the mct.s.scl:'laJcic fluid.

~kine the altcl..~tion of tLc sabbros as an CX?_"'TIple there appears to oDe

. General alters.:tion tr8nd i'.'hich may be rc.lated to the tcmperc..ttu'e of

, rocks und/or thE: 0.1 tering fluid.
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:~l..:'::S (1933) propo:Jccl :;;.at the .~J-:roti1C~.'la::" a1 taratio::1 or sten.titiz3.tion

o~ (1;1 ul .. ro.bo.::;ic bof..y, produced a series of a:te::-at:'on p::-o:;'ucts

C.-A cr~dcnt U:JO:: ..;~e -:cmpero.ture of -,;::e :-.ycl::-ot::e=o:lal solut':"o:;'3 •

....... ~' r ~t:.::'~ of ~ ..~ £lu::'ds c.:::'op~cd.

7.'c z..:tcr~tion seQ.uence o~ ::1::':':'c ::l~a:=r...ls, .,.... or(;.:.:= o~

c:.J. o::ito, t3J.c~ E-"1d carbo::.:.te .. ~~c p:"agiocl£.sE.; the ~~ic rocks ~as

al~c ur.dc=sone a va~ie~y o~ a~te~~tio~s vhich may be related to the

T:'le a1teration products are

~~~ssurite, zoisi~e, p=cr~i~o, chlo:=ite, t~lc, and clay •

..~'::'c:ld and nicrosco::ic evidence sugeests t::2.t the metamo:::,phism of

the ult~ruuafic complex took place vith little 0= ~o ch~~gc L~ the

to~ul rock volQ~e and ~ith o~ly ninor 1083 of ni~eralizec fluids

2. re~ult ..

4._ ::ydrothe:.-.r.a1 0.1 tera:tio::: c: -:he dif~Qrent :::,ock su.i"tes a:lc.. the

C~1l'O!lolo.:(cal o::-der 0= altc:r-ation.

( ,) ""~ UL"'"'· .. ·n-c ""JMn.I. 1.. ·· _~-... ,.J0.;.._ ..... U ..!•

..on i1':L"'1erals, they are, torr..blende, t:::,(;r.lO].i te ~ c:110ri~e 2.."1d talc.

~ct~so~atism of se~pentin·tcs hC5 ~l~eacy been described ~~d has

'ltcd in the ;:'orllJation of t:::.1c, t.::.lc-ca.::-bonate 2-Yld stichtito •

.:blcnde appD.l·o~tly haG f03.:':~cd, r..t high te,mpero.turcG, from clinOI):rroxcne

l'.:lGc.ioly orthopyroxene. (o·t. Specimen No. 71/11 53). Thj.s mny

occurred dUl~ine Pn~ne A of scrpc:nti.ni.sc.t:'cr~, but more likely it

" '~d durinc t 110 empl["l-CGr::cnt of tho r;c.bbroic suitc.



I

,'hfs J.arGely been -l.'cplaced by t::eeffiolitc, .so thst its fO~111e:r extent is
740

1-12
). not k,..oWl1. Hov/ever, it is estimated thr:..t; up to 5a)~ of clinopyroxenes

in tho webstorites vlhichhr.Ji not been serpentinized, ha.d altered to

'fre:'\olite h:1o fOJ:'IDed aft'ilr hornblende and ·has replaced it and its

derived p:,·J.·oxenes, but rarely forms more than 1010 of aJ:11. ultr('lffiafic

roclc. T;temolite may occur replaci.!lg exsolved plates of clinopy:r:oxene

iI1 ;m orthopy:r:oxene altered to chlorite, or as tiny needles in shear

I

"I
I

zones together with chlorite or ta.lc. More often it takes the .form

of large bright green, moderatelY birefr:i.rlo"'0l1:t laths With ragged ends.

Chlorite may be in the form of large plates after pyroxenes or as

fine cloudy 'tggregates in V€d.l'S or she,;,:rs replacm& tremolite or

serpentine. Ch10rite may fom up to 15%, of a, rock, especiaJJ.y in

zones ..

stage veins, or is associated with tremolite or chlorite in shear

"in massi~e~:rimgxy rocks little effected by serpentini~a~ion (refer
I

in· 211y one spec linen to

talc, but on the average talc only fcnns 10)0 of the tctal r0ck volume

Some specimens (e .g. 71/11 -158), have been almost completely altered to

rock at Noddy CJ;'eek. It may form as a pervasive r8)llacement mineral

Plate 14) or merely as alteration rims arol4~d crystal grains (refer

?late 11). In ilighly serpentinisf,d rocks, the talc usually fonns late

. Talc may be founel in small amounts in most specL'llens of ultramafic

Saussurite and er.idote arc :ca.re al tera"cion mi.""'1erals in these rocks aT"J.d

I form in negligi'blemnolillts from the ultramafic boGy.

I

I
I
I .
I­
I
I

I I)}hus the ultrnmafic rocks as a whole havebcen subjected to considerable

metamorphic and r.?otascmatiealteration, e;enerally after >JerpentiJlisation

I
-I

which is a completely sel?arate process. The roc:,s h8.ve rarely l;Gen .,

..,._.,~-~--
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completely al tercd bymetasO;:H~tism. , instead, the 3.1teration. flas

,cd ~ t' ' '1been patchy witil generally less than "i-UfQ OJ. no prJ...'Ilary n:.lnera~s '.

undcrc;oi.."'1g :J.:t'fY form of hydrothemn.l 2,1ter2.tion ..

Alter2.tion of this group of rocks by hydrothermal solutions has

been most extensive and has resulted in the formation of several

completely different metamorphic rock types. The gabbroic rockE

'"'are ro.rely altered less than 5010 a.'1d usually only clinopyroxene

and some plagioclase felspar remai.."'1 unaltered. The result o.f

metasomatism is a suite of rocks rich in t:cemolite, chlorite, and'

prehnite with associated hydrogrossular, talc, carbcnate, albite

and que.rtz.

The three ma~~ rock types fcrmed as a result of metamorphism and

metasomatism are :

i. Amphibolite

ii. Tremolite-chlorite-preb~iterocks

iii.Rodingites

These rocks are formed by extreme alteratio4 of gabbro and norite

bodies along the margins of the complex, or where the mafic

intrusive body is small and surrou.~ded by ultr~~afic rocks.

The amphibolite oocurs in only one locality, as a lens up to

45 metres wide irltersected along the 158 l~~e between the western

contact &'1d the sur:cound~'1g gabbro. The tremolite-chlorite-prehnite-

c.uo.xtz rocks are scattered along t"hc nargins of the intrusive body

:nd. outc.rop best along the weste:r:r... sid.e of thecorr.:plex from. the 153

;:arth to tho 6N area. They are also lmmm to occur s.long the· eastern

contact of the complex and. huvc margi..."1a.lly altered from. the large

GabbJ:'oic bodies outcJ:'oPP~'1g from the 5N line south beyoad the 208 line.



~\d is found in only the most highly altered specimens of former

altered gabbros along the western margin of the complex.

Gabbro. It has been fou-1'ld as a tectonic inclusion within chcared

serpentinite along the ION line anQ is probably pr8cent within the

the presence of hydrogrossu1J 9a1n1t4hodD,gite is distinguished by

I

I
I

I (a) Lr,mhibolite _Specimen No. 71/11 - 160

In hand specimen, the rock is pale green-grey and exhibits a '

distinctive texture of large crystals several millimetres long

randomly orientated throughout the rock. This rock is fully

described by A.M.D.E.L. in Appendix 3, but has also been examined L~

detail by the author. The original prima...ry rock is most likely a

pyroxenite but may have boen a gabbro vlith a high mafio oontent.

It is proposed that the Whole rock was altered totremolite (now

only 65%) which has been steatitized at a later date with the

I
I
I .

Ii'
I
I

replacement of some tremolite by talc, min:lr ohlorite, quartz and

possibly some felspar. (Refer Plate 45).

(b) Tremolite-chlorHe-nrehnite or ouartz rich rocks

Specimens 71/Ll - 103, 161

Speeimen 71/L1 - 161, described by A.ll.D.E.L. was taken from the

edge of a gabbro body ~~d conseC].uently it has been highly altered.

This rock has been fraotured and veined by late stage calcium and

a.uartz rich ffie.terial in the form of dominant prehnite (7cP!o) with

quartz, caloite, and :pyrQ..-.::ene. The main part of the rook is

slightly less metasomatised with. some original pyroxene remainLlg

I
I

.'\.i.n.c..l tered. In general" tremolite D-"t1d chlorite have developed froI:1

th0 pyroxencsandzoisite a..l"'ld albite from the plagiocla.se.

'2ho rock as a Whole is considered to be a1ter~'1.grO'''iO..::ds a

I rodingite. Another typical sp~cimen of alterec gabbrcic rock

is specimen 71/L1 -103, which~lJa. qU:J.rtz-chlorite-t::cemolite rc)ck

formed by theaIt'oration of a. wedge by gabbro between :pyroxonit.e
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PLATE 45. SPECINEN 71/Ll-160 Ai'fPHIBOLITE

Large bladcs of tremolite are set in a fine grain€
ramifying netIVork of talc, IVhich has partly replac
the tremolite. A large quartz crystal (top centr€
is dccply embayed and broken and m~y be rCplacing
tremolite. MAGx2 5xNI

r------ ,

\ .

I
,

PLATE 46. SP;::CHlEN 71/Ll-135 RODING..Lr~ , >

Largc trcmolite blades up to lem long arc seen 011 t
right. Preh'1ite forms distinctivc crystals "lith lib
tie" habit (bottom left). Hydrog:cos~t'::'2.r garnet f'J
D fine grained n;'DSs above the prehnitc.

NAGx2 5xNIC

5cm
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::.nd sediments on the eastern conta.ct along '~hc' 158 line.

In hoJ......d specimen, this rock is light to ciark 3Tey v:ith a

Lodium graL~cd faL~tly dicernable allotrio~orphic GT~:~~a~

te~tu=e pextialJ.y observed b~r shearing. Actinolite and. trelrlolite

This specimen Vias found as an isolated inclusion approximately

it metre in diameter, set in sheared se::,"pe:'ltinite.

ho.ve bsendoveloped f;rOlll the py:rcxenes, and chlori"oe with som"

minor epidote is found in veins cutting phenocrysts ar.d in

shear zones. Large irregular crystals of quartz are scattered

through the rock ~~d appear to be the last mineral species to

develop. The quartz wc.s probably formed from solutions derived

from the adjacent sediments. There has' been much iron staining

particularly along fractures; this is probably a weathering

It is a partic'Ularly interesting specimen because of the crude

concentric zonal arr~~emeni of tho mineral species around the

core of the rock and also the presence of c~~sotile ribbon

fibre around the rodingite within the surrounding s.erpenti11ite,.

The general zOT.al arrangement of minerals within the rodingite
'::

from the margin to the cent~e of the block is, chlorite ~

Chlorite + sauss1..1..rite -+ p:reb~ite-;p tr€illolite ----1- hydrogxoss"lll2.r.

I
I
I
II
I
I
I
I
I

I'
I
I

effect ..

(c) Rodin;-dte Specimen 71/Ll - 135.

I
I
I
I
I

This zonal ~-rongement is idenoical to that found by Coleman (1966)

a.t the contacts betY1Cen serpentine and gaborO--b2.Salt rocks

altoring to l.~odingites, in the New Zcala~:1Q Ultraw2.fics.

f.photrcmolite is found in large (1 em.) crystals with r8.dJ.atL.""'1g

habit between th1lpl'ehnite ahd the hyd;rogrQss'.uar arle. also as

omall prisms within thE; fine grained matt of garnet. The prehnite

is distinguished by its UI111shal 1 bo\,;~...;tie r habit, 0....1<:\ i'crffls lo.rge·
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crystals G2Qoming ~+.ner at the contacts with other I:1i.ne~·,::.ls..

Some sau3surite and plagioclase lorms marginal to tbe prc~~ite

and chlorite. The sau3suritc is obviously alterL~g f~om the

plagioclase which shows albite type twinning. Chlorite forms

the oontact zene between the serpentinite and the rest of the

altered gabbro. It is a fine. grained mass, fibrous in parts

sh~ving patchy enrnnalons interference colours and including

altered plagioclase mld other unidentified fine grained

scconda~y products. The Hydrogrossular garnet is colourless

to Vitti.te in thin sections and forms a dense fine grained matt

enolosing tremolite crystals and so~e pre~~ite (refer Plate 46),

Coleman (1966) states tb.at "the important reaction char8.Cterising

the metasomatism of these various rook types indioated they

probably developed only under high oonfining pressares.

The universal silica loss and oalcium mctasrnnatism favour the

possibility that the alteration is contempora~eous with serpentin­

isation". The alteration of plagioclase to hydrogrossular is

accompanied by a decrease in the rook volwue. This may help to

explain the presence of ribbon fibre around the rodingite, as

the ehrysotile may have formed in tension cracks related to thiS

volUJlle cha.YJg-e during the formation of rodingite.

(7) CaO.Al20
3

.2Si02 + CaO + )H20 -----> CaO.Al203.1.5.Si02.31120

anorthite flUid bydrogrossular

+ 0.5 Si02

I
The introduction of Ca required in

serpentillisation of clinopyroxene II

this reaction is provided by

J3arnes & O'1I"eil1(1969)

I
I
I

found that water issuing from .only partly serpentinis9d ultrnmafic

rockS are highlY alkaline (mn - 12) and contain Aland Cain

high quantitiou.
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The quartz in these metasomatised gabbroic rocks m~y'have

originated from the enclosing sediments or from the alteration

of theultromafics by the ncvelopment of ~cmpounds of the

chlorite f~liilY9 O~ by rcah~gisation of the 6dDbroic rocks.

~her~ is ~~plQ ~vldQncc ot silioi£iO~Gion, not only or g~bbro3,

as on the western end of the 75 line but also of the contact

sediments, as in the eastern end of the 4S line.

(iii) T}:E LAllPROPHYPJC SUITE

Metasomatism of the lamprophyres, has ocourred but is generally

not extensive, and usually n.ot more than 15;~ of a specimen

is. altered. The chief alteration produced is chlorite, with

less c~~on epidote and sericite, and rare talc and calcite.

