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2. SUMMARY OF WORK COMPLETED TO 27 MAY 1990

* Review of previous company exploration for the area.

EL 14/89 was granted to Outokumpu Exploration Australia Pty. Limited
on 27 May 1989.

During the first year of tenure, the following work was conducted
for EL 14/89:-

1370003272GMI04.RTI

* Geological mapping and rock chip sampling of all new grid
lines was carried out, with other sampling along creek
traverses and road cuttings. 35 rock chip samples were
analysed for a suite of elements.

* Establishment of a new grid (Owen Meredith Grid) with NW­
SE crosslines at 400m intervals over 2. 8km of strike
extent of the Bowry member northeast from Reece Dam. The
grid lines were cut, surveyed and pegged at 25m
intervals.

* The Owen Meridith grid was extended by infill lines at
200m line spacing.

* Petrographic samples (total 17) were submitted to Minpet
services for description.

* A preliminary ground magnetometer survey was conducted on
the grid at 5m station spacing.

1. INTRODUCTION

This report contains details of the exploration carried out on
Exploration Licence 14/89, Corinna, for the twelve months ended
26 May 1991.

In November 1990, an application was made to the Department for a
vacant area adjoining the northeast boundary of EL 14/89, with a
corresponding relinquishment of 19 sq km from the western portion
of EL 14/89. Granting of this application is pending.
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* The Owen Meredith grid was extended 1.4 km to the north­
east during January-February, 1991.

* Geological mapping of the detailed grid was completed and
a further 7 petrographic and 21 rock chip geochemical
samples were collected.

* The extended grid (200m spaced infill lines) was surveyed
by ground magnetometer in May-June 1990 to locate
ironstone targets. Magnetic measurements were taken at
5m intervals.

* Soil geochemical sampling of the B/C horizon was carried
out at 25m intervals across the Bowry Member on all grid
lines between 11000N and 13400N. A total of 409 samples
were assayed for Cu, Pb, Zn, Au.

2
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* Geological mapping, rock chip sampl ing and a ground
magnetic survey was carried out during late February,
1991 on the extended grid. The magnetic survey located
several ironstone horizons. 32 rock chip samples were
collected and assayed for cu, Pb, Zn, Ag, AU, Fe, Mn.
15 stream sediment samples (-80#) were collected in a
trial survey of Doctors Creek and Owen Meredith River and
assayed for eu, Pb, Zn, Ag, Fe, Mn. 15 panned
concentrate samples were taken from the same sites and
assayed for Au. Visible gold was obtained in the sites
downstream from the Bowry Member, probably originating in
banded ironstones adjacent to the eastern contact of the

unit.

* Assay results from 56 rock chip samples were received and
a report was received on the petrography of 17 rock
samples from the Bowry Formation from Minpet Serv ices.
A more detailed petrographic report was received from J.
Stolz (University of Tasmania) for the previously
described rock samples and an additional 7 samples in
November, 1990.

3. SUMMARY OF WORK COMPLETED TO 26 MAY 1991
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The exploration to date on EL 14/89 has yielded a greater
understanding of the geological setting of ironstone deposits in the
area, with two distinct types of ironstones defined:-

The proposed methods being considered are magnetic and IP surveying
in combination with outcrop mapping and sampling to trace the zone
of interest, followed by systematic close-spaced c-horizon
soil/bedrock geochemical sampling to define targets.

The exploration problem currently is to determine if this style of
mineralisation has potentially economic grade/tonnage
characteristics. Techniques to systematically identify and test
zones of higher grades in the banded ironstones need to be
determined.

Exploration of the Bowry Member is loosley based on the starra type
eu/Au ironstone ore deposit model. Indications from relatively
sparse outcrop chip samples are that the massive ironstones are
essentially barren of copper and gold and that the banded ironstones
and associated schists are weakly mineralised in these metals.

3
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4. CONCLUSIONS & RECOMMENDATIONS

* Massive ironstones, consisting essentially of magnetite
with some pyrite, occurring in close spatial association
with sodic leucogranite and magnesian silicate and
tourmaline bearing rocks of apparently
metasomatic/metamorphic origin close to the western
margin of the Bowry member. These ironstones occur in
lenses of substantial tonnage, with thickness up to 20m,
producing large magnetic anomal ies. Iron content is
around 70% but with low base metal and gold values.

* Banded siliceous ironstones, which occur in association
with disseminated/lenticular magnetite and pyrite in
mafic albite + chlorite + quartz schists in a narrow zone
at the eastern contact of the Bowry Member. These
ironstones, and to a lessor extent the surrounding
schists, contain weak chalcopyrite and gold
mineralisation. Petrographic textural and outcrop
observations are consistent with an interpretation that
these ironstones originated as sedimentary iron
formations. They are reflected in relatively weak ground
magnetic anomalies.
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1. The success of the work to date in defining the
prospective horizon of the Bowery Member.

3. The application for the additional areas containing
thick sequences of banded iron formation.

2. The development of the current ironstone hosted
copper-gold geological model to date, with the
previous geological and geophysical work on the area
and the identification of copper-gold geochemical
values in and associated with the ironstones in the
sequence.

The programme will involve conducting IF, S irotem or EM37
surveys over the presently defined banded ironstones to assist
in the development and refinement of the geological model.
This work is planned to locate conductive copper sulphide
bodies associated with the banded ironstones either in the
magnetic highs or lows or in structurally complex areas.

The drilling of three or four short~~wack~r drillholes
into the geological and geOPhysicallY~lopedtarget mOdels)
is proposed at the end of field season. ~

s-Jf~'~ wetlH,";/fct'
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A proposal for further exploration at Corinna is based on:-
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5. PROPOSED EXPLORATION
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APPENDIX 1

EL 14/89 - corinna:Exp1oration Progress Report JUly 1990.
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3. EXPLORATION PHILOSOPHY

2. INTRODUCTION

The llcence was g~anted to Outokumpu Exploratlon Aust~alla PIL
on 26 May, 1989.

3,'OOt1- 3 -

SUMMARY

Explo~atlon ln the flrst yea~ of tenu~e has been focussed malnly
on;

* an attempt to develop an understandlng of the ~eglonal

geology and styles of known and posslble mlne~allzatlon

ln the a~ea,

* dellneatlon and sampllng of the magnetlte rlch
lronstones wlthin the Bowry Formation.

* Besshl type stratlform Cu-Zn masslve sulphldes* Cu-Au deposlts assoclated wlth magnetlte ironstones* Metasomatlc tln-tungsten deposits
* Ca~bonate assoclated Cu deposlts

Explo~atlon Llcence 14/89 occuples an area of about 42 sq km and
cove~s about 15 km of st~lke length of the southe~n pa~t of the
Arthu~ Metamo~phic Complex, between B~own Plalns and Lake Pleman
ln no~thwestern Tasmanla.

The ~esults lndlcate the p~esence of a number of narrow,
appa~ently stratlform bodles of magnetlte rlch l~onstones wlthln
a na~~ow belt of amphlbolltes, maflc to felslc schlsts and mlnor
quartzltes, dolomlte-magneslte ma~ble and sodlc leucog~anlte,

known as the Bow~y Membe~.

Outokumpu's exploratlon p~og~amme ls lntended to assess the
southe~n part of the A~thur Metamo~phlc Complex for a va~lety of
posslble explo~atlon targets lncludlng;

Geochemical results to date have been un~emarkable and the
o~lgin and economlc slgnlflcance of the l~onstone bodles remalns
a matte~ of conjectu~e.

ThlS ~epo~t p~esents the detalls and results of the mlne~al

explo~atlon prog~amme ca~rled out dU~lng the fi~st year of
tenu~e. Thls prog~amme was pa~tly unde~taken and pa~tly

supervlsed by W.Herrmann unde~ a cont~act arrangement wlth
Outokumpu.

An lnltlal explo~atlon p~og~amme lnvolvlng g~id cuttlng,
geologlcal mapplng, ~OCK chlp and B/C ho~lzon geochemlcal
sampllng and g~ound magnetlc surveys has been unde~taKen over
the southe~n part of EL 14/89.
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The ~eg1onal geolog1cal sett1ng of the A~thu~ Metamo~ph1c

Complex has been d1scussed ln ~easonable detal1 ln a p~evlous

~epo~t (He~~mann, 1989) f~om whlch the followlng summa~y has
been ~ep~oduced.

Although none of the known l~onstone deposlts contaln ~emotely

economlc base o~ preclous metal g~ades the p~evlous explo~atlon

for these ta~gets has not been exhaustlve and there ~emalns some
scope for fu~the~ explo~atlon based on lnte~p~etatlon and follow
up of exlstlng ae~omagnetlc su~vey data as well as systematlc
geologlcal mapplng whlch appea~s to have been substantlally
neglected ln the past.

On the basls of the Tlmbs-Ah~be~g llthologlcal co~relatlon and
the slml1arlty of the Ah~be~g G~oup to the EoCamb~lan ?
sequences of the Smlthton T~ough and western Dundas T~ough

(whlch are lnte~p~eted to have formed ln contlnental ma~gln ~lft

baslns) lt ls hypotheslzed that the AMC ~ep~esents a slml1a~

EoCambrlan ? ~lft assemblage whlCh was defo~med and
metamo~phosed after the Mlddle Camb~lan.
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4. REGIONAL GEOLOGY

The A~thu~ Metamorphlc Complex ls host to several la~ge

magnetlte-py~lte deposlts whlch appea~ to be st~atlfo~m and
locallzed wlthln the eastern most pa~t of the Tlmbs Group (known
as the Bow~y Membe~). Mlno~ copper, zlnc and gold
mlne~allzat1on ls assoclated w1th the l~onstones. The l~onstone

deposlts and the hypothetlcal tectonlc settlng have some
cha~acterlstlcs wlth slml1a~lty to the Sta~~a Cu-Au l~onstone

deposlts of weste~n Queensland and the masslve sulph1de deposlts
of Besshl style ln Japan.

The A~thu~ Metamo~phlc Complex (AMC) 1s a na~~ow 11nea~ zone of
st~ongly defo~med and ~eg1onally metamo~phosed ~ocks t~end1ng

no~th no~theaste~ly ac~oss no~thweste~n Tasmanla. It sepa~ates

two sequences of unmetamo~phosed late P~eCamb~lan sedlments; the
Rocky Cape G~oup to the west ~ep~esentlng a stable contlnental
shelf facles, and the Bu~nle/Oonah Fo~matlon to the east
~ep~esentlng deepe~ wate~ tu~bldltes. The metamo~phlc ~ocks

wlthln the Complex a~e dlvlded lnto two 'sequences':
The weste~n most (Tlmbs G~oup) conslsts of
chlo~lte-mlca-ca~bonateschlsts, amphlbolltes and dolomlte­
magneslte ma~ble of the g~eenschlst to amphibollte faCles of
~eglonal metamo~phlsm. They a~e belelved to have composltlonal
slml1a~ltles, especlally ln the tholelltlc natu~e of the
amphlbolltes, to the clastlc-ca~bonate-maflcvolcanlc sequence
of the Ah~be~g G~oup WhlCh unconfo~mably ove~lles the Rocky Cape
G~oup west of the southe~n pa~t of the AMC.
The easte~n metamo~ph1c sequence conslsts malnly of
psammo-pelltlc schlsts and qua~tzlte COmposltlonally slml1a~ to
the Bu~nle/Oonah Fo~matlons wlth wh1ch they appea~ to have a
t~ansltlonal easte~n bounda~y.
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5. PREVIOUS EXPLORATION

During the years 1986 - 1987 the Electrolytic Zinc Co. of
Australia carried out exploration for base metals and gold under
their EL 22/85 Which had substantially similar boundaries to the
current EL 14/89.
(Refs: Mathison, 1986; Mathison and Ferguson, 1987)

EZ Co. carried out:
- compilation of preViously known geology and mineral

occurrences,
literature review of historical gold occurrences,
reconaissance geological mapping and rock chip
sampling on east-west cut lines spaced at I km
intervals,
-80# stream sediment and panned concentrate
geochemical sampling,
limited ground magnetiC traverses.

The results of these surveys showed little encouragement for
gold mineralization; although several of the panned concentrate
samples were found to be Significantly anomalous it was
concluded that these could be attributed to reworking of gold
from unconsolidated Tertiary gravels.
The -80# stream sediment sampling programme was not exhaustive
but failed to indicate Significant anomalies; all base metal
values were low, mostly below 50ppm.

Rock chip sampling indicated fairly Widespread weak copper
anomalies, in the range - 400-800ppm, usually in association
With mafic schists also containing up to around 10-15% iron (as
magnetite ?) and occaisionally Zinc upto about 500ppm.
However, these did not have a particular focus and seemed to
more or less represent high background values in some of the
mafiC rocks, particularly of the Bowry Member.

Some, but not all, of the ironstones, with 20~60% Fe, were also
anomalous in copper, (>400ppm, max: 3200ppml and rarely weakly
anomalous in zinc (Max:-500ppm). None of the ironstones were
found to be anomalous in gold.

The ground magnetiC survey was incomplete (due to instrument
failure) but the distribution of ironstone rock chip samples
coupled with (Geoex, 1982) aeromagnetic data allowed a
reasonable delineation of the ironstone formations WhiCh seemed
to be confined to the Bowry Member, usually close to its eastern
margin, crossing diagonally northeastwards through the southern
part of EL 22/85 and then follOWing a northerly trend Just
outside the eastern boundary of the licence.

The EZ Co., insufficiently encouraged by the gold results to
continue exploration alone, then sought JOint venture partners
but, failing in thiS endeavour, relinqUished the licence in late
1988.



Accordingly, the following wo~k was undertaken dU~ing the period
January - May, 1990:

* Pet~og~aphic study of 17 ~ock specimens to assist the
geological interpretation.

ThiS grid has been named the 'Owen Me~edith G~id' in honou~

of the pioneer p~ospector, even though it lies Just to the
south of the river of that name.
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the extent of the grid were as

- 6 -

The HEC requested that no operations (other
than geological mapping) be carried out
within BOOm radiUS of Reece Power Station.
Boundary of the Pieman Rive~ State Rese~ve.

Easte~n boundary of EL 14/89.
Westwards:
No~theastwa~ds:

Land tenure constraints on
follows:
Southwestwards:

The g~id lines we~e cut, su~veyed and pegged (at 25m
inte~vals) unde~ cont~act by 'Tas G~idding' (G.Mallinson,
A.B~umby and othe~s) who ~epo~ted the cutting p~og~ess to be
very slow, average about 350m/day/2 man team, due to the
thick post (1982) Wildfire reg~owth of cutting g~ass, tea
t~ee, Baue~a etc. entangled with a multitude of downed,
pa~tly bu~nt logs and exacerbated by fairly long walking
distances f~om nea~est pOints of vehicula~ access.

* Geological mapping and ~ock chip sampling of all new g~id

lines, some strategiC creek t~ave~ses and exposu~es in ~oad

cuttings a~ound Reece Dam and along Heemski~k Road fo~ some
1.5 km to the west.
Rock chip samples we~e analysed fo~ a suite of elements as
detailed in Section B.2
The mapping was ca~~ied out by the w~ite~, ably assisted, at
times, by T.Coff and D.Were.

* Ground magnetometer survey (@ 5m station spaCing) of the new
gr id, (Append ix I; C. Ande~son & Associates, 1990)
The survey was ca~ried out in two pa~ts: initially by
M.Millard of Adelaide, aSSisted by D.We~e of Myalla and
subsequently by B.Stedman of Siste~'s Beach.

* Establishment of a new grid system; With NW-SE crosslines at
200m inte~vals ove~ 2.8 km of st~ike extent of the Bowry
Member northeast f~om Reece Dam. (Fig: 2)

Following a ~eview and assessment of EZ Co's. data it was
concluded that the scattered weak base metal anomalies did not
wa~~ant follow up.
However, on the basis of a POSSible analogue to the Starra type
Cu-Au deposits, it was determined that the ironstones should
become the focus for investigations.

6. 1989-90 EXPLORATION PROGRAMME AND RESULTS
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6.1 Geology

They are undoubtedly of metasedimentary orlg1n and as recognlsed
by prevlous workers appear to be reglonally metamorphosed
equivalents of the Oonah Formatlon. No faclng eVidence has been
observed durlng thls mapplng programme.

However, lt ls apparent that the gross llthologlcal layering has
a northeasterly strike trend and dips moderately to steeply to
the southeast (average about 50-60 degrees), which is broadly
co-planar with the princlpal foliation or Schistosity.

370017- 7 -

In the vlclnlty of Reece Dam, these psammo-pelltlc metasedlments
contaln a number of seml conformable bodles of dolerlte. In a
few places a medlum to coarse ophltlc fabrlc lS retalned but ln
general the maflc rocks are extremely sheared and ln weathered
outcrops resemble felslc schlst. The straln appears to have
been extremely localized, especlally close to the margins of the
presumably lntruslve, bodles. A good example of thls occurs
100m north of Reece Power Statlon (rock speclmens A104636, '637)
where the core of the dolerite remalns relatlve1y prlstlne wlth

* B/C horlzon so11 geochemlcal sampllng at 25m lntervals across
the Bowry Member on all 11nes between 11000N and 13400N;
analysls for CU,Pb,Zn,Au. (Total: 409 samples)
The sampllng was carried out under contract by Moorevl11e
Exploration (C.Cooneyl utlllzlng cup type hand auger; sample
depths ranged from 0.3-1.0m, averaging around 0.7m.

Figure 3 shows a geological interpretation based on the mapping
carried out thls season. Geologlcal outcrop over the area is
generally poor to non exlstent and hence the geological
boundarles shown are regrettably very interpretative. The
geological contacts are rarely exposed, never traceable and the
structural relatlonshlps remain obscure.

The entlre southeastern part of the grld appears to be underlaln
by a fairly monotonous assemblage of psaamo-pelltlc
metasl1tstones and phyllltes.
They vary ln composltlon from psammltlc to seml-pelltlc, are
frequently thinly laminated and have a ubiqUitous slaty cleavage
or follatlon parallel to the composltonal layerlng whlch ls
commonly offset by a crenulatlon cleavage.
The prlnclpal follatlon generally trends NE-SW with a moderate
southeasterly dlp although local contortions and mlnor folds are
fairly common. The crenulatlon cleavage generally has a north
to northwest trend and steep dipS, >60 degrees.
The metamorphlc grade ls not hlgh; mlcas are generally flne
gralned wlth the texture best described as phyllltlC; some of
the psammltlc rocks probably retaln a relict clastlc granular
fabrlc.
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only a moderate cleavage but the marg1nal zone 1s totally
sheared, strongly follated, apparently rather s111c1f1ed and
megascop1cally resembles a quartz-alblte ?-chlor1te-ser1c1te
sch1st. The less altered doler1tes can usually be d1st1ngu1shed
from amph1bol1tes by the1r lack of magnet1te.

Thls (psammo-pel1tlc metasedlmentary and doler1te) assemblage ls
structurally underlaln to the northwest by a 200 - 500m wlde
belt of rocks domlnated by amph1bol1tes and maf1c sCh1sts w1th
subord1nate quartz1te, dolom1te-magnes1te marble, lronstones,
sod1c leucogranlte and felslc sCh1st. Thls has prevlously
(Mathlson & Ferguson, 1987 and etc.) been termed the Bowry
Member and ls reportedly ublqultous along the eastern margln of
the Tlmbs Group wlthln the AMC. Mathlson and Ferguson (1987)
regarded lt as the uppermost member of the Tlmbs Group and
consldered that lt was probably (stratlgraphlcally) overlaln by
the Oonah Fmn.
Turner (19891 noted that the sequences were "posSlbly"
conformable but perhaps also faulted. Thls contact, ln the Owen
Meredlth Gr1d area, ls exposed ln Doctor's Creek where lt ls
sharp and eV1dently concordant wlth both layerlng and follatlon
ln the adjacent rock types and marked by a 10cm band of
dellcately layered quartz+magnetlte +1- pyrlte rock.

Northwestwards, the malnly amphlbolltlC Bowry Member ls
structurally underlaln by an assemblage of seml pel1tlc quartz +
muscovlte +1- chlorlte +1- blot1te schlsts. The contact ls not
well exposed but seems to be a falrly abrubt transltlon. These
sChlsts are generally more mlcaceous, coarser gralned and more
follated (perhaps of sllghtly h1gher metamorph1c grade) than the
phyilltes and metas1ltstones of the Oonah Fmn. equlvalents and
they are falrly eas1ly dlstlngulshed from them 1n the fleld.
Nevertheless, the compos1tlonal ranges seem to be broadly
comparable wlth both groups eVldently of a metased1mentary
orlgln.
These northwestern pel1tlc schlsts may be part of the Bowry Fmn
but more 11kely represent part of the Tlmbs Group sch1sts whlch
appear to form the major 11thotype of the Arthur Metamorphlc
Complex.
The contact wlth amphlbolltes ls not exposed but could be
broadly conformable; follat10n ln the pelltlc schlsts parallels
the local trend.
North of Heemsklrk Road, at the western end of Flgure 3, rocks
ln a structurally analogous poslt10n; le: northwest of the Bowry
Member, conslst of lnterbedded seml pelltlc SChlsts, quartzlte
and dark (carbonaceous?) dolomlt1c slltstone wlth several bod1es
of (meta) dolerlte; they appear to be of lower metamorphlc grade
than schlsts of the northwestern part of the gr1d and rather
resemble the Oonah equlvalents although thls may be ln part due
to the leached nature of the exposures ln road cutt1ngs. I
have not carr led out sufflclent mapplng ln thls area to fully
assess the poss1ble lmpllcatlons.
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Closely associated with the amphibolites are some subo~dinate?

Baflc schlsts; usually ~egrettably st~ongly weathe~ed but
apparently largely composed of chlor1te, albite and qua~tz.

These are usually of fine to medium grains1ze (0.2-0.8mml, dark
green1sh (to brown when weathered I colou~ and distinct micaceous
fol1ation. Some have a "g~itty" fabriC w1th porphyroblastic?
or relict porhyritic alb1te +/- quartz? grains. These chloritic
schists are usually only weakly magnetic and contain <1%
megascopically dist1nguishable magnetite, 1f any. Some
specimens contain a few percent pyrite as disseminations or
assoc1ated with th1n lenses and pods of grey quartz.
The petrograph1c desc~lpt10n of a typical rep~esentative,

AI04590, (Append1x II) ind1cates that the gr1tty fabr1c lS due
to relict, partly sheared and breCCiated, plagioclase
phenocrysts (whiCh are also partly replaced by tourmaline) and
infers that the precursor was a silicif1ed ? porphyritic
andes1te or dacite.
It ls cons1dered that these pOSSibly represent metamorphosed
maf1c to intermed1ate porphyritic extrus1ves, volcaniclastic

Megascopically, the aBphlbolltes a~e mostly fine g~ained

10.1-0.5mml dark g~een-grey mafic rocks and consist of a flne
aggregate of amphibole, plagioclase, commonly with some epidote,
possibly chlo~ite and ubiqUitous magnetite. Most specimens have
a maSSive to weakly linear o~ folia~ nematoblastic fab~ic. Some
of the better exposures suggest a c~ude grainsize banding whlch
is pa~allel to the regional t~end of foliation and st~ongly

suggests ~elict bedding; the banding, however, is not
megascopically discernable on sawn faces of selected speclmens.
Some of the amphibolites have a paler pinkish g~eenish g~ey

colou~ which may be partly attributable to albitization or weak
K-feldspar alte~ation. Magnetite is ubiqUitous as fine, usually
octahedral, disseminated grains constituting around 1-5% of
volume: all the ~ocks mapped as amphibolite are distinctly
magnetic.
Petrographic descriptions of five typical amphibolites f~om the
grid; (speCimen numbe~s: AI04589, AI04591 .. 94; Ref: AppendiX III
indicate that they are albite-ho~nblende-qua~tz-epidote­

magnetite schists va~iably shea~ed and retrograded with chlo~ite

largely replaCing ho~nblende. Most contain considerable
accessory sphene or ~utile and a trace of tou~maline; some
contain mino~ K-feldspar. The petrographer has inte~p~eted

these as ~egionally metamo~phosed calC-Silicate rocks of
argillaceous/calcareous origin and has recognized ~elict

sedimentary layering in some.
However, the high sphene/rutile contents, reflected in
analytical results of 1-1.9% Ti, (AppendiX III; AI04589 and
others) strongly suggests a maf1c 19neous origin, p~obably as
basaltic extrus1ves or assoclated 1nt~us1ve sills. I suspect
that the ~eported fa1nt "bedding" is a largely cataclastic/
metamo~phic effect but concede that some may represent ~elict

layer1ng of metamorphosed maf1c volcaniclastics.
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wackes or more inLensely sheared and reLrograded equivalents of
the amhibolites. A number of analyses of this rock type
(AI04559, '564, '565; Appendix 1111 show Ti contents greater Lhan
0.77% suggesting a maf1c igneous relat10nship wiLh the
precursors of Lhe amph1bol1tes. They generally do not form
prom1nent outcrops. They have not been different1ated 1n Lhe
1nLerpretat10n shown 1n F1g. 3 but are grouped togeLher w1th
amphibolites for overall clar1ty. Nevertheless, the mafic
schists seem more prom1nent near Lhe souLh eastern boundary of
Lhe Bowry Member here.

Assoc1ated w1th these maf1c rocks are some rather siliceous
schists wh1ch may be best descr1bed as m1caceous quarLziLes.
These cons1st dom1nantly of fine to med1um gra1ned (O.I-I.Omml
granular quartz w1th subord1nate (2-20%) chlor1te and/or
seric1te and (occa1s10nally) minor rel1ct plag10clase
phenocrysts. In a couple of exposures th1s type of micaceous
quartzite 1s 1nLerlayered on a 2-20cm scale with more chlor1Lic
maf1c SCh1st; the layering 1S parallel LO foliation and probably
represents rel1cL bedd1ng. These m1caceous quarLziLes are
interpreLed La be meLa-volcan1clastic sedimenLs, perhaps
represenL1ng Lh1nly 1nLerbedded quarLzwackes and mafic La felsic
volcan1clasL1cs.

In Lhe weSLern parL of Lhe gr1d Lhere are a few small oULcrops
of apparently felsic SChist. These typ1cally are composed of
scattered (5%) porphyroblasts or rel1ct phenocrysts of
translucent grey to pinkish grey quarLz or plagioclase of upto
about Imm d1ameLer conta1ned 1n a f1ne sheared/sch1stose base of
buff coloured feldspar ?, quartz, sericite, minor chlorite and
accessory magnet1te. Texturally sim11ar but extremely weathered
exposures exist along the Heemskirk Road about 800m NW of Reece
Dam. They megascopically resemble a sheared quartz/feldspar
phyr1c fels1c volcan1c and 1t 1s cons1dered 11kely thaL the
precursors were such. Alternat1vely, Lhese felsic schists could
represenL more 1ntensely sheared verS10ns of the sod1c leuco­
granites observed elsewhere (with1n the Bowry Member I on the
gr1d, 1n Doctor's Creek and in the Whyte R1ver.

Dolomite-magnesite marble has been observed 1n only one locat10n
(at Round Creek near 12600N) where 1t appears to lie close LO
the northwestern boundary of the Bowry Member.
The marble (represented as anaLys1s No: AI04567, Append1x IIIl
here is mass1ve, wiLh fine grained compact granular texture and
un1form pale buff colour and appears to lack any alteration.
However, there are several exposures and patches of float over
the length of the gr1d (most notably at Horseleg Creek and on
lines 11800N and 13200Nl of slntery-cavernous, somet1mes
brecciated, quartz Wh1Ch are conf1dently 1nterpreted to
represenL s111c1f1ed carbonate and may represent a single
hor1zon as shown 1n Fig.3.
Th1s rock Lype has been peLrograph1cally described as AI04589
(Appendix Ill, analysed in AI04556 (Append1x Ill) and dep1cted
1 n Photo No.1.
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At Horseleg Creek, the silicified carbonate unit is no more than
about 5m in thickness and sho~s distinct relict bedding ~

lamination dipping at 60 degrees to the south east, parallel to
the regional foliation. The origin of the silicification is not
known but a surficial/supergene process seems likely.

I
I

Photo I. Southeast dipping, 5m thick unit of vuggy
silicified carbonate; north bank of Horseleg
Creek near OM grid 11870N/9700E

I
I
I
I
I
I
I
•

In Trackcutter Creek this? carbonate unit seems to be in
contact with SOdiC leucogranite and is locally altered to a
quartz + tremolite/actinolite skarn which has formed a 10m high
waterfall in the creek here. The skarn is described (Appendix
II; Nos. AI04587, '5881 as having originated by contact
metasomatic/metamorphic aLteration of an impure quartz-carbonate
sediment. The petrographer seems to imply that contact
metasomatism/metamorphism preceded shearing (and regional
deformation/metamorphism ?).
Analysis AI04572 of a rather pyritic/semi gossanous sample of
thiS skarn (in float at the foot of the fallsl is distinctly
anomalous in yttrium and lanthanum.

The sodic leucogranite has been observed only In a few outcrops
between Trackcutters Creek and Line 12600N, in a patch of very
weathered float near 12850N/8950E and in outcrops at Doctor's
Creek.
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The pecrographic report (A104566, Appendix II) indicates that
the rock is dominantly composed of oligoclase and quartz with
minor zircon and iron oxides after biotite; there is evidence of
cataclastic metamorphism with syndeformational growth of
granophyric quartz-plagioclase and the rock is termed
trondjhemite.
A sUite of three felsic rocks from the Bowry Member at the Whyte
River, (A104586 .. 598, Appendix II) seem to have more or less
similar compositions with additional upto 10% ferromagnesians
(hornblende, epidote, chloritel and are termed meta tonalites.
The SOdic leucogranite 1n Doctor's Creek (megascopicallyl
appears to have sim1lar composition and contains minor veins of
tourmaline.
The textural indicat10ns are that these leucogran1tes were
emplaced prior to metamorphism. The field relationships are
rather obscure but they could be present as narrow sem1
conformable bands (dykes or transposed lenses ?) and in a number
of places there is a spatial relationship to metasomatic?
assemblages 1ncluding tremolite/act1nol1te and tourmaline.

The calcsilicate-quartz skarn at the contact between carbonate
and leucogranite in Trackcutter's Creek has already been
mentioned; a similar skarn like lithology occurs adjacent to the
northern contact of the leucogranite in Doctor's Creek, perhaps
in an analogous setting although a carbonate formation has not
been observed here.

Near 12800N/9900E there are occurrences of an unusual tremolitel
actinolite + tourmaline + magnetite +1- pyrite "schorl" which
appears to have formed by pre metamorph1c alteration of a mafiC
igneous rock, probably of similar type to the (high Ti)
precursors of the amphibolites. (A104574, '575; Append1ces II &
IIIl Similar rocks occur at the margin of a massive martitized
magnetite ironstone in Doctor's Creek 50m downstream from the
leucogranite.
A specimen from the former locality was examined and m1croprobed
by G.J.Davidson, 1987, (in: Mathison and Ferguson, 1987) who
concluded that the tourmaline was a hybrid type (Fe/Fe+Mg ratios
around 0.5l derived from reaction between a metasomatic flUid of
gran1tic origin with a magnesium rich basaltic rock and
suggested that the immediate area was prospective for Sn-W-Cu
mineralization of Cleveland type. Davidson reported that the
actinolite showed no preferred orientation and was partly
replaced (postdated) by tourmaline. Mathison and Ferguson
(1987) concluded that metasomatism in the Bowry Member was
"assOCiated with very much younger granophyric intrusives."
Petrographer Curtis (AppendiX II), however, interprets that
metamorphism and shearing postdated the tourmalinization.
Given the spat1al assoc1ation between schorls and leucogranites
and the strain effects described in both it seems more likely
that they have a genet1c assoc1at1on and were emplaced prior to
metamorphism; ie: are not associated with younger (Devonianl
granitoids, and this seems to be supported by the low Sn,W,Mo
analytical values.



Ironstones of seve~al compositional/textu~alva~ieties have been
obse~ved on the g~id and in Docto~'s C~eek:

MaSSive Ironstones occu~ on the g~id at l2000N/9975E' in float
at the Junction of T,ackcutter's and Round C~eek, l3200N/9990E
and in Doctor's C~eek at the western margin? of the Bow~y

Membe~. A few similar occurrences at Rocky Rive, and Main C~eek

have been curso,ily examined and sampled.

Curtis (in AppendiX III pet~og~aphically desc~ibed two
l~onstones of thiS type from the Rocky Rlve~ I~onstone near the
junction of Whyte and Rocky Rivers, (Al0458l with 5% Py and
104586 Without Pyl as quartz + l~on OXide +/- ca~bonate

sediments which have been subjected to cataclastlc metamorphism.
The pyrite in Al04581 is repo~ted to occu~ as replacement of
magnetite and ma~titlzed magnetite.

370023- 13 -

Analyses of the banded ironstones indicate that they contain
upto 65% Fe
low Mg, usually <1%
va~iable Ti upto about 0.5%
ve~y low Ca, Na, K
ve~y low Pb, Bi, As, Sn, W, Mo and Sb
variable Ba, upto 1500ppm at Rocky Rive~.

Most of the samples are also low in Cu, Zn «200ppml and Au.
Howeve" the Doctor's Creek samples are exceptions in that they
contain upto 0.5% Cu and 0.3g/t Au.

Banded ironstones occu~ at l1600N/9825E, l2200N/9880E, and at
the Bow~y - Oonah contact in Docto,'s C'eek. Most of these
exposu,es a,e ,eg,ettably st~ongly oxidised but appea, to have
consisted of thin bands (l-lOmm thickl of g~anula~ magnetite +
py~ite alte~nating With bands of magnetite + chlo~ite? + qua~tz.

