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54 Mackintosh/fatfield LitiDgroch=mical (FT)
samples - Cr vs Zr/Ti.

TABIES

TABLE 1 samples collected for the Mackintosh/fatfield litiDgroch=mical
p:ogramne.

TABLE 2 Mean valLES for major rock types, litiDgexh:mical sampling
p:'Ogramne.

'mELE 3 Explanations fur discrepmci.es in ex content of samples frem '!able
1.
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Basaltic volcaniclastic within hangi.ng\\l3.11 basalt lavas, Ml'C-4.

Andesitic lava. Rm-feldspirFhyric and \\eakly vesicular.

Jlpparent fragmental texture dIE botrlin"'le of
Hrr80.

Pol}lllict basaltic meHun lapilli vOlcaniclastic. ~te pale green
sp:>ts of fuchsite alteration.

Ibl}lllict basaltic volcaniclastic, MPe-4. EquiValent to HIi'S at
Hell~. Andesite fragments in a cherty matrix visible in 355463.
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Andesite lava breccia interpreted to be fuotwlll to Hall~r ore
Ibsition in MPe-4.

Andesite lava breccia with Shaley matrix. Pale ~llow flecks
within black shale are sfhalerite Hrr80.

'I\.lffacrous siltstone fran interpreted Hall~r ere !'Osition, HL-80.

Glassy andesite lava.
its perlitic texture.

Switclback \blcaniclastic intersected in IX:H Ml'CDI1lI1ll. Pink to grey
fragments of dacite and wispy fragments of illite-sericite in grey
matrix of aSh and chert.

Quartz poqhyry (pink-'khaki.) in contact with fine arlosic sandstone
(grey). Mrrgin of quartz poqhyry is sericite altereL

355465

355093

355462

355463,
355464

355085

355081

355082

355089

355090,
355091

355079

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 APPENDIX A

I APPENDIX a

I
APPENDIX C

I APPENDIX D

I APPENDIX E

I APPENDIX F

I
fU'PENDIX G j

I
I

APPENDIX HI

I APPENDIX I

APPENDIX J

I APPENDIX K

APPENDIX L

I APPENDIX M

I APPENDIX N

APPENDIX 0 J

I APPENDIX P /

I
I
I
I

028009

APPENDICES

1:2500 scale sections of the fell~r IEp:>sit.
(Red~ej fran 1: 1000 scale)

1:2000 interp:-etive le11el plans, fell~r D;p:>sit.
(Red~ej fran 1: 1000 scale)

1:2000 interp:-etive lon;r sections, east and \>est of Jack
Fault.
(Red~ej fran 1:1000 scale)

1:2000 str~ture contours, top and base of a.M.S, fell~r

IEp:>sit.
(Red~ej fran 1: 1000 scale)

1: 2000 str~ture contours, main stratigra:fhic units,
fell~ IEpjsit.
(Red~ej fran 1: 100 scale)

1: 2000 plan J;rojections of sulfhide and sulfhate
intersections, fi!ll~r IEp:>sit.
(Red~ej fran 1:1000 scale)

InterJ;retation of d<JY.nh:>le electranagnetic data fran tile
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RefOrt to Aberfuy1e EXploration pty I1:d on the significance
of read Isotopic G:mfOsitions of samples fran the fullyer
area, \'estern 'Th.s:nania.
G R Carr, B L Gulron, CSIRO, Mly 1985.

&mnary of EXp:nditure fur r=eriod 1 May 1984 to 12 November
1985.
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1. SlM1ARY

Areas of exploration activity on the Mlckintosh Licence fur the period
April 1984 to I:ecanber 1985 are sho1r.n on Plate Ml\C122.

WJrk canpleted inclu:J.ed:

i 21000m of ore reserve delineation drilling on the Hellyer dep:>sit. 'fue
geolo;,ical resource of the dep:>sit as at 30/6/85 was:

IOOicated 15mt @ 0.42% Cu, 6.9% Pb, 13.0% Zn, 156 g/t /'g, 2.3 g/t Au.

Infe=erl 4mt grade indetenninate.

ii G:mpletion of 29.4 line km of gridding fur 20 line km of UI'EM surveying
during the 1984/5 surmer season. (he ananaly was detected and tested by
I:JCH MAC-D-004.

iii Extensive 1: 2500 scale maFPing of the area bet1hBen Hellyer and Q,le River
and eastwards to locate the ore rorizon (the "Hellyer Ore Position")
definerl by delineation drilling at Hellyer • High grcrle base metal
sulrnide fragments occur in this unit. I:etennining the source of these
fragments is an imp:>rtant exploration objective.

iv Re-canpilation and interpretation of 1: 10000 scale licence geolcgy in
plan and section. 'llie continuation of the Hellyer ore p:>sition grid
south east of Q,le River is recClltllended.

v Drilling of three roles (llOOm) to test the Hellyer ore p:>sition and
associated geornysical and geochemical ananalies. 'llie ore p:lsition was
definitely intersected in tw::> roles (MI\C-D-001 Ml\C-D-004), both of \\hich
contained EMS fragments, inclu:'ling 1.4m @ 0.35% Cu, 5.3% Pb, 4.5% Zn, 35
g/t l'q, 1.43 g/t Au in MI\C-D-001.

vi Introduction of several new map series at 1:2500 and 1:1000 scale,
drafting of a new legend and creation of a drilling data base.

vii An investigation into met1'Dds of identifying rock types by trace elanent
analysis. It is likely that the Hell~ ore p:lsition can be identified
indirectly because of its p:>sition footwall to a distinctively chrcmiun
rich basalt.

I
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HELLYER DEPOSIT

From experience at Que River, it was jUdged that infill
drilling on a 50m square grid pattern was necessary to define
the rretal content to + 30% at an 80% confidence interval
adopted for an "indicated re.source". Stepout drilling at 100m
sp"cings was undertaken where the deposit was open to the west
(early) and north (later) at appropriate tines during the
prc:grarrme. Stepout drilling was not undertaken in the sooth
am east due to negative drilling results and lack of
enoooraging dONnhole SIRJTEM response.

Drilling Progrcume

Between February am NOIIetIDer 1984 an intensive diarrond
drilling p=grarrme of the Hellyer deposit was undertaken with
the aim of infilling a large proportion of the knoNn
mineralisation and extending the resource by broad spacal
step-out drilling. 'The first role in this prc:grarrme was
HL-19. DOH's HL-3 to HL-18 had broadly defined the deposit arrl
confinred the flat lying stratigraphy (see Jack, 1984).

Results of borehole EM tests am. a continuing study of the
host rock alteration at Hellyer are also reported.

3(ii)

Ore reserve delineation drilling of the Hellyer deposit was
c:c:npletai between February am. November 1984. A report on the
results was preparai in June 1985 (McArthur, 1985). Sections
of this report dealing with drilling strategy and deposit
geology have been edited am included here as sections 3 (ii)
to 3 (viii) • DisCCl\l'ery and initial drilling of the deposit
were describerl by Jack (1984).

3(i} ,Introduction

This report reoords exploration c:c:npletai on the Mackintosh Licence,
including the Hellyer MLA's, for the period May 1984 to DecaIt>er 1985.

The Mackintosh East Licence is reported on separately by the joint
venture pirtners, Cyprus Minerals Australia Ccrrpany am GeqJeko Ltd••

Exploration Lice12ce 2/70 (Mackintosh River) ~s divided into two parts,
Mackintosh (90km ) and Mackintosh East (35km ) (Fig. 1).

028012

'!he Mackintosh Licence is subject to a joint venture between Aberfoyle
(90%) am Paringa Mining and Exp2oration CCrrpmy P.L.C. (10%). The
licence encloses CML 68M/84 (3km ) surrounding the 9ue River Mine and
subject to the Que River Joint Venture, and six lkm MLA's (86, 87, 88,
89, 90, 109M!84) over the Hellyer deposit and envi=ns. Developtent at
Hellyer is managed by Mackintosh Mining, a wholly o.med subsidiary of
Aberfoyle, on behalf of a joint venture between Aberfoyle (90%) and
paringa (10%). The location of the mining leases is sho.m on Plates
8900, 89HH, 89WW, 89JQ{.

3.

2.
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3

!bles \\ere generally drillEd at an inclinEd angle as a
canpranise bet\\een ideal intersection of the sub-h:>ri2Dntal
base metal sulFhides and ideal intersection of the sub­
vertical fuotwall stringer 2Dne and major faults. InclinEd
h:>les also enabled tn'lique solutions to core orientation data.

In selected roles, ore intersections \\ere duplicated by
setting a casing \\edge about 50m aboITe tile ore and deflecting
off using snaller size gear.

The total meterage for the infill and mrtllern stefOut
progranme was 21697m in 74 holes (incltrling \\edge
deflections) •

A canputer data base for all drilling infonnation was
established by Aberfoyle.

3(iii) DefOsit Geanetry

'lbe base metal sulP'lide defOsit was correlated in 1: 1000
=ss-sections and interpreted in long section and on 100m
plans, (fig. 2 to 28). 'lb enable constru::tion of detailEd 20m
=ss-sections for resource calculation, stru::ture contours
\\ere drawn for hangingwall and fuotwall (fig. 29, 30).

The overall orebcrly shape is a single irregular base metal
sulFhide fOd known to be at least 740m in north-south extent,
a maximun 150m east-west at 10750N and known vertically
bet\\een 200RL and 600RL (general surface RL680). East and
\\est terminations are rapid and tend not to "finger" with the
=mtry rock. The Jack Fault sub-h:>ri2Dntal displacement
results in large afPU"ent vertical displacements up to 150m
(10800N hanging wall) because of variable orebody dip.
Chnplex displacement configurations are likely in multiplanar
feathering faults. Average vertical thickness is
awroximately 35m.

3(iv) Litlol03ies and StratigraFhY

3(iv) (i) Sumnary

The volcanistratigraFhic pile at Hallyer is subdividEd into
eight sequences accoroing to fairly definitive litlol03ical
botn'ldaries. The 10Y.er t= sequences are rec03nized in only a
few early holes and their geograFhic distribution is tn'lknOW'l.
fig. 31 is a detailEd stratigraFhic colunn plotted to scale
fur all drilling at the Hallyer dep::>sit.



3(iv) (ti) (Upper EJ?iclastic Sequence

028014

Ulits below the ~llyer Mineralised Sequence ..nen observe:!
beneath base metal sul];hides, can be highly altere:! to various
Stringer ZOne pro:'h~ts as discussed tmder section 3 (vi) (iv) •

4.

Polymict epiclastic

Andesite lapilli tuff &
breccia, andesite lava.

Shale, siltstone

Polymict lapilli tuff &
breccia, ash tuff, shale.

Base M':!tal SJl];hide rock,
barite rock, glassy silica­
collofbrm pyrite cap rock.

pillowed vesicular basalt,
non-pillowed ron-vesicular
basalt, quench tuff &
breccia, shale, siltstone,
polymict lapilli tuff.

65+

35

70

170+ Feldsp3I ];hyric andesite
lava and autobreccia.

40

250

140

60

o

35

40

Stratigra];hic &mmary

'Ihickness (m)
Min. Mix. Litlnlcgies R3presented

110+ Rhyolitic epiclastic,
shale, rhyolite, siltstone,
polymict breccia.

lov.er Andesite
'II.1ff Sequence

Feldsp3I Rlyric
Seq.tence

lov.er EPiclastic
Seq.tence

Because of the north plunging anticline, this sequence vas
only intersected in roles north of 108500 and best seen in
HL23 and HL54 at the extrane north end of ~llyer • Altlnu;rh
variable in lith:>lcgic character, it shows ranarkable
continuity with excellent co=elation over large distances.
'lhe l<:J\ler unit of massive rhyolite tends to occur only in the
east and rorth but has an equivalent rhyolitic epiclastic to
the v.est. An extranely coarse p::Ilymict epiclastic rock alvays
occurs at the basal contact of the seq.tence.

~llyer Mineralised
Sequence

Pillow Lava
Sequence

Sequence

Q.le River Slale

Hmging'lall
Volcaniclastic
Seq.tence

Upper EPiclastic
Seq.tence

1
1\
1
1
1
1
1
I
1
1
1
I
1
I
I
1
1
1
1
1
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5.

3(iv) (iii) Que River Slale
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Because the "pillow lava Sequence" is not al_ys pillo;,ed a_y
fran lfllyer, it has been renamed the "lfllyer Basalt
Sequence" £Or purp:>ses of surface exploration mawing (see
section 4(ii».

Hanging Will Volcaniclastic Sequence

This sequence, as the name implies. lies con£Omablyon the
hanging _11 of the base metal sulIhides over most of tbe
dep:>sit. 'Ihickness can vary dranatically fran zero (106000­
106500 inrnediately wast of tbe Jack Fault, 10700-109000
inmediately east of tbe fault) to 40 metres at the extrane

C>:x!asional quiescent intervals within this period of active
volcanisn are evidenced by either :

Betwaen the individml pillows of basalt, narrow bands of
cbert represent baked pelitic sediment. Breeder interpillow
areas frequently show induration proximal to the pillow margin
only.

(ii) up to 2m p:>l}ffiict lapilli tuff in the lo;,er ];art of the
sequence a:>uth of 106000.

(i) up to 5m shale or siltstone in the upper ];art of tbe
sequence north of 107500

The Q.1e River Slale occurs on the surface in a general
anti£Om exp::>sure north of 106000. 'Ihickness is variable but
tends to thin to the east. M:iWing east of lfllyer indicates
this sequence lenses out altogether at 10100N, 6150E Where the
overlying rh}Olitic rocks of the Q?per EPiclastic Sequence are
in contact with the Pillow lava Sequence. M::m:>torous p::>orly
bedded black shale predaninates with silty units prevalent at
the basal oontact ];articularly v.est of tbe Jack Fault. A
central 2Dne is typically very massive. 'Ihe basal few metres
is ala:> generally mineralized in the £Om of framboidal or
ooarse emedral pyrite. Several IDles show distinctive
rhythnic pyrite layers in this basal 2Dne, increasing in
density toW'lrds the pillow lavas.

Peperitic and variolitic textures and variation in ani9dale
content are sufficiently distinctive to enable correlation
fran IDle to IDle in !OIle areas.

3(iv) (v)

3(iv) (iv) Pillow lava Sequence

The Pillow lava Sequence covers the lfllyer dep::>sit thrOu;:JIDut
but tends to thicken to the north-east. It exanplifies many
features of basaltic volcanisn extrtrling on the sea floor.
Lith:>legic character is varied; m::>st textural variation is
interpreted to be due to quench fragmentation taking place at
the lava/sea_ter interface. (NB. M;. tbe time of legging and
section drafting, basalts in this sequence ware described as
andesites) •
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southern end of the dep:>sit. '!he canplete absence of this
sequence in the areas described above is probably due to the
ore dep:>sit funning lo::al top:>grafhic highs and steep slopes
on the sea floor (see Fig. 29). Similarly, lo::al increases in
thickness (e.g. l0800N west of Jack Fault) awear to generally
coincide with top:>gra];hic lows on the sea floor.

'lWo main litlolcgies are evident within this sequence : bedded
ash tuff and IDl}tllict lapilli-tuff/breccia/epiclastic. '!he
ash tuff can occur any"here within the sequence and is
widespread wer the defOsit. It awears to consist almost
entirely of devitrified shard material. '!he p:>l}tllict units
are mlX'h coarser, occasionally angular fragments up to 30 an
in size are seen. '!he daninant fragment litlolcgy is a flow
banded( 7) dacite of unknown origin, since it has never been
seen at H:!llyer in-situ.

In the north-west, drill roles HLl9, HL30 and HL54B
intersected. black massive shale at this stratigrafhic
IDsition.

'!he basal contact of this sequence is termed the "H:!llyer ore
IDsition". Altlou:Jh a narrow unit, its distinctive IDl}tllict
and textural features Should enable easy reccgnition during
surface mapping.