The matrix is most commonly altered in preference to the

phenocrysts, especially when the matrix is partly or Wholly

composed of glass. Chlorite usually forms la;~ of a specimen but

may· form up to 60% of a rock as in Specilllen 7l/Ll 91 which was

taken from the margin of a dyke. The alteration here, is probably

llue to a reaction be',ween the lamprophyre a..YJ.d the su=o11.'1.ding

serpentinite, as has been seen at various localities at Noddy

Creek. The chlorHe may alter from biotite or ra.:tely from

pyroxnene but usually it forms from felspar phenocrysts or

troundmass and also from glass ·\'lhicb. often is present. in the

crOU.J."'"1Omass.

"Spidote SOInetimes form.s frOm felspar together wi~vh chlorit~; in

all cases i.t a:nounts to less than 55j of a specimen. Serj.cite has

replaced some felspar i.'1. two specil"l1cns which have u."'.dergone

chlorite alteration. Ta.lc and calcite a.:tc rare alteration tninera.ls

t'..nd fo:tmfrom fels'par as late stage mi...'1oraln alongfractu'rc;'-1' i,11.

th0D~ rocks.



and the w~ters circulati.."1S th:cougl1 the serpentinites,

in the primary minerals of all the rocks mites.

and diorites and resulted ultimately ~~ the forma.tion of

740119
shartly
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(iv) PROCESS'-:S OF r,STASOl.lATISJ,l l!! THE IGlffiOUS ROCKS OF TEE
NODDY CltEEK C01l1Pf,FJC.

It is con~"'::Lde::rcd that most of th~.s alteration occurred

or by reactions with the hy<L--:-otherm2..1 fluid associated ...·lith the dyk0:J

particularlY severe in the mafic rock suite of gabbros, norites,

aftGr the emplaccme:ct of the lamprophyres by contact rnetaJlorphis1Jl

suited have been altered to Some dgree. Metasomatism was

arnphibolites and rodingites. Table -4 shows the altera.tions

We ha.ve seen that all the prilllary' minerals iI1 the different rocle

includbg serpentinisation which have been observed to occur

i.
I ,.

I
I
I
I

I­
I
I
I
I
I
Ie
I
I

The first alteration to occur in these rocks was serpent~~isaticn-

an automet~fiorphic process, followed shortly after by amphibolitiz-

aticn, chloritisation and uralitization. The final stages of

alteration were steatitization or talo carbona.te alteration and

silification both metasomatic processes. OverlyL~g all of this is

weathering, a near surface phenomena which has affected all xocks

to some degree ..

I
I
I
I
I
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OBS2vl'ill ALT18..A'lIIC:r TO THE; PR:C",1.'llfi Un{~~R.iiLS n-r THE
UIJ.P?:,:\:';J0,'IC }l'ill I,:Alj~!CECCKS

I
I
I
I
It••
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.

MJ':..JOR liIINOH T?J~CE,
??i.II·::J~UY I.Illi:;RP..LS LLTERL.TION ~ ,i ALC'c:RATION ALTEPJe'rION, rR.OIflJCT l Pl1.0DJC'T'- PRODUCT

", "

I , .

I
Olivine Serpentine +' Ha,gnetite Pentler,diteI +,,

I "

Ro..re Chlorite!
I

P~e Talc
,

.....- ,

1 (Ilastite), (f.dhOI,yroxene Serpentine Magne'l;ite
,

Chlorite Sericite,
,:

l Talc Pre!4-u.tei

Rare Tremolite- ' Epidote
Epi<lote

- I ,
Clinopyroxene I Serpentine Talc

Tremolite Chlorite + Magnetite

Zoisite

. I
I

t

: '.:;1.':'1blende Tremolite Chlorite
!

I Talc

.... , , ,

:l:'i;ioclase Saussurite Talc

Clay
,

I rreh.."'1ite

I
i Cr...lorite +,

Epidote
I

"
' ,

i' f

I Stichtite + Magaetite I
" Titanor:latmetite ]\' r:l " .I. ;••0
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complex n~rrow zones of

I
I
I

been for~led, Vfl1ere gabjro is adjacent to thecont&ct, marginal

has converted the original gabbrcic roc~~ into talc-chlorite schists

which luerge with the metasomatised country rOck. All these alterations are

,I

I-
I, ),:

"i

I

late stege metasomatic effe~ts produced by connate ~aters de~ived fro~

the sorpcnti.'1.:!..zri:tion process nixed with h:rdrothermel solutions related

to the emplacement of nearby acj.d igneous intrusions. Carbonates

arc a m1..':lOr bu'c import2.nt mineral g-.coup to be £orr.-.ed con=rently nith

talc alteration.

Several speci.:<!'.ens of altered sed:L"nent or pyroclastic rock, taken from

2

I
I
I
.1'
I',. ':.. ::

I
I
I
',1

I
I

along the easte~n contact, have high muscovite-sericite contents~ The

presence o£ muscovite may be expla1.."'led by low grade regional meta,,"or9hism

of the sed~llents to the greenschist facies of metamorphism or as a result

of the introduction of metasomatic fluid from the ultramafic complex.

The latter explanation is considered more likely especially when

luchsite, the cr...romiurn rich variety of muscovite is COlTh";1on in these

rocks.

Along the western contact of the ultramafic complex, specificallY

between the i5S line al1d the 40N lines, minor contact metasoiliatism

has ocourred.. The sediJ.llents ii1lIJ.ediately adjacent to -thG contact

fo~ a distance up to 15 metres but more cOJ;flno~ly only 2 - 3 metres 1

have beeD slightly ~etasoIilatised '\vith the fo:rm.atiOl1 of loca.lised

bornfels rocks. The original con-::act rock in Iilost cases was. a dark

r:,rcy py:ritic €,'rD.phic si1tsione, this has been f:cc..ctured and vei.Yled and

COme I baking' of the sediment appear::: to occm, as 1..'1 speciraen 71/11 - 76

~c:rpcnti11G solu-tionshavc entered the sediment. 3.J."1d crysotile i1.b.1.'0
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() \- (e.g. specimen 71/T!]. - 82) .. Chloritic replacement of the S8I'pen-tine\.1-'

end tho scdimont follo'No3. fibro developmcn"t anri.. this h:.. tum was

Several sme-.ll isolatBd bodies of gabbro ere known to intrude

sedil'llents on both sj.des of tho ultrc.rn.a..f'ic CO:7~plex, andthcGe

bodies have small netasomatic aureoles.

Along the eastern side of the ultralaafics, a major f8.;uI·~ does

not exist as along tho western contact, a~d tectonism has been

restricted to ext~nsive local s~earing of the sodiT£nts and the

igneOus contact rocks,. This zone of shea:ciJ.'1g e::ct\3nds up to

100 met:':'es i1'l.to th", sediments a.~d there is a gradual decX'ease in

schistosity away from the u1 trzmafic contact. Good expcsures

of sheared and metasomatised contact sedimentary rocks are

found on the 20H, lOn, OOa."'1d4S li..."'1es. Along the contact L.'1.

this area, talc schists and talc chlorite schists (eg~ spec~~en

71/L1 - 132) are co~~on and outcrop over widths va~1fing betv;een

15 mld 30 metres. They grade L,to schistose greywacke and

conglomera.:~e a.."1.d then ~'1io less sheared sediments a:aay .from tllG

contact along the 00 line. In the 25N area fluids from the

ultramafic bod~r have induced muscovite, chlorite and talc alteratio7:1..

Specimen 71/L1 - 42, prob~blY a former tuff is composed of 15~

chlorite and 8511, muscovite-sercite', The muscovite is pale green

in hand speciJ.'1len and under the microscope is suggestive of Fuchsite--

the er rich variety.

Specimen 71/Ll -163 frau the salle area contains 75% chlor.ite

20,0 quartz ~'"1d mi..""lo::c opaques a.."1d appears to be. a schis-tose

chloX'itized greyvlacke. On the eastern end of the 158 1llle

altered VOlCMic rock occurs· on the contact. 8pecic::.'m 71/L1 68

I ~--------



In summary, the metasomatic alter",tion of the C01.l.l'ltr;,· rocks at

Uodcl.y Creek is cOnfined to narr017 zones adjacent to the ultramafic

body and is locally intense where shearing has tak!'Jn place. The

main alteration minerals are talc alld chlorite with lesser Cx

740123I
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.1.8 (;cm;poscd entirely of qu8XtZ and chlorite, with qUH.:ctz filling

vesiclcG m1d as veins jn a fine grained matrix of quartz and

chlorite. SpecL~cns of conglonerate 71/Ll - 58 and 71/11 - 136

e~hihit some metasomatio ~teratiQn. ·In the first specimGn there

are thin lenses of chloriteand.also minor muscovite, in the

second specimen a large clast contains 35% fuchsite-muscovito and

talc-chlorite SIlO. carbonate alteration together fonll 20;'0 of thcl

clast.

rich mica and some carbonate.

•



The prit'TlE:! purpose of mapT:lL."'lg the geology of the Hibbs Ultra'TIafic ~

Belt was to discover i~ it held ~~J mir.er~l deposits of economic

I
I
I

ECOKO:.lIC PO~~ITIAL
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sibuificance. ~:tensive exploration in the area has been carried

out since 1967. The search has been maL'1.1y for base metals, but

recent explora'~ion has been confined to the discovery of chrysotile

asbestos deposits.

The base metal potential of thebelt is not considered to be good

for various reasons which will be outlined. There are three

important metals which may be expected to occur in this envirorunent.

The:,' are nickel, chromium, and o$lJliridium,which are discu$seQ

separately below.

( 0) N0' -~ lCt;:C ..L

Trace element analysis of Drimary ultramafic rocks w1i derived

serpentinites, show that the average nickel content is 1600 pp~.

This figure compares favourably with tho "average value for

ultramafic rocks which is 1500 ppm accordL'1.g to Goles (1967).

Most of the nickel in these rocks is trapped withL'1. the

serpentine lattice, however seme nickel sUlphides have developed

possibly during sorpentinisation. The sulphides are f01h~a as

isolated blebs or smears in serpentinite along a zone near the

western (basal) marg~~ of ihe ultramafics from the lOX line to

were found during mapping or drilling of the a:eea. 8ild the

mineralization present is considered to be of )1.0 eCDnomic

I
I

the 30N line. No massive concentrations of sulphide or"gossan

I
I

illlportance.
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I elencnt ~~alysis of the: ul"t:cmn;;'.i'ie:. rocks at Noddy Cr2ek

I

I

I
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G..'1.d.elsewhe:.ce L."'l tho Ilib~)s uJ-c.~a~;,:5.£'ic :Belt have shc...rn that

these rocks contain on the average 3,000 ppm Cr, &ld therefore

are relatively on~iched L~ this element. l~crosoopic studies
>7:il~~:"
'bfthe.se rocks reveal that a. 1-2% chromi~ spinel cont~tis

average, but the c~omite grair:s tend to be dissemm2..ted.

::ather th[·.:l be "'clL."'1.ched. togethel7 as laye:c d~.:'~e:::'er..ti2.tes.. This

illQ2nS that it is illllikely that ~y massive chrowite :c~ses or

layers were developed durL~g differentation or later dtiring

teotonic remopilization of these rocks. At Noddy Creek, the

prospect of massive chromite development is even more remote

due to the comm~~ alteration of chromite to stichtite.

(iii) Os~iridi~~

This metal is found in trace ~~ounts in a numPer of the Tasill9J11an
'/iP-

ultramafic complexes, and llllport~~t deposits have been mined in

the past at Eald Rill and Adamsfield. Ho trace osrniridiurn or

~r other platinoid metal has been fOlU1d by the B.H~P. Co. Ltc.

liuring its extensive exploration of the Hibbs Ultramafic :Belt.

~he Lyell-Electrolytic zinc group exploration company which

previously held the area,. repo!:)ted that during "field work in

the creeks draining north L"ltoGravelly Beach, many gra:L."ls of

dissemenated chromite (magnetically susceptable) were found,

together \7iGh osrniridium D.hd g?ld". This is the only report of

finding osm:iridiUL'l in the ar0a~ &"1d it is considered that thOUgt1

Some osmiridium may be present i..'"1 the u~tra.uafic ~ocks, further

extensive exploration for the metal is not wa.rra.."'1ted.
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Petrological st-udies at Heddy Creek have shewn that magnesite fcrmation

extensively in areaz of intense shearing as well as directly altering

I
\

: il. magnesite deposit in these rooks.

Guboequently concentrated 1,'1g rich r.latG'rial at the oaS0 of laterite

'\"l'ofile. These two factors ,suggas-1; that th8:reis little pros'pect

gc:neral case th:coughout ·the Ultro.mafic .Belt. There is veJ::lJ little

deposit.

quality talc rock in sufficient quantities to produce an eceno:::ic

may have been thorough enough in SOme parts to produce hig~,

is relatively rare in the ultramafics. This is probably the

talc alterq,tion seems to be less restricted ZI.'ld talc occurs

being restricted to areas where gabbroic intrusives occur, while

92 -

has occ~~ed alcng the TIelt of ultr.amafics. The soapstcne type

The Hibbs ultramafic Belt due to the natuN of its emplacement

has been SUbjected to a continual se:cies of tectonic induced

(i) Talc and Kaanesite.

from massive ultra~afic bedies. Thaso alteration processes

margins. Both talc ::>nd soapstone altei-ation (after Hess J.955)

movelllents and extensive metas.Omatism particularly along the

The latter type of deposit is eonsidered first.

:L"ac non-mettJlic mir;..Gral "potentisl of the ~~tltxat"11.afics z.ppearz t.o be

chrysotile asbestos deposits and talc-soap stone-magnesite deposits.

mineral depoSit mtlY be expected in thisenvironrnent. They are,

much [;TOtlter than 'che metallic potential. TlVo disti.."lct. types of

I
I
I
I
I
I,e
I
I
I
I
I •I
I
I
I
I
I
'I
\.



mo~a that tho oorrect onvironment for the formation of

of the belt. In the eastern ultramafic belt at lroddy Creak

and thorough exploration proD:'8.'illne designod to outli.~e the

740127
(ii) Chrysotile ./I.81..:'0£>t05
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extensive developoent of asbestos has uarranted adetal1ed

chrysotile asbestos in these rocks. Small qU2.l1.tities of

deponit i:'1 the Hibbs ultr3..'TIafic Belt, lies in presence of

esbestos have been found throughout the entire belt. This

Perh~p3 the bost prospect of finding ~~ economio mineral

c~'sotile asbeotos has occurred at some timcin all parts
I
I
I":",:,:

I
\
\

I
I

I
I
I
•I

'size a~d economic potential of the deposits. This programme

was carried out during a SD:: month period from January to

June 1971 and a comprehensive report on it has been written

by Langlands (1971). The folloWing discussion outlines the

nature and distribution of cnrysotile deposits and the factors

involved in their gBnesis.