They a~e variably Siliceous containing f~om about 10-90% qua~tz.

The more Siliceous type, ego Al04585, floate, from l2600N/9880E,
~esembles cherty Jaspilite. Magnetite content va~ies from about
10-60% and py~ite is usually subordinate but ,anges upto perhaps
30%.

The banded ironstone at Docto~'s C~eek occu~s as a 10cm thick
unit of delicately layered quartz + magnetite -30% + pyrite -5%
+ mino, chlo,ite and pOSSibly albite lying appa~ently

confo~mably at the contact between amphibolitiC mafiC SChist and
the Ove,lYing pyritiC qua~tzite. The mafic schists, Within
about 5m of the contact, contain nume~ous discontinuous thin
bands, <20mm, and lenses of simi la, qua~tz + magnetite +/­
pyrite which may rep,esent t~ansposed ~emnants of thin beds.
The textu~es and modes of occurrence strongly suggest a
st~atifo,m, probably sedimenta~y o~lgin but given the deg~ee of
defo~mation and strong shea~ing, a selective ~eplacement may be
POSSible.
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The most slgn1f1cant anomal1es are assoc1ated w1th:

Some of the (f1rst batch) samples were also analysed for:

6.2 Geochem1stry

B1 (101) and As, Sb, Sn (401 )
The analyt1cal results are recorded 1n Append1x III.
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Cu,Pb,Zn,Fe,Mg,Ca,Na,K by AAS methods 101, 104 or 140
(as appropr1ate)

MO,W,Ba,Zr,Y,La,T1 by XRF methods 401 or 403
(as appropr1ate)

Au by Fus10n/AAS method 309

These 1ronstones essent1ally cons 1st of mass1ve compact
magnet1te, somet1mes w1th a 11ttle slntery quartz and scattered
blebs of pyr1te, var1ably mart1t1zed, oX1d1zed, 11mon1t1c and
gossanous (If pyr1t1c) 1n outcrop.

The or1g1n of these mass1ve 1ronstone bod1es, wh1ch probably are
locally of cons1derable slze (eg: Rocky R1ver; est1mated at -4
m11110n tonnes) and the1r relat10nsh1p w1th the banded types 1s
uncerta1n.

Analyses of these rocks (Append1x III) show 1ron contents 1n the
range 60-75% w1th other element abundances more or less slm11ar
to the banded 1ronstones except that none of the mass1ve types
are slgn1f1cantly anomalous 1n copper or gold, (max: 220 ppm Cu)

* Banded s111ceous 1ronstone and assoc1ated ? lenses 1n
amph1bol1te at Doctor's Creek. These conta1n upto 0.5% Cu
and 0.3g/t Au (In select1vely h1gh graded samples). The
overly1ng -4m th1ck un1t of pyr1t1c quartz1te (AI0460S) also

Other m1nor occurrences of magnet1te have been observed as th1n
d1scont1nuous, fol1at10n parallel lenses of, usually gossany,
magnet1te + pyr1te 1n amph1bol1te, such as those at 11790N/9560E
(AI04576, '577). These are posS1bly less s111ceous analogues of
the banded qtz + mt + py bands and lenses 1n maf1c sch1sts at
Doctor's Creek and, 11ke those are somet1mes weakly anomalous 1n
copper and gold (upto SOOppm and 0.06g/t respect1vely).

Some of the geochem1cal features have been br1efly d1scussed
above but overall 1t may be concluded that the rocks sampled,
1nclud1ng the m1neralog1cally exot1c 1ronstones, are relat1vely
barren of the 11kely metals.

Rock Ch1p Geochem1cal samples collected dur1ng mapp1ng were
analysed by ANALABS of Burn1e as follows:



These results are equIvocal at best but do not appear to support
an analogy w1th the Starra m1neralization model.

Otherw1se, Cu and Zn rarely exceed 300ppm and Pb 1s mostly at
less than 10ppm, peak1ng 1n an 1solated gossany-pyr1t1c sample
at 170ppm.

* Th1n lenses or pods of gossany, somet1mes slllceous slntery
mater1al after pyr1te + magnet1te + quartz, usually w1th1n
amphIbol1te (eg: at 11790N/9560E, 13200N/9985E 1 or as
occa1s1onal floaters (eg: A104553, '554 at 11250N/9300E ).
These conta1n upto 800ppm Cu and 0.06g/t Au.
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and standard
as follows:

Mass1ve
(n=9l

0.32
11
7
8

SD

0.26
14
10
21

x

conta1ns anomalous CU,Au (0.4%, 0.08g/t) but no magnet1te
wh1ch m1ght 1mply that Cu-Au m1neral1zat1on 1s assoc1ated
w1th pyr1te rather than magnet1te. Th1S would have 1mportant
1mpl1cat1ons for geophys1cal explorat1on. Textural
relat1onsh1ps elsewhere (Rocky R1ver and Alp1ne) suggest that
pyr1te may have formed by replacement of magnet1te.

* The small gossan assoc1ated w1th the tremol1te/act1nol1te +
tourmal1ne + magnet1te schorl near 12800N/9900E (A104575l
conta1ns 0.13% Cu.
The tremol1te/actlnol1te + quartz + pyr1te skarn from the
falls at Trackcutter's Creek conta1ns 480ppm Cu (and
anoma lous Y, La), (A 104572)
Both of these occurrences may be metasomat1cally related to
nearby sod1c leucogran1te.

Compar1son of these values w1th those of Dav1dson's Table 6
(1990) from Starra 1ronstones suggests that the Owen Mered1th
etc. 1ronstones have:
T102 values slmIlar to Starra cherty BIF but h1gher varIabIlIty,
Zr values sIm1lar to Starra m1neralized 1ronstones,
Y values lower but approxImatIng to dIstal massIve 1ronstones

and cherty BIF.
La values most lIke cherty BIF.

T102
Zr
Y
La

The elements T1,Zr,Y and La were analysed for the purpose of
compar1son w1th the geochem1cal data summar1zed by Dav1dson
( 1990 )
I have calculated the means
elements for the 1ronstones

Banded
(n=9)
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6.3 Magnetics

The analytical results are listed in AppendiX IV and plotted
together on Figure 5.
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AAS method 101
Fusion/AAS method 309

The Owen Meredith grid has been covered by a detailed ground
magnetic survey as described by C.Anderson in AppendiX I.
Total magnetiC intensity profiles, contours and a preliminary
interpretation are presented in Figures: 6,7,8.

-80# fractions of sOils were analysed by ANALABS, of Burnie, as
follows:

CU,Pb,Zn
Au

Copper values range upto 700ppm and Zinc peaks at 515ppm but
there are relatively few values of greater than 200ppm in
either. In general, the results are spotty, barely contourable
and (With only two exceptions) show little correlation between
copper and Zinc anomalies.
The copper anomalies, as contoured, show a weak coincidence with
some of the magnetic trends.
With a few minor exceptions (like the peak copper value at
13200N/9725E and the peak lead value at 11000N/9925El nearly all
of the "anomalies" ()200ppml fall Within the interpreted limit
of the Bowry Member but this is very possibly an artefact of the
extent of sampling.

SolI Geoche.lstry :
A total of 409 sOil geochemical samples

were collected from the locations as shown on Figure 4 toprovide
a nearly complete coverage of the Bowry Member within the extent
of the grid. Samples were collected from the B/C horizon by
hand auger at depths ranging from 0.3 to 1.0m. These were
mostly clayey soils interpreted to be of residual formation
although a minor downslope transport may have occurred on some
of the steeper slopes.

In general, it may be concluded that the soil geochemical data,
at this sample spacing, has not prOVided a focus for more
detailed investigations. Close spaced sampling, at 5m intervals
or less, over the main magnetic peaks as suggested by C.Anderson
(AppendiX I) may be worth a try but, in consideration of the
generally low Cu-Au values in rock chip samples of the various
ironstones on the grid, cannot confidently be expected to
provide any startling anomalies.

Lead and gold results are almost featureless apart from three
"spot" anomalles in gold on line 12000N ranging from 0.19 to
0.37g/t Au. These are not immediately explicable and do not
appear to correlate with other anomalies or magnetic trends.
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The p~elimina~y inte~p~etation indicates a b~oad magnetic zone,
exactly coincident with the extent of the Bow~y Membe~, within
which a~e a numbe~ of na~~ow intense anomalies which, in the
southe~n pa~t of the g~id, co~~espond with obse~ved i~onstone

outc~ops o~ float. The p~incipal anomaly extends between l2400N
and l3200N at about 9925E. I~onstone exposu~es a~e not
p~ominent in this zone but the anomaly may be associated with
the t~emolite/actinolite+ tou~maline + magnetite schorl nea~

l2880N/9800E and may extend no~thwa~ds, via a no~thwesterly

offset at l3400N, to connect with the massive development of
i~onstone at the weste~n contact of the Bowry Member in Docto~'s

C~eek, (Figure 3). The anomaly can also be tentatively infe~~ed

to extend southwards to connect observed occu~~ences of
i~onstone on 11nes l2200N and 11600N.
C.Ande~son (App. Il inte~p~ets that the 1~onstone sou~ces a~e

likely to occu~ as multiple na~~ow bands ~athe~ than individual
(massive) bodies and to 11e at shallow depths, of less than 20m.

7. DISCUSSION

The ~esults of the mapping and explo~ation p~og~amme to date,
indicate that a numbe~ of banded to massive magnetite +1- qua~tz

+1- py~ite i~onstone bodies occu~ within a na~~ow belt of ~ocks

comp~ising an assemblage of amphibolites, mafic to felSic
SChists, impu~e qua~tzites, dolomite-magnesite ma~ble and sodic
leucog~anite (the Bow~y Membe~) sandwiched between semi pelitic
schists (to the no~thwest) and psammo-pelitic metasiltstones and
phyllites (to the southeast).

The Bow~y Membe~ in the southe~n pa~t of EL 14/89 ~anges f~om

about 200 to 400m in thickness and appea~s to ~ep~esent a g~oup

of mafic to felSiC volcan1cs, volcaniclast1cs, mino~ clastiC
sed1ments, ca~bonate and pOSSibly syngenetiC i~on fo~mations

which have been ~egionally metamo~phosed to albite-epidote­
amphibolite facies (t~ansitional g~eenschist - amphibolitel and
SUbsequently partly ~et~ogessed to g~eenschist facies by
cataclastic metamo~phism ~elated to defo~mation having a
substantial shea~ component. The sodiC leucog~an1tes a~e

inte~p~eted to be na~~ow 1nt~usive bodies; although the timing
of int~usion with ~espect to metamo~phism is unce~tain the
leucog~anites do appea~ to have unde~gone significant cataclaSis
and the~efo~e p~obably p~edate the ~etrog~ade phase of
defo~mation/metamo~phism.

Mino~ occu~~ences of t~emolite/actinolite+ qua~tz ska~n and
t~emolite/actiolite + tou~maline + magnet1te scho~l appea~ to be
spatially ~elated to leucog~anite and a~e p~obably de~ived f~om

contact metasomatic/metamo~phiCalte~ation of impu~e ca~bonate

sediments and basaltiC volcan1cs ~espectively.The timing
~elat10nship of thiS metasomatism w1th ~espect to p~og~ade

~eg10nal metamo~phism ~emains unce~tain but pe~haps could be
~esolved by mo~e deta11ed pet~og~aphic investigation.
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Textural relationships in the schorl (from near 12800N/9800E,
A104574l appear to indicate that some of the magnetite was co­
genetic with tourmaline which may suggest that some of the
massive ironstones were of metasomatic origin. On the other
hand, fine scale lamination in the banded quartz + magnetite +/­
pyrite +1- chlorite ironstones strongly suggests that these are
of sedimentary origin. The spatial relationships between banded
and massive ironstones are, at thiS stage, obscure but
apparently close. Magnetic interpretation indicates that the
ironstones occur as narrow, pOSSibly multiple and probably
discontinuous bands and lenses. They appear to be coplanar with
gross lithological layering and regional foliation in the host
rocks and could well be stratiform although thiS form could be
due to strong transposition.

Limited rock chip geochemical sampling of the ironstones
suggests that most are not Significantly anomalous in gold or
base metals and none are anomalous in "granitophile" metals
(Sn,W,Mo,Bil. The only observed occurrence with Significantly
anomalous gold and copper lies outside EL 14/89, in Doctor's
Creek at the eastern contact of the Bowry Member, and in thiS
instance the anomalism may be associated With pyrite rather than
magnetite.

Comparison of "immobile" element (Ti,Zr,Yl levels of the
ironstones With limited published data for Starra ironstones (in
DaVidson, 1990l has been inconclusive but does not appear to
support an analogy With Starr a type mineralization.

The age and tectoniC setting / history of the Bowry Member
remains quite uncertain and does not suggest that comparisons
With other ore hosting, mafic volcanic dominant, terrains can be
confidently made.

I
I
I
I
I
I
I
I
I
I

Further exploration for ironstone related mineralization in thiS I
area could include:

* close spaced SOil geochemical sampling over the main magnetiC
anomalies to identify lateral variations in Cu-Au content, if I
any.

* more detailed prospecting and mapping along the identified
magnetic anomalies in attempt to obtain more detailed
geochemical coverage, identify lateral relationships?
between banded and massive ironstones and perhaps structural
relationships with the host rocks.

* detailed petrographic, pOSSibly micro-analytical,
investigation of ironstones, espeCially from the anomalous
occurrence in Doctor's Creek and the (freshl drill core
intersections of presumably related ironstones from the
Alpine prospect, in order to obtain better understanding of
the style of mineralization, and mineralogical association
and paragenesis of gold, copper and Zinc, where present.

I
I
I
I
I
I
I



I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

370029
- 19 -

* extension of the Owen Meredith grid and geochemical, magnetic
surveys to cover the (weaker) southwestward extension of the
aeromagnetic anomaly associated with the Bowry Member
apprOximately lkm west of Reece Dam. (Figure 9)

8. LOCATION AND ACCESS

EL 14/89 lies over the southern part of the Arthur Metamorphic
Complex between Lake Pleman and Brown Plains.

The northern boundary lies within lkm of the Corinna Road and
4wd access to the far northeastern corner of the EL can be
obtained via the road between the former and a river guaging
station on the Whyte River about lkm upstream from its' junction
With the Rocky River. There are additionally a number of old
logging tracks leading southwards from Brown Plains towards the
Whyte but these are mostly overgrown and impassable for
vehicles.

Access to the southern end of the licence is afforded by the
sealed Pleman-Heemskirk Road which crosses the Pieman River at
Reece Dam. Foot access to the Owen Meredith grid can be
obtained from Reece Dam by fording Stringer'S Creek (when water
level allows) a few hundred metres upstream from the power
station. Alternatively, Dennis' Track, which departs the
Pieman Road about 10km (by road) east of Reece Dam, provides 4wd
vehicle access to the southern part of the grid and is the
easiest route to the northeastern parts of the grid.

OtherWise there is no vehicular access to the, major, central
part of the licence.
EZ Co. used the Pleman River for access by boat, presumably from
Corinna, for the western parts of the licence and helicopter?
to a tent camp near Paradise Creek for the eastern parts.

EZ Co. established a reconnaissance grid With lkm spaced east­
west cut lines over the entire licence. Although only about
three years old these are now thickly overgrown and essentially
useless for foot access. (Photo No.2)

The terrain is mostly undulating to steep derived from fairly
intense stream dissection of a former, probably Tertiary,
peneplain; local relief is of the order of only about 150m but
hillside slopes are commonly of the order of 30 deg. and
occalslonally upto 60 deg.



Photographs 2 to 8 dep1ct the nature of the terra1n and
vegetat10n

The country was formerly mostly covered by temperate ra1nforest
wh1ch was destroyed by a 1982 w11df1re wh1ch or1g1nated at
Savage R1ver and burnt out some 650 sq km of land to the south
and south east 1nclud1ng much of the Mered1th Range. The post
f1re regrowth 1s now of the order of 5m tall and 1ncludes a
dense tangle of t1-tree, Acac1a, Eucalypt, Bauera, Banks1a,
cutt1ng grass and locally bracken grow1ng through a mult1tude of
partly burnt downed logs. Th1S vegetat10n 1s nearly
1mpenetrable away from cut tracks and a reasonable rate of
pedestr1an progress would be measured 1n hours per k11ometre.
The track cutt1ng contractors reported that cutt1ng progress was
about 350m/day/2 man team.
M1nor remnants of ra1nforest vegetat10n eX1st 1n some of the
gul11es and valleys and the streams are generally overgrown w1th
a typ1cal m1xture of hor1zontal and leatherwood scrub; a
reasonable scramb11ng rate along stream courses 1S about lkm/hr.

- 20 - 370030 •
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Photo 2.

Photo 3.

View wes~ along EZ Co. (1986-87) grid line 390N
from logging track at 347900E

View northwest from Dennis' Track at 348000E,
commencement of walking track to OK grid 12200N,
Track cutters setting out.
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Phoco 5.

Pleman Rlver below Reece
Dam; power scat ion in
foreground.

Pl"loto 4.
View southwest alon6 OM
grld basellne coward
Reece Dam.
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Photo 6.

View east south east
from logging track at
AMG 348000E,5390300N
across Whyte River
toward Meredith Range;
Rocky River irOnStone is
located on spur at right
of frame.

Photo 7.

Vlew west southwest from
OM grid 13400N/9100E
down valley of Owen
i1eredith River.
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?hoeo 3.

Remnane ra lnforese, (myre Ie
beech, sassafrass, leacher­
uood and horlzonealls)
Doceor's Creek ne5r OM grld
13400~1.
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Photo 8.

TyplC51 pose flre
regrowth scrub; View
sOlJtheast along OM grid
11ne 11880N from
b..s.sellne.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

Qu:,

9. REFERENCES

Davldson, G.

Herrmann, W.

Math lson, 1. J.

Mathlson, 1.J.
and Ferguson, N.

Turner, N.J. et al

1990

1989

1986

1987

1989

- 25 -

Major and trace element
geochemlstry of the Starra ores
and host rocks.
CODES - Unlverslty of Tasmanla,
Proterozolc Au-Cu ProJect,
Workshop Manual No. 4

Geology of the Arthur
Metamorphlc Complex, NW Tas.
Outokumpu Exploratlon Aust P/L
(unpubl. report)

EL 22/85, Savage Rlver, Report
on Exploratlon actlvlty,
Nov. 1985-Nov.1986
EZ Co. Aust. P/L
TCR 86-2614

EL 22/85, Savage Rlver, Report
on Exploratlon actlvlty,
8/86 to 8/87
EZ Co. Aust. P/L

PreCambrlan. Chapter 2 of:
"Geology and mlneral resources
of Tasmanla"
GSA Speclal Publ. No.15



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

Ou-'

Append1X I

370036

Ground Magnet1c Survey - Summary of results.
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1. SURVEY DETAILS

The extent of the Corrina grid has been covered with detailed
ground magnetics with total field measurements at 5 metre
intervals on all lines from 10600N to 13400N. The survey was
conducted in two parts, with initial coverage on lines generally

at 400 metre intervals and subsequent in-fills to 200 metres.
All data were recorded by independent contractors, using
digitally recording proton precision magnetometers (Geometries
856) for both field readings and base station diurnal. Data were

subsequently corrected for diurnal drift and levelled to produce
a merged digital data set.

1.1 Presentation

All data acquired during both surveys are shown as stacked

profiles of total magnetic intensity (TMI) in Figure 1 and
listings of corrected values are included in Table 1.

Because of the intense level of relief and relatively
coarse line spacing, the data do not produce a coherent

contour presentation, without applying excessive

smoothing.



2.2 Recommendations

2.1 Ironstone Targets

Several minor developments of ironstone are also indicated
in Figure 2, to explain locally intense 'spikes' in the

magnetic data. These are generally very minor sources and
not considered to be significant targets at present.

The magnetic data indicate generally shallow depths (less
than 20 metres?) for the inferred ironstone positions, and
geochemical sampling of interpreted ironstone targets
using a hand auger ('C' Horizon soil) is recommended as
the next evaluation stage.
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The broad magnetic zone is inferred to represent a
meta-sedimentary/volcanic sequence, within which a number
of narrow, intense magnetic anomalies are considered to
reflect possible (quartz-magnetite) ironstone 'lodes'
comparable to known prospects within the Arthur
Metamorphic Complex. The main ironstone 'lode' occurs
between 12400N(1) and 13200N, and single line sources are
indicated on Line 13400N and Line 11600N. In all three
areas, the magnetic data indicate that the ironstone

development is likely to be as multiple narrow bands - the
distribution as shown in Figure 2 attempts to define the
limit of ironstone rather than individual sources.

2. DISCUSSION OF RESULTS

All profiles (with the exception of Line 10600N) indicate a zone
of moderate to strong magnetic relief, centred between 9600E to
10000E and from 200 to 500 metres in width. A preliminary
interpretation plan (Figure 2) attempts to outline the boundary
of this zone and major individual magnetic trends within it. It
should be noted however that the apparent width of most magnetic
sources is significantly l,ess than the survey line spacing and
the lateral correlations of sources shown in Figure 2 is
relatively tentative.
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Profile positions for the three main ironstone features,
plus an additional line (Line 12200N) to test a
structurally complex 'secondary' magnetic lithology, are
indicated in Figure 2. These profiles are suggested as a
minimum test of the magnetic positions, and a more
systematic appraisal of the interpreted targets would be
warranted if initial sampling establishes the presence of
(geochemically anomalous?) ironstone.
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Pet~og~aph1c Repo~t No. 20/90, K1npet Se~v1ces.
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Se\'enteen reck specimens [rom :"1r. k'. Hermann are from E.L. 14/89. Corinna. and

are froo the Bowry Formation of the Arthur l1etamorphic Complex of north"·estern

Tasmania. Petrographic descriptions and ar.Sk'ers to a listed questionnaire

were required.
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1. INTRODUCTION
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compositional relationship with either Specimen A104574 or A104581.

A104574 An altered basic igneous rock. sho.'s tourmalinisation of phenocryst

forms and earlier tremolite:actinolite replacement of fine ground-

I
I
I
I
I
I
I
I
I
I
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mass. Could be a porphyritic basalt? From the tremolite groundmass,

texture is probably contacr metamorphosed

A104581 A banded quartz:magnetite rock that shows bedding units of relic

graded bedding with a weak cross bedding. Magnetite grains occupy

the base of each unit. Quartz beds show shear. &,d strong cata­

clasis affects bedding units. but this does not interfere .'ith

grading pattern. There was metamorphic recrystallisation. Iron

oxides appear to be sedimentary in origin. There is no textural or

2. SU,~'14Rr

A104566 Leucogranite (or Trondhjemite - see "ells) shows cataclasis .'ith

limited shear. Shock metamorphism.

I
I
I

~
I
I

­
I
I

I
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A104586 As for A10458l compositionally. but rock is strongly sheared and much

of the magnetite has been martised. Sedimentary units are

identifiable.

I
I

I
I

A104587 An actinolite skarn (after Joplin) of quartz and tremolite:

actinolite. Thinly veined by quartz:pyrite and quartz:albite:

pyrite:chlorite. Iron metasomatism and contact metam'Jrphism were

I
I

I contemporary. I
I
I

Al04588 An actinolite skarn (after Joplin). Derived from a fine iron rich

calcareous banded sediment. Contacr metamorphism "as associated with

contemporary iron metasomat.ism.

I
I

I
I

A104589 Carbonate-rich sediment. leached. silicified and .'eakly sheared.

Palimpsest carbonate crystal shapes are present. Quartz shows 10"

temperature met&~orphic crystallisation.

I
I
I



A104590
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A10459l

A104569

A104592

A104593

Al04594

'Q'
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A silicified blastoporphyritic andesite or dacite. Sheared and

altered to chlorite:quartz:albite schist. Deformed plagioclase

phenocrysts are present that retain basic crystal forms, but k'ith an

altered groundmass.

An albite:chlorite:quartz schist ~ith minor biotite. hornblende.

magnetite. rutile and pyrite. A 'chlorite grade' argillaceous

sediment (after Harker). Quite different in composition from

Specimens Al045l9 to A104594. A10459l being more chlorite-rich and

with less hornblende.

Albite:chlorite:magnetite s~hist ~ith relict hornblende and biotite.

An argillaceous sediment (refer to Harker). Sedimentary grain sized

bedding is discernible.

Albite:hornblende:chlorite schist. An altered amphibolite. More

stressed than for Specimen A104569, but a metasediment. argillaceous

and calcareous in origin. Banding of rhythmic grain size variations

is present.

Albite:hornblende:sphene:chlorite:epidote schist. A fine grained

calc-silicate metasediment. Weakly 'foliated. Weak sedimentary

banding is shown as variations in mineral composition. An altered

amphiboli teo

Albite:hornblende:epidote:quartz schist with sphene. Strongly

sheared. Veined by tourmaline. quartz and earlier K feldspar. An

altered amphibolite. derived from the metamorphism of a calc-

silicate sediment. Shows sedimentary banding as .'ariations in grain

size and weak current bedding. although the latter could be partly

metamorphic.



From Whyte River:-

Variations in composition of the above specimens are less obvious if one

assumes that chlorite is largely replaced hornblende.

Specimens Al04596 to A104598 are granulitised. silicified tonalites or

granodiorites. but are not amphibolite •
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33-75

4-20

AI04594

5

37

370048

24

4

AI04593

10

29

24

15

AI04592

14

33
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3

39

AI04569

5

41

Al04598 Granulitic plagioclase:quartz:chlorite gneiss. a metagranodiorite or

metatonalite. Shows alteration of magnetite to hematite

(martisation).

Al04597 Granulitic plagioclase:quartz:chlorite gneiss: or fine grained

metagranodiorite or silicified me tamorphosed diorite or tonalite;

less brecciated than for AI04596. No phenocrysts are noted but

plagioclase "as likley porphyroblastic before shear.

AI04596 Granulitic plagioclase:quartz:chlorite gneiss. A possible

metagranodiorite or meta-tonalite. Shows differential brecciation

and shear along bands.

AI04595 Hornblende: plagioclase: quartz :epi dote :sphene schist. Strongly

foliated. Veined by K feldspar stringers. Originated from

silicified metapyroxenite or ocher ultramafic igneous rock. Pyrite

has partly replaced Tnagneri te but also accreted onto magnetite

crystals.

Quartz

Plagioclase

Hornblende

Chlorite

Comparati\'e Compos] cion

••

•..
II

•••

IIJ..
II

••

••

..
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Carbonate alteration has reduced the plagioclase of Specimen A104596.

Compositions of major minerals are similar in the three rocks (Specimens

A104596 to A104598).

370049

3

9

15

65

A104598

8

17

68

A104597
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5

3

51

15

A104596

Hornblende

K feldspar

Chlorite

Plagioclase (andesine)

Compositionc.:.l Variation

Quartz
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Specimen No: AI045661MPS 5888
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3. PETROGRAPHIC DESCRIPTIO;\,S
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Field De<cription: Leuco granite.

'\l,.-..J:i'L
Petrographic Summarv: Leucogranite (or Trondhjenite - He.tch, Wells & Wells)

of plagioclase and quartz (also kith biotite - now destroyed). Shows intense

brecciation, some rotation of quartz fragments ar"Jd shear along narrollo' parallel

planes.

I
I
I
I

1

Mineralog\':

Primary Recognisable

Quartz

Plagioclase (An32)

Zircon

Tourmaline

Alteration

Iron oxides

Vol. %

22

77

1

(1

3

I
I
I
I
I

j

•

J

Texture: A strongly brecciated leucogranite of oligoclase plagioclase and

quartz with more than the normal amount of fine zircon.

Plagioclase is present as clear recrysta1lised breccia. Prior to brecciation

the randomly set laths .'ould ha"e had a maximum grain size of 3 x 0.6 mm. The

brecciation has produced a strain-slip fracture effect demonstrated by

displaced albite twinning. Plagioclase surrounding more brecciated and healed

plagioclase shows intense fragmentation and partial silicification with quartz

replacement and fill of breccia spaces within the feldspar. Brecciated

plagioclase is intermingled with finely brecciated and healed quartz, although

se"eral areas (0.8, 1. 2 tml diameter) of quart z: plagioclase granophyre appear

to have extended into brecciated quartz and plagioclase.

I
I
I
I
I
I
I
I
I



I
It
I
I
I
I
I
I
I
I
I
I
I
II,
..
II,
II

-

3 "jOO~ 1
,,' ;)i

- 7 -

Largely preserved quartz grains (to maximum size 3.2 x 1.2 mm) sho.' intense

strain wich fine microfractures t grain margins are milled and grains are

some.'hat rounded (J x ] mIn) which suggests grain rotacion. Areas of miJIing

indicate healed tirle quartz:plagioclasc breccia that occupies spaces between

the non-cataclased quartz and feldspar grains. So that narro.' and broad

net.'orks (0.04 to 1 mm) of fine quartz:feldspar mosaics separate the remnant

nuclei of preserved grains.

Continuous microfaulting along parallel crush zones (0.2 to 0.8 [!)m .'ide) sho.'

shear of quartz:[eldspar along a broader zone.

Networks of limonite lenticles (0.08 to 0.2 ",'!!.! as fragments occupy

brecciation zones.

Zircons of coarse size (N 0.2 mIn) are fractured and with iron oxides occupy

zones of scrong brecciation with iron oxides suggesting this is all that

remains of brecciated and sheared biotite subjected also to leaching. Coarser

zircon is recrystallised fine material.

Alteration: Destruction of biotite during metamorphism "'as follok'ed by

oxidation of exsolved iron.

Hetamorphism: Cataclasis with limited shear. Shock metamorphism with

brecciation and deformation.

fI'.B.: The growth of granophyre type (symplectite structures) during stress is

noted.



Petrographic SUl71marv: Hock k"as tourmalinised, contact metamorphosed and

.'"=
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Specimen No: AI04574/NPS 5889

Field Description: An unusual amphibo1e:tourmaline(?) rock.

370052 •
I
I
I

<.

she8;ed along narrol.o' fractures: an altered intermediate or basic igneous

rock. Some phenocrys[ shapes are pseudomorphed by composites of coarse

tourmaline.

I
I

•

•

•

Minera10g y:

Tremolite:ac[inolite

Tourmaline

Sphene

Magnetite

Hematite

Vol. %

38

45

10

5

2

I
I
I
I

•

..

..

i•

Phenocrysts occupy approximately 15% of microscope field.

Texture: A strongly hornfelsed tourmalinised porphyritic volcanic rock where

the feldspar .'as largely tourmalinised prior to contact metamorphism.

Tremolite-actinolite growths as sheafs of very pale green pleochroic amphibole

vaey geeatly in grain size from (0.1 to 2 x 0.16 mm, as tapered prisms of very

pale green colour wi th a 2V of 80 degrees and cll z of 'V 15 degrees, and

negative. Coarse tremolite occurs along originally open channel.'ays that

appeared in the rock after touemalinisation. Tremolite grains arra~ge

themselves as radiating sheats of similar grain size, a1 though k'here fine

grained (0.2 x 0.06 mm) the grains may be randomly distributed as intergro.'ths

around isolated subrounded to rectangular masses (0.5 x 0.4 to 2 x 1.5 rom)

after plagioclase, replaced by pale olil'e green to pink pleochroic tourmaline.

Tremo1ite has replaced a fine mafic'groundmass. The tourmaline has become

massi,'e where welding of original fine prisms(?) took place, and the shapes of

some masses suggest replacement of feldspar (2.4 x 1.4 mm) or simple t,'inned

clinopyruxene grains (3 x 1.5 mm). More massive tourmaline (4.4 x length of

I
I
I
I
I
I
I
I
I
I
I



hematite.

* Chemical test for cassiterite was made and found to be negative.

Alteration: Tourmalinisation, follo ..ed by metamorphism.

370053- 9 -

Some of the coarser subhedral prismatic 'sphene' shows a uniaxial positive

interference figure* and is therefore coarse rutile (or recrystallised

leucoxene) .

Metamorphism: Contact to epidote:amphibolite grade followed by localised
/--...

shear along well deformed fracture planes which included both tourmaline and

narrow channels of tremolite.

Othen-ise IT.agnetite (0.2 to 1.0 mm) occurs intergro..n "ith similar size

tourmaline ruas=es or is scattered separately through fine tremolite

intergro.'ths. Trails of granular sphene surround magneti te in lenticles and

flank or pass thrcugh tourmaline masses.

section} i= a mosaic of .'elded tourmaline grains separated by vein-like

gro.'th= of tremoJite (l to 2 rrm ..ide) containing variably sized (0.08 to 1 x

0.8 mm) euhedral magnetite as lehticular intergro.. ths "ithin the tourmaline.,,
Some magne~ite along a narro" (0.5 mm .'ide) zone of sheared tourmaline "as

altered tc hematite or .'here leached "as filled in by colloform structured

Iii
III,

III
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Specimen So: A104581/MPS 5890

Field Description: A banded quarcz:magnetite:pyrite rock.

370054 •
I
I

PetrograDhic Summar\·: A sandstone of repeated sedimentation uni ts of \'arying I
iron oxide richness and grain size of magnetite and quartz grains. Units vary

from fine to coarse sand si ze and form weak planar cross bedding. I
Metamorphism wi th some myloni tisa tion of quartz clasts shov. groiJ.'th mosaic

substructures around quartz clasts. No relationship exists between Specimens

A104574 and A104581. k'ith regard to pressure metamorphism there are sheared

quartz layers in finer quartz-rich bands.