3(iv) (vi) Hellyer Mineralised Secpence

This stratigrafhic sequence represents the accunulation of
base metal sulfhides to funn the deIDsit per se. Letail of
ore types and metal 20ning within the orebo:iy are discussed
under section 3 (vii) .

3(iv) (vii) Feldspu- Rlyric Secpence

The andesite making up the Feldsprr Rlyric Sequence is
widespread at H:!llyer funning the inmaiiate fbot'tall to the
ore rori20n. Beneath base metal sul];hides this sequence is
variably altered by the Stringer Zone hprothermal system,
generally obliterating primary textures.

3(iv) (viii)Lo1ller EPiclastic Secpence

This sequence is knoWl only in 4 deep drill roles on 10400N
and 10500N and its extension under rorthern p>rts of the
dep:>sit is unlikely given 170 m of uninterrupted feldsp>r
];hyric andesite 'tas intersected. in HL30 on l0900N.

3(iv) (ix) Lo1ller l\nd.esitic 'IIlff Sequence

As for the unit abwe, this sequence is known only in a few
drill roles in the south of the deIDsit. It is the lc:Jlo.er most
sequence yet drilled at H:!llyer.
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3 (v) (i)

3(v) (il)
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stru:::ture

General

Because of the sub-lori2Dntal attittrle of the Hall~r defOsit
and its overlying <XJmtry rocks, analy.;is of overall stru::ture
has been acbieved by the use of stru::ture contour methJds.
Pppendix D, E contain 1: 1000 'stru::ture contour map> fur tile 4
major stratigra];hic lori2Dns.

'!he overall picture reveals a broad anticline plmging 2<R to
tile north-mrth-east with a ShallOW'diWing """stern limb and a
steeper east dipping eastern limb. '!he anticline axial plane
is cut acutely by a major mrth-routh trending vertical fault,
named tile Jack Eault.

SJuth of 10300N tffi plmge reverses to &:luth trending but
since tile ore lori2Dn is exfOsed at 97212N south of Hall~r,

tffi routh plunging feature can only be a lcx::al flu::tmtion
probably rep:-esenting 1f.eak 2nd generation cross fulding (this
is supported by surfuce mapping to tile east).

Faulting

'Ib.e Jack Fault is too most significant fault interp:-eted at
Hallyer. D'!spite being poorlyexj:Osed at the surfuce in
1f.eatl1ered basalts, it is a clearly defined feature in drill
loles with up to 3m of leached gOUJe. s.:me loles on 107000­
107500 and 10450N-105500 indicate a featilering or en echelon
multiplanar feature is more liKely.

Qlrerall displacanent in tile Jack Thul t can be determina:!
grafhically by constru::tion of lOn:! sections of mineralisation
abutment on tile fault plane itself (Fig. 37). '!he
displacanent is east blcx::k 130 m mrth and 30 m up.
'!his estimate is considered rearonably accurate and vas used
in tile rerource Calculation to transfunn sample co-oroinates
either side of the Jack Fault. '!he fact that the defOsit can
be matched ro "",,11 eitiler side of the fuult indicates that too
last fuult mOlTanent vas definitely j:Ost ore mineralisation.

'!he Photo Eault (nama:! fran its clear ];hoto lineament) is
interp:-eted, fran limited surfuce mawing on 109500 and the
aerial ];hoto trace, to sub-prrallel the Jack Eault north of
109000. Since mineralisation does not occur east of too Bloto
Eault at the northern limit of data, the inferred mCll1anent is
east blo:::k north by an unknOWl distance. Its strike tends to
converge to tile north tovards the Jack Eault, thus limiting
j:Otential fur mineralisation bet1f.een the tw:J structures.

Other fuults legged fran drill core are difficult to
correlate. 9.rrfuge mawing on tile 108000 line indicates that
fuults dipping 45 to tile north-east occur. '!heir
significance will be further understood o=e underground
exfOsure is available •
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Th; Que River Shale is very often intensely faulted and
sheared particularly in the proximity of the Jack and Proto
Faults. Many of these faults appear to parallel bedding and
have a very shallo.v dip to the north and north--€ast.

3(v)(iii) Jointing

Jointing within the Que River Shale is closely spaced and a
fracture survey over 10800N indicated two distinct sets,
(Fig. 38). Whether these joint sets occur thrcughalt is
difficult to say as little work has been done orienting core
from within the shale unit.

Other units at Hellyer appear to be joint-free apart fran
siliceous varieties of feldspar rnyric andesite which often
stows strong sub-horizontal jointing filled with qU3.rtz­
chlorite.

3(v)(iv) Other Structura1 Features

Within the chlorite-sericite rich areas of the Stringer Zone,
a strong vertical "schistosity" is developErl.

Veining is well developed at Hellyer particularly in the
hanging wall basalts. The veins are typically <25 mm in width
rot can be concentrated particularly in the pillON basalts
where carbonate is the daninant vein mineral. within the non­
pillowed unifonn basalts veining intensity drops off and
qL13ItZ-chlorite are daninant. Concentration is greatest near
the upper Que River Shale contact and the basal tuff contact.
Veinlets can occur in the Que River Shale where carbonate is
predominant. Quartz-ehlorite sub-horizontal veins,
occasionally quite large, are fcund in the Feldspar phyric
sequence.

3(vi) Alteration

3(vi) (i) Weathering

OXidation is found to be shallON' «1m) over the Que River
Shale and 10-20 m over the UH;Jer Epiclastic Sequence. Over
the pillON Lava Se:JUence the base of oxidation altlough sharp,
is quite irregular and varies between 10 and 60 m. Leaching
is carnon belON the water table in faulted and sheared grourrl
in all rocks.

3(vi )( ii) Regialal. Metanorphism

l.oN grade greenschist facies regional metanorphisrn is widely
evident at Hellyer in the form of ubiquitous chloritisation
particularly in the basic rocks. Albite-carbonate-quartz and
rare punpellyite alteration are all interpreted as regional
metanol:phic events not associated with the Hellyer
mineralising system. For this reason, the chloritic nature of
the rocks at Hellyer has been considered the base conposition
and has therefore oot been logged as weak pervasive
alteration. HoNever strongly chloritic zones are noted.
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3(vi)(iii) Hanging Wall Alteration

Various types of alteration are evident in the hanging wall
basalts at Hellyer. sore of which appear to be direct
mineralcgic indicators of base rretal sulphides beiON.

Fudlsite (Fu)

Fuchsite. a chromium-rich illite-hydronusca.rite is present at
Hellyer in the pillON Lava sequence and ccmronest above base
rretal sUlphides. It was recognized as a significant feature
during surface napping of the HEx:: line 10600N-10900N before
the disca.rery of base netal sulphides. When weak. the
fuchsite appears nodular probably replacing phyric feldspar
laths. But as intensity increases it becares all-pervasive
and the roCk. takes on a brilliant green colour.

Fuchsite also is found as a narrew vertical layer irrrrediately
west of the Jack Fault when sulphides occur opposite. east of
the fault, (see 10750N-10850N). This wculd suggest that at
least one generation of fuchsite alteration is post-faulting.

Silica/K-Feldspar (SiKF)

Pink silica/K-feldspar/carbonate is cormon in the lewer part
of the Pillew Lava Sequence as discontinuous patchy zenes of
alteratien. There is a tendency for it to shew an
antipathetic relationship with fuchsite alteration. For this
reason. pink alteratien in the basalts tends to increase away
from the deposit (see 10750N).

Silica/~Feldspar/Chlorite/Pyrite(SiKFClpy)

Pink-red/green alteration of this =tpOSition is recorded
mainly in brecciated non-pillONed basalts east of the Jack
Fault south of 10500N. It has also been recognized on the
surface at 9800N on the HEC line.

Sericite (Se)

Pale green alteration logged as serJ.cJ.te occurs throughout the
pillON Lava Sequence in discontinuoos zones. It reaches
greatest intensity on l0511l0-111l5511lN west of the Jack Fault in
the central part of the pillew lavas. The significance of its
gecgraphic relationship to base rretal sulphides is urik=.

3(vi)(iv) Fcotwall Stringer Alteration

The large hydrothermal alteration system beneath the base
rretal sulphides at Hellyer is an excellent exarrple of a large
fissure controlled mineralising feeder system venting on the
sea fleer. It is krx:Mn to exist from l11l200N-1l1511lN and is
open at both ems. It reaches a maxim.un width of -200 m at
10711l0N, while a vertical extent of 300n+ is indicated at
111l8511lN: but again the system is open at depth. As wculd
naturally be expected, the maxim.un accurrulation of base rretal
SUlphides occurs abc>re the widest extent of footwall
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alteration: similarly, the thinnest are (e.g. 10500N) is
underlain by the narrCMest extent of alteration. A
diagramnatic section of the footwall alteration zones is sh=
in Fig. 39.

silica-Barite (SiBa)

OJartz-barite-pyrite + (sPhalerite+galena) represents the core
of the stringer zone 00 108til0N east of the Jack Fault. It
coincides with a thickened aCCUIlUlation of base rretal
sulphides aIxlve (whiCh incidentally shews porcus, leached
textures) • This zone includes the highest grade stringer
mineralisation - IlL 39 (1081210N 238.5m - 287.em, 48.5m x 4.15
S.G., 0.09% Cu, 2.63% Pb, 3.09% zn, 35 g/t Ag, 1.02 g/t AU,
3.0% Ea, 0.11% As. A srrall occurrence is also noted in HL 29
(10500N) west of the Jack Fault.

silica-8ericite (SiSe)

Quartz-sericite-pyrite + (sFhalerite + galena) occurs
perij:heral to the core and in places is well mineralised. A
good exanple is HL 46 on 10850N.

Chlorite-Carbonate (C1OO)

Chlorite-carbonate-pyrite + (sj:halerite + galena) is a
distinctive alteration type with pale carbonate nodules in a
black rrassive Chlorite rratrix. At the north end of Hellyer,
it is located i.nne1iately belew the footwall in a layer sub­
parallel to the footwall (see l0950N). In other areas it
occurs as rare discontinuoos pods. This alteration t}'IE is
identical to that at Que River.

Chlorite (ClPy)

Chlorite-pyrite + (sFhalerite + galena) is an uncorrrron
alteration type generally located at the north end of the
deposit. HLJ8 on l0900N is a good exanple.

Chlorite-Sericite (ClSe)

Chlorite-sericite-pyrite + (sj:halerite + galena) is by far the
IIDst C01lIIDn fcotwall alteration type. Typically it occurs as
alternating bands of sericite and chlorite with base rretal
veins congregating in the Chloritic portions.

Sericite-Pyrite (SePy)

Sericite-pyrite + (chalcopyrite + sj:halerite + galena) is a
C01lIIDn alteration type that represents the outerrrost zone of
the so-called Stringer Zone (srZ). It is well developed at
the southern end of the deposit south of l0550N. Massive
Chalccpyrite veins associated with this alteration type occur
in HL6 and HL29 on l0500N. Sj:halerite and galena are rare.
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Mineralisation

0-75

Range

5 - 95
0-50
o - 25
0-70
o - 20
0-5
0-1

56
20

8
5
2
1
0.3

8

Ave. % by WeightMineral

Pyrite
SIhalerite
Galena
Barite
Arsenopyrite
Chalcopyrite
Fahlerz Series
Sericite )
Chlorite )
Quartz )
Calcite )

Macroscopic textures generally fall into the following types

Stringer Envelq>e Zone (SEZ)

(i) Glassy silicajcollofonn pyrite (GSP) - well preserved
delicate collofonn pyrite (30-40% by weight) in a glassy
alnost chalcErlonic quartz rratrix. I<noNn only as a local
hanging wall capping.

(ii) Massive barite - massive crystalline barite, saretirres
banded with occasional'base rretal SUlphide aggregates.
RestrictErl to the barite zone on the hanging wall.

(iii) Bande::! - contorted and discontinous rot occasionally
planar bands of plainly visible sfhalerite, galena and
pyrite. Nonrally restricted to the hanging wall areas.

028021

'Ih! present interpretation is that this rock represents in­
situ altere::! f=t.wall andesite, and the contrived nane
"quellite" is now recanrende::! for this rock.

'Ih! very high pyrite content results in a high average S.G. of
4.56.

Mineralogy

Minerals present within the deposit are tarolated below:

'Ih! perifheries of the f=twall alteration system are
distinctively altere::! by sericite to form a pale green
sericite-quartz-pyrite rock that until recently was classified
as "porphyritic dacite" (ID) and its fragrrental equivalents
and subsequently stratigraphically narred as the Dacite Vent
Unit (DI1U) or F=t.wall Volcaniclastic Sequence (EVS).

'Ih! description of mineralisation present at Hellyer focuses
on rracrosoopic features.

Main Ore Position3(vii)(i)

3(vii)
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Ore Zcne Classification

Glassy silica-
=l1ofonn pyrite 13-3 4.01 .28 3.8 6.1 130 3.0 10.6 .42 41 43 (i)

(vii) Sericitic - highly micaceous ION grade ore with minor
recrystallization of all sUlphides. OCCUrs near the
western rrargin between 10700-10900N.

12.

Predon.
texturejl

028022

Zn Ag Au Ba As Py Ga*
% g/t g/t % % % %

Pb
%

S.G. eu
%

3-13 4.23 .33 5.0 7.1 165 2.6 19.9 .61 32 40 (ii) (iii)

13-99 4.56 .42 6.9 13.0 156 2.3 3.0 .97 56 13

87-99 4.65 .44 7.0 14.4 200 2.5 .74 1.2 59 7 (iii)(v)

46--87 4.59 .51 5.9 11.4 00 1.7 1.4.44 64 10 (iv)(v)(vi)
(vii)

13-46 4.58 .35 8.0 15.0 210 2.7 2.4 1.4 52 12

Strat.
NO.

Fn;rn an analysis of rretal distritution and variation of
texture from hangingwall to f=twall the follONing orebody
stratigraphy was reccgnized.

Ga% refers to gangue %by weight (all non-sulphides, including barite)
By type 00. from section al::oJ'e.

Zone

(vi) Ibrous recystallizErl - easily recognizable
recrystallizErl pyrite euhedra with obvious voids (core
sreks up water). Little or 00 galena/sphalerite
visible. OCCUrs in the f=twall area above the core of
the Stringer Zone.

*

(iv) Massive - featureless pyrite, saretirres shONing delicate
rolloform textures urrler the hand lens with sphalerite
ard galena only barely visible to the trained eye.
NOrrra11y occurs in the lCMer half of the sUlphide pile.

(v) Fragnental - sub-angular to sub-rounded rew=ked
fragrrents of base rretal sulphides in a fine pyrite
rratrix. Can occur anywhere in the orebcdy stratigraphy
tut llOre cormon at the footwall.

Fcotwall rich
zone

Barite Zone

Total

Hanging Wall
Rich Zone
(iii) (iv) (v)

Central peer
Zone
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3(vii}(ii}Stringer Zone

(iii) The hanging wall rich zone is recognised throughout the
deposit apart from snall areas around 1085l2lN west of the
Jack Fault. Maxinum thickness of 4:m occurs on 1045l2lN.

(v) The footwall rich zone is recognised from 1l2l6l2l0-1075l2lN
west of Jack Fault am 108l2ll2l-10950N east of the fault.
It attains a naxirrum thickness of l:m on l07l2ll2lN.

13.
02

~)O')<)() ",oLI

(ii) Massive barite caps the base rretal SUlphides in a zone
5l2l-7C1kn wide adjacent to the Jack Fault in the west and
as a narrow "shoot" capping the ore east of the Jack
Fault between 10800 and 109121l2lN (see Fig. 36, 42).
Attains its greatest thickness of Em on 106121l2lN.

(i) Glassy silica-colloform pyrite capping occurs only in a
feN holes around 10700N near the Jack Fault (Fig. 41).