(a) Distri~~tion of tho fibre bodies

The~e are three mau1 zones of cross-fibre development at

l~oddy Creek,. Aweste~n zone. from about 05JJto 55N~ 2.ll ea.stern

zone from 05N to 55N, ~,a a southern zone from lOS to 20S, (see

figure 3). The fibre in the eastern &~d western zones is

I
I

developed in massive serpentinites ~~d completely serpentinised

pyroxenites often enclosed in an envelope of sheared serpenti.~ite

containing magnetite and slip fibre. The two zones axe separated

I
by 8. bolt of' sheared wd partially sheared pale green serpenti..1J.ite

with dissominated siichtite &~d so~e slip fibre. The fibre L~

I
I

the southo:r:n zone occurs in massive s8:.:.~pcntinite on the l'restorn

margin of a pyroxenite body and east of a zono 'of sheared

serpcntlllite (referFig.4)~ Massive c~css-fibre development in

I
I

these three zones is patcl~ ~~d deposits occur as irregular

7Cl1ticular..;ellipsoidal or tabular bodies within massive serrcntinite.
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Pyroxenite boulder outcrop, ';35N line
of ribbon fibre (whit~ in the centre
being examined by a geologist.

Scrpent5.nised pyroxenite <:;utcr?p in the 55NcosteciU.
The flaged stakes mark the out:h limits of the ribbon
fibre zone aroun.d the massive; rOCK. Sheared serpen-
tinite slln:ounds the \~hole bloCl~. .
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It 1.s suspected" that, the i::rcgular nature of the "deposits

is p:r.:i:xc..J~ily due to the effects of shearing a..'1d cross

faultirl[" and. that, Wit~1ir" 1::_;2' three zones of fibre development

"hicd.en '1 dcponi"t;s occu.r r.:.t depth below areas of surface

the west side of the 2m, line, where diamond drillhole 8

nltersected a greatly increased width of cross fibre bearing

serpentinite below a narrow surface outcrop of fibre develop~ent

surro14~ded by sheax~d serpentinite (refer Figure 5.)

Withi.'1. the sheared serpentinite along st:r:ike and <tdjacent

to known cross fibre deposits slip fibre issporatically

developed. X-ray determination of this material has sho'lITl

that most of it is brucite a.~d only about one Ciuarter of

the specimensexmnined contained .cruysotilefibre. This

means thai slip fibre, has little potentiaJ. as a. sccondar;;l'

source of chrysotile fibre. The various types of cross

fibre veins, their ne.ture, relationships and ilTi.porta...'1.Cc at

Noddy Creek have been discussed previously and may be referred

to undex,Serpentine. types, ~~ the sectim1 on Serpentinisation.

(b) TYpe ~'1.d cualitv of cross f'bre.

The results of mill~~g of a number of selected specimens of

cross fibre bearing serpentinite, show that the fibre is of

high Ciuality mld excellent for industrial use. The standard

C3nadim~ gradjng of fibre has been applied to the asbestos &t

Nod.dy Creek @J.d types 4 to 7 are tho calculated grades vlhich

C&~ be recovered after millir~g of ore rock. This means that

tqe aver,,-se fibre length a"b Noddy Creek is fairly short, be~'1ff

in the order of 1/16" ~ .3/16" thick•.}n ouforop a fibN vein

greator thM l"i;hick was rarely seen. (refer plat:; 47).
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(0) ?nctors involved L~ t~c Formation of Chrysotile
])cDosits at noc~dy Creek ..

ThlrirlC exploration for chrysotilc deposius in the Hibbs

Ultr9.1~8i"ic B01'~ D...'"l. a.ttew.pt was made to develop a model which

related the possib~e ~~d apparent factors involved in

producing ~~d p+cservn:g a chrysotile deposit. These factors

are set out below ~~d discussed in detail.

(1) L~tense aero~agnetic anomaly.

(2) Increase in Width and broad a.'ld flexure of the

Ultramafic belt.

(3) The presence of massive highly serpentinised ultramafic.

(4) The presence of structural controls to promote thorough

serpentinization ~~d to proVide the correct stress

~nviror~ent for fibre development •

(5) The proximity 'of gabbroic and dioritic bodies •

(6) The presence of stichtite.

On the resional scale the Hibbs Ultrslnafic :Belt is delineated

ve~J clearly by the presence of a narrow, tightly contoured

line f:J.X , po;;~-itive aeromagnetic arl'oma.lyo Withi."'1. this anomaly the

Noddy Creek area. is defined by lli'1iformly ir'.tense nagnetics,

which arc int"rpreted to be due to a high degree of serpentinisation

and subseQuent formation of magnetite. Ground magnetics have shOVll1

that there is. no correlation between the L."'ltensity of magnetior.1

and cross fibre development although the magnetics are more

va:riable over the massive fibre zones tha."'1. over the shea:r:ed

serpenti.....'"1ite.

of increased width of ultranafios which is also a broad flexure

The chrysotile deposts at Noddy Creek are faund withL~ a zone
•

has effectivelymea.n:t 'j.~h.atmassivc -zones'of serp.:;ntinitc, w~i6h

I-.. ",

I
I

an the ultramafic ,belt. The in6rease £.'1. 'width of .the ultramafics
.' ,
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PLATE 47.
[--2 iNCril!.;--t

Large veins of chrysotile asbestos up
thick and split by i~regular partings
the maximum fibre length to one inch.
quality asbestos fibre.

ll-ol.I----~5cm~__..,.~i

to two inches
which reduce

This is high



of the belt at Noddy Creek may repr0~,ent merely a Ch2..,'.1gC

I
I

a:rc the: hos'~ hociie:3 or chrysotile fibre; h2.\,'"c b803Yl

prescrYc(~ jJ1 the hich1ysheared belt. The C1).:tVature
740132
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in the dip of the basal thru.st zone of the ultramafics or

it mo.y be produced by folding. In the latter case

considerable fracturing or shearing in the ultram~Jics

possibly also promotb1g fibre development, may h~ve

occurred.

The presence of bodies of massive serpentinized ultramafic

rock is considered essential for the formation of chrysolite

fibre deposits. These bodies under the correct stress

envir~~e~t, probably during serpentinisation are fractured

,and later invaded by the solutions which crystalliso to form

chrysotile cross fibre. Structural control of the mineraliza-cion

is highly important, and it is evident that just the right degree

of fault:L.'1g, shearing, fracturing;' and tension must occur to

provide ac0ess to fluids producing serpentinisation ~'1d fibre

development.

Ex:cessive tectenic movel:lent will result in sheared serpentinite

which is useless as a host for cross fi.ore. It will ".lso dest:!:'oy

any previously formed chrysotile fibre.

Gabbro, and diorite intrusives into the ultra'llafic seg.uence may

have produced nhearing ~~. the serpentinites, and related

b..ydrotherma.l solutions lilay h['~ve -contributed to fibre c~evelcpment;

however, there is no definite obse:r:v8.bl~ genetic :Lelatior~ship

between thQS8 intrusions and cross-fiLrg fcrillaticn~

At Noddy Creek stichtite is extensively. developed :L.'1 a belt

betwcc~ .the two main. fibre zones, and;wbere stichtite is

ooveloped Chrysolite asbestos ,is notfo1md in.at\Y quantity •• '

It is consiaerCd that £lUchtite is fo:r:ll1ed pre.lominffi',tly after

~he c~oss fib~e III the cent~ul sheared zone of serpentin~te
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bctr;ecn the fibre zones, and the two minerals a.re lw..related

genetically.

L"1 Blllnr:-iary, the chrysotile depasits at lroda..J~ Creel{ are

located in a arcuate wider section of ·;:ho Eastern Ultrnrnafic

1
1
1
I

Belt. The ultra~afics are hi£i11y serpentiniscd and sheared,

cbnta~nL~g massive pods of cxoss-fibre bearing serpentinite.

Structural controls of serpentinization ~~d fibre deVe~C)~2nt

may have been proVided by faulting a.~d shearing of the

ultrO:ilafic body by post eI;lpla.ceDent ;novenent, flc),__uring due

to folding and/or by the emplacencnt of gabbros and diorite

into the ultramafio body. The presence of a magnetic anomaly

over the area and the formation ofstichtite are not regardec

""s indicative of Chrysotile asb~stos develop:nent.

I
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(1) lieveiop.'TIcnt of a narrow rift or trough between Pr'2c3...'::.bric..."'"1 blocks

i.n. y,restc.1."'l1 .s.nrl n01?therll Tasmania during late l'")::·GcD5J.bri&""1 or early

(2) Deposition of mauLly argillaceous sedLuents(siltstpneshales ~d

mi.~or sandstoae) of early wd Middle Combrian age riithin the

developing D~~dis-Trough.

(3) During late lJiddle Cambrian times the Hibbs Ultramafic suite was

intruded u.s a thrust bo-c..nd. slice of mantle material into these

Cambrian sedi:nents. Concurrently with, emplacement of the ultramafics,

autometamo~phism tock place an4 p~~ti~l serpentL~isation occ~rred.

(4) Gabbro was intr.lded along the margins of ultr~llafic belt shcrtly

after the emplacement of the ultramafics.

(5) A shcrt period of uplift 8.'1.d erosion tcok plaee and was foHowed by

deepening of the Dund.as' Trough atl;d the deposition of the D.xndas

Group, a se~ucnce of gre~flackest oonglo~er~tcs, ~~dmino~ siltstones~

Together with the d0position of these J.lidd.le-Late Cambrian sediJ!lcnts,

basic-il"y:ermecliate 8..l1d acid lavas·, tuffsa.."'1d agglcmerates of the

Noeley Creek Volcanics vierelaid down to the east of the ultrama.fic

belt.

.'\ I .
'I n late Ca.'llbri8.'1. times, diorite and quartz dio:L'ite bodies were

intruded into the sedi.'llents and gabbros,· produci.'1.g considerable

mc.tasomatisrn··i~:bp.thsediments snd ttltrnmafiU:s.



sediments has taken place in the Quaternary '£leriod and extensive

times when thick shallow water sequences were developed in several

740135
this

During, this period extensive shearing within

Strike slip movement ot faults probably oocurred

iy,T,;o both sediments a.."1d igneous rocks.

~)d orosion,occured.
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areas.

sedimentation in the Dcmdas Trough, and all, previous sediments were

alluvial flats are being developed .in several localities.

the ultrama..ficbelt ooourred.

highly folded.

Lo.ro.prophyrcs and micro-diorites were -i..Yltruded at

and the ultrmafio complex was again sheared.

shallow basL~s within the Dundas Trough.

At the close of _the C8J'J.'bria..1'1 mL"lo::e tectoniom producing uplift

fault bounded troughs in the llacQuarie Harbour and Birches Inlet

(13) 'DuE! to Teriary uplif'c; rapid erosion of the Lower Palaeozoic:

(12) There is no evidenoe of any further sedi."1lentatioh until Te:diaJ:'Y

(n) The Tabberrabberan Orogeny in late Middle Devonian times teminated

(10) SMdstones and limestone of 0J:'odvicioI', a"e-e were deposited in



fItc IIibbs 111t.:rD.:r:cS ic. :Bel t o.t l~ oddy Creek h~ts been studied. inI
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detail a:.1Q a comp:cehensive accod.nt given of the pri:J13.ry ultramafic

and mafic suites together with the secondary alteration processes,

1tuchattention ha.s been paid to the serpentinites 8.l."'1d particularly

to the ch:cysotile bearing varieties because of their sig::di'icance in

r~lation to cl~ysotile asbestos deposits. It is considered that the

main factors involved in the fonnation of the or~ysotile deposits

have been through se:rpentinise.:hion combined with extensive shearing

of the ultralllafics. The small extent of later metasomatism and

shearing of the massive serpentinites has preserved th~~'sotile

fibre.

The pyroxenites which dominate t~0 ultr~~~ic suite have been mostly

altered to serpentiIlite, and chrysotile asbestos has formed in

considerable ~ua~tities with the massive serpentinite. Late

metasomatism of the serpentL"lites par"ticularly in the sheared

varieties, has produced Widespread alteration of chronite t~

stichtite - a rare f'.cYdroxyl-carbonate minera::". lJ.'he presence of

stichtite may signify the existence of unusual chemical 8.l1.d

physical conditions j.n the intrusiva at 'the time of its fomation.

Uctmnorphism and r.::tete.soma:1ciG=rl have produced extensiv"'e alt8ration

of the mafic rocks, resulting in the formation .oi araphi.bolites

Considering the chewical and mineralogical ch2~actexistics of

',~.c primary ultramafic and mafj.c suites, it is' suggest"d that tbese

rocks were derjved by pD.:ttial· dH'ferentiation of Upper liantle

::lO,tcria.l. This :n<~.tel."'i&l has beellsubsec:..ucntly mov-edintothe



intrusives posBibly 2.1ong a subduction z;one into C3...'1lb:r:ian. seclim.ents

crllst, undergone further differentiation at'J.d emplaced 8.;; thrust 'Go~'"1d
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The l~~prophyres,diorites ~~d grano-diorites which intrude the

sedimciltary-volcnnic sequence as well as the "ITltrama.fic 3301t a.re

considered to have been the last differentiates from the sa~e

magma from whioh the Ultramafic, gabbroic and voloanic r0cl~ were

derived.

The economic mineral potential of the Hibbs Ultramafic Eelt has

been studied and it is considered that the base metal potential

L~ these rooks is not high, and that the best prospects for econo~lo

mineralization lie in the non-metallic mL~erals, talc, and asbestos.
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The powder diffraction file from "Joint Committee on Powder
Diffraction Standards" by American Society for Testing and Materials
was used to determine the spacings of the peaks and to identify the
mineral which they belonged to.