Minera10g\': Vol. %

Quartz 66

l1e.gneti te 4
-

Marti te 25

Pyrite 5

Muscovite (]

Texture: Repeated sedimentary units of varying magnetite concentration are

present and shok' '-arying mineral grain sizes. Sedimentation units vary from

0.5 to 5 rom depth. One can assume that dense magnetite as coarse grains (to

0.5 mm) is at the base of each unit. the magnetite becoming finer and less

dense to""Brds the top. followed upk'ards by quartz with almost no magnetite

with the k'idth of each unit being quite variable. Also there is a k'eak cross

bedding in places and each sedimentary unit shows tabular. planar sets.

Quartz between the planar sets shok's cataclasis and elongation of grains (0.4

x 0.2 mm to 1.2 x 0.4 mm) but no graded bedding is noted only quartz grains

(0.2 to 0.7 mm) in mosaics of finer quartz:magnetite beds. However. mortar

texture as fine recrysta11ised quartz flour breccia occurs between relict

sedimentary quartz and brecciation has not disturbed the angle of rest of many

tabular quartz clasts. In reflected light. matched rock slab surfaces

I
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I
I
I
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indicate strong martisBtion of magnetite and replacement of martite. magnetite

with martite overgrowths by euhedral pyrite grains.

Alteration: Magnetite -) martite -) pyrite.

,'tetamorphism: Partly mylonitised and recrystallised iro,"-rich sand of fine to

coarse sand size grains.



field Description: As for Specimen 104581

.... ".r..f;\Ov..7'~ ,'L

OU:Jd
Specimen No: AI04586/HPS 5891

- 12 - 370056 •
I
I

Petrographic SW:lmarv: Thinly bedded quart.z. iron oxide and quartz rich

sediments. occur rh}'chmically in successive alternate sedimentary layers.

Silicified. brecciated and sheared to a quartz:magnetite gneiss. Related to

Specimen AI04581 but not to AI04574.

I
I
I

Nineralogv:

Quartz

lofartite

Limoni te

l1agnetite

Vol. %

85

3

5

7

I
I
I

•

•

•

••
...

Texture: Similar to Specimen 104581 but strongly sheared and separate

sedimentary units are more easily identifiable. There also occur magnetite

(or martite) rich quartz bands. Original clast shapes of quartz have not

survived. One quartz:limonite band indicates layers of strongly sheared

quartz lentic1es ('VO.lS mm wide) that contain rhomb shapes (0.15 to 0.4 mm)

thinly encapsulated by iron oxides. or no.' filled wi th colloform 1imoni te and

this was most likely a quartz:carbonate bed. Distribution of the colloform

limonite is irregular as aggregates squeezed between sheared quartz 1enticles.

Above the coarse quartz horizon described abol'e. is a quartz gneiss layer

containing milled recrystallised magnetite dust as layers (0.01 to 0.3 om

depth) of cement bet.'een quartz laminae but there is a tendency for the

magnetite to consistently occupy layers (0.03 to 0.2 mm wide) and bedding as

such disappeared with pressure and shear. Additional quartz-rich beds with

limonite have replaced leached carbonate forms which occur twice again above

sheared quartz:magnetite layers. suggesting quartz:carbonate beds that

alternate with quartz: iron-rich sediments.

I
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Some ma$netite layers na'"e suffered post-metamorphic martisation.

Alteration: Nagnetite -) martite and silicification.

Netamorphism: Cataclasis and shear.

370057
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Specimen So: A104587 IMPS 5892

- 14 - 370058 •
I

-

-

Field Description:

Petrograohic 'ummarv: Actinolite skarn (reference. Joplin). A quartz:

carbonate sediment that w'as contact metamorphosed. sho~'s contempor.=.ry contact

metasomatism k'ith iron replacement, a pre-existing, fine grained, calc-

silicate sediment.

I
I
I
I

i
-

••

Mineraloev (vo1.Z)

PI agi oel ase

Quartz

Tremolite:actinolite

Chlori te

Sphene

Pyrite

* (a) Fine: (b) Medium grained.

(a)*

60

31

4

5

(b)*

30

63

2

5

I
I
I
I
I

-- Veins: (1) Ouartz:p)Tite;
,

(2) Ouattz:albite:pyrite: albite:biotite:chlorite.
• I

-
-
•-

...
-
•

•

•-

Texture: Discounting metamorphosep veins, the section shows two lithologies

described as beds: including (a) of very fine grain size and actinolite rich,

with less quartzose altered sedime~t. Grain sizes vary 0.002 to 0.08 x 0.02

mm. median 0.024 mm. of quartz as polyhedral mosaics of slightly sutured

i
grains in contact ~ith embedded squat, prismatic, pale.green to colourless

tremolite:actino1ite. 0.01 to O.O~ x 0.03 mm. median size 0.017 x 0.007 mID of

porphyroblastic forms. This is a hornfelsed sediment. although much of the

quartz ko'as introduced prior to corieaet metamorphism as T,eins that now merge

with the groundmass. Granular aggregates (0.15 mm) and single grains of
i

rubbly sphene (0.01 to 0.08 mm) a;e scattered through the section. as are

euhedra1 and subhecra1 pyrite grains (0.01 to 0.1 mm) although the latter is

dispersed. derived froo quartz:pyrite \'ein.

I
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Sed (b) is separated from (a) by coarse veins of quartz:alhite and albite:

biotite:ch10rite.

The bed (b) sho.'s grain \'ariations 0.04 to 0.08 mm. median 0.05 mm. of quartz

and 0.04 to 0.4 x 0.15 mm. median 0.08 x 0.04 mm. as actinolite. Texture

includes polyhedral mosaics of quartz and porphyroblastic actinolite. as for

(a). The larger actinolite porphyroblasts contain numerouS poikiloblastic

inclusions of quartz. Sp,~ene (.v0.03 nun) is mainly in granular aggregates

(0.15 ma;). Also pyrite (0.08 to 0.2 mm) is dispersed from quartz:pyrite veins

that transect the hornfels.

Broad SInuous \'eins (l to 5 mm across) of ch10rite:quartz:{;lbite vein are

margined by porphyrob1astic actinol i te in p1 aces. Ch10ri te occurs as pale

green pleochroic radiate prism structures (0.3 to 0.6 ~TI radius) or as squat

random interlocking intergrowths .'ith interstitial squat albite (0.5. 0.7 mm)

and quartz; also present are pyrite (0.6 x 0.4 mm) as random gro.'ths that

coarsen in the absence of much ch10ri te to a vein 10 mm .'ide that cut narro.'

quartz stringers. Biotite in chlorite is residual.

Alteration:

Synwetamorphic (contact) originally a calc silicate sediment.

Silicified and pyritised by vein (1). }
) See Mineralogy Section

Intruded by vein (2). }

MetamDrphism: Strong contact but to Green Schist grade only.



...
Speci men So: A104588/HPS 5893

Field Description:

- 16 - 370060 •
I
I

Petrograpllic Summarv: Actinolite skarn (after Joplin). Derived from a fine I
'. colourless banded sediment. Subjected to silicification coupled "'itll a

dispersal of pyri te, fol1o""ed by conCact metamorphism, 14'eak fracture and I
moderate sllear that resulted in a preferred lineation orientation. Altera- I

..

cion was metasomatic, pre- and synmetamorphic. Orjginal1y calcart:>ous as a

carbonate sediment .

Vol. %

I
I

Plagioclase

Quartz

5

varies 87-65 I

I
I

I

I
2

3

(1

3-25

Veins: (1) Quartz:pyrite:ch10rite:albite: (2) Chlorite.

Texture: Similar to Specimen A104587 but finer. fairly even grained and

locally sheared includes shearing of some fine veins. shows limonite staining I

Limonite

Sphene

Pyrite

Tremoliteiactinolite

-
-

along and adjoining vein systems. A thin (0.03 mm wide) I'ein net~'Ork follo.s

fractures that developed as veins of quartz. chlorite. pyrite and albite and I

-
cut across the later more coarse chlorite vein system. I

-
The metasomatised. contact metamorphosed sediment contains variable quartz and

tremolite:actinolite rich beds. The quartz grains (0.02 to 0.1 mm) shoo not I
-
-

so much equant polyhedral structures as porphyroblastic (also crystallo-

blastic) growths but include more euhedral squat twinned albite as clear

grains. Rubbly and lobate sphene shapes and crystal intergro~,ths (0.01 to

I
I

-
0.08 mm) are scattered throughout. particularl\' in the actinolite rich bands.

I

- I



Alteration: Silicification with pyrite dispersal.

~'ith albite, sphene and actinolite) ""ere foci for migration after brecciation.

Metamorphism: Contact followed by fracture and veining with weak shear along

some foliae gives the rock a well defined lineation. Finer fractures (now

Other lenticles parallel with the coarse "ein system show [XJrphyroblastic

growth of actinolite (to 0.6 x 0.4 mm), to decussate arranged groups (to J.6

mm) that appear to be in zones of silicification.

370061
- J7 -

Actinolite "aries 0.015 to O.J mm x 0.02 fUn. as short fine prisms that in

growth cut across quartz grain boundaries and as small grains are poikilo­

blastic within quartz. Truncated, coarse actinolitE) margins vein systems;

grains are parallel where veins are broad (2 mm .'ide) follo.'ing a lat"r

developing lineation. Pyrite is I'ariably subhedral (0.02 to 0.7 mm. mainly

0.4 mm) and distributed as intergrowths with albite and quartz (O.J to 0.2 mo.)

but Clostly is attached to deformed chlorite plates in veins ,','Jere the quartz

shows eddence of mutual grain boundaries and strain and sho.' healed

brecciation. Both pyrite and albite hal'e dispersed into host groundmass and

the latter sho.'s limited silicification adjoining the 'Ieins.

o'iJ l..l ./

Quartz \'aries, 0.01 to 0.08 mm outside the incorporated, truncated vein

systems aid grains are around 0.25 mm in the \!eins k'here margins grade into

sediment.s.
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Petrographic Sumr.:ar\": Leaching and silicification of a carbonate rich

sediment. Silicification. recryst.allis8t.ion and ....·eak shear to a preferred

orientation of coarse quartz grains (ex-quartz I'ein) and a1 ternate fine bands.

Texture: A ..'eakly banded rock of silicified and leached carbonate structures.

The latter as rhomb shapes and irregular forms are defined and delineated by

limonite staining and vary from 0.02 to 0.5 mm, replaced by stressed quartz in

mosaics. Carbonate forms cross the quartz grain structure and recr}"Stal1ised

quartz grains are of variable grain size (0.02 to 0.19 mm) and show fine

sutured boundaries between the grains caused by stress. Several leached

wholly vacant vughs remain between areas of quartz replacement. Residual

sericite occurs with limonite and cherty quartz, patchily in places,

suggesting the carbonate may have been admixed with clays and black manganese

oxides which substituted for limonite (residual from carbonates con:aining Hn)

in some 'bands'. Bet ,,'een the bands is coarser quartz (0.05 to 0.3 =) 0; vein

material. Again the quartz is complexly sutured due to Stress, could be 1.5

to 3 mID wide but tend to merge with silicified host. Quartz tends to weld

into elongate shear laminae to fo110.' a preferred lineation. In places

muscovite (1 x 0.2, 1 x 0.3 mm) occurs distributed en-echelon within the

bedding adjoining carbonate replaced forms and would reinforce the thear," that

the limestone contained pelite-rich areas.

Field Description: A I'ery siliceous silicified carbonate.

JI
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Specimen No: A104589/HPS 5894

Nineralog v :

Quartz

Muscovite

Iron oxides

l'e,e ns : Quartz.

- 18 - 3700 G~.

Vol. %

95

2

3
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quartz replacement).

of quartz.

Alteration: Oxidation. leaching and silicification (cherty k'ith limonite and

."1etamorphi.5m: ShoL<.'s shear cmd 10k" t.emperature (not contact) recrystallisation

370063- 19 -o'J ')"
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PetroQraphjc Summar\': A siljcified blastoporphyritic andesite or dacite,

sheared and altered to quartz:chlorite:albite schist. Shows deformed

plagioclase phenocrysts, which often retain prism and clinopinacoid faces as

primary crj'stal forms, but no groundmass microlite plagioclase. or vitric

textures remain. Tourmaline-replaced plagioclase phenocrysts are present.

Texture: A chlorite:quartz:albite,schist with fibrous iron-rich foliated

chlorite which enveloped rounded and euhedral plagioclase phenocryst shapes

(0.2 to 0.6 mm) shoo'ing simple twinning and also en vel oped zoned blue-green

tourmaline shapes (0.24 x 0.15. 0.3 x 0.3 mm) which totally to partly replaced

plagioclase crystals. Quartz present occurs as coarse fo1iae (1.3 x 0.5 mm

maximum size) as mosaics of quartz (0.3 x 0.15 mm and 0.15 mm) with mutual and

sharply angular sutured boundaries. Quartz foliae includes also deformed

albite grains of similar size rang~ to quartz as cemented, fractured

1eucocratic minerals (0.5 to 2 mm at maximum width) but undulating and of

variable thickness alternate with aggregates of fine fibrous chlorite of

similar variation in thickness along the plane of preferred orientation. Iron

oxides occur as scattered fine specks (0.01 to 0.2 mm) or as squat prism

forms.

Field Description: A mafic schist with a gritty texture •
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Specimen No: A104590/MPS 5895

Mineralof!v:

Tourmaiine

Quartz

Albite

Chlorite

Muscovite

Iron oxides

- 20 - 370064

Vol. %

2

23

8

60

3

4
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Al teracion:

hematite is noted.

Limonite-stained lentic1es (0.01 to 0.3 mm) follow or cross the foliation at

angles \'arying from 5 to 40 degrees, se,'eral are leached and \BCant. and

microfauJeed chlorite fo1iae are presenc shok'ing a displacemenc of up to 2 ITlr.7

along the fault plane. Nagnetite occurs as euhedral forms and deformed

crystals (N 0.01 mm). also laths (N 0.18 x 0.05 mm). and alteracion to

I
I
II
I
I
I

o} - 21 - 370065

Nore calcic to albite plagioclase. r_LI..-:,1 ,:/,! '."

Vitric(?) matrix to chlorite.

Quartz \'eins - brecciated and foliated with moderate tourmalinisat:on of

feldspars.

Netamorphism: Strong shear and brecciation of plagioclase phenocrysts.

Cross-fracture and faulting.



Petrographic Summary: A plagioclase:chlorite:amphibole intergrok'th of mildly

K feldspathised mafic igneous rock. Broad fractures contain coarse. sheared

plagioclase intruded before K feldspathisation. The plagioclase is albitic

and later than the host oligoclase.

r
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~
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Specimen ~o: A104591/HPS 5896

Field Description: Pale pinkish grey 1euco-amphibolite.

370066 •
I
I
I
I
I

Texture: A granular uneven mosaic of anhedral and subhedral plagioclase (0.05

to 0.4 x 0.24 mm) and where subhedral. present as squat prisms is apparently

random decussate and grain contacts are mildly sutured. Also joining the

mosaic of feldspar are subrounded green tourmaline grains (0.04 x 0.03 mm and

0.02 x 0.02 mm): also between the ,plagioclase laths are similarly random

intergrokths of pale green fibrous chlorite.

I
I
I
I

I
I
I

I
I
I
I
I

I
I5

50

4

9

2

30

\'0 1. %

Intergrok,ths of chlorite vary from ,0.05 x 0.03 to 0.8 x 0.6 mm and .'here

coarse intergrowths occur. these accompany partly altered hornblende clusters

and are coomonly surrounded by magnetite as euhedral grains (0.01 to 0.16 x

0.13 mm) or aggregates of magnetit~ of variable grain sizes (1 x 0.5 mm)

immersed in pale brown 1eucoxene as lenticular masses to maximum 1.1 x 0.5 mm.

Lenticular intergrowths of chlorite:magnetite and leucoxene:magnetite may

Veins (1) Plagioclase (albite):magnetite. (2) K feldspar.

Leucoxene

Magnetite

Tourmaline

Chlorite

Hornblende

Plagioclase (oligoclase)

•••
1
1

..

I I



in vein.

Alteration:

Hornblende -) actinolitic hornblende -) chlorite.

37006,'

0.2 x 0.3 mm) intermesh

- 23 -

leucoxene) .'i th intergro.'ths of pr'ederred orientation and she"lred plagioclase

K feldspar locally caused feldspathisation.

Metamorphism: Regional metamorphism with shear (includes chlorite and

with the host plagioclase (much finer) and locally in ladder-type plagioclase

transected by thin K feldspar veins. Plagioclase in vein marginally merges

similar ly sheared magneti teo The veins are microfaul ted locally and are

Biotite -) chlorite.

diam.) of localised K feldspathisacion. Other "eins (3.2 to 1.6 mm wide) are

,·ein. the mineral is ruptured and partly rotated.

K feldspar ad\'i;ncing along thin \'eins (0.15 mm) has resulted in pools (::. 5 mm

made up of coarse (2 x 0.8 mm) tabular shaped plagioclase that alternate with

contain iron oxides as specks and show marginal alteration to chlorite.

and green hornblende as squat laths (0.04 x 0.01 mm.

Blue-green hornblende laths (0.24 x 0.072. and 0.06 x 0.01 mm) occur locally

k'eathering is indicated as thin net",/orks of limonite-stained chlorite that are

with chlorite in places mainly in the absence of iron oxides or otherwise

common in parts of the section.

extend to 1.6 x 0.3 tmJ if ch10ritic or otherwise are so.7>e.'hat smaller as

several elongate masses that form a plane of schis[osity.



Petrographic Summarv; An a1bite:ch10rite;magnetite schist that contains

relict blue-green hornblende and biotite. Albite porph,-roblasts contain

relict rutile from marginally altered biotite. Pyrite sho"s replacement of

magnetite. A1bite;ch10rite schist after an argillaceous sediment (see Harker.

p.213). Preferred orientation and sedimentary banding of grains are'

recognisable.

Texture: Contains subrounded porphyroblasts of albi te. (size \·ariation. 0.04

to 0.4 x 0.3 mm): grains are formed along beds in a sediment sho"ing a mostly

parallel orientation of elongate grains along slide axis: few grain

orientations are oblique to axis. ,Hany grains show Carlsbad twinning. few

sho" albi te twinning and then very faintly. Grains are poikiloblastic "ith

more than one grain of rutile as stumpy prisms and needles which in places

show t"o cleavage directions parallel to prism and basal pinacoid. Hany

albite grains were rolled and ha"e marginal intergro"ths of chlorite. Grains

also sho" microfaulting-displaceoent along clea\'8ges and twin planes.
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Specimen No: A104569/NPS 5897

Field Description: Amphibolite.

Mineralog\·:

Quartz

K feldspar

Albite

Bioti te

Chlorite

Hornblende

Hagnet ite

Rutile

Pyrite

Vein; Quartz:K feldspar.

- 24 - 370068

~·ol . %

5

2

41

2

39

3
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Alteration:

also occur within albite.

370069
- 25 -

Biotite -> chlorite - almost total -> albite.

Magnetite -> pyrite - moderate.

healed and occur as part of a quartz "ein (0.4 to 0.2 mm "ide) parallel to the

Netamorphism: Strong brecciation. some shear with porphyroblastic growth of

schistosity.

Magnetite as octahedra and sUbhedra1 grains are abundant. intergrown with

chlorite and are partly engulfed by albite porphyroblasts. Partial pyrite

replacement of magnetite is noted. Tourmaline traces (0.06 x 0.02. 0.05 mm)

orthoclase occurs as augen shapes (2 x 0.4 mm) ir.ternally fractured and

chlorite.

ch1urite show an orientation parallel to the main foliation of albite and

is particularly abundant. fine fragments (0.006 to 0.01 mm) of feldspar in the

are intergrOIo.TJ "lith c.hlorite BJ1d are oriented k'ith schistosity. Quart.z ~dth

Between the albite grains is an abundance of pale green chlorite that

envelopes the feldspar cr."sta1s to gi"e a foliation pattern. Where chlorite

Chlorite contains relict brow'n biotite (0.01 mm) along foliae. parallel w'ith

the main foliation. Also prisms of hornblende (to maximum size 0.4 x 0.15 mm)
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Specimen ~o: A104592/HPS 5898

Field Description: Amphibolite.

- 26 - 370070 •
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Petro;zrap,'oic Summar,": An albite:hornblende:chlorite schist. as an altered

amphiboli te schist. Hore stressed than for Specimen 104569 and sho"'s a ",'ell

defined foliation. Host likely a metasediment of both argillaceous and

calcareous origin. A preferred orientation of minerals ""i th discernible
,

sedimentary banding shok's a grain size 'o4'ith variation along banding.

II
II
II
II

I

within direction of foliation. Chlorite is finely fibrous replacing

hornblende laths. Associated with the chlorite are granules of epidote (0.04 II

II
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II
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II
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II
II

mostly plagioclase of a finer grain size than present in the coarse feldspar

foliae ('-0.1 mm+). Fine chlorit'., foliae occur as an abundant cement for

chlorite cements the quartz and feldspar grains. The inten'als bet"'een the

quartz grains OCCur as periodicalJy arranged foliae (0.8 to 3.5 mm) where thin
!

other minerals. All quartz and feldspar grains are sheared and elongate

foliae of mostly plagioclase and less quartz are bands of en-echelon disposed.

hornblende intergrowths with chlorite.

presence of epidote and absence of pyrite and'show rather lDOre green

abundance of granular sphene distr.ibuted along the schistosity plane. a

Plagioclase porphyrob1asts (,'ary 0.08 to 0.4 x 0.2 mm) and somewhat smaller

Texture: Similar to Specimen A104569 but in this specimen there is an

NineraloJ<\': Vol. %

Quartz 14

Albite:oligoclase 33

Chlorite 15

Hornblende 24

Epidote 4

Magnetite 4

Sphene 6

I

•
•
I



[01 iated intergrok'ths k'i thin chlori te and occasionally intergrokT, wi th

Albite is poikiloblastic with epidote and less chlorite. Granular sphene

ii) Porphyroblastic growth of albite along alternate schistosity planes.

370071- 27 -

Metamorphism: Stress with :-

i) Brecciation along SOme (more chlorite rich) planes.

brecciated magnetite. These foliae "ary from 0.2 to 3 mm apart.

Hornblende) biotite -) chlorite + sphene.

Al tera ti on:

Calcareous minerals -) epidote.

0.2 mm) and occurs interfoliated with chlorite.

to 0.6 mm) that are fractured and deformed. and magnetite (0.08 to 1 x 0.6 10m)

of euhedral shapes. porphyroblastic. and poikiloblastic k'ith small grains of

rarel y up to 0.2 mm is embedded in chl or i te. but most often occurs as trai 15

of breccia (0.004 to 0.02 mm) often thickly clustered (0.08 to 0.2 m~ wide) as

quartz and feldspar.

_Blue-green hornblende forms a nucleus to green hornblende (to maximum 0.6 x

,
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Specimen No: A104593/MPS 5899

Field Deocription: Amphibolite.

- 28 -
370072 •

I
I

.....

Petro,uaohic Summarv: Altered amphibolite. An a1bite:hornb1ende:sphene:

epidote:ch1orite fine grained metasediment. weakly foliated. A metamorphosed

calc silicate rock. The preferred orientation of minerals is weak.

Sedimentary banding if present is weak .

I
I
I

,

•

---

l.

;'o!ineraloQ\':

Quartz

K feldspar

Albite

Chlorite

Epidote

Hornblende

Sphene

Pyrite

Magnetite

Limoni te

I'eins: (l) K feldspar: (2) Epidote:chlori teo

Vol. %---

10

5

29

4

8

24

15

5

(]

I
I
I
I
I
I
I
I

L.

L.

Texture: Finer grained and more quartzose than for Specimens AI04569 and

AI04593: also less ch10ritic but with more sphene. Magnetite is partly

replaced by similarly sized, although mainly coarse pyrite.

The clear anhedral transparent min,,;ral present looks like quartz, shoo'S no

cleavage, but is largely albite or locally by optical tests,K feldspar.

I)uartzo feldspathic grains vary from 0.015 to 0.15 x 0.12 mm, several contain

I
I
I
I

rhombic or squat rectangular crystal forms but mostly grains are anhedral and I
weakly sheared and are seen to be brecciated but with healed fractures. Grain

1..- Illargins show encroachment on adjoining epidote, hornblende and chlorite, ar"Jd I
I



Al teration:

chlorite and hornblende.

cross-curting veinlets.

370073
- 29 -

quartz and feldspar .

Metamorphism: Weakly foliated. associated with pcrphyrob1astic gro ..'th of

Ouartz present may be a partly fr~ctured vein.

Hornblende -) chlorite + epidote.

Biotite -) chlorite + sphene.

growth. Sedimentary banding is '''eak as variations in proportions of albite.

A weak preferred orientation of minerals is noted. and also porphyroblastic

porphyrob1astic grains including fine feldspar. The aggregates with subhedral

tributary veins of chlorite transects the section. Other veins are presently

epidote. A coarse epidote:chlorite (0.2 to 0.4 mm) vein of epidote with

many grains and fracture and displacement of laminae (0.9 x 0.1 mm) of

and plagioclase. There is eddence of brecciation and recrysta11isation of

hornblende. quartz.

Magnetite (0.04 to 0.3 mm) is most commonly euhedral. is present as inter-

leached. flanked by col10form limonite.

blue-green hornblende (0.04 to 0.02 rr.~) form net ..'orks around irregular sizes

and shape5 of qua!"tz and feldspars. Sphene is abunda"t as subrounded but

Epidote is seen as granules and granular aggregates (0.03 to 0.15 mm) with

lamination in the section and engulfs epidote granules.

growths with other minerals and is poikiloblastic with fine epidote. quartz

othen'ise anhedral granules (0.004 to 0.02 rr.1J) throughout • ..'ith epidote.

grains are poiki lob1astic ..'ith fine (0.001 to 0.002 mm) epidote. Quartz

Chlorite as laminae of fibres (0.2 x 0.05 mrr.) is mostly oriented to a ..'eak

OCcurs throughout as disseminated grains. K feldspar is present in fine

I
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Petropraphi c Summan': An altered albi te: hornblende rock or amphi bali te

Field Description: Amphibolite.

•

••
~•

Specimen No: AI04594/NPS 5900

- 30 - 370074 •
I
I
I

• iIl'hich includes some quartz, epidote, chlorite, and sphene. This is a fine I

greater and less silt size plagioclase and quartz or with less and also more

Green hornblende is present as small acicular random or subparallel growths

20

75

I
I
I
I
I
I
I
I
I
I
I
I
I
I

5

(b)

plagioclase rich. In this section' there is a greater differentiation of

minerals in what appear to be sedi'mentary layers ('"V 20. 5 mm .'ide) of

hornblende.

Veins (l) K feldspar; (2) Tourrnal ine: pyri teo

Texture: Fine grained as in Speci~en Al04593 but less quartzose ~d more

cut by tourmaline and quartz and also by parely leached pyrite. 5,'10""5

Nineralog .... (vol. %) (a)

Quartz 5

Albite 37

K feldspar 2

Chlorite 4

Epidote 7

Hornblende 33

Sphene 7

Magnetite 5

strong lineation. Vein fractures contain fine sutured K feldEpar that is

silicate rock regionally metamorphosed, and strongly sheared forming a

'sedimentary' banding and weak current bedding.

grained metasediment showing a moderate lineation of minerals. A calc

-•;;
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-

~

[

[

[

[

[

[
[

-l-
(0.03 x 0.012 to 0.015 x 0.004 WQ) associated with fine scattered granular

sphene (0.008 to 0.03 x 0.024 mc)'and uniformly dispe,sed irregulc, sized I
I



epi dote g ranul es (0.008 to 0.16 x 0.05 mm). The minerals shok' mut ual

Metamorphism: Shear, particularly at base of section.

mosaics of irregular sutured grains is confined to cross-cutting veins

less quartz and minor K feldspar .

3'1'0075- 31 -

Alteration: Hornblende -) chlorite + sphene(?) ± epidote.

('1/0.2 mT k'ide) including those oriented approximately 50 degrees to the

'bedding' that are displaced by tourmaline ~·eins. Magnetite is mostly

euhedral (0.03 to 0.15 mm) intergrokTI .ith hornblende and chlorite. Sinuous

"eins (0.08 to 0.5 mm .ide) of coarse tourmaline crystals with quartz and

leached pyrite transect the section but the "ein minerals shok' only minor

dispersion into host associated with chloritisation of hornblende. At the

base of the th~, section is a shear zone of fine parallel actinolite fibres,

enclosing augen of blue-green hornblende (0.03 x 0.012 mm) and attached to

laminae of fibrous chlorite with enclosed epidote. This is a broad strongly

sheared zone (+9 mm depth) and goes beyond the thin section limits.

intergrok'ths and are also intergrokTI k';th acicular hornblende. Spaces

betk'een the described coloured minerals are filled mostly wi th plagioclase.

Chlorite is patchy or confined to bands (,-v0.5 mm k'ide) at the expense of

hornblende and is seen to have partially replaced the latter. K feldspar as

OUh.
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Field Description: Hore mafic than Specimens A104569. A104592. Al0459] and

•
I
I

Sped men No:

1

s~<
Al04554/HPS 5901

- 32 -
370076 •

I
I

I

I
I

I
I

I
I

5

9

3

66

12

Vol. %---

.,

Epidote

Hagneti te

Sphene 4

Hornblende

Hi nera1 01$ Y:

ultramafic rock~

Plagi oclase

foliation. Formed from a metamorphosed silicified pyroxeni te or other

Quartz

A104594'

strong foliation. Veined by thin K feldspar stringers that cut across the

Petrographic Summan': Hornblende:p1agioc1ase:quartz:epidoce schist o'ith a

~.

J

­•
,
I•

Pyrite 1

Vein: K feldspar.

Texture: A strongly foliated mainly hornblende rock. Hornblende is massive

and blue-green as clusters '(1 to 0;5 mm wide) of prisms (0.05 to 1 x 0.4

1'11'1). Prisms are subparallel or are present as oblique growths. Pleochroisffi

is blue green to pale yellow. and sandwiched between the hornblende laths

are anhedral clear plagioclase laths (0.05 to 0.08 mm) with sutured aohedral

grain margins laths and often show minor well spaced plagioclase twinning.

Foliae (to 2 mm) between the mainly hornblende lenticles are mosaics of

anhedral plagioclase. epidote and ~ornblende. between 0.012 and 0.13 mm in

grain size but mostly around 0.1 x 0.07 mm as brecciated and recrystallised

grains. ~'here abundant plagioclase is present. grains shoo' mutual grain

I
I
I
I
I
I
I
I

boundaries. I
1 I



into host.