Fig. 40 sChenatically portrays variation in mineralogy a=ss
the stratigraphy.

(iv) The central lON grade zone occurs throughoot the deposit
except between 10500N and 106l2ll2lN. Maxinum thickness of
60n occurs on 10000N east of the Jack Fault. Again,
this coincides with the highest grade Stringer Zone
belON.

veins and veinlets of pyrite, galena and sphalerite occur
throughoot the stringer zone rot are concentrated on 1000l2lN
east of the Jack Fault. To date nothing is J<rnvn of any netal
zoning within the veins individually am within the stringer
system in toto.

The galena am sphalerite within the veins is very coarse and
is in stark contrast with the nassive fine grained ore above.
Core axis to vein angles suggest that the veins are
predominantly vertical.

On 10500N two drill holes intersected large veins of
chalcopyrite/pyrite with galena/sphalerite on the nargins. No
other occu=ence of chalcopyrite veining has been recorded.

Geographic Distrib.1tion of Ore Zones

The boundaries between serre of these zones are difficult to
pick withcut assay infomation. The glassy silica-collofonn
pyrite and barite zones have clearly define:i textures rot
division between the others is not really define:i by sharp
textural Changes. Althcugh intensity of banding is generally
co=elatable with high metal content, ban:ling ter.ds to
decrease irregularly down into the central zone.
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(i) South of 10'2B<lN, altlou::Jh grothysics is not sq>pOrtive.

(ii) 105l1Jl1JN - 1055l1JN east of the Jack Fault, as the faulted
equivalent of large widths on 1l1J35l1J - 1l1J4l1Jl1JN west of
the fault.

Grade indetenninate

028024

Geolcgical lesource and Exploration IOtential

'lbe Geolcgical IEsource of the IEllyer deFOsit as at 30 June
1985 was:

14.

10'2B<lN - 1098l1JN

All base metal sulthide and barite
mineralisation in the Hellyer
Mineralised Sequence at zero cutoff.

1098l1JN - lll5l1JN

Indicated

15 million tonnes

4 million tonnes

0.42% eu
6.9% Ph
13.0% Zn
156 gft Jlg
2.3 gft Au
3.0% Ba
0.97% As

(ii) Inferred

( i)

Because the converging Jack and !bote Faults have limited the
inferred resource north of 1098l1JN, the only p:>tential at the
north end is east of the !boto Thult. lXill h::>les HL79 and
HIA5 on ll05l1JN and 1ll5l1JN respectively have tested this area
witlout finding any mineralisation at the ore PJsition or any
stringer alteration in the footvall andesites. HJWO!ver, if
mOlTaDent on the !boto Fault is large the mineralised system
may not "daylight" frau the fault until moch further mrth.
']here is no evidence, even at ll15l1JN bet\oeen the tv.o faults,
that the footvall alteration system is decreasing in
intensity. ']his is in contrast to the widespr:ead sericite
alteration and converging Stringer EhvelofE' :!Dne that
characterizes the southern end of the dep:>sit.

Limits on the Geological lesource calculation are 10'2B<lN to
lll5l1JN. IOtential to the east and \oest wi thin the :inrnediate
environs of the existing deFOsit aH;Jears limited by nunerous
barren drill h::>les. HJ\oever, p:>tential for snall additions
exists:
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r:evelopnent to date incluie:

028025

'lhe identification of t\\O seIBrate lavas in the
hangingw;<ll pillow lavas at Hallyer with a different
alteration style in the older lava close to the ore
beXly.
Distinctive elanent distribution in the FOOtW3.ll.
Identification of unusw.l K-feld~-chloritealteration
mineralcgy (mic:roprobe) •
A start to seIBrating alteration due to spilitization
and metamor];hism fran that associated with the Hallyer
ore funning system.

( i)

( ii)
(iii)

(iv)

'!he Sirotem results indicated that the dep:>sit did rot extend
routh to 10200N and were influential in limiting drilling in
this direction. lbwever in other cases v.here a resp:mse W3.S
recorded, full use could rot be mMe of the results either
because drilling had alre1rly procErlErl on ge:>lcgical rearoning,
or EM interpretation <£s not precise enOLqh to aid a detailErl
drilling prcgramme on 50m centre. Ibrerole EM is most
effective v.hen awlied to basic exploration drilling.

In 1986 it is planned to extend this stuiy aW3.Y fran 109000 to
analyse and thin section further unaltered samples as a basis
fur canIBrison.

Ibrerole Geo!=hysics Stuiy

Betwaen M3.yand September 1984, seven Hallyer drill roles ware
surveyed with the Sirotem system to help in designing the
Hallyer drilling prcgramme. Ebur loles were alro surveyed
with the N;w:nont EMF system fur canIBriron with the Sirotem
results. A rep:>rt on these tests is incltrled as 1Ippendix G.

All analyses will be entered in the data base to enable use of
gra!=hical plotting prograrnnes. A series of grafhs are being
produced and nunerous ga:>chemical relationships identified.

Alteration Stuiy

A sttrly of the mineralcgic and geochemical character of
the alteration aroUld Hallyer is being Uldertaken. 109000 has
been selected as a section fur coo::entrated attention. Ibth
continwus core grind samples over mac:roscopically distinctive
intervals and split core samples are being analysed fur major
elements, a suite of trace elements, and rare earth elements.
All samples analysed have been thin sectionErl and a glossary
of !=hoto microgra!=hs is being =pilErl to go with the
mac:roscopic FhotcgraFhs and analyses. A programme of
mic:roprobe \\Ork is alro been undertaken to check optical
identifications and to obtain analytical data on spscific
minerals.

3(x)

3(ix)
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4. NE.W MAP SERIES AND LEGENIS

4(i) Introdu::tion
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4(ii)

028026 16.

:Eesults fran the test of the N=wnont EMF system indicate
that it has no technical advantage over the Sirotem system.

'!be discOllery of the Iellyer dep::>sit has gmerated new ideas
on licmce grolo:JY and increased the p3.ce of exploration. N=w
legends, maps and data systems have been developed to manage
the increased data flow and to mark a division bet_en pre and
lOst H=llyer exploration.

'1he new maps, legends, and data base apply to surface
exploration on the M3.ckintosh and H3.tfield licmces and the
Q.le River and Iellyer mining leases. It is convmient to
describe them in this rep::>rt as a matter of record. '1he
M3.ckintosh Mining legend for undergrmnd developnmt and
drilling of the Iellyer delOsit is largely canp3.tible with
tlDse presented here. ppplication of the Q.le River Mine
legmd is restricted to underground mapping at that mine.

New Geolo:Jical M:l.g>i.ng and !rill H:>le legends

'!be new grolo:Jical mawing and drill role legmds are shov.n in
Fig. 45 and 46.

'1he surface mawing legend is dividEd into "fact" and
"interpretive" sections corresp::>n:iing to the new· 1: 2500 and
1:10000 scale map series.

Eact mawing data are recordEd using a description format and
a set of abbreviations. '1he pranpts providEd by the
description furmat are intendEd to indicate the minimun
description req.li.rEd. Ot.her camnmt can be addEd and
distinguished by enclosing in brackets. EXffilples of the
furmat are given in the legend with the current versions shaWl
in Fig. 47.

'1he interpretive mawing legend consists of a lith:>lcgy
classification, a standard colour scheme, a p3.rtial
stratigraIhic colunn and a series of s}-tllbols to represent
alteration.

An attempt has been made to eliminate terms with gmetic
implications fran the lith:>lcgy classification, espscially
trose awlied to VOlcanic fragmentals. '1he general term
"volcaniclastic" is used instead of its sub-terms "tuff" and
"pyroclastic". :Eeliable determination of the male of furmation
and dep:>sition of fragmental volcanics in the licence area is



4(ili) (il) Soil Geochemical Mips (MPC45, MPC46, MPC47 Series)

4(ili) (i) Pre-1983 Fact Geological Mip> (QRal Series)

17.

there are significant differences betwaen pre and p::>st
Hi!llyer tenns and concepts. 'lhese differences needErl to be
separated by introduction of a new map series.

- to differentiate more clearly bet\\een fact and interpretive
mapping.

- map sheet boundaries needed to be re-p::>sitionErl to locate
the Hi!llyer dep::>sit centrally on one sheet.

'lliere are now six types of 1: 2500 scale map> cOllering the
licence. <bverage and canpletion as at NJvanber 1985 and
shaWl on Fig. 48.

Basic surface exploration data is recoroErl at 1: 2500 scale.
4? until Jantary 1983 (ie. pre-Hellyer) geological mapping \\as
recoroErl on the QR8l plan series. !bil geochemical data \\ere
recoroed on corresp:>rrling OIlerlays (MPC 45, 46, 47 series) •

'lhese map series have the same sheet boundaries as the QR81
series. 'lliey recoro C1.l, Ib and zn valLE fur soil geochemical
samples collected to date. &!cause all roil geochemical data
is now on canputer data base and because recent roil sampling
incltrles analyses fur more elanents a new series of soil
geochemical maps with sheet boundaries coinciding with the
MPC79 series will be produzed.

These sheets recoro geological mapping prior to 1983. to
further mapping will be addErl to this series.

Fbllowing discOllery of Hi!ll)"!r, a new series of 1: 250121 scale
map> vas del1elop3d fur the fullowing rearons:

not )"!t p:>ssible because of the p:>or quality and scarcity of
outcrop.

New 1: 2500 Scale Mip Series

028027

'llie drill 1'ole la:jend (Fig. 46) is based on the surface
mapping la:jend and is self explanatory.

Alteration rock types sJ;eCificallY classified are"Quellite"
(defined in section 3 (vi) (iv) and "HI'." (fur "highly altered").
"1lI\" is used fur any rock ;,here primary texture is obliterated
by h:tirothermal alteration. N:- Ole River Mine the tenn refers
to intense quartz/sericite/pyrite alteration. In this scheme
it can be used fur all types of alteration, withalteration
mineralogy ShaWl by overprint of a canbination of the eight
alteration s}fi\bols.
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4(iii) (iii)Post 1983 Fact-Geolcqical M:ll:S (MllC79 Plan series)

'Ihese map; re::oId grolcqical fact mapping ccrnpleted since
1983. N:w legends and abbreviations, discussed in section
4 (ii), apply. 'these map; are to Show:

- location of outcrop and float, and rock nane.
str:r:tural grolcqy s.;mrols.

- grograpuc data.
- survey data.
- tenanent infunnation.
- location of IEtrolcqical samples.

'they do rot Show:

- interpreted grolcqy.
- groIilysical, soil grochnical or rock chip geochemical

valles.

'the purIDse of these map; is to preserve as a unit all fact
grolcqy inflIEncErl by the H::lll¥"r model.

4(iii) (iv) Interpretive Geolcqical Mips (MllC89 Series)

Base map; fur this series are the MllC79 map;. sele::ted pre­
1983 mapping is addErl \\here there has been no re::ent mapping,
and is distinguiShed by italic lettering. '!his canbination of
data is used fur grolcqical interpretation. 'the new legend
and abbreviation set described in section 4(i) apply. 'these
map; are v.orking map;, for the interpretation and
reinterpretation of fact data.

4(iii) (v) GeoIilysical Mip; (MllC91 Plan series)

'Ihese map; have the Sheet boundaries of the MllC79 series.
'they show interpretive details of UI'EM ananalies and filterErl
IP/resistivity data. Ground magnetic data is currently being
Erlited and will be plotted on a sep3.rate series of plans.

4(iii) (vi) Rock Chip Geochemical Mip; (MllC88 Plan series)

'Ihese map; have the Sheet boundaries of the MllC79 series and
have been develoIEd to re::oId all rock chip and -.eatherErl rock
grochemical data. 'these sample types incluie th:>se fran
outcrop, road cuttings and =steans \>hich are therefure
definitely in-situ.



Where: '!he first three letters indicate the eXploration
licence;
'lhe fuurth letter indicated \\hether the role is diamorrl
(0) or fercussion (p). (Cbstean data may als;) be
entered as if it v.here a drill role, in v.hich case the
letter (T) will appear in the fuurth p:>sition) •
'lhe last three characters are the drill role nunber.
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4(v)
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New 1:10000 Map Series (MIlCl09, 110, III series)

Cbverage of a new set of 1: 10000 grolcgical map3 is shoWl in
Fig. 49. Plan titles in this series are:

MlC109 Base plan
MIlC1l0 Fact goolcgy plan
MIlClll Fact and interpretive grolcgy plan.

Infunnation on these map3 is canpiled fran 1: 2500 scale
mawing in gridded areas and 1: 10000 scale mawing fran
aiqnotos in ungridded areas. legends described in section
4(ii) awly.

MlckintoSl/1htfield FXploration rrilling Ditabase

Infunnation fran surfu.ce exploration drilling on the
Mlckintosh and H3.tfield E.L's, Hellyer M.L.A's and Q.le River
<ML is now stored on the database. 'lhe funn of this database
is shoWl in Fig. 50 with the current status shoWl in Fig. 51.
s:> fu.r five sets have been assigned \lhich contain role survey
and identification data, and goochemical data. A further set
is reserved fur analyses of ore grade mineralisation. An
additional 3 sets are planned to store data on litholcgy,
131teration and stru:ture.

'Ib confunn with database reqJ.iranents previous drill role
mmes have had to be changed. '!hey now have the funn:

19.
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Old and new names fur drill files are listed below:

OLD NE.W

H.l HATD001
H.2 HATD002
H.2I\ HATD002A
H.Al HATD003
MlC-l MlCD001
MlC-2 MlCD002
MlC-3 MlCD003
DA-l XDAD001
DA-2 XDAD002
DA-3 XDAD003
DA-4 XDAD004
DA-5 XDAD005
HIra0 XFILD000
MC-l XMCD001

'Ib 'Ib

M:-13 XMCOOl3

Futur:e sur:face exploration files on the Mickintosh Licence
(incluiing H=ll}ler and Q.le River leases) will be pre-fixed by
"Ml'C", and on the Hitfield Licence by "HA'I". Prefixed "M:"
and "DA" have been relu::tantly retainErl fur ease of reference
to historical plans. '!he x in the prefix fur certain files is
req.rl.rErl by too canputer funnat.

1: 2500 scale mapping dur:ing the repJrting period has
con::entrated on the area bet...een H=ll}ler and Q.le River and
eastvards. '!he aim of too mapping has been to detennine the
stratigraIhic relationship of too tw:> depJsits. Trenching and
new rocrlw:>rks associated with the developnent of too H=ll}ler
depJsit nave created mu::h new eXpJsur:e in the area.

M:. 1: 10000 scale, mapping and re-interpretation of previous
mapping continood. '!he aim of his progrcmne nas been to
improve understanding of too stru::tur:al grolcgy of the licence
and to predict the lccation of too stratigrafhic PJsition in
Yohich the H=ll:l'='r mineralisation occurs.

1: 2500 Scale Mipping

Mipping ccmpleted during the repJrting period is shoW"l on
plates Ml'C89-GG, HH, VM, xx. Mipping has been infl1.:enced by
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the _11 preservai stratigraIhyat Hellyer v.here
mineralisation occurs as a sulIhide mound within a JX)lymict
ash to breccia volcaniclastic, the hangin9""ll VOlcaniclastics
(HVS). A distinctive chrane rich basalt occurs above the HVS.
'The ore p::lsition is underlain by a feldsp3.rfhyric andesite
lava v.hich is stro~ly alterai in a stringer 2Dne below the
sulIhide deJX)sit. 'fue fOllowing =nnents relate the 1:2500
scale mawing to the concept of a Hellyer ore Ibsition (HOP).