The determination of the serpentine types and the composition
of the slip-fibre specimens was achieved by several methods. The
X~Ray diffraction was performed by a Siem~ns Diffractometer using
a scintillation counter - 1.5 kv and a Debye Scherrer camera,
having a 4~" diameter lens. Graphical traces of the diffraction
peaks were found more useful than photographic traces, in the
determination of the serpentine types. The serpentine types can
be distinguished by their different shaped diffraction peaks in the
220

, 410 and 710 20 areas using Cobalt Radiation (35 kv, 14 rnA).
Mixtures of serpentinies in these specimens was quite a common
occurrence, and made for difficult determination of the percentages
of the serpentine types in each specimen. In these cases the values
given are only very approximate.

VS, S, MS, M, MW, W, VW, WW

1740147METHODS OF STUDY

•

The differential thermal analyses method was not used on any
of these specimens.

In some specimens the serpentine types were in doubt, and in
these cases, electron micrographs were taken to try and visually
identify the particles. This method was ge~erally successful,
however the author could not decipher between plates of lizardite
and those of antigorite, the chrysotile rods being easily disting­
uished. The machine used for this work was a ~.O.E.L. Electron
microscope type JEMT operating at 100 kv.

In the following tables the strength of each peak is given
relative to the highest peak in the trace of each specimen. The
highest peak is given a rating compared to other traces and may be
very strong (V.S.) to moderately strong (M.S.). The scale of the
peakheights given in these tables are as follows, from highest to
lowest:-
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NA = Not Available

./ = <0.1%

(ANALYSES)

x = 10-25%

TR = <10%

CHEMICAL COMPOSITION (as oxide wt %)

NOTE: XX = ~ 50%

X = 25-50%

Spec. No. 71/11-41 71/11-46' 71/11-50 71/Ll-69 7l/Ll-1l8 71/Ll-119 7l/Ll-120

Si02 40.0 26.5 40.3 51. 7 37.6 29;9 39.7

A1 203 0.1 1.3 0.8 0.9 0.7 0.7 0.6
"

Total Fe 3.2 7.7 9.0 6.2 9.6 23.2
,

2.1•

MgO 40.7 36.5 34.9 32.0 37.0 29.9 \ 41.2

CaO " ,J 0.6 1.6 0.1 ,./ 0.1

Na20 " 0.1 " 0.1 0.1 ./ ./
K20 oJ " " J J '.j I
Ti0 2

,J .J J J ./ -
of ./

~'i'$ 2 ~~7':z., 4..t!o ;;;""90 Z· ;...u~ ""-~4 '~85Z.,
?.i ,.. wW (,M ~1.

TRACE ELEMENT ABUNDANCES (ppm)
"

Ni 1900 2500· 1100 .... >.-' •• 300 1400 1700 1400 .._",.....

Cr 2300 ~1% 6000 3300 >1% 6400 6600

Co 80 240 94 44 ' 110 180 80
.

MINERALOGY

Lizardite X, XX X NA XX x X

Chrysotile XX X XX XX XX

Antigorite x '\ . XX TR x

Brucite TR

Magnetite TR TR TR TR x TR

Chromite

Stichtite TR TR

Talc TR

Tremolite

Chlorite TR TR

I
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2.

CHEMICAL COMPOSITION (oxide wt %)

"Spec. No. 71/Ll-12l 71/Ll-122 71/Ll-123 71/Ll-l24 71/11-125 71/Ll-126 71/11-12'1 ~j
- \1

i
Si02 39.4 38.8 ,. 39.1 39.9 38.8 39.9 41.2 I

f
AI 203 0.2 0.3 0.2 0.2 0.4 0.2 0.2 t,.-

Total Fe 2.5 3.5 5.0 2.4 1.3 S.2 1.5

39.5
,

MgO 41.5 41.2 40.3 42.8 41.2 42.0 ',-

.; .; ./ .I .; f
CaO 0.1 0.2 ,

I ./ .I j .,/
;:

Na20 " V t
•

K'O J .; V ./ ./ ./ .; 1
;:

2 ./ J j
t

Tia 2
.; .; .,/- ,/ I

•
,

~

. ~'- - .. .
.i

;..,..
TRACE ELEMENT ABUNDANCE (ppm) .

•
Ni 1900 1800 2100 2100 1200 2300 1300

Cr 2100 5200 3400 2500 800 1900 450

Co 60 70 90 '72 60 70 64
-

MINERALOGY I l
Lizardite XX XX X X x

Chrysotile ~ XX XX XX x x

Antigorite TR x x XX XX

.Brucite 1
Magnetite TR TR x TR TR TR TR

Chromite - , .
Stichtite

Talc

Tremolite

Chlorite

;

• ,j
,.

\ ,
.. ' .
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3. "

CHEMCIAL COMPOSITION (oxide wt %)

Spec. No. 7l/Ll-142 71/Ll-143 71/Ll-144 71/Ll-145 7l/Ll-146 7l/Ll-147 71/LI-lM

Si0 2
,

39.1 36.7 34.5 35.3 34.1 41.9 36.7, 'I

A1 203 0.7 0.5 0.2 0.3 0.3 0.5 ' 0.3

Total Fe 4.3 4.8 4.8 5.5 5.8 7.7 6.0

MgO 39.6 40.1 41.9 40.0 40.4 3'4.5 39.9

CaO 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Ti0 2 0.1 0.1 0.1 0.1 0.1 0.1 0.1

TRACE ELEMENT ABUNDANCES (ppm)
• ,;.-

Ni 1300 _ 2500 .! i400, .• 2200 1800 1000 2800
.l

Cr 5500 2500 3750 2500 6000 2250 550

Co 90 100 52 92 120 96 100

Cu 12 6 14 18 8 8 18

Pb ,

Zn 60 36 26 30 34 90 40 t

t
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il
4. '.. if

"!t
(ppm)

ji

TRACE ELEMENT ABUNDANCE i!
;.,
"

Spec. No. 7l/Ll-156 71/Ll-157 7l/Ll-158 7l/LI-159 7l/Ll-160 7l/Ll-161 7l/LI-162 i
i

Ni 1300 580 380 750 200 70 70 i, I
Cr 780 370 1600 470 1100 50 55 [

.. fCo 120 50 50 70 25 " 20 20 I
Cu <5 5 ~5 5 15

,
5 25 I

Pb <5 <5 5 5 < 5 5 30
I

~
Zn 45 25 65 35 . 45 20 70 I,

i,
I- ,

• I
. " TMCE ELEMENT ABUNDANCE (ppm)" P,

.i ... .,- ,. ,
Ii

Spec. N9· 7l/Ll-163 7l/LI-164 7l/Ll-165 7l/Ll-167 7l/Ll-168 7l/Ll-169 7l/Ll-m ,
t

140 .
,

Ni 1600 100 50 90 80 1900

Cr 75 1200 35 25 80 50 620

Co 55 90 60 30 35 25 70
ICu 35 <5 110 35 15 5 5

Pb 5 5 5 45 5 <5 5

Zn 35 80 100 100 90 30 15 I
• I

.

I
I,,
1
I

, I.

-'.-,-- . , -~ .. " -,.'- - -- ."'" . ..
~I

I

I
I
I
I
I,
I

•"-
I
I

•
I
'.
I
I
I
I
I
I
I
'I
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5. I
!
I

SLIP FIBRE SPECIMENS i
i
l:,

Specimen 71/11-75 71/Ll-173 71/Ll-174 71/L1-l75 AA AA AA AA AA
i:

2606 2607 2608 2609 2610

Lizardite
,

TR TRX TR TR x X x TR

Chrysotile TR TR XX x X X TR

Antigorite XX X
,

X TRx x x x , x

Brucite x XX XX XX XX XX XX
-

Magnetite TR TR TR TR TR TR TR TR

Chromite TR

Stichtite TR TR TR TR TR TR
-.

Talc.
• •Trernolite I- , - TR_ TR.~. ,

.i .,. <r

•
Chlorite TR TR TR TR TR TR

-

.' ,

-

,

I
I
I
I
J
I
I
'-

I
i

II
I
I
I
I
I
I
I
I
I'
I
I
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APPENDIX 2

X-RAY DIFFRACTION OF

SERPENTINITES

AND.-

SLIP FIBRE SPECIMENS

•

•
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740154
.... II

2. 11
"

71/Ll-41 71/Ll-I,6 71/Ll-50 71/Ll-118
l:

MINERAL . FI-

l'
Lizardite dAo I dAo I dAo I dAo I I

I'
dAo 1/1 lIKl ,

7.4 100 001 7.3 S
4.6 80 020 4.595 W

.

•
3.9 50 021 \
3.67 80 002 3.64 M 3.656 MS
2.875 10 022
2.505 100 201 2.507 MW 2.510 MW 2.505 W ,
2.156 80 202 2.15 UW 2.155 VW 2.153 VW
1.799 50 203 1. 796 VVW 1.798 VVW
1.538 80 060 1.539 W 1.539 VW 1.537 M
1.505 80 204 1.505 VW 1.502 VW 1.507 VW 1.505 VW
1.416 50 062 •. ,'. .' ,.
Antigorite.i

: ..
7.33 100 006 7.35 S
4.60 60 020 4.602 W
3.66 100 0,0,12 3.65 M
3.02 5 0,2,11 3.00 VW
2.502 100 206
2.425 10 0,0,18 2;429 VW
2.335 70 209 2.33 VVW
2.140 60 2,0,12 2.143 VVW
1. 791 10 2,0,18 "

1.535 80 060

Clino-chrysotile

7.36 100 002* '7.35 VS 7.35 S
4.56 50 0.20 4.59 VW 4.57 W
3.66 80 004 3.66 MS
2.549 50 202 2.55 -VVW
2.500 50 202* 2.495 MW
2.456 80 202 2.45 W 2.451 W
2.451 65 202*
2.285 20 040* 2.29 VVW
2.096 50 204
1.536 80 060 1.536 W
1.531 65 060*
1.464 30 O.OJ.O*
*Denotes with ortho~hrysotile

Brucite

4.77 90 001 4.778 VW
2.365 100 101
1. 794 55 • 102
1.573 35 110
1.494 18 111
1.3/3 16 103 .

- , -, 11
;,n
II
;;



740155. ii
I!
"
"'/

3. 11.,,
"

MINERAL 71/Ll-41 71/Ll-46 71/Ll-50 71/U-H8 I,;

dAD
i'

Stientite I dAD I dAD I dAD I
,

7.30 100 7.80, VW 7.85 VW
3.91 3.918 VVW
2.60 2.61 VVW 2.61 VVW

". ;
.\

..

• ,, .' J, ,. ,
. f . 1. •.

. . '
,

"

•,

.

•
I ~O:>

~

••
I,.
I

•...
I
I

••
I

..

,.
I

II
II
II
I
I·
I
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740156
(.

4.

MINERAL 71/Ll-119 ,71/Ll-120 71/11-121 71/Ll-122 71/Ll-123

LIZARDITE dAD I dAD I dAD I dAD I dAD I

dAD 1/1, HKl
,

7.4 100 001 7.36 US
4.6 80 020 4.63 W 4.59 W 4.615 W i,
3.9 50 021 \

3.67 80 002 3;656 S
2.875 10 022

i2.505 100 201 2.505 MW 2.506 M 2.505 M 2.505 MW
2.156 80 202 2.163 VVW 2.154 VW 2.154 W

' \
.;r

1.799 50 203 1.797 VW 1. 795 VVW~
1.538 80 060 1.539 MW 1.538 W 1.538 W I'I
1.505 80 204 1.502 VW 1.504 'vw 1.505 VW 1.507 VW !',
1.416 50 062 b's. ~:'

• !, \.~

Antigorite ..
.1 • ',I

2.149 60 2012 2.147 VW '
i:,~

'j1. 791 10 2018
1.535 80 060 :
1.501 70 2024 1.502 VW . ,
Clinochrysotile ,
~

ortho*c

7.36 100 002* 7.33 MS 7.35 S 7.35 VS 7.35 S
4.56 50 0.20* 4.58* VW 4.58 W
3.66 80 0.04 3.65 M 3.66 M 3.66 S 3.66 MS

I
2.549 50 202
2.500 50 202* 2.498 MW
2.456 80 202 2.465 IV 2.455 W 2.455 W
2.285 20 040*
2.096 50 204 !
1.536 80 060 1.537 W
1.531 65 060* ,

1.464 30 0.010*
2.594 40 201 2.60 VVW j

i
Chlorite I
3.83 3.83 VVW

,
I

2.443 2.443 MW ,I
!,,

I
i,
!

. (
0' J

I
I
i
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-'-,-_.

(,
"

~ , .
ii' ,

5. ' ",
MINERAL 7l/Ll-124 71/Ll-125 71/Ll-125A 7l/Ll-12E 7VLl-129

LIZARDITE
dAo 1/12 HKl dAo 1 dAo I dAo I dAo I ~Ao I );

,

,
7.4 100 001
4.6 80 020 4.614 W
3.9 50 021 , I
3.67 80 002 .~

2.875 10 022 2.88 vw
2.505 100 201 2.505 MW
2.156 80 202
1.799 50 203
1.538 80 060
1.505 80 204 1. 505 VW . '

1.507 VW
1.416 50 062

, .' ., ,

Antigorite . :. .:.,.. ,
.f •

7.33 100 006 7.29 S 7.28 S ~ ~, ,.

4.60 60 020 4.60 W ~
',;

4.40 10 023 4.43 W 4.46 VW

iiI
3.66 100 0Q.12 3.642 MS 3.63 MS
3'.02 5 02,11
2.502 100 206 2.503 W 2.498 MW 2.50 M 'I
2.425 10 00.18 2.438 W 2.43 W if
2.335 70 209 I
2.149 60 20.12 2.149 W 2.145 VW i
1. 791 10 20,18 1. 793 VVW 1. 792 VW ;:r

q
1.535 80 060 1.534 W 1. 535 W ~{,.
1.501 70 2024 1. 502 VVW 1• 1,

':
Clinochrysotile !C ortho* J
7.36 100 002* 7.24 VS* 7.33 S 7.40 MS I,
4.56 50 020*

~

4.57 W 4.54 W I3.66 80 004 3.65 MS 3.64 M 3.60 M
2.549 50 202 I
2.500 50 202* f
2.456 80 202 2.45 W 2.455 MW 2.452 W 2.46 W ,
2.285 20 040* I2.096 50 204 ' ,,

'.;

1.536 80 060 1.536 W

fl1.531 65 060* 1. 532 W 1.533 VW
1.464 30 0.0.10',
2.594 40 201 t!