KF vein is rare.

in the epidote:fe1dspar mosaics. Pyri te show's accretion on to and partial

370077- 33 -

~~

~~~

~

Magnetite (0.04 to 0.4 x 0.16 mm) is embedded at centres of sphene

intergro.'ths. Rare cross sections of tourmaline grains (0.16 ITICI) are noted

aggregates or as euhedra and aggregates of the latter embedded in hornblende

replacement of the magnetite. Veins show no dissemination of K feldspar

Metamorphism: A strongly foliated metamorphosed mafic rock.

Alteration: Metamorphic after a mafic or ultramafic rock (e.g. pyroxenite).-

with similar size and shapes of p1agioc1ase:epidote:hornb1ende 1entic1es as

1entic1es betw'een hornblende crystal aggregates w'hich a1 ternate en-echelon

described above.

Sphene as aggregates of fine squat laths occasionally lozenge shaped are

seen as deformed lentic1es (1.6 x 0.3 mm) and form sinuous irregular shaped

,
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370078

1
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Metamorphosed felsic ,-0Ic8nics:

.r--:::. t,..;J-!_~:/ -----

A granite of plagioc1ase:qu8rtz composition

Field Description:

Petrographic Summan-,

Specimen No: A104596/HPS 5902

•,.
••
-I

•
contains residual hornblende. eltered to chlorite and epidote. and then

carbonated. Could be a metamorphosed granodiorite or silicified diorite.

~£\-~
~P~~s! forms were mostly obliterated during metamorphism. Large

I
I

•
plagioclase grains do not appear to be porphyrob1asts.

I

Texture: Grains of most abundance are those of large and finer plagioclase I
and quartz where preferred orientation of finer deformed grains that are

•....
....•,
­II

Mineralogy: Vol. %

Plagioclase (01 igoclase) 51

Quartz 15

Chlorite 5

Epidote 1

Hornblende 3

Carbonate 20

Sphene (J

Hagnetite 4

Pyrite 1

drawn out and ol'oid are seen and show the grain margins of recrystallised

I
I

I
I
I

I
fine breccia. Finer plagioclase if present sho"~ only 'ghost' albite

twinning. In larger grains. twinning is more distinct. Quartz tends to be

present as strongly brecciated lenticles forming mosaics (1 x 0.5 mx) of

strongly sutured grains. Grain size variation of quartz and plagioclase

(determined as 01igoc1ase:andesine by mineral staining) varies 0.015 to

I
I
I

~
••

2.4 x 1.0 mm. Parallel to the foliation are aligned a number of la:-ge (,-,.I 2

x 1.5 mm) twinned grains. varying as marginally to grossly milled

plagioclase which form dislocated foliae that alternate with finer

I
I
I



Alteration:

moderate shear .

370079
- 35 -

Plagioclase -) less calcic plagioclase + calcite.

Metamorphism: Porphyroblastic gro.'th of large feldspars. Brecciation .·ith

Hornblende -) chlorite + epidote and actinolite - metamorphic?

to fibrous brown-green chlorite.

of magnetite are noted as porphyroblasts. One large grains of pyrite (3 x

Silicification is possible.

Magnetite (varies 0.02 to 0.3 mm) as mostly euhedral forms and is

1.2 mm) is embedded in chlorite and epidote.

blue-green hornblende (0.08 x 0.01 mm) in clusters which are partly altered

idioblastic to surrounding feldspars. Many clustered intergrowths (0.6 mm)

and may be brecciated coarse plagioclase, but not granulitised as in the

brecciated plagioclase and quartz lenticles. The latter sho.' fe.· inclusions

chlorite and epidote:chlorite intergro.'ths are abundant. Carbonate as

calcite is common as anhedral mosaics (to 0.24 mm) and intergrowths and as

in plagioclase to form almost continuous networks of feldspar replacement.

Sphene is present as large rhomb shaped grains (0.1 mm) associated with

fine grains down to 0.015 lIlI:J that fill spaces bec.'een feldspar and fractures

clear epidote grains that sho.' brecciation. and also local ised fine

remainder of section. Throughout the section are large (0.12 to 0.4 mm)

·..:.
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Specimen No: Al04597/HPS 5903

Field Description: Felsic \'olcanic.

370080 •
I
I

J

J

J
J
]

]

]

]

]

Petrographic Summary:

or silicified diorite.

volcanic rock.

Hinera1og\':

Plagioclase (AnZ7)

Quartz

Chlorite

Huscovi te

Hagneti te

Zircon

Apati te

Tourmaline

Carbonate

Brecciated (granulated) medium grained granodiorite

Less brecciated than for Specimen A104596. Not a

Vol. %

68

17

a­

U

4

(]

(]

U

3

I
I
I
I
I
I
I
I
I

Texture: Similar to Specimen Al04596. but less brecciated and sheared.

Relict large plagioclase grains along foliae indicate from lamellar twinning

and areas of remaining random intergrowth to have an original granitic or

dioritic texture. This rock is therefore not a volcanic but could be a

strongly brecciated granodiorite (or silicified diorite). Larger ·plagio­

clase laths vary 1 x 0.6 rom to 2 x 1.6 mm. Many of the latter show healed

fractures shown by dislocated displ:aced albi te twinning: others are

fractured and brecciated wi th fine .brecciation present J lateral to grain
,

fractures. Other grains sho.· extensive brecciation that grades into the

interstices of quartz:plagioclase granulation. Quartz inclusions (0.03.

0.05 rom) are present only along healed fractures and large feldspars are

rarely poikiloblastic with other minerals.

I
I
I
I
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Alteration:

Biotite(?) -) chlorite.

chlorite dE blebs (0.1 x 0.05 mm) and laths (0.2 x 0.05 mm) and lenticles

370081- 37 -

Plagioclase -) carbonate - weak.

partly embedded in plagioclase but attached to chlorite and magnetite.

Magnetite (0.1 to 0.4 mm) grains are euhedral or deformed crystals attached

to chlorite. One large (brokn to black) squat ovoid tourmaline grain is

Metamorphism: Brecciation (granulation) and shear.

Pyrite (3 x 1.5, 1.0 x 1.0 mm etc) shows marginal attrition of larger

with chlorite or are emplaced in quartz:feldspar breccia.

grainE. There is no evidence of replacement of magnetite by pyrite.

Much of the 'groundmass' shok's aE sheared quanz:plagioclase intergrowths

Other minerals present in the interstices of large plagioclase grains are

grain boundaries of healed brecciation.

(to 2.4 x 0.3 mm) squeezed between plagioclase laths. Carbonate (calcite)

occurs aE specks (0.08 mm) and veinlets (0.1 x 0.015, 0.4 x 0.15 mm) along

fractures in the feldspar. Zircon varies to 0.24 x 0.24 mm or OCcurs aE

short perfectly formed prisms (0.24 x 0.12 mm) that are present associated

(0.015 to 0.4 x 0.2 mm), often e\'enly lenticular and k'ith strongly sutured

,
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Specimen No: Al04598/MPS 5904

Field Description: Felsic volcanic. amphibolite?

370082 •
I
I

]

]

]

Petrographic Summar v: Granodiorite (or tonalite). or silicified diorite.

Granulated. but leaving along al ternate fol iae. coarse plagioclase inter-

growths of granitic texture. Biotite is altered to chlorite and leucoxene:

magneti te (secondary?) is al tered to hema ti teo

I
I
I

]

]

]

]
!,

]
r
]

Mineralogv:

Plag i oel ase

K feldspar

Quartz

Chlori te

Muscovite

Carbonate

Magnetite

Zircon

Tourmaline

1'01. %

65

3

15

9

(]

1

(]

I
I
I
I
I
I

]
t
J
t
]

I
]
I
.I
I

J
I

1
I

I

1

Leucoxene 2

Hematite 5

Texture: Similar to Specimen AI04597 but in this section granulation is

slightly stronger and resulted in ,jtronger foliation.

I
Coarse plagioclase is more ovoid in shape. Intergrowths of large plagio-

clase (0.6 x 1.0 mm) shoo' random 0r,ientation of grains that ",ere fused into

augen shapes (3.2 x 1.2 mm) and the larger grains were orientated into

foliae shoo'ing preferred orientation. Grain sizes of coarser feldspars

•
range 0.5 to 4 x 2 mro, and finer grains (range 0.01 to 0.2 mm) of anhedral

grains. and lenticles: grains "'ere strongly sutured as similarly w~S quartz

in lenticles. Plagioclase grains howe,"er small/show faint twinning.

Orthoclase (to 0.3 x 0.24 mm) has rounded forms. low birefringence and

I
I
I
I
I
I
I
I
I



and is associated \.t"i ttl fine rubbly leucoxene and secondary magneti te and

complex thin cross-hatched t.'inning. Chlorite in this specimen is present

zircon as squat prisms (0.08 mm) that are strongly resistant to brecciation.

37008:~~ 39 -

only as fine (0.01 to o.oe ml'l .'ide) stringers bet"een feldspars (and quartz)

I

••
•

I
I

Fractured tourmaline as fragments (0.15 x 0.03. 0.015 mm) is embedded in

healed feldspar breccia.

Clear red hematite (0.1 x 0.05. 0.05 x 0.05. 0.1 x 0.03 mm) has

••
pseudomorphed magnetite grains and has possibly replaced rutile. Hematite

occurs (as original magnetite) along fo1iae as trails of grains with

leucoxene and zircon.

•
I
I
,,
•,
~
I,,

Alteration:

K feldspar was spread along foliation (most likely secondary).

Biotite -) chlorite and leucoxene.

Magnetite -) hematite.

Metamorphism: Strong granulation of plagioclase and quartz to incipient

foliation.

•



J

J

J

J

J

J

J

J
]

]

]

J

1

J
1
1
'J
]

]

'J
~1

- 40 -
OWS j

4. REFERENCES

HATCH. F.H .• WELLS. A.K. & .'ELLS. M.K.

"Petrology of the Igneous Rocks".

12th Edition. 1961. Thomas • .'furby & Co •• London.

JOPLIN Germaine E.

"A Petrography of Australian Metamorphic Rocks". 1973

Angus & Robertson. 1968.

HARKER. Alfred

"Netamorphism" •

Methuen & Co. Ltd •• London. 19j2

370084 •
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



on

Suite of 17 Rock Specimens frOlll EL 14/89 - Corinna

Background Notes for Petrographer

370085

ThIS seems to Oe a leuco-granlte; are there any
signs of deformation or metamorphism?
An unusual amphioole-tourmaline? ~ock~ any SIgns
of deformation or metamorphism here?
What precur"sor-?
A banded qwart:-magnetite-pyrlte rock; IS tNE

lamin~ti']n sedimentary? does the fe.bric suggest
(pressure) metamorphic re/crystallization?~ is
there any composition~l or textural relation-3hip
wi th 104574?
Questions as for- 104581

Please elucidate the nature of alteratlon, pre
syn or post metamorphic?, what wasiis the
original rock type? (Note the fine lamInation?
cress cut by velnlets? at one end of the
proposed section.,
QUE5·tions as for 104587; is this an altered
metasediment? perhaps carbonate?
Wrlat was the precl.lrsor for thi 5 very si 1 i ceous
rock? A coarse vughy character In outcrop is
somewhat suggestiVE of silicified carbonate.
DDES the f3bric Indic2te met2morphic
crystallizatlDn of qU2rt:?

A 104589

A 104537

A 104588

t=t 1(i4581

A 104586

A 104506

H. ~04574

Specific points of interest, lIsted specImen by specimen~ ~re as
follm"Js :

The enclosed 17 rock specimens are from the Sowry Fmn~ af the
Arthur MetamorphIc Complex of northwestern Ta5mania.
The formation reportedly consists mainly of amphibolites,
chlorite-albite schists and r:Juart:-mlca. schist-:=; and inclu.des a
number of large and small magnetite and magnesite depasl~s.

The prlncipa! obJectlves of obtainlnq oetroqraphic descriptions
ot these speCImens are to:

* determIne the precursors of the
metamorphlc rock types* elucidate the nature of the iron
mineralization and its relative age
with respect to deformation .

OJ W.Herrmann~ RSD 1066 Devonport 7310
(c<n behalf af Outokumpu E;·::plor-=.tlon Aust P/L)
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A 1045'7'0

H 104569
A 1045'7'2
A 104593
A 104594

A 1045:t5-59"a

:3peClficall'r':
A 104595

A 104596
A 104597
A 104598

370086

A mafic schist~ sorry about the weathering but
it is h~~d to find f~esh outc~ops of this
lithology. It seems to have a ~atne~ "g~ltty"

texture, 15 this porphyroblastic or
representativE of ~ relict porphyritic or
sedimenta~y te"tu~e7 An'l ideas on a likely
pt-ecur:=icr:

A pale pinkish grey "leveo-amphibolite".
Is this rock of distinctly different compositron
to the fou~ that follow o~ is the colou~ation

~Elated only to alte~ation o~ weathe~lng7

Collectively I h~ve called these ~ocks

amphibolite in the field, is the~e much
compositional variation? Specimens 104593 and
104594 seem to have faint textural/grainsize
banding which is very apparent an outcrops and
suggestive of relict sedimentary layering. Is
this disce~nable mic~oscopically?

What a~e the likely p~ecu~so~s to tnese (meta)
amph i bol-i i:ES?

A sub group of amphibolltes and fel~lc gneisses
f~om the Whyte Ri ve~; all seem to be coa~set·

g~ained than the p~eceding group of
amphibolites, does this imply a diffe~ent

metamorphic grade or a precursor type?

This seems to be ~~re mafic than the preceding
group, any distinc~ compositional contrasts? It
is also less magnet~c; any particular textural
relationships between magnetite and pyrite?

These three are considerably more felsic, some
of the feldspar seems to be porhyroblastlc or
~elict po~phyritic, likEwise the qua~tz In
104598.
Can they De claSSIfied as amphibolites7
How much quartz is present? Are these rocks
metamorphos2d felslc volcanics?
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Ground magnetlC and geologlcal mapplng surveys have been carrled
out over the north eastern extenslon to the Owen Meredlth Grld.

Two types of magnetlc lronstones occur wlthln the Bowry Member
here and are falrly well exposed ln Doctor's Creek and Owen
Meredlth Rlver.

ThIS work, (reported by Herrmann, 1990) lndlcated the presence
of a number of narrow, apparently stratIform bodies of magnetIte
ronstones wlthln the Bowry Member. The ironstones were of two
prIncIpal types:

Close to the western boundary of the Bowry Member there are very
large, seml-contlnuous stratlform lenses of masSlve lronstone
composed essentlally of compact magnetlte and a llttle pyrlte
wlth typlcal grades around 70% lron but lnslgnlflcant copper and
gold. They occur ln close spatlal assoclatlon wlth sodlc
leucogranlte and magneslan slilcate and tourmallne bearlng rocks
of presumably metasomatlc orlgln.

370122- 3 -

INTRODUCTION

1. SUMMARY

2.

The first phase of Outokumpu's exploratIon programme for EL
14/89 - Corlnna Involved establishment of a grld coverIng 2.8km
of strIke length of the Bowry Member of the Arthur Metamorphic
Complex to the northeast of Reece Dam. Surveys carr led out on
the grId Included geologIcal mappIng, rock chlp sampling for
geochemlcal and petrographic analysIs, B-horizon SOlI
geochemical sampling and ground magnetics.

Assessment of the genetlc type and economiC slgnificance of thls
mineralisation is hampered by the strong reglonal deformation
and relative paucity of previous mineral exploration and
geological studies. There appears to be potential for
conSiderable strike extent but further exploration of this will
be difflcult due to poor access, poor exposure and sampling
problems. A programme based on a combination of rock chip
sampling, magnetIc and IP surveys followed up by close spaced
C-horlzon solI/bedrock geochemistry augmented, If necessary, by
shallow drIlling may be worth a trlal.

Thln banded slilceous lronstone unlts of posslbly sedlmentary
orlgln occur wlthln a 15-35m wlde zone of magnetlte/pyrite
enrlched mafic to semi-felsic albite + chlorite + quartz shlsts
at the eastern contact of the Bowry Member. These rocks contain
weak copper and gold mineralisation. Selective samples of the
thin (30cm) banded ironstone layers lndicate metal contents
upto 0.5% Cu and 0.29g/t Au. Chip samples representatlve of the
mineralised zone indicate lower bulk grades, eg: in Doctor's
Creek 10m @ 0.12% Cu and 0.045g/t Au.
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3. MAGNETICS

Thls ,eport p,esents the results and a prellmlna,y dlscusslon of
the lnvestlgatlons carr led out on the grld extensions.

The magnetic survey was carrled out by B. Stedman on 21/2/91 and
hiS results are lncluded here, in proflle and stacked proflle
form of unfortunately varlable vertlcal scales, as Appendlx I.

The geld extenslons (Flgu,e 11 we,e cut du,lng Janua,y/February_
and mapplng, cock chlp sampllng and magnetlc su,vey was ca"led
out du,lng late Feb,ua,y, 1991.

370123- 4 -

* Masslve 1,onSCones composed essentlally of compacc
magneC1Ce wlch a llctle py,lce and 0, qua,tz, wlth
leon contents ln the ,ange 60-75% but wlthout
slgnlflcant coppe, 0, gold.

* Banded l,onstones whlch ace commonly fal,ly slllceous
and conslst of thln alte,natlng bands of qua,tz,
magnetlte and py'lte. Some l,onstones of thls type,
most notably occu"lng ln Docto,'s C,eek off the end
of the geld, we,e found to be anomalous ln coppe, and
gold (maxlma 0.5% and 0.3g/t ,espectlvely).

The ,esults of cock and sOll geochemlcal sampllng on the (1990)
geld we,e not pa,tlcula,ly encou,aglng and so a declslon was
taken to extend the geld 1.4km to the no,theast to p,ovlde
access fOe mapplng, sampllng and magnetlc su,vey of the
l,onstones at Docto,'s C,eek and the ,epo,ted la,ge body at Owen
Me,edlth Rlve,.

Although the known exposures of the weste,n, masslve, magnetlte
body are restr1cted to some probably ex s1tu boulders 1n
Doctor's Creek, 11ne 14000N and Owen Mered1th R1ver, I have
1nferred from the magnet1c 1nformat10n that the lense 1s
probably cont1nuous between the two streams, as shown 1n F1g: 2.

The proflles lndlcate strong magnetlc anomalles on lines 13600N,
14000N, 14200N, and 14400N (the latter is actually at 14425NI
whlch seem to be attrlbutable to the masslve magnet1te lense or
lenses lying near the western marg1n of the Bowry Member he,e,
and observable 1n outcrop on 14000N and in Owen Mered1th R1ver.
There 1s a relat1vely weak, tw1n peaked response at the
correspond1ng pos1tlon on 14600N but none on 14800N wh1ch
suggests that the maSS1ve 1ronstone p1nches out northwards.
L1kew1se on 13800N the,e 1s no major response near the western
margin of the Bowry Member. There is however, an unusually
d1st1nct anomaly assoc1ated w1th the Bowry eastern contact on
th1s 11ne Wh1ch 1S adjacent to the zone of d1smembe,ed th1n
banded 1ronstones and d1ssem1nated magnet1te/pyrlte ln Doctor's
Creek.
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4. GEOLOGY and ROCK CHIP GEOCHEMISTRY

3 ~019!(. ~ J

The geology of the grld extenslon area ls essentlally cont1nuous
u1th that descrlbed for the ma1n part of the gr1d (Herrmann,
1990) ln that there 1s a narrou, 150 to 200m ulde, northeast to
north trend1ng zone character1sed by maf1c sCh1sts,
amphlbolltes, SOdlC leucogranlte and lronstones (knoun as the
Boury Member) uhlch lS flanked to the northuest by quartz±+
muscovlte +/- chlorlte metasedlmentary SChlsts and to the
southeast by psammo-pelltlc metaslltstones and phyllltes.

Contact Relatlonshlps: The northuestern contact of the
Boury Member has not been observed to outcrop but appears to be
conformable to the trend of gross llthologlcal layer1ng and the
prlnc1pal schlstoslty.
The southeastern Boury contact lS falrly uell exposed ln
Doctor's Creek and Ouen Meredlth Rlver and 1n both cases seems
to be more or less conformable to the prlnclpal schlstos1ty.

Photo 1: Vleu northeast along SCh1stoslty parallel but fault
dlsrupted eastern contact of Boury Member maflc
schlsts; Ouen Meredlth Rlver about 60m upstream from
basel1ne crosslng.

Photo 1 deplcts th1s (dounstreaml contact ln Ouen Mered1th
Rlver; the contact belou the hammer 1S allgned u1th the shaft of
the hammer, str1kes/d1ps at 040/76 SE only sllghtly oblllque to
the sch1stos1ty ln the adjacent maflc sch1sts (LHS) and 1S



Lithotypes of the Bovry Meaber:
Within the Bowry Member

essentially Similar ·sequences· of lithotypes occur in both Owen
Meredith River and Doctor's Creek although the exposure is less
complete in the latter stream. At this latitude the entire
member is only of the order 150-200m in thickness.

Downstream of the Owen Meredith River baseline crossing
inter layered mafiC schists and amphibolites are followed by
inter layered mafiC and semi felsiC SChists some of which are
less chloritic variants of the alb + qtz + chl schist but others
closely resemble the sodiC leucogranite downstream.
CompOSitional layering is present on a 5 to 50cm scale, parallel
to the prinCipal foliation and With the layers tending to be
discontinuous or lensoidal.

The mafiC SChists adjacent to the eastern contact, in both
streams are essentially albite + quartz + chlorite schists with
subordinate epidote and minor disseminated magnetite and/or
pyrite; the albite tends to be finely porphyroblastic and the
chlorite typically defines a prominent foliation. In Owen
Meredith River beyond about 40m from the eastern contact the
mafic schists are inter layered with less SChistose, fine grained
amphibole bearing amphibolites and it is interpreted that the
alb + qtz + chl schists may be largely derived from the
metavolcanic amphibolites by retrogression accompanying high
cataclastic Strain.

3 t"' 0 1 ~ ~';, ;;;: ;)- 6 -

At Doctor's Creek the contact between mafic and pelitiC schists
is again concordant with the prinCipal foliation in both and
faithfully follows the open fold undulations in schistosity; the
pelitiC SChists seem to be somewhat crushed and contorted
immediately adjacent to the contact.
It seems, therefrom, that thiS eastern contact of the Bowry
mafic shists is generally concordant with Shistosity but locally
disrupted by minor faults. This does not, however, prove
depOSitional conformity or continUity; the local evidence of
small scale transposition of compOSitional layering within the
Bowry Member suggests that the gross lithological boundaries may
also be substantially tectoniC.

marked by a 3cm thick vein of grey milky quartz incorporating
schist fragments and flanked by narrow selvedges of iron stained
puggy clay. ThiS is clearly a fault contact but on the footwall
side adjacent to the hammer is a wedge of grey pelitiC schist in
which schistoSity is perfectly conformable to that in the mafic
schist and is truncated by the fault. On the hanging wall Side
the pelitiC schist is rather intensely contorted and sheared
with flattish shear planes aligned with the marking pen. A
Similar zone of contortions, about 10m Wide, occurs on the
hanging wall Side of the same contact where it is again exposed
about 150m upstream.
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The proport1on of fels1c layers, part1cularly of the p1nk1sh
grey alb1te + quartz r1ch rocks resembl1ng stra1ned
leucogran1te, appears to 1ncrease downstream and 1n the 40m
before the appearance of "mass1ve" leucogran1te there are
numerous d1scont1nuousbands and boud1n llke pods of deformed
leucogran1te?, as dep1cted 1n Photos 3 and 4.
Although the contacts, now, appear to be ma1nly tecton1c, the
prom1nence of maf1c/fels1c layer1ng suggests that the precursors
here were not mass1ve basalt1c un1ts but more llkely to have
been a layered sequence of maf1c to 1ntermed1ate volcan1Cs and,
probably, volcan1clast1cs. The bands and pods resembl1ng
leucogranite may have been narrow dykes or perhaps represent
tecton1c sllces from the ma1n body downstream.

Photo 2: Isocl1nally folded, partly transposed quartz + alb1te?
r1ch layers (pale) and boud1naged pods of ve1n quartz
(wh1te, lumpy) in maf1c sch1st; 1m (on footwall slde)
from contact w1th pel1t1c sch1st/phyll1te, Doctor's
Creek, 50m below basel1ne cross1ng. The upper edge of
frame 1s eastwards. The 1socl1nal folds are coplanar
with the pr1nc1pal fol1atlon.
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Photo 3: Folded band of albite + quartz + (chlorlte) schist ex
sodlc leucogranite? within mafic sChist; Owen Meredith
River, about 60m downtream of the baseline crossing.
The band of felSic rock is about 0.5m thick, increased
to about 1m in the hinge area. The dashed black lines
mark out the trace of follatlon; the folds appear to
plunge at 70 deg. to the NE; (magnetic azimuth not
determinable due to proximity of the magnetite lode.)

Downstream of this "mixed" zone more or less masslve sodlC
leucogranlte outcrops ln the river over a width of about 15m.
It ls mesoscoplcally Similar to the granitoid in Doctor's Creek
and 11kewlse contains velns of tourmaline and has suffered some
deformation. The bulk of the leucogranite shows lndlcatlons of
relatively minor straln with coherent tourmaline veins oblique
to, and with only slight "feathering" of the vein margins along,
the weakly defined follatlon, (Photo 5). Close to the marglns
of the leucogranite lt assumes a distinctly gneisSiC fabric wlth
trains of tourmaline, presumably representing transposed veins,
lylng parallel to the foliation, (Photo 6).

The presence of thiS foliation and the folded bands and boudlns
immediately upstream strongly supports the petrograhlc
interpretation (Stolz, 1990) that the SOdlC granitoids were
emplaced prior to the latest phase of cataclastlc deformatlon/
metamorphism and perhaps prior to peak metamorphism whiCh
produced amphibolite grade assemblages.
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37012S

Photo 4: Large pod or boudln of sodlc leucogranite within mafic
to semi felsiC albite + quartz + chlorite schists; Owen

Meredith River about 70m downstream of the baseline
crossing. Note the foliation parallel mafic to semi
felsic compositional banding in schists on left hand
side of frame.
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Photo 5: Relatlvely weakly st~alned sodle leueog~anlte wlth
velns of da~k tou~mallne; Owen Me~edlth Rlve~, about
120m downst~eam of basellne e~osslng.

Photo 6: Defo~med sodle leueog~anlte wlth da~k tou~mallne velns
t~ansposed pa~allel to gnelssle follatlon, at
downst~eam ma~gln of the g~anltold In Owen Me~edlth

Rlve~; about 2m no~thwest of ~oek depleted In Photo 5.
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Immedlately downstream of the sodlC granltold lS a 3 to 5m wlde
zone of compact amphlbollte wlth patches of tourmallne schorl
and sheared? zones of tremollte-actlnollte and talc schlsts
whlch collectlvely appear to be characterlstlc of the lmmedlate
wall rocks to masslve magnetlte.
The precursor rock seems to be metabasaltlc amphlbollte whlch
has undergone varlable alteratlon to actlnollte/tremollte +
tourmaline assemblages. The tourmallne occurs ln lrrebular
velns, of whlch some appear to be deformed, dlssemlnated
randomly orlented acicular prlsms and rosettes and as lrregular
massive clumps; examples of the former and latter are deplcted
ln Photo 7. Slmllar tourmallne-tremollte rich rocks occur ln
the lmmedlate footwall (western slde) of the magnetlte lode on
the spur Just west of the Duffer Creek confluence and ln
Doctor's Creek and at both of these localltles the lack of
preferred orlentatlon suggests formatlon by contact
metamorphlsm/ metasomatlsm.

Photo 7: Irregular velns and maSSlve clumps of dark tourmallne
ln altered amphlbollte; Owen Meredlth Rlver,
lmmedlately adjacent to the eastern contact of the
masslve magnetlte lode. The penCil magnet ls orlented
parallel to prlnclpal follatlon and some of the smaller
velns appear to be deformed or partly controlled by the
follatlon; the larger masses of tourmallne seem to be
relatlvely undeformed. The p1nklsh whlte crosscuttlng
velnlets appear to be of feldspar?



The rocks ln the immediate footwall of the maSSive magnetlte
lode are nowhere (known to be) well exposed and whilst there are
thin units of mafiC amphibollte in this position on lines 13800N
and 14425N it is apparent that the magnetite lode 11es very

In places, (eg: in the river 110m downstream from Duffer Creek
confluence, at 14200N/9775E and in Doctor's Creek) there are
strongly foliated, rather siliceous, tremolite + quartz (+Py,Mt)
schists which also seem to belong to this category and have a
close spatial aSSOCiation With the massive magnetite lode.

As discussed by Stolz (1990) they are interpreted to represent
metasomaticaLly altered carbonate rich assembLages but very
limited geochemicaL data (AI04574, Ti/Zr ratiO) suggests a
basaLtic precursor. The parent rocks may therefore have been
basaltic voLcanics which had undergone strong carbonate
alteration prior to metasomatism amd metamorphism.

In Figure 2 these variable tremolite, tourmaline and talc?
bearing rocks have all been grouped together as "magnesian
silicate schists and hornfeLses" as they appear to be cLosely
related and the outcrop is insufficient to differentiate them.
Some sampLes of these rocks are weakLy anomalous in copper (max:
0.1%) and they contain upto about 10% iron but are not
SignificantLy anomaLous in goLd.

370131
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StoLz, (op cit) considered that the tourmaline occurring in the
tremolite hornfelses and the sodic leocogranite was formed
subsequent to regional metamorphism by metasomatlsm from a
common granltlc source, probably the (Late Devonlan) Meredith
Granite. However, the tourmallne appears to have predated the
phase of cataclastic deformation WhiCh was accompanied by
Significant, locallsed, retrograde metamorphism and hence a
correlatlon With Devonlan plutonism, whlch was essentially post
tectonic, seems unllkely. Given the close spatial relationship
between sodlc leucogranlte, magnesian silicate rocks and massive
ironstones, a metasomatic link with the former is reasonably
lnferred. Furthermore, the sodic leucogranite in places
contains minor prograde amphibole WhiCh lmplies that it and the
possibly related metasomatic rocks predate reglonal
metamorphlsm. The low pressure contact metamorphic/metasomatic
assemblages may have survived dynamiC re-metamorphlsm except in
local areas of high strain.

On the north bank of the river adjacent to the magnetite lode
there are zones of tremolite + talc? schist whiCh appear to be
related to small shear zones and often enclose lenses of less
deformed tremolite + tourmaline +/- quartz schist and/or massive
magnetite + pyrite. These talcose? SChists are generally
strongly foliated and contain substantial (upto 20%)
disseminated, often euhedral, pyrite as well as some rather
finer and apparently comminuted magnetite; they appear to
represent metamorphic retrogression related to local intense
shearing around the margins of the magnetite lense/s.
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Massive Ironstones:

The best exposure of ironstone is in Owen Meredith River at the
confluence of Duffer Creek. It forms a 5m wide bar across the
river and extends as a low cliff southwestwards along the north
bank, (Photo 8).

close to the western margin of the Bowry Member. In Doctor's
Creek quartz + muscovite schists outcrop 20m downstream of the
last definite outcrop of magnesian silicate schist and schorl
which is the place where large boulders of magnetite first
appear in the stream.

As inferred from magnetics and sparse outcrop the main body of
ironstone on the grid extension extends from about Doctor's
Creek to line l4600N but appears to pinch out to the north.
The magnetic data infers the presence of a smaller lense of
ironstone on line l3600N which is probably continuous with the
magnetic anomaly on line l3400N of the 1990 survey.

370132
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Analysed rock Chlp samples from these exposures have Indlcated
that the masslve lronstones contain:

Iron 67 to 73%
Copper 70 to 630ppm but most samples below 250ppm
Gold 0.005 to 0.020g/t wlth most samples O.Olg/t
Manganese: <250ppm
Lead <20ppm
Zlnc <lOOppm
SlIver <lg/t

which Is consistent with the geochemlcal results from sampllng
of simllar massive ironstones on the 1990 grid and a few samples
from Main Creek and Rocky Rlver.

The lode in the river bed is unoxidised and consists essentially
of at least 80% compact massive magnetite with about 10% pyrite
as disseminatlons and discontlnuous streaks and bands which are
parallel to the regional follatlon In the wall rocks. There are
occaisional blebs of chalcopyrite whlch seem to be most
promlnent on jolnt surfaces In association with pyrlte and a
very subordinate gangue which appears to cons 1st of talc or
ch lor i te, (Photo 9). The eastern mar g In Is marked by a 20cm
wide zone of sheared straw coloured carbonate? contalnlng about
50% pyrite and thin contorted lenses of magnetlte; this material
is transitional to masslve magnetite and appears to represent a
sheared and altered margin, (Photo 101.

The outcrops above rlver level are generally somewhat oXldlsed
with magnetite partly replaced by maghemite, hematite and
limonite, sometimes wlth a little rellct pyrite but commonly
sllghtly gossanous. The outcrops on l4000N and boulders? in
Doctor's Creek are of identlcal constitution and the lode
overall appears to be of remarkably unlform compositlon.
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Photo 8: VIew southwest down the Owen MeredIth Rlver from the
confluence of Duffer Creek. Masslve magnetlte rlch
lronstone forms a dlp slope Cllff on the north bank for
about 100m downstream; a short adlt has been drlven
northwestward Into the lode at rlver level, the portal
Is just below the tree fern at rlght of frame.
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Photo 9: Close up of massive magnetite lode material outcropping
in bed of Owen Meredith River; it consists dominantly
of compact black magnetltewlth subordinate pyrite as
disseminations and discontinuous streaks defining a
planar fabric which parallels the regional foliation in
the wall rocks.

Photo 10 Sheared eastern margin of magnetite lode in Owen
Meredith River; it appears to consist of sheared
carbonate with about 50% disseminated to near massive
pyrite and contains thin deformed lenses of magnetite.
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At Owen Meredith River the 5m wide lode in the river bed appears
to be a separate lense as its extension into the northeast bank
is flanked on both sides by partly sheared magneSian silicate
and tourmaline bearing rocks. The ma1n part of the lode form1ng
the d1p slope on the north bank downstream (Photo 81 appears to
be about 15-20m 1n th1ckness and dips at about 75 deg. to the
southeast. Magnet1c compass bearings w1th1n about 50m of the
lode have been found to be h1ghly erratic so 1t has not been
poss1ble to measure the str1ke but all 1ndications are that the
lode 1s approx1mately concordant with the pr1nc1pal fol1at1on
and gross lltholog1cal layer1ng.

Banded Ironstones:

Th1n un1ts of banded slllceous 1ronstone have been observed 1n
Doctor's Creek and Owen Mered1th R1ver; 1n both local1t1es the
1ronstone bands are conta1ned w1th1n albite + ch10r1te + quartz
sCh1sts and occur w1th1n about lO-20m structurally below the
eastern contact w1th psammo-pel1t1c metas1ltstone and phyll1te.

In each of the three locat1ons (Owen Mered1th R1ver crosses the
contact tw1ce) there 1s a slngle. fairly pers1stent, pr1ncipal
1ronstone band of 3 to 30cm th1ckness and numerous th1nner
d1scont1nuous lenses wh1ch appear to represent tecton1cally
d1smembered 1ronstone bands.
These ironstones cons 1st essent1ally of quartz, magnet1te,
pyr1te. a llttle chalcopyr1te and a trace of carbonate thinly
inter layered on a subm1llimetric to centimetr1c scale. Most
examples are fairly siliceous With about 60-70% quartz and
magnetite dominant over pyrite in a rat10 of at least two; a few
contain up to about 50% Mt and 20% Py and correspondingly less
quartz. Examples of the coherent banded ironstones are depicted
in Photos 11 and 12; dismembered lenses of similar lithology are
