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ABSTRACT

The HMibba Ultramafic Belt at Noddy Creek in South West
Tagmania, is interpreted as a typical " alpine type"
ultramafic body with related gabbro and diorite intrusions

and cale-alkaline extrusions.

The ultramafic belt was emplaced into Cambrian geosynclinzal
sediments as slices of upper mantile material along major

thrust planes thought fto be associated With'a subduction

gone in the earths ecrust. Despite intense serpentisatiion,,

shearing, and peripheral mefasomatism the primary textures are
well preserved, and it has been possible to reconstruct much

of the original igneous history of the different rock assemblages
and to examine vhelir possible relationships. | -

The deposits of chrysotile asbestos are localised in an
arcuate wider section of the wltramafic belt. There have been
several phazes of tectonic movement and serpentinisation of the
ultramafics, which have combined to promote fibre growth under

certain structural conditions. The chrysotile deposits have

survived a later period of shearing and uwebasomatism.

!
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Phe Broken Hill Pty. Co. Ltd. which holds a mineral exploration

title over this part of SoutﬁéWést Tasmania,-has been studying

the economic potential of the Hibbs Uliramafic Belt over a mambar

of years, From December 1970 to July 1971, a team of geologists N
from the company evaluated the potential of “the chrysoltile

asbestos depostits located at Noddy Creek in the northern part of

this belt. The author was a member of this party and carried oub
exploration in this area, intermittenily f{rom February to Jﬁne 1971. _
During this period the author carried out 80% of the detailed geological
mapping of the ultramafic complex, at a scale of 50 feet to one

inch. All tne petrological specimehs were collected, exaékned

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

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

description and trace element analysis.

Partial rock analysis of seven specimens was also carried by 4.10L.D.E.L.
! -
and seventeen specimens were analysed at the Geochemical and

Mineralogical laboratories {GEQ.HIN) Sydney.
f
The petrological work and x-ray diffractiou analysis of these rocks

was performed by the éuthor at the B.H.P. HMelbourne Research

Laboratories.

The major emphasis has been on the ultramafic rocks in order to
establish their original petrological character, distribution and
relationship with other associated rock itypes, such as the gabbroic

rocks of the mafic suite. As part of this work, associated igneous,
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voleanic and sedimentary rocks were examined in some detail
to obbain an integrated view of the association and its possible

petrogenetic significance.

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

_ petrological, structural, and chemical enviromment in which

the chrysotile asbestos has formed, in order to predict where

similar deposits are likely do be found.
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PLATE 1, View looking North from the 20N line at Noddy Creek,

across Macquarie Harbour to Mt. Sorell in the
distance:
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(1) LOGATION KD ACCESS OF STUDY ARZ

The Hibbs Ultremafic Belt occupies a narrow 25 kilometre long

strip from Asbestoé Point or the scuthern shore of Macquarie
\Ju\'u_\ g Pepinsuls t

Karbour, south cas%eé*y across the Sorell eninsulz to

Hibbs Lagoon 10 the_wést coast, and also a- circular complex

near the mouth of the Spero River.

The srea dealt within this study is situated five miles south
of Asbestos Point, in that paxt of the headwaters of the

Nelson River, known as the Noddy Creek area.

Access to the area is achieved by launch from Strahan tc

landings at Asbestos Point, ox Birches Inlet camp, which is
approximately 15 kilometres by road soﬁth-east from Hod@y Creek, .
From the landings, tracks suitable for four whecldrive of

tracked vehicles lead to a former B.H.P. campsite beside

Helipad 3 at Nodéy Creek. Bulldozed tracks have been driven
south along the ultramafic belt to Hibbs Lagoon and there

are & number of helicopfer pads in the area.

(B) PHYSICORAPHY; VEGETATION AND CLIMATE

The Noddy Creek area forms part of a gently undulating; BQO

foot high plateau, a remnant of the Tertiary Henty\suface. This
surface has been deeply dissected by many creoeks, rejuvenated
by poét glacial—uplift. To the north and east the creaks flow
' steeply over frequent waterfalls into Macquarie Harbour and
Birches Inlet, while to bhe south and west the Neilson and
Modder Rivers flow more sloﬁly in deeply incised valleys down to

the west coast.
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cre wiole area is covered by thick temperate rain foress.
Lyrtle and mssafras forest, with patcheg- of horizontal scrub,
generally covers the Cambrian sediments, wiile scattered
Bucalyptus with 2 dense undergrowth of Bauera Nanuka (ti-tree)

and cutting grass cover the ultrabasics.

The c¢limate is mild and wet with anmual rainfall of about 60

jnches a year, most of which falls in winter. The prevalling
westerly winds p:?‘ovide warm, dry conditions in sumner, when

the maximum temperature can reach 95 degrees F.; but bring cold wet
weather foxr the rvest of the year. Weather conditions usually

1imit the effective field exploration period to 8 months betwsen

November and June.

IATY OF THE REGIQNAL GEQLOGY

Ead

- A detailed account of the Lower Palaeozioc geology of Tasmenia is

given in Carey (1953), Spry and Benks (1962} and Solomon (1965).
From Early Cambrian to Middle De vonian times, sedimentation
accurred under geosynclinal conditions with marine shelf
environments late in the interval. This sedimentation was laid
down in a series of troughs developed between the Roclky Cape

Geanticline in the North West of Tasmania and the Tyennan

. Geanticline in Central Tasmania. Geosynclinal sedimentation was

f

dominant in the Cambrian with the formation of argillites and
greywackes of the Crimson Creek Formation of possible Lowex
Cambrian age (Blissett 1962) and the Middle to late Cambrian

Dundas Group of greywackes and conglomerate and its equivalents.

The Mt. Read volcanic arc developed adjacent to theTyennan

Geanticline at the eﬁé.me_ time as the deposition of the Dundas
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Gyoup in the west.

Cambrian ultramafics occur along the vhole of the 1en§th
of this geosynclmal sequence, outcropping J_n an arc from
Beasonusfield in the north, through Waratah, end Dundas in
ihe central area, south to the Hibbs Belt. The Ademsfield
and Boyles River ultzanafics occur in a separate trough

on the eastern side of the Precambrian Tyerman Geaunticline

in central Tasmania. The ultramafics appear to occur

_between the Early Cambrian Crimson Creek Formation (_Blissett

1962) and the }iiddle to Upper Cambrian, Dundas Group. This
is thought to be due to a combination of iecioenic emplacement
before deposition of the Middle Cambrian sediments, and post-

Cambrian faulting (Rubenach 1971).

Late Cambrisn granite and diorite bodies intrude the sedimentary
volcanic sequence in a line, from the north of Queenstowr: to

the south west coast at Lower Rockey Point. These were associated
with the Jukesian Movement which produced uplift and exosion

of the Cambrian rocks and resiricted Crdoviecian sedimentation to
narrow basins within the Dundas Trough. <‘he Caroline Creek
Sandstone and the Gordon River Lirf;étone which were deposited in
such basins in the region lie both con_ﬁ'bmabiy and unconfo:mably

on the Cambrian at different locations.
¢

Kxtensive faulting, uwplift, and erosion since the Tabberabberan Orogeny

has removed any record of later Paleozoic or lMesozioc sedimentation

in the region, except in the Pt, Hibbs area to %he south.

Thick arenaceous sediments have developed in the Terliary Mac-Quarie

Harbour Graben. Pleistocene uplift of the Sorell Peninsula, has

promoted extensive erosion and formation of Receut alluviun along

the river valieva to the soath
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Distribution of the C'\mbuan System (compﬂed by Bauks)
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v e 7ouS GEOLOGICAL WORK ON THR HIERS ULIJ.L\ABASIC 3ELT.

-

The presence of ultrabasic rocks ai Asbestos Point and the

5pero Rlver 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 oi‘ the Birch's Inlet
vody. The area between the two intrusive bodies was apparently
prospected for osmiridium, but with only minor success. Taylor
(1955) in his discussion of asbestos in Ta‘dsmania, J:ejectedrt‘ne
possibility that serpentinite extends continuously beiween the

two lmown 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 tﬁat at Asbestos Point the serpentirite definitely disappears
a little over half a mile south of the coest". However he did
state that the facts "do not preclude the possibility that patches

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

In 1956 a large concession in south ivest Tasmania was taken

up for mineral exploratiozi purposes by a combined exploration
g‘rbup comprising _the Mt. Lyell Mining oend Railway Co. Litd., and
Electrolytic Zine Co. of Australaesia. | They conducted an acrial
magnetic survey over the na'egion and proceeded with extensive
ground surveys over a.noms.l::)us areas including the Hibbs ul‘trama.fic

belt which they termed the Nodder River ultrabasius.

They outlined a belt of serpentinites cont:i:;uous for about 20
kilomefers which consisted of serpentinised pyroxenites, and
gabbro which were ggnerally sheared, dipped' steeply to the east
and from magnetic evidencs they were sheet like Bodies having a

vertical pitch. In theixr summary. of the economic potential of the
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sneugh not in significant amounts, (Sic), Geochemical work showed

1ne widecspread presence of nickel which w=s appareﬁtly very

firely and sparsely disseminated as no nickel minerals were

recognigeds Oamiridi:xﬁ wag virtually abeent from the axea' (Elme).

Pne 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.

Exploration in the Noddy Creek area began in the 1967/68 field season,
with the btulldozing of several miles of-acces's tracks across and
aldn,_r; the ultramafic beld, together with recomnaissance geological
mapping of the area. In the 1970/71 field season, a detailed
geological mapping and drilling programrne was undertaken to

evaluate extenéive chrysotile é,sbes’cos occurrences in the |
ultranafics, located during i)revious baée metal e'xplorafion at

Noddy Creek.

The author was a member of this exploration team and was
responsible for the majority of the detailed mapping on a scale

of 1" to 50' over the entire area, undeitaken from March to June

1971.

The Noddy Creek track system was surveyed, and a grid placed over -
the area, with its origiﬁ at Pad 3. Costeans across the ultramafic
body were cut to badrock fat approximately 500 foot (165 metre)
intervals and are referred to in; the text as the 500 foot North line |

(5N), or the 1000 foot South line (108), etc.

The author has reported the details of previous exi)loration in this
area because of the paucity of geoleogical informztion kmovm about
this part of ‘I'asmzinia, and the lack of any recent or past
publications apart froﬁ\Taylor (1955) of the detailed geology of

any part of the Bariy Paleozoiec rocks to the west ef Birchies inlet.
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PART 2 - GEOLOGY OF THE NODNDY CRUEK AREA

(4) STRATIGRAPHY

The geosynclinal sequence inte which the Hibbé Ultramafic Belt

is intruded contains up o 34,000 feet {11,000 metres) of

Cambrian greywacke, argillite and andesitic volcanies as

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

base of the Cambrian is faulted against Precambrisn metamorphic rocks
and the top of the Cambrian is conformably overlain by QOudovician
séndstone. To the east the Cambrian is unconformably overlain by

the drdovician Caroline Creek Sandsione: a considerable thickness

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

the Cambrian sequence indicate younger beds towards the east.

The uliramalfic belt outerops as a single unit from Hibbs Lagoori
to a positicn approximately 15 kilcmetres south of Asbestos

Point (3 kilometres south of Pad 2)., From this locality two

diverging bodies, the eastern and western ultramafics outerop
continuously northwards until they are both faulted out atout

3 miles south of the shores of MacQuarie Harbour.
4 :
and western bodies Join briefly a one kilometre south of Pad 2,

Thé eastern

where the total thickness of ultramalic is 1,000 metres, the
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i icvhont part of the whole belt.

~ i giudy deals specifically with the eastern ultramalic body,
it

. . R 3 - Fa .
rnd fts adjacent sediments alcng & strip 3 kilometres long and a

v {lemotre wide, centred on Helipad 3 at Noddy Czeek.

(i) SEDLENTS

The sediments to the west of this ultramafic body zre = monotonous

sequence of pale grey to black siltstones with minor bands of pyritic
cnrbonaceous sil-‘hstone, greywacke and ‘shale. "The regidnal strike is
120°R and the dips are essentially vertical al‘;héugh they lis in an

encterly direction near the ultramafic contact.

Bedding strctures and laminations are well exposed in tiack cuttings
ond along cleared traverses. Adjacent to tue ult:amafid contach

from line 158 to 30N line at Noddy Creek is a black to dark grey
pyritic; graphitic-carbonceous silistone, which from ex;su:r:es in
various costeans is highly sheared and slightly hornfelged at the
contact. This contact locks llf.ke‘a faulted contact due to the smocth
contact surface, the sheaﬁri.ng, and the straightness of the contact

over at least 1,300 metres. DBrecciation and fault gouge on the

158 1ine confirms the faulted nature of the contaci.

The sediments to the east of the wltramafic Lody have the same stzike
and vertical dips as the sediments to the west but are noteably
coarser.: They consist of greywacke, silisones, sandstones and
conglomerates, The sediments adjacent to the ultremafic-mafic
contact havé all been metasomatized and highly sheared for

digtances varying between 15 metres and 30 metres from the confact.
These altered sediments are more fully discussed under the heading

of Netasomatism.
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v aintely east of Pad 3 at Noddy Creek are several distinct

. C s »
\-pds of conglomerate 3 = 5 metres thick which alternate with

. . - y $ a
froiymnCaes and siltstones. These congomerateg contain e}onga.te

i pheaved olasis of milky quartz, greywacke, argillite, and

j‘:as;cn‘ts of fuchsite xich schist. 4 1arge-fuchsite rich pebble
cxemined by Rubenach in 1968 appeared to havehgabbroic texture

«nd zs a result was considered to have been derived from the gabbros
sscociated with the ultramafic belt. Thus the eastern contacy

of the belt may have been an erosion surface for a short interval
curing the Ceabrizn, Graded bedded from conglomerates, through
greywackes to silistone appears to take place in the sediments

10 Lthe east of the wltramafic belt. This is typical of the Dundas
Croup according to Banks (1956). East of Helipad 3 the greywacke
ic 225 lietres wide but it thins considerably to the norti and is
only 30 metres wide along the 20N line (McGregor 1968). At this
locality the greywacke is intruded by gabbro and exhibits h:nfelsed
contact rocks. Greywacke continues east of the gabbro to where it
is femlted against volcanics further to bhe east. Approximately

300 metres north of Helipad 3 several thin lenses of serpentine

intrude the greywackes about TO metres from the main uliramafic

contact. These lenses have sheared margins and some metasomatism

o) the sediments has taken place.

Approximately 650 metres south of Helipad 3, 350 metres of

groywacke is faulted against the ultramafic belt to the west,

and conformably underlies 160 metres of siltstone to the east.

This siltstone unit is faulted against volcanies o the east

end is very similar to the siltstones to the west of the ultramafics,

but is not thought-to be its equivalent.

\\

740019
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loddy Creek Voleanics are faulted against the greywackes and

Tha

si1tstone east of Noddy Creek but to the north are conformable with

the greywacke (KcGregor 1968).

Phe volcanics eve up to 225 metres thiclk east of Noddy Creek and
consist dominantly of andesitic lavas of two types mixed with tuffs,

sgplomerates, minor gpilites, and basaltis.

4t Timbertops, 7 kilometres south east of Noddy Creek, the volcaniés
are intruded by a number of bosses of hornblende diorite, quartﬁ .
diorite, and porphyritic microgranite, while at the northemn end

of the volcanic belt they are M by gabbro. The volcanics
have undergone metasomatic alteration resulting in the mtroduétion
of chlorité, calcite and epidote, with minor pyrite and cha.l_copﬁrrite

nineralization.

Minor volcanic horizons are kmown to occur in_ the greywacke units.
These are much altered, usually chloritized and silicified and
were probably porphyritic andesites and quariz porph},rries. A typical-”
¢xample 1s the dompletely altered vesicular volecanic rock present
between gahbro and sediments on the eastern contact along the 108
line. No attempt has been made to correlate the Noddy Creek Volcanics
(after Hall et al)} with other Cambrian volcanic rocks, because age
relationg have not been sa‘clisfactorily worked ou"t for these other
volcanics. <The author suggests that, because of their petrologic
compesition and stratigraphic position conformable with Dundas
Group sediments, the Noddy Crec—_zk- volcanics could be correlated ¥

with Mt. Read Volcanics to the north of MacQuarie Harboux. S

The stratigraphic details of the sucession given here,‘ were taken
from unpublished B.H.P. Co. Reports by Hall et al (1968) and

McGregor (1948), because the geological mapping by the author at
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PLATE 2,

Qutcrop of massive serpentinised and steatitised
pyroxenite, exhibiting near vertical primary igneous
layering. 108 line Noddy Creek. '

! o
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waidy Croek ;vﬂs almost exlusively confined to the ultrabasic
CBplay LIvOe TES T S : :

poiy and the immediately’ enclosing sediments.

L e g - o

+.¢ eaptern ultramafic belt through tbe Noddy C.rgek, area e;;tends
'j.n a Wik duectién from Pad 3 for a &istance of approxima.tely

3 :,oo metrcs where upen it is faulted out. To the south west from :
4

S T e R L B

fad 3 11; extends for at lea.st 2, 250 me'hres and then may be faulted
cut for a short dlsta.nce before conta.nuing on for several kllometres
ta where it thins and presumably cu’t:s out or merges a.t depth wz.th

_‘ '_the westem_ ultramafic belt.

.. Within the study area the ultramafic belt varies be'bween 80 metres
:md 280 metres wide averagmg 165 metres wide. The ultrame.z:.cs cons:.st
of banded pyroxem.te, minor perldotlt e, norite, gabbrc, serg;ntmlte,

" and minor diorite, granodiorite, and lamprophyré‘ Altered equ.wa.lents

of most these rock types outcrop extensively espec:.ally along the
‘margins of the mtrus:.ve complex. In general the ma.f:l.c rocks,
: norite and gabbro are confined to the southern end of the belt,

- but they also ogeur &s na.rrow mtrus:.ons in the north alon.g the

econtacts of the ultramafics. : All these rock types and their
metasomatized equlvalents are described’ sepa.rately and in detail

in the following cha.pters.'

(B) STRUCTURE

;(i) THE SOREL__L‘ Pmmsum

"1;:'1’116 xegional structure of the Sorell peninsula was poorly known

befare the advent of - 1arge scale mmeral exploratlon w:.th area in

' the late 195(]'5.; Aer:.al surveys :mdicated a broad zonal arr.mgement

e T el P e vk g i st g, T e Benens oot 3 . S . .

of the Yock umts, St.pa.rated by md.aor NNB trending fanlts. F;elé
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orl by mining companigs, noteably' Lyell-E.2, Exploration Company
FOI% ' S o

ot 1ater the B.E.P. Go. Ltd., hos resulted in the production of
a fairly detailed geological and structural picture of the region.
Three najor normal _S'brik_e siip .fa.ﬁl'b§ fren&ing; HE-NNE “oecur in the
vestomn part of the Sorell Peninsula, The two vesterly faults known
as the Liberty fault end the Spei'xce faﬁlﬁ have p:coduced. 8 graben..
structure, £illed with- essentially Cambma.n but possibly Precambrian
scdjments. Thls structural block is known as the Double Cove Belt

(ﬂall et al, 1968). It is flanked on ‘either side by Precambrisn

-gediments of the hodder Group which have been reglona.lly metamorphosed

" to the greenscha.st facies. The Modder Group has a regmna.l strike :

uf HZOGE is :.soclinally folded with a promment a.mal plane '

o cleavage and has essentlally vert:.cal dips.

The third major fault known as the Modder Fau_lt sepax-a.tes »he

_ Precanbrian to the west and Cambr:.an—Ordovic:Lan sed:.ment’s to the

easgt, The Spence and Modder faults produce _between them & horst .

structure of Moddex Group sediments.

The Cahb:cian sedinents and volca,ﬁi'cs east of the Modder Fault; are
known. cbIlectivél:f as the Hibbs Bel{.‘ This_ _beit has_ beén subject | |
“to tectonic stress from the"eas{l: ahd west and has subseqﬁently |
been folded into t& buﬁ# op.e'ﬁl:_?olds wiﬁh ;z.'general NANE strike

and steep to vertical dips. This compreesion has also producsd

a number of slightly obla.q_ue gtrike slip faults along which the
ultramafic and gabbroic rocks have been reintruded. These faults

ha've produced considerable vertical movement but little or 'no'

% To the south and south cast of the Noddy Creek area “the fold
- axes swing %o the sout th east and a promnant s:,mcl:.ne plungmg

- gently to the South Ea.st and capped by ordovn.c:.an sedimvlus is
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' _north oi' this area a.nother explanatwn appears to be x-equired.

It s suggested tha.t a.fter t’ne J.ntrusion-: of the ga.bbralc rocks :m

R D 740024
'-,;ell exposed. D:.rectly to 'l;he south an antlclme plungmg o the ‘

) | t
north west has been mi'erred.

(41) 7 JODDY CREFK AREA

At noady cmak the regicma.l strike is NEOOE and the u.l‘b:.abas:l.e body
Iorms a sl:.ghtly d:.scordant st:r:uc-i:ure through -t;he area. Between

the 20S line end the 6QN line there is & marked convex eastwards
flexure in the intrusive body.  This is im-f_;rpmm a5 being produced
py folding of the ultrama.f‘:.cs or by & curved fault along the WGStem
.contact of the body Ev:.dence for -the existance of th::.s fault is

widespread, and is set out belowi~

(I) H-lghly aheared serpentine ocurs at the conta.ct all exposures. e

. (2) The conta.ct rock from 208 to 50N is a gra.phs.ta,c siltstone,.

this horlzon would clearly be a weak zone the sed:.mentary
sequence and faulting could be expected a.long it.

(3) The contact is faixly smooth except for minor ;rrggularitiés'_ |
' © in. the 10N and 50N areas. Black fault gouge J.S seen in the
costeans across the contact at the 00 fool line and the 153
Iine (ref, Pla.te 3)

(4).  On the ION line 2 meires of ‘ochreous olay derived from :
="de_c;:_m1posed crushed se.rpertm;te, oceurs at the contact with
.sadi_merits. The sediments in all cases appeaT to have been
Tittle disturbed éxcept right on the contact whe:ae mtense
shearing has taken place. . [

The eastern contact of the ultramafics and gabbroic rocks is highly
irregular compared to the western contact. Intrusion and reintrusion
of the norite gabbro bodies along the contact between the ultramafic

and the sediments explains the J.rregulamtles south of Pad 3 but

' 'late Cambrwan umes ‘the area was temporarily upl:uted and. the '

:eustem con“cact of the ultrabasm body was . exposea to e*:oaion for _ "
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}CO : cnort period. The area subsided again and was covered with PR
QF e

é © wliramafic COntact.
i" as yet not totally convmcmg and is based ma.:.nly on . the

..ﬁacke-conglomerate sequence presently adjacent to the

Evn.denca for thz.s erosion of the ultramafics

o ancmw of i‘ug",\ﬂlte rioh conglomerhte clasts which exh:.‘blt relz.e

- gabbrom textu:re, ad jacent 'to tha ea:ste:cn ul‘arama-fic contact at

_ gclipad 3. Iron rich chmmlan spa.nel and ‘bltanC)mabnne-bl-te Possroly _‘./_

darived from the ultramaflcs is presem; in Specimen No. 71 /L1-58, %

Y 8 conglomerate Lrom Helzpad 3. _

: Thg imgularlty of the ea.ste:m contact at Noddy Greek may also be

u;pla.ined by the presence of cross faul‘hs cut'h:mg the co.mplex, but

there is na direot evidence of the existance of ‘such faults, .main.l.y

“ o due ta the poor exposw:e and shea.red na.ture of the rocks along the | o
contact. it may be important to note that nor"h west’ tmndmg -

aheu.rs a.ncl sma.ll faults, have ‘oeen observed in the conglmerates

md e;reywa.ckes to. the east of the conta.ct he'bween the 5&! gxd IOH

limasw These: gnears ma.y extend J.n'bo the ul-hrama.fz.c body, as has

occurred north of the 10,000 foot line, wl?eze Nf-%’ . trend-:i.ng cross

fuults have truncated the wltramafic body,

_izcsregor- (1968') hag .inte:cpm'ted'two st.-ciké' trend. fauit.s about one
hundred metres ea..;b of the serpentmlte eonta.ct. Th'ese.faults nave -
interposed a nbrrow bloek of sediments between 'i:he eastern serpentine~ .
gablro complex: and also after metasomatism of the c'e'.i.:.xman'l:s by the |
o gabbro. Wlthm the ea.s;;ern faulted block the con‘kmuous nature o.f.‘

bath the gabbro and J.“'S homi‘elsed contact rock, indicate that

either the gabbro is more extenswe at depth along the serpentmlte ‘

i ‘contaet north of Helipad 3, or, that it has-been eroded from the R

: .“_;f:_'contact where ‘the surfa,ce now exists. T

.Eclose rela‘ta_onshlp betwean 5

S thﬂ ga-’obro and no*nfels also serves to how that +he gabbro not the

| -_sez'pan..mite :E.s x-espansz.ble for the contact metasomatlsn axpeme”oaa
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PLATE 5.

-yellow—brown and light. gréen vertlcally shcared

_talc rlch gabbro._

Faulted contact between hlghly 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 the5

serpentlnita on: the contact. - ‘

e

Intru31ve contact between (?) layered gabbro weatherd

serpentlnlte ‘east end 25N line. Note the 1rregular_
;% metre thlck (7) carbonaceous contact zone:below
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s}c’qﬂ.fhe castern side of the conplex. :
ma £TO easterly strike slip faults mentioned above axe interpreted:
ali bt
e originated during the Jukesian movement of the Tyennan
Oposenys i€« la’ce Cambrian or ea.rly Ordovn.c.zan age. There has_. ‘
undeubtedly been further movement along these faults and also
| shearing within and adjacent to 'hhe ultramafic—ga.bbro:{.c complex.

This movement probably occurred during the Middle Devom.an Tabbera.bberan _' _

rogeny when.compression from the east and west produced the major

folding m the Gambra.an and Ordovician sed:.ments. A later set of
compression dlrectlons from the north east and south west produced
' the large plungmg folds situated 10 - 15 kllometres sou‘hh west of

the Hoddy Creek area.

he ultremafic body itself is highly sheared,: with move than 4/%
of the whole body being shea.z:ed 1o some deg:neé. Because of this.
tremendou.: amowtt of shearing, strike 0r. Cross faults are

unrecogn:.sable in the i‘ield as such al though they may be 'presen*b

Little attention was given by the author to the structure of the
individual areas within the complex, However téki.ng 'Ehe_ complex
a.s a whole; areas of s‘nea.rihg, 'E;hérir genéral shearing direc'bion; if
any, and the extent of shearing, were noted on the 1' to 50! ,ggologic'a.l-‘
tact maps covering the complexé(Figs 13 - 21). Elongated blocks of |
pyroxeni‘bé, seri)enfinised pyrox-enite or n{aésif;é' serpentinitel occur
throughout the uliramafic body as pods within sheared éérﬁentinite

¢

and subparallel to the intrusive margins. DBoth margins of the '

serpentinite belt. are highly sheared parallel with the ultramafic

. contacis. Shear planes around massive serpen’c:‘n*‘te- tend to pa.rallel
,-__the d:.acordant tx-ends of the contacts of" mass:.ve rock_ and resemble

: stmc’cures in incmnpetent rncks surroundmg boudins (ng’ands 1971) ‘b"f' &'A‘(u

e o

B ThJ.s relat:..onship i.s & genera.l fea.ture of the ultrdma.flc body as a

whole ana.. 1s -'const_antly. repeated r:.ght dovn to very small scale

Cstruetures,



Minox s;xuctures'in the greyWackeé'tb the east of the
ultramafics, in road cutting. Note the thin Deddlng,
1mbr1cate faults and tlght lsocllnal foldlng '

A A A e 2 1

i PLATE 8. - Typical massive and sheared serpentlnlte type 3. _
- Stichtite bearing, central zone 45N line. Note theﬁ
"\development of whlte slip {1bre along shears near

f 2
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~tne the regional compresSion of the Tabberabberan Orogeny,
Ay

-
&‘ - -

o serpentinite Dody acted as a rheid - (after Carey) and was

- aaformed mtemally by shea.rlng while the 'body as a whole remamed -
42 .

.es.mmtially intaot. Lenses oi‘ aerpentinite and gabbro are }mown

1o exist epart from the main complex and are thoug;h’c to be emplaced

by gcconda;qr thmsts genet:.cally related to the main thrust sheets.

 mhe exireme nature of the internal shearing can be seen in shear

A M i T e 8,

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

. ) -_gcaie breceiation and shearing has produced messes of unconsolidated .
\mfer-thm flakes of foliated serpen‘b:m:.te. | ¥o attempt' Was made to

‘pap in detail, minox structures such as mn.cro-crenulatlons, lz.neat:.ons : s
or tension gashes. However the- minor petrological s’smctures such |

.aJ micro~-layering were noted and are reporied in the chapter on pe+ro—

' (¢) CENESIS OF TH% ULTRAJAFIC-GARBROTC COMPLEX

P ST PR A e

g

. . The Tasmanian ultremafic complexes are very similar to each other
CE in their petrology position in the stratigraphic sequence, and time
of emplacement. 'Theref_ore it is considered quite likely that they

have gimilar origins and genesis.

It is suggested in Rubenach (1971) in his study of the Tasmanian
. ! '
ultramafic complexes -~ "that the uliramafics together with the

e R U e e

gabbros, dolerites and églca.ziics associated with many of them; |
' _ originally may have .fomed' as oceanic crust dﬁring the spreadihg
1 ~apart of the Pmcambman blocks in the late Proterozo:.c ox early
L :ﬁ’ii"Gambman. Dux-mg tho ea:cly' phase of ’che development of ‘che I:It. Reaﬁ 5
' 'Volcamcs as an J.sland arc, sl::.ces of th:.s oeea.nlc cms‘t were . tectom.call_,'.

) __ emplaced as the ul tramai‘ic or ophwll’ce cmnplexes"

l . genesis of serpentinites.
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.hoories of genesis of this type of complex.

o T
PRI

iy nI‘ the regional geolog and the deta:.led geoiogy of the Noddy
o nk uwn, mm enmbled. the a.u’chor ‘so propose & ’r.hao:'y of the genetic

wintory of the complex.

o0 uliramafic body is considered to have p0351b1y originated from

a msﬂd formed at the mantle-—crust interface by hea"hmg of the upper

U pantle meterial. Hovement along a subd.uctibn .zone in the crust produced -

a trouch in the developing geosyncljne between Preéambi'ian blocks in

-m;cm Taéménia. Continued movement of the crustal blocks fa.cn.llta:bed .

tho upvard movement of the da.fferent:.atmg magna into the crust. .

Puriodically, +ectonic movements emplaced the ultrama;fm ma‘te:r:.a.l

az crystal nmsnes, along low angle thrust planes :x.n‘bo the eugeosynclma.l

soquence of Dtmdas Group sedments. Rapld cool:mg of the ult:r:amai‘lc
body during emplacement resulted. in the body beha.vmg o:c:.gma.llr

1ikc a hot crystalline diapir, and finally as a cool czystall.‘..ne
partielly serpentinized, layered in.trusive emplaced concordar:tly and
bounded by thrust faults. As the temperature of the 'body cooléd

bolow 500 C pervas.ure part:.al serpentinizatlon ’cook place in the still
rising body. 'l‘lus was i‘ac:x.ll'cated by ‘the a.bsorptwn of wa.ter f:com the
u\irruunding sed:.ments. As a "cool" intrusive the body progiuoed no
marked metamorphic c;ontact auregle :Ln the higher reaéhes of the crust.

? ’ )
Shortly after this first phaze of serpentinisation, gabbros and

narites weve intruded into the ultramafic body and along its contacts
with the sediments, Some metasomatism_aroun& the edges _'of these

mafic rooks may have taken place at this time. In fhe Middle Gambr'ian |

. eontinued thmsting o:r' genex'al npl:.ft of the sedimenta may have briefly e

eqused the complex to eroslon, givmg Tise to ultrmaflc detra.tal

\

'mate ial :m the overlaying sed:.ments. o o

740030'
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'a.h}in& type' uld cremafic body and very similar to the ot‘ier Cambrian
" mm.fms in '.I.asmanla, and to the ultrama.i‘lc bod.z.es in the G:r:ea.t

Sg:pentine Be],ts of New. Sou‘l;_h_ Wales,

-m,ig proposed genetic theory :.s elaborated upon and discussed. in

lntcr chapters dealing with the prmary ultramai‘a.c and mafic rocks.