(a) 'Ihe hangin9""ll basalt is mawai throu:lh:mt the sheet
areas except around 9500N!5000E where it thins rapidly. A
thin ton::Jue of basalt extending grid SEW to_ros Ole River
Mine fran 8900N!5700E ag;>arentiy fOTIns a shallow grid NNE
plunging syncline overturnai to the east. 'fue syncline is
JX)ssibly canplimentary to the broad anticline v.hich closes
over the Ii"lllyer dep:>sit. It is JX)ssible that the outcrop
p3.ttern of the basalt is due to dep::lsition on an irregular
surface, which w:>uld canplicate interpretation of fOld
p3.tterns. 'fue basalt unit is imp::lrtant because the HJP is
locatai at its base and because it is one of the more
readily reccgnizable rocks in outcrop.

(b) The IDP is correlatai with the p:>lymict unit _11 exJX)sed
in rooo cuttings in the Mtchback Area (8850N!6150E) and
in costeans within the Ole River Mine lease around
85i1J0N!565i1JE. 'fue correlation is based on its consistent
JX)sition inrnaiiately below basalt and the occUJ:"rence of
sulIhide clasts, assunai to be shai fran a massive
sulIhide dep::lsit. 'fue base of this unit is usually
gradational O\7er several metres, and the fuot_ll is not
al_ys feldsp3.rIhyric andesite as at Ii"lllyer (see section
7(i), 7(iii». 'fue unit has not been identified at
surface on the _stern side of the syncline describai in
(a). It may be faultai out. A small outcrop
lith:Jlcgically similar to the p::llymict unit at the
Mtehback has been mawai in awroximately the right
stratigraIhic p:>sition at 972i1JN!5390E. N::l other outcrops
of the IDP have been locatai.

(c) Intense pyrite sericite alteration with chloritic 2Dnes
has been mawai on JX)rtal rooo exp::lsures around
9550N!545i1JE. 'fuis 20ne continues grid SSW to_rds Ole
River, (the "D Zone"). 'fuis trend is on strike with the
Jack Fault and the associated alteration 2Dne below the
Ii"lilyer dep::lsit, and is interpreted to be a contimation
of it.

M:l.wing is continuing to:
- fOllow the IDP eastW3.rds into the SJuth_ll River area.
- batter define the IDP within the Ole River lease v.here it

appears to be interbaidai with basalt.
- trace the IDP east and _st fran the outcrop at 972i1JN!5390E.
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5(iii)

- explain the thinning of the basalt arOlmd 9500N!5800E.
locate the HOP to the grid routh-east of ().Ie River Mine.

1: 10, 000 Scale Miwing

A series of 1:2500 and surmary 1:10000 sections have been
drawn using old and new data. The 1: 10, 000 section and plans
are presented here as a basis fur further ideas (MPC97A, 97B,
97C, 97D, MPClllB, lllC.

s:me ccmnents on these sections fullow:

1. Mijor thickening and thinning of basalts and andesite­
basalts over short lateral distances. N::>te the thickening
of the pillow basalt aboIle the Iellyer ore boiy.

2. The Jack Fault can be extendEd routh\'Brds to the eXfOsure
of the Iellyer stringer :zone on the p:lrtal road and
rorth\'Brds to its p:lssible expression in shearEd shales at
the lDn;jyear ccrnp 2km rorth of Iellyer.

3. '!here is a major disconfunnity at the Iellyer ore fOsition.

4. '!he ().Ie River synfunn can be tracEd rorth\'Brds, with fault
offsets. '!he 18 degree N plunge at ().Ie River Mine is not
maintainEd. Iecent drilling has confirmEd the
prospectivity of this :zone.

5. Iellyer hanging\'Bll pillow basalts may exist in the routh­
east. '!his implies that the Iellyer ore JDsition exists
here too.

6. 9l.earEd rocks in the east may represent the Ienty Fault
Zone. Brrite maJ:P=d here is encoUraging. Iegionally the
Ienty Fault Zone is a gold target.

7. Str=tures becane more canplex as the Ienty Fault Zone is
awroached. BEds have been maJ:P=d as overturnEd in the
east to acccmnaiate '>'.esterly dips and young rocks to the
east. Limited facing evidence does not al......ys support
overturning and more data needs to be collected.
OJerturning adjacent to the Henty Fault is docunented
regionally south of our licences.

8. Fblding is gentle especially in the '>'.est becaning more
intense as the Ienty Fault is awroached. A basic
str=ture is proJDsed near the fOrtal road.

9. A secorrl basalt exists below the Iellyer ore fOsition and
new data is requirEd to fit it into our understanding of
the grolo;ry.

22.



1121. Eaulting occurs in the region of the interpreted rost rocks
in the north-west and this may be significant if it
localizes a buried feeder system.
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6(i)

6(ii)

6(iii)
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Febnary 1984 U1'EM SJrvey

Approximately 2121 line kilanetres of UI'EM data ware collected
mer the southern sections of the M3.ckintosh and H3.tfield
Ucences during Febnary 1984 (Plate M1'£122). '!his survey _s
mentioned in the previous M3.c.kintosh technical repJrt (Jack,
1984). A refOrt on the survey, not available at the time, is
incluied here as Appendix O.

'J:W:) ananalous areas ware detected on the M3.ckintoSh Ucence.
ZOne H7 is a broad waakly corrl=tive resfOnse with a
coincidentIP ananaly, and is attributed to pyritic
alteration. to detailed ibllow-up has been canpleted on this
2One. A bulldozer access track and geol""ical mapping planned
ibr the 1985-86 sunner season may locate its source.

A secon'! 20ne (ana:nalies Kl to K4, Plate WC122) _s detected
betwaen 18Zl0N and 3200N arornd 61211210E. All resfOnses are very
waak, and of lOW' priority. M3.pping and lith:Jgeochemical
sampling planned ibr sunner 1985-86 may help to explain their
origin.

January 1985 U1'EM SJrvey

Another UI'EM survey _s canpleted on the M3.ckintosh and
fbtfield Ucences in January 1985. Ilesults relevant to the
M3.ckintosh Ucence are incltrled as Appendix H.

'!he target ibr the survey _s mineralisation at the fullyer
ore fOsition, which is interpreted to nn fElrallel to the
shale-volcanic contact and dip under it at a shallOW' angle
arornd the licence. Transnitter l=fS ware fOsitioned to give
maximun resp:>nse to this geanetry.

Q1e ananaly ""s detected, within l=p 25. '!his ananaly _s
the target of DI:H Ml\CD004 (see section 7 (iii» . to massive
sulj:hides ware intersected..

Ibrerole EM Srrveys

Drill roles on the M3.ckintosh and H3.tfield Ucences are
routinely surveyed with borerole EM. A refOrt on surveys in
DI:H' s HL-2 and HL-8121 is incl>rled as l'ppendix P.



7. DIllMCND IlRnLING

A smmary lcq is as follows:

Geolcqy

Rlyolite vesicular lava.
Black shale.
~salt vesicular lava.
Black shale. confonnable contacts.
~salt lava and breccia.
Andesite lava and lava breccia. low
chrcmiun. non-feldsp;lT-fhyric. weakly
vesicular (Photo 355079).
~salt vesicular lava, patches of stro03"
fuchsi te al teration.
Rl:,olite quartz fOrfhyry (203.0-205.7).
chilled sericitic margins. intrming fine
grained ar"kDsic sandstone (Photo 355085).
Pol1"'ict breccia volcaniclastic.
Fragments of dacite (leu::oandesitic?).
basalt and sulfhides in a matrix of ash
and impure chert. EMS boulder. (5. 3% Pb,
4.5% Zn. 35 g/t hJ) fran 225.2 to 226.6
(Photo 355081).

206. 0-249. 0m

202.0-206.0m

173.0-202. 2m

0-9. 8m
9.8-l7.7m
17. 7-45. 2m
45. 2-50. 2m
50.2-115.9m
115.9-173.0

~ ancmalous resp:mses v.ere detected in HL-80. A resp:)Ose in
the near-by HL-2 has not been explained and will be kept under
review.

02,'S03 L1i 24.

A detailed lcq of the hole is incluled as lppendix I.
petrolcqical samples are described in lppendix J. A section
of the role is incluled as Plate Ml'Cl08A, and a plan
projection on Plate Ml'CC89GG.

DDH Ml'CD00l (Ml'C-l) \\as designed to test for massive base
metal sulfhide mineralisation below a volcaniclastic breccia
exfOsed by rocrl\\Orks in the SNitcbback Area (8800N/6200E).
'lhis breccia. infonnally named the SNitcbback \blcaniclastics.
contains base metal sulj:hide fragments and is interpreted to
be stratigrafhically eq.rivalent to the Hilllyer mineralisation.
S=attered R:> and zn ooil ancmalies occur along the strike of
the unit and a \leak UI'EM ancmaly (ro. C3) is coincident in the
SNitcbback Area (at around 8750N/6100E). 'lhe sulj:hide
fragments ll.ere interpreted to be shed fran a massive sulj:hide
rource dOlIn-dip of the SNitcbback \blcaniclastics. Absence of
a stron;! UI'EM resp;:>nse fran the prop;:>sed mineralisation \\as
accounted fur by assuning tlat the top of the bOOy \\as at
least 200m below surface.

7 (i) DDH Ml'CDI2JID.

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

•



Cbntact relationmips within tile h:>le and evidEnce fran
outcrop support the interpretation that the sulJ=hides at
225.2-226.6 are part of a fragment or boulder and rot a
discrete lens.

'!he IDl}ffiict breccia volcaniclastic (206.0-249.0) is rea:'!ily
correlated with the outcrop of the s"itchback \tllcaniclastics
at surface (Plate Mi'C108l\). respite differences in enclosing
stratigraJ=hY canpared with Ha11}'er (discussed below), the
s"itchback \tllcaniclastic sequence (SWB) is correlated with
tile Hal11"!r Hmgingtt,a11 Volcaniclastic sequence (HVS) since:

(i) it occurs inmediately below a distinctive basalt lava
....m.ch can be traced back to Ha11}'er (Mi'C89, 00, HH,
XX) •

(ii) it contains base metal fragmEnts ....m.ch have the Ha11}'er
PI:> isotope signature (see section 8 (i) ) •

(iii) tile predaninant clast type, pink-buff dacite, also
occurs in tile HVS (see section 3(iv) (v».

'!he basalt sequence hangingtt,a11 to the &ffi inchrles an
andesite lava (115.9-173.0) rot knoWl at Hall}'er. Its
idEntification as an andesite is based on tw:> thin section
descriptions and its low chraniun rontent. It is vesicular
and ron-feldsparJ=hyric and can only be distinguished in hand
specimEnS fran enclosing basalts by the irregular shape of its
vesicles. It does not resemble tile fuotW'lll feldsparJ=hyric
andesites at Ha11}'er: it is correlated with tw:> low chraniun
samples (see section 8(v», Table 1, samples 355016, 355(17)
fran wi.thin W':'atilered basalt outcrop alorJ:J' tile Fbrtal roa:'!
east of the Mi'C-l rollar.

Flow banded dacite lava.
pol}ffiict basaltic mediun lapi11i
volcaniclastic (Photo 355(82).
Andesite lava similar to 115.9-173.0.
Pol}ffiict basaltic mediun lapi11i
volcaniclastic.
Andesite lava.
B3.saltic mediun lapi11 i volcaniclastic.

028035 25.

296.4-319.0m
319.0-326.0

249.0-295. 3m
295.3-296.4m

326.0-346.0m
346. 0-358. 0m(EbH)

At Fe11}Br tile ore IDsition is underlain by feldsparrnyric
andesite lava. '!he unit in this IDsition in Mi'C-l (249.0­
295.3) is logged as dacite lava, based on colour, fine
grain size and presence of flow banding. '!his unit may have
contributed many of the pink-buff coloured clasts in the
overlying s"itchback \tllcaniclastics, and the contact betW':'en
tile tw::> ar:p=ars gradational. lIndesite lavas further dO'Mlh:>le
are similar to tile lava fran 115.9 to 173.0: that is vesicular
and ron-feldsprrj:hyric, and are also interspersed with
basaltic volcaniclastics: these features are not seen in the
Ha11}Br fuot..a11. '!his degree of stratigraJ=hic variation is
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to be expacted in the enviromtent of dep:>sition associated
wi.th the EM> and sva, and res been alloo.ed fur in making the
correlation betv.een these tw::> units.

Pn mexpacted result fran MPC-l was the shallow north dip of
sva (see Plate MPC108A). 'fue h:lle was designed fur a dip of
613-65 degrees, based on measurements in sediments alon:l the
Portal rocrl. 'fue drill role section (MPC108A) shows an
a~ent dip of 42 degrees north. 'fuis problem has not yet
been rerolved.

DJring the rep:>rting pariod a prograrnne was begun to
ge:>logically characterise the &'iE/HVS type rocks intersected
at H=llyer, in MPC-l and elsev,here, with the ultimate aim of
trailing the sul{i1ide boulders back to their rource.
O1aracteristics expacted to be of use are variation in
fragment and matrix canp:>sition, variation in fragment sim
and matrix prop:>rtions, variation in metal ratios of sul{i1ide
fragments.

w:>rk canpleted to date consists of an orientation prograrrrne of
detailed logging of the S'lB in MPC-l. 'fuirteen descriptive
field names ...ere dosen to represent all fraginent and matrix
canp:>sitions; (see Fig. 52 (cll. A referEnce line was then
draWl alon:l the top of the core and each discrete section
greater than 5nm in lEngth \\as assigned one of the names and
its lEngth measured. A total of 775 ci:lservations ...ere
accunulated and entered on the data base. A prograrnne \\as
then used to draw plots of fragmEnt and matrix canp:>sition and
sim versus depth, and freq..tency distributions of fragment
sim fur each canp:>sition. A sUIIllary of the results is shaWl
in Fig. 52. Fig. 52(a) in v,hich fragmEnt canp:>sition is
plotted ~ainst down h:lle depth shows, surprisingly, stroIBer
stratification of matrix types rather than clast types. Group
2 (grey fuchsite matrix), and Group II (chlorite fuchsite
matrix) are stroIBly stratified at the top and botton of the
intersection, While Group 13 (cream matrix) is antipithetic to
them. 'TIle predaninant clast type is by far the D9.cite
(Groups 3,4,5) v,hich occurs thrOU;<IDut the intersection.
9.ll{i1ide fragmEnts (Group 8) are clustered in t\\O groups
around the major EMS boulder at 226m and at the botton of the
intersection. Fig. 52 (b) shows fragment size to be fairly
eVEnly distributed throu;Jh the intersection. Interpretation
of these results contimes. F\.irther w::>rk of this type on
other intersection of HVSI &'iB units is planned.

Geocl'anistry

The canplete length of MPC-l was core ground and samples
analysed for Ol, Rl, zn, l'g, As, fu, JIll. 'TIle samples ..ere
selected on litlological boUndaries or over 10m intervals in



A sl.Jltllary log is as fullows:

Geology

Black shale.
Basalt lava. Stron:jly fu::hsite alterffi
6. 5--99. 8m. Weak to mcderate fu::hsite
alteration 195.0-301.2.
Glassy andesite lava. (Photo 355089).
Tuffaceous laminated siltstone.
'I\1ffacsous, shaley and sandy bands.
(Photo's 355090, 355091).
Andesi tic volcanic breccia with
sericite/chloritic/pyritic shale matrix.
I'o/:zn sulIhides associated with qtz/earb.
veining. (Photo 355093).

305.7-308.3

301. 2-303.0
303.0-305.7

0-<5.5m
6.5-301.2

A detailffi log is incltrlffi as Ji:>pendix K. Petrological
samples are describffi in Appendix L. A section of the IDle is
incltrlffi on plan MlC106A. Cbllar location is sho1r.ll on plan
MlC89 WW. (See also MlC97B for a regional cross-section at
1:10,000 scale).