depicted in Photos 13 and 14.

A sample of the Doctor's Creek banded ironstone was
petrographically described by J.Stolz (1990). He considered
that the thicker (centimetre scale) layer1ng could represent
relict bedding whilst the th1nner «lmm) magnet1te layers were
probably developed by syntecton1c recrystall1zat10n, that all
phases had undergone dynamic metamorphism and that the rocks
could have originated as sedimentary iron formations.

The schists whiCh host these banded ironstones, 1n every case,
contain about 10-15% magnetite and 5-10% pyrite as
disseminations and foliation parallel tra1ns and thin «10mm)
lenses. In Doctor's Creek it is evident that the less mafiC
schist layers are particularly enr1ched in pyr1te With some
narrow bands of near masS1ve (-50%) pyrite; these layers also
contain slightly elevated (-1%) chalcopyr1te. The magnetite,
pyr1te content and the abundance of small banded ironstone
lenses diminishes rapidly down structure below the contact zone
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to "normal" levels of about 3% Mt and <1% Py. The sIgnIfIcantly
"mIneralIsed" zone adjacent to the eastern contact of the mafIc
schIsts Is about 10m wIde In Doctor's Creek (Flg:4l, about 35m
wIde In the downstream exposure In Owen MeredIth RIver and about
15m wIde In the upstream rIver exposure (Flg:5).
A sImIlar, partly oxldlsed, occurrence of magnetIte/pyrIte
enrIched mafIc schIst has been observed and sampled at 10000E/
14630N. At 9900E/13600N there IS a small outcrop of completely
oxldlsed and leached sintery sIlIceous lImonIte staIned rock
(InItIally logged In the fIeld as sIlIcIfIed carbonate?) WhIch
contaIns anomalous gold and copper and probably represents a
weathered pyrItIc semI felsIc/sIlIceous schIst sImIlar to those
at the contact zone In Doctor's Creek.

It therefore seems that thIs zone of magnetIte + pyrIte
enrIchment, wIth or wIthout coherent bands of banded Ironstone,
Is a characterIstIc feature of the eastern contact of the Bowry
mafIc schIsts and may be persIstent for at least one kIlometre
of strIke length In thIs part of the grId.

Photo II Banded Ironstone, 15cm thIC{, (ImmedIately rIght of
magnet) wIthIn layered mafIc to felsIc/sIlIceous
schIsts; Doctor's Creek about 50m downstream of the
baselIne crOSSIng. ThIn bands of near massIve pyrIte
(poInted out by magnet and pencIl) occur In the
adjacent schIstS. ThIS Ironstone band was sampled as
AI04647 and IS 5m to the south west along the same
horIzon as that sampled as AI04609 In 1990. Left sIde
of frame IS to northwest (structural footwall).
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Photo 12 Hagnet1te + py~lte ~lch banded l~onstone, 5cm th1ck, 1n
maf1c sch1st; Owen He~ed1th R1ve~ about 50m upst~eam

from base llne c~oss1ng. Samp led as A114356. The
lent1cular fab~lc of the sch1st may ~ep~esent

transposed maf1c/sem1-fels1c compos1t1onal layer1ng.
The 1ronstone band ls pers1stent over the 10m of
exposu~e 1n the r1ve~ bed and banks, ls perfectly
coplana~ w1th the fol1at1on 1n the enclos1ng sCh1sts
and fa1thfully follows m1nor undulat10ns 1n the
fol1at1on. The lower edge of the frame ls to the
northwest (st~uctu~al footwall).
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Photo 13 Folded remnant of largely transposed thin layer of
banded lronstone ln maflc to seml-felslc alb + chl +
qtz schlst; Owen Meredith River about 10m upstream of
locality deplcted ln Photo 12. The black dashed llne
lndicates the folded trace of falnt composltlonal
layering in the encloslng schlst, the follatlon lS
planar, not folded and appears to be aXlal to the folds
lmplying that these are early structures. Rlght slde
of frame ls to southwest.

Photo 14 Layered maflc/seml-felslc SChlsts wlth numerous small
dlscontinuous lenses and pods of banded ironstone
(BIFl, seml masslve magnetlte (Mcl and whlte ex-veln
quartz (Ql; Doctor's Creek 10m downstream of outcrop
deplcted ln Photo 11. RHS of frame ls to the south .

....... ~~.# •••, ..
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Selective rock chip samples of the banded ironstone layers and
lenses at Doctor's Creek (including some from last year) and
Owen Meredith indicate that these rocks are generally anomalous
in copper and gold upto 0.5% and 0.29g/t respectively.
The encosing magnetite + pyrite enriched schists are also
anomalous with unbiased chip samples indicating levels of upto
0.35% Cu and O.OSg/t Au.
The relevant data is tabulated in AppendiX II-c.

It is evident that both the selective samples of banded
ironstone and the chlp/channel samples of the enclOSing schlsts
from Doctor's Creek contain higher and more consistent values of
copper and gold than do the corresponding samples from Owen
Meredith Rlver. The reverse situatlon seems to apply in respect
of Zlnc values ln the schlsts and, although subtle, it seems
that ln both sections the zinc values increase down structure
away from the contact. There is a reasonably strong correlation
between gold and copper and contents of both metals tend to
dlmlnlsh away from the contact although there appears to be a
'halo' effect assoclated wlth the prlnclpal banded ironstone
layer ln both cases.
Apart from thelr hlgher copper and gold contents, the banded
ironstones are also distinguishable from the maSSive lronstones
by much hlgher manganese levels; thls ls not entirely
attributable to posslble contamlnation from the encloslng
schlsts.

Sample numbers A104640 and 114358 which are interpreted now to
be oXldlsed "mlnerallzed" schlsts from the contact zone have
unusually low Cu/Au ratlos posslbly lndlcating a degree of
supergene gold enrlchment ln the weatherlng zone. The other
samples, from outcrops ln the stream beds are essentlally
unweathered.

Structural Geology:

As depleted ln Photos 2, 12, 13 and 14 there ls some eVldence,
at least near the eastern margln of the Bowry Member, for tlght
lsocllnal foldlng and transpositlon of layerlng parallel to the
plane of follatlon. The remnants of folds depicted ln Photos 2
and 13 have aXlal planes whlch appear to be coplanar wlth this
penetrative regional foliation and lt ls temptlng to assume that
the two features are related to the same deformatlonal event.
Elsewhere, further into the Bowry Member and ln the quartz +
muscovlte +/- chlorlte schlsts to the west, compOSitional
layerlng lS everywhere parallel to the penetratlve follatlon
lmplylng that the entlre 'sequence" has been subjected to
extreme isoclinal foldlng and/or large scale transpositlon.
Nevertheless and desplte the vlslble eVldence of layer
transposltlon, the 'sequence" ln general seems to malntaln a
remarkably perslstent "stratlgraphy" Wlth banded lronstones and
magnetlte/pyrlte enrlched alb + chI + qtz schlsts in a narrow
zone at the eastern contact and dlstlnctlve masslve lronstones



5. STREAM SEDIMENT GEOCHEMISTRY

ln close spatlal assoclatlon wlth magneslan s111cate schlsts,
tourmallne bearlng maflC hornfelses and sodlC leucogranlte close
to the western boundary of the Bowry Member.
Thls, lncldentally, seems to closely resemble the structural
sltuatlon at Rocky Rlver, 8km along strlke to the north, where
there ls a zone of banded lronstones and dlssemlnated
magnetlte/pyrlte ln banded maflc schlsts close to the eastern
contact and a large lense of masslve lronstone near the western
boundary; ln that case, however, the sodlC granltold appears to
11e to the west of the masslve lronstone.

I have carrled out a very cursory trlal stream sedlment sampllng
survey in Doctor's Creek and Owen Meredlth Rlver and a few
trlbutarles. A total of 15 sltes were sampled for panned
concentrates and -80~ sediments. The sample locatlons are
lndlcated ln Flgure 6 whlch also lndlcates the last two dlglts
of the panned concentrate numbers (serles: A114251 to 114279,
odd numbers only). The -80~ sample numbers are even numbers
keyed to the panned concentrate numbers from the same slte; ego
lowermost sample ln Doctor's Creek has panned concentrate number
114257 and -80~ number 114258.
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Panned concentrate samples conslsted of 2-3kg of -2mm sedlment
from best aval1able trap sltes panned down to about 10-30g and
analysed wlthout further preparatlon by ANALABS' method 309
(Fuslon/AAS) for gold. A slngle dupllcate sample (of A114267)
was analysed by method 401 (XRFI for tln. Trap sltes were
generally rated good to excellent.
The -80~ samples conslsted of about 0.6kg of unprocessed flnest
aval1able actlve sedlment, drled ln the laboratory, screened dry
to provlde a -80~ fractlon whlch was then analysed by ANALABS
AAS method 101 for Cu,Pb,Zn,Ag,Fe,Mn.

The penetratlve reglonal schlstoslty generally strlkes north
east and dlps steeply to the south east but north of the Owen
Meredlth Rlver there ls a marked change to a northerly trend and
easterly dlp. The gross 11thologlcal boundarles follow thls
change ln trend and (although somewhat exaggerated on Flgure 2
by the easterly dlp and steep terraln) outllne a broad open fold
plunglng at about 70 deg. on an azlmuth of 115 deg. The axlal
plane of thls fold appears to be near vertlcal and lts trace
runs through the confluence of Flnlay creek and Owen Meredlth
Rlver.
In Flnlay Creek, where the outcrop ls good and the metasedlments
frequently are thlnly layered (parallel to follatlon) there are
several exposures of small scale folds whlch have a slml1ar
orlentatlon. These easterly plunglng folds, small and large,
are undoubtedly of post metamorphlc, probably Devonian, orlg1n.
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The panned concent~ate ~esults indicate an absence of
geochemically detectable gold in sediments upst~eam of the Bow~y

Membe~ but anomalous gold appears in st~eam ~ediments

immediately below the contact and, with a single exception, all
sediment sampLes below the Bowry contact contained some goLd.
The PIC assays ranged f~om 0.3 to 413g/t Au. Several of the
sampLes contained visible goLd (AppendiX III-a) which was
sometimes of quite "shotty" characte~ with smalL nuggets up to
3mm in diameter.
The PIC results a~e thus clearLy infLuenced by the "nugget
effect" and t~ap site variables and it is unlikely that the
values can be used in a quantitative way. However, the results
suppo~t the indications of Limited ~ocl~ chip sampling that the
source of gold is local, primary and associated With banded
i~onstones and their enclosing magnetite/py~ite enriched schists
in a zone adjacent to the eastern contact of the Bowry Member.

The -80n data shows gene~aLLy low base metal values with coppe~,

lead and Zinc peaking at 80, 30 and 125ppm respectively.
These ~esults are not unexpected; the water in these streams is
st~ongly tannin stained and p~esumably fairly acidic, copper
pa~ticula~ly seems to remain mobile unde~ these conditions and
typicalLy does not report strong anomalies in stream sediments
in Western Tasmania.
Although this t~iaL survey is far from exhaustive it does not
p~ovide encouragement for the further application of -80n stream
sediment sampling as a method of identifying zones of coppe~

enrichment along the trend of the Bowry Member.

I 6. DISCUSSION
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The limited exploration work carried out to date on the
extensions to the Owen Me~edith grid has substantially
contributed to an improved unde~standlng of the geological
setting of ironstone depOSits in this area, largely as a result
of the good exposures available in the ~iver bed.

* Banded siliceous ironstones occur in association with
elevated levels of disseminated/lenticula~magnetite and
pyrite in mafic to semi-felsic albite + chlorite + quartz
schists in a narrow zone at the eastern contact of the Bow~y

Member. These ironstones, and to a lesser extent the
enclosing schists, contain weak chalcopy~ite and gold
mlne~alisation. Petrograhic textu~al and outcrop
observations are consistent With an interpretation that
these i~onstones o~iginated as sedimentary l~on formations.
They are ~eflected in relatively weak ground magnetic
anomalies.



(1) Does th1s style of m1neral1sat10n have potent1ally
econom1c tonnage/grade character1st1cs?

Tak1ng, therefore, the rock ch1p sample data at face value, the
fundamental explorat10n problems seem to be:

In v1ew of the rather coarse gold eV1dent 1n panned concentrate
stream sed1ment samples 1t may be that there 1s a sampl1ng
problem; all of the rock ch1p samples from th1s area have been
fa1rly small, around I to 2kg, due to the long and steep walk
out. It could be argued that the results are not truly
representat1ve and th1s could also apply to the apparently
barren mass1ve 1ronstones. However, the results thus far are
reasonably cons1stent and there 1s some sllght eV1dence for
supergene enr1chment of gold wh1ch may account for the nuggety
mater1al 1n the streams.

Outokumpu's explorat10n of the Bowry Member 1s loosely based on
the Starra type Cu/Au ore depos1t model. Ind1cat10ns thus far,
from relat1vely sparse outcrop ch1p samples, are that the
maSS1ve 1ronstones are essent1ally barren of copper and gold and
that the banded 1ronstones and assoc1ated sCh1sts are weakly
m1neral1sed 1n these metals.
However, the results are not espec1ally exc1t1ng; select1ve
samples of the banded 1ronstones 1nd1cate rather var1able but
generally anomalous values upto 0.5% Cu and 0.29g/t Au.
Representat1ve ch1p samples across the zones of m1neral1sed
SCh1st w1th lenses of banded 1ronstone 1nd1cate the follow1ng
approx1mate average grades:

Doctor's Creek 10m @ 0.12% Cu, 0.045g/t Au
Owen Mered1th R1ver: 15m @ 0.02% Cu, 0.008g/t Au

370142- 23 -

* Mass1ve 1ronstone cons1st1ng essent1ally of magnet1te W1th a
llttle pyr1te occurs 1n close spat1al assoc1at10n W1th sod1C
leucogran1te and magnes1an s111cate and tourmal1ne bear1ng
rocks of apparently metasomat1c/metamorph1c or1g1n close to
the western marg1n of the Bowry Member. The spat1al
assoc1at1on tempts but does not prove an 1nterpretat1on that
th1s 1ronstone 1S also of metasomat1c or1g1n. An
alternat1ve 1nterpretat10n could be that the 1ronstone was
of syngenet1c/volcanogen1c or1g1n assoc1ated w1th a
carbonate r1ch wall rock alterat10n zone 1n basalt1c
volcan1cs Wh1ch became the focus for metasomat1c alterat10n
dur1ng the subsequent emplacement of the sod1c gran1to1d. It
1s ev1dent from petrograph1c and structural observat10ns
that the emplacement of the gran1to1d preceded both prograde
and cataclast1c/retrograde metamorph1c events. Th1s type of
mass1ve 1ronstone appears to occur 1n lenses of substant1al
tonnage, w1th th1ckness upto about 20m and cons1derable
str1ke length, and 1s respons1ble for large magnet1c
anomal1es of very h1gh ampl1tude. Rock ch1p samples from
the maSS1ve 1ronstone outcrops 1nd1cate an 1ron content of
around 70% but low base metal and gold values.
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(ii) What techniques can be systematically applied to
identify zones of higher grades in the banded
ironstones? The somewhat hypothetical indications are
that there could be greater than lOkm of potential
strike extent.

All of the above proposals, if pursued northwards beyond the
existing grid, would reqUire extenSive further track cutting for
access with helicopter transport for survey parties; either on a
daily basis or to temporary camps established at strategic
intervals of about 3km north of Owen Meredith River.

The style of mineralisation and the age and geological
environment of the Arthur Metamorphic Complex are so
poorly understood that there can be no definitive answer
yet; further micropetrographic and geochemical studies
might help but could be difficult without fresh rock
from drill core. (The only known drill core which may
contain some banded ironstone is from two short holes
drilled in 1966 at Rocky River.)

More extensive detailed panned concentrate sampling might be
conSidered for problem (ii) but the relatively coarse nature of
the gold and the variability of trap Sites would not permit
quantitative assessment. The method may be more workable in the
converse sense by identifying sections without gold but
A.M.Reid's (1924) report that all the streams flOWing westward
across the ironstone belt had been worked for allUVial gold
suggests that this may not be definit1ve e1ther.
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SystematiC rock ch1p samp11ng and mapp1ng would be a preferred
opt10n except that exposure 1s lim1ted to discont1nuous outcrops
1n the larger streams and v1rtually non eXistent elsewhere.
Geochemical methods such as Wacker bedrock sampling might be
cons1dered for a tr1al survey but would, even more than rock
chip samp11ng, suffer from the gold "nugget effect". B-hor1zon
samp11ng on the or1g1nal gr1d was not a success, perhaps because
of a lack of s1gnif1cant minera11sat10n there, but for detect10n
of copper I cons1der that C-horizon sampling is more likely to
succeed.

The banded 1ronstones and assoc1ated sch1sts g1ve a subtle
magnet1c response on some lines and the associated pyrite
should also prov1de an IP response. These two geophySical
methods in combination with outcrop mapping and sampling should
be able to trace out the zone of interest whiCh could then be
followed up by systematiC fairly close spaced C-horizon
SOil/bedrock geochem1cal sampling if found to be effect1ve. If
soil/bedrock sampling was found to be ineffective then shallow
drilling might be an alternative but would be severely
restricted by the generally steep terra1n and d1ff1cult access.
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Photo 15 View southeast along grid line 14425N from about 9760E
and up the Owen Meredith valley; the baseline crossing
of the river is about lcm above the lower edge of the
frame.
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.. Ko. \0041 31 B891

3 '"'Olt:'"'-, ;) I

A Di\l;~on 01 Inc;hcape Ill:lpeclion and
Testing Sorvices Auslralia Ply. lid.

14 Thlrlell St. Cooee T.5 7,20

ANAL..ABS
An~lab5 - ADIvision of Inchcape InspectIon &Testing ServIces

"", , .,

-ANALYTICAL REPORT No.
T~'S REPO~T MUST BE REA~ IN CO~JUNCTION WITH THE ACCOMPANYING ANALYTICAL DATA

Phone (0041 31 .83

I
I
I
I

INVOICE TO:

UutokUillpl"l. EXp.l.OI'·<;~t:i.(JI·j ';U~;;t F'ty L.tcl
Sltite 2, L.evel 6
77 Pacific Highway
North Sydney NSW

SAMPLE NUMBERS ELEMENTIMETHOD

A104b401b50,AI14351/371 RO Prep: 6P005,GP009,EPOI8 Cu,Pb,ln,Ag,Fe,Mn/GAI40

I
I

A104b401b50,AI14351/371

A104b40lb50,Al14351/371

RO

RO Prep: 6P005,6P009,6P018

Au,Au(RI,Au(SI/66313,Au/RAW,Au/Wt

Fe,Mn/6A105

I
I
I

REMARKS

AUTHORISED OFFICER

•



ANALABS ANALABS
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c:.
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ANALYTICAL DATA ANALYTICAL DATA
EASAMP E PFIEF,

" REPORT NlIMB REPORT DATE CLIENT ORDER No PAGE

I L11()60. t.O. 07800 1·... /0;:;/91 I I 1 0' "-

TUBe SAMPl..E Au AueR) Atl(S)

"" No,, AI04640 0.79:' - ,-

2 AI0t16t.11 0.020 o. O~·~()

3 A:L04642 0.010 --
, A1.0464."3 0.01::'1 - --

5 AI04611.., 0.005 -, 0.00;"

6 A:l.0464~' O~015 .- -
7 Al0'l646 0.0·75 -, --
8 Al0lM'i"7 ()~l::j~ - ..

9 Al046"48 0.055 - -
'0 AI04f.,49 0.070 - -

" AI04650 0.010 -- -

12 Al1"4351 0 .. 085 - -,

'3 All4;:;:j2 0.005 - --
14 AU.'13t"\,j O.OO~i - --
15 Al1 l1354 0.015 " --

'6 Al14:':155 0.005- - ,-

'7 Al1 li356 0.035 -- ,-

'8 Al1q~;~'0"7 0 .. O~·~() -- -

'9 A114358 O.leo - W
20 Al14359 0.015 - - ....J

21 A114360 0.005 - .-
'-.-'

22 Al14361 o. o~~o - - '-~

23 AU,l136~~ ().oO~'i -- .. en
2' All l1363 0.010 - O"OlO /1

25 Alll.;J64 ()~O10 - - JJ //
Aes;JllS i" ppm ""lK' olhe....;'" !poecjlie<l //Ai1T w ~Iemenl pra!e~l bL:t CO"~~"lralio" '00 10" 10 "'.UWIQ

Al.'THOAI~EDX ~ alemenl cor.cer,l",t'O" i! belOw d~e-c::on Iimil
_. ~emenl "0' O~\a"",nE'd OFFICER

""""" t.\..\'E:W'l 0

I 111060.60. 07EtOl~ 1 ~/()3/911 1 2 0' 2

"''' 5,IoMF\.E Au Au(R) All(S)

"' No

1 At 1{I~i650 0.010 - -
2 M.14366 0.010 - --

[ ,

3 Al1 f·L::167 0.020 - -
, A11436EJ 0.010 - - CO"~

5 A114~';6'J 0.005 <0.005 - [

6 A114370 0.010 - -
7 A114371 0.005 - -

6 I

• -

'0

11

12

13

" I

'5

'6

'7

'6

1.
20

2'

22

23 DF n::Cl lOI'! 0.005 O.OO:=' ().OO:;

2' UNITS ppnl ppm ppm I.- / /
25 I'IETHOD GG313 GG31~:) t3f3jl:::i /1/1r/I

F1el,ulll in ppm u"'a olherwise spt'<;ilied 1ill/tIT • eJemenl pruant; bul ,ontanlr.ticn 100 I"",,, Lo musura
;r: • elerrteN COr'\Cer1,,.,iO" is b~IO" delllCliof'l limi, AUT>-tOAISED

- < e'ement nol .1e'ermi"ed OFFICER
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ANALABS ANALABS

ANALYTICAL DATA ANALYTICAL DATA
REPORT [),IoTE CLIENT QAOER NO PAGE

15/03/911 I 1 OF 2

'InFe

.1 ~VO~i/'"ll I11 .? OF ~:~

Fe

REPORT DATE CLIENT ORDfF! No PAGE

AqZn

REPORT NWBER

I 111060.1.>0.07001:1

C:u

SAMPL.E PFlEFIJ(

SAfo.lPLE
No

ru"
No.MnI'lnFeFeAq

REPORT NUMBER

Pbell""''''No
TUBE
N,

Al(Nt.QO :L 5 215 <1 :>10.00 26.78 75 A11436::-' 70 <1 >10.00 66.60 17:5

2 180 10 <J. >10.00 66.90 BO 2
~:1 ~:10.00 71.00 100

3 AIOl.1642 630 .to 65 <1 )·10.00 67.10 ::i5
3 Al1t."12i67 29~O 30 ::1 >.10.00 ;37.::,5 17()

4 AI0464J 1000 10 <1 50
4 All t k168 105 10 70

5 1"1104644 ',0 60 <1 4.86
5 Al1.4~)69 215. <1 >10.00 67.20 115

6 A 1. 046'15 710 70 <1 9.56 835
6 A1143/0 ~:'O <1. 95

7 Al0'16'16 3500 .to <1 >10.00 14.00 1 ()~~5
7 Al143"71 ::i55 10 <1 >10.00 67.10

8 Al0464"7 36::'10 10 70 <1 >10.00 26.66 4000
8

9 AI0 tlfl'f8 1300 to L:iO ~:1 >10.00 18.26 3600
9

'0 AI046.q9 i+40 15 255 <1 >10.00 17~21 4500
10

11 AI04650 l7~i 20 <1 >10.00 16.79 'DOC
11

12 Al1.4351 30:=;0 10 160 <1 >10.00 ::i1.S1 7600 '2

13 95
13

<1 >10.00 17.31 3600
14

15 15

16 All."i335 ." 745 <1 >10.00 13.67 >100()O
16

17 A114356 795 15 115 <1 ~'10.00 .qS.97 1450
-+---+---+---+---+---+---+--+---+----+----11

:

20

21

19

17

,9

210

650

600<1 )'10.00 31.20

<1 3.80

<1 >10.00

20

10

140

100

1.0

10

580

670

Al1q::i59

Al14357

A11436021

20

18

19

22 All.q361 205 30 <1 >10.00 48.17 22

5 ElO <1 l.BO 700 23 DETECTION 0.01 10.00 0.0]

Re~wll, in pj;lm "nie'U o~he""';M 5PKiT~8d

T • element present b>Jl f;gr>,er>lraliol'l 100 10" II;> men·~'8

:-; • elemenl f;Or-"",\Iat'l;>n js oelo,"" <lel&>,."1;o,", lim;!
- - al~"",nl 1'01 de,ermin<'<!

AUTHOR~ED 1111£(
omc," _--'-'-~L-_

AUTHORjSED 1/1 "U /
OFFICER ~-'.'--=-'II__

GAl 0" 1///
ppm

(3f,l'IOGA1'lO

ppm

t::iA140

UNITS ppm ppm ppm

ReS<JII~ in ppm unless clll.......i5e s;>etiljed
T • eleme'" pre5ent bul COl\C8m.at,,:.n 100 10... 10 ",au",.
X • alemenl CQncenll1llion;$ b~o.. del~jon limjl
- ~ "Iemenl no: j~lerm;"e<:I

24

25

A I
-;)7///

12072. 1)0

1:).~~()

<1. >10.00

'U >10.00''''
lO

Al Jl..j~164

Al1"'~:)6J

25

24



I OWEN ~ER~DITH AREA - IRONSTONE GEOCHEMISTRY
3701GO

AF1'8mrx II-e

I OJ
Sample No. Cu In Au Fe Mn ICu/Aul/l000

I ppm ppm ppm ., .,,. ,.
BANDED IRONSTONES

I DactDr~s Creek

10cm BIF 104609 5000 55 0.174 24.9 00

I --Thin BIF lenses 104610 3200 1'· 0.292 37.4 110"
Thin BIF lenses 104611 735 75 0.092 16.4 8
15cm BIF Il4647 3650 70 0.135 26.7 0.40 27

I Owen Meredith River

I
Thin BIF lenses 114351 3050 160 0.085 31.5 0.76 36
2o-30cm BIF 114352 95 145 0.005 24.3 2.09 19
Hcm BIF 114356 795 115 0.035 49.0 0.14 "'_0

I Mean 2361 108 0.117 30.0 0.85 20
S.O. 1692 3B 0.089 9.8 0.75 19

I
I

"MlNERAUSED" SCHISTS

Oodor's Creek

I Limonite st. sint/silic rock 104640 1250 215 0.795 26.8 0.01 "-
0-2m below contact, fels/mafic 104645 710 70 0.015 9.6 0.08 47

I
2-4m bela. contact, felsic/sil 104646 3500 55 0.075 14.0 0.10 47
4-6m below contact, mafic 104648 1300 130 0.055 18.3 0.36 24
6-8m below contact, mafic 104649 440 255 0.070 17.2 O.4~ 6

I
8-10. bela. contact, mafic 104650 175 345 0.010 16.8 0.43 18

Owen Meredith River

I 0-5m bela. contact, mafic 114353 170 325 0.005 17.3 0.36 34
5-10. beloo contact, mafic Il4354 310 345 0.015 14.2 1.40 21
10-15m below contad, mafic 114355 85 745 0.005 13.7 1.81 17

I 10000E/14630N, ox. mafic Il4358 670 lOO 0.180 21.5 0.07 4

Mean I 818 263 0.048 15.8 0.56 17

I S.D. I 1013 204 0.054 < ? 0.58 190'.

II excluding 104640)

I
I
I
I
•



I 370161
OLL'!

I ~~SSIVE IRONSTONES
Sample No. Cu In Au Fe Mn (Cu/Aul/l000

I ppm ppm ppm 7. .,
'.

I
14000N/97SOE D:<~ 104b41 ISO 55 0.020 6b.9 0.01 9
14000N/9785-9795E ox, 104642 630 65 0.010 67.1 0.00 63

Owen Meredith River

I OMR, Nend of E lense, 4m o:{. 114363 140 50 0.010 72.9 0.01 14
OMR, Nend of Wlense 114365 70 50 0.010 66.6 0.02 7
OMR, E lense, 5m 11436b 220 45 0.010 71.0 0.01 0"..

I OMR, PIC of ironstone gravel 114368 105 70 0.010 68.9 0.02 11
OMR, Send 01:. 114369 215 55 0.005 67.2 0.01 43
OMR, NW ....gin m:. 114371 355 55 0.00'5 67.1 0.01 71

I Doctor' 5 Creek 104615 130 100 " 66.4
(all partly o::idisedl 104616 145 85 ;: 67.6

104621 210 85 ;: 66.2

I Mean 218 65 0.007 68.0 0.01 30
S.D. 149 17 0.006 2.0 0.01 26

I
I PYRITIC ROD,S

Doctor' 5 Creek

I 507. Py bands in fels/sil sch. 104608 4300 25 0.0S! 2.5 53

Owen Meredith River

I IDem band 307~y, 3O%Mt, maf.sch. 114357 580 140 0.020 31.2 0.06 29
Floater E side of lode, 90lPy 114361 205 30 0.020 • 48.2 0.00 10
Shd. E margin of lode, carb+py 114367 2950 30 0.020 37.4 0.02 148

I
I
I
I
I
I
I
I
•
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Append1X III Stream Sed1ment Geochem1stry

-a Panned Concentrates - Descr1pt1ve Data
-b Analyt1cal Reports 111060.60.07809

111060.60.07810
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P"'OE

I 1 OF

CLIENT ORDER NoREPORT D...TE

ANALABS

REPORT NUMBER

Sn

ANALYTICAL DATA

:I. 110f..Q • 60 .07130<]

Wt

I
Au

14.000

$AMPLE PREFIX

N.B. RI,,"C IRIIle:-nd ,: c]l~avi Ilrttrlc ini~;h fll· S;,l.lII If!~'

Al1.42:'i1

Al14253 0.3113 ~H. l~~

A11425:5 <0.008 f.>w 0;:'

All'l:::~~"7 4:t~.. OO 5~? • .13

Al1'12~W 4.1(i'0 11.136

A11'1:'::'bl <o.oon 13.13

All.'I26;:-; <0.0013 1q. 11

A114265 <0.008 21.66

Al1'1Z67 <0.00£1 24.89 :5

All"2b9 <O.OOB 27.02

A114271 <0.008 18.86

Al1427J ~~67.90 1b.46

A114275 "::0.008 14.90

A1.:L4:;U7 O.:?65 1.0. ~\:::~

Al14~?79 7. 7(~0 36.69

8

9

5

4

7

6

3

2

2'

22

20

19

15

17

18

14

10

11

13

16

'2

TUBE
'0.

n No. (004) 31 889

ASAP

RESULTS REQUIRED

()~VO~:5/91

DATE RECEIVED

TOTAL No.
OF SAMPLES

c:::;]

A Dl>ioOon '" ,,,,,l'w::.Ipo ..._~"" ....
TOIling ser-_ ......"lI'l Pry. lid

ANALABS

Anahbs ~ A Dhision at Incheap. tnspectiOll • Testing Suyjcn

ANALYTICAL REPORT No.
h=~~=~""!THIS REPORT MUST Be READ IN CONJUNCTION WITH THE ACCOMPANYINQ ANAlYTICAL DATA

ORDER No. PROJECT

2021.11
Outol'Wllpu Explor-Cl.t:i,on ~,ust f'ty L-td
~;uitfi! 2, L.€;lvel t.
17 p~cific .Ji9hl~ay

Nor-th Sydney N~;W :?060

No. OF PAGES DATE No.
OF RESULTS REPORTED OF COPIES

1. 12/03/'i'~ 1

.' . . . '.

$AMPLE NUMBERS . SAMPLE DESCRIPTION . ElEMENTIMETHOD . . ...
V,riOlls PC Prep: SPOQ7 ~u165309 l~ufRAM ,lft/nOl

A1142bl,~11m7A PC Prep: 6POO7,SPOIS Sn/iiX401
,.

REMARKS

RESULTS I'll"" • Wally l-Iel~l~f1I..,\nn O....rcN~IT'\
RSD 1066

c.....~-I\uTO Vi2' .....on POI~t p-
Tasmani .." 7310

....

RESULTS Ollt~l"~l.tmpll ElCplClI'·,:l"lil1n Al.Ist Pty Ltd
Suite 2, LeVI-' 1 b

TO 7"7 F·",c:i.fic Hiqhway
Horth Syl1npy t-rSW ~:::O6()

NVOICE TO

A
I P:'Illne (0041 31 b83t

RfiU~' in pp", "nle:o.!l CI~e ...... ioe .pt'cilied
T ~ elem.."r pre,ent bul conc&;,tralion 100 10" 10 m~.."re
l( _ elcm""r w;,,,,,n,,.~,,,,,,i~ bo2k>w colL;:c""" Ii",>!

e'e",ol~1 n I JOI nn " .....

RESUL~:IL~~~~~~~~_~~~_
• , .......oi"\oler: .... i"'Ic:<:I,...CO

23

24

25

DElECTIml o.ooe

UHITS ppm

ITIETH[)lJ C313::i09

0.01 :5

9 ppm

9903 GX'lOl

,>,UTHG"'ISm

""I' ,

Ift/
11M;
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APPENDIX 3

Report on the Petrographic Examination of
Ironstones and Associated Metamorphic Rocks

from the Arthur Metamorphic complex, NW Tasmania
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The Owen-Meredith Area

OBJECTIVES

The specific aims of this study are to determine;

1. the nature of the amphibolites and their likely precursors; comparison with
interpretations given by Minpet Services' previous petrographic report

2. the nature of the 'sodic granitoids', for example; is there any evidence for
pre-, syn- or post-metamorphic origin? Does the tourmaline (in vein)
have affinities with that of samples 104617, 104574?

3. the nature of the ironstones and the style of mineralisation, ie., pre-, syn- or
post-metamorphism? Comparison with ironstones from the Alpine area

4. the nature of the tourmaline/actinolite schorls, and in particular, do these
have any chemical/mineralogical association with the amphibolites,
'sodie granitoids' or banded/massive ironstones? Is there any textural
evidence for a pre-, syn- or post-metamorphic origin?

RESULTS

Detailed petrographic analyses are presented in the following
section for the samples previously described by Minpet Services, and an
additional 7 samples from the Owen Meredith area provided by W.
Herrmann. The mineralogical and textural relationships gleaned from
examination of these specimens provide the basis for the following
discussion of the problems listed above.

1. Nature of the Arnphibolites.

A number of rocks examined by Minpet Services (including 104569,
104593 and 104594) were interpreted as metamorphosed calc-silicate
assemblages. However, I would argue on the basis of their mineralogical
and chemical characteristics that these rocks (together with 104587, 104580,
104591 and 104595) are regionally metamorphosed mafic volcanics.

The majority of these rocks exhibit similar mineralogical
assemblages and proportions of phases. They are dominantly composed of
albitic plagioclase, chlorite, amphibole, epidote, magnetite and sphene.
Although broadly similar assemblages could be produced by
metamorphism of impure limestones, the predominance of albitic
plagioclase coupled with low whole-rock CaO in at least one specimen (eg.
104569 CaO = 0.21 %) does not support a calcareous sedimentary precursor.
The mineralogy of 104569 does not differ significantly from the other
rocks considered by Minpet Services to be meta-sedimentary (eg. 104592 -



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

•

OJ
370177

104594), and although no chemical data are available for those specimens,
low CaO would be predicted.

Relatively high NazO and low CaO contents are consistent with
seafloor alteration of a basalt prior to metamorphism, although some
variation in the degree of alteration will result in a range of Ca/Na ratios.

The major elements (particularly NazO, KzO, CaO and MgO) are
susceptible to modification during metamorphism, hydrothermal
alteration and weathering and hence can be misleading when interpreting
precursor cOqlpositions. However, Ti and Zr are relatively immobile,
except perhaps during intense hydrothermal alteration, and can provide a
useful means of identifying precursor lithologies. A plot of Ti versus Zr
for the Owen-Meredith host rocks (Fig. 1) indicates a fairly consistent
Ti/Zr ratio which is in the range for typical basaltic rocks (ie. Ti/Zr > 60).
Even if calc-silicate assemblages with similar Ti/Zr values exist, it is
unlikely that a heterogeneous sedimentary sequence would have such
consistent Ti/Zr values.

The compositions of tholeiites from the Smithton-Trowutta area
(Griffin, 1974), and data for Cambrian Mt Read mafic rocks are plotted for
comparison with the Timbs Group Metabasalts. The similarity of the
Smithton-Trowutta basalts and those from the Bowry Member is striking,
and both are clearly different from the Mt Read basalts. The latter were
formed in a convergent margin setting whereas the Smithton and Bowry
mafic rocks have compositions typical of continental tholeiites. Their
similar compositions indicate they are likely to have formed in a similar
tectonic setting, and provides tacit support for the idea that they represent
the same sequence (Herrmann, 1989).

2. Nature of the 'Sadie Granitoids'.

The sodic granitoids (eg. 104566, 104596, 104598, 104638) consist
dominantly of medium-grained aggregates of albite and quartz. All
samples show evidence of moderate dislocation metamorphism.
Plagioclase twin lamellae are invariably bent, whereas quartz exhibits
undulose extinction and has undergone significant subgrain
development. The latter feature has resulted in relatively large plagioclase
porphyrodasts being set in a finer recrystallised quartz-rich matrix.
Sample 104596 has experienced the most intense deformation, whereas
104598 retains the best textural evidence that these were originally even­
grained and medium-grained intrusive rocks. Narrow, very localised
zones of more intense cataclasis are evident in 104566 and these contain
minor sericite which has grown in random orientations, thereby
suggesting they represented a pathway for post-deformation K-bearing
fluids.

The textural evidence indicates that the sodic granitoids were
emplaced at least prior to the latest deformation, and some (eg. 104598)
probably after the most intense phase of deformation which produced the
amphibolite facies assemblages. More intense granulation of plagioclase
(particularly in 104598) would be expected if it had experienced
comparable levels of strain to these rocks. Nevertheless, 104596 contains
some blue-green hornblende which is a prograde phase in the
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amphibolites, therefore suggesting that it was emplaced prior to the peak
of metamorphism.

The vein tourmaline in sample 104638 has a very dark blue-green
to tan coloured pleochroism which is consistent with iron-rich schorls
associated with granitic rocks and pegmatites. On the other hand, the
tourmaline in samples 104574 and 104617 has a pale green to yellowish
pleochroism which is typical of relatively magnesian or dravitic
tourmalines. This is consistent with the higher whole-rock MgO contents
(eg. 104574, MgO ~ 6.2%) and the presence of co-existing tremolitic
amphibole.

3. Nature of the Ironstones.

The three ironstone samples examined from the Owen-Meredith
area (ie, 104581, 104586 and 105609) consist of interlayered quartz and
magnetite-pyrite bands of varying thickness. The broader scale banding in
these rocks probably reflects original bedding although in such highly
deformed rocks it is difficult to be certain of this. For example, sample
104586 has essentially a mylonitic fabric with strongly recrystallised quartz
occurring as elongate crystals, and very fine milled magnetite grains. The
segregation of quartz and magnetite could therefore be partly due to
differential shear and recrystallisation within the rock.

Pyrite occurs mainly in discrete bands associated with magnetite,
and chalcopyrite is closely associated with the pyrite, sometimes
occupying cracks and fractures in the pyrite and magnetite. The pyrite and
magnetite generally appear to be in textural equilibrium and no evidence
was found of pyrite replacing magnetite.

All phases in these rocks have experienced deformation, as
evidenced by quartz deformation around armealed pyrite and by cracking
in magnetite. Therefore the chalcopyrite-pyrite mineralisation was clearly
present before the deformation. Although there is evidence in the host