if,

I
I
I
I
I
I

"I. "-

I
'I
I
I
I,
I
I
I
I
I

-I·
I
I



740158

6 . h

FIBRE:
'i

SLIP SPECIMENS ';'
, i

MINERAL 71/Ll-75 71/Ll-173 71/Ll-174 71/Ll-175
;' I

LIZARDITE I:
I

: ;
dAo 1/11 HKl dAo I dAo I dAo I dAo I !

7.4 100 001 ," I,

4.6 80 020 .\ K

3.9 50 on 3.89 VW f,
3.67 80 002 ~
2.505 100 201 2.515 VW f"",
1.538 80 060 1.538 VW LI
1.505 80

" ;. !,
204

~. i
1.416 50 062 1.42 VW 1.42 W 1.42 _VW 1.42 W ,,

. - "Antigorite , -' ., ; !?
"!. m'

7.33 100.i 006 . 7.30 M "'7.26 VVW 7.35 M 7.33 W ~;,
4.40 10 023 4.44 VVW
2.335 70 209 2.33 VW 2.34 M '2.34 MS 2.34 M
3.66 100 1102 3.64 M 3.65 VW 3.65 M 3.65 W

Clinochrysotile ,!
2.096 50 204 2.11 W 2,.10 VW !1.536 80 060 1.535 VW , f

, ~

Brucite "
" JI

4.77 90 001 4.77 US 4.77 VS 4.76 VS I

!
2.365 100 101 2.37 S 2.37 WM 2.365 M d1. 794 55 102 1.794 S 1. 795 M 1.796 MS ' i
1.573 35 no 1.575 W 1. 574 VM

11
1.494 18 III 1.49 VW
1.373 16 103 1.37 M 1.37 WM 1.373 M

Magnetite
,

I2.535 100 2.53 WM 2.53 W
1.485 1.483 WM

Stitctdte I7.78 7.78 W 7.79 VW
3191 3.89 VVW

'\

Chlorite

l!2.02 2.02 VVW 2.02 WM

Tremolite i

1.588
,

, 1.588 VN
I
I
f

1.432 1.43 WM '1..432 VW !,,,
.", '

,, I
!,

I
I
1
I
I
I
I,
I
I
I
1
I
I
I
I
I
I
I
I

"



j'lI'.1740159• :1,. .. li:,
7. I!

Ii
\I
"SLIP FIBRE SPECIMENS ,.
Ii
I

MINERAL No. 2606 No. 2607 No. 2608 No. 2609 No. 2610 .t
LIZARDITE r
dAo 1/12 HK1 dAo I dAo I dAo I dAo I dAo I r,
3.9 50 021

.
.~.

1.536 80 202 1.537 W 1.538 W 1.'540 W
1.416 50 062 1.421 W 1.422 W 1.422 W 1.422 W 1.421 W !

An~igorite !..
7.33 100 006 7.33 MS 7.30 MS

~3.66 100 1,1,02
2.335 70 209 2.35 M 2.35 M 2.34 MS 2.35 MW 2.34 MS

,.
'j. l'Clinochrysotile ,

"
... ~.

100. / 002 •
. '

~ ...
7.36 7.35 S 7.35 S 7.35 S
4.56 50 020 4.56 VVW
3.66 100 0012
2.456 80 202 2.4;;8 W 2.45 W
2.096 50 204 2.105 VW
1.536 80 0600 1.534 W 1. 534· W

'1.464 30 0010 1.463 VVW
·

Brucite

4.77 90 001 4.78 VS 4.77 MS 4.78 VS
2.365 100 101 2.365 MW
1. 794 55 102 1. 795 MW 1.795 VW 1. 797 MW
1.573 35 110
1.494 18 111
1.373 16 103 1.373 VW 1. 375 W

i i
I

Magnetite •
- !2.98 2.98 VW 2.97 VW

2.535 2.535 W 2.535 MW 2.535 MW 2.535 MW 2.53 M
1•

1.615 1.615 VVW 1.615 VVW 1.615 VW 1.615 W

I
1.485 I- 1.485 VVW 1.485 VW 1.482 VW 1.482 VW 1.485 W

Stichtite

7.78 7. n W 7.82 vw 7.80 W
,
1

3.91 3.91 vvw 3.91 vw ,,
2.60 2.60 vw 2.60 W I

•
""

Chlorite i

3.83 ~
•2.443 . 2.935 W 2.44 W 2.44 W ,

2.025 2.025 W
2.00 2.005 VVW 2.003 VVW 2.00 VVM', I

1.510 ,

I.. ' ...,-- -..... ._~ ... ,. -_.- .._-"-- "-.- - ~.,....- -, '-'~"'; ..- J, .J

I
I
I
I
I
I
I,
I
I
I
I
I
1
I'
I
I
I
I
1
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740160

8.

fMINERAL Ii
No. 2606 No. 2607 No. 2608 No. 2609 No. 2610'

Tremo1ite
"j-,

1
,

dAo 1/12 HKI dAo I dAo I dAo I dAo I dAo I I

•
j,

1.588

J
.....'

1.431 1.431 W I

Undetermined , I:

MW 1
i,

4.47 VW 4.48 VW 4.48 VW
2.115 VW 2.117 "

f ..

" t

• • .,,
'":'

.i
;. r

•
",

,

I
I

-

I
(
f
.

.
,

I
,_.~

.'- ., ,
................_.~.."",,,. -• I
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Locality Laboratory U
Work

il
,~i

3s00N E.end TS 'j,.
"'645' PEG ,

j\

3000 ' N W.end

-~,

3000 'N TS ;; r~central zone P.R.A.

2s0()'N OPP TS .~4s4'PEG on ,

eastern end ..~
'''J

2s00'N E end TS
in road 100'
N of costean

600'N 100' TS
west of road

,
d'

TS
P.R.A.

7401()2

2s00'N.W end
nJ 200' PEG

1000'N Wend
"U 370' mark

500'N 20'N TS
of 580' mark

sOO'N 20'N TS
of 590' mark

2200'N costean
B/N 200'-245' PEGS
on eastern road

2s00'N central
approx.4s0'
mark

sOO'N opp. TS
500' PEG

600'N 90'
west of road

600 ' N area TS
N 200' W of road

HYPERSTHENE CLINOPYROXENITE
blue-grey med. gr.

GABBRO - weathered and meta­
sornatised

PEGMATITE HORNBLENDE - DIORITE

LAMPROPHYRE - black,similar to
NC 20

~ERIDOTITE ~ OLIVINE WEBSTERITE
med. gr. serpentinised.

ROCK SAMPLE INDEX

SERPENTINITE - massive

GABBRO, sheared weathered and
altered.

AUGITE HYPERSTHENITE - black
fn-med gr. serpentinised

PYROXENITE - serpentinised
black med-cor gr,

LAMPROPHYRE - dark grey dyke rock

AUGITE KERSANTITE - dark grey
fn-med gr.

Rock Type
Description

'GABBRO - serpentinised and
metasomatised -saussurite.
weathered - grey brown

'SERPENTINITE - Layered,massive,
light green
X-fibre similar to NC 16.

SERPENTINITE - STICHTITE
Bearing light green similar to
NC 24.

?TUFF - MvSCOVITE - CHLORITE
.i rich sediment FN.GR:LT. GRN.

fuehsite bearing

71/Ll-39

7l/Ll-41

71/Ll-44

Sample
No.

71/Ll-42

7l/Ll-43

7l/Ll-40

71/Ll-sO

7l/Ll-sl

7l/Ll-4s

71/Li-s3

7l/Ll:-47

7l/Ll-49

7l/Ll-s2

7l/Ll-48

7l/Ll-46

1
1
1
I
I
1
I,
I
•

'I
I
I
I
I
I
I
I
I
I
I



•

LAMPROPHYRE-ANDESITIC CaMP.

LAMPROPHYRE-VOGESITE It. grey

•,

*" iGOO'N area TS
f\J l80'W of
road

740163

approx. 200'N TS/ps
area helipad 3

00' line TS
140'N of
550' mark'

250'N area TS
40'W of road

00' line TS
N 1030' S side
of"road

00' Wend TS
'" 535' mark

600'N area TS
r'" 150' from road P.R.A.

, 00' line TS
N 380'PEG

400'S line TS
250' mark

700'S line
'N 210' mark

700' S TS
tv 150' mark

700' S.'" 200 I S of
700' PEG on road

700' S 50'S of
600'PEG in costean

700'S.100's of TS
400 ' PEG in
costean along
N-S line

1000' S E end TS
'" 950' mark

II
II
:1
"H
11".

2.

CHLORITE - TREMOLITE
rock -green-grey
qtz. veins

QTZ - CARBONATE VEIN ROCK.
talc rich

NORITE:­
prehnite
med. gr.

GABBRO- layered med. gr. qtz­
saussurite rich. similar to Ne 13

CLTNOPYROXENITE - green-grey
med. gr. qtz. veins

NORITE - serpentinite and
saussurite rich.cor gr.

ENSTATITE CLINOPYROXENITE COR. GR.
partiar'ly serpentinised altered

QTZ.-CHLORIT~ VOLCANIC ROCK
vesicular It. gr. qtz. veined

GABBRO - silicified and altered
chlorite amiliar to NC 21

GABBRO - dark grey, med. gr.,
tremolite-chlorite­
saussurite rich

LAMPROPHYRE-ANDESITIC composition
It. grey (weathered) similar to
NC 14

ENSTATITE/CLINOPYROXENITE -
It. gm. sheared, serpentinite,
saussurite

•

NORITE med. 'gr. cqtz. veins
chlorite-saussurite-prehnite­
tremolitec minor sulphides,
similar to NC.13., ~#,.. \

·i CONGLOMERATE greYI~heared contains
altered chromite

71/Ll-54

71/Ll-58

71/Ll-56

71/Ll-57

71/Ll-63

71/Ll-60

71/Ll-55

71/LI-62

71/Ll-67

71/LI-61

71/Ll-59

71/LI-65

71/Ll-68 .

71/Ll-64

, 71/Ll-66

I
I
I
I
I
I
I,
I,
I
I
I
I·
I
I
I
I
I
I
I
~.



71/Ll-77 BASIC-INT VOLCANIC AGGLOMERATE near helipad 9
1t-dk gm. on greatN-S

road

71/Ll-78 SERPENTINITE - Micro ribbon DHNC4 343.5' TS
fibre texture and brown mineral

71/Ll-79 SERPENTINITE - massive, dark, DHNC5 525.9'
mottled c stichtite

71/Ll-80 SERPENTINITE - cross fibre bearing, DHNC5 360.6' TS
chlorite and tremo1ite alteration
and talc

!
I

TS

TS
P.R.A.

DHNC7 461. 3'

DHNC7 341. 8'

DHNC5 123.8'

DHNC5 160.6'

1500 'N W-end
280' mark

1000'N E end
780' peg

740164

100'N 250' mark
near contact

costean 6000'S of
pad:2 central zone

1000'N 500'peg. XRD of
slip fibre

1000's Wend
N 275 mark

Fern Ck. costean
2000'N of Pad 2

",250' from E end.

1000'S Wend
'" 500' peg

CARBONACEOUS SILTSTONE - partially
metasomatised

3.

SERPENTINITE - dk. green massive
with magnetite

CONTACT ALTERED SILTSTONE - c
ribbon fibre. Serpentinite,
chlorite and talc metasomatism

SHEARED SERPENTINITE - minor +ve
D.M.G. sulphide

-SERPENTINITE - pale, massive c
miner finely disseminated +ve
D.M.G. sulphide

SERPENTINITE - light green massive
with slip fibre and magnetite

ENSTATITE v. cor. gr. talc rich
similar t<> NC.2

, ,. f .. ~.

AMPHIBOLITE - It.grey cor-gr.
similar to NC 12

GABBRO - weathered cor. gr.
similar to NC 3

HYPERSTHENITE - serpentinized and
steatitized

LAMPROPHYRE - grey med. gr.

SERPENTINITE - c stichtite and
• magnetite

c·

71/Ll-84

71/Ll-83

71/Ll-82

71/Ll-81

71/Ll-76

71/Ll-75

71/Ll-74 .f

71/Ll-73

71/Ll-72

71/Ll-71

71/Ll-69

71/Ll-70

1
1
I
I
1
1
I ....
I
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I
I
I
I
I
I
I



-SHEARED SERP. - c +ve D.M.G. sulphid~DHNC? 93.0'

,!
rI!
j\-,
if

TS

TS

TS

DHNC9 170.0'

DRNC9 142.5'

DJNC9 199.0'

DHNC9 332.6'

DRNC? 104.5'

DHNC7 69.7'

DRNC7 113.5'···

DHNC7 131-3'

DHNC7 295.3'

DRNC7 200.5'

DRNC7 145.0'

...

PYROXENITE - serpentinized
layered rock

SERPENTINITE - c cross fibre

SERPENTINITE - pale, granular c
stichtite and magnetite

SERPENTINITE - pale, granular,
c stichtite and magnetite

-SERPENTINITE/PYROXENITE - c minor DHNC8 290.5'
criss fibre

SHEARED GABBRO

SERPENTINITE - massive, pale c
stichtite

SHEARED SERP. - c slip fibre, DRNC8 133.2' TS
magnetite, stichtite

740165

4.

CHLORITE, CO SERPENTINE. ROCK - DHNC8 445.3' TS
altered nori~e or gabbro.sericite-
chlorite-amphibole rock

LAMROPHYRE-AUGITE MINETTE ~ from DRNC? 105.0' TS
margin of dyke

SERPENTINITE - c cross fibre and
minor +ve D.M.G. sulphide

PARTIALLY SERPENTINISED
PYROXENITE

LAMPROPHYRE-AUGITE MINETTE - c
dark bandipg,chlorite replacement
of matrix· \' "<

SERPENTINITE - massive, granular
c minor slip fibre

SHEARED SERP: - c +ve D.M.G.
sulphide, slip fibre and
magnetite

LAMPROPHYRE-AUGITE MINETTE CHLORITE
& TALC REPLACEMENT ~ c gar~etifer- DRNC? 110.5' TS
ous xenolith

J

7l/Ll-IOO

7l/Ll-lOl

71/Ll-99

71/Ll-98

71/Ll-97

71/Ll-96

71/Ll-95

71/Ll-92

71/Ll-93

71/Ll-94

71/Ll-91

71/Ll-90

71/Ll-88

71/Ll-85

71/Ll-89

71/Ll-86

71/Ll-87

I
I
I
I
I
I
I,
I
I
I
I
I
I
I
I
I
I
I
I
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if.