. The ultramafiu-mai‘:.c body a.nd rbs suxround:.ng sediments have undergone_

" conaiderable and va.r:x,ed changes due to meta.morphism. '

Ccﬁerally-the Cmm'ia'zi sediments have not éxpez:ienced any _appreciéble

mutﬁmorﬁhiém during or after conéol_idation and téctogenesis. Zocally,

hoﬁéver, considerabie metamorphism has .océurred around Cambi'ia.n acid

to intermediate intrusions such as are i‘ound 9 kilometres south east of

' Hoddy Creek._ At Noddy Creek, the ultrama.flc body has undergone a.lmost

comp,leté serpentinisation which was followed by metamorphism to a _small
“dogree. The mafic rocks, experienced cnly minor serpentinisation

but were highly metamorphosed especially along the marging of 'hhe bodles. N

The Lamprophymc dyke intms:.ons, a.nd the sedmen‘bs surroundmg '!;he

mtmsive oomplex, have also been pa.rtially metamorphosed. :

The serpentinisation of the wltramafic body is dealt with under the

section headed serpen'l:isation. All the rest of the métamo:cphid 'chahges R

have been grouped under the headlng of Me-l:amorph:.sm and lietasomatism

- and are reported in "bhat sect:.m.

B
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- petrology of this body is desc:clbed under the five general hea,dmgf'
Th

intcd below ¢
lisved B9 A. The Primary Ultramafic ROcks o

i B, The Primary Mai'lc Rocks.,
' ' C. The Lamprophyra.c Suite.
D. Se:pen'bm:sa’cmn. e
E. Metamorphism and Metasomatism. L

It was dec:.ded to study the body in this way in order to n.llustrate the '

B T R TN T Wi VR S P S

genetic sequence of these complex rock types and ‘bhe _series of a.ltera:l:-:n.ons o

" that they have been sub,jected to.

- gf;:”" (.;,) PROWAKY ULTRANARIC ROCKS.

q T Ag deseribed prev;.ously almost the whole of the or:.gmal

: % o ) ultramai‘ic body has been serpentinized. Unserpentmn.sed |
o p::ima.:y rocks are fairly rare and are only found in the
central parts of massive blocks of margmally serpentinised

o pyroxem’oe. Three such blocks exJ.st at Noddy Creek.
' he first is the western part of the_ body from the 45 line to
10N line and the second and largest block in the central

part of the belt from the 7'.S line .td the 153_ line. A third

minoxr body 'ou‘ccrops so‘uth of the 00! iine to the 43 line on the

eastern side of the ultram&f:.cs, and may be the northern extensvon

- of the second bloc.k._ Massive pa.rta.a.lly serpentm:.zed pv::oxen:z.tes
outcmp as pamtly rounded ox. pod shaped bodies m se:r:pentmite,
which are cove:ced by a .bui‘i‘ coloured iron rich weathered crust
about 1 cm, thick. The la.fge outcrops of primary ultramafic |
rock have a thinnex wea:bhered crust and are dark green to
black in colour depending on the degree oi‘ serpen'bmn.zatlon.

They also exhibit layermg which is emphased by dlfi‘erent:.al

o _l_‘-}fweathering a.f;‘ ind:.vidua.l 1ayexs.

" G e ettt oy i waci v
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: The prmary ultramai‘:.c rocks are ccnsxdered *l;a have _been SR

740033

(1) €1 ascificetion.

m.in seetion rock descrz.pt:.onc' hs.ve been muie by the author
| and bty AJLD.E.L. i'or a mzmbe; of specinmens i‘rom the first two
yoc};g of masszve prmaxy. I‘OC;{S. These have i‘omed '!;he ba.sm _ |
for the classification of the rock types at Noddy Creek. The_
ultracafic assemblage is gn.ven below T '
1., Peridotite | :

" 2, ‘Viebsterite
* (a) Olivine Websterite
(b) Enstatite Clmopyroxenlte
(e) Hypersthene Clmopyroxamte
.(d) Augite Hypersthenite

3. Clinopyroxenite
4. Eypercthenite _
5..._ Enstatolite = Bronzitite -
: 'With only ohe:-exception all the Primary rocks examined were
5; _ .pyroxenites._. A wide range of pyroxenite rpck't'yﬁe.?, from w
| elivine clinopyroxenite through to monominez‘:alic or‘tho’pyrbxenites
much as hypersthenite, have been identified. A study of.T “the |
serpentine textures of specmens". within .'or marginal to these
massive serpentinized pyroxgnite_bllo_ckg has showm that olvine |
was pmsént in phazé 1ay'eré. Sox';ue.'of the éErpentinites vré'we
probably formed from olivine rich rocks such as Lherzolite,

harzburgite and other var:.eties of per:.dotlte. _

Thus it can be showm that the pmmary ultramaflc rocks at

Hoddy Creek,. are pyro;:enites \uth a. small pe:r:centage of

perido ‘L:Lte .

(ii.)PRmARY P’ImERALOGY AHD mewms

- _--'ezysta.llz.zed wa.th:.n a ma@na chamber a.nd exh:.blt ty‘pn.cal cumulate

~

w

'textures. y | "
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o gumlus ninerals identified are 3

1. Diivine | | |
2, Orthopyroxene L . o | %
3. Clinopyroxene ' o ‘ .
-4, Chromite
--_S.'_ Hagnetite '

giivine

As ctatcd previously olivine is rela,t.wely rare. This is partially :_5,,
5
. due to ’che fact that ol:.v:.nes are nomally the fn.rst mmeral group e

affccted by serpentmisa.tion so it is not surprz.smg tha‘b 1ittle

unaltered olivme occurs in these rocks ard :Lt should be expected

hat pendolz.tes or:gmally were present in larger amounts at

o

1;955_\{ Creek. The. presence of detm.tal osmirldn.um and goid m B

the Big Gravelly beach area on the southern shores of I:Ichar;Le |
: Harbour :‘_.ndlca'te the presence of pendot:.te rocks at the n_o:c:i'.hf-;m , _
_ Lot

end of the Western Ultremafic 'Be:_l.-b ebout 5 miles north-north west |
of Noddy Osesic. The oldvine is prosent es smell fo mediun .Siz‘e‘i?i.} |
| dqumt," é\J«'flefiraf!.--:en:tbl:n‘-'~-.6.:::3,1. or rounded crysta.ls.: In-sp.éc'imezlz' B

71/11-53 the olivines in the peridotite phaze a.\rerageﬂl,sm"il} ._ "

diameter while in the olivine websterite phaze they average 1.mm

varying from C.5 mm to 1.5 mn in diameter.

o '_'Serpentinisatlon of the olivines produces a typlca.l feather

" or hour glass mesh texture in the serpentme w;thm wh:.ch the

original equant crystal bounderles of the olivine can somet.unes

‘ ' N
be faintly dicerned. This is especially obvious when opaque material
resultmg from the serpentmn.satlon follows fracmres in the

original olivines sad along their crystal boundaries (Ref plate 27‘)

The Orthopyroxenes are the dom:.na.nt minera.l Snecles in. the

'primary ultramafm roeks. _' Hypers‘chene and enatatlte ars both

-
~ e

I comon const ituenu..-. oi‘ 'l:hese rocks and Bronmte is a.lso uuspected.

Bronzn.te has not bean po.::.t:.vely 1denti..3.ed because all the o
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_ proncrta.es. Clmopyroxenes in fact have been a.denuf:.ed in-

ﬁhich outcrop at Noddy Creek. In the ultrama.f ie rocks and __

B S | |
zinerals have only be identlflecl by op tlcé.i methods'and nof by 74 003 3 Rl
chenical or ane.lytical ‘methods, such as X-ray d.iffractioﬁ. '

Othopyroxenes are present as cumulus minerals only in the . -
sehoterites, but they occur al#‘o as post cu::m]_-.t‘ls material in the |

owtnopyroxeni{es'.‘ ‘In clinopyroxene rich rocks, the orthopyroxene

nay be g:reseni only in exsolution lemellse w-itb_qliﬁopy'roxenes,. '

or a5 subhedral orystals, usually with schiller texture, which

crysta.llized first and are s'ca.‘_c_?a_ered 'thr_cmgh the _clinopyi-oxenes.

€1 inonyroxene R . ' L . 4

Cl:.nopyrozenes ars also a common prma.ry rock const:ntuent and

are talcen {0 be mostl,y wgltes on exemina‘clon of thelr Opta.oa.l :

-almst a1l the primary 1gneous rocks mcludmg the lamprophyres '

particularly the viebsterites, clmopyroxene is present mostly as

-_pdst-cxmmula.s material. This has an average diameter of 0.3 mm

~ between the large cﬁmulus orthopyroxenes with diameters in the

| range of 4-5 mm, Large cumtulus clinc:pyroxenes u;i'to 4m§i” and 4. 5 mm R

in ala.meter pcour in clmopyroxem.te and olivine webs-!;erlte reSpectivply

CYinepyroxene is also present ag exsolut:.on lamellae W:Lthm 1arge

| orthopyroxenes exhibiting sch:l.ller texture 'l‘w:.ming in the _:

clmopyroxenes is. qu:.’ce COMMON 5 pa.rticularly in the large

cummulusg crys'hals bu'b a.lso in the mtersti‘bal pos’c cummlus :

material,

Chrcmité

Ghromite-has .beeniden-’;;ii‘ied in thid or polished sections of

most of the uitraina.fic :roc-.ks'. including sepentinites“. It. is présent'

as a _1-2% minor constituent cumulate mineral between the pyroxenes

N and occurs as.é_quan‘a, euh_edial to subhedral @xyétals.

~Chromité is scattored in an appavent rendom manner in both pyroxenites - -

oand s_erpenﬁ:i_.nite;?.', ‘being dis'seminatéd__'ei(enly $hrough arock When"i’c-
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N i"‘ -;rel'f*e.nt- However rt appears to ocour preferenma,lly m
RS PSR

ek owvexenites and websterz.tes, in deference to
¢

Celin opyroxomtes and, pemdotltes. This may be a 1oea.l +rend

ﬁr nay be entirely misleadmg, as only a dozen thm sections

of the ¢ rocks were exa.mmed. '

u‘:‘ . wm

i mrere is ﬁo positive evidence to0 éuggest_ that this mineral occurs

A ¥

55 B primary cumulate mineral. It often does not 6ccur in the

pasgive pyroxenites and when it is present the rock is pa.rta.ally

grpcntmlsed and most of the magleti‘te oceurs vr:rbhm fr...ctures.

it R o s i e BN a e Emlnd

L uo-;cver some equant subhed.ral megnetite’ crys’sa.ls which may ha of |

3 srimary origin ex:.st m.thm the pyroxen:.tes.
i xertures in the Ultramafic Rocks. ‘ o
f The ultr._mai‘ic rocks exh:.bl’c typlcal cunrulate textux-es. T.he._
| i , __ peridotlte layers (ref. 71/L1—53) show tha.t ola.vme was the
E; o first cumulate to ifpm, followed by m:.no:c orthopyroxene andl lastly

" ¢clinopyroxene. The clinopyroxene formed as cumulus minerals

.cspecial.ly neé:c the marglns of the layer, but ) usually it occuri'ed.

as post cumulus material between the other two mineral‘phas_f'as.

]

Chromite iz netibly rare 1"" or absent Trom the per:.dotﬁ‘e layex-s.

This specmen exh:.b:..ts a ratio conta.ct batween Pera.dotrbe and

Olivi_ne Websterite.

Specimen (7i/Ll-101) is completely sérpentiﬁigéé howeve'r* '.t’*xe'
textures in the serpentme indicate the former presence of olivine
and. orthopyroxenes. Side grading in the mmerals appears ’co ocour
in one layer. At the “baée" iarge planaxn 1amiﬁated bagtiles

; o (2-3mm in dia.me‘ber) give rise ‘r;o smaller bastiles wi‘bh possible'

7 intercumula.te se:r.‘pentinxsed olzvine remnants. This in tum grad.es'

up to inda.stmquishable .&.erpentme ma‘beria.l,n;possa.bly fomin,_,

. -='__a.i‘ter Sma.]l ol.;v:.ne crystals. Abova this i‘:me g*'a.med Serpen'l.me

N ‘_,layer serpe*xtme w::tn much coa.rser tﬁx'buxe 1.;. pre ent. .,qgge tlve Y

5-*
¥
:
4
3
;
:
3
A
k-
p-




2 o SRR
Qn:' o# forser large cummilate PYI‘OxenES- The change in the dls{"r"b"‘tlon SRR TR
wrd cmount of opaques between the 1ac{eI'S is very marked. La.yerinw - | i

[ {5{} H)PS1IH

.r..,d olivi.ne webstern.ta.

L .'mhj.s layer 4

- _. ol;wme ancl 15’;‘5 orthopyroxene w:.th 'braces of a.ltered chrow.x,te.-

N

. 23 -

T s

(s r1c0 evident in the hand specimen. It a.ppears that this specmen

_ ew;bitﬂ crys’cal graded bedd:.ng as vell as phaze contacts between '

)
X

;m,ara- Sp@aimen (71/L1-164.) exhib:.‘aa a.pps.rant phaze layermg in
serpentinite (Ref. Pla.te 27) with. dn.stmc’c tex‘i::ura.l culou:t: and

pardness dszerences 4between layers of-permdotz__te_ a.nd pyr__oxeni'he._ :

f"iI'D‘I‘IOHS OF ROCK TYPES

{a) '*r-ridotm Specmen No. 71/L1—53

“;u thin sect:.on of thns spec:.men crosses a rat:.o boundary m the

r,,."ﬁ‘, and thus twcr rock types occur in the one slide. '.I‘hey aa:e Pemdotz.te i

’*m mridotite layer contains about 75‘}4 oliv:.ne, 20% aug:.te and 5% enstat:.te. : : -

- ""w olivines are equan’c and ea.\rea:r:ff!-&‘B 1 Smm in d:.ame*er rangm{g from-0.6 mm -

go 2, 2xmn They are subhedr.al when in conta.c‘l: wrl:h other clmvi.nes and
euhedral in contact with clmopyroxenes wh;.ch fo:cm both cumulus and post _

mulus matenal. _

;a.lc has begun to repla.ce the olivmes ‘and orthopyxoxenes ma.rga.nally and
along fra.ctures. _ Chrome spinel is not evment in th:.s pha.ze of the spec:l.men
and since there is lz.ttle serpentmisa.tlon, mag:atn.te occu:r:s only in trace

© aaounts, mthm the r~c=:x-1:>ent::mee i‘illed i‘racmes. (Ref. Plate 9)

(v) \?eb"terite
Four varieties of this' group of pyro:cem.tes have been :Ldent:,fled

(1) QLVDE VERSTERITE  Specimen (TL/I-53).

! :_the i peba.men cont‘ams 4§,v clmo;:y roxene, 40‘%

i : .

Tbe ol_ivi@e are smallex than in the, pezfiétiﬁi%e 1a:yfa_r and average



PLATE 9. " SPECIMEN 71/L1-53 PERIDOTITE BAND -

PLATE 10,
~The olivine is being replaced by talc (top left)

. tremolite (centre left) has replaced former cllno—”
‘pyroxene, it is fractured and filled thh chlorite. .

b

e Sl

o

p -
PIELHE TR Y

Talc is rimming and filling cracks 1n the ollvines.
Amphibole (tremolite) is. formlng in the matrlc between

'-the olivines and- pyroxenes. o MAGx2. SXNLCOLS

1. Omm
SPECIMEN 71/L1-53 OLIVINE WEBSTERITE BAND ¢

The

MAGx2 thICOLS

and magnetzte crystals.i T

.
s . !

/.

™ 2om >
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They are surroundcd by 1arg9 augites up to 4.5 mm

vem in dxamcter.
sometimes twumed and exhlbltlno crude planer 1am:.nat1.on

In Yiamc'ﬁer,
‘ru-ﬂllcl to the bmmda.ry of thé rock types. Larg-e ortbOpy-roxenes,

a in diamete:r:, proba.bly ma.r ensta.’crl:e in composi't:.on are scattered

in f-mu groups through the rook. . Chromz.te now almost c:ompletely

altered to titanomagnetite oceurs as scattered roundad. gra.ma.

~mplite and/ or hornblende is aliering from the 1arge clmopyroxenes

LR

i foms subhedra.l laths w:.th rag_ged.ends due ‘to_ growth paptterns : ‘

g the tremolite., (Ref. Plate 10)

(11) BSTATT ESATITE CLINOPTROXENTTE  Specinen (71/L1-56) S
 his is a lirht grey medlum-coarse grained massive rock. It ha.s ST
| .been partially sneared serpentmmsed and meta.soma.t:.ca.lly altered

to tremolite-chloxite and tale (Rez, Plate 12). The B

clincpyroxene probably a:ugrte has remamed essent:.ally una.ltered

and constrbutes approximately 60% of the rock; Enstatite w

ofiginally approximately .40‘/”'0 of the rock, exhibits schi_llef

texture with chinopyroxene exsolutionllamellae, all but 5% of

the enstatite has now been a.ltere&. -The first alterata.on product

wes the formation of bastite _pseudamor'phs after the .epstatite crystals

o end was followed by tremolite-chlorite as felted masses in shear zones.

g lrregular late stage serpentine veins appear to cut acros'slthe_

pyroxene crystals at a high angle to the cleavage and are subparallel
to each other. These serpentine veins. have been partially altered

to chlorite and talc.

Very minor opa.ques are present, and are probably a m:.xture o.f.‘ cumulus .

'-inisa'l:;.on of enstat:.te. :

| '_ﬁ,‘chromite and magnetite produced oy sez i

.\.
-
- -

Specimen (71/L1-6¢,~) Thn.s :cock was very s:xmila.r in Ol‘le,mﬂ.l composrt:;on o

% '. " to the previons specimen. - The twmned clmorvroxene remains most‘i,f -

1



PLATE 12

- - The pyroxenes have been replaced marginally by talc.

cut the rock. Subhedral (?) chromite crystals occur i
w1th1n the pyroxenes.‘ e MAGxZ SxNTCOLS @

,,Thls rcck 1s sllghtly crush°§"

ﬁ_f’zones. Note the thnnlng'iﬁ the cllﬁ@pyloxenes and ﬁ;
._bent laméﬂae 1n the shear-zones. L MAGx2 5xNICOL§

SPECIMEN 71/L1-157: SERPENTINISED ORTHOPYROXELITE

Late stage serpentine veins with fibro-lamellar texture!

e T

g s ey e

SPECIMEN 71/L1 56
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red butb the Enstetlte is cul. b*r J.rregular serpentine veins

u,;_:fi,t
1 there is ‘minor ‘tremol:.te md chlorite al“i:era.t:.on of la.r“fe
ials of enstatlte w:.th exsolutlon texture "'he tremol:l.te

gryTh

s formed from the exsolved oiebs of elmc.\pyroxene. Ebctene:.ve

x:'f't'-» of saussur:.te end clay appeer to be al‘tera.tions of orthopyroxene ‘.

and possibly also clmcpyroxene.

\;11) IIYmRS"‘ﬂT" CLHIOPYRO)CENIT‘E‘ Spee:.men (71/L1-49)

o.«jsj_na.lly clinopyroxene constituted 6055 of the rock and orthopyroxene _
tvc remaining 40‘7'5 but s:.nce :Lts erystalllzatlon 't;h:.s roelf he.s S
b-cc'x .,ub,]ect to extensive alte:ca.tlon proeesses. The clmopyroxene

‘ reuains essentlally unaltered and is present a8 equl"granule.r

- subhedral cm*mnmlate crysta.ls and large poﬂ«:ahtm poet cummulus

| crystels surrounding ‘both cummulus orthoPYroxene and clinopyro:rene

.(Rcf. Pla.‘be 14). The .h.,rpersthene is .a.lmost eompletely al‘bered‘

| 50’5 of it fommg anphibole = nrobably homblende and the st altermg

to cloudy brownish material comuosed mostly of. calom.te whmh

replaces both amphibole and hypersthene. ZEpidote is also suspected
to have formed with the amphibole b’ut only cons‘cimtes l% of the rock.
§.

Tithin and ad,jacent to minor shear zones through the rock tremot:.le

'-nd talc have formed, No opa,cues were v:.e:.ble in 'l:he seet:.on. '

(iv) AUGITE MYPERSTHENITE (71/51~50)

This specimen is a hard dark grey to black, medium grained, massive,
highly serpentinised pyroienite. Clmopyroxene forms 5;0 of the

rock and is largely unaltex‘ed althouzh amph:.bole has formed margma.lly

‘to crysta.ls a.nd also replaces exsolution lamel laa ef elinonyroxene o
-__‘:'ﬁ"in the hwpe::sthenss. The orthopyroxenes, origmally forming 90’/5

of the roek are ncw alter:mw 6 Serpentma in 'bhree foms i R

S
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PLA?E 137

_PLATE 14,

SPECIMEN 71/L1-49 HYPERSTHENE CLINOPYROXENILE :
_The large orthopyroxenine (bottom left) has been almost.
completely altered to chlorite (dark) and tremolite-

ular crystals.. The clinopyroxenes (centre right) -

_'SPEC:MEﬁT71/11'158-' STEATITIZED DRTHOPYRDXENITE
-"Tale has almost completely. altered this rock.  Only: the
“putlines “of the original pyroxenes -and c]eavage tracesi

actinolite (light) crystals as fine needles or as’ 1rreg

remain largely unaltered. . *”"*MAwaOxNICOLS

1nd1caLe the former cumulate rock texture. .
= MAGxZ SXNICOLS
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nyntile p«'eudomorphs after uhe hypersthenes.

te

L2t texture serpentme :ceplac;mg the hast:.te

3 L,f,e .,tage se_rpentme vems-

; .,z ‘;w.d chl-o.x-;.l.;e.fom. late atage veins replwms the Serpentme.
i r.~ ghlorite forms 1lglit—dark green masses w:.th poss:.ble Tare '. S
; ..J,u,’.-;..inoe" ore exh:.blting deep blue J.nterference colourS.
% o xc::ite crys‘hals wh:Lch form ﬂ of the rock are fraotured and embayed. e

Lty are. scmetimes equant and others axe rounded probably due 'bo K '_

;;..rginal I‘oma.t:.on of tltanomagnetlte durmg serpentmlsation. a .' ;

gf"*' W (71/I=1-55) N o |
i v band ‘,peca.men th:.s rock J.S green to. grey, med:.um gramed and part:.ally

mwd with tensmn gashes filled by g;n.a.arbz. 'I'he aug:.te c::cystals
o v‘v.::‘h up to 4 mn in d:.a.meter, are dlstmcﬁly 1am1nated and twms are
I .w'mo The cxystals are subhedral to anhedral m outlma refleﬁ’tmg
23 cumulua nvergrowth fllllng the mterstlces between the cumulate
¢}inapyroxenes .. Shea:c_a.ng has ‘bent the augite lamellae ad;;acent to |
s'mm and has formed crush zones 'oi‘ Brcken augite crysta.ls. The éugiﬁés . :

b wvcostly eltered to ‘tremolite and then tale, and set in a mateix of

: 83 mmhed chlmtzsad pyroxene. Opaques appee.r to be absent and ls.ttle

o.no serpent:.sation has ‘c.aken nlace. _ : _ o

{4) Bypersthenite (?1/4-69) 4
Tuls specimen was preliminarily iden;bified in the field as a bronzitite
C§ due primarily to the doarse gramed, euhedral mterlockmg texture of

_ ._?, tfm pyroxanes. In hand apecimen it is a lz.gh'b '!:o da.rk green:.sh grey

"':;mak which .is partially serpe-ntmiaed. : Mzcrascb _ammatmn uuggast

A !i.lthat 'L'he orthopyroxene 'is. mostly hypers‘hhene o_. ich 50;0 ha.s neen

: altered to serpen’cme a.nd talc. _ Some altered ‘crystals E:Ih:l..bl‘l da.allage

I*ﬁltmg &nd *he orig:.nal cnl:.nopyroxer\e __in‘t: ‘rgrowths h:v.re bcen altercd
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nornblende. Tale has extensively replaced the pyroxenes along -
3o nod ” ' - :

ir boundaries and along fractures as a matt of fine grained flakes
‘::".j. - | . . ) ’ . i
wich constitute 40% of the rock. Epidote is rare and replaces pyroxene
¥ _

:3acent to fre.ctures. Serpentii"e occﬁré as 1a.rge late ‘stage veins‘of

¢ibrous and nen. fibroua material and is pmially repla.ced by chlorite

i AT i g T

{n the centre of these vems. _

i

ES
T
3
g

{e) .éhéiatolite - Brongitite (71/11-10)

';sn:»vious workers at Noddy Creek have de'scribed orthopyr_oxenite rocks
1 _

fr*o:i the 108 line as enstatolltes and. bronz:.tn.tes. Palethorpe

T
% yimt:.i‘led two enstatOIites i‘rom the dmll core of DDHL in  the _
: % ‘ mt area. The author personally ha.s -not described such rocks,

};o-*cvcr spec.unen {71/11~158) desc:clbed by AJLD.E, L. but exammed

In hand apeca.men the rock is coarse gramed w:.th large grams up to |
1 cm across of steatitised :E‘erromagnes:.an minerals which on jhe weathered -
nurface ‘have a dlstmct brenze colour. A detailed pe‘trpgraph:.c stud.y'

of this specimen is reported in A.M.D.E.L. as sample I\TC..I_E)"_(Append:'x 3)

- Specimen No. B6274 (B.H.P_. Rock Iﬁde;c_). ‘frem the 00 fo‘ot.ﬂ_liﬁ_{e as

. l-,\i" - Noddy Creek w.s,s' deéﬁri‘bed by Cor‘bett a.s an erista‘bilite. I'I: shows -

g “iz\t:erlayered bands of fine a.nd coarse enstat:d:e wa.th J.ntergrown green
crystals of enstatlte—cllmopyroxene, replaced by an'blgor:i.te. Ignecus

banding is sharp but not usually sheared.,"

| Thus it is seen thet both enstatolite ind bronzitite form par'E-of

the primary rock assemblage at Noddy Creck.

- _(W);Seoon azy Miners)] ation"_.f_'i:_

o E .._L.s sean from the preva.ous descmpts.ons of the ock type.:. in the e

.

l R t:y the s.uthor mey be & bronzitite which has been hlghly steat:.t:.zea.

' 'ultramaf:.c assemblage, most of the rochs bave under sone cons:.derable v

g i .'nlterataon. Th:.s alteratlon ha.s been subch.vz.ded m'bo three typ\.s or -
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These stages are serpentinisation, metasomatism and weathering

rocks. All these stages are described in detail in later

tut a list of the alteration products (in the order of

101D,
1. Serpentinite
2. - Talo
3 Tremolite
4. Chlorite
5. Awmphibole-hornblende
6. Saussurite and clay
7. Epidote
8., Titanomagnetite.

(v) Petrozcnes:s

(a) The varent megma from which the ultramafics and gabbros

were both derived was originally derived from the upper-mantle and
has undergone two separate periods of melting and crystal
differentation. The resultant ultramafic body at Noddy reekf

is deficient in Al, Na, K2’ Ti and V and enriched in Mg and Cr;
cxcept for Al these itrends are repeated in other Tasmanian
Ultramafic assemblages. It is proposed that the original pareni

material was a tholeiitic magma trending towards an ultramafic

MaLM0a .

(b) Emplacement and Oririn of Rock Tvoes.

The parent magma was coneiveéi at the crust-mantle interface by

the partial melting and crystal differentiation of ultramafic
material at the -b'ase of t}-ae magma chamber. Some volatile rich
liquid was removed at this stage leaving the melt as a whole

depletéd in X and Ti and possible V and Zr. The liquid siphoned’

off may have moved up tm:ough the crust a.nd eventually fozmed ocea.nlc
tholeiites (Green 1971). The Bald Eill Complex in N.W. Tasmania

has an olivine rich, chromium poor basal unit, compared to the




oxérlying uliramafic horizens. This is intexpreted in Palethorpe
(1971) 1o be congistant with parfia:l. melting of the uppexr mantle '
 paterial st 401(.1} producmg a melt .;trongly ennched in chromium,

-legvmg z-esidua.l nl;.v:.ne ;r::.ch ‘material depletad in th:.s element.

‘IM: Roddy Creel. the pa:acrt;y of olivine rich rocks and the J.ow Cr :
content in the peridotites may be explamed by a gimilar process R

of partial melting, together with removal ‘of the resa.dual

" paterial by early fhrusting"_or emplacemeﬁt in lower levels of the

- erust.

kR ) Palethorpe (1971) states that nIf the J.nterpre'ba.tmn that Austral:.an o
o _ ultrama.fn.-. assoc:.e.tmns are representa.t:.ve of ooeam.c arust is
correot, then their empla.cement nmst be rela.ted to 'bhe 00nver31on

" of oceanic crust to continental crust, Tl_’_xe theory most a.ccept_able S

el

to the eiriden_ce involves ‘the interation between lithospheric .
g o plates moving towards each other."

The Mt. Read voloenic arc end the Dundas Trough ave considei-ed

‘ - to be a contemporaneous 'I.;land arc - ocean trench‘ gystem created

by the movement of a cmstal block in the west unde;r: & crustal

blook (Tyennan Geantiolme) in the east, (s

B Lo

| - Hwemen"h of the dowmgoing piate has 5éen shown byrhﬁnéé: and
Toksoz (1970), to produce high heat flux at the base of the crust
and is responsible for the .diazlziz:ic upwelling oi‘. shear-heated mantle:’
material.  Thus overlapping of the Precambrian custa;l blocks ..

~ caused by plate tectonlc action, created a. subductlon zone, and

_ % _‘produced downward movement of the Dtmdas Trough Concomlte.nt

.upwa.rd mavement of the magma occmed. f:m he__lcwer to the higher

here was progressive

L {'parts of the c'cust a.na durmg this periodl_

T L e R S e e S et . ) - 5

. —cxystall:.za’c:.c:n near the base of ‘che magma cha-mber. Th;.s resu.;.ted' o
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Qs o o 13yé£~ed crystal nm.sh of ultrama.fic-oomposrba,on and z liquid
: " ¥

.21t of pyroxene-fe‘lspax ma'berla.l. | '

- centenporaneous periodic thrusting removed the partially
| o talll‘z-ed layered sequence of basal dunite and perldotn.te with

o.mrlgymg pyrcxen:.t&s and -amplaced J.t as g low angle thrust

S LT R UL N

e o

slice into tha base of the eugeosynclmal pile formmg in the Du.ndas‘

Trgugh Gontmued cryatalln.za.tn.on in the magaa. ohamber prod.uced

1ajered norites and gabbros which were mmedxately removed hy

E‘:
5

thrusting and emplaced into and along the margins of the still

cooling ult rama.fio body. At the same '!::.me 'the 'bhqle:a.ita.c and ca.lc- '

n.lkalme fre.ctlon of the melt were emptea along the 1&1;. Read Vol-‘___

_cunic Arc to the east of the Dundas Trough wh:t.le gabbro and

doleritic bodles were’ emplaced into. the volca.nic sequence.

The 1as£ differen‘bi@te ‘of the magma was proba.biy _é. .d_iqriteasq_ﬁartz
dlorite melt which was intruded into the Noddy Creek volcanics.

At fhe same t.z;ma.a; sei‘ies of lamprophyric and 'mi'crodib_rite J;’Ly;kes_ S 5
jﬁvaded f-the ultrama.f‘ié compiex as wé.li"e_.s the sedime'ntaxy..'vélfcaﬁic N £
gequénce. These 1éter_'intmsions were probably péne—coﬂfémpméahe&us

" with the Late Cambrian intrusive of the Darwin Granite to the

9

- R St 7, e

north and the Lower Rocky Poini Granite to the south.