rocks for several episodes of deformation, the absolute timing of which is
poorly constrained, the bulk of the textural evidence suggests that the
mineralisation occurred prior to the peak of metamorphism and
deformation.

The banded ironstones from the Owen-Meredith area are more
siliceous than the massive magnetite-pyrite ironstones of the Alpine area.
Massive ironstones apparently also occur in the Owen-Meredith area
(Herrmann, 1990) but were not included in this study. The most
significant differences between the ironstones from these two prospects
relate to the nature of the host sequences, and the relative abundance of
carbonate. The host sequence to the Alpine ironstones is a mixed
psammitic-pelitic sedimentary sequence with some associated interbedded
mafic volcaniclastics. In contrast, mafic volcanics (now amphibolites or
the retrogressed greenschist equivalents.) appear to be more common in
the host sequence to the Owen-Meredith ironstones.

Carbonate is a relatively minor phase associated with both the
ironstones and the host rocks in the Owen-Meredith area. However, the
Alpine ironstones and host rocks are characterised by an abundance of
carbonate. In the host rocks it replaces plagioclase, chlorite and magnetite,
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whereas in the ironstones it extensively replaces magnetite and vice
versa.

A discussion of the style of mineralisation is included with the
discussion of the Alpine ironstones.

4. Nature of the Tourmaline/Actinolite Schorls.

The two tourmaline-tremolite/actinolite-rich samples (104574 and
104617) have similar petrographic features and undoubtedly formed in a
similar manner. The major differences between the two samples relate to
the evidence for some cataclasis and post-deformation recrystallisation in
104574 which is not apparent in 104617. Textural evidence suggests that
tremolite/ actinolite and magnetite in these rocks crystallised under low
strain, contact metamorphic conditions, and this was followed by
substantial replacement of the amphibole and magnetite by tourmaline.
There is evidence in 104574 that it was affected by mild cataclasis resulting
in some granulation of tourmaline and recrystallisation of amphibole.
Coarse tremolite-rich veins (free of tourmaline) appear to be due to open
space filling by dolomite and quartz followed by contact metamorphism.
The inferred reaction for the development of tremolite is as follows;

5 CaMg(C03)z + 8 Si02 + H20~ Ca2MgSSiaOn(OH)z + 3 CaC03 + 7 C02
dolomite quartz tremolite calcite

The above sequence of events implied by the textural relationships
suggests that the crystallisation of tourmaline was due to the metasomatic
addition of Fe- and B-rich fluids, probably from a granitic source.

The composition of the precursor material is more difficult to
ascertain. Limited chemical data supplied by Wally Herrmann indicates
that 104574 has Ti and Zr concentrations (and a Ti/Zr value) similar to
many of the metabasalts from the Bowry Member of the Timbs Group.
This suggests a basaltic precursor. However, the mineralogy seems
difficult to reconcile with this unless the basalt experienced significant
carbonate alteration prior to metamorphism. There is considerable
evidence for late widespread carbonate alteration in the Alpine area but
this is not a feature of the samples examined from the Owen-Meredith
area.

The bulk of the evidence favours the interpretation that these
tourmaline-tremolite rocks are metasomatically altered carbonate-rich
assemblages, and that they formed after the regional metamorphism.
Some localised shearing, possibly associated with the emplacement of the
Meredith Granite, may be responsible for the cataclastic textures in sample
104574.

The Meredith Granite itself may well be responsible for the contact
metamorphic effects, and also have been the source for the metasomatic
fluids which caused tourmalinisation. Greisens consisting of quartz­
tourmaline-cassiterite occur along north-south zones in the Meredith
granite and commonly show evidence of strained quartz (Stockley, 1972).

Tourmaline also occurs as fine veinlets in the sodic granitoid
104638 and is observed replacing plagioclase in 104590, and replacing
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epidote and magnetite in 104594. All these samples have tourmaline with
a blue-green to brownish pleochroism consistent with a relatively Fe-rich
schor! composition. The paler colours in the tourmaline from the
tourmaline-tremoli te rocks may indicate slightly more magnesian
compositions due to reaction with a relatively Mg-rich host.

The tourmaline in all samples appears to have formed subsequent
to the regional metamorphism and is interpreted to be from a common
granitic source (ie, the Meredith Granite).

The Alpine Prospect

1. Nature of the Host Sequence.

As noted earlier the host sequence to the Alpine ironstones appears
to contain a greater sedimentary component than the host of the Owen­
Meredith ironstones which appear to be predominantly mafic volcanics.
The pre-metamorphic sedimentary sequence comprised interbedded
quartzo-feldspathic rocks, pelites, and possibly volcaniclastics derived
from basaltic volcanism.

These rocks underwent regional metamorphism to mid-upper
amphibolite facies with prograde assemblages of garnet-biotite-quartz in
the quartzo-feldspathic rocks and garnet-amphibole-plagioclase in the
basic volcanic compositions (eg AP2 82). Both assemblages have
undergone partial retrogression involving breakdown of garnet, biotite
and amphibole to chlorite. Some samples (eg. AP2 82) contain chlorite­
rich bands several centimetres thick with albite porphyroblasts. These
appear to represent zones of complete retrogression of the prograde
assemblage, possibly facilitated by localised shearing.

The relict snowball structures in pseudomorphed garnet
porphyroblasts from sample API 85.4 provide good evidence for the
syntectonic growth of garnet in a medium undergoing simple shear or
laminar flow along the foliation. Plagioclase porphyroblasts in several
samples exhibit a similar feature, and there is widespread evidence of
high strain which caused the granulation of feldspar and recrystallisation
of quartz. This is best developed in thin mylonite zones.

2. Paragenetic Sequence in the Ironstones.

Pyrite and magnetite are mainly in textural equilibrium, and at the
petrographic scale there is no evidence to support theories of sulfidation
involving the replacement of magnetite by pyrite. Sphalerite and galena
are only present in some sections from API, either as inclusions in pyrite
(in textural equilibrium), or as larger grains in which euhedral pyrite has
itself been included.

Chalcopyrite is the most obviously remobilised component having
migrated into veinlets and fractures within magnetite and pyrite (eg. API
92.5). However, this is not surprising for such a ductile phase and does not
provide good evidence for an epigenetic origin.
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Unfortunately the low Au concentrations of the ironstones resulted
in the absence of any observable free Au in the sections, so it is difficult to
assess its association with the sulphide or oxide phases. However, a plot of
Cu vs Au (Fig. 2) for the Alpine ironstones and Owen Meredith
ironstones plus host rocks provides an interesting contrast.

There is a reasonable correlation between Cu and Au in the Owen­
Meredith samples suggesting an association of chalcopyrite and Au in the
ironstones. on the other hand, the correlation between eu and Au is poor
for the Alpine ironstones. Some of the Cu-enriched samples have
relatively high Au, yet Au is below the detection level in the most Cu­
rich sample (AI04630, 1.5% Cu).

3. Timing of the Mineralisation.

A very strong tectonic overprint has affected all of the ironstones
and the petrographic evidence from this study supports earlier work
which argued that the mineralisation was in place at least prior to the
most recent deformation event. This does not preclude the possibility that
the mineralisation was emplaced during or following the main regional
metamorphic event, and that a subsequent event produced the cataclastic
textures.

Unfortunately the simple mineralogy of the ironstones does not
result in any useful information about the maximum grade of
metamorphism which they experienced. However, the high strain
characteristics (mylonitic fabrics) in some of the ironstones would appear
to have been generated during the main phase of deformation and
prograde metamorphism which characterises the host sequence. Evidence
for subsequent folding of this ·S1' foliation is present in a number of
samples in the form of small scale assymetric folds with a crenulation
cleavage which is often only weakly developed.

In summary, the textural evidence suggests that the ironstones
were emplaced prior to peak metamorphism.

4. Style of Mineralisation

The general occurrence of the ironstones, their lateral continuity
and strong stratigraphic control within the Bowry Member of the Timbs
group provides strong evidence for a syngenetic origin. The conclusion
from the textural relationships that the ironstones existed prior to the
main phase of deformation and metamorphism also supports this
interpretation.

There is no evidence of tourmaline or other phases closely
associated with the ironstones which would be considered reliable
indicators of the involvement of granitic fluids in the formation of the
mineralisation. Further, the petrographic evidence indicates that the
tourmalinisation is a very late (Devonian) feature associated with the
Meredith Granite, and consequently much later than the pyrite­
sphalerite-chalcopyrite mineralisation.

The best available analogue for this type of deposit appears to be
the Starra exhalative BlF-CulAu deposit. Although the Alpine and
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Owen-Meredith ironstones do not have anomalous Sn and W (as is the
case at Starra), many do show anomalous Au (Le. considerably higher
values than normal background rock values of 2-5 ppb) which is a feature
of the footwall alteration at Starra.

The nature of the footwall alteration, and specific enrichment and
depletion characteristics appear to differ between different deposits of this
style. For example, Trough Tank does not show the enrichment in Sn and
W evident at Starra, but instead shows footwall enrichment in Ni, P, Mo
and Co (Davidson, 1989).

Clearly, because of the intense deformation of the ironstones and
their hosts, evidence for assymetric footwall alteration would be difficult
to identify. It is conceivable that because of their different competency the
ironstones may have been tectonically relocated relative to their original
stratigraphic hangingwall and footwall sequences.

The observations that regional metal enrichment seems to be
typical of exhalatives is probably the most useful attribute from an
exploration viewpoint. At Starra, W, Y and Sn extend beyond Au in any
given ironstone (Davidson, 1989). Although these elements do not appear
to be useful in the north-west Tasmanian ironstones, a more detailed
geochemical study may help to identify other trace elements which are
closely associated with the transport of Cu and Au in this particular
system. This may help to focus exploration for the high-grade zones of
mineralisation (if they exist) in these ironstones.
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PETROGRAPHIC DESCRIPTIONS OF SAi\tIPLES

FROM THE OWEN-MEREDITH GRID.



Hand-specimen: medium to coarse grained weathered 'granitic' rock.

ISAMPLE 104566

370J85

Percentage abundance (%)
70
30
<1
<1
<1

trace
trace

Genetic interpretation: the rock appears to be a sodic granitoid or
trondhjemite. The chemical data (K2G-= 0.10% and Na20 =5.63%) reflects
the absence of alkali feldspar and together with the very low CaO (0.05%)
indicates almost pure albite plagioclase.

Mineralogy: plagioclase occurs as intergrown xenoblastic to tabular crystals (0.5
- 3 rom) characterised by abundant lamellar twinning of both albite and
pericline. The twin lamellae are invariably bent and display strained
extinction. Quartz often occurs as finer recrystallised grains (0.1 - 0.2 rom)
intergranular to the feldspars due to subgrain development and
recrystallisation of larger xenoblastic crystals.

There are several large euhedral crystals of zircon (0.3 - 1 rom) and
some smaller fractured grains, as well as fine granular aggregates of sphene.

The rock has experienced moderate levels of strain resulting in the
recrystallisation of quartz and deformation of plagioclase lattices. There are
at least two parallel well-defined crush zones which traverse the section.
Quartz and feldspar have been extensively granulated and recrystallised in
these narrow (0.2 mm) shear zones, and some fine variably oriented
muscovite plus a trace of tourmaline also occurs. the lack of preferred
orientation of the muscovite suggests that it is post-deformation in origin.

Thin-section:
Mineral

plagioclase
quartz
zircon
sphene

limonite
tourmaline
muscovite
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ISAMPLE 104569

Hand-specimen: fine-grained metabasic rock rich in chlorite and amphibole
with a moderate foliation.

Genetic interpretation: the rock appears to have been a porphyritic mafic rock
with phenocrysts of plagioclase which has experienced very high strain
during recrystallisation producing a strong foliation. A subsequent
deformation resulted in small scale folding and cleavage development
perpendicular to the original foliation.

Percentage abundance (%)
57
30
5
3
2
2
1
?

Mineralogy: xenoblastic to tabular albite porphyroclasts (some with simple
twinning) occur in a matrix dominated by chlorite and blue-green
amphibole. These mafic phases define a strong foliation which has
experienced a second phase of folding resulting in small-scale assymetric
folds with a crenulation cleavage. The distinctive blue-green amphibole
occurs as prismatic crystals and has a low birefringence and a very low
negative 2V (probably <10°). These optical characteristics are most
consistent with a relatively sodic high-pressure amphibole of the
glaucophane-riebeckite series. Unfortunately this could not be checked by
microprobe as the machine was not functioning during the time of the
study. However, by elimination, there are no obvious alternatives to this
conclusion. The whole-rock chemistry (CaO = 0.21 %) supports the notion of
a Ca-poor amphibole, and the optical characteristics are not consistent with
it being one of the orthorhombic amphiboles.

Occasional crystals of biotite and muscovite are associated with
elongate pods of recrystallised quartz and minor biotite occurs intergrown
with chlorite in the matrix.

Magnetite occurs as elongate laths and as xenoblastic grains and
aggregates. The former could be pseudomorphs after primary hematite, but
it is more likely original magnetite octahedra have been broken up and
strung out during deformation and recrystallisation. Pyrite occurs as
discrete rounded or cubic grains, and although pyrite and magnetite are
adjacent in several instances, there is no evidence for replacement of
magnetite by pyrite.

Thin-section:
Mineral

plagioclase
chlorite

amphibole
quarlZ

magnetite
pyrite

sphene
tourmaline
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ISAMPLE 104574

370187

Hand-specimen: very heterogeneous amphibole-tourmaline-rich rock with
large (cm size) layers of tourmaline showing a somewhat brecciated or
strained appearance.

Genetic interpretation: The fine grained tremolitic matrix appears to have
formed by contact metamorphism in view of the lack of preferred
orientation of elongate amphibole crystals. This matrix then appears to
have been partly replaced by tourmaline. Mild deformation of the rock
produced some cataclastic textures in the tourmaline and granulation of
the tourmaline and magnetite. This appears to have been followed by
introduction of dolomitic carbonate plus quartz as an open space filling.
Subsequent contact metamorphism has resulted in the recrystallisation of
the carbonate to produce tremolite and probably also some recrystallisation
of tourmaline.

Percentage abundance (%)

55
35
5
2
3

Thin-section:
Mineral

tourmaline
tremolite I actinoli te

sphene
carbonate
magnetite

Mineralogy: The rock consists of some relatively large ( 2 mm) xenoblastic
aggregates of elongate to stumpy tourmaline crystals. These larger
aggregates of tourmaline may have replaced some primary phase such as
feldspar, although there is no clear evidence for a precursor phase. There is
some elongation of the tourmaline aggregates due to cataclasis, and narrow
stringers (l - 2 mm long) of carbonate and minor magnetite occur along
grain boundaries.

This contrasts with coarse-grained idioblastic elongate crystals of
tremolite which appear to infill fractures within the rock (Fig. 3). There is
also a significant amount of carbonate (previously called sphene) associated
with the tremolite which appears to be in textural equilibrium.

There are several shear zones through the tourmaline without
tremolite which have resulted in some recrystallisation and there is a
concentration of granular sphene and granulated magnetite along these
zones (Fig. 3).

A fine-grained part of the section is dominated by finer-grained
tremolite CO.1 mm) and magnetite porphyroblasts, in textural equilibrium
with associated subordinate carbonate. Relatively large subidioblastic to
xenoblastic porphyroblasts of tourmaline appear to be replacing this fine
tremolite-carbonate matrix and magnetite porphyroblasts.

Occasional inclusions of tremolite in tourmaline are very rare,
although some fine carbonate inclusions are observed.
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The fine tremolite in the groundmass appears to represent
carbonate replacement of some pre-existing material such as a mafic tuff
perhaps, which may have had phenocrysts that had been tourmalinised.

The reaction for the formation of tremolite is as follows;

5 CaMg(C03)z + 8 Si02 + H20
dolomite quartz

Ca2MgsSig022(OH)2 + 3 CaC03 + 7 C02
tremolite calcite

Figure 3. Shearing of tourmaline-rich layers in tourmaline-tremolite rock
(104574) with trails of sphene, adjacent to an unstrained vein of tremolite
with a magnetite porphyroblast. Magnification X50, PPL.



Hand-specimen: thin-banded (0.5 - 1 rnrn) quartz-magnetite-rich rock with
dominant pyrite throughout.

370189
It.=.SAJ~MP~L=E=-1:.:04...:;5:.:8.:.1 1

Genetic interpretation: This rock most likely represents an exhalative
chemical sediment which has experienced regional metamorphism. The
previous interpretation that it represents an original sandstone on the basis
of cross-bedding seems doubtful. The rock has been subjected to
considerable strain as evidenced by the nature of the recrystallised quartz
and it seems unlikely that primary sedimentary structures would survive
such intense recrystallisation.

Mineralogy: alternating relatively quartz-rich and magnetite-rich bands (0.5 - 1
rnrn wide). The quartz occurs as slightly elongate xenoblastic grains with
extensively sutured margins. The larger grains (0.5 - 0.8 nun) exhibit
undulose extinction and substantial subgrain development.

Relatively large octahedra (0.1 - 0.5 nun) of magnetite and pyrite are
disseminated throughout the quartz-rich layers, occurring as single crystals
and aggregates. The magnetite- and pyrite-rich layers appear to represent
merely a greater concentration of similar shaped and size grains, although
there may be a greater proportion of finer-grained magnetite in these layers.
Minor oxidation of magnetite has resulted in minor replacement by
hematite.

Percentage abundance (%)
75
20
3
2

trace

Thin-section:
Mineral
quartz

magnetite
pyrite

hematite
sericite

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

•



ISA.t\1PLE 104586

370190

Hand-specimen: Very finely-banded quartz-magnetite rock, banding on the
scale of 0.08 mm.

Genetic interpretation: this rock has experienced very high strain and the
cataclasis is mylonitic in character with significant evidence of rotation (Fig.
5). Although the broader banding depicted by alternating quartz and
magnetite-rich layers could reflect original bedding, the intense nature of
the dislocation metamorphism which has affected this rock suggests that
much of the banding may be tectonic in origin.

Percentage abundance (%)
80
15
5

Mineralogy: there is moderate variation in grain size in this rock. Some
relatively coarse-grained quartz-rich layers (l - 1.2 mm long) occur with
interstitial hematite and minor magnetite. These alternate with very fine­
grained bands which consist of small elongate quartz grains (0.1 - 0.2 mm)
with very finely disseminated octahedra or cubes of magnetite (0.005 - 0.01
mm) and some larger grains (0.3 mm). These fine-grained zones represent
zones of more intense cataclasis in which the magnetite grains have been
severely milled (Fig. 4), and the quartz grains more strongly recrystallised.

Thin-section:
Mineral
quartz

magnetite
hematite

I
OHi "

I
,

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•



370181

Fig. 4. Banded siliceous ironstone (104586) showing the finer magnetite and
recrystallised quartz in the more deformed layers. Magnification x50, PPL.

Fig. 5. Banded siliceous ironstone (104586) showing the highly sheared and
recrystallised quartz. Magnification x50, PPL.



ISA.t'vfPLE 104587

370192

Hand-specimen: metamorphic rock rich in chlorite, amphibole and feldspar,
which exhibits a contact between a relatively dark coarser-grained zone and
fine-grained zone. The contact shows some irregularity and may represent
a bedding contact.

Genetic interpretation: The polygonal equi-dimensional textures suggest
contact metamorphic recrystallisation. The presence of actinolite suggests a
relatively calcic composition which is silica-oversaturated. However, the
presence of sodic plagioclase and the paucity of silica throughout the bulk
of the rock suggests a mafic volcanic composition which has been contact
metamorphosed. The vein material is largely introduced and the veins are
where most of the silica is concentrated. The fluid which introduced the
silica probably also added the sulphides although this is difficult to prove.
One very fine quartz-chlorite-rich vein cross-cuts the coarse material.

Percentage abundance (%)
35
50
5
5
2
1
1
1

Mineralogy: the section traverses a relatively coarse-grained zone and a finer­
grained part which probably reflect original bedding in the rock. The finer­
grained portion (0.02 - 0.05 mm) is dominated by granoblastic quartz, albite
and amphibole. The latter also oc=s as prismatic grains (0.5 mrn long).
Fine pyrite cubes and aggregates of fine granular sphene are scattered
throughout. Minor sheaths of pale green chlorite occur sporadically.
Within the fine grained zone there is some variability in the ratio of felsic
to mafic components, probably also representing compositional variations
in the original bedding.

There is a fairly sharp but irregular boundary between the fine and
coarse bands. The relatively coarse material (0.1 - 0.3 mrn long prismatic
crystals) of albite, quartz and amphibole show granoblastic polygonal
textures with individual or aggregate pyrite cubes within aggregates of
granular sphene and chlorite patches. This is similar mineralogy and
textures to the finer-grained layers, except that there is very little quartz in
the finer-grained layers. Most of the colourless material is twinned or
untwinned albite.

There are also some very coarse veins cross-cutting the coarse
material. They are 2 - 3 mrn wide veins rich in recrystallised twinned albite
(0.5 mm) with coarse radial aggregates of chlorite and some green biotite
(largely replaced by chlorite), interstitial quartz, minor apatite and pyrite
cubes up to 0.4 mrn (Fig. 6). Textures within the veins are also dominantly
granoblastic polygonal, particularly the boundaries between quartz and
albite.

Thin-section:
Mineral

albite
amphibole

quartz
chlorite
sphene
pyrite
apatite
biotite

OHi

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

3701fl3
Introduction of the vein material appears to have been pre- or syn­

contact metamorphism because of the observed textures. The fluids
produced dominantly quartz-albite-biotite-ch!orite assemblages.

•



Fig. 6. A coarse vein of chlorite, albite, magnetite and biotite cross-cutting a
metamorphosed mafic volcanic (104587). Magnification x50, PPL.

Fig. 7. Tourmaline (dark blue) replacing plagioclase porphyroclasts In a
sheared mafic volcanic (104590). Magnification x 50, PPL.

3701~4



ISAMPLE 104588

370195

Hand-specimen: banded rock with alternating layers rich in quartz, feldspar
and amphibole. The mafic layers exhibit a boudin structure.

Mineralogy: the rock is composed of alternating layers rich in quartz and
feldspar and layers relatively enriched in actinolite with subordinate quartz
and feldspar. The fine-grained matrix (0.02 - 0.05 mm) is dominated by
albitic feldspar (both twinned and untwinned) which has broadly
granoblastic textures. The quartz shows undulose extinction, some sutured
margins and a partial elongation which imparts a weak foliation to the
rock.

The twin lamellae on the twinned albite grains are often slightly
bent and do not show uniform extinction. Small prismatic crystals of
actinolite (0.05 - 0.15 mm) are scattered throughout the quartz-feldspar-rich
layers together with anhedral granules of sphene, sparse disseminated
cubes of pyrite (0.08 mm) and occasional rounded zircon grains. The
actinolite needles display a very weak sub-parallelism with the foliation but
it is certainly not well defined as there are many grains which appear to be
oriented at a high angle to the foliation.

The relatively mafic-rich layers have an increased amount of
actinolite, sphene and pyrite with lesser amounts of quartz and feldspar.
The amphibole tends to occur in elongate pods or stringers. Fine-grained
actinolite occurs as a variably orientedJo sub-parallel aligned prismatic
crystals of similar size to the grains in the feldspar-rich parts.

There is also a relatively coarse pod (which may be part of a vein)
dominated by chlorite, quartz, albite, pyrite (up to 0.5 mm), sphene and
with minor subordinate actinolite.

Some quite strongly aligned and narrow bands rich in actinolite,
sphene, chlorite and pyrite seem to be related to shearing. These seem to be
fracture zones along which some recrystallisation of amphibole and sphene
has occurred and along which fluids have been introduced producing
chlorite. These features are also often coated with limonite due to the
breakdown of pyrite, and some pyrites show limonitic rims.

Some similarly oriented fractures have undergone open space
filling of quartz, albite and actinolite needles. The latter two have grown
with their long axes perpendicular to the walls of the fractures. There are
also some oblique fractures running at a high angle to the general
cleavage/lineation indicated by the finer actinolite. These oblique fractures
(which may be perpendicular to the cleavage) are dominated by sphene and
actinolite which has grown with its c-axis parallel to the fracture and
uncontrolled by stress. Some of these are also filled with chlorite.

Percentage abundance (%)
80
10
6
2
1
1

Thin-section:
Mineral

albite
actinolite

quartz
Fe oxide

pyrite
sphene
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Genetic interpretation: the rock appears to have been contact metamorphosed
and subsequently subjected to moderate stress probably for a short time
interval as many of the contact metamorphic textures are only partly
modified. This rock appears to be more quartz-rich and generally more
felsic compared to the previous sample (104587), which suggests a more
felsic volcanic or volcanodastic precursor. The predominance of sodic
plagioclase (albite) does not favour a calcareous-siliceous sedimentary
precursor. A Ca-rich dolomitic or calcareous sediment would typically have
a high Ca/Na and hence plagioclase would be relatively calcic. Evaporitic
sequences may be relatively Na-rich but these are usually also Cl-rich and
scapolite is a common part of the metamorphic assemblage.

The Na-rich volcanics would presumably be produced by seafloor
alteration if it was a sub-marine basalt. there is clearly some Ca in the rock
though as actinolite and sphene are present, thus this process could not
have been complete.

The presence of coarse pyrite in the quartz-albite-chlorite bands
suggests introduction of the pyrite during the chloritic alteration. this
appears to have been prior to the last deformation as chlorite is bent and
the pyrite partly broken up. The quartz in these veins has sutured margins
and does not retain evidence of contact metamorphism. Consequently the
veins could have been introduced after the contact metamorphism but
before the last deformation. The tension fractures filled with albite and
fibrous actinolite appear to have formed last and possibly post-deformation
as they cut across and disturb the foliation and shear-controlled actinolite
foliation.

The coarse porphyroblasts of actinolite were also prior to the last
deformation as they show some evidence of deformation and they are
variably oriented Le. not always in the general foliation some are
perpendicular to this feature.



ISAMPLE 104589

370197

Hand-specimen: quartzite with some bands 2 - 3 rom wide relatively enriched
in limonite.

Mineralogy: the rock is essentially a quartzite with a weak fabric due to the
elongate crystals of quartz <0.2 - 0.3 rom) which have recrystallised in a
moderate stress field. The quartz grains exhibit sutured margins and
undulose extinction due to the stress. One patch of relatively fine-grained
quartz (0.03 - 0.05 rom) has minor associated crystals of muscovite (I - 2 rom
long). These are bent and kinked indicating relatively low temperature
deformation without significant recrystallisation.

There is a variability in the quartz textures which suggests that the
deformation again was of limited extent and time. In some areas the quartz
has a granoblastic polygonal form without sutured margins or undulose
extinction and is only weakly deformed. This is consistent with
recrystallisation under a pressure load that was equivalent in all directions
as opposed to directed stress ie. contact metamorphism.

The last deformation does not appear to have been responsible for
crystallisation of muscovite as the stress has caused translation of the
cleavage in the muscovite at an angle of about 60° to the cleavage
orientation. The muscovite shows minor staining by limonite around its
margins and Fe-oxides have penetrated along quartz boundaries tending to
occur in zones which represent fluid paths, These patches are unlikely to
represent carbonate pseudomorphs.

Genetic interpretation: The rock was probably a quartz-rich sandstone which
experienced moderate- to low-grade regional metamorphism resulting in
the elongate quartz fabric and crystallisation of muscovite. Subsequent
minor shear at low temperature has resulted in cleavage translation in
muscovite and some recrystallisation of quartz.

Percentage abundance (%)
97
2
1

Thin-section:
Mineral
quartz

limonite
muscovite
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ISAMPLE 104590

3,0198

Hand-specimen: a strongly banded metabasic rock with alternating layers
relatively rich in chlorite or quartz. The quartz appears to form stringers
and lenses due to dislocation and dynamic metamorphism.

Percentage abundance (%)
40
30
20
1

<1
<1
<1

Mineralogy: this is a very chlorite-rich rock. The chlorite-rich matrix consists
of intergrown platy chlorite which has a strong foliation that has been
partly disrupted by deformation subsequent to the major recrystallisation.
Within the chlorite matrix some subhedral to rounded albitised plagioclase
phenocrysts have been retained due to the differential shear characteristics
of the two phases. Feldspar generally seems to survive deformation
reasonably well. In one part of the section along a layer parallel to the shear
direction, some of the plagioclase phenocrysts have been replaced
completely by tourmaline or tourmaline and quartz (Fig. 7). The
tourmaline is a deep blue-green colour typical of Fe-rich schorls associated
with granites.

Other chloritic layers include variable amounts of elongate angular
pods of recrystallised quartz. The angular character of the quartz aggregates
appears to be due to a later deformation which has caused partial break up
of the quartz aggregates and recrystallisation of some chlorite oblique to the
main stress direction (Fig.B). There is <l,lso some micro folding which
appears to support this evidence. Relatively large magnetite
octahedra/euhedra are also present within the chlorite-rich layers.

There is also some muscovite which appears to have been produced
before the second deformation event as it is intergrown with the chlorite
and deformed within it. Some of the muscovite has also recrystallised in
the fractured quartz aggregates with chlorite. The potassic metasomatism
which has produced the muscovite was probably related to a granite and
the same fluids which produced the tourmaline. The hand-specimen
texture of the rock is due to the differential weathering and hardness of the
quartz-rich pods in the soft chloritic matrix.

Thin-section:
Mineral
chlorite

plagioclase
quartz

magnetite
tourmaline

hematite
muscovite

Genetic interpretation: the abundance of chlorite in this rock is more
consistent with a mafic precursor unless some pre-metamorphic
hydrothermal alteration has occurred. This rock would have experienced
some seafloor alteration producing the sodic plagioclase. It may also have
been somewhat silicified accounting for the abundance of quartz. This may
have occurred at the same time as tourmalinisation of the feldspar and
sericitisation (as indicated by the association of quartz and tourmaline).
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The elongate prismatic Fe-oxides are hematite or magnetite after
primary hematite. These appear to have crystallised during the major
deformation as they are quite strongly aligned in the primary cleavage.

•
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Fig. 8. Growth of chlorite oblique to the principal cleavage in fractured quartz
following a second deformation. Sample 104590. Magnification xlOO, PPL.

Fig. 9. Tourmaline replacing epidote and magnetite porphyroblasts In
amphibole 104594. Magnification x200, PPL.



Hand-specimen: a weakly foliated metabasic rock with plagioclase and chlorite
cut by a vein of feldspar and magnetite.

Genetic interpretation: this originally basic volcanic rock may have
recrystallised initially under contact metamorphic conditions and was
subsequently subjected to relatively minor dislocation metamorphism.

370201