5.

740166

" -1,
"~JI,
I!
"

TS

TS

Noddy Creek Pad
10 25S approx.
l60'E

Noddy Creek Pad
10 255 approx.
1300'E

Noddy Creek Pad
10 approx. 1200'N
300'E

Noddy Creek Pad
10 approx 2300'S

3500'N
eastern end
approx. 579'
mark

5500'N
as above

Noddy Creek Pad
10 approx 3420S

Noddy Creek Pad
10 approx 35005

Noddy Creek Pad
10 approx. 300'E

Noddy Creek Pad
10 area near
contact c acid
porphyry approx.
4500'5 along track
from 255

DHNC9,22.7'

.
grey5500'N nne

eastern end
approx. 570'
mark

-BASIC-INT VOLCANIC - c lath felspar
phenocrysts

PARTIALLY SERPENTINISED PYROXENITE DHNC9 103.0'

ACID PORPHYRY

SHEARED GABBRO(?) - It-dk grey
med gr carbonated qtz. chlorite,
tremolite rock

ACID PROPHYRY

GREYWACKE - pale .grey-green
alightly sheared

INT-BASIC VOLCANIC - pale green
weathering c lath felspar pheno­
crysts
ACID PROPGYRY

BASALTIC(?) VOLCANIC - dark green,
chloritic micro-vesicular

LAMPROPHYRE AUGITE MINETTE - dk.
vesicular lamprophyre dyke
rock

"

BASALTIC(?) VOLCANIC - fine grained Noddy Creek Pad
10 approx. 2l00'S

ACID PROPHYRY - pale green cream
weathering (Kaolinised) c felspar,
quartz phenocrysts

TALC CONTACT ROCK - massive talc
rich contact rock B/N lamprophyric
dyke and sheared serpentinite
SERPENTINITE - massive serpent­
inite (p~S. )·with.stichtite

./ • ,. ..<'

71/Ll-l02

?l/Ll-l03

71/LI-I05
(A & B)

71/Ll-106

71/Ll"104

71/Ll-1l5
(Pl/9)

71/Ll-1l4
(PlO/B)

71/Ll-I07
(P1O/2)

71/Ll-lOB
(P1O/2)

71/Ll-I09
(PIO/3)

71/Ll-110
(PIO/4)

71/Ll-H3
(PIO/l)

71/Ll-lll
(PIO/5)

71/Ll-1l2
(PIO/6)

I
I
I
I
I
I
I,
I..
I
I,
I
I
I
I
I
I
I
I
I



Samples 7I/Ll 107-116 inc refer Noddy Creek Area Run 1971 Run 3/94

740167
i!j

1:
1

J

P,R.A.

P.R.A.

P.R .. A.

GEOMIN
P.R.A.

P.R.A.

II

Outcrop near mouth
of adit Brickljlakers
Bay 600'SI'.: of
Asbestos' Point
Landing

5500'N approx.
750' mark

5500'N approx.
750' mark

2650'N approx. P,R.A.
150' due north
of 300' peg on
2500'N line

2500' line
approx. 300'
peg

2500'N approx
3300' mark

2500'N approx •
370' mark

2500'N approx. P.R.A.
405' mark

2500'N approx. P.R.A.
610' mark

2500'N approx. PRA
630' mark

6.

.-,

SERPENTINITE-CLINO+LIZ - sheared
serp. with magnesite

SERPENTINITE-CLINO - ribbon fibre
bearing serp. with pentlandite

SERPENTINITE-LIZ - dar~ green
serpentinite v. minor magnetite.
serp-pseudomorphs after pyroxenes?

SERPENTINITE - light green serpen­
tinite with strong X-fibre and
minor magentite

"

GREYWACKE c PEBBLES - siltstone
and ? acid volcanic clasts

SERPENTINITE-LIZ 50%-CLIN050% ­
black massive serpentinite
magnetic

•
, .~ f.

SERPENTINITE-clino·80%-LIZ 20% ­
da~k green serpentinite with
magnetite, pentlandite associated
with asbestos fibre

MASSIVE SULPHIDE/GOSSAN - sample
from blue green sheared basic/
intermediate rock type near contact
with agglomerate

SERPENTINITE- LIZ.lO%-CLINO.- pale. 2500' approx.
green serpentinite, magnetite in 385' mark
shear planes minor X-fibre

SERPENTINITE-ANT& SOME LIZ 20% ­
dark green compact sheared serpent­
inite c carbonate veins in shear
planes

CARBONATE VEIN - fibrous carbon­
ate dolomitOOl ? with shearedserp?

SERPENTINITE-LIZ 80% ANT 20% ­
dark green serp. fibrous magne­
tite on shear planes

?l/Ll-117B

?l/Ll-118

?l/Ll-119.i

?l/Ll-126

?l/Ll-125

?l/Ll/l22

?l/Ll-124

?l/Ll-l.27

?l/Ll-123

71/Ll-116

1l/Ll-121

. ?l/Ll-120

..

I
I
I
I
I
I
I,
I,
I
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1
I
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740168

7. ,

INTERMEDIATE DYKE OR SILICIFIED 3S00'N approx.
GABBRO - quartz rich 1eucocratic 695' peg
dyke rock possible silicified gabbro

TS

GEOMIN
P.R.A.

TS

TS

TS

3000'N approx.
115' peg

2000'N approx.
1000' peg

2000'N approx.
875' mark

2000'N approx.
200' beyond
1000' peg

SOOO'N appr.ox.
400' peg ..'
stream section

100'N approx.
500' mark

400'S approx.
285' mark

1000' from TS
Timbertops Road
west along road to
1500' S line

1000'S line
approx. 1130'
mark

2000 'N approx.
300' beyond
1000' peg

1500' from
Timbertops Road
west along road to
1500' S line

Approx. 750'N
in stream bed
on road behind
helipad 3

CARBONACEOUS SILTSTONE - dark grey
carbonaceous siltstone partly
metasomatized c C03 veins.

TALC SCHIST - blue-grey schistose
talc rock

HORNFELS? - dark grey hornfelsized
sediment with quartz veins and
pyrite

SERPENTINITE-ANT & CLINO 10%
light green serpentnite with
fine X-fibre.

SILICIFIED GABBRO - grey med. gr.
basic rock silicified with·narrow
qtz. veins

RODINGITE AND SERPENTINITE - lens
in serpentinite. Grey with hydra­
garnet and prehnite identified

CONGLOMERATE - sheared conglom­
erate c fuchsite ? clasts

FUCHSITE RICH QTZ-CARBONATE
MUSCOUVITE SCHIST - light green
soft, sheared rock with pyrite

PLAGIOCLASE RICH ROCK - light grey
felspar rock with thin magnetite
veins

LAMPROPHYRE,AUGITE MINETTE - Dark
grey bitoite rich lamprophyre

130

131 TALC-CARBONATE SCHIST - brown-grey
sheared talc rock with qtz. zen­
oliths anp gne~n mineral-fuchsite

; ? ma,gneti'te. ;..
d

133

132

129

134

135

136

140

139 • LAMPROPHYRE,MINETTE - bitoite rich
lamprophyre

71/Ll-128

138

137
(A & B)

I
I
I
1
I
1
I,
I,
I
I
I
1
1
I
I
I
I
I
I



740169

II

II

It

II

It

II

P.R.A.

AMOEL
P.R.A.

P.R.A.

P.R.A.

P.R.A.

P.R.A.

P.R.A.

AMOEL
(TS & TEA)
thin sect­
ion and
trace
element
analyses

~l. SSE of
pad 2

DHNC2
160'-170'

DHNC 3
175 '180'

ImL SSE of
pad 2

DHNC4
155 '160"

DHRC 8
245' -250'

lOa'S line
.., 500' peg

DHNC 6
295'300'

DHNC 9
195' -200'

~L N of Pad
2 Fern Ck.
costean 1

as above
~ 2300'E of track

a.s above

~l. NE of
pad 2 Fern Ck.
costean 2
'" 2300' E of

main track

Fern Ck. costean
1.... l300'E of
track

Noddy Creek
100' S line
600' peg

8.

SERPENTINITE - chip sample

MASSIVE MOTTLED SERP. - chip sample DHNC 7
285'-290'

SHEARED SERPENTINITE c STICHTITE ­
chip sample

HARD DARk MASSIVE SERP. - chip
sample 1 .•

PYROXENITE - steatitised
tremolite-talc alteration

PYROXENITE - completely altered to
talc

PALE MASSIVE SERPENTINITE - chip
sample

ANDESITE ? - altered-chlorite
plagioclase rich

-SERPENTINITE c
DISSEM. STICHTITE - chip sample

SHEARED SERPENTINITE - chip sample

SERPENTINITE - dark green massive

GABBRO COR. GR. altered
saussurite ana tremolite rich

BASIC DYKE ROCK? - dolerite
fn. gr. dark green

ORTHOPYROXENITE - dark green
med. grained.

GABBRO - plagioclase, chlroite
amphibole

TALC SCHIST - light blue grey
derived from sheared serpentinite

146

145

144

147
.i

143

148

71/11-142

149
(NC 1)

150
(NC 2)

153
(NC 5)

152
(NC 4)

151
(NC 3)

155
(NC 7)

154
(NC 6)

156
(NC 8)

157
(NC 9)

..

I
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as above "

as above "
,,

1000'S line "
300' peg

00' line "
550' peg f

Main N-S rO.ad TS by
250S of 700S AMDEL
Li~e Anal. for

C1.l,Pb,Zn,
Co, Ni, <I.

0 line approx. " '.,
WOO' peg {~

';~

3000N line "
approx. ISO'
peg

250'N 2000N "
line Eastern
road

~l. NE pad 2 "
Fern Ck.
costean (new)
approx. 2400'
E of N-S track

5000N line ·tt

approx. 900' peg

1000N line "
approx. 370' peg

700S line "
200' peg

600' SE of " IAsbestos Pt.

!landing

.\.; NE of pad 2 " IFern Ck. costean
(new) 1500'E Iiof N-S tl;:lick

~
_i ~ oil

740170

STEATITIZED PYROXENITE
BRONZITE?

9 •.

SERPENTINIZED ORTHOPYROXENE ­
dark green med. grained

AMPHIBOLITE - It. grey green
coarse grained

GABBRO cut by a prehnite rich
vein. med. grn. green-grey

med. gr. dk. grey gabbro. Similar
to 71/Ll-57

•, _10,..~..

Massive dk. green layered serpen­
tinite c chrysotile cross fibre.
Same as 71/Ll-40

Fine gr. grey-green lamprophyre
minette. Same as 71/Ll-65

Cream chert C black spinel
crystals. Similar to rock on
5500'N line 71/LI-I05B

Black med. gr. biotite lamprophyre
dyke

Massive pyrite c chalcopyrite in
limonite goethite matrix

Grey med. gr. basic lamprophyre
dyke

Orange-green basic volcanic. rock
near contact Cultramafics: From
same place 71/Ll-44A

Light grey-green altered gabbro? c
qtz. veins. Similar to 7l/Ll-63

• Qtz. veined green altered ultra­
mafic rock with disseminated
pyrite, chalcopyrite and bornite?

•

161
(NCl3)

71/Ll-158
(NC 10)

159
(NC 11)

160
(NC 12)

162
(NC 14)

164
(NC 16)

165
(NC 17)

163
(NC 15)

170
(NC 22)

166
(NC 18)

167
(NC 19)

168
(NC 20)

169
(NC 21)

171
(NC 23)

.

I
I
I
I
I
I
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7l/Ll-l72
(Ne 24)

10,

Apple green serpentinite c
stichtite and thin less than or
equal to 1/16" chrysotite fibre
veins. Sifuilar to 71/Ll-41B.

•, ." .. \,. ..

740171

300'N line
approx. 500'
peg .

,
,.

\

..

f
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740173

I(a) Normal Cambrian ultrabasics

1. SUMMARY

Nos. 4, ?6, 7, 17.

Nos. 3, 4, 5.

Nos. 14, 19.

N.os. 1, 2, 8, 9, 10, 11, 16, 24.
These arepyroxenites (probably) now extensively altered,
by talc and serpentine.

Nos. ?6, 12, 13, 21.
These rocks have been sheared, altered and veined and
metasomatism has altered their composition so that the
original features are now difficult to deduce.

Nos. 15, 18.
More altered equivalent of I(a).

PETROGRAPHY OF 24 ROCKS FROM NODDY CREEK, TASMANIA

I(b) Strongly altered ultrabasics

IV Rocks with unknown affinities, possibly Cambrian lavas
or tuffs

II(a) Normal cambrian hypabyssal basic intrusives

II(b) StronglyalterS9, metasomatised basic intrusives

This collection of rocks contains some interesting, but oc­
casionally obscure, specimens. In order to understand the re­
lationships among the samples a classification and summary is
given below. This is only a tentative division and should be
regarded in that light. -

III Intermediate, hypabyssal rocks, probably cambrian, assoc­
iated with ultrabasics

I
I.
l-
I
I
I
I
I"
I.
I
I
I
I
I'
1
I
I-
I"
I
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2. PETROGRAPHY

7401.74

~

98
1
I

7' /L-'-I4<f

........:; .

Talc
Chlorite
Quartz

Quartz and chlorite form similarly fine-grained material in
a discontinuous network. In the case of chlorite, the long
straight zones appear to mark the cleavage of the previous min­
eral (now replaced by chlorite). Quartz forms equant, inter­
locking anhedral crystals.

2.