There is strong evmdence for ‘ahe thmat emplacemen'b of the H:Lbbs o

Ultremafic Belt tukb it has been largely obsoured by later

S rwem o R e R

reintrusion and sirong alteratlon of the intrusive rocks and
. f o ‘ ‘
parginal sediments., The following factors are considered

relevant to thrust emplacement of the ultramafics,

1. The presumed basal (western) margins in partlcule;c of
" _ ' the o.omnlex are faulted and strongly sheared and are -

'moderately to h:.ghly altered in pa.x:’ss -bo tremol:.tu, o :::- L

A . . o

|
- / _ clﬂorz.t ,» prehnlta o:r: amphibol;’a;c roolcs. Sa.m;.la.r

E [ - 'geologn.ca.l condltn.ons .m other complexes are :Lnfe pretad .
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| b_v'. Palethorpe (1971) to be due to high'p'ressure thrusting.
5, The Feulted margins of the Delt ave subparallel and
. close to the edge of the Precambrian-Cambrian

- éoﬁ’cé.c-b‘whidh is & majcr_r fanlt zbng in "ghe régj_on_.' :

Locordmg to Talaa.ferro(l%_‘s) “a non—hyd:costa.tz.c stress i‘s.eld

13 requ:.red to bring any perldotlte magna on hot crystallme

: ¢iapir from its norma.l possible level of . intrusz.on, :1..e.
(The ¥ohrovie I)J.scontmu.lty) into c:ms‘bal rocks; ana a-(;
shallowe:c depths is IGSPOIlSlblE for the ‘cold mtmstiom : ST i

of. serpentm;sed pe:m.dotite as slmkensmed. and. shea:;: B T P

" bamded bodies."

‘I,'he am‘.hor proposes-that the hot semicrystalline mass of |

ult:rama.i‘:.c matem.a.l removed from the magme chamber hy 'bhmst:.ng, 2
began to cool rapldly while it wa.s bemg e‘nplaced up into, Sner 3
crust, and. below the 500 % isothexm, serper;‘bm:.te began to

form .margina'lly around the body. - The metasomatic aureole

anound the body' which formed when the intrusive. was a hot
. exystalline diapir began to d.mﬁi:sh as upward movemenﬁ coni;inued- |
| and cool:’mg a\,c-.elera ted, The aureole was la.rgely left behind

. ‘when serperitinisation began, a’s 'th.s stage the ultrama.f:f.o bcdy

' began to exhibit the i‘eatu.res c:f.‘ a ‘egold mtus:.ve'

| A . |
In his study of the Lizard Peridotite mass Green (1968)

stated that “where the driving mechanism is the 'rheidity!
difference betwesn peridotite and. country rock a.ﬁd external siress

i‘;eld, a.ntema.l movement would be local.mzed in the gone of -

. g:teatest rhemc‘u.ty chi’ference, i.e. neax ‘c”e ma.z:gm of . the body. e

| ‘I‘hus to re-establmh the J.Ocal stress fn,e t'ne core of the

hs

o
body‘ has a 'ben&ency to move upwa.rds a.s a. paswwe body wh:.le

- ':

rr:la. ave mcvemcnt is 1ocalred in the marwa.n“ o



N

: Q"&) - ro (.nv:mg mecham.f:mo, t‘aru._.t:mg and :r:he:.d:l_ty induced
Fie 4R

B et TR T

-{*-3 {;mt"ct Brfects
: iﬁ ﬁlqcuss
sikely had a strong contact metamorphm aureole a.fter it Wa.s

AR Ay St R Y it i

- Mﬁ,, high temperature m‘bruBives are exanples. qi‘ bod:l.es which

hnr:mﬂ.flc mtrus:.ve sequence. _

‘ u the Hz.bbs Ultramai‘:ao boiv rose m 'l:he crust rb cooled

1t is thought that the contact metesomation present at

Hodd_y. Creek is due to two sepavate events, The first was

‘f _' ._Prodnce nan'ow, tr@molii:a m.ch, ehlorite-ta.lc rich 'a.nd.homels

740049
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o resnonalble f.‘or the movement of the u'!.tramafic

trto the hj_ghe:r reaches of the crust,

Wt
FRAMIES

ed in hhs previaus section, The ultrama.f:.c body most _ o

yessonically removed from the ma.gma chamber and while it was

5 "a cry_,ta\llic body. The leax'd perz,dotrbe body and several

g

mnf*u at thls stage of devalopment of the 'Alp:me type'

.m:i solidifxed and 1a.rge1y left rﬁs metamorph:.c aureole beha.nd.
The on..,et of serpentmisatmn dra.sta.cally red.uced the me'basomat:a.sm
_.;roduced by the body The serpentmn.sa.t:.on was dx:.e 'bo the -

.ntroduct:.on of connate wa.ter which probably origmated laxgely :E‘rom the_:"

xdincnts a:’.: the base of the Dundas T“ngh. Thus fluid movemen'b

m: tmmrds the mtmswe and not aWay i‘rom it at th:.s s‘bage

Y lé.rrival‘qf. t'hxust"emplace.d. gabbroic :I_.tﬁ;ruéi_ons sho_i:’dly after - |
the onset of-Serpentinisation‘ J.n the ul'bx'aﬁafi'c rnass. These
gabbfbic bodies due to their rapid emplacement, prdbé.bly‘along-

the same thrust plane as the preceeding ultﬁa:nafics, were sfill
quite hot when theﬁ' intruded the ul‘braxﬁafics. They reacted margine S | . ﬂ‘i

ally m.th the py"-oxem.tes, serpentim.tes a.ncl country roc:ks to




Tne second period of metasoma.tlsm occurred concurrently
with the emplacement of the nea.rby quartz da.ora.tes and

t.ha lmprophy'rio intrusions, Th,is produoed. loaal

alteration of the ultrama.flc-mafic complex to g‘eenschs.st and

amphibolite facies.

~ Tale-chlorite altexation was- deminant on the eastern’

. margin of the complex while hornfels ﬁype alterstion
occ'urz.:-ed'on the west ma::gm Gf the co:nplex. | I;a.ter'
shearing and faul‘bmg; and weai:hermg has obscured

3 these rela.tionahlps samewha’c b it c-.an be said tha.t
the contact metascmatio alteration arou_nc_l the mtmswe
complex, is pclas‘t. '-gmplacemenf' .m om.ginand very loéﬂiied..'

in extent. _

(a) Cxysteliization Sequence

| The high degree of tectonic action and metamorphic'
slteration which the uwltramefic bady hes experienced
has precluded any detailed }'stu'&y of tt;e 'cry'sta.llizati.on :

sequence in the ':intmsiv‘e Olivine r:.ch rocks How |
serpentinized were orlgma.lly pemdotltes and :_OOS».lbly
harsburgites or dunites! The extent of these x_ocks_ '
are not kmown but it is suggested that they fom only
a small percentage of the ultramafic é.ssemblagg at .

Xoddy Creek. :
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MODAL CLASSIFICATION OF THE ULTRAMAFIC ROCKS
(After Goode, 1971)

= <— — Shows proposed differentiation trend.
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MODAL CLASSIFICATION OF THE MAFIC ROCKS
(After Goode, 1971)

— —» — Possible differentiation trend.
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e w;oxen:.tes ‘

guch, instead the Cx rich stel is diasemmated thmughout

.the rock types, w:.th a preponderance to webs ;.era.tes over other

T rock ty'pe' es.

: : (e) lg;ger:mrr
' ¢pall. scale layermg from 1cm to 10 cm 'I;h:l.ck is a i‘eature

""also present in massive serpent:.m.tes and serpentln:.zed
L pyroxemtes within the chrysotn.le asbestos rich zone along ‘

- the western part of the ultrama.flc belt from QOH to 4011

" to determine any possible rhythmic nature of the layermg in
' the field. However, it was noted that crude graded bedding
o appea.red. 1:0 be present in some -1é.3+ers. This may ho*.‘éever juét- '

bo a i‘unctz.on of the weathering ‘of ratlo-con‘ta.cts between -

___Iayermg s.ppears to be a function of the deg:cee of serpentm:.satlm

:ancl/cr stee.tu.t:.zation together with change"' '

' cmmula'be pyroxenes. ;_\-_

RTLYIR TOTNE SL R IO N o i . L
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w.p bulk of the ultramafic rocks are pyroxenites which
.e.xhibit a wide compositional range from olivine, orthopyroxene

;md clmopyroxene r:u:.h websters.tes to monomlnerallc

Plag:.oolase is the only' phase wh.z.ch is

+irely absent .- 'l‘here are no chromite rich 1a.yers as

of the pyroxena.tes 3on’ch oi‘ Hellpad 3 at Noddy Creek. I'l: :.s

Frcm the e:cam:.na.tmn of th;n sections across 'bhz.s layering it
is seen that both phase and ratic contacts oeeur, W with the

Iatter type probably being more common. No autempt was made

loyers or due to the change in gram sa.ze between fine and

coarse layered pyroxenite. o .

Selected samﬁles taken over a narrow sequence of layers, and

based on supérficia.l textures and colours, show that the -

3 “l'.he grain sme of i

~
! .

- Several isblated measurements of the strike and &% 6,1,‘-. the |
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1gpainentary typet struotures in the layered ultramafics,
peither is there evidence for flow Qifferentiation of the
- type ciescribed by Bhattecherii (1967).

;aagma chamber and gravity se‘e:tling of the cx-ysta.lé 'to fbrm -

| post-cumlus growth of interstitial material md/or adcamulus S

ering indicate that the average strike is parallel to
re repional strike of K20°E and the dipas vary from veitica.‘.l.

. 300 £0 th_e east or west; again qon.t‘oming to the regional dif: '

of sediments and the uliremafic quy.’_ |

Tuere is 1O ev:r.dence of strong magma:b:.c currents producmg

The author interprets .
the 1é.yering as the result of crystal fré.ctionat'i s id the -
cwmzlus layers., These cxystal 1ayers were la.ter cemen’ced. 'by

growth in the case of monommeralm py:coxenites. : '
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1 Pentures of the Mafic Longes.

o408 and norites which meke up the bulk of the original mafic

o .,.-:emp}_ ce apbear to be emplaccd marginally Yo the wiira anafic bOdJ’,
i irregular tenticular bolies, They are ex’ceﬁsively Cavelonad
» thie: we.,tern margin of the complex from the DII area to 205

conw ond 2long the eastern margin from 59 to 208 line and i‘amhe:c south

i the immediate stuciy area, &long the 208 line the _gabb:ro is

, .109;;,-{; 300 metres wide and bodies of granodiotite (up to at least

3 wotres wide) are rzeported to cccur within it. Further north the

snro attains a maximum widih of 250 metres along the 7S line and

.ars from its irregular outline, to have intruded the ultramafic
- y3iy ond to have replaced some wltramafic material,

D e 'gabbros are generally heterogeneous it grain size and

5 o L v:ulogy and may be commonly laye:ee& Poor e:tpos‘ure and

inonsive alteration of the primaxy minerals have m.l_.ta.‘ced

xinst the field study of these rocks. The Zehbros l.r.'om isolated
sassive roumded outcrops, in which the rocks are medivm o cosrse
;Tained, generally equigrenuler and contain lenses or layers of

¥

ewrse grained pyroxene rich material. They weather to mottled pale
22 >

e b

oon and whlte rocks cut by re ulcul@tm m:.l guartz veins
(r

R

wd veins upto several inches wide composed of prehnite rich material

in the highly altered areas. (Ref. Plate 15)

;
ilong the western (basal) marcin of the intrasive complex, the

melic rocks sre extensively sheared end veined and have been sltered
to me;ng degrces‘ to tremolite, chlorite, and prehnite rich rocks,

nd :Ln some extr e Cases to rod:.nmtes.

#
i L7

3 "w with the she mO' has cone .:ome late .,tage magm

material which has formed sma 11 concordant negnf,ﬁcri:m dy}\e., of
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GUTCROP CF VEAmqu“D ALTL{VD GABBRO ON THE ESFERN ENQ

PLATE 15,

&

PLATE 16,

OF TEE OOFT. LINE _
These rocks are chlorite rich and the wblte velins are
elther prehnite, alblue, guartz or ZOlblte.

s -’;:L'-.z‘;:-.i:.ud’;‘.\:aﬂ .
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VEIN OF CARBONATE RICH MATERIAL IN A CLINOPYROXENITE

Note the reaction rims a;nng the vein, and the colour

~of ‘the rock in outcrop. This colour is similar to

weathered outcreps of gabb?01b rocks, and may testify
Lo the’ rcledse of ca1c1um from the cllnopyroxenes.
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rende diorite (specimen 71/11-48).

.EQLKQLUWEEDMEWWES
fp— i : L 3
| ric rock assemblage was formed by the combinatilon of three
—_— »» mineral species, namely plagioclase,.oﬂﬁnoay_c" ene and
| \opyTOXENE . Yo at'emﬁt was made to accurately identify the
*7 o .igz]l composition of any of these minerals and identificaticn
I , based solely on nicroscopic exemination of thin sections of
| ~ s1eoted rock specimens.
i :
percthene 1s the doninant orthopyroxene present although
siatite occurs in specimen 71/11—163. Clinopyroxenes are more
-smmon than other pyroxenes in these rocks and both augive and the
= «sre caleium rich variety diopside aresuspected.to be present.
."ﬁ:mToxenes have undergone extensive, amphibolitizaticn,
. dioriuization, epidotization, steatit lzatlcn and serpentinisation,
hich makes interpretation of the original minerals and texiures
| difficult. The plagioclese content in these rocks varies from 15%
et ey in the pyroxene rich varieties, to 60 in the leucogabbres, and
the composition of the felspar appears to be in the bytownite -
. 1n brmﬁor¢ue range. Most of the felspar has been altewed to
mmssuritg, clay or prehnite.
haphibolite, probably hormblende, is present in some specimens and
o=
noy be a primary nlneral however, in most cases (71/Li~45) excepted)
v it is suspected that it is merely an alteration produet of clino-
| Pyroxene,
Three types of textures are observed in these specimens. The first
- and most common is the allotriomorphic gramular texiure, e.g.
specimen No. 71/11—60. It appears that thgblagioclase has erystallized

(ter the pyroxenes in most cases, and forms interstitial and sometimes

41342 A anmradaia lheaduwwana  aind omsmanind +ho nvrpaTaroan Sametimos
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3%

Jiomer the plaglocalse or the pyroxenes exhibit subkedral or

dral outlines, and {he texiure besomes hyp:'_diomorphic fgrarmilar

D

s e, 7i/L1 ~ 39, Spe en T1 /"'1 - 48 has strong hypidiomorphic granular

woqiure with euhedral horablende set in a matrix of granular felspax.

rpe third texture obsexved in these rocks is the subophitic texture.

‘ Tr. this type the felspur forms euhedral to subhedral radial growth

5 by

watkberns of laths, within or partially enclosed by pyroxene grains.

- "re plegiocalse appears to hav_e crystal'lized first in _*‘ghis

fwo SpeCimens nos. 71/L1 - 59 and' 169 exhibilt changes in tha pya_umqe/

% : -__,_cl.,na.:l’.‘ ratio to form mmera.l g'ruded layers w:x.thm the ga.bbros.
iR
. .}:.no‘aher specimen 71'/Ll - 60 shows good planaa: 1amma:tion of the

“)jrerIIE.:. in L:uyers, and Spéc‘:lﬂl&"l 71/L1 =, 39 exnibits. euhcdral

T

pyroxene _crystals within annedral plagloclase c:cysta_}s._ These
£ three textural features are ev:.dence for ‘the poss:.ble fractional

cryatalllzatlon origin of some of %nebe TOCKS,

.t CEOCHENISTRY

-~

limited chemical anglyses of these rocks, (Table 1) show that they

are marginally richiin Mg and Ca and margmally low in AZL203 compared

o R B i e ., i

_td similar Tocks from %he Bus’nveld Igneous Complex and the Skaergaard
Intrusion. The tetal alkald "‘l o and total Fe con‘t:en“cs are low,
this is particularly so in the;case of Na,0 and total Te (3.7%), The
;{20 content (0.6%) is high for these rocks and refleo $neir hichly
differentiated nature. This high 1{20 content is also repeated in

the 1ampr0phyres.'- ‘

; '. | All uhese velues except for ZLI‘OII, are compatn.ble w:.th the theory ﬁha‘b

; theae roclcs are the result oi‘ contmued dli‘i‘erentlat:\.on oi‘ the nc,,gma . - _.

v

which produced the ultrs.mai‘lc asgemblage.




g

- 40 -

740058

12,6
Ol6
0.6

<0,1

oy, CTTENTCAY, AKATVSTS OF THE MAFIC ROCKS (as Oxide WD %)
T e :
71/T1-60 . 71/1L1-161 71/1.1-163 71/11~169
=2l Fe 3.7
20 - 20,0 |

Ca

Fo

in

L

TRAGCE RELIENT

90,4 (by CEOMIN)

s

g2

700

30

ARATYSES WT, PEA

—
50

e

(by AJLD.E.L.)

140
75
55
3
_.5.

35

80

50

2.5

wni

130

A a.‘vr. PRI

97

33
15

30

(iv) CLASSIFICATTON

1

Only a dozen specimens of the mafic rocks at
nicrescopic examination, buli these specimens

trend in the mafic rock sequence.

The mafic

"

1, Ortho~-Norite

2. fugite~-Noxite
3 ﬁzstatite Gabbro -

4. I-Iypelrsﬁhe'ne @&bbro' :
5. Cabbro e

how adeguatel:r

o 4 o

6. Pegmatiitic Hommblende Dioxite

7. Granodiorite

“he evolutionaxyy

Heoddy Creck were selected foxr -

v

assemblage is given below
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b Q)Qs)cme of these rocks have undergone considerable metasomatic altsr- coo T
ghion and neve become ssentially metamorphic reeks, a siudy of

spese changes and descriptions of the rock ltypes are given in the

gection under Metamorphism and Metasomatism.

" me mafic assemblege shows a marked similarify in minsralogy,

ﬁi{,h the exception of the felspar phase, to the_ult:camai‘iég asSemblage.

S B SR

n i‘he norites and gzbbres being ‘the nia_i‘ic e-quivalen'ts of the pyrbxer_xi_‘tes

g

=3 websterites.

o 4C.,- Lo g e

Thase minérlogical similarities togebther with the chemical similarities
{2iscussed later under Petrogenesis) leads the author to suggest that
re ultrenefic and mafic rock suites were derived i{‘rém'the same perent

~3.;;na A similer coﬁcluSion was reached by Rubenach (1972) 'y.f'ith.. regard

(o the gabbro and pyroxenites of. the Serpentine ”'}.ZL.Cc‘:m‘ '1'éx,. 2.5' miles '

. wzrth of Queenstown in westérn Tasmania.

-5 JESCRIPTIONS

|, Cetho-Norite speeimen 71/11-434

-

S originel comstituents of this rock were emstatite 40% and plagioclase

e
® |
; y ' i_i};.!l naking th;a rock a mgso_cra*‘;ic norite, ' The crystals are equigranu_lar,
Turaing an allotriof.aorphic granulam texture. Trhe unaltered enstatite
ratels up o lmm léng, exhibit twinning and the 1a;ollae are commonly
i due to shearihg of ‘the‘_rock. The py:foxene_ alteration products are,
. ,‘,-_‘;Iy, serpentine in the fqm of bastite pseudomorphs, and later |
ceritization followed by late stage talc _replé«:cement of the serpentine
-7 Iractutes, The felspar is wholly.al-'sered, mestly to saussurite

*aluo partially to green and brown fine grained clilorite, Weathering

* 0 rock has produced clay and minor irom ore.
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(b)) Augite Norite Speciﬁen No. 71/11~54 ‘ ' | 740 060

" ‘mpis specimen has been highly altered and is now & metamorphic

 yrock, DHelics 'éf the primary minerals occur,which suggest that

the original rock wse a meso-noxite. The original constituents
peing plagioclase 407 and dominant orthopyroxene 60% with exsolution
texture. Minor primary clinopyrdxe_ne erystals may be present with

the orthopyroxene and all are set in an allotriomorphic gramlar .

sexture. The rock now contains 30% tremolite~actinolite, A0%
 prehmite and 20% chlorite with minor tzle, muscovite, quartz and
.'relic‘ Ly roxenes. The tramolite has replaced the 'pyroxenes as large

- "'anhedral crystals possibly act'ionolite, and as small needles in the

orthdpyroxenes. Chlozcite also replaces the pyroxeénes as fine
gramed masses, some of which show deep blue m‘berfe:renoe cclou.rs

typlcal. of clmochlore. Prehm.te occurs as renla.cement intersitial

' nauera.al w:.th muscothe be'i:ween the original pyroxenes and as luue

stage veins with minor aua.rts inclusions cuttmg the rock.
The prehni_'be is_ de:cived from original felspar. }.'Tinor_ tale .replaces
wobh chlorite and tremolite along small fractures. Remmant
exsolution texture is seen with chlorite replacement of or_‘l:hb—-
pyroxéne end.thin blebs of tremolite up to 1.3mm long replacing

the exsolved ¢linopyroxenc. Due to the presenoe of aag:l_te the roc‘i*

oy be: callec'i an auglte-norl‘he.

(¢} Enstatite Gabbro specimen Yo, Ti/L1 - 163
“his specimen is a mela rx:.boro with only ‘15% original plagioclage
felgpar content. The primary mineral reletionships are obscured by

“he faet that more than 50?3 of the rock has been repiaced by the

_uf_tmmmphlc mmerals chlorite, tremoll’ce and talc,. This rock wag

o we of & sulte of 24 rocks sent "co A L..D E. L. fa” exe.mméh..qn, and |

i 1“115’ flescrlbcd oy them as sample No. NC 15 in Append;x "701.3
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(a) Expersthene Gabbro specizen nos. 71/11-57 and 60.

Both these specimens are mesogabbros and contain only 30—46% original |

telsper. They have been highly aliered, sheared and veined.

In specimen 71/Ll—57: the orthopyroxenes are largely zlitered to
chlorite and tale, while the clinopyroxenes are aliered to tremolite.

- -

7he elinopyroxenes show relic twinning and contain plates of exsolved

nypersthene. Specimen ?l/LL -~ 60 on the other hand, shows little
~h or no replacement of the clinopyroxenes and only chloriie replacement

o the orthorrroxenes,

I~

Plagioclase oceurs as twimmed crystals now being replaced by

snussurite and as albite veins with mosaic texture cutting prehnite
eich material in shear zones in specimen 71/11 = 57 (ref. plate 17).
In specimen 71/Ll - 60 the felspar has altered to saussuriie and minor

:;‘.:L:fa-

Tie textures of the two rocks are markedly different. Specimen

71/LL - 57 shows radial growths of plaegioclase laths in subophitic

-

tletionship to the granular pyroxenes, while specimen 71/L1 - 60 shows

: more normal alloiricmorphic granular texture.

) Gabbro -specimen no. T1/L1l - 59

Specimen is z medium grain

1]

d, cuartz veined, mottled light bluish
¢n end white rock. The felspar which originally comprised 50%
- Uie rock has been partially altered to saussurite and then to clay
: also present a.é uncommen twimned crystals of albite in late stage
of quartz and prehnite., The dominant pyrﬁezzu is augite which hes
‘tially altered to hornblende. Hypersthene is an uncommen constituent
(tinally probably 5% of the rock and occurs as large phen~crysts 1l.5-3mm

itmeter. It has altered largely to tremolite crysials io 0.%m
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o PLATE 17, SPECIMEN 71/11-57 METASOMATISED NORTTE

B This photoglaph shows the contact between vein fllllng
prehnite and albite (upper right) and altered norite.
The clinopyroxenes (centre bottom) have altered to
‘tremolite and chlorite and fine gruined secondary
albite forms the matrix. : et . MAGxZ. SxNICQLS

e— —
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the gabbros along the western margin of the complex in the SN

hrea, -

- 44 -

D

Teng with some chlorite and tale. Crude leyering is evident with
rlegioclase being dominant in cne section of the slide and
pyroxene in the other, Méasuremen’cs of the felspar/pyroxene ratios

sve difficult due to al*_beraﬁions and shearing in the rock.

(i[) Hornblendé Diori‘t_e s?ecimen Ho. 71/L1 - 48

Ta. hand gpecimen this rock is pegmatitic in relation to the

surrovnding rocks, and is light grey, guartz veined,and sheared. -

The primary mafic mineral hornblende which conctitutes about 20% :

of the rock occurs as large, averaging 2 cm long, euhedral crystals

-se¥ in em interlocking granular matric of intermediate plagioclase.

The texture is hyp-idiomorphic. g:éanular. The felspar shows '

“' 3 ) . . » - - P, ] » - - :
percline and albite twimning indicative of andesine compositicn,

and is altering extensively to the secondary products, saussurite

- and chlorite (xez, Plate 18)

The hornblende is allso altering in vlaces to a light grcen
tremolite but this wostly ccours in the_shé-a:c zones, wohears are
yrominent in this I'oc.lc:, and are filled with crushed primery rock
now moétly 'altered_._ Quartz veins which carry interstitial .plag—

ioclase with albite twinning (ref. Plate 19) oceur in the shear

- zunes znd also £ill frectures in primary plagioclase. Minor

calcite is also present in the shears. Interstitizl opagues in the

altered felspar are probably magnetiie and iimenite,

Thiz rock because of its mineralogy and texture is regarded as

& laie stage nafic intrusive rock and was seen o occour only in

7

| !
740063
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SPECIMEN 71/L1-48 HORNBLENDE DIORITE
A large felspar (right) exhibits pericline and
twinning, shearing has distorted the lamellae.

albite
A

e

- g |

T

chlorite crystal (centre bottom) has been formed along

a fracture zone. Primary hornblende and secondary
tremolite form the rest of the rock.- = MAGx2 SxNICOLS

PLATE 19. SPECIMEN 71/L1-48 HORNBLENDE DIORITEQFRACTURE ZONE
IN ROCK
Albite (top) forms the bulk of the vein material, with
chlorite and tremolite forming marginal to the unaltere
primary plagioclase and hornblende. MAGx2, 5xNICOLS
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Ppevious workers Corbett and HeGregor (1968) have described rocks
classified as.granodioriteé frém the Haddy Creek area. The author
“haa not ween any granodzon;tea Wluhln th& study area bub they
undoubtedly do ogeur to the south w;thln the wide. gabbLolc
imass on the eastern side o.f.‘ the complex be tween the 203 a.nd 308 .

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

",‘weathers t0 a muff colour and outcrons as irregular JOlﬂtea boulders

within the coarse gralned poorly ouucvopplng gabbro.

 Specimen B6281 (B.H.P. Rock Index) from the CO feet line at
Noddy Creck, and described by Co#ﬁett, is. "mottled with patches of

dark chlorite in white groundmass. Apgregates of plagicclase and

.:quwﬁtzv orthoclasa has al ered to sericite. Iron ore strings

-parallel to chlorite plates; posszble autobrecciation before

choritization. The parent roak is a quartz diorite", This
means 'bhat late stage mt“uglves con‘cammu guariz with pla;reocJ.L.Se
and orthocla e have invaded the ﬂaobros at Noduy C“ecr es well

gs. the Noddy Creck Volcanics t6 the east, - :

(vz)swcmnm MINZRALOGY

It can be seen from the rock desciptions that the primsry minerals
have been extensively'écted ﬁpdn by sclutions of metesomatic origin

to form a variely of secondaxy pro&ucts. Completely new metamorphic
rocks have formed in some casés and a8 such have not been described in

this section under Primary Mafic Rocks.

_The secondary mlnerals, thelr alteratlon proceQScs and res ultant

, rock types axc il fully descrloed in *he sectlon unaer hetamoxpnmsm

_anﬁ letasomatism.
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 me malfic rocks are ccnsidered to have beoen intruded in gtages
ovor short intervals into and along the margins of the existing
I gtremafic body. These rocks are probably derived from the

same parent megma as the ultramafics and represent with the advent |

&
4
%

)
i

of the felspar phase, & continua‘bidn_oi_‘ the differentiation 'trend .
found in the ultremafics. The pegmatitic horablende diorite -
is thought to be the h;ypa_x_byssa}. equivaient of the granodicrite

“and this 3.n turn is probably closely related to the diorites and

| quar_th diorites which occur within the Noddy Creek Volcanics to

' the  southeast.

In. the SN‘_area where the exposm:e' is :E'elatively goot, the gabbros
~seem to be highly lenticuler or dyke-like in shape and trensition

rocks between pyroxenites and gabbros were expected to ocour,

However, no felspatic pyroxenites or fine graimed chilled marging -

]

were seen during petrological examination of tHese rocks.

" %hen they intruded the pyroxenites.

{

. . This means that the gabbroic rocks in this arear were fairly cool
§

g This is definitely not the case with all the massive gabbroic

i intrusions along the eastern margin of the ultramafics whers

;

: some contact metasomatism usually in the form of talc rich roeks,

is evident (xef. Plate No. &),

e
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(¢) THE IAMPROFHYRIC SUITR

The_lamprophyres ocour &8 disoontinucué, néirow,:leﬁsing,
_bpundinaged, black té liéht Ty dykes-througﬁout the_serpentinites
of tﬁé ﬁléramafié complex, Théy &lso oceur in the sediments to the
‘ea%t of the complex, and.one dyke between the 75 éndllos line has
béen-traced from the easiern sediments across half the uitramafic

body. The dykes with the exccpt¢on of the ore transgressive dyae,

axe all para;1e¢ to the ‘general cleavavo ~ sheaanv dl*ectlon in
the intrusive complex and tend #9 bg intruded-close to or on the
'conﬁacﬁ'betweén massive and sheared serpenﬁine.or pyrbieniﬁe;

‘_Tbe dykes ten& to have sh,rp boundayries but they may be. gradual
where extensive chloritization, silicificaﬁion or othex metamorph;c

alteration of the surroﬁnding serpentine has occurred,

(41) INERALOGY AND TEXTURES

These rocks bhave been termed lamprophyres, because of theilr perphyritis

iextures, felspar rich matrix and dom+nant bloiiﬁe mica pnenceryats.

. . . ! .
Alkali felspar is the common mabrix forming mineral in the majority
of the eleven specimens examinéd. In ﬁwo speci@ens the matrix wes
partly composed of plagioéalse felspar. A few specimens ususlly the
darker ceoloured Types were chilled during emplacement and exbibit
extremely fine grained mairices compesed of devitrified glass glfering

~to fine 'Tained Chlorite. Fine grained ¢ Suals of biotite, rare
_ g 5

'”: hornb1ende and sphere aré commanly preseni in the resostas;s of

_the 56 xocks. The phunocrystu are - domlnant blotlue, less commonj"

augite and rare hornblendc, calclte, and quartz,
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PLATE 20.  BOUDINAGED LAMPROPHYRIC DYEE cut by veins of carbonate
' .. material and surrounded Dy sheared serpentinite. '
S S EAST END ZSN LTNL
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PLATE 21, CONTA(T ALTFRATTOT OF . LAMPROPHYRIC DVKE RO K
' Extensive marginal chlorite alteration of the dyke or
the adjacent serpentinite (right). Chrysotile fibre
REE formed in fractures within the dyke (lefu),
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- 48 -

These rocks are all altered to somo dewvee by mebamorphisa ox

metas omatlwm. Clanpyroxene hdS altered to umphlbo*e, bictite

PRARE Y0, B B A oncp o e A Bk A B S T BRI e T el e S D 2 e 8 € e L

to chlorite and felspax to saussurlte, serlclba or chlorite, - Scue
of the specimens are vesicular and others contain quartz rich

zenoliths;

The overall texture in these rocks is norphyritic'and hy“idiomorphic
granular with equant phenocrysﬁs set in a fine gmalncd matrlx of

”equant mafic minerals and subhedral to anhedral 1nte locking plates

of twinned or untwinned felsparl

The geochemical study of these rocks is réesiricted %o one partl al
rock analysls and three traCu element analyses. This is insufficient

informaticon for any comparative study of this suite and serves only

to indicate the differe nrlatlan frend in the rocks of this compiev.

P":
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e
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&

Speclmen 71/11 - 67 described as a vog931tc, has high silice and
‘ potassium content and a low magnesia, caleium and sodium content,
This suggests ihat this rock is a laie stage extrusive fem a highly
.differentiatéd magna. The volaﬁiles; particularly K0 (8.2%) are

high and show an increasing trend from the ultramafics throtigh

the gabbros and appear to be concentrated in the lamprophyres.

ewr Ll
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, {.iv)C'_L.as'_sif icztlon and Reck Descrimbicn
H The classification of zre 1ampr0'§3hyrié suite is based on "_shé dominent -
> matrix comporiént, m 'bhis case felspar, and the dominani mefic phenocryst
i
-,; (ai‘j:er Rosénbusch). A1l but three of the specimens examined can be:

'Glassifie_d._'as augite minettes.. The assemblage 15 given below i-
| (a) Augite Minebte | |
(b) iMinette .
(C) Vogesite _
(&) Augite Xersantite
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','bloulte_and sugite.

 is partly altered to clay.