I~SAM:..::..:.:...PL.:...E_l.:...04--,5_91 1

Mineralogy: tabular to equant crystals of plagioclase (0.1 mm) which often
exhibit polygonal granoblastic texture are abundant, but with slightly
sutured margins suggesting some stress. They may show simple, multiple
or no twinning and twin lamellae are typically not bent. Plagioclase is
sometimes intergrown in the groundmass with decussate chlorite
aggregates but chlorite dominantly occurs in larger decussate clots (l - 2
mm) which probably represent pseudomorphs after pyroxene. Most of
these have ragged cores of blue-green amphibole which is partially
chloritised resulting in some exsolution of fine magnetite.

A small amount of tourmaline euhedra occur throughout the rock
but do not obviously replace other phases.

The rock does have a weak fabric defined by a slight flattening of the
chlorite!amphibole aggregates, although individual crystals within the
aggregates are not strongly aligned with this cleavage.

Xenoblastic patches of brown translucent material (possibly
leucoxene), also exhibit a slight elongation (0.1 - 0.5 mm long) and these
include relatively abundant magnetite octahedra or cubes.( 0.05 - 0.1 mm).

The euhedral, prismatic crystals of tourmaline show zoning from
dark bluish-green cores to pale rims. They occur intergrown with chlorite
and feldspar and do not appear to be replacing either of these phases.

The section is cut by several veins of relatively coarse albite which
has grown as tabular crystals with their long axes perpendicular to the vein
walls.

Percentage abundance (%)
55
32
8
4

<1

Thin-section:
Mineral

plagioclase
chlorite

actinolitic amphibole
magnetite

tourmaline
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ISAMPLE 104592

370202

Hand-specimen: a weakly foliated metabasic rock rich in chlorite, epidote and
plagioclase with disseminated euhedral magnetite porphyroblasts and
subordinate disseminated pyrite cubes.

Percentage abundance (%)
60
14
10
8
4
2
1

<1
trace

Mineralogy: the rock has a moderately strong cleavage defined by intergrown
subparallel chlorite and blue-green amphibole crystals. These are moulded
around rounded xenoblastic albite crystals (typically 0.1 - 0.3 mm across).
Trails of aligned chlorite, amphibole or sphene inclusions within albite
phenocrysts occasionally show evidence of rotation. Relatively large
porphyroblasts or aggregates of epidote (typically 1 - 2 mm) show a
yellowish-green to pale green pleochroism in grain margins and an
unusual pale pink pleochroism in the crystal interiors which suggests a
significant piemontite (Mn) component. Some epidote porphyroblasts
appear to be aligned with the cleavage whereas others appear to be cross­
cutting and may be associated with coarse crystals of calcite.

Magnetite occurs as octahedral crystals (0.3 - 1 mm) which may be
partially enclosing feldspar, epidote or chlorite. Sphene occurs in well
defined trails parallel to cleavage and closely associated with chlorite and
amphibole. The magnetite porphyroblasts appear to have been preenrt
prior to metamorphism as the relatively large grains of chlorite have
grown in adjacent pressure shadows, and the foliation often appears to
wrap around them.

There is also a trace of deep blue-green (schorlite) tourmaline
occurring in prismatic crystals which cross-cut the cleavage.

Genetic interpretation: the mineralogical and textural evidence suggests that
this rock was a metabasalt which experienced strong dynamic
metamorphism with consequent recrystallisation of albite, chlorite,
amphibole and possibly some epidote.

The tourmaline appears to be due to metasomatic introduction of Fe­
and B-rich fluids.

Thin-section:
Mineral

albite
chlorite

blue-green amphibole
epidote

magnetite
sphene
calcite
biotite

tourmaline
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ISAMPLE 104593

370203

Hand-specimen: a fine-grained metabasic rock with abundant chlorite,
plagioclase, epidote, magnetite porphyroblasts and minor disseminated
pyrite.

Genetic interpretation: this does not appear to be as highly strained as 104592.
The presence of epidote in the veins implies that some may have been
introduced during metasomatism.

Percentage abundance (%)
65
10
10
8
4
2
1

Mineralogy: this sample has essentially identical mineralogy to 104592, but is
finer-grained. Texturally, this rock exhibits a less well defined foliation.
Intergrowths of chlorite and prismatic amphibole crystals only show a very
weak preferred orientation and many crystals cross-cut this general
direction, as do elongate porphyroblasts of epidote (in aggregates). The
boundaries of the feldspar with each other are sutured and while they may
have been polygonal or porphyroblastic, subsequent recrystallisation in a
weak stress field has modified these.

Euhedral porphyroblasts of magnetite (0.1 - 0.2 mm) appear to be
late and cross-cutting. They rarely include epidote only. Albite is generally
fine-grained (0.03 - 0.08 mm), whereas amphibole is typically larger (0.05 ­
0.2 mm) and epidote porphyroblasts range up to 0.2 - 0.7 mm long. Sphene
tends to occur as granular aggregates disseminated throughout the rock.

The specimen has been substantially fractured and veined. One
particular vein is characterised by an abundance of relatively coarse epidote
(0.1 - 0.5 nun) which is very similar to the epidote porphyroblasts. The vein
also includes several small and larger~O.s mm) magnetite euhedra which
partially enclose epidote and albite. These appear to have grown across the
vein and wall-rock. The vein has had some recent movement and
fracturing which has resulted in a limonite filling, which has also fractured
the epidote and magnetite. Another vein is dominated by relatively coarse
chlorite, albite and magnetite. Again some late movement has fractured
the magnetite with minor limonitic alteration.

Thin-section:
Mineral

albite
chlorite

amphibole
epidote

magnetite
sphene

limonite
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Hand-specimen: foliated amphibolite with magnetite porphyroblasts.

Genetic interpretation: the epidote and magnetite porphyroblasts appear to
have been present in this metabasic rock during a high strain event. The
magnetite shows less wrapping around by chlorite and amphibole than the
epidote but may have survived due to its strength in a relatively soft
deforming matrix (as feldspar does). The tourmaline definitely appears to
be later, probably post-deformation.

Epidote and amphibole in this rock are also zoned. The amphibole
varies from blue-green cores to actinolite rims and the epidote has yellow­
green rims to more colourless cores. This is in the opposite sense to 104592.

Mineralogy: this specimen has similar mineralogy to 104592 and 104593.
However it shows some quite different and variable textures. The bulk of
the rock has a fairly unstrained appearance similar to 104593, although it is
slightly finer-grained. Albite grains are typically 0.02 - 0.05 mm across and
display a weak elongation. The mafic minerals appear to be slightly more
abundant in this rock than 104593. The blue-green amphibole typically has
actinolite overgrowths however the epidote does not exhibit the zoning
that is apparent in 104592.

Subparallel alignment of intergrown amphibole and chlorite, with
some trails of sphene define a weak metamorphic foliation. The rock also
exhibits several narrow zones of high strain (l mm to several mm wide).
these zones are parallel to the cleavage and display several different
features. One has abundant chlorite and magnetite, the latter appears to
have been partially hematised and granulated and there is evidence for
growth of sphene on these broken magnetite fragments. Several other
bands have abundant chlorite and zoned crystals of tourmaline (0.3 mm
long). Any magnetite in these zones exhibit reaction rims of hematite.
Epidote occasionally grows in these rims and may be locally concentrated
along the margins, although chlorite .i}l1d tourmaline are generally
dominant.

A wider zone shows evidence of higher strain with strongly aligned
amphibole and chlorite and trails of sphene. The latter trace out a second
deformation of small scale assymetric folds with a crenulation cleavage.
The amphibole and chlorite (0.05 - 0.1 mm long) host large porphyroblasts
of epidote, tourmaline (0.5 - 1 mm) and magnetite. The latter appear
somewhat more rounded and broken than those in the less strained
portion of the rock.

Tourmaline is clearly replacing epidote porphyroblasts in places and
possibly replacing magnetite although this is more equivocal (Fig. 9).
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Ol;j ,c ISAMPLE 104594

Thin-section:
Mineral

albite
amphibole

chlorite
epidote

magnetite
sphene

tourmaline

Percentage abundance (%)
50
27
8
5
4
4
2

370204
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Hand-specimen: foliated amphibolite with minor disseminated pyrite.

Genetic interpretation: The feldspar-poor nature of the rock indicates a very
mafic basaltic composition, more so than samples 104593 and 104594.

Mineralogy: this rock is relatively coarse-grained and enriched in mafic
minerals compared with 104592 and 104594, and has experienced moderate
to high strain. The amphibole in the rock is essentially all blue-green
amphibole without the actinolitic rims present in the preceding samples.
Chlorite is also only present in trace amounts indicating that there has been
minimal retrogression of the higher grade assemblages.

Untwinned albite is intergrown with amphibole but is in relatively
low abundance compared with the previous samples, and it typically occurs
as slightly elongate grains with sutured margins. The elongate, prismatic
amphibole crystals are generally strongly aligned depicting a moderate
cleavage/lineation. However, there has been some refolding of the original
cleavage into small scale folds.

Relatively large (1 - 2 mm long) stringers of sphene aggregates occur
parallel to the foliation but also exhibit this refolding. These often have
ragged cores of opaque material within them (probably ilmenite) which
acted as nuclei for the crystallisation of sphene.

Xenoblastic aggregates of epidote (including grains 0.1 - 0.5 mm
long) tend to be concentrated in feldspar-rich pods or bands, whereas the
more mafic (amphibole-rich) layers contain the sphene. There are a few
relatively large (1 mm long) porphyroblasts of amphibole which
occasionally cut across the foliation direction. Porphyroblasts of magnetite
(0.05 - 0.1 mm) are typically euhedral where not in contact with sphene
aggregates. The magnetite seems to be finer-grained, more irregular and
broken up in the highest strain portions of the rock.

The rock is cut by a vein of albite and amphibole. The albite has
grown with the long axes perpendicular to the walls and the vein runs at a
high angle to the foliation. Fibrous amphibole has grown across the vein
from the walls, indicating that the vein may have been pre-deformation.
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0 ' ,... . - ISAMPLE 104595

Thin-section:
Mineral

amphibole
albite

epidote
sphene

magnetite
chlorite

Percentage abundance (%)
63
20
8
6
3

<1
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Hand-specimen: banded quartzo-feldspathic with some relatively large
plagioclase crystals in a finer matrix, and with minor chlorite.

370206
I",-SA_MP_L_E_1_0--,4S--,9.;...6 1

Genetic interpretation: this rock appears to have been some sort of sodic
granitoid or trondjemite with no K-feldspar, abundant plagioclase and
quartz and minor ferromagnesian phases. It has experienced moderate to
quite high strain conditions during dislocation metamorphism that has
resulted in a significant decrease in the grain size of some plagioclase and
most of the quartz. However some relatively large plagioclase
porphyroclasts have survived.

Percentage abundance (%)
70
12
5
4
3
3
2
1

trace

Mineralogy: this rock has experienced moderate to high strain. Relatively
coarse (l - 2 mm) xenoblastic crystals of sodic plagioclase (albite) with
sutured margins occur in a matrix of finer (0.2 - 0.3 mm) xenoblastic to
tabular plagioclase and extensively recrystallised quartz aggregates. The
quartz occurs in elongate grains (0.1 - 0.2 mm long) with strongly sutured
margins and shows strain extinction. The plagioclase often exhibits albite
twinning and occasionally also carlsbad twinning. The twin lamellae are
generally bent and display variable extinction.

Elongate quartz crystals are strongly aligned depicting a foliation
which has been refolded in small scale folds. The quartz aggregates are
often wrapped around larger plagioclase crystals which are regarded as
porphyroclasts that have preferentially survived the granulation and
recrystallisation under high strain.

Carbonate is a relatively abundant phase in this feldspathic rock and
appears to be replacing plagioclase in part. Ferromagnesian phases include
prismatic crystals of blue-green hornbl~nde (0.1 - 0.4 mm long) and epidote
(0.1 - 0.5 mm long), some of which are fractured and broken. Both these
phases are aligned in the foliation direction and together with some
retrogressive chlorite and trails of sphene help define secondary fold
patterns.

Magnetite octahedra (0.1 - 0.2 mm) and aggregates of grains are
scattered throughout the rock but in the higher strain zones the magnetite
occurs as stringers and highly irregular elongate grains.

Thin-section:
Mineral

plagioclase
quartz

carbonate
epidote
chlorite

magnetite
amphibole

sphene
pyrite
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ISAMPLE 104597

'1.....·020,-.;".' , ,

Hand-specimen: banded quartzo-feldspathic rock with a foliation defined by
chlorite-rich bands.

Genetic interpretation: this rock appears to be closely related to 104596 and
104598. They appear to be oversaturated sodic intrusives with minor mafic
minerals which were emplaced prior to the major deformational event.
This deformation has resulted in significant granulation and grain-size
reduction, plus development of a foliation in the rock.

Percentage abundance (%)
70
15
8
3
2
1

<1
<1
<1
<1

Mineralogy: this sample is very similar in mineralogy and texture to 104596. It
differs in the absence of amphibole and has lesser amounts of epidote.
However, the textural features and grain size characteristics are closely
comparable. Relatively large (l - 2 mm) plagioclase porphyroclasts are
preserved in a fine-gralned matrix of plagioclase and extensively
recrystallised quartz. Plagioclase twin lamellae are invariably bent with
variable extinction (Fig. 10).

Chlorite is the dominant mafic mineral. It occurs as subparallel
plates often wrapped around the larger plagioclase grains but still defining a
foliation through the rock together with elongate aggregates of quartz.
Epidote is a relatively minor phase which occurs partly replaced by chlorite
and sphene aggregates and occasionally with minor muscovite.

Several euhedral crystals of zircon (0.1 mm) and zoned schorl-rich
tourmaline (deep blue-green to brown pleochroism) are scattered
throughout the rock, and sphene occurs in granular aggregates with
chlorite and epidote. Magnetite octahedra are disseminated throughout but
a considerable amount of the magnetite occurs as irregular elongate
stringers due to granulation during dislocation metamorphism. Some
show weak marginal alteration to hematite. Carbonate is abundant through
the groundmass and is found partially replacing plagioclase.

Thin-section:
Mineral

plagioclase
quartz

chlorite
magnetite
carbonate
epidote

tourmaline
muscovite

zircon
sphene

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•



~'i'020S
, .

·~l "". ~ -" "JIII ,
> ~ .' . - -, -

Fig. 10. Bent twin lamellae in plagioclase porphyroclasts, and fine
recrystallised matrix quartz in deformed sodic granitoid 104597.
Magnification x50, PPL.

Fig. 11. Albite, chlorite and apatite (pigmented with Fe-oxide) vein In

metabasalt 104620. Magnification x50, PPL.



ISAMPLE 104598

370209

Hand-specimen: a medium-grained quartzo-feldspathic rock with a weak
foliation.

Genetic interpretation: this rock has had a similar history to the previous two
samples and probably represents a related intrusive if not part of the same
intrusive. Granulation has been less intense, hence the coarse and even­
grained character of the precursor intrusive is more apparent in this
sample.

Percentage abundance (%)
76
12
5
2
2
2

<1

Mineralogy: this sample has similar mineralogical and textural characteristics
to 104596 and 104597. However it appears to have experienced less intense
granulation and a greater proportion of coarse plagioclase porphyroclasts
have survived the deformation. Nevertheless, both the coarse and fine
plagioclase and the matrix quartz have extensively sutured margins and
display strain extinction. The plagioclase twin lamellae are invariably bent.
In addition, elongate quartz grains in the matrix, together with platy
chlorite, define a moderately strong foliation. Chlorite occurs in bands
intergrown with biotite and granular aggregates of sphene, often wrapped
around the larger plagioclase porphyroclasts.

A few prismatic crystals of zircon and tourmaline (0.1 - 0.2 mm) are
scattered throughout the matrix. The tourmaline is zoned from blue-green
cores to darker grey-green rims and appears to be a schod-rich type.
Hematite pseudomorphs after magnetite octahedra are disseminated
throughout.

Thin-section:
Mineral

plagioclase
quartz

chlorite
biotite

hematite
sphene
zircon
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EXTRA OWEN-MEREDITH SAMPLES

370210

Genetic interpretation: All components have experienced the dynamic
metamorphism. Some magnetite was precipitated and recrystallised in
fractures during tectonism. The layered nature of quartz and magnetite is
evidence that the rock developed as a sedimentary iron formation
containing some pyrite and chalcopyrite, although this needs to be viewed
in the context of the outcrop pattern. Oxidation of magnetite and sulphides
is evidence of proximity to meteoric waters in the present day, or close to
the bedrock water table.

Size (!lm)
500
40
ISO
ISO
50

Percentage abundance (0/.,)
70
20
3

<0.5
trace

5
<0.5

Thin-section:
Mineral
Quartz

Magnetite
Pyrite

ChalcopYrite
Carbonate
Goethite
Covellite

Host-rock: a highly deformed rock consisting of interlayered quartz and
magnetite-pyrite bands, up to 1 em thick. The thicker of these have planar
contacts which may well constitute bedding, whereas most of the thin «1
mm wide) magnetite layers are interlaced and irregular, suggestive of syn­
tectonic magnetite growth. Euhedral to subhedral pyrite particularly
concentrates in the thicker magnetite bands, but is also present in
disseminated form throughout the quartz bands. Chalcopyrite is confined
to the thicker magnetite bands where it is disseminated within pyrite, but
more commonly occupies cracks and fractures in pyrite and magnetite.

Deformation is mainly expressed via quartz. Quartz displays strong
elongation, with new growth of fine polygonal quartz on the sutured
contacts of larger quartz grains approaching a sub-mylonitic texture.
Magnetite and pyrite have both experienced the deformation, as evidenced
by quartz deformation around annealed pyrite and by cracking in
magnetite.

Significant supergene oxidation has occurred concentrating on fine
fractures. Limonite and goethite fill fractures adopting a mammillary form,
and concentrically altering pyrite, magnetite and chalcopyrite. Covellite is
distinctly replacing chalcopyrite in most instances. Cuprite may also be
present, intergrown with limonite adjacent to chalcopyrite; this is difficult
to verify because the two phases share similar petrographic features.

ISAMPLE 104609
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Hand-specimen: a tourmaline-rich rock with no distinctive fabric.

ISAMPLE 104617

370211

Genetic interpretation: this rock has close mineralogical affinities with 106574,
and although they have the mineralogical characteristics of skarn rocks,
104574 has a Ti/Zr ratio and concentrations of Ti and Zr (immobile
elements) which suggest it had a basaltic precursor. Both rocks appear to
have experienced extensive alteration by granitic fluids. the zoning in the
tourmaline appears to be from a more magnesian core to a more Fe-rich
composition. This change in composition possiblyoccurred in response to
dilution of Mg in the original rock by relatively Fe-rich fluids.

Percentage abundance (%)
70
30
<1

Mineralogy: interlocking prismatic crystals of tremolite (0.3 - 0.5 mm long)
which often exhibit simple twinning occur in the interstitial areas between
large (l - 2 mm) xenoblastic aggregates of tourmaline. The latter comprise
aggregates of prismatic crystals which commonly display colour zoning
from pale buff to blue-green cores to pale brown to dark brown rims.
Sometimes the complete aggregate shows a rim of the darker brown
pleochroic variety. Fine randomly oriented trails of granular sphene (0.1 ­
0.2 mm) occur as inclusions within the tourmaline and also as slightly
coarse aggregates with the interstitial tremolite.

The rock is largely devoid of opaques except for a few angular
fractured grains of magnetite (0.1 mm).

Thin-section:
Mineral

tourmaline
tremolite
magnetite
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I
ISAMPLE 104620

Hand-specimen: amphibolite cut by a coarse vein of chlorite and albite,

Genetic interpretation: this sample appears to be a metamorphosed mafic
volcanic that has experienced several episodes of deformation and
metamorphism to amphibolite facies grade. There seems to be minor
evidence of retrogression in the form of actinolitic rims on some of the
higher pressure-temperature amphiboles. This rock has not experienced
the very high strain which characterises many of the other metamorphosed
mafic rocks.

Mineralogy: a very weak foliation is indicated by the preferred orientation of
intergrown prismatic amphibole crystals (0.1 - 0.2 mm long) although there
is some evidence of a second foliation direction perpendicular to the first.
The amphibole is pleochroic from a deep blue-green to a buff colour,
occasionally wi th narrow pale-green actinolitic rims.

Plagioclase is usually untwinned or rarely albite twinned, and
occurs as small (0.05 - 0.1 mm) xenoblastic grains with slightly sutured
margins. Sphene occurs in granular aggregates which are not significantly
strung out or aligned. Euhedral octahedra of magnetite (0.03 - 0.1 mm) are
disseminated throughout the rock.

The section is traversed by several coarse-grained veins rich in
albite, chlorite and quartz with subordinate apatite and magnetite.

The plagioclase occurs as tabular crystals (0.3 - 1 mm) with albite
twinning which is commonly bent indicating mild deformation since their
emplacement. Chlorite occurs as decussate aggregates interstitial to the
feldspars or in pods with minor associated green-brown biotite. Apatite
occurs as large (0.5 - 2 mm) individual crystals with the feldspar but is
distinguished by an unusual cloudy alteration (Fig. 11). This is the only
occurrence of apatite observed in any of the rocks studied, and although
uncommon, does occur as large hydrothermal crystals in the Mt Lyell ore
body.

One of the veins also contains elongate quartz crystals with sutured
margins that are oriented perpendicular to the vein walls. The veins are
clearly cross-cutting the host amphibolite and the lower apparent strain
levels they have experienced suggest a late-deformational timing for their
emplacement.

A few porphyroblasts of magnetite occur within the veins and
several straddle the boundary between the vein and the host minerals,
suggesting that this coarse magnetite crystallised very late.
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Thin-section:
Mineral

plagioclase
amphibole

sphene
magnetite

Vein
albite

chlorite
apatite
biotite

Percentage abundance (%)
50
45
3
2

70
25
4
1



ISAMPLE 104635

370213

Hand-specimen: banded amphibolite with alternating amphibole and
plagioclase-rich bands.

Percentage abundance (%)
65
20
15
5
3
2

Mineralogy: tabular to xenoblastic porphyroclasts of plagioclase (0.1 - 0.3 mrn)
display subparallel alignment and are wrapped around by thin layers of
intergrown chlorite which define a strong foliation. Elongate pods or
aggregates of strongly recrystallised quartz grains also occur between layers
relatively rich in chlorite which have associated prismatic crystals of
epidote.

Magnetite occurs disseminated throughout the rock as elongate
irregular grains and only rarely with octahedral outlines.

Thin-section:
Mineral

albite
chlorite
quartz
epidote

magnetite
sphene

Genetic interpretation:this rock may have been a relatively evolved
intermediate to mafic volcanic with a greater proportion of felsics to mafics
than 104620. This specimen has also been subjected to much greater strain
resulting in the substantial granulation of feldspar and magnetite and
recrystallisation of quartz. Original higher grade phases (eg. amphibole)
appear to have been completely retrogressed to chlorite and epidote.
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Hand-specimen: quartz-feldspar-chlorite-muscovite schist.

37021/1
I_SA_MP_L_E_1.:...:.0~46:..:.3..:..6 1

Percentage abundance (%)
55
30
10
5

<1
<1

Mineralogy: untwinned or simply twinned albite occurs in augen shaped
aggregates which are draped by thin continuous bands (0.1 - 0.2 mm wide)
of intergrown chlorite and muscovite. These bands are separated by layers
of elongate quartz aggregates which have intricately sutured margins and
undulose extinction. Individual feldspar grains in the aggregates often
have aligned or curved rows of inclusions which indicate substantial
rotation of the porphyroclasts during shearing.

Genetic interpretation: this rock could have been a quartzo-feldspathic
sedimentary rock with interlayered pelitic bands or a granitic intrusive. The
presence of relict plagioclase porphyroclasts is not definitive, however the
relative abundance of muscovite would suggest a more potassic precursor
than the sodic trondhjemite intrusives such as 104596, 104597 and 104598.
This rock has been subjected to very high strain and is very sheared. This is
consistent with the field observations. However, the quartz- muscovite­
rich mineralogy is more consistent with a sheared psammo-pelitic schist
than a sheared mafic volcanic rock.

Thin-section:
Mineral
quartz

plagioclase
muscovite

chlorite
sphene
zircon
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Hand-specimen: unfoliated amphibolite rich in amphibole and plagioclase.

ISAl\1PLE 104637

Percentage abundance (%)
55
25
10
5
3
2

Thin-section:
Mineral

amphibole
plagioclase

epidote
chlorite

carbonate
garnet

Mineralogy: this rock does not display a foliation or any preferred mineral
orientation. It consists of felted masses of prismatic amphibole crystals (0.1 ­
0.5 mm and up to 3 mm long). The amphibole is pleochroic from deep blue
to a buff colour with an intermediate pale lilac colour. Narrow rims of pale­
green actinolitic amphibole represent a retrogressive phase. The blue-green
amphibole in this case is probably a ferro-actinolite in view of its relatively
high 2V (_70°), and high birefringence compared with the blue-green
amphiboles from some other mafic schists which have optical
characteristics transitional to glaucophane. The amphibole-rich aggregates
also contain clots of decussate green chlorite, aggregates of pale brown
idioblastic garnet and sphene (Fig. 12).

The remaining areas are dominated by untwinned plagioclase
feldspar and abundant prismatic or granular epidote plus minor amounts
of garnet. The plagioclase occurs as relatively large (0.3 - 0.5 mm)
xenoblastic grains including the epidote and garnet, as well as some
strongly zoned amphibole crystals. The epidote is also typically zoned
having cores with a pink to pale brown pleochroism rimmed by narrow
zones of more typical pale green to yellow pleochroic epidote. The cores are
likely to be Mn-rich piemontites which would suggest that the garnets are
also Mn-rich.

Genetic interpretation: the rock has experienced very little strain compared
with 104636. In view of the close proximity of the samples in the field, their
different textural features would suggest that 104637 was emplaced after the
main deformation events. Alternatively it may represent a kernel of
material that escaped the high strain which was preferentially taken up by
the enclosing rocks.

It is difficult to determine from the mineralogy alone whether the
precursor of this rock was a mafic volcanic or intrusive or some sort of
calcareous metasediment. Some geochemical data (eg. Ti/Zr values) would
help resolve this problem. However, the presence of Mn-rich epidotes and
probably Mn-rich garnets would suggest some metasomatic modification of
the rock, as these are both common skarn-related phases.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•



Q '"" 0 2 ., G.~.., ...1 .1

Fig. 12. Aggregate of idioblastic garnet crystals with blue-green amphibole,
epidote and chlorite. Sample 104637. Magnification x100, PPL.

Fig. 13. Transposition of an early cleavage by the horizontal cleavage,
delineated by the parallel platy muscovite and chlorite. Sample AP1 70.7.
Magnification x100, CPL.



Hand-specimen: leucocratic medium grained silicic intrusive rock with
minor disseminated magnetite, pyrite and tourmaline veins.

O~UJ 370217
I=..:SA..:.:MP=..:L=E~1.:..046=38=---- 1

Genetic interpretation: This particular sample is very similar to the other
'sodic granitoid' samples described by Minpet Services (and again in this
report) ie. 104566,104596 - 104598.

The tourmaline in this sample is similar to that occurring in veins
within 104598, however the different pleochroism in samples 104617 and
104574 suggest a different composition, probably more magnesian. This
would be consistent with the reaction of the introduced fluids with a
moderately Mg-rich basaltic precursor, in contrast to the Mg-poor sodic
granitoid host. The inferred Fe-rich schor! composition of the tourmaline
from the granitoids would reflect the Fe-rich nature of the introduced
fluids. This is the most common type of tourmaline developed around
granitic intrusives, and these veins may in fact be derived from late-stage
fluids evolved from unsolidified parts of the same intrusive.

Mineralogy: this sample consists of xenoblastic to tabular plagioclase crystals
(0.3 - 1 mm long) which have albite twin lamellae that are bent and hence
exhibit variable extinction. The plagioclase crystals often have sutured
margins and if not intergrown are typically separated by fine aggregates of
recrystallised quartz. The quartz exhibits strain extinction and tends to
occur in elongate aggregates with a consistent preferred orientation.

Other intergranular phases include minor prismatic crystals of blue­
green amphibole (0.1 - 0.2 mm long), aggregates of chlorite and sphene and
idioblastic zircon crystals. Octahedral crystals of magnetite (0.1 - 0.2 mm) are
also disseminated throughout.

The section is also transected by two veins of tourmaline (0.1 - 0.3
mm wide). The tourmaline shows concentric colour zoning in sections
normal to the c-axis from greenish brown margins to almost black in the
core. The pleochroism is from dark greenish-brown to a reddish-brown.
Introduction of the tourmaline has caused some oxidation of the magnetite
porphyroblasts to hematite. Several prismatic tourmaline crystals appear
bent and have therefore probably experienced some dislocation
metamorphism. The bulk of the rock has experienced moderate levels of
strain resulting in the recrystallisation of quartz and destruction of any
primary igneous textures.

Percentage abundance (%)
65
30
1
1
1

<1

2

Thin-section:
Mineral

plagioclase
quartz

magnetite
chlorite
sphene
zircon
Vein

tourmaline
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370218

PETROGRAPHIC DESCRIPTIONS OF IRONSTONES

AND HOST ROCKS FROM THE ALPINE AREA.



Genetic interpretation: the precursor to this specimen was probably a thin
bedded mudstone/siltstone with alternating layers relatively enriched in
quartz, feldspar and clays. The present banding is unlikely to reflect the
original bedding, considering the rock has been subjected to quite high
strain and multiple deformation and recrystallisation events.

Mineralogy: this is a strongly foliated rock consisting of layers relatively
enriched in muscovite which alternate with relatively quartz- and
carbonate-rich layers. Untwinned or simply twinned xenoblastic to tabular
grains of plagioclase exhibit evidence of rotation and are wrapped by
intergrown crystals of muscovite and chlorite. The muscovite-rich layers
vary in thickness (up to 2.5 mrn) and exhibit a strong preferred orientation
or crenulation cleavage. They are separated by relatively quartz-rich layers
in which the muscovite and chlorite are oblique to the dominant 52
foliation and depict the refolded 51 foliation (Fig. 13).

The presence of small scale kink folds in the muscovite-chlorite­
rich layers which depict 52 suggest the presence of a third minor
deformation event.

The quartz-, feldspar- and carbonate-rich layers have abundant
quartz occurring as slightly elongate and sutured grains with ubiquitious
strain extinction. Some of the carbonate occurs as similarly elongate grains
with strain extinction, however there are also some larger xenoblastic pods
which exhibit no evidence of strain. These may have crystallised late-syn or
post-deformation. Some unstrained carbonate appears to have been
remobilised into late fractures which are oriented approximately
perpendicular to the implied stress direction of the youngest deformation
event. A few ring grains of tourmaline and zircon are scattered throughout
the rock.

Hand-specimen: quartz-muscovi te-chlorite schist.

Thin-section:
Mineral
quartz

muscovite
carbonate

plagioclase
chlorite
pyrite
zircon

tourmaline

370219

Percentage abundance (%)
40
35
15
5
5

<1
trace
trace

70.7m
O ". 'f " .,... .ISAMPLE API
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Host-rock: The host-rock is a plagioclase-muscovIte-quartz ± K-spar ±chlorite
± pyrite ± sphaierite schist, with minor tourmaline, magnetite and
carbonate. It is severely strained, exhibiting an early slaty cleavage
overprinted strongly at a high angle by muscovite and highly preferred
orientations of quartz. A uniform sinistral movement sense is suggested by
the S-C relationships associated with the second cleavage, particularly
around knots of quartz feldspar and clots of pyrite. Sphalerite occurs as fine
(l0-15 j.lm) disseminated grains throughout the host.

GJD

370220

Size (j.lm)
150
80
<5

20-25
5-10
10-15

Pyrite-filled vein, shear or band.

Percentage abundance (%)
80
20

<0.5
-0.5
<0.5
<0.5

77.0m

Hand-specimen: A pyrite-filled vein or shear 1.5 ern wide containing small