V Lamprophyric rock of unknown affinities

The sample consists'almost exclusively of talc (confirmed by
X-ray diffraction) in a mat of fine-grained flakes. In de­
tail, patChes of the smallest flakes are rimmed by areas of
slightly coarser talc which in turn are followed by the dis­
continuous net-work of quartz. Consequently, the rock has
a "boxwork"';'like t.exture with a zonation of grainsize within
such "box."

No. 20, possibly l~.

Nos. 22, 23.

VI Mineralised rocks

Thin Section:
An optical estimate of the constituents gives the following:

Sample: NC I :TS 26988

Rock Name:
Talc Rock

Hand Specimen:
~ compact massive rock with a dark green colour. The sample
is aphanitic but probably consists of talc. A thick crust
of red-brown weathered material has developed.

I ~cV'

I.
I
I
I
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..L
80
5-10
1-Q
3-5
1-2

Talc
Tremo1ite
Orthopyroxene
Clinopyroxene
Serpentine

Most of the pyroxene has been replaced by talc and isolated
fragments'of orthopyroxene and clinopyroxene, 3~4 rom in dia~

eter, have been veined and "rounded" by talc.
- -.

A mat of small talc- flakes has replaced moat; of this rock and
only rounded, veined remnants of the original minerals remain.
Tremolite has grown in some cases and is now oommon in assoc­
iation with serpentine.

The rock was originally a coarse ultrabasic rock, probably a
pyroxenite. Some traces of 1200 cleavage suggest the pre­
sence of some original amphibole.

740175

Some tremolite is similar in size to the pyroxene but,.although
it too has irregular, embayed contacts with the talc, it has
not suffered such extensive replacement. Where the tremolite
is veined, serpentine occupies the cracks and, in one place,
a small group of tremolite blades nests in a patch of serpen­
tine in the mass of talc. The tremolite is colourless. All
present amphibole is secondary, though part occurs in inter
(pyroxene) granular areas.

Except for the pattern of chlorite. "veins" and the grain size
of talc, the original texture of this rock has been completely
replaced by that of secondary talc, chlorite and quartz.

3.

Rock Name:
Steatised u1trabasic rock

Hand Specimen-:
The hand specimen is compact, dense and has a dark green
colour. On the weathered surface the outline of large crys­
tals can be seen.

Thin Section:
•An optical estimate of the constituents gives the following:

Sample: NC 2 :TS 26989

I
I.
I
I
I
I
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4.

740176

-1L
65
35
Trace

Tremolite
Altered feldspar
Opaques

The altered feldspar is now an exceedingly fine-grained aggreg­
age of mica, clay and possibly chlorite and its origin aSfeld-

The large tremolite crystals are generally about 4 mm in
diameter and have simple, but anhedral, shapes. In some crys­
tals areas of local fracturing of the tremolite appear to be
related to cracks passing through the rock. Two generations
of amphibole appear to be present. The alteration of one form
to the other, in certain grains, giving a curious mottled ef­
fect.

Large pale green to colourless tremolite crystals form an
interlocking texture with areas of altered feldspar. Some
intergranular areas of tremolite are relatively fine-grained
and have some radial textures.

Opaque grains, some of which have cube outlines, ar~ widely
scattered throughout the thin section.

The talc itself occurs as a dense aggregate of nearly sub­
microscopic flakes. Elongate talc crystals can be recog­
nized only adjacent to fissures in the rock.

This sample consists of relic pyroxene crystals set in a
dense mat of secondary talc. Serpentine and tremolite are
accessory minerals. Undoubtedly the original rock was ul­
trabasic in nature and if it contained any olivine, thi~has

now been entirely replaced. The rock was probably a pyrox­
enite, with minor primary amphibole.

Sample: NC 3 :TS 26990 7/1L./-/ 51 ,

Rock Name:
Altered gabbro(?}

Hand Specimen:
A weathered pale rock. 'l.'he cut surface contains sharply
defined areas of dark green mafic minerals in paler zones of
altered feldspar.

Thin Section:
An optical estimate of the constituents gives the following:

I
I
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spar can only be conjectured since the material is impos­
sible to recognise microscopically. These areas tend to
have an irregular interstitial form.

Amongst the altered feldspar and large tremolite crystals are
small (1-2 rom) patches of finer grained tremolite. Indiv­
idual crystals are less than 0.3 rom long and are subhedral
with well developed prism faces. commonly these elongate·
crystals have a radiating texture.

5.

740177

..1L
55
<5
40
Rare

Plagioclase
Amphibole
Ch10ritic groundmass
Zircon

Set in a fine-grained groundmass are extensjve1y sericitised
~lagioclase feldspars and rarer, less altered colourless a~
phibo1es. Superficially there appear to be phenocrysts but
because of the large proportion of these minerals it seems
possible that the groundmass was originally as coarse and its
present small grainsize is the result of alteration processes.

The average diameter of the plagioclase crystals is 1-1.2 rom
and most crystals are equant and rounded; some, however,
are severely embayed by the groundmass, have most irregular
shapes and sutured boundaries. Sericitisation of the plagio­
clase is ubiquitous and is especially marked in the centres
of the crystals.

This rock was possibly a gabbroic igneous rock, which had
been converted to an amphibolite. The minerals of the latter
have been almost completely replaced. However, such is the
extent of this alteration, that such an orig:l:nlllust remain an
hypothesis only.

Sample: NC 4 :TS 26991 7//'-'-15".
Rock Name:

Altered andesite

Hand Specimen:
The weathered surface is pale green and contains crystals
about 2-3 rom in diameter. The rock is compact and massive.

Thin Section:
An optical estimate of the constituents gives the following:

I
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6.
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740178

-.L
15
70-75
1

10

Chlorite
Tremolite
Opaques
Pale biotite (phlogopite?)

The texture of this rock is largely that of the alteration
products and original textures are exceptional. Chlorite
and tremolite are undoubtedly the products of metamorphic
or other processes. The pale biotite may be a relict of the
original rock. .

These two phases - amphibole and plagioclase - occur in a
groundmass which is a mat of fine-grained chlorite with
?amphibole, feldspar and/or quartz. The minerals are too
small for positive identification. In some cases the chlor­
ite crystals are 0.5 rom .long where this groundmass abuts
against coarse feldspar or amphibole, but this is rare.

Amphibole crystals are elongate flakes up to 1.5 rom long,
though many are less than half this length. Most crys­
tals, and especially the smaller ones, are ragged and al­
tered at the margins •

The initial mineral phases in this probable andesite have
suffered extensive degradation and alteration. The ground­
mass of chlorite and framework silicates has embayed the
phenocrysts of feldspar and amphibole.

Sample: NC 5 :TS 26992 ':11 It-t-IS?, .

Rock Name:
Altered igneous rock (?dolerite)

Hand Specimen:
The hand specimen is stained a pale brown colour but a bro­
ken surface shows small, dark grains of ferromagnesian min­
erals, some of which appear to be micaceous.

Thin Section:
An optical estimate of the constituents giv'9s the following:

'.
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7.

%-
40
20
10-20
15-20

3-5
Trace

Plagioclase
Untwinned feldspar
Chlorite
Amphibole (tremolite)
Quartz
Opaques

This mediu~grained igneous rock has an interlocking allo­
triomorphic granular texture. Extensive sericitisation of
feldspar, chloritisation of amphibole and veining by quartz
testify to the thorough secondary alteration suffered by
the rock.

740179

Undoubtedly the rock was igneous - possibly containing
quite coarse pa.la biotite. Now, the primary minerals
have been completely replaced by chlorite and tremolite
The replacement is probably related to a phase of low
grade regional metamorphism.

Tremolite and chlorite are elongate subhedral or anhedral
crystals qenerally less than 0.6 rom long. They form a
dense interlocking aggregate with some irregular areas of
chlorite.•

The largest pale biotite crystal is 4 rom long and most
crystals are more than 1 rom in length. Rather bladed,
though subhedral, crystals are typical. Many crystals
are both partially resorbed and extensively altered so
that a precise identification is not possible. The con­
trast in grain size between this biotite and the other
crystals sugqests that the biotite may well be a relict
primary mineral.

Sample: NC 6 :~S 26993 711~/-IS~

Rock Name:
Altered an(lElsitic.dolerite or gabbro

Hand Specimen: .
NC 6 is similar to NC 4. Although NC 6 is darker in col­
our it has the same textural features in hand specimen.

Thin Section:
An optical estimate of the constituents gives the following:
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,s'..

..L
90
5-10

<1
1-2
2-3

Talc
Serpentine
Opaques
Iron hydroxide
Quartz and feldspar

8.

In summary, this is an andesite or dolerite which has been
converted to amphibOlite, and has then undergone a final
stage of veining and replacement by silica. From an exam­
ination of the thin section it appears that tbis later
alteration is the result of relatively low temperature,
surficial processes rather than metamorphism.

Most of the feldspar shows Albite Law twinning and is con­
sequently plagioclase (albite), the untwinned feldspar is
similar in habit, alteration and refractive index and is
probably plagioclase, the twinning being obscured by the
alteration products. Most feldspar crystals are 1-1.5 rom
long and have anhedral shapes. Commonly the crystals show
evidence of some deformation. Alteration prOducts are micas,
clay and ?epidote.

The amphibole is a pale greentremolite occurring as ragged
anhedra, rarely more than 1.5 mm in length. Chlorite has
replaced varying amounts of the tremolite and some pseudo­
morphs of chlorite (after amphibole) can be Seen.

Quartz has replaced some of the rock and now has two forms:
isolated patches of quartz (and some new plagioclase) are
scattered throughout the rock, and veins of quartz, about
0.2-0.4 rom .wide. The latter show a poorly-developed comb
structure.

Sample: NC 7 :TS 26994

Rock Name:
Talcose rock

Hand Specimen:
The cut surface of this rock is a dark green colour. It
contains friable ferruginous material which is clearly weatb~

ered. A weak foliation (defined by veins of reddish iron
hydroxide) can also be seen.

Thin Section:
An optical estimate of the constituents gives the following:
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Thin Section:
An optical estimate of the constituents gives the following:

9.
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99
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7 1/1-1-156

Serpentine
Opaques

On the Whole this sample is similar to other talc-rich rocks
described in this report. It seems to be weathered slightly
and it contains nodules of siliceous and iron-rich material.
No determinable traces of primary ferromagnesic minerals re­
main. though the clusters of serpentine material are probably
replacing early ferromagnesian ?phenocrysts. Other struc­
tures suggest infilled vugs. This is an interesting speci­
men texturally and the rock may have been an ultrabasic vol­
canic rock - or a tuff.

The slide shows a mat of fine-grained talc similar to that
described in other thin sections in this suite. The other
minerals occur only in accessory amounts.

The thin section also contains a "nodule" about 1 em x 1 em
in size. This consists of limonite patches. opaqqe ~rains

and some areas of qqartz and feldspar. The last two min­
erals occur in some places as anhedra 0.2 rom across in an
allotriomorphic random texture. The quartz shows extreme
undulose extinction. .Some singly twinned crystals appear
to be feldspar.

flakey serpentine occurs in well-defined areas in the talc.
These are typically 0.7-1.0 rom across and have an irregular.
but usually equant. shape. The talc is cut by discontinuous
seams of dark brown iron hydroxides which in places swell
out to form loose. porous masses of this goethite or limon­
itic material.

Sample: NC 8 :TS 26995

Rock Name:
SerMntinite

Hand Specimen ":
A massive compact rock free of any structure or heterogeneity.
The rock is fine-grained and dark green in colour.
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Rock Name:
Altered orthopyroxenite

Hand Specimen:
This is similar to other rocks in this collection except that
in the cut surface. remnants of the original ferromagnesian
minerals can be seen in the dark aphanitic serpentine.

Thin Section:
An optical estimate of the constituents gives the following:

Such grain behaviour as is r~cognisable suggests that the
larger primary grains were orthopyroxenes.

10.
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71/t.1-157:TS 26996NC 9

Orthopyroxene
Clinopyroxene
Serpentine
Talc
Epidote
Amphibole
Opaques

Orthopyroxene is the dominant mineral in this rock. Crystals
are equant. rounded and 1-3 mm in diameter. In many places
the textures of the orthopyroxene suggest a cumulate igneous
rock. Clinopyroxene is only a minor component and oc.curs
widely but in small anhedral crystals no more than 0.15 mm
across.

Serpentine has completely replaced the minerals of this rock
leaving only isolated euhedra and subhedra of chromite. I

The grain size of the serpentine is less than 0.01 mm over
most of the slide - in other parts the flakes are bigger.
These differences in grain size and relic indications of
cleavage are the only evidence of the morphology of the
original minerals. It is likely that they were equant and
about 0.5 m in diameter. Everywhere in the slide the ser­
pentine has a flaky appearance and fibro-lamellar structures
of antigorite.

Sample:
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Thin Section:
An optical estimate of the constituents gives the following:

Bothtremolite and epidote occur in widely spread cluSter.$
or anhedral crYlltal&and have replaced some serpentine, talc
and pyroxene. Neither is an important phase in this rock.

Serpentine forms both discrete areas up to I mm across and
cross-cutting replacement veins. The latter pass through
pyroxene, talc and patches of serpentine indiscriminately
and hence are later than all three.

This is an ultrabasic igneous rock, consisting predo~nantly

of orthopyroxene. Talc, serpentine and amphibole and epi­
dote have successiVely replaced the pyroxene. The talc
forms distinctive corona structures around the. orthopyrox­
ene.
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71/1../':'158:'l'S 26997NC 10

Talc
Opa~es

Serpentine
?Olivine
Orthopyroxene

Chromite !s recognisable among the opa~es.

The other minerals in the rock result from alteration and
replacement of the pyroxene. Talc occurs as a rim around
all the pyroxene crystals. Normally the talc appears to
have grown perpendicular to the rim of the adjacent pyrox­
ene but since it is rather finer grail'led it is not always
possible to recognise the texture of the talc.

Sample.t

Rock Namet
Steatised rock

Hand Specimen:
Large grains, up to 1 em across, can be seen on the cut sur­
face - these are the outlines of steatised ferromagnesian
minerals. On the weathered surfaces these grainS have a
distinct bronze colour.
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'"Orthopyroxene
Clinopyroxene
Talc
Serpentine
Chromite

12.

Texturally the sample shows two alteration processes: the
pseudomorphous replacement of pyroxene by talc and serpen­
tinisation. As can be seen from the proportions listed
above both processes have replaced a considerable proportion

The sample shows a'cont.inuation of the al:t.eration of ultra­
basic rocks displayed by other rocks in'this selection.