Olrcxniun vallES are good indicators of the basaltic rocks in
the IDle. Discrepmcies occur loA1ere the lit.h:>logical boundary
is difficult to pick and does not coincide with the sample
boundary. Olrcxniun vallES up to 200ppn within the SoIitchback
\blcaniclastics are dlE to fu::hsite alteration and the
occurrence of sane basalt fragments. High base and precious
metal vallES in the SNitchback \blcaniclastic are associated
with detrital base metal fragments.

GeoIhysics

DDH XHLOOOO (Hlr80) \\6.S designffi to test fur massive base
metal sulIhides beneath stron:j fu::hsite alteration in basalts
in the vicinity of 10250N/6150E (see Plate 89 WW) and
intersected in IXH Hlr-2 (Plate l06A). Stron:j fu::hsite occurs
in basalts :imnffiiately hanging\\6.11 to mineralisation at
Hall1'=r.

02803'7 27.

areas of unifunn lit.h:>logy. Iesults are displayed on Plate
MlC108B.

A boreh:>le EM survey \\6.S canpleted on MlC-l with the Crone PEM
system. retails are incltrlffi in Appendix P. A resp:mse at
the top of the IDle is attributed to shale. N:> in-IDle or
off-IDle resp:mse \\6.S associated with the H'1S intersection
(225.2-226.6), sllpFOrting the interpretation that it is a
boulder.

7(ll)
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The canplete length of HL-80 was core g=und and samples
analysed fur 01, fb, Zn, JIg, As, Ba, er-, Au. J:esults are Sho¥Kl
on Plate MPC106B.
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308.3-331.0 Vesicular, weakly poqnyritic andesite
lava. Trace of spalerite and galena :in
vesicles. Similar to In! Ml'CD 001, 15.9­
173.0.

331. 13-397. 4 (EoH) Vesicular basalt lava. N::>t f=hsite
altere:l. Trace of spalerite and galena :in
q..Jartz/carbonate ve:ins.

Strong fu::hsite alteration \\as intersected bet..een 6.5m and
99.8m and correlates ..ell with alteration on surface and :in
HL-2. 'lhis intersection Shows that f=hsite is not
necessarily an indicator that m:ineralisation is close by, and
exp;!rience elsell.here on the licence Shows that it may be
controlle:l by permeability. In HL-813 the Shale seems to have
acted as an acpicluie lI.hich has concentrated the f=hsite
furm:ing ::olutions in the underlying basalt. In other exffilples
f=hsite is controlle:l by permeability alorg faults or :in
:inter-pillow =nes.

'lhe tuffacoous siltstone unit at 303.0-3135.7m is tentatively
correlated with the li!llyer ere R:>sition because of its
!:Osition below basalt and above andesite lava. 'lhis
correlation is sho= on Plate Ml'C97B. It recpires a flexure
:in the ore position II.hich could be achieve:l by projecting onto
the section (l0200N) the grid SE trend:ing anticl:inal c=ss
£Old at l0l00N/6l00E. Ib..ever the re-a~aranceof li!llyer­
type hang:ingw:<ll basalt below the siltstone mit, the fact
that Shaley units occur :in the hang:ingw:<ll at li!llyer and the
similarity bet\leen the andesite and the :intrabasalt andesite
:in M1'CDOOl stggest that the ore position may be deep;!r.

<bre grind analyses show high base metal valuas in the
tuffacoous siltstone. Syngenetic pyrite \\as lcgge:l :in this
mit but no base metal sulpudes. Base metals are associated
with cpartz/carbonate ve:ins in this unit and the tnderlying
andesite, and elsell.here :in the role (142.5m, 171.5m, 341.4m).
l\nanalous valuas in the siltstone are therefure not an
:indication that this unit is distal to the li!llyer
m:ineralisation, but since cpartz/carbonate/ sulp,.ide ve:ins are
tiotght to be of cambrian Jlge, they may indicate re­
ndJilization fran a massive sulp,.ide at depth.

eeochemistry

l\nanalous base metal valuas are discussed :in the previous
section. 'lhis type of ano:naly is typiCal of Uose on the
licence associated with cpartz/carbonate vein:ing :in II.hich zn >

28.



A sunnary log is as fullows:

GeoJjhysics

Basalt lava.
Basaltic lapilli and ash volcaniclastics.
R3.re andesite clasts identified in thin
section (Photo 355462).
Basalt lava.
Basaltic p::>lymict breccia volcaniclastic
(Photo 355463, 355464).
FeldsprrIhyric andesite lava breccia and
volcaniclastic (Photo 355465).
Dacite lava.
Feldsp3.rIhyric andesite lava breccias and
volcaniclastics, minor dacite lava.

172.2-196.3

9I2J. 12J-138. 1
138.1-172.2

0-83.5
83.5-90.0

196.3-275.1
275.1-348.0(ECH)

A boretole EM survey \\as canpleted on HL-80. IEtails are
incl1.rled in Appendix P. NJ ananalies \\ere detected.

'!he interval from surface to 138. 1m is correlated with the
hang ing\\all basalts at 8311yer • H:>\\ever, low chrane val I.E S

fran 30.0-83.5 are at variance with this interpr-etation.
L3.pilli and ash volcaniclastics (83.5-90.0) alro occur (in the
hanging\\all) abOlTe fellyer (see section 3 (iv)(iv» •

A detailed log of MI'C-4 is incl1.rled as Appendix M;
petrological samples are described in Appendix N; a section of
the role is incl1.rled as Plate Ml'C120A. and a plan pr-ojection is
ShoWl on Plate Ml'C89XX.

028039 29.

Pb, and C1l, Pg, As, Ba are all low. cr val\.ES clearly define
basalt and andesite mits.

Geology

DOH MFC-D~04 (MI'C-4) \\as designed to test fur base metal
sulfhides in the fellyer ere Ibsition (HOP) routh-east of
fellyer. '!he s!Ecific target \\as a deep resp::mse detected on
l=p 25 during the sumter 1985 UTEM prograrme. '!his ananaly
is discussed in detail in Jlppendix H. '!he UI'EM resp:mse \\as
interpr-eted as dI.E to an east dipping J:xrly at about 300m below
5725E bet\\een 97012JN-112JI2JI2J0N and open to the north. Cbrrlu::tance
\\as interpr-eted to be intermediate bet\\een that of the Ole
River and fellyer dep:>sits.

7(iii)
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'ilie p:>li!llict unit fran 138.1-172.2 is correlated with the
H:llyer Hmgingvall Volcaniclastic i2q..tence. 'ilie correlation
is based on:

(i) the presence of pyrite and mixai base metal fragments,
presunably shed fran a massive sulpude s::>urce.

(ii) the stratigrapuc pJsition of the unit, inmaiiately
below basalt.

(iii) its pJli!llict character and similarity with units
intersected at the s::>uthern end of H:llyer.

Fragment types incltrle basalt, feldsp3.qhyric andesite,
siltstone, pyrite and mixai base metal sulpudes ••

'ilie pJlj!llict unit is U1derlain by a feldsprrIhyric andesite
(172.2-196.3). as at H:llyer. 'ilie andesite is pJssiblya
transp:>rted lava breccia as it has a similar matrix to the
overlying pJli!llict unit. 'ilie lower contact of the andesite is
obscurai by stron:J yellow sericite alteration.

'ilie rest of the seq..tence encounterai in Ml'C4 =nsists of
massive dacite lavas, feldsfarIhyric andesite lavas and
andesitic volcaniclastics.

l\b massive base metal sulpudes ;..ere intersected.
'ilie interpreted centre of the Ul'EM respJnse lies about 20m off
t11e end of the tole. 'ilie tole W3.S stopped Short of this pJint
because it had already passed throu:Jh t11e interpreted H:llyer
ore Ebsition, and because of t11e lack of encour<ging
alteration at the bottcm of t11e tole. Since the urEM ancrnaly
vas obviously not ass::>ciated with t11e fullyer ore Ebsition it
vas decidai to rely on routine boretole EM to determine its
s::>urce.

Geoc11emistry

The canplete length of Ml'C4 was core groU1d and samples
analysed fur Ol, lb, Zn, ]>g, Au, B3., As, Cr, Ni, Zr, Ti.
JEsults are shm-.n on Plate 1208.

As mentionai in the previous section several intervals l~gai

as basalt (30.0-83.5; 120.0-138.1; 308.7-318.2) have lower
chromiun vallES than expected of this rock type. 'iliese
intervals will be samplai fur petrograIhY.

Cbpper and zinc vallES are moderately ananalous thrOlBh:>ut the
tole, while lb values are low. 'iliese metal ratios are
unusual. S.11fhide fragments contribute to the metal values in
the interval 138.1-172.2.
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GeoPlJ'sics

Boreh:>le EM was canplete on MAC-4. A refOrt has not yet been
receive:i. lb....ever field insp"ction indicated m ananalollS
results.

8(i) Pb-irotope 9JrVey

Five samples ....ere sub:nitted to the CSIRO for Fb-irotop"
analysis in Lece:nber 1984. A rep:>rt on the results is
incltrle:i as Appendix Q.

'lhe samples ....ere:

315461 88300 6l45E Pyrite-rich fragments fran the
SNitchback 'lblcaniclastics in the
Iiallyer ere R:>sition.

315629 88400 6140E Base metal sulIfllde-rich fragment
fran the SNitchback
'lblcaniclastics.

315660 884QN 6140E Silicified rock with disseminated
base metals fran the SNitcli:>ack
'lblcaniclastics.

31569 945eJN 5235E Pyrite fOd at outcrop of Iiallyer
ore Ebsition.

315625 '395'"0N 544eJE G3.1ma fran chlorite-rich rock in
Q440N outcrop of interp::eted routhern

// extension of the H311yer frx:rt.w:ill
alteration 2Dne.

All samples except 31569 had Fb-irotop"'ratios canfarable with
th:>se established fur cambrian mineralisation in the Ole­
Hellyer area. 'lhese results support the interpretation that
the sullhide fragments in the SNitchback 'lblcaniclastics
have been shed fran a Cambrian massive sullhide rource, and
that the alteration outcrowing aromd sample 315625 is
related to the H311yer mineralising system.

sample 315659 was significantly more radiogenic than the
others. Field E!lTidence indicates that this sample is of
cambrian age. 'lhe irotopic ananaly is most likely due to
addition of radio;Jenic lead fran containe:i uraniun and tloriun
to a sample of initially low lead con::enttation. 'lhe sample
WOIS not analysed fur lead.



4. Profiles of "times threshold" ware plotted fur each
elEment over the \\hole M3.ckintosh area at 1: 10, 000 scale.
'!his highlighted a nunber of ananalies not as yet
thnOl.l3'hly investigated, and a nunber of litiological and
strlXtural features of interest.
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Soil Geocb:mi.cal rata Processing

w:>rk Cl::mpleted

During t:h;! p3.st twalve months all existing soil geocremical
analyses fran t:h;! M3.ckintosh licence ware digitised and a data
base designed fur storing and manipulating this very large
data set containing 21, 000 samples!cbservations (each with 01,
Ph, zn and scattered Fe, B3., As).

1\nalysis of this data is still in progress. W=>rk canpleted to
date is as fullows:

l(a) Rock type infuDllation fran recent mapping vas digitised
and merged with analytical data.

(b) Soil type data recorda'l. during sample collection vas
plotted and s::>il type distribution maps prerared. '!his
infuDllation is still to be merged with analytical data.

(c) Vegetation types COllected as above ware als::> plotted in
preraration fur merging.

2(a) B3.sic statistics incltrling means, standard deviations,
coefficients of skelol1ess and kurtosis, correlation
coefficients and order statistics ware canputed fur each
elEment within t:h;! \\hole data set and fur each elEment
fur each rock type.

(b) Hist.ogrcrns and cunulative freq.tency distribution curves
:fur both linear and leg scales ware constrlXted as above.

(c) Statistics and cunulative freq.tency curves ware analysed
to detennine an ananalous threshold :fur each elEment fur
each rock type.

3. law data vas divided by the threshold fur each elEment
fur each rock type. '!his allo..ed anan8.l.ies to be
classified in (times threshold) terms.

w:>rk Prop:Jsed or in Progress

L 01, Pb, fu data is being gridded (10mE x 30mN mesh) and
contoured at 1: 10, 000 scale.
Cblour contour plots will be produ::ed using an Applicon
colour plotter.

2. All new analytical data (actml values) are to be plotL"'<i
at 1:2500 scale.
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D, wthD, D::y - Dacite, weathere1 dacite, dacite clay.
Ide:ltified by crean--white colour, quartz
Phenocrysts, flow banding or by fOl:mation
of distinctive ...nite clay...nen th:lI:Dl.l:Jhly
v.eathere1 •
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3. Cluster analysis using image processing teelmiques will be
carried out using tile Ql, H::l and zn data sets. 'lhis will
aid classification of rock and ananaly types.

4. lbck type data will be re1igitised as new infunnation
becanes available. !bil and ve:Jetation types will be
digitised, merge1 and tileir correlation with analytical
data investigate1.

5. A detaile1 rep:>rt will be preprre1 presenting tile full
results and :implications of this =rk.

Lit.h:?gexremical S3mpling Progrcmne

A reconnaissance lithJgexremical sampling progr<mne WiS

canplete1 on tile Mickintosh and Hitfield licences during
Febrmry-March 1935. '!he aim of this progr<mne WiS to
determine \\hether andesitic, basaltic and dacitic volcanics
could be reliably distinguimed in weathere1 outcrop by their
trace eleme:lt gexremistry. Prel:iminary stwies on frem drill
core had mov.tl this WiS p:lssible fur basalt, which has a high
chraniun content.

sample traverses v.ere p:>sitione1 across the stratigraPhy
inclwing tile Hellyer ere R:>sition (HOP) (see Fig. MPC122).
S3mples were taken fran rock and v.eathere1 :rock in roa:1 cuts
and costeans. l\nalyses were by JlMIEL using ICP/AES after
lithiun metaborate fusion. Jesults are &lov.n in '!able 1.
E><planation of the rock type abbrelliations is as fullows:

Wth A - lIIeatilere1 andesite. stro03ly weatilere1
rock but retaining e:lOugh texture to
ide:ltify it as andesite - Le. green,
feldsp3.r Phenocrysts.

A cy - clay after andesite - identified by
prox:imity to recognizable andesite, and
stratigraPhic p:lsition.

Wth B - Weathere1 basalt, ide:ltified by vesicular
texture, M1 staining and clay colour, and
by stratigrap-tic p:>sition.

bk S1., wth bkSl - black shale, weathere1 black shale.
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Cbre Grind Smlpling Progranne

In fig. 54, 10 samples are nunbered. 'lhese are samples \\hich
have high chraniun and have not been identified as basalt or
vice versa. RJssible explanations fur these discrefBl1cies are
listed in 'Illble 3.

Holes drilled on the M3.ckintosh and H3.tfield Licences are now
routinely sample:i CNer their canplete length by core grinding.
Smlples are selected on litJulogical boundaries, or over 10m
intervals \\here litJulogy is unifunn. 'Ib date, samples have

34.028044

breccia vOlcaniclastic in the HOP on the
jDrtal road.

- Rhy>lite.

'lhe results of too lith:Jgeochemical sampling prcgrcmne ~re
applied in the SNitchback area by re-analysing roil samples
fur chraniun. '!he vallES are plotted on Plate Mi'C1l9.
LitJulcgical interpretation can be canJiBred with chraniun
vallES by overlaying Mi'C1l9 on Plates Mi'C89 HH and Mi'C89 GG.

Mean vallES of each elanent fur specific rock types have been
calculated and are shOWl in 'Illble 2. 'lhe means indicate tlat,
except fur l'B and Zr, there are significant variations in
trace elanent levels fur all rock types. Since l'B, Ba and K
are associated with alteration and mineralisation, they are
not considered reliable indicators of primary rock type.