1 &mﬁnant a;ﬁeraulcn Lol st in Lhepe

-producrs are epzaote,_taic, calc;»e,

chlorite.

matrix. -

740071

- 50~

1 g)ugite Minctte uycclmbns 71/L1 -89, 90 91, 104, 138, 167, 148,

4 typical example is specimén’?l/il_é 104.which is a dark grey

zwdimm to fine graiﬁed‘hiofite rich iock.in hand specimen. On
Mﬁalled examination it coptains 157 blotlte and 15% auglte as
mﬁmdl&l phenocysts set in a flne gralned matrlx of orthoclase
The orthoclase also £ills rare vesicles and

The mafics are altered to chlorite.

"f mw blotlte phcnocrysta xn tho o her minaetbises may constluube

wp b 2&%, while the augltes may constitute up to 30% hornp;ende'

phenccrysts may'aISO'form up to 5% of the rock. Chlorlte is the
"*rm.r;:*, “nd sEhEr Sonunnamy
znd,saussurite.

may also‘be present in small amownts

and is interstitial to the orthoclase felspaf.

() Einette' specimen no. 73/L1 - 139

Thl&'Speclmen d;flers £xom the other mlnettes in tbat it does‘.
ot contain any wjrcmene or amphibole end it has plaaloclase as
well as orthoclase in the matrix. Guartz and spinel probabiy
nommetite: or ilmenite form mi;or phases in the ma{rix. Syecinen

71/11 ~ 161 descrlhed by “.M.D.“.p. is considered by the author to

be alsc a minette, in which the biotite has been replaced by

It, however, has no plagiocalse present, and quartz

.__brystgls up_té.o;lmm a:e-é¢a$tered an.u#éommgh.pheng¢$ysts in thet_".

(c) Vogesite _épecimén NO!VTQ/Ll'Q 673

in the matrix e.g; Ti/Ii_- 138,
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SPECIMEN 71/11-168  AUGITE MINETTE

PLATE 23.

Hf 5cm _}I

v
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Biotite and pyroxene phenocrysts set in a {ine grained
glassy mesostasis which is .partially chloritic.
Serpentlne, possibly after olivine.or pyrexene forms
rLYe ereouldr elongated masses. MAGx2. 5xNICCLS

i

SPLCIMﬁN 71/1] 168 , AUGTTL MINFTTF E >

o

A more detailed view of the above shotograph showinz
flne craznod auolLe and bntolte crystals in the ma Ll'\

o~
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PLATE 24&4.

PLATE 25.

et e R S S a5 i Dt et i et s
. ".
' 1.,Cmm

SPECIMEN 7?/L1 167 AUGITE MINETTE

Vesicle filled with orthoclase and rimmed dlmost COm~ |
pletely by biotite laths now altered to chlorikte.
Small equant crystals c¢f pyroxene are also altering tr
chlorite along fractures. o MAGx2 . SxNICOL!

1.0mm‘_

SPECIMEN 71/Ll- 67  VOGESITE = © _ _
. Large ( 6mm) twinned hornbliende phenocryst set in a
fine- gralned matrix of crthoclase with laths of hori
blende, n0351b1 biotite and sericite and chlorlte
partlally replac1nv origiunal (?) pyroxene. _

MAGx2  SxNI



hornblende_s have ragged ends .w‘:zich are indit:étive of If'_e_vs‘.; growth
peing halted by premature orys tallization of the matm::c. The
zwrnblendes ere altering to tremolite which forms laths up to 1.5mm
in diam;e.ter.t Epij.dote'ancfx chlorite may also be foming from
cgrroded'phehocrysts of :pjr::r:oxen'e. -Or’chocl.a‘sé. féléiaé.r also forms
grenocrysts (57%) set in the . m‘cerg'ranula.r matrlx dominated by

orihoclase and con‘haining small rc.ndomly o.cmntatea erystals of

e TR LA g I et

the same compos tion as the pbenccry S This rock is .closely

g rel‘a’ted to the augite mineties end du‘.‘fers frcm then only in
§  the domlnance of ho“nblende over biotite: in the phenocvjuts.
E {d; Augite Kersantite Specimen no. 71/L1 - 59

;

This is'a‘spécimen in which the phenocry ts (607) domlnate over

¥

the matri'k. On vmual estmatlm o:f.‘ tou.l rock content the
phenocrysts are: biotite 35‘/%, ang 1te 20“‘:» and felspar 5 - .Ll}f.

The b:.ot:.tes are bimodel in s:.ze and are ra.ndomiy orLentated

el D 0 AN 1 e, e 8T

B bmwn 1azhs averatmg 0. 35*1::1 in an_ameter extendmg up to 0 Tom

in a:.ameter. The augltes are 5ometmes afbereu wholly o1 .

G

merginally to emphibole. The felspars form large phenocrysts

AT H

‘ and’ are nestly altered to muscovite or sericite withcxystals up

ol S up to le3mm in dismeter.

' The groundmass is fine grained and consists mostly of chlorite

altered from original glass wit‘:ﬁl some 'mai‘ics, sericite, s:a;ussurité,
- clay, and minoxr opaques. |
: o
: The texture is penidiomorphic and vesicular, with the ground-mass
g fi 1ling the vesicles which -"e often partially rimmed with mafic

‘phenccrysts. It appears that the rock was crys'tallized too quicklyr

.,l.

- fox the J.elsPar to form in 't:he ma.tr:r.x. . The rock wag clasglf.ud 3
""kerscsnf:z.te .on the bas:.s of the plagmcluse phenocrysts, am not as |

an a.ln!:ﬂ:.te on the basis of the gla.ssy ma.tr:x_.c.
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hzse of igneous intrusion at -

he)

= ramprophyres are elearly the last
-nn;,r Creek, as they mtmae 21l the other rock types. They vwere
2150 empl_aced'befdre the las% phase of shearing, serpentinisation

snd metasomatism in the ultremafies. . . - -

Y fhey are younger than the Dur'da.a Group sedme'qts and are wost

ssocmteu with the intrusions oi‘ Late Cambrlan bicti te rlch

E:hnltes and/ov quertz diorites lcnov'n au. It Da.mm to the north,

e o R
-
o
=
e
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~g

aﬁ ’waeri;ops south—east of Noday Creelk and further south at Lower

_ i 7 Rocky Po:.m:. :
1 _ : :
% )gea rich lamprophyre dykes were weported by Taylor (1955) from
south of the Sperb River, 25 kilometres south of. Noddy Creek.
. They were in the form of mumerous narrow dyles into the T Precambrien

sediments, and were characterized by numerous inclusions_ of angulex

iragments of quartzite, torn fzrom the walls during emplacement.

One of. the dykes at Noddy C:ceek vecimen 71/L1 -9.L, con‘sams

zenoliths of gaxme’ bearing s ili@@w.?..s?il?.%ﬁﬁ...%@é,,.aua;fsz_,_ite_..p_._r.o_._ba_-é%;'

T N L e L e A e X,

also i‘rom the Precambrian basement, Lamp:cophyrlc or dolera.tlc dyl«:e..,

bt

have been rﬂported from further south along the Hibbs Bel‘t and

nicro-dicrite rocks have been reported from the Noddy Creek Volcanics,

)

Thus. there is @ rezional relationship belween the dyxes and the

R iy Ly T

rest of the uwliramalfic complex.

R

Spe-éimens 71/L1 - 139 and 161 which are minettes, toggther with
specimen 71/L1 - 674 which is & vogesite, have been selected as
representative of the rock types present _wii;hin the obliguely
3 ,ﬁransgre;ssive' dyke in t'h_e‘ southe'rn -part of the Noddyﬁreek area .
{ (Fig. 4) ; dyke (1*; is assumed. from fleld “.1%10 hi ;r;: to

be the one body) is considered to be the hypabyssal ecuz_va&cn’t

L = . I

of the small and intimately assoc:_.ateo. w@ersthen., “101‘1‘56,
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. : could be called micro~diorites or micro-sycnites.

- 740076

7 dolerite, granodiorite znd prophyritic microgreniie plutons

quarv
resent nearby end within the ultramafic complex, Specimen 71/11 52
the aughic k.ersan‘ti‘ce is the hyp'a.ba.sa'al eéuiﬁélent of 'the_ diorite

yodies, and the augite ﬁzinettes represent the very last exzlusion of

all these related rocks.

C7iguid melﬁ from the parent magma chamber of

At e T G e st

This enite of rocks has been termed lamprophyres for reascons already

.

outlired, but it is quite reasonable that some of the dyke rocks

t is felt, however,

i i

- that as a suite the rocks exhibit the character of lamprophyres.

T

R e it i 4

Yiiwsen

T RS e, s s i



| (7) SEATEATTHISATION

740077

% (1)D;Lstr1buwon pf Rock Types

Recent world wide 59010”10u1 napping of serpentinites has
'empha31zea the importance of dlstinguiéhing in the fisld between
pmassive and sheared serpentinites. This‘practice'was followed

rlauring the detailed mappiné et Noddy Creek, znd the.éolour,'appeaiance,
Atexture; aﬁd relaﬁionships of the rock t?peS'%ere also noted, An
attempt has been made to correlaze tae widely. spaced uutcropﬂ and to

: relate the MlCIOSCOplc petrovrwphy and gecchen;stry %0 the field rock

. types..

At Noddy C*eek flVe main ser pentlne rock typas rang lng from magsive
fpartlally serpentlnlsed ultramaflcs 4o highly serpentinized and

‘sheared varieties vere 1aent1f1ed. They are as follows i~

Type 1. Massive, dark green, partislly to Wwholly serpentinised
" occassionally cross-fibre bearing layered ultramafic. .
fype 2. Massive light to dark green cross~fibre bearing
serpentinite. e g

Type‘S,. “Blocky, massive and. sheared llght to da;k green, often :

stlcnulte bearxng sernenblnlﬁe.

Type 4. Sheared and highly_sheared, brecciated, light to dark

green. serpentinite.

- Type 5. Comp"ct but sheared dark green te tlack, magnesite

bearzn se*penulnlte.
In general it may be said that Types 1l and 2 are progressively more
serpentinised while Types 3 o 5 are prdgréssively moxre sheared and/or

metamorphiosed. In future discussion all thece rock types will be

referrad to by their numbers.

Type 1.' This type of sexpentinite e.g. 71/11 - 50. is Tound within and
around massive unserpentinised nyrowenite and peridoiite, It has formé@
'ZA_:as a revult of the 1n1t¢al partzal sernentlnlsatlon of the ultramuflc
::body durang emnlucemont and 10 compcsed of quu*te pseuaomorphs a&%er

' ort}opvroxene, and mesh te;tuée_merpentlrea*tel olivine En%/ur :
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1PLATE-26;

PLATE 27,

> - 740073

e w"

SPECTMEN 71/L1-50 =~ TYPE 1 SERPENTINITE |
SERPENTINISED AUGITE HYPERSTHENITE

SPECIMEN 71/L1-164 TYPE 2 SERPENTINITE
i(hly sobdle veing cu~echelon and pnrdllul Lo original

Bastites after orthopyroxene have been cut by latel
serpentine veins giving a fibro-lamellar texture.
Exsolution lamellae of both ortho. aﬁd'clinOner"ene are
present. Equant chromite graLns are sometimes fracture:

'and embayed by serpentlne. - . MAGx2. SK\T“O S

Fiiciotcar it |

5 ‘!'7" v,;:'-r;:i.* ¥
£y
¥

o,

1.0mn

Tayering in the. primary. roclk. Bastite and mesh-texture

serpentine present,_magneLlLe has formed in LTaCLh“J“_
dFOUId crystals and rims former (7} chromites.
; R MACx?2 SxNICOLS
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slinopyroxene. etumorohm alteration may alsc occur in this rock t_,rpe
and reoults in tne formation of chlorite and remolite fror the pyroxenes.

Tale 1g often present in small but variable amounts,

Types 2. Type 2 sexpentinite is quite common at Noddy Creek and

forms the host rock for the majority of the chrystotile asbestos

- doposits. It 'generally putcrops be*.:ween Type l serpenvinite or

' primary ultramai‘ic., '”“dTypc‘s 3 mncl 4 which are the blocky a.nd sho:.red

varieties of serpe'ntin‘ite. This serpen‘c:iizite may sxhibit '1ayerinc‘
e.g. pecmen 71/1;1. - 164, and other prma_,.y texuures of the originai

sltramafic.. Tt is typified by specimen 71/L1 - 220 which is a light

- green magssive serpentinide with strong cross fibre development in

parellel veins, and minor magnetite ogcurring as stringers'%hrough

the rock. This rock type is discussed more fully in cormection with

eross fibre asbestos.

Tme 3., Rock Type 3 is typz.cally llg‘u green and contains ‘disseminated

“blebs of 1ila,c'colourec1 stichtite, specimens 71/11 - 4 and-172 are

éood exa#iples f:'f, this rock Type. Berpentine blecks averaging 10cm in
¢iamecter r_anging.from Sem to 50cm, are separated by Thin zopes of

saearing and slickénsides, in which =lip fibre, magnetite or brucite
:-;:15' occeur., Cross fibre is present only as thread veins, 1/32inoh' in:

tucared specimens but in the larger blocks, more typical of Type 2

:::f-rpentinite, asbestos may form bunches of ribbon fibre containing veins

£ up to 2/16 ineh in widh h this however is not con ,mon, (Lef. plute 40}
.5 serpentine type is found mos t1ly-near t‘ne centre of the serpentinit

waasand is probably the product of partial s‘nearing of Type 2 serpeniinite.

*alichtite serpeniinite occurs in one main body from north of the
AN Y e -
U0 11ne along the western maergin of the ultramai‘lc to the 4500’1?
.-\;

e "’he"e 1*' Spreads to the centre of *he body and cmtz.nues South a8’

untr 2l unit to Just south of *he 500' .1.11'1;. where it cm:s ou . on thé

“Lrlage, Two other small areas of st_ich‘a:ite bea,rino' scrpéntiniie are
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including a massive vein of stichtite up to 3 metres long

Imowiz,.

end Frm owide on the wes“’oern part of the 15C0'S line, Tyoe 3

E

serpemmlte hags been sho!m by drilling to widen northwards at

B E R SR )

gepth and appears to encompass the whole of the ultramafic belt

‘along tbe 4000'H Linefref. Fig.12)

nyng 1y

In thin section, Type 3 Serpentinite shows a typicazl dominant fibro-
U lamellar texture, with rar_é' bastites and fine grained mesh texture

which erﬁbays and veing the bastites.

IR o e R

' Stichtite altering from chromite forms blebs svering 2mm in diameter

stichtite are alsgo pre'sen't (Sﬁmecimen.'?l/m - 46,) |

It :ﬁa.y be important to note that stichfi’ce hé# not been found elsewhere
in the H;Lbbs Belt, It is found é;cactly where the large;*t knom

' deposﬁ of chryso‘tlle is located, yot from field eva.dence, chrysot:.le
| cross fibre and dlssemLﬁated Sulch‘hlae are locally mut*.:_.al_ly exclus:q.re

‘ : (Tanglends 1971)s This problem is partizlly resolved by the fact *{:hat,'
. : erass fibre is present in the stichtite zones, but is of very limited

extent and position in the ultramafic body is discussed fully under

. © 4 . end comprises on the average 2% of the rock, rare massive veins of

metasomatism of the serpentinites.

-

- Tyze 4, Type 4 serpentinite is found surrounding or adjecent ta zl

B S T e

cther serpentine types except Type 1, which is usually shielded from

the sheared serpentinite by massive Typé 2 serpentinite. BSheared

serpentinite in almoent ublquilus along the marging of the wltwusalic -

vhe only exceptions being where gabures lie dircetly adjacont to

massive serﬁentine ‘T‘ypes 1 or 2. I'b is found between the fibre zones

A Pl . g

' a.nd the S'tlch'blﬁe serpentme emd outcrops mdely J.n the centra.l part

of the body from the 1ON 1;me south\rards be _;ond bhe 20b 1J_ne. '
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T st
éhe.shoarcd serpenﬁiné may be light grae n to nearly bl”ck in colouz,
and i.s. c'omposed of flakes or lenvicular chips with Uo_lshr'd or

slickensideé foces. The dom_n;nu texture of t?ié tyre is rcpresented

by wall leith& brecciate& shredded platy, ondfibrous éerp&ntine

| similar to the sheared serpentinites weported vy Page (1967).

Within the shearsd serpeatinites, slip fibre in bunches up o several

T

inches long end up to an inch wide is commonly developed. Fibrous

_magnetlte with nassive serpentlnc also cceurs in some zones, specinens

P koS cimen gttt

up 5o 10 cm.long are knowm, and the total iron conient of these wocks is-
~high. Rare lste stage cross fibre veins have been identified cutting
some of the less sheared varieties, but these veins are usually truncated

after a short distance.

w1 37 g e et

Type 9. Type 5 serpentinite is a dark compact_rook, with vexy lustre

which has obv;ously been nlghly sheared and then reformed into a

britt le but ma ssive rock, _dhen nroken, it shatbers into small

Ienticular frogments, similor to some varieties of sheared serpentiniie.

This roek is Zound only *o.ﬁ the margins of the wWitromalic body and
partienlarly slong the castern contact adjacent o bzsie intrusives.

It iS'well developed on the eastern contac of fthe SSOQ’H line, but is

. . ” i et 2

Iess. obvious on other lines, It appears to be formed as a result of

the canbination of intense shearing and moderately high femperatures

(400 ~ 500%C) produced durlng me*“ﬂomavlsm. This metascmatism was

possibly'related to the intrusion of the basic iﬁtrusions along'the

A bl i aeen

; nargine of the ultramalic body. TFibrous magnesite and possibly talc

are related to this period of metasomatism, as megnesvite is not foumd

LA a2 e

inﬁany othei rock‘ty 32, (reé. Plaie 41) 'Véry rare late stage cross fibre
veins hav& developed after me tasc siism, All previous chry Qtlle VElnS
were oahnged to picrolite. the fil brous fo*m of untlgcrlte durlng theil

forma;ion'of ?ype_S se pentlnlue.
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_ (ii)' Mineralopgy

The mineral assemblages of the sewpentinites at Foddy Creek wére

determined by a combination of optical and X-ray techniques.

Taxlier work in this £ield by Page (1968), Aumento (1968), and

._ﬁ_ Coleman and Keith (;971) were referred to extensively for

.information relating to serpentine.mineralogy.- : ' .

T

Three serpentine minerzls were identified from the Noddy Creck
garpentinites., They are lizardite, clinochrysotile and antigorite,

with lizardite being the dominant species forming about 60% of the

serpenulne troduchs. Lizardite appears to have directly replaced
'the nrxmary mlnerals olivine andor bhopyroxene and ‘also cllncnyroxene

ta S leaber thynt. Due +to the blmh pPyTroxens content in these TOSKS

: bastlte pseudomorphs after ord hoPJvoxene are a verf common occurrence

' especially in serpeniine Types 1l ~ 2 which are the massive varieties.

Lizardite is pale green to colourless in thin section and may ocecur

. all serpentine types except Type 5. It mey ferm mesh Sexture

0

-/ gerpentine after bastites, or aiter ol$v1nes, with cllnochrysotlle
{ : -

E forming the_ frhhework —enclosing. 1¢z ﬁlte co“es. Serpehv1n=seu :
dlivine which was only recognised in a few specimens, tekes the form
of mesh texture or nore rareiy hourglass ‘“texture which is proauce&

by the cutward growth of sernentxne along fractures within ol*v1ng

cexrystals and their margins,

( Clinopyroxene is the last primary silicate minerals to alter to

A i - 8 L L N .
T ot e s i a.._’m o . s
I Tt Al R oAt it O

serpentine, and often it seems to alter preferentially by metamcsphism

! 4g chlorite ox itromolite.

E&solutlon lanellnu of cllnoayroxeno, ugua1¢y purnllol to thu 100
;ace,,are'of en seen 1n otﬂe*ulpc completcly serpﬂntlnlse& orzhopy;oxenes.

Glinopyraxenes alter to mesh textuxes_composed primarily of 1izaraite.

. . - . i ¥ N B " -
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2 The cllnobhrysotlle content of the rocks generallyincreased with

the:deformatior of the rocks and 13 parulculurlv hlvh in Sho red

5 gexpéntinas ox in ftho=e massive sernentinites which contain mumerous

g parallel or concentric veins of ohrysotlle asbestos €.g8, specimen

71/1.1 ~ 125.

The X-ray diffraction data Suggésts that orthochrysotile also appesrs
to be-preaent in small amounts with clinochrysotile in the sheared

rock types. Chrysotile asbestos which is composed entirely of

h,i“:mw ww:vu-..'_n.‘m-&;@a,...-,. gy e it

clinochrysotile, is déscribed a%t length in later chepters.

Thc third major serpentine mineral_identified‘was,gntigoriﬁgl which

: comprlses abcut 107 of ‘the %otal serpen ine producis. Type 5

serpentine is almost wholly madelup of +this mineral, and it is alse

R 1 o AL e i 5

pregent in minor_amounts ir all other_types except Type 2, ZIntigorite

forms a type of mégthexture_with *feathery! mesh borders, this

texture may be exiremely fine grained.  Aintigoriie appears o replace

all other serpentine minerals, and a good example is the replacement

of. chrysotile in veins by picrolite the fibrous form of antigorite.

Brucite is pres ent in very small gquaniities in these rocks and ié‘
tr;cted to the slickensided and Sllb fibre fllled shears and
'velns in rock Types 3 and 4. Bruclte was only identified in- sneclmené
of slip fibre sent for Xuray de erm:nat;qn ol txelr chrysot *1e fiktre

content and was present as the dominant mineral in 7 of the § samples

tested, (vefer appendix 2). ‘The fibrous form of brucite knom as

; nemalite appeaxed To be nresent in some _specimens,

Magnetite is ublqlltcus in 211 SpGClmens of serpentinite and is

present in several forms. It occurs a8 flncly gprea& aust th¢ou nout :

lizardlte mesh texthre serpentlnemof the darker green var ties of

massive and sbeared se:cpentin_iteu Morb commonly nagnetite forms

Lt bt it e s e iyt g _ | s B -

o A 7

isolated crystals or stringers Within fracture filled sexpentine,
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~ and magnetlte with very minor chromlte, related st Ghblte’ pentlandlte

RO U TR AN I AT  FnI TRR  , Tpa ST T T

60 -
The original crystal outlines are mirrored b& the magnetite strings
@ef. Platé 2@. Magnetite is also predeminent as faint parallel lines
in bastites where erpenflnuaulon nas developed along the cleavage of

the pyroxene, 1@ third cosurrence of Wagnet;ce La hin sheax planes

in serpentinite.types 3 and 4. Here 1% forms thin layers or coatings

- glong shear planes or as fibrous masses several inches long mixed with

nzssive or fibrous serpentine. The magnetite in the shear zones appears’

%o have been remobilized by shearing of rock Types 1 - 3.

- The chromite in the primaxy xocks has been affected marginally due to

-

serpentinigation., Some grains have reaciion rims With the serpentine,
Whlch are ccmposed of t;tanomagnytlue, octhex gralng ars merely rounded
&ef. Piate 36). Commonly chremite graing are f*actured and filled with (?)

serpentine, this is strcng uvidence for_expansion due o serpentinisaiion

{ref. Plate 35). Later metasomatic action on the chromites has produced

‘stichtite in well defined zones within the vliremafic body.

Pentlendite is found as rare blebs or smears in massive serpentinites
from the 6N exea to the 26N area in a zone parallel to the proposed basal
mergin of theéultremafic body. The blebs up to 6ma in diameter may be veined

or rimmed by secondary bravoite ox violarite(Ref, -_ate 34) The -

-pentlan&ite and associated minerals may have formed during-serpenﬁinisation

of nickel rich peridotite rocks,

Tale and czrbhenate have formed as a *vsult of serpeﬂt¢plsatlon but these
minerals appear 0 be more related to metasomatism sf the sexpentinites

and are discussed under that heading.

In summery, lizardite and Clinocrysotile axre the main components of

the serpentlnltes und these are accompanzed by less common anulgorlte .:'

v

znd brucmte.-
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' PLATE 28. SPECIMEN 71/L1-120  SERPENTINITE
: _ - The long hollow tubes are chrysotile fibrils. The
‘massive plates are lizawdite. . - MAGx6C,00C0

L k

gy o
-~ -

A ]

PLATE 29. SPECIMEN 71/L1-41  SERPENTINITE
. g .'L

serpentine ‘types. MAGx4G, 000
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PLATE 30.

PLATE 31.

SPECIMEN 71/L1-1254" CHRYSOTTLE FIBRE

‘Electron micrograph of a bundle of fibres.

&

Lizardite

plates also present indicating that minor lizardite

SPECTMEN 71/11-126

Electron micreegravnh

“occurs in the fibre veins.
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PLATE 32. SPECIMEN 71/L1-50  LIZARDITE SERPENTINITE
' ;Typical plates of lizardite. MAGx6G, 000 .
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PLATE 33. SPECIMEN 71/L1-50 - LIZARDITE SERPENTINITE
. Laue diffraction paLtern of the large lizardite plate
in plate 32. This 1s a typica l diffraction pattern for

lizerdite.

| N NN N O N W A O A N TR e BN e -

e T ety i 1 e



T BT e B T e ED R C RNARESRE

- 5cm >

.
£

= 1
t g
o .
T
b, ¢ ~ &r er
& : bR
i i =1 %-
; v . N7 i .
T - - . :
{ el e 3
. I AA' Y r" 3
i' . k)
H H s P f
4 3 A - .
P O
F i : B
3 i ! e
5 v ;
[ .o !
£ & o :
3 L b
: Lo ® - ?
3 ! - :
g CE 3 ~
= ¥ b
. 3 RN ¥
N t
; £ : . L& .
13 YA o T i i W e e e
4 .
i 1.0mm

'PLATE 35. - SPECIMEN 71/L1-50  SERPENTINISED PYROXENITE
' Subhedral chromite grains, rounded,embayed and fractured
o ‘by serpentine.- - . - REFLECTED LIGBT

| o : _ _ o MAGhZ D

ek L

£ ’-a S i 1 b < ot

1 Gmm
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PLATE 36. SPECIMEN 71/Ll 46 SERPENTTNITE N
' Chromite grains surrounded by flame eructU? of
LlLanomagnctlLe ‘within, soxponLnnc. Md”DCt]rO fo1mw
Toree drropnlary wanoes (hwlin;)nl they Bordor Lol ween
scpresibi i aoed gl el Lot h e Pl i, e
' BEEEREGTEND Ly
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(llg) Geochemi stry
D'“" el oo Sp2iimels ;‘..‘T;‘:E*“Z‘.T.:T_‘._”.'J of Sheeillsrent serniniine
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compositional changes that has taken place due to serpentinisation.

-~ .

Six specimens of serpentinite Ifrom various drill cores at oddy Creek
were sent tolthe AJ{.D.E.L. laboratories for partial rosk anzlysis and
a further twenty-four rocks frem the Hibbs Ultrazafic Belt, thirteen
of which came from Noddy Creek were sent for irace element snalysis
(Appendix 3). Results from these groups of anszlyses were compared

with the analyses of four peroxenites and six serpentinites,f{rom

IIE 1 Noddy Creek, pexformed by Palethorpe (1971), refer Table 3.

Lo

The author has noted that the comparison of the analyses of
expentine rocks from various localities may not be valid due to the
probable differing nature of their primary xocks and also the fact

that these analyses were performed at dlffarent laboxratories. The
g L b ol e

e _a

observed changes in the rock composition due to serpentlnls ation must

be considered to be only genexral trends.
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. NEW ANALYSES

PATFTHORPE'S AWALYSES

uliramafic rock

oo
TR

re clesrly shown.

il massive serpenﬁinites. The effects of serpentinisation of

theprimary

Ko, of Mean Yo, of ? Mean
Anzlyses Yalue Analyses Vaiuve .
810, 21 s 10 45,00
41,0, 21 0.4 10 133
Total Fe Zi 4.8 10 9,31
g0 2i 398 10 *35
“ca0 21 0.1 10 3.2 ;
A i
'NaZG . b < 0,1 10 0.03
B 1%:20 | 14 - 20,1 10 0.02
T30, 21 <0.1 10 0.03 o
Ni 27 1611 ¢ 0 875 i |
.Qr. 25 2924 10 5 3710 . §
Co. 26 a4 10 !i 88 - E
b 6 4 _ 5 i
7 13 45 " - |
Cu 13 _ 8 3 P ;
Hﬁé:horpe‘s analyses represent mositly massive serpentinites an priméry
wouxenites, while the authors‘anquées were pcfformed largcly on sheared
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S.M.F. DIAGRAM SHOWING DISTRIBUTION OF PYROXENITES

'NOTE: The increase.in the Mg0/Si0, ratio dur

AND SERPENTINITES AT NGUDY CREEK

AREA 1, SHOWS THE PYROXENITE GROUP
AREA 2. SHOWS THE SERPENTINITE GROUP

X ANALYSES AFTER PALETHCRPE
NEW ANALYSES

ing
.—A.-.c
serpentinization and the deCrease in 1lrom .

due to shearing.
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insrease in the ¥g0/810, ratio wizk th
probable: loss of both silica and megnesiz in solution and a ztrong
decrease in the caleium content due to serpenvinisation., The total

irvor content remains unchanged in the serpentinites, however in

..' - Overall, there is a marked

¢  the more sheared specimens the iron has been released from the
' - gerpentine networl and fomms magses 'of nagnet Lite in the shears.

- Local concentrations of imdén may occur Ia the massive serpen*:i_. ites,

an example is specimen 71/L1 - 119 which conbains 23.8% total Fe,

The iron is present &s individual crystals and gtringers of

- magnetite.

U v

;he alumma content of the rocks is very low {O. La) md ig *1+tle

affé.ct’ed.' by 'Serpentinisatipn except in highly serpentinised and

sheared vaxletle.; where the alumina content decreases marginally.

The trace eléments Cr énd'Co_'appea.r to hove been 1ittle affecied

by serpentinisation. The Cr values althcugh variable are high for

wltrapalfic rocks in general, and average approximately 3000 ppm Cr.

. The. nickel content in the primary ultransfic rick is wnil

crmiy low,

:  1000ppm, due meinly to the high pyroxene content of these rocks.
hiring serpentinisation Ni is released from the primery silicate ' '

iottice and concentrates in the serpentihe lattices ox combines
#iih fron and sulphur in soiuﬁibgl $o form pentlandite, The average
il contenv of the serpentinites is appro**j.mé.tely 1800ppm, which
thors {nat the serpentinisation précess has tended to concentrate

e nickel in the serpentinites. However, it must be consirl red

.“1, Jots ul:_vme bea.rmg prlma:ny rocks were anwl_,rseu, a.nd the

‘..crewec. avn.rage lu_ coﬂtent of the serwentml“ces may be due 1o Wi
wleased 3

{rom these pri 'm.ry rocks. A possible exanple of The

“llity of the nickel is p_rovided by thé presence of movenosiuve

GI30 7 AY A - s
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PLATE 34, SPECIMEN 7L/L1 119 SERPENTINITE .

Large Llrregular mass of pentlandite kcentre) rlmﬂed by

bravoite, which also fills cracks in the penﬁlanc1uea

To the left is a magnetite crystal with serpentine

' . inclusions. This specimen is very rich in wmagnetite

which is thought to form during serpentinisation.