Serpentinisation is only of limited extent, but most original
minerals have been replaced now by talc. '

The rock is a cumulate ultrabasic rock which has been
placed almost entirely by talc. The outlines of the
ginal ferromagnesian minerals are delineated by zones
brown-stained material and a little exsolved opaque.
differing cleavage directions in the original mineral
(?pyroxene) are picked out by the talc and this helps in
recognising different grains. These original crystals
were about 5 rom in diameter, equant and formed an homogen­
eous interlocking mass. Some small crystals of ?olivine
and ?orthopyroxene ~an still be seen.

The talc itself is a fine-grained material, widespread
over the whole of the thin section. Some recrystall;l..sation
has caused a coarsening of the talc but most still retains
the flaky, almost sub-microscopic grains typical of talc in
steatised ultrabasic rocks.

Sample: NC 11: TS 26998 7//1..1- J 59

Rock Name:
Serpentinised orthopyroxenite

Hand Specimen:
The specimen is similar to NC 10 but the ferromagnesian min­
erals are paler in 'colour and probably lee's altered to talc.
Both NC lO-and NC 11 are massive and fresh.

Thin Section:
An optical estimate of the constituents gives the following:
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13.

of the rock. All the pyroxene rema~n~ng is veined by talc
and all stages in this alteration can be seen.

The original, unaltered pyroxenes were probably 4-5 mm in
diameter, though many have been reduced to smaller dimen­
sions on replacement by talc. The crystals are rounded
and equant and many of the orthopyroxenes have distinct
schiller structure. A distinct cumulate texture can still
be recognised with intergranular clinopyroxene amongst the
orthopyroxene. The former are normally only about 0.3 mm
in diameter.

Talc occurs as a very fine-grained mat of c+y~t~+s infr~c­

tures in pyroxenes and rimming already replaced material.

Serpentinisation has followed the development of talc.
Serpentine in some places fills the centres of veins in
pyroxene, rimmed already with talc. In those parts of
the rock predominantly serpentine, this mineral has a fibre­
lamellar structure typical of serpentinites.

Chromite occurs as isolated, broken grains, usually in the
serpentine. Such grains are relicts of the orthopyroxenite
- their pale colour suqgests that they have been altered dur­
ing serpentinisation.

In summary, this is an ultrabasic rock, consisting almost
entirely of orthopyroxene. Serpentinisation and steatis~

ation (replacement by talc) have caused the replacement of
about 40% of the rock.

Sample: NC 12 :TS 26999

Rock Name:
Altered ultrabasic or basic rock

Hand Specimen:
The sample is compact and massive and has a pale green,
soapy appearance. Crystals several millimetres long are
present.

Thin Section:
An optical estimate of the constituents gives the following:



Chlorite occurs in small patches (less than 1 nun) of fine­
grained material amongst the talcose groundmass.

14.
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Tremolite
Talc::
Quartz/:eeldspar
Opaques
?Chlorite

Tremolite has two habits; large anhedral crystals with em­
bayed contacts and "included" patches of talc and sUbhedr~.

blades only altered to talc along cleavages and on the te~
inal edges. Most c::rystalsare 3-5 nun long but many of the
more altered type have, naturally, been reduced to smaller
dimensions.

Quartz forms notably anhedral, deeply embayed and broken
crystals, qenerally less than I nun.across. In one case, a
quartz crystal has an extremely irregular shape but oqcupies
an area of 3 x 3 nun. One part of this crystal, in turn.
embays a tremolite crystal and appears to have partially
replaced it. Small grains of felsic material appear weakly
altered. These untwinned grains are possibly of altered
feldspar.

Large blades of tremolite dominate the texture of this rock
and talc forms only a fine-grained ramifying network amongst
the tremolite and has apparently replaced some of it.

The final process has clearly been the development of talc.
This mineral forms a fine-grained mass (similar to TS 27005)
which has replaced much of the rock.

The origin of this rock is somewhat obscure, except that it
has an ultrabasic or b~sic compaition and the present miner­
als are products of the complete breakdown of primary min­
erals. Metasomatic alteration may have occurred.

Sample: NC 13 :TS 27000 711~/-/6'

Rock Name:
Altered igneous rock with metasomatic band
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15.

The $lide consists of two different rock types, distinguished
as white and green above. Both probably represent metasom­
atised basic igneous rock and in the white part such meta­
somatism has been particularly extensive.

-

prehnite crys­
faces against

The grain

20
45
20
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70
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5-7
Trace
10

a band of white
rock. The latter
for a coarser zone

WHlTE PART
Prehnite
Quartz
Calcite
Sphene
pyroxene

GREEN PART
Pyroxene
Tremolite
Chlorite
Quartz
?Zoisite
?Albite

The pale part of the slide consists largely of
tals, ~y of which have well-developed crystal
quartz but irregular boundaries with prehnite.
size ranges up to 1 mm.

The less metasomatised, green part has an allotriomorphic
granular texture of medium grain-size. Tremolite, pyrox­
ene and chlorite pseudomorphs after these occur as anhedral
crystal:s with a mean size of about 0.8 mm. The amphibole
is. secondary and forms, in sOllIe places, in areas between
equant tremolite and pyroxene so that'±t has a later, void­
filling appearance. Many crystals are rimmed by relatively
coarse tremolite. Zoisite forms large equant crystals and
also occurs as inclusions in albite anhedra.

Hand Specimen:
Two distinct types of rock are present:
material occurs in a pale-green igneous
generally is of medium grainsize except
adjacent to the white band.

Thin Section:
An optical estimate of the constituents gives the following:
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Chlorite
Altered untwinned feldspar
Epidote
Quartz
Apatite
Opaques

This medium grained igneous rock has an allotriomorphic
granular texture with a minor development of intergranular
fine-grained material. Untwinned alkali-feldspar (ident~

ification confirmed by staining)is the predominant mineral,
associated with subordinate secondary epidote and chlorite.

16.

Most feldspars form a tightly interlocking mass of seri­
citised crystals generally about 0.5 mm across. The feld­
spars have well-marked and simple boundaries and show an
igneous texture only slightly modified by resorption of
feldspar.

Carbonate, sphene and pyroxene (?diopside) are much less
abundant constituents of this rock.

The prehnite-rich material is thought to be a highly meta­
somatised band (?vein) within the less thoroughly metasoma­
tised igneous rock. The latter has affinities with roding­
ites.•

Cavities in this material have been filled with clear, un­
stained quartz which forms "pools" in the prehnite aggreg­
ate.

Sample: NC 14 :'l'S 27001 . 71/1...1-/62

Rock Name:
~ltered mierosyenite

Hand. SpeCimen:
A compact, structure1ess rock of a nondescript grey colour.
Crystals about 1 mm across can be seen.

Thin Section:
An optical estimate of the constituents gives the following:
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Chlorite
Plagioclase
Clinopyroxene
Or.thopyroxene
Tremolite
?Talc
Opaques

The rock is an igneous rock which has suffered extensive
alteration and replacement. The mineralogy suggests that
the precursor was ultrabasic in nature. Except for the

The epidote is associated with chlorite and has the anhedral
form typical of secondary epidote.

The coarse Chlorite flakes (up to 0.3 rom long) are generally
subhedral and. have well-developed cleavages. The fine­
grained chlorite forms interstitial areas probably derived
from the replacement of an original mineral.

Quartz forms small individual crystals, 0.1 rom across, widely
scattered throughout the rock.

The chlorite forms both elongate crystals pseudomorphous
after amphibole or ?biotite and also occurs as small fine­
grained aggregates.

An oval-shaped xenolith in the rock, about 1 em x 7 mm in
size consists of alkali-feldspar like that of the bulk of
the rock. Chlorite and epidote occur in much lower propor­
tions in the xenolith, but, ap:lrt from this, it is very sim­
ilar to the remainder of the rock.

Sample: NC 15 ITS 27002 7'1L.'-"3
Rock Name:

Altered ultrabasic rock

Hand Specimen:
Similar to other ultrabasicspartially replaced by talc. In
the cut surface many crystals 1-2 rom in diameter occur in
a dark greenish matrix.

Thin Section:
An optical estimate of the constituents gives the following:
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Serpentine
Opaques

The groundmass in which these minerals occur is too fine'"
grained for positive identification. Characteristic of
this groundmass is the broken and fractured appearance.

Same crystals consist of pyroxene partially altered to tre~

olite,.. only remnants of the pyroxene remain in the centre 1
of the tremolite. Other crystals consist whoiiy of pyrox-f·
ene or tremolite: others are completely chloritised. One
distinctive type consists of chlorite with opaques (derived .:
from the alteration of the mafic mineral to chlorite) ar-
ranged in a regular pattern, apparently defining cleavage
directions in the original mineral.

grainsize of pyroxenes, amphiboles and chlorite pseudo­
morphs no relict of the original texture remains.

18.

This is an unusual specimen containing orhopyroxene (very
nearly enstatite in composition), clinopyroxene and amphi­
bole. The texture of the groundmass may be due to inter­
granular crushing leaving rounded porphyroblasts.

All the minerals except talc and the opaques have a sim-
ilar habit and can be described together. Chlorite forms
as pseudomorphs after the amphibole and pyroxene. Most
crystals are 0.8-1.5 rom in diameter but they range down to
about 0.5 rom. The grains have irregular boundaries and
have been partially resorbed by the matrix: some crystals
have ernbayed or even cuspate shpes.

Thin Section:
An optical estimate of the constituents gives the following:

Sample: NC 16 :TS 27003 7tlL.I-Il.4

Rock Name:
Serpentinite

Hand Specimen::
This is a typical aphanitic serpentinite with bands of black
and green material cut by thin veins.···
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Other small vesicles contain quartz crystals, typically large
anhedra with relatively simple outlines.

Thin Section:
An optical estimate of the constituents gives the following:

22.

Quartz is mainly confined to the vesicles, but some small
patches occur in the main body of the rock, usually associated
with chlorite. Granular epidote is a relatively common al­
teration product.

This is a medium-grained rock with an allobciomorphic granular
texture. Alteration is shown by biotite (to chlorite) and
by extensively stained K-feldspar.

The bulk of the rock is brown~stained, untwinned orthoclase
occurring as anhedra, commonly 0.5-0.2 mm in diameter.
Most of these crystals include or are penetrated by pyroxene
and chlorite blades so that the rock has a poorly developed
sub-ophitic texture. A vesicle, 4 mm in diameter, consists
almost Wholly of K~feldspar having a radiating habit.

This rock is an altered syenite or microsyenite, rich in
a~kali-feldspar and containing as principal mafic minerals
bio~ite (now altered to chlorite) and pyroxene.

The pyroxene crystals have a distinctive form: the crystals
are equant (rarely bladed) and altered along fractures. In
some places small knots of sericite and chlorite probably
represent completely replaced pyroxene. Chlorite is also
a common secondary mineral developed from biotite. Most
chlorite flakes are about 0.3 mm long but there is a great
range of sizes, from 0.07 mmto 0.8 mm. In a few cases
"cores" of the original brown biotite are preserved.

Hand Specimen:
Shining surfaces of a micaceous mineral are present in the
surface of this black. fine-grained rock. On the cut sur­
face some crystals about 0.5-1.0 mm in diameter can be seen
but these are rather indistinct.

Rock Name:
Glassy volcanic rock (?lamprophyre)

Sample: NC 20 :TS 27007 71/LI-/68
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Little can be said of the or1g1n of this rock except that the
carbOnate and goethite are probably secondary, the latter
having replaced most of the rock.

The dominant mineral in this rock is an opaque to semi-opaque
dark red mineral probably either limonite or goethite. It
forms a rather open, porous mass of fine-grained material.
In some parts of the section two distinct phases (varying
in opacity) can be delineated.
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Dark brown .opaque
Quartz
Tourmaline
Carbonate
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In separated patches within ·this goethite are quartz, car­
bonate and traces of tourmaline. Quartz forms, in s~e

places, crystals up to 2 rom long which have grown across a
vein. More commonly the quartz (and carbonate) are' fine­
grained and their shapes are defined by the surrounding
goethite.

Sample: NC 22 :TS 27009 71/~/~/70

Rock Name:
Pyritic rock

Hand Specimen:
The sample consists. of partially oxidised fine-grained
pyrite. Some silicification is apparent. Fine-grained
limonitic material rims this "nodule" of pyrite.

Thin Section:
An optical estimate of the constituents gives the following:

Sample: NC 23 :TS 27010 7//1-1-/71

Rock Name:
Quartz (vein-filling?)

Hand Specimen:
Siliceous material has veined and fractured a pale green ig­
neous rock. Pyrite occurs finely disseminated in the latter
and in cavities (3-4 rom across) in the former. Much of the
surface is pitted and iron stained.
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Thin Section:
An optical estimate of the constituents gives the following:

Opaque grains, 0.2-0.5 mm across, occur in clusters and iso­
la~ed crystals. Many grains have cube outlines (or are
parts of cubes) and are probably pyrite.

AlthOUgh field evidence would be needed in order to decide
the origin of this rock, it appears. to be, perhaps, vein­
filling material: or at any rate, related to such a st-ress
feature.

26.
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Serpentine
Stichtite
Opaques

Quartz
Opaque (pyrite?)

Most quartz occurs as anhedral, strained crystals, generally
about 1-2 mm across. In detail the grain boundaries are
distinctly sutured, a feature indicating some weak stress
after crystallisation. 'l'he rest of the qUartz is finer­
grained, making up a tightly interlocking mosaic of sut­
ured crystals showing undulose extinction. Zonas' of 'the
finer-grained qUartz are broadly linear with parallel long
axes and between these zones there is a suggestion of weakly
developed comb-structure. In some places there is a mixing
of the two types of quartz and the rock's texture is con­
fused.

Specimen: NC 24 :TS 27011 7'/1.'-172

Rock Name:
Serpentinite

Rand Specimen:
A bright green serpentinite containing patches, about 2 mm
across, of pink-purple stichtite. The latter are rimmed
by dark green zones.

Thin Section:
An optical estimate of the constituents gives the following:
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27.

The texture of the original rock is completely obliterated
by that of the serpentine. The latter has a typical, inter­
secting fibro-lamellar network.

veins of cross-growing serpentine effectively define cells
filled with fine-grained serpentine, much of which has grown
away from the bordering vein serpentine. Within this mass
of serpentine are sOllIe large flakes up to 2 mm in diameter.
These flakes are emhayed and fractured by the fine grained
serpentine. Stichtite 'and the opaques are closely related:
the opaques occur as equant anhedra surrounded by stichtite,
the fibres of which radiate outwards frOlll the opaques. A
typical example of this arrangement is 2GJ( 8 mm in size and
contains fifteen opaque crystals, ,one of which is G.3 mm
across. These stichtite masses appear to have developed
by replacement of the opaques after serpentinisation.
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