Iecent analyses of core and fresh rock samples as prrt of the
I£!ll~ alteration stuiy have stggested tlat the three rock
types may be distinguiShed by their Zr to Ti. ratios. 'lhese
ratios are plotted against Cr in fig. 54, Which shows poor
discrimination based on Zr/ Ti.. 'lhis may be dIE to the
different sample types used in the t\\O progrcmnes.

S1ale and rhy>lite are readily identified in the field.
Geochemistry is mainly req.rire:i to discriminate basalt,
andesite and dacite.

R

cg vee

Bamlt is the most readily distinguiShable rock type because
of its high Cr, Ni and Ml content. l\ndesite may be
distinguished fran dacite by higher V, Ti. and Ml. When trying
to identify bamlt, andesite and dacite, initial division can
be made on the basis of Cr content into bamlt (high Crl or
andesite/dacite (low Cr). Discrimination of andesite fran
dacite may then be made on the basis of V, Ti. or M1 content.
Plots of Cr against the latter three elanents are shoWl in
fig. 53, Which shows that V is the best discriminator bet~en
andesite and dacite.

8(iv)
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been pulverized in a chrane free bowl and stbnitted to l\nalabs
fur analysis as fullows:

Iesults are store1 in tile data-base, and are presented as
overlays to drill lnle sections (e.g. M.l\C106B). ~s

progrcmne ccmnence1 with JXH »1CD005.
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Cu,Eb,Zn,Pg,Ni
Cr,Bol,As,Ti,zr

Au

028045

perchloric acid digest, AAS
pressed rnw:ler XRF
fire assay fusion, AAS finish
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The najor aChievem:nts of the reporting period have been:

(1) Drill delineation of the Hellyer deposit to pralle up an indicatai
geological reseurce. The geological setting of the deposit, defined by
the drilling prograrrrre, is rKM the reference for exploration on the
licence.

(2) A significant inprovellEnt in the understanding of the geology between
Hellyer and Que River and eastwards to the Switchback Area. The
stratigraphic position hosting the Hellyer mineralisation has been
locatai in these areas and is a zone of intense exploration. Exposure
=eatai by developrrent works for the Hellyer deposit has greatly
acceleratErl geological napping in this area. 'Ib inpralle the detail of
napping on the rest of the licence techniques must be fcund to create
exposures in critical areas with minimum enviromrental danage.

(3) An inprovem:nt in systenatic recording of all exploration data on the
property by introduction of new nap series and legends, =eation of
drilling and soil geochemical data bases and routine petrology and core
grin:! sanpling on all drill holes.

(4) The developrrent of methods to reliably distinguish rock types by their
trace element content. These nethcrls seem to be applicable to
.,;eathered rocks. Basic and interliediate rocks on the licence are
ccnm:>nly weatherai to 30 metres.

Three drill roles and 20 line km of urEM surveying were also ccnpleted
during the reporting pericrl. No economic mineralisation was located as
a result of these surveys.

The exploration programne for 1986 sh::lUld be directe:i towards:

(1) Develcping drill targets at the stratigraphic position hosting the
Hellyer deposit. This stratigraPhY is krJcwn to trend eastwards into
the Southwell area. A programne of gridding, napping, trenching, soil
sampling, ground magnetics and urEM is propose:i to produce drill
targets in this area.

(2) Collecting geological, geochemical and geophysical data in volcanic
rocks to the east and south east of the Que River Mine where coverage
is inadequate. There is potential to develcp prospacts in these areas
in the nediurn term. Access tracks, gridding, soil sampling and mapping
have been proposed for these areas.
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(3) Contimation of 1: 10, 000 scale mapping of the licence to:

(a) Improve understanding of the strocture of the Ole-Hellyer
volcanics.

(b) Assess the pJtential fur mineralisation on areas of the licence
outside the outcropping area of Ole-Hellyer volcanics.

A progranne inVolving new air P1otograP1Y and a new base map is
prop:>sed •
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Geo1~ical l€oource of the Fellyer D=p:>sit.
Cbnfidmtia1 l€p:>rt to Aberfuy1e Elcp1oration, June
1985.

Rep:>rt on Elcp1oration on the Mickintosh EL 2/70
during the period JamBry 1983 to April 1984.
l€p:>rt to the 'l:asnanian D=pt. of Mines by Aberfuy1e
Elcp1oration.
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M:::Arthur G J 1985

Jack D J 1984
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I
8aS). No. North Eas. Ni Cr V Zr Ti Ba As Mn K

270700 4809 3794bk Sh 30 130 180 160 335D (';, ~'i 0 12 120 . f'."2:) U(I".70701 4808 3799~k 5h 20 '110 130 160 3900 620 12 80 2.4..:1000

I
~.?O?O2 4805 3814bk 5h 4S 130 240 170 3600 900 1:2 120 :2 . 6.;i 0 0 ij

270703 4804 3819bk Sh·,/ 30 "'0 220 140 3600 760 12 120 2.62000
270704 4803 3B24bk 5h' 25 150 200 190 401;50 1000 12 80 3.:::'--i1lI.n
270705 4801 3828A c:y 10 40 2'0 350 4750 2100 Ion 100 ~.3~,OOO

270706 4800 '833A cy 20 25 220 390 ':'000 1700 12 12 i) 3.98000

I
270707 4800 3838Acy 15 40 210 360 4700 125 (I 1'2 1'20 2.64000
270708 480-, 3842A c ~... 20 30 210 350 41500 9~' 0 1:- 120 1.Hooon 4800N/3800E COSTEAN
270709 4806 3846A ey I' 25 200 340 4450 640 l2 80 L 84000 (HATFIELD)
270710 4810 3864A ey 20 420 190 300 4300 780 12 120 1.140Cllj
270711 4811 3869A ey 15 60 180 290 4050 620 12 100 1.14000

I
270712 4813 3873A ey 20 90 210 340 4300 760 12 120 1. '34(i 0 n
270713 4815 387SA ey 10 30 160 260 3600 10';0 40 120 1.76000
~70714 4814 3883A cy 10 4' 160 250 3450 1050 12 120 1.66000
n0715 4813 3S88A ey I' " 190 300 3850 1250 40 120 1.98000
270716 4812 3893A cy '0 3100 210 300 4000 1600 12 240 2. 7 0000

I 270717 4811 3898A ey 20 460 200 300 3950 1350 12 140 2.18000
~70718 1:5390 3n5D ey 15 65 4' 230 1850 2250 12 100 3.D4000
2.70no ~391 3717D ey 15 15 50 320 2700 720 12 140 3.04000
270722 5393 37080 cy 15 15 50 360 2900 680 12 100 2.2/,000
27!!724 5400 37000 ey 15 40 4' 270 2350 440 12 100 2,52000

I 27972~ 5406 36920 ey 20 IS 45 250 2350 480 40 100 2.68000
270728 5406 3682A ey 40 680 180 230 3150 700 80 120 3.60000
270730 5401 3674A cy 25 9' 280 300 4'500 1000 180 400 :2 "B8000
22.l!7'2 5390 3665wth A 25 130 170 300 3'500 880 12 1150 1.72000

I
270 734 5401 365SA cy 40 640 150 300 3350 800 12 1400 1.42000
220736 5403 3645A cy 15 85 180 270 3600 '20 12 5'0 1. 70000
P0738 5400 3636A cy 15 20 170 290 3400 420 12 200 1. 30000

5400N/3600E COSTEAN270740 5398 3626A cy . 10 25 190 350 3900 430 12 450 .950000
:270742 5400 3617A cy 10 80 190 290 3900 4S0 12 380 .700000 (HATFIELO)

I
270744 5399 3607A ey 2' I' 190 290 3900 '00 12 340 1,36000
~.79746 C;;403 3C;;9~A cy 10 IS 220 320 4200 390 12 1050 .900000
270748 5406 3589A cy 10 10 190 290 40'0 640 12 1150 .780000
2707'50 5399 31593A cy I' 20 200 290 39130 400 12 1100 1.14000
270752 5392 3577A cy 2 10 190 260 3700 540 12 13130 1.44000

I
270754 S392 3S67A cy 10 20 210 290 4050 1360 12 1750 1.32000
~7~756 5393 3?58A cy 10 15 240 330 4650 660 12 1750 .720000
~7075.8 5394 3'J47A cy 10 10 240 300 4350 620 1C' l?OO 1.0"7000
270760 ~394 353BA cy , , 280 320 4600 470 12 700 .700000
270762 15392 3S27A cy 10 5 260 300 4450 480 12 11130 1.00000

I 270764 5393 351BA cy 15 , 260 260 4150 .620 12 400 1. 74000
270766 5392 3i50ElA cy 5 10 280 290 4500 1200 12 100 4.04000
270768 5389 3489wtbbk Sb 20 110 190 160 40150 820 12 100 2.50000
35;016 8925 6720wth B '" 2' 240 170 3400 740 12 40';0 2.7401"10
'55017 8950 6690wth B 25 15 270 150 :H50 1050 12 800 2.56000

I ~35S018 9000 6690wtb B 130 540 260 280 4750 580 12 1900 2.90000
35~ 0 19 9030 6730wth B 170 720 280 300 5500 580 12 3400 1. 34000
355020 9020 6770wtb B 130 660 270 300 5100 520 12 3100 .640000
'~5021 9030 6820wth B 170 560 280 300 5300 560 12 1700 1. 64000
355022 9060 6865wth B 150 600. _ 260 300 7200 230 12 300 .790000

I '55023 9100 6860wth B 190 1000. 260 280 4950 %0 12 460 1. 98000
355024 9140 6820bk Sh 80 150 160 150 H50 540 30 800 3.0UOOO
35502' 9180 6805R 15 I' I' "'0 820 180 12 320 2.24000 PORTAL ROAD-
3515026 9230 6795bk 5h 75 110 270 150 33150 410 12 520 2.86000 SWITOIBACK AREA

I
3~5027 81350 668Swth 0 15 .. 250 160 4400 920 12 440 2.99000
355028 8580 6710wth A 35 85 160 140 3850 700 12 1750 1.40000
355029 8725 67100 20 15 35 160 1650 760 12 300 2.46000
355030 8765 6710wth D 30 10 330 150 4550 900 12 1350 3.32000
"~031 aBO'S 6740wth 0 I' 10 40 220 2200 .40 12 130 2.88000

I
355032 8825 6700wth D 10 10 30 170 17'00 400 12 90 2.30000
35.033 8845 668;cg vee 15 30 40 190 1950 480 12 320 2,18000
";034 8865 668Scg vee I' I' H 220 2200 700 12 780 2.90000
}~50," 8895 670il3wth B 250 1050 260 70 2350 180 12 2~OO .10'5000
355036 9550 4270wth B 210 920 200 140 2400 270 12 280 1.02000

I '~'037 9140 4370wth 8 100 410 280 170 3850 340 12 2250 1.50000
355038 8975 4460wth D '0 240 150 170 3200 130 12 500 . 38~00O WARATAH HEC LINE

355039 8895 4500wth D 10 25 25 220 2050 560 12 60 3.02000
355040 8790 4~60wth D 20 10 250 220 4350 470 12 130 3.1600n
355041 86SIj. 4680wth D 20 15 90 170 2600 700 12 30 3.08000

I 355042 100915 5605wth B 160 530 410 330 5700 190 to 2500 .21S;OOO
n5043 10000 5600wth 8 180 810 320 310 ':)250 180 12 800 1.40000
355044 9910 5610wth B 40 20 340 300 4750 1000 12 120 3.13000
'5~045 98,5 5610wth B 30 20 270 280 41150 1640 12 1550 3.11000
"55046 9810 '5610wth A 60 20 420 420 6100 890 12 2100 1.152000

I )55047 9750 '5610wth A 90 280 230 290 4070 870 12 160 2.80000
31;;:5048 9700 5620py wth A 20 70 180 220 2100 620 12 '80 2.51000 EXPLORATION PITS

'55049 96130 1S610py wth D 20 100 60 '"0 27"50 420 12 12 3.42000 9600N/S600E AREA

:f5-;:050 9610 5700wth A 30 20 240 230 3500 800 12 12 3.51000

I
'55051 9615 5715wth 0 20 5 60 300 :n50 430 12 12 3.36000
35'052 9600 S800wth 0 40 70 110 290 3400 740 12 2150 2.8200(;
'55053 9610 5B40wth 8 110 290 240 260 3900 1080 12 1350 1.80000
'';-'054· 9610 5900R 20 30 60 220 11:350 300 12 80 2.S100n
'';5055 9610 5950R 10 5 10 220 800 180 12 12 2.37000

I
35';056 9610 '960R 10 10 10 220 SOO 150 12 40 2 . ..:ilOOO

TABLE 1 • SAMPLES CDLLECTED FOR THE MACKINTOSH I HATFIELD LITHOGEOCHEMICAL PROGRAMME

•



ROCK TYPE Ni Cr V Zr Ti Ba As Mn K

wth A, A cy (33 obs.) 17 44 220 293 4145 794 21 736 1.8%

wth B (16 obs.) 132 611 248 252 4216 486 16 1481 1. 4%

D, D cy, wth D (16 obs. ) 19 24 97 233 2893 733 14 222 2.9%

R (4 obs.) 14 15 24 203 992 203 12 113 2.4%

bk sh, wth bk sh (8 obs.) 41 130 199 160 3681 716 14 243 2.7%

"I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

•

TABLE 2. MEAN VAWES FOR MAJOR ROCK TYPES,

LITHOGEOCHEMICAL SAMPLING PROGRAMME

.:..

028050
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\J~? 028051

NUMBER SAMPLE HAND SPECIMEN Cr COMMENT
ON FIG. NO. 10. CONTENT

1 270728 A Cy 680 CORRELATE WITH THII

2 270734 A Cy 640 UNIT OF HIGH Cr
BASALT INTERSECTED

3 270732 wth A 130 IN DDH MC-12 BE-- NEATH COSTEAN-
4 270717 A Cy 460 UNEXPLAINED - Ii

5 270710 A Cy ,i20 MAY BE THIN BASfr'T(
UNIT AS ABOVE l' .~

270716NOT SHOWN A Cy 3100 UNEXPLAINED

6 355047 wth A 280 UNEXPLAINED

7 355016 wth B 25 CORRELATES WITH

8 355017 wth B UNIT OF LOW Cr
~ANDESITE LAVA IN-

TERSECTED IN DDH
MAC-l

9 355044 wth B 20 UNEXPLAINED

10 355045 wth B 20 UNEXPLAINED

11 355038 wth D 240 UNEXPLAINED

TABLE 3. EXPLANATIONS FOR DISCREPANCIES IN Cr CONTENT
OF SAMPLES FROM TABLE 1.
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$CONTROL:FIELD,TA8LE,ERRORS=10,ROOT,SETj
BEGIN DATA BASE: @DBDMH:MH:20j
LEUELS:

4 RDACCj
1'2 WTACCj

« Mackintosh/Hatfield - Tasmania »
« Latest update <8'21024.1028> »
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«.~._-_ .•.•.•.•.-••.• MASTER SETS • .D .~..._~._.__ »

~\)~ 028064
ALTN, X6; <<AI terat ion KEY 11 EM a/n»
CUPPMR, X6; «Copper ppm Cu n ) )
PBPPMR, X6 ; «Leed ppm - Pb n ) )
ZNPPMR, X6; «Zinc ppm - Zn n »
AGPPMR, X6 ; <<Si Iver ppm - Ag n »
AUPPMR, X6j «Go Id ppm - Au n ) )
BAPPMR, X6 ; «Berium ppm - Be n ) )
ASPPMR, X6 ; «Arsenic ppm - As n »
CRPPMR, X6 ; «Chromium ppm - Cr n ) )

NIPPMR, X6; «Nickel ppm - Ni n ) )
ZRPPMR, X6 ; «Zircon ppm - Zr n ) )

TIPPMR, X6; «Titenium ppm - Ti n ) )
11 SPARE!, X6 ; «Spere 1 ppm - ?1 n ) )