REFLECTED LIGHT
MAGxZ 5

5cm
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ka"ﬁd pyritic graphitic shale, on the 155 line, NcGregor (1968) 74 O 0 9

he oxida of NiS e.g, pent-

stutes that this may be caused by the oxid

landite, but also "may have been deposited by a rrocess, whereby

the pyrite in the shale was oxidized to PeS0 , and thils was corried

in acid waters through the serpentinite where nickel was collected

and depositied as a fine coating of NLSO4"Q

The volatiles ;.a.ZO and ;{20 and also ""3‘.62 are present in trace

elements in both primery and secondaxy rocks and are little

effected by serpentinisation,

The calcium present in %he primery rocks is contained in The

sals

clinopyroxenes of the websterites. During serpentinisation the

'I- . - [ - .
Ca'2 raddi/cle is released into solution and

is carried away in the

meteroic waters because it canmot £it into the cxrystal lattices of

any of the serpentine products at Noddy Creek, The following reaction
{ 1 3 T2 nlS ie ) e R T 3 T - +‘{'
o “+ g8id, + 0+ 0 =2 Mg.5i,0.(0H), + Mas{OH 4+ OH +
olivine + diopside + fluid serpentine + bmci“ae + caleiunm
2 .
nay explain the release of caleimm into solution but may not have

weeurred widely due to the fact that both olivine and pariicularly

tmicite are minor phases in these rocks.
lemen and Xeith in reference to reaction (1) state that "when

rthopyroxene exceeds 40wt per cent in harzbur rgites, there is

“iph silica avallable to produce gerpentine and magnetite without
‘cite", It seems thatthe paucity of bruciie at Noddy Cree

red because there was to0 much iron in the system to be incorporaied
‘he serpentine lattices and it was forced %o crystallise as magnetite.

tleium rich: wa.ters resulting i‘rom reaction (1) may teem up wluh

waters to form talc and carbonates, e.g, spec:’.men T1/11 - 131,

130 react with basic rocks such as gubbros to form Ca Mg, Al




é

— =) 510, rich rocks such as chlorites ond ultimately rodémpites, c.gz.
9 Q ‘ I‘
speeimen 71/11 - 135.
| Zvidence for ih- presence of silica in solution resulting £
- serpentinisation may possibly occur along the western end of the
) I
78 line, where extensive silicifation of metsscmatised gabbros has
taken place. Aliernatively the silica may have been derived from '
neteoric waters from the enclosing sediments.
;
— (iv) Processes of Serventinisation and Formation of Serpentine Tyves.
. Page (190'[) considered two reactions to be most significant in nature:-
1
'- (2) Fe bearing olivine + enstatite H,0 + 0O, >
= (f1uid)
clinochrysotile + lizardite + magnetite
-1
i
1 (3) Fe bearing olivine + 50 + 0, >
l clinochrysotile + lizardite + brucite + magnetite
=
‘; ~ N 1
Reaction (3) cccurs at lower temperatures than reaction (2). These
= - - - - ¥
b~ two. reactions plus reaction (1) could explain the processes of
\
gerpentinisation.
|
E
|
[ = 11 three reactions require only the introduction of a fluid rich
|
e |
i water and oxygen and can take place in low pressure ..or‘di ions
- . the fenperature range from less than 50 °c o slightly above
r"c - '
W TC. In general these reactions occur at higher temperatures when
—
1 ¢r highexr enclosing pressures.
|
-
\
; is c.V:Ldent that the process of serpentinisation at Noddy Creek
= i in other serpemtinised ultramafics e.g. Burro Mountain - California,
** taken place over a long period of time and occurs in a number of
— =t . -
| 3. Each sbage has a distinctive serpentine u:.ne..\.lx assembluge
| |
| Ind [ N . o e =
[ ted be the different pressure-t temperature conditions hhat existed
o= i
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in the ultramafic body.

There appears to be threc mein phases of serpentinisation at Noddy

Creeck, which are also common-in'most ultremafic bodies which contain

economic chrysotile asbesfos deposits.

Phase A. A pervasive partial'serpentinisationﬂextending from the

margins throughout the ultremaiic mass, the degree of sempentinisation
may only be Sllgﬂt and varies between localities. % 1s considered

that 50% of the ultramai‘ids at Neddy 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

ma.rg_ins', and fracture systems.

Phase C.. A finel phase is developed within the serpentine zones of
Ph&se,B vhich includes serpentine Types 2 to 4. This phase is typical
of the development of chrysotile and to & lesser extent antigorite

and. results often in the formation of economic asbestos deposits.

Phase A serventinisation ogcurred during the emplacement of the.

ultramafic body as discussed'previously and resulted in the formation

manﬂy of llzardloe bastites with somé. cllnchrysob+le in the mesh

ﬂ\

- textured serpentinite. Prese B followed coolinn‘ and shearing of the

body and resulted in the formation of limardite and clinochrysotile

I approximately equal anO““uS-Within mesh textured serpentinite.

~isee O resulted. firstly and primarily in the formation of chiysotile
wing composed of massive and fibrous clinochrysotile with a little

3rumchrysbtile.' Thcse veins appear to ;111 ﬁen 1on gashes and -

o frmture systems 1n the ma531ve serpentlnlueg."mhe second sﬁage of

: »+

Cis relatlved.y minor at Noddy CI’\.GI& but seems to be more

“meive-in_other ultramafic Eodies. This sta&e is the Tormstion of

L

RN
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Qcue to the effeocts of shearing stress during metemorphi £

=

lizardite-clinochrysotile s serpentinites. The resuliant roe

"
o
(4]

Type 5 serpentinite with picrolite which replacdes former chrysotile

veins. Fhase C may last a long time (even right up o the present),

with repeated shearing of the rock and a continuous flow of masgnesium

rich solutions passing

hreugh these zones., -

Cy

(v) Orizin of Fluids for the Serpentini

Bowen ané@uttle (1949) have deduced from experimental work that large

scale serpentinisation is due o the introduction of extraneous

. . ) . = s A O Ay
hydrothermal solutions, during the final sta ges of cooling (400°C C)
the intrusive mass, or during a separate period of low heating.

If the source of fluids is in faet extraneous, it weuld be expected

that serpentinisation would be concentrated along the more permezble

fractured zones within the ultramafic pass, and would tend to increzse

tovards the margin of the mass. Tals appears to be the Situation at
Hoddy Creek, with the introduction of commaie water derived from the

compaciicn of enclozing Dundas Group Sediments. However, there remzins

the possibility that Phase A of serpentinisation may have ta aken place
I ¥ E ay D
partially or wholly by

the action of magmatic water enclosed in the

Ld

rising mass of crystalline ultramafic., Hydrothern

&

al solutions related

‘0 the emplacement of the gabbros, diorites ang granodicrites and may
have played an important part in

.L.

the metamorphism of the 13 ardite~

tlinochrysot ile

the ultramafic mass.

gerpentinites to antigrorite along the marging of

u?ﬂ Cross~-Fibre Chrvsotile at Noddv Creeck

e

“rtysotile fibre development has puzzled scholars for a number of

eodes but recent research in this £

field has provided severzl vworking

thesis for the genesis of chrysotile fibre.

cr
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QO pe formetion of chrysotile has been attributed to both fissure filling

and replacement of wall rock material, and

it seems That both processes

|
i

' mist be postulated to account for all the field and micrescopic — °
l | evidence. o sericus atterpt was hé.de to study ‘phe fibre veins at
l Noddy Creek but it appears that the cross fibre developed by outward
growth from one or both sides of teﬁsion.ffraé;tu,res_in xﬁass_ive
s..expentinités... Partings are cémm§n. as iﬁregular lines through 'f:.h_é
larger veiﬁs and illustrate the‘ éifférentiél 'é-rowﬁh of 'fib.re i‘"roﬁi t‘rlle .
vein walls. Occassionally inclusioﬁs df.‘ wall r_oci: océur, '_’r,e.s_tifying_

l to possible wall rock replacement or to continued of later movement and
: . . prodnction of fractures during fibre development. Massive light grden

serpentine veins marginal to or within cross fibre veins may be wall roc_k

‘serpentine in the process of alteration to clindchryso{:ilefand ultimately_.

to cross fibre. Alternatively these passive lenses may be rapidly.

- crystallized serpentine from the megnesia rich fluids providing

material for the fibre growih.

There are several generaticns of chrysotile fibre development at Noddy
Creek which. together produced five main vein types. (After Lenglands 1971),

L. Stockwork veins

. S 9. Widely spaced sub-perallel veins
EEEE 3.. Gash veins

4.. Thread veing -~

A1l these vein fypes may be found in association in the messive Type 2

srpentinite,

- N -

Lo Btockwork cross fibre is typical of the very rich zreas of fibre

“tveiopment and is present as a three dimeniicnal vein network in massive

empentinites e.g. 40N line westérn cross fibre body, wlso 158 line. cross
e zone. In a few cases a rectangular network wos noted and

L aose 'vgins were usually 1" in width '('refer Plate 39),

l _— . 5. Ribhon fibre veins.
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PLATE 37. VIEW OF AN OUTCROP OF TYPICAL CROSS-FIBRE BEARING =
_ ' type 2 serpentlnlte. Chrysotile veins up to- 1" thick
are: shown o g o

. ' : BT
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PLATTE 38 UTCROP OF CROSS-FIBRE RiCH MASSIVE SERPENT
SURROUNDED BY SHEARED SERPENTINE

Note the cowbination of stockwork and ribbon fibre
types of chrysotile,.

e
.
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Il . PLATE 39. CHRYQOTILE CRDSS FIBRm IN VAbSIVE SﬁRPENTIN TE.AOV LINF
S " The cross-Libre is in a rectangular network. One set 01
veins lie parallel to the original layering:in the -

. primary rock and another Weaker set at right angles to
“the former set.
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PLATE 40. TYPICAL RIBBON FIBRE ASBESTOS developed in massive
- light green serpentinite and surrounded by dark green
sheared (?) antigorite rich serpentinite. Note the
increased spacmng and Wld th of ‘the veins from rlght to
lefi. o ' '

I | |




~ | |

n. Widely spaced, subparzllel veins cccur parallel to the layering of.

seppentinised pyroxenite.  In hand specimen &

3
2

i3

nder microscopic

T

j_nation, these veins are seen to cocour as coalescing en—echelion
fetchy vcma .;lom, the contacts betweén i yers in ;ne original primary
raglis Tho moﬁt nc‘cibla aavelopmom oi‘ this type is in the southern
zone from 103 to 153 and in the westem zone along the 3CN line

(refer Plate 27} R

3,. Gash veins are not more than a few inches 1ong.ana.seen in secfion

the paximan vein w:_dth and therefore the 1onbest £3ibres o"cur towards

.  .the middle of the vein. Gas h ven.“s in massive serpentmlue occur
throughout the area but are only a minor fo'rm of asbestos mineralization,
" 4.. Thread veins are vexy narxzow offen discontinucus veins less fthan

1/32 of an inch thick. They occur in all serpentine types except Type

5.2nd may be the forverunner ol other vein types, particularly xribbon

fivre and gash veins.
Neex minox sheary, ‘:.’lthL fitre zones, movement along cross Fibre veins

s tilted the fibre at an ang zle to the vein walls or has created kink

. : pands in the wider veins. Rarely has she rmg o& ’ased me Tibre to become

oriented parallel to the vein walls, so0 that ‘it resembles slip fibre.
k ¥ i

.. Ribbon fibre serpentinite exhibits numerous closely spaced, parallel

veinsless than ¢" wide, and occurs as conceniric sphercids and ellipsoids

around barren cores of serpentinite or serpentinized pyroxenite,

fon
\refer Plate 6).

‘here ig a high percentage of fibre in these rocks, up o 40% in some -

tises, and it is 1n ures*'mn‘ ‘to note the increéscd spacing and width of




serpentinisation saw the development of chxysotile asbestos in these .

tension fractures fé:rixxﬁng ribbon fibre. Bodies. This fibre dévelc‘mmen%

740102

- the fibre veins away frxom the centre of the barren cores. The sczle

of ribbon Libre development at Noddy Creek varies from small bodies
: . .
.

several centimeires across, to large massive bodies 10 metres or

more across, In fact, by distorting this ribbon fibre model a

1ittle one could say that -most of the cross fibre deposms at Noo.qy

Creek are remanents of partially ercded 13::ge scale ribbon fibre bodies,”

having riassive cores and sheared margins, with other cyoss fibre types

superimposed on the simple ribbon fibre structure.

Taking the analogy further, it is vossible o generalize about the -

_stractural and petrological conditions which led u‘.p to fibre development

at L\To“dy Creek. The cross fibre at Toddy Creek occurs inr a,f*s:we
berpentmlte and sernen* inised pyx-o:x.enlte in two bas:.cally parallel

acnps of a::..,connected nods. These zones, Ynown as the easuern and

'wcst'ern zones are surrounded by narrow shear zones end are sepa.rated
by a zong of partially sheared dlgsemmuted stlc"ztlue bea rmg serpent,.nlte.

It is proposed that these twe zones Qf massive bodies, were the least

serpentinized areas after Phase A of serpentinization and during Phase
B they acted as resistant bodies in the ultramaf:.c zZone. I}armbf

further serpentinsziion they expanded margmully f ommg a shell of

genexally concentric tension fractures arcund each body. Phase §

'i.; of +cn GOlelC‘wea by *he presence of stocmvor::s, and parallel fibre

“ins in tension gashes related to differentizl expansion between

ssjers of the original ultramafic rock types.

<95 the fibre bodies at Noddy Creek may be seen as combinsiions

- flbre vein types 1 - 3 in shells of partial shells arcund nassive
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(vii) Slip Fibve
21ap Fibre

Two types of slip fibre were seen at Noddy Creck. They are :-

l. Sheared eross Libre

2. Brucite slip fibre.

ne first of these types, from L-ray analysis

appears to be of minor

¥

importance, and ocecurs only in s}

<
=

>

ears cutting cross fibre zZones,

The brucite rich slip fibre is found widely distributed in Sheared
serpentinite and the less sheared stichtite bearing serpentinite, It

occurs in veins up 4o 2 cme wid ilky fibrous smezrs on shear

planies (Larglends 1971). In some of the wider veins, fibre lengths
up to 15 cms have been observed. These len res are brittle and
are coumonly associzted with (’P) tale and megnetite. When weathered,
slip fibre typically forms distinctive st.icl-:y grey masses on rock fages,
Slip fibre forms much less than 5% of the total rock 'volume in the
shear zones in which it occurs.

Riorden (1957) and Laubscher (1964) consider that some cross fibre in
usbestos deposits has been derived by re rystallization under favouratle

ions of picrolite and colloidal Serpentine. The author

tirces that cross fibre may ve derived from the light green colloidal

serpentine which often occurs within cross fibre veins, but does not
Y . o~ ] . 3 i T —
-onsider that much cross fibre is derived from Picrolite. Field

el

ra

tiong af Noddy Creek show that picrolite ocdurs only in dark green
o black massive {ype 1 or Type 5 sexpentinites. It appears that in
/e 1 serpentinite on the 105 and 158 lines, and Type 5 serpentinite
i the 55 ang 158 lines, picrolite has replaced both cross Libre angd

\
~ 4 X . N . » . . |
libre., This has occurred during reneating and marginal shearing /
5sive ultramafic bodies and is possibly related 4o the emnplacement

“he adjacent Gabbroic intrusions,
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qgg*’“ (lQ?L) in °tudlcs of Forth Americen serpentinites has obscrved

.

Lot picrolite is formed when chrysetile veins undergo shearing. This

eopre2s with the author's limited study at Foddy Creeke.

Various types of metasomatism or melemorphism have affected the

marginal,

with less than 10% of the rock minerals being of metasomatic

origin. T‘e metamorphic mineral phases are :-

1. Cnlorite

2, NMagneszite

I_ : serpentinites at Hoddy Creek but their overall effect has been

3, Talc~-carbonate.

4. Shichiite

1. The -ehlorite present in the serpeniines is of vexry minor importance
and has only been observed in'a few specimens'near-the ultramalic -
co,.uactn. Chlorite renlaces c‘qrtrsotlle in veins and in the mesh texture

serpentine marginal to these vej_us, thils al‘bera‘cion is pariicularly
strong in asbestos veins which invade the comntry rock, e.g. ab the

western end of the 30N line.

2.

_;‘.f‘.rj, . ;i5_

Magnesite is typically found in the antigorite rich sheared

serpentines marg J.nal to. ihe ul‘fsrr-ma.f e body.

The magnesite (e.g.
specimen ?1/L1 - 12?) _which has been identi;ied by X~ray diffraction,

forms irregular lenses parallel to the shearing dimection in the host

rock. o

The most likely method of the foxmation of magnesite was by simple

cerbonisction of serpentine.

T i —— P m e

Dinw
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PLATE 41,  MAGNESITE. VEIN WITPIN COVPACT SHEAQED TYPE 5
R SERPENTINE

This serpentine has been metasomaL¢cally altered to
antigorite.
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J_a_\_waz msswx: STICHTITE. B*"“ARING SERPENTINITE TYPE 3
i Nete.the slip fibre vein cortaining fibrous magnctl

parallel with the.hammer. The thin vein below. it is
~cross fibre asbestcs. o
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~§§)(4} [AigBi0g + 300, ——¥  1gC0, + 2H,0 + 2510, o

serventine in fluid magnesite in soluuon

lizgnesite nay also have formed with serpentine by the hydrothermal -
alteration of olivine or brucite when the partial pressure of CO

.:. -.-,'. . - . - .
wvas above 0,5h0L% a5 in the folleowing reactions -

(:6) g (011:)2 + Hzo. + 0, o+ 3002:+ Mg38i205 (qg) —— H41‘.19‘312 9

Lz - ——s g, Si aCO

l (5) 392b104 + 2H,0 4 co . Ix_gB i, 0 (OH) +- Mu

je oAy

' 3. Tale-carbonate alteration within the s_erpentinites is weak and is
T restricted to zones of shearing adjacent to basic intrusives. Specimen

. | '{I/Ll' —-131', ‘a talc carbonate xrock is probably the surface exbres_sion of

- the contact between serpentmls«,c. pj!:’xe"’il e'..anc'_i gabbro in‘cersected'by

DIHY en line 201\.

Tale 15 often not rela‘ced to carbonate alterailon in {the serpentinites

md is found in sheer zones within Lype 3 se:rpentlnlte.‘ Tele alteration

af partially or unserpentinised uliramafics is widespread in the Hibbs

Belt but was only found to occur extensively at Noddy Creek in. the
n2ssive ultremefic body between the 10S and 158 line.

this rare hydroxyl
curbonate is discussed in detall because of the excellent exposures of
this mineral at Noddy Creek =nd the' lack of previous documentaticn

o the subject. '

Yo date, stichtite MgCo .ST:I{r (o) 201‘\0}?) 2TI 0 has only bee*l mportec.
R Ixom. Ontamo, Canada, the U.8.5.R ., md s.t DunuaS in Western Tasmania

:.bm‘t;_:,;'_'{_‘_o_.kq.lpmetres north c_:_i.‘ Noddy _C;reek. o

|= | 4y Stichtite.The ] orme ion and alstrlbut*on of




”Ho suthor has also tentatively identified as

soloured mineral p“cgen+ as thin Tilms alonb carbenate altcrut*on

zones within fr@ctures”of a podilform chromite denosit at Coobina,

LSS

apy mtmwﬂjJOkﬂﬁmhmscmtofN+

. Neimen in Western iustralia.
Licroscopic evidoncee of several specimens, TL/Ll - 41 172 and 46
hows that szmchtzte fomms by the action of 002 rlch ~olutlons upon
chromlte and oceurs as wavy massea 1n tne serpenthe around b*oken
chrokrite grains-or within fragtures in the chrOmltc.

Refer Plates
43 and 44.

L diseripiicn of a typical stichtite bearing serpentinite specimen

71/11 - 172 {NC24) is given in appendix 3.

T
e e

is not known why °b1chtle is so rare in nature and it is assumed

thet stichtite results from'an unusual gombinaiion of pressurea

temperature conditions during metasomatism, and also the chmistry'of
the chroemites, None of ithese fuCuOIS huve been studied in sh4o thesd

1o

end it is suggested that some experimental work is required to

elucidate this problem,

Field mapping of the cistribution of this rock type has provided scme

obgervations which may De of scme imporfance.

1, The stichtie occurs in well defined zones wit

V1 u"lm the
serpentinised ultramafwc body. These zcnes wersa orlglnally partla‘ly

sheared serpentinite between blocks of messive serpentinite and
adjacent shear zones.

2. BStichtite bearing serpentlnlzo and good chrysotile asbestos

depozits are mubually exclusive because of thelr different

structural settings. The chrysbtile'forms in the massive

serpentinite, while the stichtite is in the more sheared

varieties.

3, The nmzin SblCthbO zane stretches from the 6O line

o the
5H line, wiih

an extension on the 158 line, Stichiite is not fouwmd

in the Hibbs Uitramafic Delt, and it is thdugﬁt that
the'int:uéion of gabhro

anywhere elge

at Hodéy Creﬂh may have hel ped stlcbt;te
formation.' ' ' ‘

stichtite, a 17 1&;’4010"’ ‘
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4, Stichtite usually tokes the forxm of amall blebs from lom — 1ocwm

Sﬁb in dismeter, averaging 4mm, vhich aré_usua11" oval in shanre ﬂue to

)

the effects of shearing., Rare magsive lenses up to 1 % rmetre wide
and 3 metres long, such azs at the western end of the 1585 line are
sosumed to be formed hy late shearing and concentration of the
shichbite Llebse |

2. Tale doean not usuuily cocur visidly with the stichtite, but

it gometimes forms thin lenses within massiVe-stiqhtite which -

cives the rock a curious spotted ap earance €. .—specimeﬁ 1 Ll_-.éé;
& jg s ©a

6, The change from non-stichtite bearing serpentlnlte to stlchtlue

arlng vhr$et1en is fairly sharnf' anging from a fﬂw centlmguer piels)

3 meters. The transition zone is marlized b dark spot & scattered in .
P

- the rock which on closer inspection are identified as chromite

grains altering'marginally to °ticbtite;  The oross fibre present in-
small aamounts ih the stichitiite rocks ddes not cut any stlchulte
which means that the stichtite probably formed after the main

pexriod of chrysotile fibre formation, Stichtite is rulated to the
'taWC end - curhonate alteration which occcurs elsewhere in bhe

serpentlnlzcs at No&qy Creek.

R



. st Cr e oar At Do T, P e
[ RATaA . ; L A ! d - R 7 ER RN - .

- B :
(] s

PLATE 43. SPECIMEN 71/L1-172 - STICHTITE BEARING 'SERPENTLNITE.
i 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. : - MAGxZ S5xNICOI
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CLATE 44, SPECIMEN 71/11—46 MASSIVE VEIN OF STICHTITE IN
‘ SHEARED SERPENTINI
On the right a chrgmlte grain is split in two and is

© - ¢immed by stichtite. This is set in mesh. texture,
lizardite serpentine, ﬂea ‘the border:with the massive
stichtite zone (left), which contains irrcgular masses
of (7) chromite ard magnethe. : ' MAGKRIODRNICOLS
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A1l the rock types of 1 . the ultramafic complex at Neddy Creek have
undexgone one or more periods of metzsomatism by fluids derived :
from the inirusive mass itself, a related intrusive or the
surromnding sediments. It appears that metasomatism and
metamorphism of the complex began shortly after the initial pervasive

serpentinisation of the uliramafic body, was strong during the

intrusion of the acid to intermediate bodies and OOﬂtll'.dc.u well after

Phase B, the main period of serpentinisation of the wWltramafic b

There are several stages evident in the metasomatic process at Noddy
s Creeck. These are similar if not identical to the stasces reported +

occur in some of the other ultramafic compleaxes in Tasman

Some exemples are the formetion of stichtite a2t Dundas snd the presence

ages are also referred to by
Hartin (19?0) in his discussion on the effects due to serpentin
He states that "In open highly sheared enviromments where there is

: ready water excess through cracks and faults, large volumes of fluid

may be INvolvedi.eeesececeeessssscontinuous flow of such fluid mezas

that their composition will change as the ultramafic becomes progressively

e serpentinized and hence they will be capable of differing metasomati

cffects at different times",

the different rock suites at Noddy Creek, have therefore been altersd

“ various times to form a wide range of secondary products. This wasg

e firstly to the different primary mineral assemblages, and secondly

3 ‘0 the varying emnerature and composition of the metasematic fluid.

feking the alteration of the gabbros as an example

there appears to be

“ getnerel alteration trend which may be related to the tCmDer;.tur;., of

* rocks and/or the altering fluid.




Yetamorphism and metasomatism of the u tr
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eration or steatitization

Hess (1933) proposed that the hydrothermal 21t

of an ultrabasic body, produced a series of alteration products

cependent upon the itemperature of the hydroth w.al solu Th

| S
- oo

minerals replaced each other and %ihe¢ wmsliered ul rama.i‘ic as the

temperature of the fluids dropped. At Noddy Creek o similar mineral

uccession To that reported by Hess has replaced the ultramafic and

rafic rocks. Tne alteration secuence of mafic m“.a.mls, in order of

decreasing temperature formation, is homblende, actinolijce, tremolite,

chlorite, talc, and carbonzte. The plagicclzse in the mefic rocks has

alsc undergone a variety of altevations which may be related to the

temperature of the altering fluids. The alteration products are
> L] ¥

soussurite, soisite, prehnite, chlorite, tale, and clay,

Tield end mieroscopic evidence s suggests that the metamorphism of

the ultromafic complex took place with little or no change in the

totel rock volume and with only minor lcss of mineralized fluids

into the surrounding sediments, which were locally metasomatised

&5 a result.

The hydrothernal altersziion of The different rock suites and the

resultent minerals and rocks formed are ¢iscussed below in pessible

chronological order of alteration,

(i) THE ULTRAMAFIC SUTTR

b =]
————

ic rocks has produced four

wwon minerals, they are, homblende, tremolite, chlorite and talc.

netasomatism of serpentinites hes already been described and has
“ilted in the formation of tale, talec-carbonate and stichiite.

“iblende appa ntly has fow.od, at high temperatures,

%551bly orthopyroxene. (e.g. Specimen No. ?l/L ~ 53), Thi
*0 oceurred during Phase & of serpentinis atiocn, but more likely it

wrred during the emplacement of the gebbroic suite. The

from clinopyroxene



-4mich is a completelyuseparate procesg;

oo largely been replaced by-tremolite, so thet its former extent

not Imown, HOWEVEE,.ﬁt is egtlm vted that up to 50@ of clinopyroxenes
in the wehsterites which had not been serpentinized, had altered to
hormblende,

frenolite has formEﬁ after Hormblende and has replaced it and its
Gerived py roxenes, bt rarcly form» mors than 105 of any ultramafic
rock. Tremolite may occur replecing exsolved plates of clinopyroxene

in an orthopyroxene altered o chlorite, or as tiny needles in shear

zenes together with chlorite or talc. More often it tdkes the form

of larwe bright vreen, ‘moderately blﬁefrlngeni loths w;th ragged e 1ds.

hlorite may be in the form of large plates aiter-pyroxenes or as
fine'cléudy aggrega ates in velns or °hc““s replaclng tremollte or
gerpentine. Chlcrité_may form up-to lﬁp:of a rock, especially in

sheared varleties.

'Tale may be found in small emcunts in most specimens of ultramafic
rock at Noddy Creeck. It may form as a pervas ive re splacement mineral
i . ~

in massive primsry rocks litile effected by serpan%iﬁisaﬁion {refer

Plateé 14) or mercly a8 alteration rims around crystal grains (wefen
Plate 11). In highly serpeatinised rocks, the talc usuzlly forms late

stage veins, or is associated with tremolite or chlorite in shear

ZONes,

Some specimens (e.g. T1/Ll -158), hove been almost completely altersd to
talc, but on the average tale only forms 10% of_the total xrock volume

in any one SUEClmuno

Ssussurite and erpidote are rare alteration minerals in these rocks and

2

lorm in negligible amounts from the ulitramalfic body.

Thas the ultramafic rocas as a whole h@ve ceen guhgecueu to conslderaole

lwtamorphlc and matasomatmc alterailoq, vererally after berpentxnﬂsatlon

The rocks have raxely bzen

74011‘“
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completely alberod by-me%ascmatism instead, the aliteraticn &
been po Chf with generally less than 40p of thé primary minerzlg.

undergoing any form of hydroﬁhenmal 2lteration,

Alteration of this group of rocks Ly lydrouhermal solutlons hhs

 been most extensive and has resulited in the formation of several

complebely different metémorphic rock types. The gabbroic rocks

are I 1y u1tered less thhn 50m and usuzlly only 07¢nopyr016re
and some plagioclase felspar.remain nnaitered. The resulﬁ of
metasomatism is a suite of rocks rich in tremo te, chloxite and

prehnite with assocla’ced hydrogrossulm, talc, ca.rborate, alblte

and quaxtz.'

The three ain rock tTypes formed as a résult of.metamor?hism and

netasomatism are

fefe

o Amphl olite

iia T*emollﬁe-chlorlte-nrehnlte rockp
111 Rodlng;tes

These rocks are_formed by extreme alter atlon of gebbro and norite
bodies alceng the margins of the complex, or where the mafic

intrusive body is small and surréunded by'ultramafic rocks.

The ampnlbollte ocours in only one locallty, as & lens up to

45 metres wiﬁe intersected along the 158 line between the Westera

contact and the surroweding gabbro. The tremolite-chlorite—prehnite-

guertz rocks are scatt ered aLlon ke margine of the intrusive body

tnd outerop best along the western side of the complex from the 153

(=]

north to the 6N arca. Taey are also known te occur along the sastern

contact of ithe complex and have marginalily altered from the large

_ gmbroic.bodies.outéropping from-thé 5N line south beyoud the 208 line,




“the rock as a whole is considered to be altering rowards &

5:}1 ?odluglte is QlatlngUlSHGd by the presence of hgdrog~ogsu¢ar garn}% ﬁ

AN

and ie found in only the nost hlchly altered vpCulﬁcna of formcr
gabbro. It has been found as a tectonic inclusion within cheared

serpentinite along the 10N line and is probably present within the

aitered gabbros aleong the westemn margin of the complex.
_ 8 g :

(2) lmphibolite Specimen No, 71/L1 ~ 160 =
In hand specimen, the rock s pale green=-grey and exhibits a
distinctive uex+ure of 1£rge crystals seve*al mlllametres lon

randomly orientated throughout the rock. Tais rcck ls_;ully

described by A.M.D.E.L. in Appendix 3; but has also been examined in

detail by the.author.' The original “rimary rock is most 1ikely a

pyroxenlte but may have been a gabbrc wlﬁh a2 high mallc contcnt..

It is proposed that the wbolc_rock was altered totremollte (now
oﬁly 65 ) which has been steatitized at a 1ater date with the

replacement of some tremolite by talc, mlrer chl orlte, qaar 7 and

possibly some felspar. ‘(Refer Plate 45).

{b) Premolite-chlorite~prehnite or guartz rich Tocks

' Specimens T1/L1 - 103, 161
Specimen 71/L1 - 161, described by A.M.D.E.L. was taken from the
edge of a gabbro beody and convequerﬁly it has been highly altered,

This rock has been fractared and ve;rcd by 1ate svage calclum and

quartz rich material in the foxm of dominant prehnite (76%) with

quartz, calcite, and pyroxene. The main pert of the rock is

slightly less metasomatised with some original pyroxene remaining

analtered, In general fremolite and chlorite have developed fxom

the pyroxenes and zoisite and albite from the plagicclage.

=

_ 'rodihgite. Another typical specimeﬁ of hltered g&OOE’lC rock

'i'fiiﬁ Epécmmen 71/11 - 103, Whlch 13 a qua_tz—chlorlte—{remollte rock |

aormed bg tqe=alteratlon.9£ weage by gabb o between pyroxcqzté

i i T
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SPECIMEN 71/L1-160 AMPHIBOLITE
Large blades of tremolite are set in a fine

graine
o

ramifying network of talc, which has partly replac
the tremolite. A large quartz crystal (top centre

is deeply embayed and broken and mey be replacing
tremolite. MAGx2 5xNI
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SPECIMEN 71/L1-135 RODINGITE ¥

———

Large tremolite blades up to lem long are seen ocu t
right. Prehnite forms distinctive crystals with b
tie" habit (bottom left). Hydrogrossular garnet fo
a fine grained mass above the prehnite.

: MAGX2 5xNIC
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Ny- -nd sediments on the eastern contact along the 155 line.

-~

Yn- hond specimen, thisz rock is lig sht to Gaxk grey with a

podivm grained faiptly dicérnable allotriomorphic grroclaxz - ¢
texture v“rtla 7y observed by oueprlng. Actinolitg and tremolite
have beenideveloped f;Om ‘the pyroxenes, and chloriie with some
minor epidote is found in veins cut‘b:.ng phenocryw tsand in

shea.r mones. large irmgula; crystals of quo artz are Sc:o.uterecl
t‘ﬁrough_the rock and apnear to be the lagt mineral species to
develop. The gquartz wo probably formed from solutlons der:vod
from tﬁe adjacent sedim_ents.. There has he’en mu_ch iron _s‘ta,jning
ﬁarticular_lyial'ong fractuves; this is prcéi’ﬁ_abljr a TJE“*'luermg

ei‘fécta

{¢) Rodineite Specimen 71/11 - 135,

This specimen was found as an isolated inclusion approximately
4 metre in diameter, set in sheared s_e;pentinii:e.