slivers of wallrock (with a sinistral shear sense to their shapes) hosted
within a plagioclase-quartz-muscovite schist containing a moderately well­
developed differentiation cleavage. Thin (2 mm wide) carbonate ± pyrite
veins anastomose at a high angle to the foliation. They do not cross-cut the
pyrite zone.

Thin-section:
Mineral

Pyrite
Carbonate

Chalcopyrite
Sphalerite
Pyrrhotite

Galena

Pyrite Vein/Shear: This feature is notable for the absence of magnetite, and
the presence of fine sphalerite as rounded inclusions in pyrite. Such
sphalerite is dotted with fine chalcopyrite inclusions (chalcopyrite
'disease'). Galena and sphalerite have a similar included form, and all are
in syn-metamorphic equilibrium with coarse pyrite. Pyrite itself occurs as
coarse primary fragments which exist as larger kernels amongst finer
fractured pyrite embayed by carbonate, quartz, and minor sphalerite. At the
edge of the sulphide zone, pyrite forms thin slivers and trains around
lenses of strongly reshaped muscovite. An important observation is that
massive muscovite occurrences are confined to the interior of the pyrite
zone, or to 1 em of one margin of this zone, which may therefore have
constituted a former sericitic alteration selvedge which has been
recrystallised.

The younger vein which transects host-rock, but not sulphide,
contains carbonate ± pyrite, with ubiquitous and comparatively coarse
sphalerite (with inclusions of chalcopyrite). This vein seems likely to
predate the main pyrite-sphalerite zone, because pyrite would commonly
fracture brittly, as it has elsewhere in the collection. This relationship, and
the parallelism of the major pyrite vein with the cleavage, is the best
evidence for its epigenetic origin, but in detail the grain-textures are
ambiguously syn-tectonic.

ISAMPLE API
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Hand-specimen: Massive granular pyrite containing uncommon quartz-filled
fractures.

Mineralogy: This is a relatively less-deformed rock compared to others within
the examined suite.

Pyrite takes two forms: (1) very coarse zones 0.5 - 2cm across with
obvious carbonate-filled extension fractures, and (2) fine recrystallised
pyrite in a carbonate-sphalerite-quartz matrix, where pyrite forms euhedral
cubes averaging 150 J.Lm across, surrounded by splinters of finer sphalerite
(Fig. 15). The contact between the two is relatively sharp, with few
gradational fragment sizes, but in places there is clear evidence of
separation of small pieces away from the main pyrite nucleus, as of icebergs
calving from a stable icesheet (not intended to be an analogous processl).

Sphalerite is mainly confined to the second textural association, of
which it comprises -20%, and may have facilitated the recrystallisation of
the pyrite. Minor sphalerite, galena, pyrrhotite and chalcopyrite occur as
rounded inclusions in coarse pyrite in syn-metamorphic equilibrium.

There is no evidence at the slide scale of the growth of this pyrite by
replacement of magnetite, because no relict magnetite is anywhere evident.

Thin-section:
Mineral

Carbonate
Quartz

Muscovite
Sphalerite
Pyrrhotite

Galena
Chalcopyrite
Tourmaline
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ISAt\1PLE API 81.7m Massive pyrite

Percentage abundance (%)
10
2
2

3-5
tr
tr

<0.5
tr

Size (J.Lm)
120
120
30

100
10
10
10
4

370221



Fig. 15. Granulation of pyrite and recrystallisation as idioblastic porphyroblasts
in a matrix of sphalerite (light grey) and carbonate (dark grey). Sample
API 81.7. Magnification xl00, RL.

Fig. 16. A vein zoned from carbonate at the margins to quartz and chalcopyrite
in the centre. The vein transects pyrite and magnetite but there is no
evidence of sulfidation of magnetite or alteration of pyrite by chalcopyrite.
Sample API 85.0. Magnification xl00, RL.



ISAMPLE API 85.0 m Strongly foliated pyrite-magnetite ± chalcopyrite GJD

370223

Hand-specimen: A strongly foliated rock in which crudely defined bands of
pyrite are distinctively separate from these rich in chalcopyrite-quartz, and
a single which (2cm) pyrite-magnetite layer.

Mineralogy: Pyrite and magnetite are closely intergrown in this slide,
although this was not apparent in the hand-specimen. The extent of
deformation is strong, but not as severe as found in AP2 sections.

Chalcopyrite, as noted in hand-specimen, is confined either to more
siliceous zones between pyrite layers, or to discrete, late-tectonic, cross­
cutting veins (-2mm wide) zoned inward from carbonate to polygonal
quartz + coarse chalcopyrite (Fig. 16). This vein-type transects pyrite, but
adjacent chalcopyrite shows no tendency to react or replace this pyrite.
Chalcopyrite confined to more siliceous bands forms intricate networks
defining quartz grain boundaries; these arrays have a broad linear
concentration at - 50° C to the main foliation. No evidence was found of
replacive relationships between pyrite and magnetite. Either pyrite formed
subhedral crystal in a magnetite matrix, or the two were inextricably
intergrown. Within the thickest band, pyrite forms irregularly shaped
fractured aggregates with distinct magnetite cusps.

In several areas, carbonate displays uncharacteristically matchstick­
like morphology, suggestive of replacement of deformed muscovite during
tectonism.

Size (~m)

100
120
100
80
50
120
250

Percentage abundance (%)
40
40
8
10
2
tr.
tr.

Thin-section:

Mineral
Pyrite

Magnetite
Carbonate

Quartz
Chalcopyrite
Muscovite

Barite
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Hand-specimen: strongly foliated psammo-pelitic schist.

\SAlV1PLE API 85.4m

370224

Percentage abundance (%)
20
60
10
6
2
2

Mineralogy: this section contains superb examples of chloritic pseudomorphs
after classic snowball garnet porphyroblasts (typically 0.5 - 1 mm). The
evidence for rotation (about 95°) is retained by curved inclusion trails of
quartz. The pseudomorphed porphyroblasts are wrapped by chlorite (and
minor relict biotite) which define the strong foliation; together with trails
of sphene and elongate magnetite grains. The latter are likely to be a
residue from the retrogression of prograde biotite to chlorite. Elongate
quartz crystals are the other major phase and they exhibit preferred
directional orientation due to plastic deformation and recrystallisation.

Ge.'letic interpretation: The prograde assemblage for this specimen was
probably a garnet-biotite-quartz schist, suggesting amphibolite facies
regional metamorphism. Subsequent retrogression has produced a
greenschist assemblage. the precursor for this specimen was most likely a
quartzo-feldspathic sediment.

Thin-section:
Mineral
chlorite
quartz

plagioclase
sphene
biotite

magnetite
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Hand-specimen: A well-banded sulphide-oxide dominated rock, in which
individual undulating bands 1 to 2 mm thick are alternatively pyrite-rich
and poor. Pyrite mobilisation into fine cross-fractures and some possible
boudinage is evident.

Mineralogy: Textural relationships are for the most part not diagnostic of the
formative processes in this rock because of substantial tectonic and
metamorphic overprint. What appeared to be layering at hand-specimen
scale resolves to networks of pyrite and chalcopyrite parallel and
perpendicular to the foliation. Most components are subhedral, related in
part to moderate degrees of recrystallisation, and in part to crystal
fragmentation during deformation, suggesting tensile fracturing
perpendicular to compression. Quartz is markedly undulose, with
polygonal subgrain development. Some carbonate-magnetite fractures
have subsequently been folded. 1% of the magnetite is present as
porphyroblasts, which can contain complex trails of fine inclusions.

Moderately well-defined compositional bands are nevertheless
present for all components, e.g., carbonate-dominated bands contain no
quartz, less magnetite, and more pyrite than elsewhere. Chalcopyrite is
disseminated throughout the rock, but displays no particular exclusion to
other phases, for instance carbonate zones are not enriched or depleted in
chalcopyrite, and all phases make contact with chalcopyrite somewhere in
the slide.

Of greatest interest is the relationship between pyrite and magnetite,
and between pyrite and chalcopyrite. Within the slide isolated instances of
replacement between these phases exist, but mainly ambiguous or
metamorphic equilibrium textures dominate (Fig. 17).

Overall the rock is interpreted as a tectonised and recrystallised but
pre-exis ting ore.

Well-banded pyrite-magnetite rock GJD

Size (~m)

40
100
80
120
60
60
25
40

Percentage abundance (%)
40
38
20
10
0.5
tr.
tr.
tr.

Thin-section:
Mineral

Magnetite
Quartz
Pyrite

Carbonate
Chalcopyrite

Chlorite
Hematite

Tourmaline

ISAMPLE API 88.1 m
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Fig. 17. Typical late syn-deformational intergrown
metamorphic equilibrium between pyrite, magnetite
Sample API 88.1. Magnification XSO, RL.

texture showing
and chalcopyrite.

Fig. 18. Replacement of idioblastic magnetite by carbonate post-peak
metamorphism. Sample API 92.5. Magnification x200, RL.



Hand-specimen: banded quartz-magnetite-carbonate rock.

370227

ISAlvIPLE API 90.5m

Genetic interpretation: the mineralogy of this sample is consistent with an
origin as an iron-bearing siliceous submarine exhalative. The carbonate
appears to be a relatively late alteration feature. The pyrite and chalcopyrite
appear to be in textural equilibrium with magnetite and there is no
evidence that they are associated specifically with the carbonate or that they
are replacing magnetite.

Percentage abundance (%)
52
25
20
2
1

<1

Mineralogy: this sample displays a weak banding of alternating relatively
quartz-rich and magnetite-rich bands. The quartz-rich bands are composed
of xenoblastic aggregates of quartz (0.1 - 0.3 mm) which display strained
extinction and sutured margins but which are not particularly elongate or
aligned. Sporadic biotite crystals do not show a preferred orientation.
Carbonate is abundant and occurs in irregular patches and as veins cutting ­
across the weak banding.

The magnetite-rich layers consist of an increased abundance of
idioblastic magnetite crystals (0.03 - 0.1 mm) and fractured grains, together
with quartz, carbonate and minor biotite. ldioblastic cubes of pyrite (0.1 - 0.3
mm) and minor xenoblastic grains of chalcopyrite are concentrated in
several of the magnetite-rich layers.

Thin-section:
Mineral

quartz
carbonate
magnetite

biotite
pyrite

chlorite
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Hand-specimen: A complex zone of massive pyrite, deformed vein quartz,
vein pyrite, and two distinct magnetite bands 0.5 and 2cm wide, with
probable zones of pyrite replacement.

Genetic interpretation: In summary, there is evidence that pyrite and
magnetite recrystallised in equilibrium throughout the metamorphic
history, whereas some carbonate infiltration replaced magnetite after peak­
metamorphism, and prior to brittle fracture development.

Mineralogy: Surprisingly, this slide contains good evidence of equilibrium
metamorphism of pyrite in contact with magnetite, and also the best
available evidence of the replacement of euhedral magnetite, in the
presence of pyrite, by carbonate (Fig. 18).

In general, textures are deformed, but less so than in other slides, on
the basis of the preferred elongation of quartz. Much of the opaque matrix
consists of interlocked recrystallised quartz and carbonate, with rare flecks
of green biotite retrogressed to chlorite. In one small portion of the slide,
this forms a thin monomineralic discontinuous band.

Euhedral magnetite is commonly intergrown with anhedral pyrite,
a relatively unusual texture in the collection provided. This relationship is
destroyed when carbonate has infiltrated and preferentially replaced
magnetite leaving unaltered pyrite, a carbonate magnetite pseudomorph,
and anhedral wisps of magnetite relicts. At its most extreme, only a sieved
pyrite-carbonate aggregate remains. Splinter-like trains of carbonate within
quartz are also likely to indicate replacement of a sheet silicate.

Pyrite is commonly fractured sub-perpendicularly to the
predominant fabric, with infiltration of carbonate into fractures. Minor
chalcopyrite also occurs in these sites (Fig. 19). A final event in the rock
history was the development of fine continuous brittle fractures which
have locally channelled carbonate and quartz deposition through the
magnetite zone, and are sites of millimetric displacement. These are the
only sites in the rock which contain coarse chalcopyrite, although this is
not common.

Complex massive pyrite and vein quartz

Size (IJ.m)
100
60
130
50
50
80

Percentage abundance (%)
35
20
30
15
tr.

<0.5

Thin-section:

Mineral
Pyrite

Magnetite
Carbonate

Quartz
Chlorite/biotite

Chalcopyrite

ISAJ.\tfPLE AP1 92.5 mI
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Fig. 19. Typical cataclastic texture with chalcopyrite along grain boundaries
and filling fractures in pyrite. Magnetite is also being replaced by
carbonate. Sample API 92.5. Magnification x100, RL.

Fig. 20. Magnetite replacing carbonate along twin planes (?). Sample AP2 56.1.
Magnification x100, RL.



Hand-specimen: graphitic-quartz-sericite phyllite.

ISAMPLE AP196m

370230

Percentage abundance (%)
43
40
12
2
2
1

<1

Mineralogy: This sample has a strong foliation defined by parallel bundles of
muscovite/sericite which have associated fine graphite. This imparts a dark
colour to the sericite-rich bands in hand specimen. Intervening quartz-rich
bands (or elongate pods) consist of elongate quartz crystals (0.1 - 0.2 mm
long) with sutured margins, undulose extinction and a strong preferred _
directional orientation. The quartz in the matrix is somewhat finer-grained
(0.01 - 0.02 mm). Carbonate appears to have completely replaced plagioclase
porphyroblasts which were wrapped by the muscovite foliation.

There is abundant evidence in the section for a second deformation
which has produced small scale assymetric folds of 51 with localised
development of a crenulation cleavage. The initial phase of deformation
involved high strain as evidenced by the strong foliation and plastic
deformation of the quartz. The subsequent folding of this foliation seems to
have been short-lived and characterised by lower strain.

Thin-section:
Mineral

muscovite
quartz

carbonate
chlorite
graphite

magnetite
sphene

Genetic interpretation: the precursor to this rock was probably a mixed
psammitic-pelitic sedimentary rock ie. interbedded thin quartzo-feldspathic
and mudstone layers.
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Hand-specimen: A complex of pyrite, pyrite-carbonate veins, and pervasive
pyrite alteration imposed on a dark fine-grained lithology.

Genetic interpretation: A broad paragenetic sequence is suggested from relict
textures. The most likely precursor was a silicified carbonaceous sediment,
still preserved as disoriented kernels resulting from brecciation.
Silicification may therefore have been the earliest hydrothermal event to
affect the rock. Initially minor carbonate-chalcopyrite developed, followed
by major carbonate-pyrite alteration and magnetite replacement of
carbonate (Fig. 20). The latter has resulted in well-developed fan-fabrics in
which magnetite has replaced the cleavage of sprays of carbonate. As a late
stage or metamorphic process, most pyrite was embayed by carbonate, as
was recrystallised quartz. Chalcopyrite locally replaces pyrite along fractures.

Mineralogy: This rock is dominated by alteration-related carbonate and pyrite,
which has experienced strong brittle-ductile deformation.

Deformation is reflected as a strong preferred fabric in the original
rock, affecting all hydrothermal components. The fabric is partitioned into
zones of severe foliation (l to 3 mm wide) in which pre-existing textures in
carbonate are pervasively flattened, between more granoblastic fabrics.
Pyrite and magnetite have mainly been brittly fractured and brecciated,
with the fracture-filling by carbonate. Carbonate surrounding larger relict
pyrite has recrystallised to polygonal grains. It is evident from the varying
degrees of internal deformation, that the obvious cross-cutting carbonate
veins (1 - 4 mm wide) developed at different stages during the
deformational history, but none are wholly devoid of the effects of
tectonism.

37'0231

Size (jJ.m)
10

300
100
100
30
<5

Percentage abundance (%)
75

-16
-7
-7

-0.25

Complex pyrite-carbonate veins in a dark matrix GJD I

Thin-section:
Mineral

Carbonate
Pyrite

Magnetite
Quartz

Chalcopyrite
Carbonaceous matter

ISAMPLE AP2 56.1m

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
~
•



Hand-specimen: A strongly foliated rock consisting of discontinuous 1 to 5
mm thick bands of red jasper, pyrite and mag-qtz. Some layers are clearly
tightly folded, with transposition evident parallel to layering. At this scale
it the rock has been severely tectonised with a strong sense of simple shear.

Genetic interpretation: No paragenetic importance is attached to the grain­
scale replacement textures because of the clear dominance of the tectonic
overprint; there is no strong evidence favouring a late tectonic
introduction of metals or carbonate. Notably, these textures are far more
strained than those of API, and also do not contain signs of brittle
fragmentation.

Mineralogy: The section is dominated by severely deformed sub-mylonitic
microtextures in which phases are ambiguously related to one another
paragenetically. Red chert-like bands in hand-specimen are here resolved as
discrete layers of deformed carbonate containing a multitude of ultra-fine
hematite inclusions, most of which cannot be seen at 400 X, but which are
inferred to be hematite from the constellations of strong red internal
reflections. Thin mylonites (0.2 - 0.4 mm wide) probably represent local
transposition zones, with a dextral shear sense.

Throughout the slide quartz exhibits marked grain-size reduction,
common severe undulose extinction with new grain growth at - 45° to the
foliation, and lobate to serrated grain-boundaries. Carbonate has
recrystallised to a greater degree, and in places "splinters" of carbonate are
interpreted as carbonate twins which have separated and continued to
individually deform.

Magnetite occurs as euhedra along quartz-carb grain boundaries, but
is more common within the carbonate. Pyrite and cpy are more domainal
within the fabric, in zones in which qtz is more common than carbonate.
Chalcopyrite is found mainly at the edges and within cracks in pyrite, with
very local evidence of replacement.

A strongly foliated jasper-pyrite-mag rock GJD

370232

Size (J.Ull)

120
80
160
100
20
50
30
40
120

Percentage abundance (%)
50
15
5
25
2-5
<1
1-3
<1
<1

Thin-section:
Mineral
Quartz

Magnetite
Pyrite

Carbonate
Goethite

Chalcopyrite
Hematite
Chlorite

Plagioclase

ISAMPLE AP2 61.3 m
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Hand-specimen: A foliated magnetite-pyrite-siderite-silicate rock in which the
constituents occur in fine ragged bands (l to 10 mm thick), continuous at
the core-width scale. Some reddish carbonate bands have pyrite bands
symmetrically disposed at either contact, suggestive of vein and selvedge
relationships. A prominent magnetite porphyroblast or fragment 1.5 em X
2.5 em has deformed brittly, and is wrapped plastically by sulphide and
carbonate bands.

Mineralogy: Compositional bands which were relatively discrete in hand­
specimen seem less so in thin-section; nevertheless, some thick
compositional bands seem to represent an original layering despite a strong
tectonic textural overprint. On a fmer scale it is evident that this banding is
also close to the plane of deformational flattening. In places an earlier
foliation is defined by folded and recrystallised mag-carb layers, in panels
bounded by the later dominant foliation, which is sub-mylonitic.

Original fragments or metamorphic porphyroblasts of magnetite
developed prior to the main foliation, subsequently behaving brittly while
sulphides and carbonates flowed around them. A dextral shear sense is
indicated.

For the most part py, cpy, mag and carb are in syn-tectonic
equilibrium. However, there were several clear examples of rnillimetre­
scale replacement of magnetite by pyrite, and magnetite by carbonate,
associated with the brittle extension of magnetite during shearing. Some
pyrite has clearly replaced magnetite in ribbons parallel to the foliation (Fig.
21). More clearly, pyrite is only present in mag porphyroblasts/fragments,
within tensile quartz-filled fractures and clustered around grain
margins(Fig. 22), evidencing some mobility during tectonism. Lastly,
tendrils of siderite have replaced magnetite around tensile fractures in
isolated instances, and there is evidence of carbonate filling a flexural slip
dilation zone.

It is vital to see that these are only instances, whereas most of the
fabric is in syn-tectonic textural equilibrium.

Finely foliated/banded mag-py-siderite GJDI

370233

Size (1J.lI1)
150
60
80
100
40

Percentage abundance (%)
30
25
25
20
<5

Thin-section:
Mineral

Magnetite
Carbonate

Quartz
Pyrite

Chalcopyrite

ISAMPLE AP2 67.7 m
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Fig. 21. Minor sulfidation of magnetite along fractures, late syn­
deformational. Sample AP2 67.7. magnification x200, RL.

Fig. 22. A magnetite clot with tension gashes from fracturing, into which
there has been some remobilisation, or sulfidation by pyrite. Sample AP2
67.7. Magnification xl00, RL.



Hand-specimen: moderately foliated psammo-pelitic schist.

370235

jSA.'vlPLE AP2 68.4 m

Percentage abundance (0/0)
73
15
5
5
2

<1

Genetic interpretation: the precursor to this sample was probably a quartzo­
feldspathic sedimentary rock which may have been derived from a silicic
volcaniclastic, or a weathered sodic granitoid. The rock has experienced
quite high strain resulting in the granulation and recrystallisation of
feldspar, quartz and chlorite. Subsequent defonnation has caused
moderately open folding of the initial foliation.

Mineralogy: intergrown elongate crystals of quartz (0.3 - 0.7 mm long) which
show strain extinction and extensively sutured grain margins are abundant
and in some cases are recrystallised into finer grained aggregates (0.01 - 0.03
mm).

Dispersed plates of chlorite are aligned subparallel to the elongate
quartz crystals and define a foliation which has been folded on the scale of _
the thin section. Xenoblastic to tabular porphyroclasts of feldspar have been
occasionally replaced by carbonate aggregates. The orientation of the tabular
plagioclase grains suggests some rotation during defonnation. Carbonate
aggregates are also disseminated throughout the rock which are not
obviously related to pre-existing feldspar grains.

A thin layer (0.2 - 2 mm) of carbonate plus magnetite and minor
sericite occurs within the quartz-rich matrix which is parallel to the general
foliation and has been folded. The magnetite and carbonate both occur as
xenoblastic grains and this layer may have originally represented a vein
which has subsequently been recrystallised. There is very little
disseminated magnetite through the rest of the rock.

Thin-section:
Mineral
quartz

feldspar
chlorite

carbonate
magnetite

sericite
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Hand-specimen: Semi-massive pyrite kernels 1 - 4 cm across separated by
cuspate magnetite-quartz-siderite zones, broadly parallel and defining a
preferred fabric.

Mineralogy: The orientation of the slide has selectively intersected a 2 em
wide higher strain zone in addition to the dominant lower strain texture of
the semi-massive pyrite. High strain is reflected in a very strong preferred
orientation, marked sub-grain development and sutured boundaries of
quartz and carbonate orientations in pressure shadows. Quartz
predominates in the non-pyrite zones. In the high strain zone pyrite and
magnetite occurs in 0.5 to 2an long trains parallel to the foliation, in detail
consisting of fragmented and separated grains in a quartz-carb matrix.

The more massive pyrite aggregates are in detail highly sieved and
cracked, with widespread evidence of replacement by carbonate and quartz
inwards from cracks. At its most extreme, this process has resulted in the
isolation of small sutured and embayed pyrites in a matrix of carbonate,
quartz and magnetite.

There is evidence that some magnetite has replaced deformed
sprays of recrystallised carbonate in this area.

Chalcopyrite has an interesting occurrence. Whilst some occurs on
fractures and as inclusions in the massive pyrite, most is found in the
carbonate-qtz matrix, both in the sheared and less-sheared portions of the
slide. Approximately half of any cpy grain has been replaced about its
margins by covellite and some chalcocite, which given a lack of similar
replacement in cpy at higher levels in the drillhole, may be evidence of a
discontinuity or fault, open to surface waters nearby.

Semi-massive pyrite and mag-qtz-siderite GJD
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ISAMPLE AP2 70.0 m

Thin-section:
Mineral

Pyrite
Carbonate

Quartz
Magnetite
Chlorite

Chalcopyrite
Covellite

Percentage abundance (%)
50
30
10
10
1-2
<1

Size (~)
150
80
100
80
60
100
"

370236



ISA.LYfPLE AP2 70.9 m

370237

Hand-specimen: moderately banded quartzo-feldspathic rock containing a
significant amount of sideritic? carbonate. The carbonate occurs partly
parallel to banding but is also transgressive and is cut by later quartz veins.

Percentage abundance (%)
45
30
15
8
2

<1
<1

Mineralogy: the section traverses a contact between a relatively carbonate-rich
recrystallised quartzo-feldspathic assemblage and a carbonate-poor
equivalent. The carbonate-poor layer is characterised by recrystallised
aggregates of quartz and plagioclase (0.05 - 0.2 mm) with randomly oriented
crystals of chlorite (0.2 - 0.3 mm), minor aggregates of carbonate, and
accessory sphene, magnetite and pyrite. The quartz shows slightly sutured
margins and undulose extinction, the plagioclase is untwinned or exhibits
albite twinning.

In the carbonate-rich layer, the matrix plagioclase and quartz is
slightly finer-grained (0.02 - 1 mm) and the texture more granoblastic
polygonal. The carbonate occurs in coarse aggregates (0.3 - 1 mm) closely
associated with fine (0.05 mm) aggregates of sphene. A narrow vein (0.15
mm) cutting this part of the section is characterised by muscovite,
magnetite, chlorite and sphene, and a relatively wide cross-cutting vein is
rich in quartz and carbonate.

Genetic interpretation: the equigranular -polygonal texture of this sample and
the random orientation of the platy minerals (eg. chlorite) indicate
recrystallisation occurred under low strain conditions compared with
many of the samples from this area. Carbonate is abundant, but there is a
distinct paucity of Ca-bearing metamorphic phases such as actinolite or
epidote, even though the rock has experienced metamorphic
recrystallisation probably under lower greenschist facies. This suggests that
much of the carbonate is very late and has been introduced subsequent to
peak metamorphic conditions.

Thin-section:
Mineral

albite
quartz

carbonate
chlorite
sphene

muscovite
pyrite
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370238

I,-SAM_·_PL_E_AP_2__78_._1m 1

Hand-specimen:alternating relatively chlorite-rich and quartz-feldspar-rich
banded sediment with some small scale folding evident in core.

Thin-section:
Mineral Percentage abundance (%)

chlorite-rich layers
chlorite 50

plagioclase 39
carbonate 10
sphene 1
pyrite <1

felsic layers
quartz 42

plagioclase 30
carbonate 15
chlorite 10
sphene 3

Mineralogy: this sample includes folded alternating bands which are rich in
quartz and feldspar and chlorite and feldspar respectively. The sharp nature
of the boundaries between these layers and the absence of very high strain
features suggests that these may represent original compositional banding
in a sedimentary rock.

The felsic-rich layers consist of recrystallised xenoblastic to weak!y
polygonal quartz and feldspar aggregates (0.1- 0.3 mm). Poorly aligned
plates of chlorite (0.2 - 1 mm) define a weak foliation and xenoblastic
carbonate appears to have replaced the other phases intially along the grain
boundaries and subsequently along cleavage planes in plagioclase. Quartz
displays undulose extinction and weakly sutured boundaries but does not
display a strong directional preferred orientation that is a feature of the
higher strain rocks. Minor aggregates of sphene are typically associated with
carbonate.

The chlorite-plagioclase-rich layers consist of tabular to slightly
rounded plagioclase porphyroblasts (0.5 - 1 mm) set in a chloritic matrix
which displays a weak foliation. However, many bundles of chlorite
crystals are oriented oblique to this foliation suggesting fairly low strain
conditions during metamorphism. Carbonate is relatively abundant
replacing chlorite along the cleavage direction and replacing plagioclase
around grain boundaries and along cleavages. Euhedral crystals of sphene
occur throughout the chlorite matrix.

Genetic interpretation: the precursor to this specimen was probably a
sedimentary rock comprising alternating layers of quartzo-feldspathic
material and tuffaceous material derived from mafic volcanism. The
carbonate appears to have been introduced post-deformation at relatively
low temperatures.



Hand-specimen: moderately foliated interbedded psammitic and mafic schists.

370239

IL::SA:.:M:.:.::..PL=E::...:A:.:P:..:2=---.::.;81=.5=m~ 1

65
15
10
7
3

<1
trace

80
15
3
2

Percentage abundance (%)
Thin-section:

Mineral
chlorite-rich layers

chlorite
plagioclase
carbonate
magnetite

felsic layers
quartz

plagioclase
biotite

carbonate
chlorite
pyrite

epidote

Mineralogy: the section traverses a chlorite-rich band and a quartzo­
feldspathic band which have some similarities to the layers evident in AP2
78.1m. The quartzo-feldspathic band is rich in quartz which show evidence
of recrystallisation under moderate to relatively low strain conditions. The
quartz grain boundaries are slightly sutured and there is ubiquitious strain
extinction together with dimensional preferred orientation. A moderate
cleavage is defined by subparallel aligned biotites and subordinate chlorite.
Carbonate occurs in aggregates and partially replacing plagioclase
porphyroblasts, as well as in veinlets cross-cutting the foliation.

There is a sharp contact with the chlorite-rich layer. It consists of
abundant chlorite with a strong foliation enclosing tabular to slightly
rounded plagioclase porphyroblasts (0.5 - 1.5 mm). These are either
untwinned or display simple twinning-and typically show partial
replacement by carbonate around their grain boundaries and along cleavage
planes. Elongate grains of magnetite (0.05 - 0.3 mm long) occur aligned with
the chloritic matrix with disseminated aggregates of carbonate. A few small
relict grains of epidote occur as inclusions in the plagioclase porphyroblasts.

The contact between the chloritic and quartz-rich layers displays an
increased abundance of biotite and a small amount of biotite occurs within
the mafic layer close to the contact. The lack of biotite in the chloritic layer
would appear to be a compositional effect due to the lack of potassium.

Genetic interpretation: this sample is very similar to AP2 78.1m in containing
the alternating mafic and quartzo-feldspathic layers which probably
represent interbedded psammitic sediment and mafic volcaniclastic
material.

As with the other samples, the carbonate appears to be introduced
quite late and has not taken part in the pro-grade metamorphic reactions.
The predominance of biotite over chlorite in the quartzo-feldspathic layer
of this specimen compared with chlorite only in AP2 78.1 probably
represent complete retrogression of biotite.
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Hand-specimen: compositionally banded mafic-psammitic schist.

Genetic interpretation: this sample exhibits the best examples of prograde and
retrogressive assemblages. Peak metamorphic conditions appear to have
produced a gamet amphibolite assemblage which has experienced minor to
extensive retrogression to a chlorite-plagioclase (greenschist) assemblage.
The more extensive retrogression may have occurred along very localised
shear planes accounting for the considerable variability over short
intervals of core and within the scale of this section, although the
mineralogical differences may also partly reflect original compositional
differences.

The precursor to this rock probably represents a mixed mafic
tuff/psammitic sediment, although the former appears to be the dominant
component in this sample.

Mineralogy: this specimen shows considerable heterogeneity in mineral
assemblages ranging from a chlorite-rich band (similar to those in AP2 78.1
and AP2 81.5), to an amphibole-gamet-rich band, and an amphibole-biotite­
quartz-rich zone.

The chlorite-rich band has essentially identical mineralogy and
textures to the mafic layers described for the above two samples. In this
sample, the distinction between the chloritic and adjacent bands is not
clear-cut and there is a gradational transition to an amphibole-biotite­
plagioclase-chlorite-magnetite assemblage (Fig. 14). Simple twinned
xenoblastic porphyroblasts of plagioclase (0.3 - 1 mm) are set in a strongly
foliated matrix of intergrown prismatic blue-green amphibole, platy biotite
and chlorite (which encloses elongate crystals of magnetite). The
plagioclase porphyroblasts have common oriented (but rotated) inclusions
of amphibole, chlorite and biotite.

Several coarse-grained (0.3 - 2 mm) elongate pods of quartz are
oriented parallel to the foliation. One relatively amphibole-rich band still
contains plagioclase porphyroblasts and some fractured pale-pink
porphyroblasts of gamet (0.3 - 0.7 mm).-Some of the gamets exhibit chlorite
rims and there is also clear evidence of retrogression of biotite to chlorite
plus magnetite, and amphibole to very fine-grained chlorite plus magnetite
aggregates.

Percentage abWldance (%)
30
25
15
15
10
3
1
1

Thin-section:
Mineral

hornblende
chlorite
quartz
biotite
albite

magnetite
garnet

carbonate

.ISAMPLE AP2 82m0'
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Fig, 14, Transition from chlorite-rich layer containing stringers of magnetite
and plagioclase porphyroblasts, to a band rich in amphibole, biotite and
magnetite. This same section also contains garnet, amphibole and
plagioclase together with minor retrogressive chlorite. The chlorite-rich
layer is interpreted as a thoroughly retrogressed equivalent of the
amphibole-biotite-garnet assemblage. Sample AP2 82. Magnification x50,
PPL.
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