<< ASSAY SET ) )
;/' DHID8, X10; «Dri llhole Id e/n»
" FROM8, X6 ; <<From n ) )

TOT08, X6; «To n ) )

SPGRAV, X6; «Specific grevi ty 59 n »
CU", X6 j <<Coppe r " - Cu n ) )

PB", X6 j <<Leed " Pb n ) )
l: ZN", X6; «Zinc " - Zn n ) )

AGPPM, X6 ; <<S i Ive r ppm - A9 n ) )
AUPPM, X6; <<Go ld ppm - Au n ) ),' BA", X6 ; «Berium " - Ba n ) )

AS", X6; <<Arsen ic" - As n ) )
'i'

« 1»
«MASTER DRILL HOLE IPENTITY SET »

« 2»
) )

<< 3»
) )

<< 4»
) )

<< 5»
) )«MASTER ALTERATION

«MASTER DATA STATUS SET

«MASTER SAMPLE TYPE

«MASTER ROCK TYPE

@MSTMH::20,Aj
KSAMPT< 1) ;
11;

@MALMH: : 20, A;
KALTN<l) ;
19 j

@MRKMH::20,A;
KROCKT(1);
53;

@MSSMH: : 20 ,A;
K5TAT< 1);
7',

~M !DMH: : 20 , A;
KDH!D('5) ;
53;

NAME:
J ENTRY:

CAPACITY:

SETS:
; ,

" NAME:
" ENTRY:

CAPACITY:

NAME:
'I ENTRY:
,. CAPAC ITY :

;. NAME:
il ENTRY:
" CAPAC ITY:,.
j' NAME:
" ENTRY:
." CAPAC ITY:

•
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Detail
Se t : @HIOMH @HSZMH Ii:lSVYMH @RGCMH @ASYMH
IteM: DHI01 OHIOZ OHI03 OHID4 DHID8

HATOO01 _.' 1 Z 8
HATD002 ·f 1 2 8
HATDOO2A 1 2 10
HATDOO3 1 3 8 29
HATOO04 1 4 21 45
HATOO05 1 3 20 42
I1ACOO01 1 3 16 40
MACD002 1 3 18 48
MACD003 1 4 10 71
MACDOO4 1 4 15 38
MACD005 1 4 18 45
MACOO06 1 4 12 41
XDAD001 1 4 14 104
XDAD002 1 4 12 86
XDAD003 1 4 12 95
XDAD004 1 3 29 94
XDAD005 1 3 20 55
XHLD080 1 3 17 42
XMCD001 1 2 9 65
XMCD002 1 2 9· 10
XMCD003 1 2 12
XMCD004 1 2 10
XMCD005 1 4 13 30
XMCD006 1 4 14 34
XMCDOO? 1 1 3
XMCD008 1 3 11 24
XMCD009 1 3 11 26
XMCD010 1 3 12 29
XMCD011 1 .,

11 28~

XMCD012 1 3 17 40
XMCD013 1 3 16 29

Totals 31 94 416 1190 0

total nUMber of unique l.teMs = 31
------------------------------------

>•.•

data-base @DBDMH:MH:ZO
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~IMAGE/1000 MASTER-SET REPORT 028065

Master-set @MIDMH
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@MALMH

I @HlDMH
. @HSZMH

@SVYMH

I
@RGCMH

, @ASYMH

BASE SPACE UTILITY

CAPACITY FREE RECORDS RECORDS USED DIFFERENCE
-------- ------------ -------_._--- ------_._--

53 22 31 0
7 6 1 0

11 9 2 (J

53 52 1 0
19 18 1 0

53 22 31 0
159 65 94 0
533 117 416 0

3001 1811 1190 0
1003 1003 0 0
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Fig. 53(b) MACKINTOSH HATFIELD LITHOGEOCHEMICAL
SAMPLES- Cr VB Ti

Fig_ 53(c) MACKINTOSH HATFIELD LITHOGEOCHEMICAL
SAMPLES - Cr VB V

Fig. 53(a} MACKINTOSH HATFIELD LITHOGEQCHEMICAL
SAMPLES-Cr va Mn
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C2~:07n

DDH MAC-l/140.0

355085 DDH MAC-l/205.7



355081 DDH MAC-1/213.5

028071

355082 DDH MAC-1/295.8



355089 HL80

028072

302.2m

355090 HL80 303.2m



:)55091 HL80 30 .2m

028073

355093 HL80 307.8m



355462 MAC-4 85.4

028074

355463 MAC-4 165.0



355464 MAC-4 169.2

028075

355465 MAC-4 173.2
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6d Dat<\ fran HI.. 19 - Loop 3 (Pl<\te XHEL 5c)

6e Dat<\ fran HI.. 19 - Loop 4 {Pl<\te XHEL Sd}

FIGURE 7<\ Cross section l0800N {Pl<\te HEL 22!10800N}

7b Dat<\ fran HI.. 21 - Loop 1 (Plate XHEL 6a.)

7c Dat<\ fran HI.. 21 - I.oop 2 (Plate XHEL 6b)

7d Dat<\ fran HI.. 21 - I.oop 3 (Plate XHEL 6c)

7e Dat<\ fran HI.. 21 - I.oop 4· (Plate XHEL 6d)

FIGURE B HI.. 31 - EM Primary Field O:>nfigur<\tions

FIGURE 9<\ Data fran HI.. 31 - I.oop 1 (Plate XHEL 7<\)

9b Dat<\ fran HI.. 31 - lDop 2 (plate XHEL 7a)

FIGURE 10<\ Cross section lllli!l0N (Plate HEL 22/11100N)

10k> Dat<\ fran HI.. 45A - Loop 1 {Pl<\te XHEL Ba}
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Fran May to september of 1984, seven different drill holes were

loggErl with doNnhole Sirotem fran several different transmitter

. l=p positions for a total of 16 different surveys. ~y in t\110

cases have the results so far been of any real values to the drill

geologists:-

1) the lack of response in IlL 1 that proved that the ore body

does rx:>t continue to Hl2l110N and

2) the large response in IlL 31 Which indicated that this hole

passed significantly closer to the ore body than had

previously been thought.

A third case v.nere the results might prove of value to fUture

drilling _s in IlL 45A. '!his data rx:>t only helps to outline the

geanetry of the eastern edge of the deposit on llll1l0N; but also

suggests that the body has a greater COIl:iuctanee in this region;

and is therefore probably larger than further south. FUrther

deMnhole 1NOrk in this area; Which has been planned; will be

necessary to confinn this hypothesis.

In other cases, the EM results have only confirmed What was already

Jmoo,m by the drill geologists. '!here are t\110 reasons for this

apprarent lack of effectivness. Cne is that it is very difficult

to be much help v.nen the deposit is being drilled off on a 50 metre

grid. '!he secom is that timing _s often a problem. It was often

not feasible, or at least not cost effective to llObilize a crew and

log a hole in time to help the drill programne; Which _s

progressing very rapidly.

N:lw that there is a pause in drilling, and the results up to OCM

have been carefully interpreted and urxlerstood; a small..a6wsunt of
.'

dCl\rll1hole EM 1NOrk; which is already planned, may be able to make a

large contribution to the urxlerstanding of the geanetry of the

northern part of the Hellyer ore deposit.
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II GEGIEl'RICAL IN1'ERPRE1'ATION

Figure 1 shows in plan the location of all of the transmitter loops

and drillholes mentioned in this report, plus a projection of the

Hellyer ore deposit to surface. All of the EM data and the

relevant geological cross sections are included in this report.

1. IlL 1

The data for IlL 1 is shown in figures 2a (loop 1) and 2b (loop 2):

The data for loop 1 is too noisy to be interpreted because of weak

signal and the presence of the HEX:: transmission line. H:Jwever; it

is awarent fran figure 2b that there is no oonductive feature in

the vicinity; within at least 75 metres of the drill hole. 'lb.e

side-looping capability of the Sirotem in this situation is limited

to about 75 metres because of the short length of the drill hole

(170 metres) •

2. IlL 3

The Sirotem data exhibits the classic positive response expected

when a oonductor is intersected for both loops 1 (figure 3b) and 2

(figure 3c).

The geological cross section for Line 1l2l4l2ll2lN is shown in figure 3a.

')he slight assynmetry of this positive response which has a gradual

buildup as the oonductor is aIt'roached fran above and a sharp

decline past the oomuctor; agrees well with the geologically

interpreted vertical fault contact on the eastern side of the bo:iy;

and a bottan contact roughly perpemicular to the drill hole. The

fact that the ananaly rare.ins positive until after 5 milliseoonds;

indicates that the drill hole intersects the bo:iy very close to its

cross sectional centre. The negative response at very late times

for loop L and the positive to negative crossover for loo'p 2;

shows quite clearly that there is !lOre to the oonductor .l!ban was
"

intersected in the drill hole. There is !lOre discussion on this

late time ananaly is a later section.
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3. HI.. 4

The geological cross section for 10500N is shown in figure 4a and

the HI.. 4 sirotem data in figure 4b. The data shows a very high

amplitude off hole response which is hundreds of times the noise

level of the survey. This contrasts with the original surface ..ork

which had an ananaly amplitude only 1 or 2 times the noise level of

the survey. proving hcrw effective dC7Nnhole EM can be when drilling

for the sources of ananalies that are weak at surface.

Because the EM survey was conducted only in HI.. 4 to 255 matres and

not in the elttended HI.. 4A; there is not enough information to do a

detailed interpretation because only half of the ancmaly has been

covered. The best interpretation based on this coverage ....:>Ul.d have

to assune that the middle of the ananaly is at about 250 matres:

This is suggested by the fact that the maximum negative appears to

have been achieved at this depth.

Accepting this. the corrluctor is about 40 matres off the hole fran

a depth 250 matres dCMll the hole. This agrees with the known

configuration.

The drill geologists have developed a theory that there should be a

substantial thickness of ore imnediately to the east of the fault.

fran about l0500N to 10600N based on the known post-ore fault

IOClII'e:nents and the considerable thickness of ore imnediately

adjacent to the fault to the west on Lines l0350N to l0450N: The

geofhysics does not support this theory; although it should be

noted that the geanetrical oc:mplication of the hypothesized

situation could lead to interpretation errors. certainly it ..ould

be best to test the hypothesis on 10600N or 10550N where there is

no dC7Nnhole information before drilling on Line l0500N.

4. HI.. 19
"

The results for HL 19 vary so much deperrling on the position of the

transmitter lcop that it is obvious the con:luctor is a very

canplicat.ed shape. A knowledge of the direction of the primary
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field is essential for each loop; particularly in the vicinity on

the target ore body, if one is to understand and learn fran this

test. For this reason, I have included a diagram of the primary

field expected fran a transmitter loop at surface (Macnae; 1980)

for loops 1 and 2 (figure 5).

For loop 1, the primary field near the body is vertical, which

induces a current to flew horizontally in the ore body. 'Ibis

creates a positive-negative-p:>sitive trough ananaly that is seen in

the loop 1 data (figure ~b). '!he width of the trough at late time

suggests that the thick part of the ore body is about 75 metres off

to the east fran about 220 metres down the hole. '!he trough is

more narrow at early times, indicating that a thinner extension of

the body canes closer than 40 metres fran the hole. 'Ibis concurs

with the geological knowledge (figure 6a). An interpretation of

the dip relative to the drill hole is not possible because the full

amplitude of the seoond positive shoulder can not be detennined due

to the limited length of the drill hole.

Fran the loop 2 transmitter position, the primary field is almost

horizontal near the dep:>sit, inducing a vertical current fleM' in

the plane perpendicular to the page. '!his current fleM' will be

tilted slightly cloc1MLse fran vertical.

'!he resultant ananaly shape fran such a secondary current is a

positive to negative crossover as is seen in the data in figure 6c.

CXlce again; the relative smooth late time curves are reacting to a

large body at a large distance (70 metres?) while the early times

are resporrling to a closer smaller body. '!he crossovers occur

further up the hole than the middle of the loop 1 trough ananaly

because of the tilt of the secondary currents in the ore body.

'!he large differences between the loop 1 and loop 2 resgl!t.s sheM
.'

clearly that the body is not simply a planar 1:x:ldy Which 1f.OUld alleM'

current fleM' in one plane only. In the Hellyer ore deposit;
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currents can flow in many different planes (perhaps an infinite

number) depending on the orientation of the primary field.

The data fran l=p 3 (figure 6d) mimics the l=p 2 data except that

the amplitudes are smaller because the transmitter 1=1' is in a

very similar position to 1=1' 2 but is further fran both the drill

hole and the ore deposit (figure 1). Another difference is that

the crossover is further da.n the hole. '!his is due to the fact

that because the l=p is further offset fran the deposit, the

primary field lines are closer to horizontal at the deposit;

resulting in secondary currents that are very close to vertical.

Therefore the crossovers are probably a better reflection of the

actual position of the ore than was the case for 1=1' 2.

The data fran l=p 4 (figure 6e) mimics the 1=1' 1 data almost

perfectly except for a drop in amplitude for the reasons mentioned

ab:Ne.

5. HI.. 21

The results for HI.. 21 for the same four l=ps are almost identical

to those for HI.. 19 except that the interpretation is more greatly

limited because the hole was not long enough to obtain all of the

required data. H::lwever, a negative trough anexnaly can be seen in

the l=p 1 data, (figure 7b) and possibly in the 1=1' 4 data

(figure 7c). A crossover ananaly is evident fran l=ps 2 (figure

7c) and 3 (figure 7d); again with the crossover at a slightly

greater depth fran l=p 3. A tentative interpretation based mostly

on the 1=1' 3 crossover and the incanplete 1=1' 1 results; 'WOUld

suggest the the thick section of the body lies about 60 - 70 metres

fran a position about 260 metres da.n the hole. The distance

estimated bY the EM of 60 - 70 metres can be seen fran the drilling

(figure 7a) to be a little too short.

.'
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6. HL 31

The results fran HL 31 are also very canplicated aD:l a close

analysis of the primary field is again necessary (figure B). Fbr

the appropritate geological cross-section, refer to figure 6a.

The results fran loop 1 (figure 9a) are ..mat w:mld be expected fran

a sphere-like bOO.y. The positive shoulders, and the shape of the

negative trough are not synmetrical because:-

1) the primary field lines that intersect the approximate centre

of mass of the deposit are not quite vertical aD:l

2) the drill hole is inclined to the west; enhancing the

assymnetry.

I!bt much can be determined about the exact shape of the eastern

side of the deposit except that its closest distance must be less

than 40 metres. This has encouraged the drill geologist to extend

one Illnb of the ore deposit toward the drill hole aD:l is one of the

minor successes of the downhole progranrne. The exact location of

the edge of the deposit is very difficult to determine becauSe HL

31 deviated to the south m:>re than 30 1l'etres aD:l the shape of the

ore bOO.y is changing dramatically along strike.

The results fran loop 2(figure 9b) are similar to loop 1 except

that the positive shoulders are !TOre synmetrical and the centre of

the ananaly is further dOtlll the hole. These changes are due

entirely to the direction of the primary field. As can be seen in

figure B; the field lines in the centre of the body are nt:M alrrost

parallel to the drill hole. Therefore current flow is induced

perpendicular to the hole, giving a synmetrical response with a

projection further dOtlll the hole. Distance to the body is

estimated at less than 50 metres lobich agrees quite well with loop

L

.'
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7. HI.. 45A

The data fran the only transmitter l=p for HI.. 45A is shown in

figure l0b and the interpretive geological section is figure ll2la.

Because the body is 50 deep on this section and so close to the

centre of the loop, the primary field lines will be very close to

vertical, resulting in horizontal current flow regardless of the

shape of the body (unless it is plate-like). Since the hole is to

the east of the ore body and is inclined to the east, the

assymnetry of the downhole profile; ~ch shows the first positive

shoulder to be larger, and the first crossover steeper; is

expected. This infonnation reveals nothing about the shape of the

body except that it is probably not plate-like.