1% is = particenlarly interesting specimen because of the crude
concentric zonal arrengement of the mineral species arocund ©

core of the rock and also the presence of chrysotile ribbom

fibre arcund the rodingite within the surrcunding serpentinite.
The genera] zornal arrangement of mineral within the redmgrhe
from the marg 1 to the cent“e of the block 1s, chlorlte

Chlorite + sanssurite — prehni*‘ce — trezolite —- hydrogrossu

This gonal arvengement is identical to that found by Coleman {(1966)
at the conta 2cts bed ween serpentine and gabbro-vesalt rocks

altering to wodingites, in the New Zezlan

The tromolwte is found in large (1 om.) cryst gls v th rodiating

' ha.bit_be‘bween the--‘_‘prehnite._ a.nd the b_;dro a.la.r a:mi also as
umall pmsm,: wlthm the f;me gramed ma of.‘ garnet.” The prehnii:e_

is dlstmgulghed by it wiushal ‘oow—- tief ua.b:'.t, and forms large:
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X’ . erystals Locoming Linex at the conbacts with other minen:zls, 7 .
Some szussurite and plagioclase forms marginal to the prehnite
and chlorite. The saussurite is obvicusly altering from the
plégioclase which - shows albile $ype twinning, Chlorite forms
thé contact zcne betmeen ’che serpentinite and the res't of the
altered gabb“o. it is a fme gramed mass, fibrous in parts
showing patchy anomalous m’serfeverce ccu.oaro and including
altered plagioclase end other unidentified fine grained
secondary pro@ucts. The Hydrogrossular garnet is colourless

to viite in thin sections and forms & dense fine grained matt

enclosing tremolite cxys‘_\:a,ls' and goe orehnite {refer Plate 46).

Coleman (1966) states th,at "the mnortant :ceac.t.r_on charecterlsmg
the me mscma‘t;sm of these various rock tjpes :.ndlcated uhey

nrobubly o.eveloped only under nlgh confmmb pressares.

possibili‘ty 'Isha;t "i:he altera‘tion is con*tempo:'aneous '.'J.th serpenum- '
- isation". -‘-he alteratlon of nluga_oolaﬁc to Wdrogroswlar is.
accompanied by a decrease in the rock volume, Tnis may helyp te¢

‘explain the presence - of rlbbo;- fibre: around the redingite, as

the chrysotile may have formed in tension cracks related to this

'volume change during the formation of rodingite.

(1) GaO Al 503.2810, + Cal + 33 0 - Cal. A1203.1 5 s;oﬂ.3H o)

anorthite fluid : ' }'gdrogrossula:r

+ 0,5 810,

The introtueticn of Ca required in

ch

nis reacstion is provided by
serpentinisation of ¢l “yro:xe*le. Barnes & "Neili{1969)
found that water j.ssuin,c- from ,only pa.rtly serpen";inised ult ramai‘:y_\_,

f-._tfoclcs "_a.re_'h:;ghly all {mme_ (PHZLIL - 12} an@. conualn AL and Ca. m

high quantitios.

l . R The uiversal Slllva loss and ca.lclum me ,asematl.;m favour the

pre e
. s ST ——— .
i CHR S " =




' heta_omgtlgm of the 1amnrophyre* kas oceurred.

Creek,

_thorlte lteration.

The-@uartz in these metasomatised gabbroic rocks may have

originated from the enclosing scdiments or from the alteration

of the ultromalics by the development of compounds of the

chlorite family, ov by redingisation of the gabbroic rocks.
There is ample evidenceo of silicifioution, not only of gabbros,
as on the western end of the 75 line but also of the contact

sediments, as in the eastern end of the 485 line.

(3ii) THE L4MPROTPHYRIC SUITE

Dut is generally

not. extensive, abd usually not more- than 15% of a spécimen'

is. altered, The chiel alteration proaucea is chlorite, with
legs commor epidote and sericite, and xare talc and calcite.
The mebrix is most commonly aliered in r,eference to the

phenocrysts, especially when the matrix is partly or wholly

composed of glass. Chloritelusually forms’lqﬁ of a specimen but
may* form up to_60% of a “odk as in specimen 71/&1 - 91 which was

taken from the margin of a dyke. ©The alteration here, ig probably

due to a reaction beiween the lhnprophyre and the surrounding
serpentinite, as has bezen secen at various localities at Woddy

The chlorite maj alter from biotite or rarely from

 pyroxnene but usually it forms from felspax phenocxrysts ox

froundmass and also from glass which often is present in the

groundmass.

Spidote sometimes forms from felspar together with chlorite; in

: L . - o P
all cases it amounts to less than 5% of a specimen. Sericite has

-replqced some folupar in rwo spuc HCTE which have updexgoqe

Tals and calclte_a$e rare altoraxlon mnnerqls

*ﬂd-fcrm from felsSpar as late stege minerals alon fracz wres 1n

these rocks.,

R — -
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Tt is considercd that most of this aliterction occurred srortlj

&

after the emglaccme 26 of the law rOynyreu by conttact nmetamorp m'
or by reactions with the hydrothermel fluid associated with the dykes

and the waters circulating through the serpentinites,

(iv) PROCESSES OF m: ASCUATISH T THE IG&#OUS ROCKS OF THE
i ODDY CRETK COMPLEX.

We have seen tha:b all the primary minerals in the cl,_fferent rock

.
'

suited have been a.ltered. to some dgree, Metasomatism x:'.ra.s
pa.l‘tl%la.lu}" severe in the ;ai‘lc rock suite of gabbros, norites,
. _ - and diorites.ax_ld resul‘ced ultima"aely Sn_the_foma*bion oi‘_
amphibolites and rodingites. Table 4 shows the alterctions
inéludiuc- sé&peﬁtiﬁ sation whzch have been observed. to bccw

:m the primary minerals of a.ll 't:he *ocLs sultes.

The first alteration-%o cccur in these rocks was serpentinisé.ticn: ~
an au“LQme tamorphic process, followed shortly ﬁf‘ter oy -_m*ohw_bclnlz—' 7
a{;ion, ch..on:ltlsaiwon and ura .J.ltl.Zc:..u:.Dno he fma& stages of
alteration wexre steau:.tmatlon or talc carbon *t;e al erat'e on and
"silii‘icat'ion both metasomatic processes. Overlying all of this.is
. c wea’chering', & near surface phencmens wh:;ach has affected .al'i.' rocks

to some degres.

P g e T 8 e e —— - . y -
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CHSERVED ALTERATIN T0 THE
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g RLAEY MIMERALS 1IN THE
ULTRRATI0 AN ARIC ROCKS
P | |
‘ : Magjor HETHOR TRACE
TRTHARY LIINERALS ALTTRATICT LA LTS RATION CALTERATION
' ! o : rR0oucy FiOooCT PROIGCT
. 1 : . B .
' ] . Lt : . .
l - | Olivine Serpentine R Hagnetite + - Pentlendite
. i . . .
! .
‘ g Raore . Chlorite
. i : :
l' _ : Rexe Tale
S : : —
! : . .
L : % (Bastite)
5 i honyroxene e e
l . - Lobhopyrox Serpentine Magnefite
' ! Chlorite Bericite
: - Ny S
; Tale ~ Prehmite
i Rare Tremolite-. - . . Epidote’ -
' Epidote- T .
¢ Clinopyroxene Serpentine

Tremolite

.Talc
Chlorite S+

Zoisite

Mametite

vanblende

o

Tremolite

Chlorite

Tale

faloclase

. 1

Szussurite

Tale
Clay
Prahnite

Crniorite
Epicote

-+

ite

Stichtite

Titanonmagnetite

Magnetite -

Magnetite
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complex narrow zoncs of

tiaffs end volecanics have

been fomed.— Where gabbro is a,djacent:to the contact, marginal

£aulw.n{g and ‘ghearing: w.r’nh the ind ’rrj'aud‘t.ion of a_a.:bbona.’se& wabers

has conve;:bed the or:;.gmal gs.bbrclc rocks ‘in’i"._o 'bai_c-chlorite. schisbs i
which merge With the metasomatised cotmtry. TocK. 'All. these a.l't‘ezrai;ion.s_ are
1ate stage metasomatic eff ectﬁ p:coiuced by conhate vaters @eri_véd 1"350:.1

the serpcntinization process mixed with hyd 1"c>th'ej.:'mal solufions' Crelated

to *I:re e'ﬂ.plqcemenu cf neaxr o,/ acz_u 1gneous muma*ons. Carbonaﬁés

are a minor but Jmpor‘i:‘“lt mn.nera.l g'.coup Lo be fo;.@d concurrontly with

tale alteration.

Several‘s-pecimens of él erc.d sed,xment or *nyroclagtlc rock, Telen from
.alonr*- t‘qe castern contact, have h:z.gh muscovite~sericite contents. The
_presen'ce of muscovite nia,y be exnla.ined by low grade regidnal,meﬁémcr?hisg
of “the sec’impni;.: to tl'-e ngEI’.\SC'L’llS"t facies of metamorphism or as a resul‘LI
of the in‘crdduction of metasomatic L1uid from the uvltramefic 6omplex. |
The latter explenation is considered more likely éspecially when

fuchsite, the chromium rich variety of muscovite is common in these

" rockss

Along tlie westerzl contact of the ul‘crama.fic-ccmplex,- sPecif'ically'

between the 1‘15 13.1’1& and uhe 40¥ lines; minor contact metascmatism

_has occurred. The sediments immediately adjacent to the con‘t&c*—"

W
v

fox a distence up to 15 metres but more cormon ly only 2 - 3 metres,

ave heen Silg;."‘ul‘f metasomatised with the formation of localised
hornfels rocks, The original convact rock in most cases wé,s. a dark
!frcy pyri-tic Wﬁp‘mc sil{:sﬁqne’e, ‘shi.s" has _'beén f:ct;é%ured and veined'and
oo 0 ‘oalcm of "thé aedmmt appearo to oocux, as in” °‘nec:uner1 71/L1 - 76
10 mos t extensive me aSDma.+l‘3W1 occur a,long the 300 'Lne, whcre

3'3_1‘llenti,1e zolutions have entered the sediment and cry**o‘c:z.le Iibre

%3 doveloped up o 3 mmtrcs a‘..fay from the main se_:r:pe:.;'isi'ne CLu:tuCt o

e DY
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‘2:* (e.u. Speoxnen jﬂ - 82) loritic repluCLMcnt of the serpentine
end the sed lment follcn % fibro development and this in turn was

followed vy talc replaccment developing ocuitwards fron fractures:into

L . .
the corbonacesus scdimensary material.

Several smell isolated bodled of uabb*o are knowa to 1n trude
sediments on both sides of the ultremafic complex, and these

bodies have small metasomatic aureocles,

Aloné_thé eastern side of the Lluramaflcs, 2 ﬂagor fault doss
not ex;st 2s along theé wes*ern CO;t&Ct, and Lecton =41} nas been
restricted to extensivé loczl shearing of the sediments and the
.1gnecu? contuct rocks. This zone.of sLedrinw extends up fo

100 metmes J_nto uhe gedments a.nd therc is a gradusal decrease .m
schistosity away from the ultramafic contasﬁg Good exposureé

of sheared and métasomatiééd contact Sedimentaiy rocks axe

found on the 20N, 20N, 00 and 43 mies; Aong the contac?c' in
this ares, talc schists and talc“chloriﬁe SCﬂlsts {eg. specimen
71/11'4 132) ere common and ouucrop over widiha varylng be*ween
15 and 30 meires, They grade into schlstose creywacke and
conglomerate aﬁa then into less sheared sedimcﬁts awav frem the
pontact along +the OO_li§e. In the 25ﬁ area fluld from the

ulframafic body have induced muscovite, chlorlte and talc alteration.

Specimen 71/L1 - 42, probably a formex tuff is composed of_lS%

' : it 3 e e '

chlorite and 85% muscov1te—sercmﬁe. The muscovite is pale green

in hand specimen and under the mwcroscoPe is sugwesblve of Fucheite~

the Cr rich. va.rie‘by’.

- Specimen 71/LL - 163 from the same area condains T5% chlorite
~f - - .
207 guartz aznd minor opacues and appears to be & schisfose
chloritized greywacke. Oﬁ ihy eastern eﬁd o ~the 158 line

altere& VOLC&HLC roc& occurs on, uhe contaCu.' Spécimen T1/L1 - 68




o e L .740.12.3._:‘

im composed entirely of guariz and éhiori%é; with guartz filling
vesicles ond 88 veing in a fine zrained mairix of quartz and
chlorite. Spec:ijqons of conglomexate 71/Ll - 58 and 71/L1 - 136
eééhibi‘b soma ﬁ_etasgm@tié alterétien. ‘In .ﬂ.;a Fivst speeim@ﬁ there
a;re thin 'ienses' of chlorite and also minox mﬁscovite; in the
second 'speéjjnen a large cias.t. contains 35‘55'fﬁt:h.s,ité~zﬁusdr':>vlitc and.
talo-chlorite end carbonate alieration together form 20% of the

clast.

o In Smmaw, the meﬁas¢matic ;ll‘cérai_;ié'n-_o;f the géunﬁry rocks at
Noddy Creek is‘confinéa 50 narrow zonéé'édjacé#t_to the ultremafic
~body and is locally intense where shearmghas ﬁa;kﬁ;n'plaéé.l The
ma.m a.lzter'ati_cﬁ minerals are tale a;ﬁd'“c}_ii'o'rite 'ﬁith_"lé'ss_er'cr._

rich mica ané some carbonate.
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BOONOMTE POTINTIAL

The prime purpose of mapping the geology of the Hilbs Ultramafic'
Belt was to discover if it held any miﬁeral deposits of economic
's'ig,ﬂificance. : I‘"\;}:tensive exploration in the 'area has been c.a.r.ried
out 'sincsei%?. The ea.rch has been mainly for base metals, but
‘recent eynloraulon has’ been conflned to the dlscovery of chszot11e

asbestos depos;ts.

(4) BASE METALS

Tne base nmetal po%ent;al of thebelt is nocit cgnsiiered to be gbod
lfbr'varioﬂs reasons. which wiil be outlined. There axe th;ée

:i.ﬁpo_rtant metals which -may'. be e:_cpecte:d' to oceur in T.hls enviromﬁé'gt;_‘ -
Théy are nickel, chicmium;iand_oswiridium,'which are discussed |

separately below,

(i) Nickel

Trace élemént analysis of érimary uitramafic rocks &nd derived
'serpenfinites, show that the average nickel content is 1800 ppﬁ.
Thiz fl 2Ure Compares favourabl Ly w*th tha‘averaﬂe vajiug for
ultramafic rocks which is 1500 ppm sccording to Goles (1967).
Most of the n¢ckcl in these rocks is trapped Wluhln The |
sexpentine lattice, however scme nickel Sulnhlﬁes have  developed
possibly during sérpentinisation. The sulphides are found as
igolated blsbs or smears in sérpentinite alonz e zone near the
vestern (bas lj marg*n of the ulframafiés from the 107 line bo
the 308 line. No massive concentrations of sulphige or gossan
vwere found during mapping or driliing of the axéa and the
:mineralization ppesent is COnsidered.tb‘be of nd economic ;

. imgortance.

740124
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and elsewhece in the Hibbs
“these reocks contain on the average 33000 pom Cr, =and therefore

are relatively onriched'in thig elemehb. Micrcscapic studies

br these rooks 1~c.wrea1 that a 1-2% cn*cmlih spinel com +ﬁht is
average, buﬁ thc chrom e.gra‘“s tend to be dissem;n

JERL T 3 .
mather then be tunche

U

together a3z layer differentictes. Thi R
~meeng thet it is unlikelj That any maésive chromite lenses ér'
iayers were developed durinv éifféréﬁtétiqh or lster during
._tectunlc remobzlzzatlon of thﬂse rocks. At Hoddy*Creek, the
prospect of mass 1ve chromlte ﬁevelopment is even more. remote

due to the common alte“atlon of cnromlte to gﬁlchtite.

(iii) OSﬂlI’d““

This metal is found.in trace amounts in a number of the Tasmlglﬂn
(a;ulframafic cémplexés, arnd imporfant deposits have been mine@'in
the past ab Bald Hill and Adamsfield. No trace osmiridium ox

eny other platinoid metal has been found by the B.H.2. Go. Lic.
during its éxtensive exploration of the Hibbe Ultramafic Be

The Lyell-Eleotrolytic ziﬁc group expioration company which
previcusly held the area,‘repo nied that durlnw Miield work in

the creeks draining north ihtoAGravelly Beach, nany grains of
dissemenaied'chrcmite“(magneﬁicall suscep%able) wersz found,
together with osmiri&ium and g?ld“. This i"_the only repoxt of
finding osmiridium in ﬁhe area, and it is considered that though
‘some osmiridium ma& be present in the uliramafic wocks, further

extensive explora tloq for the metax is not wa “vanued.
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{z) I'O_Iw“ﬁz:wLLIc TERALS

The non-neiallic mineral poucnii“ of the 1 1tramuh_cs eppears to be

much greater thean the metallic povential. Two distinet types of

mineral depesit mey be expecied in this enviromment, They are,

.

chrysotile asbestos deposits and tale-soap stone-nagnesite deposits
nry B - = N " p .

The'latter typé of deposit is considered flxst.

(i) Tale and maa@e51te,

The Hlobq ultramaﬁlc Belt &up to the natur» of 1ts emnlacement
. has besen subjeated %0 a canﬁinual series of tectonic induced
movemeﬁts and- extensxve netasomatlsm paitlcularly alcuw thé
m&rgins; Both tale ﬂnd soapatone alteratlon (after Hess 1953)
has occuxreu along the helt ol thranaflcs. he SprSbDne typo

being wesia ‘icted to areas Wnera gabbro*c 1nnru51"eg ocour, whlle

tale ulteratlon seoms to be ;ess resurlcted nd talc ocours

'ﬁxten51velv in sveas of intense shearlng s well as dlrectly altering -

e

from massive ultramaflc oodles.' Thesa alteration processes
nay have been thorcough encugh in scme paxrts to produce high
quality talc rock in sufficient guantities %o produce an econonic

deposit.

.Petrdlob“caﬁ studies at Hoddy Creex have shown tnat magnesite formetion

i3 relatively rare in the uliramaelics, ihis is prooxhly the
general case fbroughsuﬁ the Ultramafic Belﬁ,"There is very little
P e evelopﬂnnﬁ (over the ulfrﬂﬁ;llCSj oP f aterite which nay have

subsequently concentrated Mg rich meterial al the base of lateriie

twofile,  These two factors csuggesi that

ct
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deposit in the Hivks ultremefic Belt, Lies in presence of
chryzotile astestos in theée rocks. Smell quantities of
asbestos have been found ?hroughcut thé eﬁtire belt, This
ﬁa&ns th@% the cé:rec%';nvironment.for'thg formatiqn of
chﬁysotile aSbés%oé has occurred.af scme.time-in”all parts

of the belt. In the eastern ulﬁramaflc belt ai Woddy Creek
extensive develoment of asbestos has.warr“ ted a debaiied
and thorough exploraulon programme designed do outllne the
"size and economic potenulal of tbe aepos;ts. This programmé
'was carried out during a six month per;od from uanaarv to-
June 1971 and = comnreheﬁ31ve report on it has been written
‘by Langlands'(1971). i following dlscuwSlOn cutlines the
nature and distribution of Chrysctile-aeposi%s and the 1actors

involved in their £eNnesis.

(a) Distpibution of the fibre bodies

There a:ce threg aﬂa.w ZOnes oi‘ cTos s-i‘ibi‘e déﬁeloﬁment a.t.

Noddy Creek. A western zone from about 05N <o 55N, =n ezctern
zone from OSN {o 55H, and a sputhern 7,016 froﬁ'lOS o 208,.(sée
figure 3}. The fibre in the eastern and western zbnas.is
developed in massive serpentl ites and completely serpentinised
pyroxenités often enclosed in an envelope of sheared serpentiniﬁe
containing magnetite and slip fibre. .*ne Two zones are separated
by & belt of sheared end partially sheared pale green serpentinit
with diSSéminated stichtite'and sone 1iD ibre; _The fibre in
the southern zone occurs in massive serpcntinite.on.the western
margin of a. pyroxenite body and east of a zone‘of gheared

-

serpentinite (refer'Fiw.4). Massive cr 58 fi rE develoument in
”iﬂﬁhe 3 three zones is pwtchy and dep031ts ocour as lrregular e

'1ontlvu1a*~e11¢p001dal or tabular del?o w1vh4n nassive serventinite.

N g ettt — . o
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PLATE 3. Pyroxen;te boulder outcrop, 35N llne show;ng a patch .
- of ribbon fibre (white)in the centre of .the block
belng examlned by a- geologlst

VLATE 4., _ Scrp@ntznls ad pyroxenlhe thu*op in the 55N costcan.,
! The £laged stakes mark the outer limits of the ribbon
fJbro zone around the massive vock,  Sheared serpen-
tinite svrrounds the whole block. . R
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spected thwu, the irresalas rature oz the deno01ts

—
ot
!.J.
t

g

L 1

is primorily due to the effzcte of shearing and grogs
Taultdng and that, witﬁfﬁ Tie throe zones of fibre aove?O%ﬁent
"hmidden' deposits occur.at depth below areas‘ofrsurfacetl
shoaring. 4n uxaﬁplﬁ.cf'thiﬁ'typ@f§f_dapoai%'ccoura on
the west side of the 20¥ line, where dismond drillhole 8-
infersectéd a greatiy.iﬁéreaéed widﬁh.pfgéréss fibre bearihg
serpentini%e'belcw a2 Nnarrow Surface outcrOp.of fibre‘develoﬁmﬁnt

surrounded by sheared serpentinite (refe* Figure 5 )

“Within the shearcd sernent inite anng St;lk@ and ad;acent
jto ¥novm cross fibre deposifs'slip fibre i5~5poraﬁically
'_develoﬁed. Xeray determinea L&Oﬂ of thls materlal has shotm
tha%-most_of it is-brucite and‘énlyzabcut dne quarter of -
the.sPecimens éx glneu cort_;ned cnrySOtlle flbre. This
' means_thaf slip fibre hab ll*tle yotedula] a8 a sccowdﬁ“v ) . 2
source of Qhrysotile fibre; -The varicus;types.of cﬁoss
'"fibré veins, their'nétuie, reiaﬁicnshipé and iﬁpcrtance at
Noddy Creek have been discussed previously and may be referzed

to undex, Serpen ine. Types, in the seéction on Serpentinisation,

(b) Type ond ouality of cross fibwe.

The resu;ts of Wlli&ﬂm of a. rumber of selected speeimens of
'cross fibre bearing serpentinite, show thet the fibre is of

high qualify and excellent for industrial use. The standard

(6]
w
[&F]
o’
5]
w
b
[»)
24
jol
ot

Conadian grading of fibze has been applied to the

Nodéy Creek =nd types 4 to 7 axé thc calculated zrades which

can be recovered after milling of ore rock., This means that
(,\T

the average Libre length af ioduy Creek is *almly shoxt, being '

. in the order of 1/16" - 3/1’":“ '

;Iu outorop ibru veln

-greaDOr uhan 1" thch wag rarely se91 {r»icr plats’ 4?)

S
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N (¢) Pactors inve _ved in the Formaticn of Chrysotile
Deposits at Neddy Crack.

[

During OXplCIJulon for chrysotile deposits in the Hibbs
Ultramafic Belt an attempt was made to develop a model which
.xelated the possible and a?parant factors_inVolved_in:
zﬁfoducing znd pieserviné & éhxysotile.déposit, :These factors

are set out below and discussed in detail.

(1) Intense acromsgnetic anomaly.

(2) TIncrease in width and broad and flexure of the
: Ultramafic belt.

(3) The preéenoe of maSsivc highly sérpentinised ultxamafic.'

'_(4) The presence of gt“uctural controls to promOue uhorough
o serpentinization and to prOV1ﬂQ tﬁe corract stress  _

-env1ronmont for fibre dev elopment.
(5) The'proximity~of gabbroic and dioritic bodies.

{6) Tne preserce of stichtite.

IOH the r89101a1 gcale ﬁhe Hibbs Ult;amailc Belt is del;ncated

very clearly by the presence.df_a narrow, tibntly CQﬂbOHTEQ

linear, pouitive aeromzgneiic aﬁomaly, Within fthis anomaly thél

Noddy Creek area is defined By u lzormly intense ma netics,

which are interpr etea o be due to a h;gn ae”ree of serpentln:sauloq_;

and subseguent forma 1on of m"gneulue. Groﬁnd‘magnetics have shovn
:_thaf-therg 18 no correiatlou between the inteﬁéiﬁy of magnetiom

and. cross fibre ﬁéve lopment alth u*b the magneiios_are more

variable oﬁer,the massive Tibre zones than over the sheared

serpent nites

_?he chrysotile depcsts at Noddy Creek are found within a zone

o of incréased width of ulbx -analios wh4ch is als 50 & broad flexure

_Q%ngthe ult:amaficxhelt; The in¢:eqse incwidth df.the wltramafics

has effectively meant that massSive zones of serpentinite, which
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Large veins of chrysotile asbestos up to two inches
‘thick and split by izregular partings which reduce
the meximum fibre length to one inch. This is high
quality asbestos fibre.

- 5cm *I




are the host bodies or chrysotile fibre, have boen ' : .
s el . . s N 74013~
prescrved in the highly sheared belt., +he curvature - o
of the belt at Woddy Creek may represent merely a change
in the dip of the basal thrust zone of the wliramafics cor
it moy be produced by folding. In the latter case
considerable fracturing or shearing in the_ultramafics
‘p0331b1y also premotlng'flbre developmehtf may ave

oecurred,

The présence of bodies of.ﬁassive serpentinized.ultramafic

'iock isicénsid,“ed essentlal fow the formauwon of cherDl‘ﬁe
fibre deposits. 'Tnese DOdluS unaer the cor reCu stregs
‘environment, ﬂrdbab y during sernentlnlsatlon are fracuh“ed

iand iater lnvuded by the 301uilons which crystallzsﬁ to f0£m
chrysotlle cross flbre. Structnral control of tae m;nera11zaulon
is thhly muportant and it is evmdent that Just the rlght degree
of faulﬁlng, sheam;ng, ;racturlng, and ten31on musu occur to
provgde acuess to flgids pfoduding se:pentiniséiion and fibre

developnent.

Excessive tectonic movement will result in sheared serpentiniie
which is useless as a host for cross fibre. It will zlso destroy

any previously formed chrysotile fibre.

Gabbro.and'diorite intrusives into £he ultiémafio seqﬁeﬁce nay
have pvoaucea‘ghehrlnu in *he serpﬂntln tes, and related
hydrothernal solutions way have contrlbdued w0 fibre development;
however, there is no definite obgerv“aﬁe genctic relationsghip

between t coe Intrusions a;d CID“S—Ilbré fermatior

At D oday Creek stichtite is ex tensively.develoned in & belt
.betWCQn the two aln flbre ZOnes ana Where stichuite isf

&Neloped ch“ysol te asbcsuos 15 not fcuud *n amy qaantltyaV'

It is'considered that b htlte 1s formed yrciqainanyly a;tér:

~a

~the erxoss fibre in the cent:al sheared zone of derpentinite
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l ' between the {ibre zones, and the iwo minerals are uarclated
; q‘) 3 [
l N ~ .genetically.
I In sunmary, the chrysotile deposits at Noddy Creek are
- located in a arcuate wider section of “he Bastern Ultramafic

 Belt. The wltramafics arve highly éexpentj:iiséd and éheared,
‘cbntéiniﬁg messive pods of cross-fibre bearing serpentinite,
'Stmctui'al' c-ontrols of serpentinisation_a.né- fibre develc ient
may have been provided by.fau]._ting and shearing of the
‘uliramafic body by post emplécement mov'em'ent,- flexuring due
to folding and/or by. the 'en_zplacem'ent .of gabbros and diorite

into the ultremslfic body, The presence of a magnetic anomaly

i

over the arca and the formatien of stichtite are not regarde

a8 indicative of. chrysotile asbestos ‘developaent. .
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775, BULBIARY, OF PHE CECLOGTCAL HISTORY OF T HODOY CRITY ARTA,

(1) Development of 2 narrow rift ox trough between Precarmbricon blogks
in western and nomther Tesmanis durlﬁg lat Precambrian or early

Cambrion Gioms.

(2) Deposition of mainly argillaceous sediments (siltstpne shales and
" minor siandstone) of early and Middle Cembrian age within the

developing Dundes Trough.

(3) During late Middle Cambrien tLLes the Hmb., Ultramefic sulte was
intruded zs a thrust boﬂnﬁ slice of mantle material 1nto these
: Cambrian sediments. Cancurrently w;ﬁn cmn’acemen+ of- tLe ultrumafwcs, 

auuomezamOMphlsm took ﬁlace and ua tla¢ se:pentinisation occurred.

(4) Gabbro was intrmded along the margins of ultremafic belt shortly

" after the emplacement of the wltramalics.

-(5) 4 short period of uplift and erosiou took place and was follovied by
‘deepening of the Dundas Trough and the deposition of the Dundas

Groun, a sequenice of greywackss, cong 10merhtcs, and minor s;ltstones.

{ o . = Ctns - 1 . “s
\ﬂ Together with the deposition of these lMiddle-Late Cambrian sediments,
asic-intermediate and acid lavas, tuffs and aggleomerates of the
Feddy Creek Velcanies were lald down to the east of the wltramafic

belt.

i) In late Cambrian times, diorite and quartz diorite bodies were . -

}intruded into the; ediments and wabbros, nroaucxng con51derable

rmiasomatlsm in nouh “edlments and;ultramafias.




(9)

(10)

(12)

(12)

et

Lumprophyres snd micro-diorites were inifruded at this siage

into both sediments and ipneocus rocks.

ﬁt the CLOSE of the Cambrian miner tectonism prOducing uplift .

aad exrosion . occured Duiing.thiskperiOd ex tcn31Ve sh eaxlng within

%he ultramafic,belt securred,

San&stones ard llmestaue of Oro&vicion age were deposited in

shallow baolns within $he Dunaas Trougn.

The T abberrabberan Orogeny in 1aie leile Bowoﬁ+an times terminated
sedimentation in +ne Bundas rough and. all p“€V1UuS seduaanus we“e

fhighly folded. Sﬁrlae sllp movement of faults DrobabLy oucurred

and the ultrmafic comnlex wWas agaln saearea.h-

There is no eV1dence of any Lurther gedlmentatlon Lﬂtll Tertlamy

ulmgs when thlcg shallow water sequenCcs were develonud xn several

fault bounded troughs in the HacQuarie 3arbour and. Birches Inlet

areas.

e to Teriary uplift, rapid erosion of the Lower Palaeozoic
kb ¥ ¥

sediments has taken place in t;e Quatcvn ary veriod anu e"*ensive

alluvial flats are being developed in sevaral loCal*ties
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DISCUSSIONS OF RUSULTS AVD COMCIDEICH

Toddy Creck has been shudied in

,_ £
el
o
k

“The Ulbba tromalic Be

detail and a comprehensive account given of the primw Tj nltramafic

and mafic suites tob““ er with t‘i sccondary aiterauon processes,
pexpont inisation and metumorphism.

Tueh attention has been paid to' the 'sei:pen‘binii:e's and pgrt.%.c-ularly
to the chryéotile ‘cearing va:cieties Because of ‘aheir‘f*gm_zlcance in
rm ation to chrysotile ﬂsbc,stos aepos:n.t.a.. It is considered'tha‘a_ The

madn factors involved in the fornat:.on of the chrysom.le deposits. |
nave been *hrcugh somen’cmlsmlon combmed wn.u‘fl extcnswe she&mg
of the 1 ltram afics, The small extent of lauer metasomatisn and

shearmg of the massive se:mentmﬂ tes has preserved. ‘bhe,b‘zrysotlle

f:.bre. A

The pyroxenlte which dominate the wltramafic suite have been mostly
eltered to s_erpenta‘ni*’:é, and chr*jéotile asbestos has formed 111
congiderable qua.v‘ltities' with the maséixfe éerpentinite.- Late
metasomatiém of the serpen‘sihites pwtipularly in the sheared
varieties, has produced :vide-Sp read alteration of chronite ©o
stichtite - a rore hydroxyl-carbonate mineral., The presence of
 stichtite may signify ‘the existence of unusu._zﬁl chemical and

physical conditions in the initrusive at the time of its formation.

Vetamorphism and metesomabicm have rroduced extensive altsraiion
of the mafic rocks, wesulting in the formation of amphibvolites

end rodingites

Cong J.dermt, the chem.cal md m"ﬂelalﬁﬂ‘l 8l characterisiics of

she p“a.mary ul‘t.rma.uc snd mauc sultea, it lS suggeutbd tha:t thes_ek

rocks were demved Dj pa.rtla'f dlz‘.xérentiati-o_ cf Upper 1,.unt

mate i 1. 'ln 3 meterlc.,l hcxs bcen ﬁubsecuodfly maved into the

W BRI s

ida,

vol
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oruuu, undergone further differentiation and emplaced el thrust bound

intrasives posegibly along & subduction sone into Cambrian scdiments

-The 1amprophyreS;_diorités‘and greno-diorites which_intrude the
.sedimcntary—voiéanib sequence as wéii as'thé Ultramafié Belit are
considered to ;gve Eeen the last dszeren iat ; Erom fhé sane
mnagme from which the ultramafic, gabbroic anﬁ voicanic rcaks wg&e'

derived.

The economic mineral potential of the Hibbs Ultramafid Belt-has
been studied and it is considered thet the base metal potential
in these rocks is not hlbﬂ, and thau the best prospects fcr economac

mineralizatian lie in the nou—motalllc ﬁlne?als, iz Tc and asbestos.
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METHODS OF STUDY - _\7401‘1‘

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 Siemens 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 serpentlne types. The serpentine types can

" be dlstlngulshed by their different shaped diffraction peaks in the

22° , 41° and 71° 20 areas using Cobalt Radiation (35 kv, 14 mA).
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. 1In these cases the values
given are only very approximate. - '

In some spec1mens ‘the serpentine types were in- doubt, and in
these cases, electron micrographs were taken to try and visually -
identify the particles. This method was generally successful,
however the author could not decipher between plates of 1lzard1te
and those of antigorite, the chrysotile rods being easily disting-
uished. The machine used for this work was a £.0. E.L. Electron
microscope type JEMT operating at 100 kv.

The dlfferentlal thermal analyses method was not used on any
of these specimens.,

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 1dent1fy the
mineral which they belonged to. ' N

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:-

VS, S, MS, M, MW, W, VW, WW



- | o 740148
i
CHEMICAL COMPOSITION (as oxide wt %) | i
Spec. No. | 71/L1-41[71/L1-46|71/L1~50|71/L1-69{71/L1-118]71/11-119}71/L1-120 %
510, 5.0  |26.5  |40.3 [s1.7 - 37,6 l29:9 0 |39.7
AL,0, 0.1 1.3 0.8 0.9 0.7 | o.7 | o.6 1
 Total Fe 3.2 7.7 9.0 6.2 9.6  J23.2 5 | 2.1 i
° ’ 3 . IS 4
Mg0 40.7 36.5  [34.9  |32.0  [37.0 29.9 ' ]41.2 i
Ca0 v v 0.6 11.6 | 0.1 A 0.1
Na,0 v 0.1 v 0.1 | 0.1 4 -V i
= K,0 v VAR V2N VAR P v
Ti0, v 4 ool vy Yy | v
‘3 2 ~gs 9 | ~65G, |npah [=907 | 5% | ~T | ~837
X ¢ . F.r b . e :
. “ . |" 7  TRACE ELEMENT ABUNDANCES (ppm) ke feo ey f
' Ni o~ | 1900 [2500- 1100 ~~-{ 300 --[1400 - {1700  [1400 -
' : e }2300 @ p1g 6000 3300 >1% 6400  |6600
. Co 80 {240 | 94 44 - | 110 180 80
MINERALOGY |
l a Lizardite | X |xx X  Ina XX x X
g ' Chrysotile | XX X XX XX XX
Ql i} Antigorite | x . XX - |TR X
. 2 Magnetite . | TR TR TR TR . x R
' Chromite ’ '
: Stichtite | TR R |
l Talce | | -
R Tremolite \ '
' | Chlorite | | | TR |IR
. NOTE: XX =3»50% - x = 10-25% NA = Not Available
- X = 25-50% TR = <10% - Y =<0.1%
. ' (ANALYSES)
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1 .

I CHEMICAL COMPOSITION (oxide wt %)

" Spec. No. |71/L1-121{71/11-122|71/L1-123{71/L1-12471/11-125|71/11-126 |71/L1-129
l - st0, 39.4  |38.8 . |39.1 39,9 . [38.8 - [39.9 41.2
L AL,0, 0.2 0.3 0.2 0.2 0.4 0.2 0.2
I . Total Fe 2.5 3.5 5.0 2.4 1.3 5.2 1.5
S MgO 41.5 41.2 40.3 42.8 41.2 139.5 42.0
l . Ca0 0.1 v v v VAR I T 4
- I . Ti0 v v v v V- V4 Vv
N U
& SO I TRACE ELEMENT ABUNDANCE (ppm)

l I ! 1900 1800 2100 2100. 1200 2300 1300
= er 2100 5200 3400 2500 800  }1900 450
| l . Co 60 70 90 - 72 60 © 70 64
A 'MINERALOGY -

I '~ Lizardite |XX XX X x

- - s Chrysotile | XX XX XX X X x

l " Antigorite TR x x XX XX
. ‘Brucite _ '1
l Magnetite [ TR TR x TR TR TR TR

B Chromite ’ ‘

l - Stichtite
7 Tale

l Tremolite
- Chlorite
l : 3
_. . el § —— ?;ﬁ
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CHEMCIAL COMPOSITION (oxide wt %) 5
Spec. No. | 71/L1-142|71/L1-143|71/L1-144|71/L1-145]71/L1-146| 71/L1-147|71/L1-18 ©
50, 39.1 36.7  |34.5 35.3 36.1 41.9 36.7 4
A1,0, 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 L1 1'6.0
Mg0 39.6 40.1  |41.9 140.0 40.4 34,5 139.9 §
Ca0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 {
Ti0, 0.1 0.1 0.1 0.1 0.1 0.1 0.1 ;
TRACE ELEMENT ABUNDANCES (ppin) i
. T e L, ) _.' ]
Ni 1300,  |2500 -* ]2400,, 2200 1800 1000 2800 -?
£ o . :
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
- .- S . .
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£
TRACE ELEMENT ABUNDANCE (ppm)
Spec. No. | 71/L1-156|71/L1-157{71/11-158{71/11~159|71/L1-160)71/L1-161]71/11-162
Ni 1300 580 380 750 200 70 70
Cr 780 370 1600 470 1100 50 55
Co 120 50 50 70 . 25 220 20
Cu <5 5 <5 15 25
Pb <5 <5 5 <5 30
Zn 45 25 65 35 © 45 20 70
”: TRACE ELEMENT ABUNDANCE (ppm)
,,f . - e 7 - :
Spec. No. | 71/L1-163|71/L1-164|71/11-165[71/L1-167|71/L1-168| 71/L1-169| 71/L1-2 &
N 140 |1600 - 100 50 90 80 1900 |
Cr 75 1200 35 25 80 50 620
Co 55 - 90 60 30 35 25 70
Cu . 35 <5 110 35 15 5 5
Pb 5 5 5 45 5 <5 5
Zn 35 80 100 100 90 30 15
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SLIP FIBRE SPECIMENS k
i
Specimen | 71/L1-75 |71/L1-173 | 71/L1-174 | 71/L1-175| Aa | aa | aa [ aa | aa
_ : 2606 |2607|2608{ 26092610
 Lizardite | X TR TR R, < |® |x |x |m® E
- Chrysotile} TR TR X |x .. X X TR  §
 Antigorite | XX x X X x x. {X JTR jx .}
Brucite x XX XX XX XX XX XX 3
Magnetite | TR TR TR TR* TR TR |TR |TR
" Chromite | TR i B
‘Stichtite TR TR TR {TR |TR {TR
- Tale .
Tremolite . 2 7 TR TR
o L E . s
‘Chlorite | TR TR It | |{TR  {TR
4 =
i
. 5 S, R . o
Ef'
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" X-RAY DIFFRACTION OF

 SERPENTINITES

SLIP FIBRE SPECIMENS
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2.365 100 101 °
1.794 55 <102
1.573 35 110
1.494 - 18 111

1.373 - 16 103

. 740154
2-7‘.
MINERAL 71/L1-41 71/L1-46 71/11-50 71/1L1-118
Lizardite aa® I da® I aa® I da® 1
9 1/1 mL
7.4 - 100 001 7.3 . S B
4.6 - 80 020 4.595 W :
3.¢ 50 D021 . s
3.67 80 002 3.66 M 3.656 MS
2.875 10 022 o
2.505 . 100 201 | 2.507 MW |} 2.510 MW |2.505 W
2,156 80 202 2.15 W 2.155 VW 2.153 W - -
1.799 50 203 1.796 VvW| 1.798 VW .
1.538 80 060 _ 1.539. W 1.539 w |1.537 M
1.505 80 204 1.505 VW [ 1.502 vw |[1.507 VW {1.505 VW
1.416 50 062 ‘oL, ' B :
Antigorite; T _
7.33 100 006 17.35 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 W
©2.502 100 206 -
. 2,425 10  0,0,18 _ 2:429 VW
2,335 70 209 2.33 VW
2.140 60 2,0,12 2.143 VW
1.791 1o 2,0,18 o
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 VW
2,096 50 204 ,
1.536 80 060 1.536 W
1.531 65 060%
1.464 30 0.010%*
*Denotes with orthochrysotile
Brucite _
4,77 90 001 14.778 VW

st
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" MINERAL

71/11-41

71/L1-46

71/11-50

71/11-118

Stichtite

0 O

dA 1 ldA

I

aa® I

da

o I.

e

7.30 100

7.80, VW {7.85

VW

et

3.91 : 3.918 VW 3
2.60 2.61 VvV 2,61 VW ‘
;.i{.‘- S : ;
\ f; Fer ]
. i
. E‘
4

1

eyt e
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 MINERAL 71/L1-119] 71/L1-120| 71/11-121 | 71/L1-122] 71/11-123f
- - iiﬁl
LIZARDITE da® 1 | aa® 1 |da® 1 [aa® 1 |aa® 1
da® = 'I/1, HKL
7.4 100 001 7.36 US
4.6 . 80 020 4.63 W | 4.59 W |4.615 W
3.9 50 021 ' N
3.67 80 002 3.656 S _ |
2,875 10 022 : i
2,505 100 201 2,505 MW | 2.506 M |2.505 M [2.505 MW I
2.156 80 202 2,163 VVW | 2.154 VW |2.154 W &
1.799 50 203 . . 1.797 VW] 1.795 VVW:
1.538 80 060 | 1.539 MW | 1.538 W [1.538 W N N j
1.505 80 204 1,502 vw | 1,504 ww {1.505 WVW|1.507 VW
1.416 50 062 | , ‘
Antigorite ¥ . N Y
2,149 60 . 2012 2,147 VW
1.791 10 2018 :
1.535 80 060
1,501 70 2024 | 1.502 VW
Clinochrysotile
¢ ortho¥ _ , _
7.36 100 002% | 7.33 MS |7.35 S _}{7.35 VS 7.35 8
4.56 - 50 0.20% | 4.58% VW - _ : 4.58 W
3.66 80 0.06 | 3.65 M |3.66 M [3.66 s 3.66 MS
2.549 50 203 :
2.500 50 202% | 2.498 MW ‘ _
2,456 80 202 - 2.465 W [2.455 W 2.455 W
2.285 20 04D* .
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
Chlorite _
'3.83 3.83  VVW
2.443 2.643 MW '

) -

R R . o
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MINERAL 71/L1-124 { 71/L1-125 { 71/L1-125A} 71/11-12d¢ 7¥L1-129
LIZARDITE
da®  1/12 HK1 aa® 1 (da® 1 Jaa® 1 Jaa® 1
7.4 100 001 _
4.6 80 020 4.614 W -
3.9 50 021 e
3.67 80 002 R
2.875 10 022 2,88 VWW
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 VWi
1.416 50 062
Antigorite . Lo .
7.33 100 006 7.29 S
4,60 60 020 .
4.40 10 023 4,43 VW
3.66 100 0012 3.642 MS
3.02 5 0211 : o ‘
2.502 100 206 2.503 VW 2,498 MW
2,425 10 0018 2.438 W
2.335 70 209 E '
- 2.149 60 2012 {2.149 W 2.145 VW
"1.791 10 2018 {1,793 VvVW
1.535 80 060 : 1.534 W
1.501 70 2024
Clinochrysotile
€ ortho*
. 7.36 100 002% 7.24  vsx |7.33 -8 7.40 MS
 4.56 50 020% ) 4.57 W 4.54 W
3.66 80 004 3.65 MS [3.64 M 3.60 M
2.549 50 207 '
2.500 50 202% ' .
2.456 80 202 2.45 W 2.455 MW {2.452 W 2.46 W
2.285 20 040% :
2.096 50 204
1.536 80 060 1.536 W
1.531 65 060%* 1.532 W 1.533 VW
1.464 30 0.0.10%
2,594 40 201
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- SLIP FIBRE SPECIMENS
l _' MINERAL | | . |
_ _ LIZARDITE 71/L1-75 | 71/L1-173 | 71/11-174 ._ 71/L1-175
' | da®  1/1) HKL an® 1 {da® 1 |aa® 1 |aa® 1
S 7.4 100 001 R R
4.6 80 020 | : - >
| 3.9 50 021 3.89 W
' 3.67 80 002 . :
- ©2.505 100 201 2,515 VW
l ' 1.538 80 060. 1.538 VW
- 1.505 80 204 | ' '
R 1.416 50 062 1.42 VW | 1.42 W [1.42 v |1.42 W
I s Antigorite A E N
7.33° 100.7006 +}- 7.30 M .[7.26 vw|7.35 M ]7.33 W
. , 4,40 10 023 4.bbh VWM R B |
- 2.335 70 209 2.33 W | 2.3¢ M |'2.36 wMs [2.32 M
3,66 100 1102} 3.64 M | 3.65 VW |3.65 M. |3.65 W
l ‘Clinochrysotile o
R 2.096 50 204 2.11 W 2,10 VW
I S ' 1.536 80 060 | | 1.535 VW
' - Brucite _ : ;
' ‘ 4.77 90 001 {1 4.77 Us [4.77 Vs |4.76 " Vs
5 2,365 100 101 . 2,37 S | 2.37 WM |2.365 M
- o 1.794 55 102 1.794 S | 1.795 M | 1.796 MS
- ' 1,573 35 110 | , 1,575 W | ] 1.574 M
l 1.494 18 111 1.49 VW | . o
b 1,373 16 103 , 1,37 M [ 1.37 wM [1.373 M
I 7  Magnetite . _ _ .
o 2,535 100 . 12,53 wM | 2.53 W
' | 1.485 | 1.483 WM.
Stiestite
- S 7.78 : ' : 7078w | 7.79 v
l_ : 3191 ' : _ 3.89  VWW
- Chlorite |
l 2,02 : 2,02 VVW]| 2.02 WM
..Tremolite ‘ _ _
l 1.588 . ° | : - k1.588 VN
1.432 : . . 11.43 wM {1.432 wW |
I " ‘ A ——— o~ x
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SLIP FIBRE SPECIMENS
MINERAL . | o &
TrzaRpTTE | No- 2606 | No. 2607 | No. 2608 | No. 2609 {No. 2610 J
da®  1/1,mRL | da® 1 [aa® 1 jaa® 1 |aa® 1 |aa® 1
3.9 50 021 5
1.536 80 202 1.537 W - 1.538 W | 11540 W
1.416 50 062 1.6210 W | 1.622 W | 1.422 W | 1.422 W |1.421 W
Antigorite ‘ _ 4
7.33 100 006 7.33 MS { - o 7.30 MS 3
3.66 100 1102 | R
2,335 70 209 2,35 M [ 2,35 M |23 MS |2.35 MW[2.3% MS §
Clinochrysotile ot » -
7.36 1007002 | 7.35 s 7.35 s |7.35 s
4.56 50 020 - - o 4.56  VVW
3.66 100 0012 | -
2.456 80 202 2,458 W | 2.45 W
2.096 50 204 - S t2.105 w0 @
1.536 80 060G 1.534 W 11,536 W - 3
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 | | - B
1.794 55 102 1.795 MW 1,795 VW]1.797 MW %
1.573 35 110 | o ;
1.494 18 111
1,373 16 103 1.373 w | 1.375 W
Macnetite - _ _
2,98, | t298 w | . 2.97 W
2.535 2,535 W | 2.535 MW | 2.535 MW |2.535 MW2.53 M
'1.615 1.615 vwW| 1.615 VVW | 1.615 VW{1.615 W
1,485 - 1.485 VVW| 1.485 VW | 1,482 VW | 1,482 VW|1.485 W
-Stichtite _
7.78 7.73 - W 7.82 VW[7.80 W
3.91 3.91 VW o 13.91 W
2,60 2.60 VW | 2.60 W
Chlorite
3.83 _
2.443 . 2.935 W |2.44 W |2.46 W
2.025 - | - 12025 w
2.00 2.005 VW | 2.003 vvw}2.00
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MINERAL - : l
No. 2606 No. 2607 No. 2608 No. 2609 {No. 2610 W
Tremolite ’ i
da® 1/1, HKI da® I as® 1 da® I da® 1 |da® 1
. 1.588 _
"1.431 1.431 W
Undetermined B
4,47 VW 4,48 VW | 4.48 VW :
2.115 W 2.117 MW ¥
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APPENDIX 3

ROCK SPECIMENS

" LOCATIONS AND

'DESCRIPTIONS

740164
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ROCK SAMPLE TNDEX

740162

L

med. gr.'serpentlnlsed

LJ

P

Sample Rock Type Locality ' laboratory
No. Description : Work
71/L1-39 GABBRO, sheared weathered and 3500N E.end TS
altered. : ~645' PEG
71/L1-40  SERPENTINITE - Layered, massive, " 3000'N W.end
light green -
X-fibre similar to NC 16.
71/L1~4l SERPENTINITE ~ STICHTITE 3000'N. o TS
Bearing light green similar to central zone P.R.A.
NC 24. = o |
71/L1-42  ?TUFF - MUSCOVITE - CHLORITE 2500'N OPP . TS
‘ i rich sediment FN.GR.LT. GRN. 454'PEG on
fuchsite bearing eastern end
71/11-43  GABBRO - serpentinised and 2500'N E end TS
' metasomatised -saussurite, in road 100'
weathered - grey brown N of costean
71/11-44 GABBRO - weathered and meta~ 2200°'N costean
somatised B/N 200'-245"' PEGS
' on eastern road
71/L1-45 LAMPROPHYRE - dark gréy dyke rock  2500°'N.W end
. : ~ 200' PEG
71/L1-46 _SERPENTiNITE - massive 2500'N central TS
' approx.450" P.R.A.
mark :
71/11-47  LAMPROPHYRE - black,similar to 1000'N W. end
NC 20 ' “~ 370" mark
71/11-48 _ PEGMATITE HORNBLENDE - DIORITE 600'N area TS
~ 200" W of road
71/L1-49  HYPERSTHENE CLINOPYROXENITE 500N opp. TS
blue-grey med. gr. 500" PEG
71/11-50 AUGITE HYPERSTHENITE - black 600'N" 100! - TS
fn-med gr. serpentiuised west of road
71/11-51 PYROXENITE - serpentlnlsed " 600'N 90!
black med-cor gr. west of road
71/L1-52 AUGITE KERSANTITE - dark grey 500'N 20'N 8
: fn-med gr. . ' of 590' mark
71/L1-53 - PERIDOTITE - OLIVINE WEBSTERITE 500'N 20'N . TS

of 580" mark . = - |




71/11-54
71/L1-55

7L/L1-56

- 71/L1-57

'71/1L1-58

71/L1-59

71/11-60

71/1L1-61

71/1L1-62

71/L1-63

71/11-64

71/L1-65

71/L1-66

71/L1-67

- 71/11-68

‘vesicular lt. gr. gtz.

NORITE:- CHLORITE - TREMOLITE

- prebnite rock - green-grey

med. gr. gtz. veins

CLINOPYROXENITE - green-grey

med. gr. qtz. veins

ENSTATIIE CLINOPYROXENITE COR. GR.
partially serpentinised altered |

'NORITE med. gr. cqtz. veins
chlorite-saussurite-prehnite-
. tremolitec minor sulphides,

gimilar bo NC 13

'.

’ CONGLOMERATE grey, ‘sheared contains

altered chromite

GABBRO - layered med. gr. gtz-
saussurite rich.similar to NC 13

NORITE - serpentiﬁite and
saussurite rich,cor gr.

GABRBRO - dark grey, med. gr,
tremelite-chlorite~
saussurite rich

QTZ - CARBONATE VEIN ROCK,

_talc rich

GABBRO - silicified and altered
chlorite dmiligr to NC21

ENSTATITE/CLINOPYROXENITE -
1t. grn. sheared, serpentinite,
saussurite .

LAMPROPHYRE-ANDESITIC composition
1t. grey (weathered) 51m11ar to
NC 14

LAMPROPHYRE-ANDESITIC COMP.

LAMPROPHYRE-VOGESITE lt. grey

QTZ.~CHLORITE VOLCANIC ROCK
velned

B

approx. 200'N

- 700" PEG on road

600N area TS
n 180'W of

road _

00' line TS
140'N of

550" mark

250'N area TS
40'W of road

00' line TS
~ 1030's 31de

of” road
) - TS/PS
area helipad 3 :

00" Wend ~ = TS
~ 535' mark

600'N area TS
~ 150" from road P.R.A.

00 line TS
-~ 380"PEG

400'S line TS
250" mark

700'S line
w210 mark

700'S - TS
~ 150 mark

700'5,7200'S of -

700'S 50°'Ss of -
600'PEG in costean

700'S.100's of TS
400' PEG in.
costean along

~N-8 line

©1000'S E end . TS
"M 950" mark.
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71/11-69 HYPERSTHENITE - serpentlnlzed and  1000'S W end TS

.steatltized ~ 500" peg P.R.A.

71/L1-70 AMPHIBOLITE - lt.grey cor-gr. _ 1000's W end -

similar to NC 12 : ~ 275 mark '

71/L1-71  LAMPROPHYRE - grey med. gr. 1500'N W end -

o | 280" mark

71/11-72 GABBRO - weathered cor. gr; Fern‘Ck. costean -
' gimilar to NC 3 _ 2000'N of Pad 2
‘ SRR ~ 250" from E end,

71/1L1-73 ENSTATITE v. cor. gr. talc rich coéteaﬁ 6000'S of -
' similar to NC,2 : pad.2 central zone

71/1L1-74 # SERPENTINITE - llght green massive 1000'N 500'peg., XRD of

* with slip fibre and magnetite ; _ - sllp fibre

71/L1-75  SERPENTINITE - dk. green massive  1000'N E end - -

. ] with magnetite _ 780" peg

71/11-76  GARBONACEOUS SILTSTONE - partlally 100'N 250" mark -

metasomatlsed near contact
71/L1-77  BASIC-INT VOLCANIC AGGLOMERATE near helipad 9 -
. ' le-dk grn. ' _ on great N-S
. - road
71/L1-78 ~ SERPENTINITE - Micro ribbon ' DHNC4 343.5' TS

fibre texture and brown mineral

71/1.1-79  SERPENTINITE - massive, dark, - DHNCS5 525.9'
mottled ¢ stichtite

71/11-80 SERPENTINITE - cross fibre bearing, DHNC5 360.6' - TS
chlorite and tremollte alteratlon : : '
and talc

71/11-81  SHEARED SERPENTINITE - minor +ve  DHNCS 160.6"
: D.M.G. sulphide .

71/L1-82  CONTACT ALTERED SILTSTONE - ¢ - DHNC5 123.8° TS
ribbon fibre. Serpentinite, :
chlorite and talc metasomatism

71/L1-83 SERPENTINITE - ¢ Stlchtlte and DHNC?7 461,3°
_magnetite '
71/11-84  SERPENTINITE - pale, massive ¢ DHNC7 341.8"

miner finely disseminated +ve
D. M G. sulphider
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71/11-85

'71/L1-86

71/L1-87

71/11-88 -

71/11-89

71/11~91

71/L1-92
'71/L1-93 -

71/L1-94
71/11-95

71/L1-96

71/11-97

71/L1-98
71/1L1-99

71/L1-100

71/1L1-101

. SHEARED GABBRO

13

SERPENTINITE - massive, granular

. ¢ minor slip fibre

SHEARED SERP. - ¢ +ve D.M.G.
sulphide, slip fibre and
magnetite '

PARTIALLY SERPENTINISED
PYROXENITE

SERPENTINITE - ¢ cross fibre and
minor +ve D.M.G. sulphide

LAMPROPHYRE-AUGITE MINETTE - ¢
dark bandipg,chlorite replacement
of matrix .. "

F . i Tor
.

71/L1-90

LAMPROPHYRE-AUGITE MINETTE ,CHLORITE
& TALC REPLACEMENT -~ c garnetifer-
ous xenolith

LAMROPHYRE-AUGITE MINETTE - from
margin of dyke '

DHNC7

DHNC7

DHNC?7

DHNC7

DHNC7

i

DHNC7?

DHNC7

740165

295.3!

200.5"

145.0°

131-3!

113.5% "

110.5°

105.0"

SHEARED SERP. - & +ve D.M.G. sulphide DHNC7 93.0

s

01

SERPENTINITE - massive, pale
stichtite

SHEARED SERP. - ¢ slip fibre,
magnetite, stichtite

CHLORITE, C(¢., SERPENTINE ROCK -
altered norige or gabbro.sericite-
chlorite-amphibole rock '

SERPENTINITE/PYROXENITE - ¢ minor
criss fibre '

SERPENTINITE ~ pale, granular,

¢ stichtite and magnetite

SERPENTINITE - pale, granular c
stichtite and magnetite

SERPENTINITE - ¢ cross fibre

PYROXENITE - serpentinized
layered rock

DHNC?

DHNC/
DHNC8

DHNCE

DHNC8
DHNCY
D.JNCY

DHNC9Y

DHNCY9

69.7"
104.5"
133.2°

445,3"

290.5"
332.6°

199.0'

:170.0°

142.5"

TS

TS

T8

TS

TS

TS

TS

£ omrer ™ e e imin
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71/L1-102

.~ 71/L1-103

71/L1-104

71/L1-105
(A & B)

71/11-106

51/Ll-107
(P10/2)

71/11-108
(P10/2)

71/L1-109
(PI0/3)

71/L1-110
(P10/4)

71/11-111

- (P10/5)

71/11-112
(P10/6)

71/11-113
(P10/7)

71/11-114
(P10/8)

71/L1-115
(P10/9)

740166

PARTIALLY SERPENTINISED PYROXENiTE DHNCY 103.0°
SHEARED GABBRO(?) - lt dk grey DHNCS .22.7° TS
med gr carbonated qtz. chlorite, :
tremolite rock

LAMPROPHYRE AUGITE MINETTE - dk. grey5S00°'N line TS

vesicular lamprophyre dyke . eastern end
rock _ approx. 570'

TALC CONTACT ROCK - massive talc 5500'N

rich contact rock B/N lamprophyric as above
dyke and sheared serpentinite -

SERPENTINITE - ma351ve serpent- 3500'N

_1nite (P.5. ) w1th stichtite eastern end

approx. 579'
mark '

ACID PROPHYRY - pale green cream  Noddy Greek Pad

. weathering (Kaolinised) ¢ felspar, 10 approx. 1200'N

‘quartz phenocrysts _ 300'E

'ACID PROPHYRY | " Noddy Creek Pad

10 approx. 300'E

BASALTIC(?) VOLCANIC - fine grained Noddy Creek Pad

-

10 approx. 2100's

INT-BASIC VOLCANIC - pale green Noddy Creek Pad

weathering ¢ lath felspar pheno- 10 approx 2300'S
crysts '
ACID PROPGYRY . Noddy Creek Pad
B ~ 10 258 approx.
160'E
BASIC-INT VOLGANIC -c 1ath felspar Noddy Creek Pad
phenocrysts _ 10 255 approx.
. ' ' 1300'E
ACID PORPHYRY o Noddy Creek Pad

10 approx 34208

BASALTIC(?) VOLCANIC - dark green, Noddy Creek Pad

chloritic micro-vesicular 10 approx 35008
GREYWACKE - pale grey-green " Noddy. Creek Pad
alightly sheared 10 area near
' contact ¢ acid
porphyry approx.
4500'S along track
from 258 . .-

R E e R G e o
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71/L1-116 GREYWACKE ¢ PEBBLES - siltstone
' and ? acid volcanic clasts

Sa-xﬁples 71‘/1.1 107-116 inc refer Noddy Creek Area Run 1971 Run 3/94

MASSIVE SULPHIDE/GOSSAN - sample  Qutcrop near mouth
from blue green sheared basic/ of adit Brickmakers
intermediate rock type near contact Bay 600'SE of
Agbestos® Point

71/L1-1174

l ' . with agglomerate

Landing
71/L1-117B " "
71/L1-118 SERPENT'INIT'E-'LIZ 50%-CLINO50Y - 2500"' lime . GEOMIN .
black massive serpentinite approx., 300'. P.R.A.
~ magnetlc’ ) peg
| | 71/11-119 ; SERPENTINITE-clino-80%-LIZ 20% -  2500'N approx P.R.A.
! B : ' dark green serpentinite with 3300' mark
_ o magunetite, pentlandite associated :
IR with asbestos fibre
'. . "71/1L1-120 SERPENTINITE - light green serpen«-.' 2500'N approx. P..R.A.
. tinite with strong X-fibre and . 370" mark
p minor magentite o _
-Il o 71/11-121  SERPENTINITE- LIZ, 10%~CLINO.- pale 2500' approx. P.R.A.
: : green serpentinite, magnetite in  385' mark
l : shear planes minor X-fibre.
T 71/L1/122  SERPENTINITE-LIZ - dark green 2500'N approx. P.R.A.
serpentinite v. minor magnetite, 405' mark '
l ’ serp-pseudomorphs after pyroxenes?
a - 71/L1-123 SERPENTINITE-CLINO+LIZ - sheared 2500'N approx. P.R.A.
'_ _ serp. with magnesite 610" mark
| 71/11-124  SERPENTINITE-LIZ 80% ANT 20%. - 2500'N approx. PRA
: dark green serp. fibrous magne- 630' mark
tite on shear planes '
71/L1-125  SERPENTINITE-CLINO - ribbon fibre  2650'N approx. P,R.A.
l o bearing serp. with pentlandite 150' due north
. - of 300' peg on
2500'N line
I 71/11-126 SERPENTINITE-ANT& SOME LIZ 20% - 5500'N approx. P,R.A.
dark green compact sheared serpent~ 750' mark
inite ¢ carbonate veins in shear
l - planes
- . .71/L1-127 CARBONATE VEIIN" - fibrous carbon- 5500'N approx.
' ate dolomite ? with sheared serp? - 750" mark
l - —— . e e e St e o et e i
b “}'
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71/L1-128

129

130

131

132

133

INTERMEDIATE DYKE OR SILICIFIED
GABBRO - quartz rich leucocratic
dyke rock possible silicified gabbro

SERPENTINITE-ANT & CLINO 10% -
light green serpentnite with
fine X-fibre,

CARBONACEOUS SILTSTONE ~ dark grey
carbonaceous siltstone partly
metasomatlzed c CO3 veins,

TALC-CARBONATE SCHIST - brown-grey
sheared talc rack with gtz. zen-
oliths and grveen mineral- fuch51te
? magnetlte e

TALC SCHIST - blue- grey schistose
talc rock

HORNFELS? - dark grey hornfelsized

- sediment with quartz veins and

134
135

136

137
(A &B)

138
139 .

140

pyrite

SILICIFIED GABBRO - grey med. gr.

basic rock 3111cified with narrow

qtz. ve1ns

RODINGITE AND SERPENTINITE - lens

in serpentinite. Grey with hydra-
garnet and prehnite identified

 FUCHSITE RICH QTZ-CARBONATE

MUSCOUVITE SCHIST - light green
soft, sheared rock with pyrite

CONGLOMERATE ~ sheared conglom-
erate ¢ fuchsite ? clasts

LAMPROPHYRE, AUGITE MINETTE - Dark
grey bitoite rich lamprophyre

LAMPROPHYRE MINETTE - bltOlte rich
lamprophyre

approx.

740168

3500'N approx.
695' peg

SOOO'N.app:ox.
400" peg -
stream sectiom -

3000'N approx.
115" peg

2000 N approx. TS

875' mark

2000'N approx.,
1000 peg

2000'N'approx.'
200' beyond
1000"' peg

2000'N approx.

300" beyond

1000"' peg

100'N approx. TS
500' mark

Approx. 750'N TS

in stream bed
on road behind
helipad 3

1500' from
Timbertops Road
west along road to
1500'S line

1000' from TS
Timbertops Road
west along road to
1500'S line

1000'S line TS
1130

mark

'PLAGIOCLASE RICH ROCK - light grey

felspar rock with thln magnetite
veins :

400'S approx..
285" mark '

(GEOMIN
P.R.A.

fropemrime s

J
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71/11-142
143
144
145
146

147

149
(NG 1)
150
(NC 2)
151

c o, (e 3)

: 152
(NC 4)
153

(NC 5)

154

(NC 6)
155
(NC 7)

156

(NG 8)

15y
(Ne9)

s

?s: . | .iﬁﬁ .

HARD DARK MASSIVE SERP

SERPENTINITE - chip sample

SERPENTINITE ° - s
DISSEM. STICHTITE - chip sample

SHEARED SERPENTINITE - chip sample
SHEARED SERPENTINITE ¢ STICHTITE -
chip sample

MASSIVE MOTTLED SERP.

- chip
sample

PALE MASSIVE SERPENTINITE - chlp

sample

PYROXENITE - completely altered to
talc

PYROXENITE - steatitised
tremolite~talc alteration °

GABBRO COR. GR. altered
saussurite and tremolite rich

ANDESITE ? - altered-chlorite
plagioclase rich

BASIC DYKE ROCK? « dolerite
fn. gr. dark green

GABBRO - plagloclase, chlroite
amphibole .

" TALG SCHIST - light blue grey

derived from sheared serpentinite

SERPENTINITE - dark green massive

ORTHDPYROXENITE - dark green
med gralned ‘

r e e i

e

- chip sample

%40169

pad 2 Fern Ck.

. costean 2

~ 2300'E of
main track

as above

~ 2300'E of track

Iml. N of Pad
2 Fern Ck.
costean 1

as above

Fern Ck..costean
1.~ 1300'E of

- track

Roddy Creek
100'S line
600" peg

-106'8 line

~ 500" peg

SR
e

DHNG?2 AMDEL

160'-170" P.R.A.

DHNC 3 P.R.A.

175'180' 

DHNC4 -, P.R.A.

155'160'3

DHNC 6 - P.R.A.

295'300"

DHNC 7 P.R.A.

285'-290'

DHNC 8 ~ P.R.A,

245'-250" o

DHNC 9 - P.R.A,

195'-200" -

iml. SSE of AMDEL

pad 2 (TS & TEA)}

thin sect-|

lmi. SSE of ion and ‘

- pad 2 trace
_ element
"3ml, NE of analyses

"

PO T |
L

gy
[T
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71/11-158

(NC 10)

159

(NC 11)

160

(NC 12)

161

(NC13) .

(NC

(NC

(NC
(Nc
(Ne
(NC

(NC

(NC

(NC

(NC

162

14)

163
15)

le4
16)

165

17)

166
18)

167
19)

168
20)

169
21)

170
22)

171
23)

med. gr. dk. grey gabbro

qtz. veins.

STEATITIZED PYROXENITE
BRONZITE?

SERPENTINIZED ORTHOPYROXENE -
dark green med. grained

AMPHIBOLITE - 1lt, grey green
coarse grained ' '

GABBRO cut by a prehnite rich
vein. med. grn, green-grey

.Fine gr. grey-green lamprophyre

minette. Same as 71/L1-65

to 71/L1-57

Massive_dk. green layered serpen-
tinite ¢ chrysotile cross flbre._
Same as 71/L1 40 '

Orange-green basic volcanic. rock
near contact c¢ ultramafics, From
same place 71/L1-44A

Cream chert c black spinel
crystals. Similar to rock on
5500'N line 71/L1-105B

-

Grey med., gr, basic 1amprophyre _
dyke

Black med. gr. biotite lamprophyre
dyke

Light grey-green altered gabbro? ¢
Similar to 71/1L1-63

Massive pyrite ¢ chalcopyrite in
limonite goethite matrix

Qtz. veined green altered ultra-
mafic rock with disseminated .
pyrite, chalcopyrite and bornite?

Similar

740170

as above

as above

11000'S line

300" peg

00' line
550! peg

Main N-S road

2508 of 7008
Line

0 liﬁé‘approx.
1000" peg

3000 line
approx. 150'
peg

- 250'N 2000N

line Eastern

- road

4ml. NE pad 2
Fern Ck.

~ costean (new)

approx. 2400'
E of N-5 track

30000 line

- approx. 900' peg

1000N line

approx., 370°' peg

7008 line
200" peg

600" SE of
Asbestos Pt.

landing

% NE of pad 2

Fern Ck. costean

(new) 1500°'E .

of N-§ trgck

" Cu,Pb,2n, [

(e Ay

1

1}

TS by :
AMDEL _
Anal. for §

Co, Ni, G

1]
(1]
"o



71/L1-172
(NC 24)

, .

.

- - . c. . . ot . .
. . . . X . - ' R . . .
. e . : . : . - . - . d + .

10,

Apple green serpentinite c

"stichtite and thin less than or

equal to 1/16'" chrysotile fibre
veins. Similar to 71/L1-41B.

40171

300'N line

- approx. 500!

peg

|
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: 'PETROGRAPHY OF 24 ROCKS FROM NODDY CREEK, TASMANIA

R 1. SUMMARY
l _ This collection of rocks contains some interesting, but oc-

| ‘casionally cobscure, specimens. In order to understand the re-

‘ lationships among the samples a classification and summary is
PO given below. This is only a tentative division and should be
regarded in that light. ' :

l I(a) Normal Cambrian ultfabasics
l - Nos. 1, 2, 8, 9, 10, 11, 16, 24. |

T These are pyroxenites (probably) now exten51ve1y altered.:
S by talc and. serpent:.ne. L
l o I(b) Stronq}.l alteg;ed ultrabasics
- - More altered equlvalent of I{a) K
' . | II(a) Normal -Cambrian hypabvssal b'asz.c dintrusives
' e . NOS. .3, _4' 50.

l_ 1T (b) Stronqlv altercd, metasomatised basic intrusives
I : Nos. 26, 12, 13, 21. - -
These rocks have been sheared, altered and veined and

' - metasomatism has altered their composiiion so that the
I - original ffeatures are now difficult to deduce.

-.III' Intermed:r.ate, hvpabyssal rocks, probably Cambrlan, assoc—
' iated w:Lth ultrabas:.cs
l : Nos. 14, 19,

_ 'IV Rocks with unknown affan tJ.es, possibly Canmbrian lavas '_
l or tuffs

Nos. 4, 2?6, 7, 17.
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\'4 Lamprophyric rock of unknown affinities

No. 20 poss1b1y 19.

VI _Mlnerallsed rocks

:.Nos.-zz, 23.

‘2, PETROGRAPHY

Sample: NC 1 :TS 26988 7;/u-’:4;q

/Rock_Hame:

Talc. Rock -

Hand Specimen: _ :
-A compact massive rock w1th a dark green colour. The sample
ig aphanitic. but probably. consists of talec. A thick crust-
of red-brown weathered material has develaped._ ' '

Thin Section:
" An optical estimate of the constltuents gives ‘the follow1ng-

Talc L _ ' 98
- Chlorite ST o o 1
Quartz _ ' _ 1

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"-1like texture with a zonatlon of gra1n51ze w1th1n
.such "box." -

. 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. '
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Except for the pattern of chlorite "veins" and the grain size
of tale, the original texture of this rock has been completely
replaced by that of secondary tale, chlorite and quartz.

The rock was orlginally a coarse ultraba31c rock, probably a
pyroxenite. Some traces of 120° cleavage suggest the pre-
sence of some original amphibole. L : :

Sample: NC 2 ;TS 26989 7ifLi-/So - R A

Rock Name:
Steatised ultrabasic 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 estlmate of the constltuents glves the following:

Tale B . 80
Tremolite : _ 5-10
Orthopyroxene S S - 10
Clinopyroxene : ' 3-5

- Berpentine - R - 1-2

A mat of small talc-flakes has replaced most of this rock and -
only rounded, veined remnants of the original minerals remain.
Tremolite has grown in some cases and is now common in assoc-
iation with serpentlne. :

_ Most of the pyroxene has been replaced by talc and isolated
- fragments of orthopyroxene and clinopyroxene, 3=4 mm in diam-
- eter, have been veined and "rounded" by talec.

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 c¢olourless. All
present amphibole is secondary, though part occurs in 1nter
(pyroxene) granular areas.
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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. :

Opaque grains, some of Which have cube outlines, are w1dely
scattered throughout the thin sectlon.

This sample consistSVOE 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, this has
now been entirely replaced The rock was probably a pyrox—
enite, with minor primary amphlbole.

Sample. NC. 3 -TS 26990 71/L:~151

Rock Name:. _
Altered gabbro(?)

Hand Specimen: . -
A weathered pale rock.,ﬂ The cut surface contains sharply .

defined areas of dark green maflc minerals in paler zones of
altered feldspar.~ : :

Thin Section: ' -
An optical estlmate ‘of the constltuents glves the follow1ng-

_ %
Tremolite - ' ' 65
Altered feldspar - 35

Opaques _ . Trace

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.

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 farm

to the other, in certain grains, giving a curious mottled ef-
fect. |

The altered feldspar is_now an exceedingly fine-grained aggreg-
age.qf-mica, clay_andjpossibly-chlprite and its_qxigin-ag‘felﬁe
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spar can only be conjectured since the material is impos-
sible to recognise microscopically. These areas tend to
have an irregqular interstitial form, -

- Amongst the altered feldspar and large tremolite crystals are
small (1-2 mm) patches of finer grained tremolite.  Indiv-

idual crystals are less than 0.3 mm long and are subhedral

‘with well developed prism faces. Commonly these elongate-

crystals have a radiating texture.

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 orlgin nust remain an
hypoﬁhe51s only.

‘gample: NC 4 :TS 26991 7:/4,(-1'53.,

Rock Name:

Altered andesite

Hand Specimen:

The weathered surface is pale green and contalns crystals
about 2-3 mm in dlameter. The rock ;s compact and massive.

Thin Sectlon-

An optical estimate of the constituents gives the follow1ng-

Plagioclase-_.. | | : 55
. Amphibole . <5
Chloritic groundmass o ' 40

Zircon ' ' ' Rare

Set in a fine-grained groundmass are extensively sericitised
plagioclase feldspars and rarer, less altered colourless am—
phiboles. = 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 mm
and most crystals are equant and rounded; some, however,
are severely embayed by the groundmass, have most irregqular

shapes and sutured boundaries. Sericitisation of the plagio-
~clase is ubiquitous and is espec1ally marked in the centres
of the crystals.
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Amphibole crystals are elongate flakes up to 1.5 mm long,
‘though many are less than half this length. Most crys-
tals, and especially the smaller ones, are ragged and al-
tered at the marglns. ' :

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 mm long where this groundmass abuts
against coarse feldspar or amphibole, but this is rare.

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 ‘7!'/1_!-—153‘
Rock Name: ' :
Altered igneous rock (7doler1te)

Hand Spec1men-
The hand specimen is stalned a pale brown colour but a bro-
ken surface shows small, dark grains of ferramagne31an min--
erals, some of which appear to be mlcaceous. :

Thin Section:

An optlcal estlmate of the constltuents gives the folloWLng-

| %
Chlorite . _ : 15
Tremqlite' 3 : 70-75
‘Opaques - o : 1
- Pale biotite (phlogopite?) .10

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.
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The largest pale biotite crystal is 4 mm long and most
crystals are more than L mm 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 suggests that the blotlte may well be a rellct
primary mineral. . :

'Tremolite and chlorite are elongate subhedral or anhedral
crystals generally less than 0.6 mm long. They form a
dense interlocking. aggregate with some lrregular areas of
_chlorite. : :

.Undoubtedly the rock was igneous - possibly containing
quite coarse pale biotite. Now, the primary minerals .
have been cemplately replaced by chlorite and tremolite
The replacement is probably related to a phase of - low
~grade regional metamorphlsm.

Sample; NC 6 :TS 26993 7:/:.:—_:5’_4'

Rock Name: '
Altered an6651t1¢ aolerlte or qabbro

Hand Specimen-._ : S _
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 opt1ca1 estimate of the constituents glves the follow1ng-

_%i

Plagioclase - R g - 40

3 . Untwinned feldspar 20
Chlorite 10-20
Amphibole (tremollte) 15~-20
Quartz | o ' 3-5
Opaques ' : R Trace

This medium-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 alteratlon suffered by
the rock.

+
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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 <¢rystals are 1-1.5 mm

long and have anhedral shapes.  Commonly the crystals show

- evidence of some deformation. ~Alteration products are micas,

clay and 7?epidote.

The amphibole is a pale green tremolite 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.

1'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 mm wide. - The latter show a poorly-developed comb
structure. =~ - R . :

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 this later
- ‘alteration is the result of relatlvely low temperature,
: surf1c1a1 Processes rather than metamorphlsm.'

Sample: NC 7 :;1_'_3- 26994 -7;/1.;-155

Pock Name:

Talcose rodk .

Hand Spec1men-‘

The cut surface of this rock is a dark green celour, It

_contains friable ferruginous material which is clearly weath-
-ered. A weak foliation (defined by veins of reddish lron

hydroxide) can also be seen.

Thin Section:

An optical estimate of the constituents gives the follow1ng

| | %
Talc . 90
- 'Serpentine ' o 5-10
Opaques - ' - €]
. Iron hydroxide e _ oo 1=2
- Quartz and feldspar - . 2-3

4
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The slide shows a mat of fine-grained tale similar to that
described in other thin sections in this suite. The other -
minerals occur only in accessory amounts.

~Flakey serpentine occurs in well-defined areas in the talc. .

These are typically 0.7-1.0 mm 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 goethlte or limon-

itic materlal.-

The thin section also contains a "nodule" about 1 cm x 1 cm
in size. This consists of limonite patches, opague grains.
and some areas of quartz and feldspar. The last two min-
erals occur in some places as anhedra 0.2 mm across in an

. allotriomorphic random texture.  The gquartz shows extreme
- undulose extinction. Some singly twinned crystals appear-
‘to be feldspar. : ‘ S

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 ultrabaSLc vol-
canic rock - or a tuff.

Sample';xuc 8 :TS 26995 7;/;.1-/55

: Rock Name :

Serpentlnlte

'Hand Specimen’?

A massive compact rock free of any structure or heterogenelty.
The rock is fine-grained and dark green in colour.

Thin Section:

An optical estimate of the constituents gives the following:

_ %
Serpentine o 99

Opaques ' N .1
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Serpentine has completely replaced the minerals of this rock
leaving only isolated euhedra and subhedra of chromite. !
The grain size of the serpentine is less than 0.0l mm over
most of the slide - in other parts the flakes are bigger.
These dlfferences in grain size and relic 1nd1cat10ns of
cleavage are the only ev1dence of the morphology of the
original minerals. It is likely that they were equant and
dbout 0.5 m in diameter. Everywhere in the slide the ser-

pentine has a flaky appearance and fibro-lamellar structures
of antlgorlte.

Such grain behaviour as is recognlsable suggests that the
- larger primary gralns were orthopyroxenes.

Sample: NC 9 :TS 26996 71/!..1-_157

Rock Name : : : =
' Al;ered orthogxroxenlte

Hand SpeCLmen.

This is s;mllar to other rocks in this collection except that -
in the cut surface, remnants of the or;glnal ferromagnasian_.
minerals can be seen_in the dark aphanitic serpentine.

Thin Section:

An opt1cal estlmate of the constituents glves the following~"”

Orthopyroxene - ' 85-90

Clinopyroxene _ Trace

Serpentine ' ' 57

Tale | ' | - 3-5

Epidote - SR ,  Trace .
- Amphibole ' S ' Trace .
' Opaques AR : . Trace

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 onlv a minor component and occurs

widely but in small anhedral crystals no more than 0.15 mm
- across. :

.
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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 grained it is not always
possible to recognise the texture of the talc.

Serpentine forms both discrete areas up to 1 mm across and
cross—cutting replacement. veins. The latter pass through
pyroxene, talec and patches of serpentine 1ndlscr1m1nate1y

and hence are 1ater than all three.-

Both tremolltE'and epidote occur in widely ‘spread clusters .
. or anhedral crystakiand have replaced some serpentine, talc
and pyroxene." Nelther is an 1mportant phase in this rodk.

”chromlte is recognisable among the opaques.

This is an ultrabasmc igneous rock consmstlng predom;nantly
of orthopyroxene. = Talc, serpentine and amphibole and epi-
- dote have successively replaced the pyroxene. The tale

forms - dlstlnctlve corona structures around the orthoperXr

ene.

Sample: NC 10 TS 26997 7/[/ci~158

'Rock Name :

Steatised”rodk

Hand Specxmen. -
Large grains, up to 1 cm across, ‘can be seen on the cut sur-
face ~ these are the outlines of steatised ferromagnesian
minerals. Oon the weathered surfaces these gralns have a
distinet bronze colour.

Thin Section: '
An optlcal estimate of the constituents gives the following:

o | . _ %
Talc o o 95
Opaques o _ Trace
Serpentine : : Trace
?0livine ' ' Rare

Orthopyroxene : £5
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The rock is a cumulate ultrabasic rock which has been re-

placed almost entirely by talc. The outlines of the ori-
ginal ferromagnesian minerals are delineated by zones of
brown-stained material and a little exsolved opague. The

'differlng 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 mm in diameter, equant and formed an homogen-
eous interlocking mass. Some  small crystals of °011vine
and °orthopyroxene can still be seen. '

',The'talc-itSelf_iS'a,fine-grained material, widespread

over the whole of the thin section. Some recrystallisation

~_has caused a coarsening of the talc but most still retains -

the flaky, almost sub-microscopic grains typical of talc in
steatlsed ultrabaslc rocks. ' o - ;

- The sample Shcws a’ contlnuatlon of the alteratlon of ultra-

basic rocks dlsplayed by other rocks in this selection.

Serpentinisation is only of limited extent, but most orlglnal '

mlnerals have been replaced now by talec. -

SamE;e- NC 11— TS 26998 ?l/Ll"lS?

Rock Name : - S

Serpentlnlsed orthopvroxenlte

Hand Specimen:

The specimen is 51m11ar to NC 10 but the ferromagnesian min-
erals are paler in colour and probably less altered to talc.
Both NC 10-and NC 11 are massive and fresh.

. Thin Seetion:

An 0pt1cal estlmate of the constltuents gives the follow;ng-'

Orthopyroxene . co 60
Clinopyroxene o : less than 5
Talc : _ . 10-15
Serpentine : 25

Chromite . Trace

Texturally the sample shows two 2lteration processes: the
pseudomorphous replacement of pyroxene by talc and serpen-
tinisation. As can be seen from the proportions listed
above both pr0cesses have replaced a c0n51derab}3proportion

.
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"_Serpentine in some places fills the centres of veins in -

13,

" of the rock. All the pyroxene remaining is veined by talc

and all stages in this alteration can be seen.

The original, unaltered pyroxenea were probably 4-5 mm ih

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 distinect

~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 diameéeter. : ' :

Talc occurs as a very flne—gralned mat of crystals in frac—
tures in pyroxenes and rlmmlng already replaced materlal.

Serpentlnlsatlon-has followed the development of;talc;

pyroxene, rimmed already with tale. 1In those parts of -
the rock predominantly serpentine, this mineral has a fibro-

- lamellar structure typical of serpentinites.

-Chfomite occurs as isolated, brOkenlgrains, usually'in the

serpentine. ' - Such grains are relicts of the orthopyroxenite '_
- their pale colour suggests that they have been altered dur-.
ing serpentlnlsatlon.

In summary, this is an ultraba51c rock, con51st1ng 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  71[ti-/60

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 cohstituents gives the following:
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%
Tremolite , 65
Talc ' : o 30
Quartz/feldspar _ - 2-3
Opaques , : : B Trace

?Chlorite - . - less than 1 -

Large blades of tremolite dominate the texture of this rock
and tale forms only a fine-grained ramifying network amongst
the tremolite and has apparently replaced some of it. -

Tremolite has two habits; large anhedral crystals with em-

bayed contacts and "included" patches of talc and subhedral. .
- blades only altered to talc along cleavages and on the term-
“inal edges. Most crystals are 3-5 mm long but many of the
more altered type have, naturally, been reduced to smaller
'dlmenSLQns._, . .

. Quartz forms notably anhedral deeply embayed and broken
. ¢crystals, generaily less than 1 mm across. In one case, a
- quartz crystal has an extremely lrregular shape but occupies
an area of 3 x 3 mm. One part of this crystal, in turn, -
- embays a tremolite crystal and appears to have partlally

replaced it, Small grains of felsic material appear weakly
- altered. - These untw1nned gralns_are possibly of- altered
. feldspar. ' : - S : _

The final process has clearly been the dévelopment of talc .
"This mineral forms a fine-grained mass (similar to TS 27005;
whlch has replaced much of the rock. :

_ Chlorite occurS'ln_small patches (less than 1 mm) of fine-
‘grained material amongst the talcose groundmass.: '

. The origin of this rock is somewhat obscure, except that it
‘has an ultrabasic or basic composition and the present miner-
als are products of the complete breakdown of primary min-
erals. . Metasomatic. alteratlon may have occurred.

Sample: NC 13 _:TS 27000 7:/:_:—16.1

Rock Name:
' Altered igneous rock with metasomatic band
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Hand Specimen:
Two dlstlnct types of rock are present- a band of white
material occu:s in a pale-green igneous rock. The latter -
‘generally is of medium grainsize except for a coarser zone
~adjacent to the Whlte band. : R '

Thin Sectlon.." ' _
An eptlcal estlmate of the constltuents gives the following:

%

WHITE PART - i
“Prehnite s , 70
Quartz - T ¥« B
“Calcite L o o 5-7
-Sphene . Trace
Pyroxene . = . o e 10

“°° ' GREEN PART o o
' ' Pyroxene . Lo 20
Tremolite = - : 45
 Chlorite . - - o | 20~
S Quarta s
o ~  ?Zoisite o - - 10
RRNCEN . ?Albite S 3

ds white and green above.  Both probably represent metasom-
. atised basic igneous rock and in the white part such meta-
somatlsm has been partlcularly exten31ve. '

The less metasomatlsed green part has an allotrlomorphlc
granular texture of medium grain-size. Tremolite, pyrox-
.ene and chlorite pseudomorphs after these occur as anhedral
_ crystals with a mean size of about 0.8 mm . - The amphibole
... . is secondary and forms, in some places, in areas between
B ' " equant tremolite and pyroxene so that'it has a later, void-
- £illing appearance. Many crystals are rimmed by relatively
coarse tremolite. Zoisite forms large equant crystals and
also occurs as inclusions in albite anhedra.

The pale part of the slide consists largely of prehnite crys-
‘tals, y of which have well-developed crystal faces against
_ ‘quartz but irregular boundaries with prehnite. . The grain
. | size ranges up to 1 mm. S

II- o v@he_siidé3consistéjof two different rock types, distingﬁishedf

i —e - -
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'Cavities in this material have been filled with clear, un--
stained quartz which forms "pools" in the prehnite aggreg-
ate.

' Carbohate,.sphéne'and pyroxene (?diopside) are much less
abundant constituents of this rock.

The prehnitewrich 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. - -

Sample: NC 14 ;TS 27001 7:/¢t-/62

Rock Name: _
Altered microsyenite /

- Hand Specimen: ' :
A compact, structureless rock of a nondescrlpt grey colour.
Crystals about 1 mm across can be seen.

. Thin Section: - '
An optlcal estlmate of the constltuents gives the followzng-

R
g -

B " Chlorite : : . B=7
Altered untw1nned feldspar _ .85
Epidote : . ~ 3-5
Quartz _ ‘ : 1-2
Apatite _ Trace
Opaques o Rare

- This medlum gralned igneous rock has an allotrlomorphlc
' granular texture with a mlnor development of 1ntergranu1ar
fine~-grained material. Untwinned alkali-feldspar (ident-
“ification confirmed by staining)is the predominant mineral,
' associated with subordinate secondary epidote and chlorite.

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 sllqhtly modified by resorption of
feldspar.

%
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The chlorite forms both elongate crystals pseudomorphous
after amphibole or ?biotite and also occurs as small fine-
grained aggregates.

The coarse dhlorlte flakes (up to 0.3 mm 1ong) are generally
‘subhedral and have well-developed cleavages. The fine-

grained chlorite forms interstitial areas probably derlved
from the replacement of an orlglnal mineral,

The epldote is assoc1ated with chlorite and has the anhedral
form typical of secondary epldote. :

Quartz forms small 1nd1v1dua1 crystals, 0 1 mm across, w1dely
scattereﬁ throuqhout the rock.

:An oval-shaped xenollth in the rodk about 1 em x 7 mm in
size consists of alkallmfeldspar_11ke_that of the bulk of

the rock. - Chlorite and epidote occur in much lower propor-
tions in the xenolith, but, apart from this, it is very sim-.
ilar to the remalnder of the rock.
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Sample- NC 15 -TS 27002 7;[L;_rg3
Rock Name: N

Altered ultraba31c rQCk

Hand Spe01men-

Similar to other ultraba51c5part1a11y re;&aced by talc. In
the cut surface many crystals 1-2 mm in diameter occur in
a'dark greenish matrix.

Thin Section:.

An optlcal estimate of the constltuents gives the following-

o | %
Chlorite =~ T - 25
Plagioclase _ _ 15
Clinopyroxene 25
Orthopyroxene _ ‘ 25
Tremolite _ _ 15
?Talc : o : 20
Opadques . - 2

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
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grainsize of pyroxenes, amphiboles and chlorite pseudo-
morphs no relict of the original texture remains.

All the minerals except talc and the opagques 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 mm in diameter but they range down to
about 0.5 mm. The grains have irregular boundaries and

"~ have been partially resorbed by the matrix; some crystals
_have embayed or even cuspate shpes. -

Some crystals consist of pyroxene partially altered to trem-

_olite, only remnants of the pyroxene remain in the centre

of the tremolite. Other crystals consist wholly of pyrox-
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 deflnlng cleavage
directions in the original mineral.

The groundmass 1n_wh1dh these minerals occur is too fine-
grained for positive identification.  Characteristic of

‘this groundmass is the broken and fractured appearance.

This is an unusual specimen containing orhopyroxene (very

nearly enstatite in composition), clinopyroxene and amphi-

‘bole. The texture of the dgroundmass may be due to intexr-

granular crushing leaving rounded porphyroi-lasts.

‘ . _ , | k_.mww@< . _ __ _
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Sample: NC 16 :TS 27003 7:/1.:-'164-

Rock Name:

Serpentinite..

.Hand Specimen':

This is a typlcal aphanltlc serpentlnlte w1th bands of bladk
and green materlal cut by thin veins.’

Thln Section:

An optical estimate of the constltuents glves the follow;ng.

_ %
Serpentine _ 98

Opaques : ' 1-2
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This is a medium~grained rock with an allotriomorphic¢ granular
texture. Alteration is shown by biotite (to dhlorlte) and
by exten81vely stalned K-feldspar. -

The bulk of the rodk_ls brown—stalned ‘untwinned orthoclase
occurring as anhedra, commonly 0.5-0.2 mm in diameter. '
Most of these crystals include or are penetrated by pyroxene
and dhlorite blades so that the rock has a poorly developed
sub—ophltlc texture. - A vesicle, 4 mm in élameter, consists
almost wholly of K-feldspar having a-radiating habit.

Other small vesicles contain quartz crystals, typically large
anhedra with relatively slmple outllnes.

‘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 frqm biotite. . Most
chlorite flakes are about 0.3 mm . long but there is a great
range of sizes, from 0.07 mm to 0.8 mm. In a few cases -
“cores" of the orlglnal brown blotlte are preserved._‘

fQuartz is malnly conflned to the Veslcles, 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, S | | -

This rock is an altered syenite or microsyenite, rich in
‘alkali-feldspar and containing as principal mafic m1nera18=
biotite (now altered to chlorlte) and pyroxene.

Sam-ple-; NC 20 18 27007 ‘nlu /68

Rock Name :
Glassy volcanlc rock (°1amprobhyre)

Hand Specimen: -
Shining surfaces of a micaceous mlneral 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 dlameter can be seen
but these are rather 1ndlst1nct.

Thln Section: :
An optical estimate of the constltuents glves the following:
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Sample: NC 22 :TS 27009 7/[ii-170

Rock'Name:
PyritiC'rodk

Hand Specimen: : - .
The sample c0n51sts of partially ox1dlsed fine-grained
pyrlte. Some 5111c1f1cat10n is apparent. FPine-grained
limonitic materlal rlms this "nodule" of pyrite. '

Thin Section: : : .
An optical estimate of the constltuents gives the f0110WLng-

| . %
‘Dark brown opaque - N : 20 .
Quartsz _ o - : - 5-10
Tourmaline 3 L _ Trace

Carbonate _ o 1

The dominant mineral in this rock is an opaque to semi-opaque
dark red mineral probably either llmonlte or goethite. It
forms a rather open, porous mass of fine-grained material.

In some parts of the. section two distinct phases (varying

in opac1ty) can be dellneated.- R '

In separated patches withln this goethite are guartz, car-.
bonate and traces of tourmaline. Quartz forms, in some.

- places, crystals up to 2 mm long which have grown across a
vein., Moré commonly the quartz (and carbonate) are ' fine-
grained and their shapes are defined by the surrounding
goethite, '

Little can be said of the origin of this rock except that the
carbonate and goethite are probably secondary, the latter
having replaced most of the rock. -

Sample: NC 23 ;TS 27010 7:/u-’:7:
Rock Name: .
Quartz (vein~£illing?)

Hand Specimen:
Siliceous material has velned and fractured a pale green 1gh
neous rock. Pyrite occurs finely disseminated in the latter
and in cavities (3-4 mm across) in the former. Much of the
surface is pitted and iron stained. -

g, e e & B kR e S e T R ey e e s S ez



L]

o

. I
. . LN L i . o
N . gk '

Thin Section: : _
An optical estimate of the constituents gives the following:

Quartz o | o ' o ' 99 .
Gpaque (pyr;te’) : o less than 1

Most quartZ'occurs-as anhedral,lstrainéd crystals, generally
about 1-2 mm across. In detail the grain boundaries are

- distinctly sutured, a feature indicating some weak stress
. after crystallisation. The rest of the quartz is finer-

graxned making up a tightly interlocking mosaic of sut-
ured crystals show1ng undulose extinction. “Zoties 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 m1x1ng
. of the two types of quartz and the rock's texture is con-

- fused. ‘ : :

Opaqué grains, 0.2-0.5 ﬁm across, occur in ciusters and iso—
lated crystals, Many grains have cube outlines (or are
parts of cubes)} and are probably pyrite.

_ Although field eV1dence would be needed in order to decmde

the origin of this rock, it appears to be, perhaps, vein-
£filling material; or at any rate, related to such a stress
feature.

Specimen: NC 24  :T$ 27011 -n/u-mz

Rodk Name.
SerpEntinite

Hand Specimen:

A bright green serpentlnlte 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:

| %_
Serpentine : o 97
Stichtite . o 2=3

Opaques : _ _ Trace
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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 some large flakes up to 2 mm in diameter.

‘These flakes are embayed and fractured by the fine grained

gerpentine. Stichtite 'and the opaques are closely related:
the opaques occur as equant anhedra surrounded by stichtite,
the fibres of which radiate outwards from the opagues. A
typical example of this arrangement is 20-x 8 mm in size and
contains fif teen opaque crystals, one of which is 0.3 mm
across. ‘These stichtite masses appear to have developed

by replacement of the opaques after serpentinisation.
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qtz. Quartz.
lamp. Lamprophyre.
Vertical scale. 1"= 4000 gammas .
Horizontal scale. 1* 50!
‘Numbers on horizontal scale increase eastward unless
otherwise indicated.
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