Fran the shape of the curve; it is estimated that the ore deposit

is approximately 50 - 60 metres frem the hole at a depth of 400

metres da..n the hole. This agrees quite well with the geological

interpretation. H::lwever; the EM shows clearly that the body canes

no closer than this lower da..n the hole and in this respect

disagrees totally with the picture shown in l0a. Either the body

dips rrore steeply than the drill hole fran RL 300 or else it is

tenninated near this point.

Three dimensional effects might ccmplicate this picutre to scme

degree and one or two rrore loop positions might be necessary to

support this geophysical argunent.

,/.
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DECAY CURVES AND~ cnlSlDERATIONS

The analysis of an ancmaly' s decay with time reflects the bulk

conductance of the part of the ore b::Jdy energized by the

transmitter loop. Decay curves frau drill roles HL 3, HL 19, HL

21, HL 31 and HL 45A have been studied. '!hese reveal an increase

in the conductance to the north, with the highest values measured

near HL 45A. All of the decay curves studied, with the calculated

time constants, are plotted in figure 11.

L HL 3

The decay of the p::>sitive ancrnaly in mI HL 3 is seen to be very

rapid in figure 11, reflecting the small dimensions of the b::Jdy

intersected in this hole. Based on a cylindrical m::del with a

radius of 25 metres; the time constant of 0.8 milliseconds

represents a low resistivity of about 0.2 ohm-metres.

'!he late time negative ancmaly observed in HL 3 has a much

larger time constant of about 3 millisecoMS. 'lhis off';'hole

response is therefore seeing a b::Jdy with a large conductivity times

size product; ~ich is probably the main portion of the ore dep::>sit

to the north. '!he slower decay is probably simply a result of the

increase in size of the ore b::Jdy to the north; because a doubling

of the radius of the b::Jdy \>Quld cause the observed fourfold junp in

time constant; even without a conductivity increase.

2. HL 19; 21 and 31

HL 19 and 21 have a1m:>st identical responses in both amplitude and

time constant ~ich is expected because they are quite close

together and the same transmitter loop was used. As mentioned

before, the DHEM results are predaninanUya reflection of the bulk

electrical properties of the part of the ore b::Jdy energized by the

transmitter loop. '!he time constant of just uMer 3 milfisecoMs
"

again denotes a resistivity of about 0.2 olmHnetres if a

cylindrical m::del with a radius of 50 metres is used.



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

028155

PAGE 9

The results fran l=p 2 for IlL 31 (figure 11) and 1=1> 1 (rot

shown) both have a time constant of about 3.4 rnillisecorrls. This

slightly higher value probabl1 reflects the fact that the ore body

is thicker on its eastern edge than it is to the west.

All of these results, Which indicate a resistivity of approximately

0.2 ohm-metre, show clearly that Hellyer is a relatively g=d

=OOuctor. If the thickness of the body is taken into account and

assigned an average value of about 313 metres, a =oouctance of

about 150 Siemens is calculated. This high value was not

re=gnized in the preliminary stages of the investigation of the

surface EM work because the depth to width ratio for Hellyer is

very large (Eadie and Silic; 1984).

3. HL 45A

Possibly the rrost interesting results of the Whole survey were

obtained in DOH HL 45A, Which is at the northern em of the known

deposit on 11lOON. The time constant of 4.13 rnillisecorrls is

significantly higher than anything else measured near the deposit;

even on the thick 113900N section. This could suggest an increase

in =oouctivity of the ore material, but rrore likely it irrlicates

that the body is larger in this vicinity. This is significant

because there has not been much success with drilling the northern

extensions of the body.

Work that is planned on other drill roles to the north and a secorrl

l=p position for role HL 45A will be needed to confinn this

potentially very important interpretation.
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~ EMF RESULTS

The Nev.rront EMP results for lIL 3, 4, 19 and 21 are shown in figure

12 - 15. '!he transmitter loop position is shown in figure L '!he

results for HL 3, 19 and 21 are very similar to the sirotem results

fran similar loop positions except that they are noisier. '!he

noise is due to the fact (I am assured) that the data logger was

not w:>rking properly and only half of the data measured at each

station was plotted.

~er, the results from HL 4 show a positive ananaly instead of

the negative ananaly that was measured with the sirotem. With the

known position of the ore body on ll1l511J0N and the direction of the

primary field in its vicinity (figure 16) a positive ananaly is not

possible. '!herefore; it is almost certain that the polarity of the

transmitter loop was wrong \'hen this hole was being surveyed.

Another; rereot.e possibility is that the gecmetry of the ore body on

111l511l0N is very different than now interpreted, but this w:>uld

suggest that the polarity for the Sirotem was wrong. '!he

canbination of these errors is very unlikely. '!his problem shows

clearly how easy it is to make a polarity error, and how i.mp::>rtant

it is \'hen doing !HEM. cperators will be pressured to be extremely

careful in the future not to make this mistake.

,/.
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Q'\e indication of this potent.ial is illustrat.ed by the results of

HI.. 45A Which not. only help to define the position and dip of the

ore body to the north, but also suggest that the body is very large

in this vicinity.

The I:llEM results have not been very usefule in obtaining very

detailed infonnation in areas that have been drilled on a 50 metre

grid.' '1be potential lies in areas that have sparse drill

infonnation. In these areas, daNnhole EM can save rroney and

perhaps define targets that may otherwise have been missed by

surface drilling.
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In January, 1985, aFProximately 50 line kilanetres of lJI'EM data were

collected by Lanontagne Geophysics on the Mackintosh-Hatfield

Licences. M::lst of the surveying was done inside the transmitter

lcop, to lIBXimize energization of the expected flat-lying targets.

The frequency used was 25 hertz, with only the vertical a:xnp::>nent of

the magnetic field measured.

The area covered (shoNn in red on Plate M/l,C 80) was in general very

close to the surface trace of the shale-volcanic contact. 'lhe

system proved to be very sensitive to this contact and \'as able to

map it at al.m:>st all locations. cnly in one area was there an

obvious strong conductor, and this was interpreted to be within the

shales or closely underlying them. lbwever, since the ananaly is in

such an interesting geological position (in the MJrchison Highway

ZOne syncline and near a large structure), drilling is proposed.

A second area of interest lies within loop 25, where there is a very

subtle late time anc:maly that could possible represent a conductor at

a depth approaching the detection limit of the lJI'EM system. In spite

of the lack of total confidence in this geophysical anc:maly, a drill

holes is proposed because there are also geological reasons for

drilling in the general area. The geophysics is able to supply a

precise target.

A third location, within loop 22, merits follow up by IlOre

gecphysics.

I·
"



:I,
.'.-

"I'n1 ",

~f

••
I

~ .',! ~

~ .~

)Ii
li

:' .'-, -~'

.,~ ,~

]j;i
,

" .[,

••
I

••,;.
'.
•

028195
PAGE 2

In order to aid in the understanding and the interpretation of the

Ul'EM data, a quantitative study of the depth detection limits of the

system for Hellyer and Que River size ore bo:lies is include:l in

Appendix I. It is o::>nclude:l that a Hellyer-sized body 'NOUld be

detected to a depth of aoout 300 metres, and Que River to a depth of

150 metres •

,/,
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II INl'ERPREI'ATION

selected channels of the data inside the la>p have been presented in

a Ojntoured plan fonnat. '!he Values plotted are the measured total

field reduced to the channel' 1 resp::>nse (to renove the primary field

and geanetrical errors) and nonnalized to the value of the primary

field in the centre of the loop. It is felt by the auth:lr that this

is the optimum rrethod of presentation in that it gives the llOSt

ac=ate presentation of the seOjndary field. '!he only problen with

it is that there always tends to be an increase in values in the

inmediate vicinity of the loop edge. '!his can be seen in all plots,

particularly where the anplitudes are low (later times) and is not

related to anything geological.

In addition to these =toured plans, all of the data is presented in

profile in Appendix II.

Io::>p 17

Io::>p 17 was surveyed in order to detail a relatively strong conductor

detected in the original 1979 survey and atterrg;>t to close it off ,to

the south. '!he 1985 work has shown =clusively that the ananaly is

caused by the Que River Shales. 'Ihe conductive unit does not extend

any further south than already interpreted fran the 1979 Ul'EM.

'!he conductive shales are best outlined by the channel 8 data (figure

1); which shows a feature fran about 4100N to the north, with the

strongest resp::>nses on the eastern half of the grid. '!his

correspcnds with the known area of shale outcrop and the trace of the

1979 lJTIM ananaly. 'Ihe fact that the ananaly does not Ojntinue to

later times, shows that the shale is not overlying any conductive

SUlphide mineralisation.

",.'
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To check this disappointing conclusion, Line 40000 was surveyed 'Hith

the very deep penetrating Controlled Source Audio Magneto Tellurics

method (CSAMI'l. The resistivities fran the survey are sh:hm in

figure 2. It confinned the UI'EM interpretation of no hidden

conductive bcdies in the vicinity.

It is interesting to speculate on why the shales are so corxiuctive

here. It could be that the shales here were dep:>sited in the

reducing envirornnent of a trough that increased the graphite content.

Alternatively a heat source beneath such as a hydrothennal vent or a

small intrusion could have caused a cooouctivity increasing

.',

t=ps 18 and 28 (Detail)

t=p 18 was inteooed to cover the synclinal feature of the MJrchison

Highway Zone and to extend coverage of the Northwest Mt. Clarter Zone

to the north. Loop 28 was surveyed to detail a large, shallow,

noderately conductive feature detected 'Hithin Loop 18.

'!he feature of interest is best outlined by the channel 5 data fran

lcop 18 (figure 3). '!he very high amplitude response in the

southwest comer of the grid is clearly due to a large (strike length

> 400 metres), shallow bcdy that dips to the west. '!he source is

undoubtably'Hithin the Que River Shales. H::>wever it must be noted

that na-mere else are the shales as corxiuctive as this.

It remains a bit of a mystery that the 1979 data aJ;P3Iently shcMed

this shale unit to be a better corxiuctor than the 1985 'NOrk. This is

undoubtably due to the fact that one edge of the 1979 transmitter

l=p ran right through the IIOst cooouctive part of the shale,

inducing a large arrount of current in it, and making the close-in

receiver p:>sitions, where the ancmaly was, ambiguous to interpret.
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alteration. A third p::lssibility is a major fault causing the

increase in corxiuctivity; there aH'E'ars to be a major structure

running through this corxiuctor. My of these hypotheses, or a

o::mbination of any of then make this conductivity ananaly very

interesting.

H::1wever, on the negative side, the ananaly is fran a shallow source,

with no evidence of a deet:er, highly corxiuctive body. '!he weak

resp::lnse in the channel 4 data (figure 4) is clearly also frem a

shallow body, and there is no resp::lnse at all at later times.

'!herefore , there is no chance of there being a Hellyer-like orebOdy

down to 300 metres, although of course there is a chance of either a

smaller or less corxiuctive one within this depth, particularly if it

is right at the shale-volcanic contact, Where its resp::lnse W'OUld be

very difficult to separate fran that of the shale.

'!he data fran the detail 1=1' 28 supports this interpretation.

CS!\Ml' was also tested here on Line 5800N (figure 5). '!he results

have not yet been interpreted by the Zonge experts in Tucson, but a

prelilninary interpretation is that the shales are about 150 - 200

metres thick, with nothing but resistive rock beneath then. '!he

CSA'1l' data was adversely affected by power lines even though these

were greater than 500 metres away. It is hoped that processing can

rE!l'Ove this problen•

There are two other p::lssible ananalous zones within 1=1' 18. '!he

first is a northerly continuation of the Northwest Mt. Charter UTEM

ananaly that was drilled by M::: 11. '!his is best seen in the channel

4 data (figure 4) frcm 5600N - 5900N at about 3500E. Drilling (Me

11) showed this to be a weakly pyritic zone. The EM data in this

1-
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area is undoubtably distorted sanewhat by the proximity to the rrajor

HEC line and the loop edge effect.

The other ananaly runs along the extrema northwestern edge of the

loop and is best seen in the channel 5 data (figure 3). It looks to

be t= strong and consistent to be a loop edge effect (as described

in the introduction). It is probably just another ananalously

conductive shale unit, but it should be thoroughly detailed if

Aberfoyle obtains the ground to the west of the M.1rchison Highway.

Loop 19

Loop 19 is the first of a series of three loops which straddle the

shale volcanic contact on the northwestern rrargin of the volcanics on

the Hatfield property.

The early time data (channel 8 - figure 6), which generally can be

relied on to map the shale-volcanic contact (see !Dops 20, 21), fails

in this case for two reasons. The first is that as can be seen fran

the raw data on Lines 7800N and 7900N, there has been a shift in the

timing of the clocks, causing a severe break in the data. nus

disturbs the pattern in figure 6. The secooo. reason is that the

dacite unit in the northeast corner of the grid, appears to be a weak

cooo.uctor, probably because of disseminated pyrite.

The late time data (fran channel 5 onwards) shows no ananaly at all,

indicating that there are no cooo.uctive targets in the vicinity of

the loop.

,/,
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Loop 20

Io:lp 20 maps out the shale contact very well as shown by the channel

7 data, figure 7. 'IDere are 00 later time ananalies and therefore no

geophysical targets.

Loop 21

The channel 7 data (figure 8) maps out the shale contact reasonably

well. The fact that the ananaly and the contact do not correlate

well on Lines 9100N and 9200N suggests that the shale is either very

thin on these lines, or not very conductive. There is no indication

of a geophysical target as sh:>wn by the lack of any late time

responses.

In this case, the lack of conductivity in the shale where it is

expected, may be very valuable information because it may represent

considerable thinning of the shale unit overlying the prospective

volcanics. These areas may be the best places to drill initially in

any pattern drilling programne.

IDop 22

The channel 7 data (figure 9) outlines a slightly conductive area on

the western margin of the lcop. '1'he fact that channel 5 (figure 10)

is also slightly ananalous suggests that this area is ....::>rth following

up with further Ul'EM ....::>rk. HaNever the lack of ananaly in the

channel 4 data indicates that it is unlikely that a large ore deposit

is being directly detected. !'bst likely this conductive area sinply

indicates a thickening of the shale unit.

Just as with loop 21, the lack of conductivity in the shale in

certain areas may represent thinning of the shale unit and therefore

may point to good areas to pattern drill the prospective volcanics

I·
,
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that lie beneath. Anywhere within the eastern three hundred IOOtres

of !£lop 22 falls into this category.

D9.ta taken outside the transmitter to the east was limited to only

Lines 93011lN and 9500N because of the HEC transmission line. There

are 00 target a:mductors on the lines covered.

Loop 23

Once again, it ar:Pears that no target conductor has been identified,

and the UTEM served only to ll'ap out the location of, and possibly

structure within the shale. The channel 8 data (figure ll) shows a

very high amplitude response in the oortheast quadrant of the loop,

co=esponding a1m::lst exactly with the outcropping shales; B:lwever

there ar:Pears to be an interesting structure disturbing the unit at

about l0400N. The same feature is seen in the channel 6 data (figure

12). This ll'ay be a ll'ajor fault that also cuts the prospective

VOlcanic unit and is therefore definitely \\Orth understanding by

geological ll'apping.

Across this structure, the conductor can be traced right down to the

southwest corner of the loop, where it appears to becare ZOne B, a

known UI'EM conductor always assumed to be the shale unit.

The later time, channel 4 data (figure 13), show 00 ananalies that

could possible be interpreted to have a deep conductive source.

Loops 24 and 27 (Detail)

Loop 24 was designed to explore for mineralisation imnediately to the

east of the Hellyer ore deposit and cover the HI.. 2 prospect area. No

conductors were detected except for the shale unit. The

,/,

.~
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interpretation of the Loop 27 data, which energized the prospect area

fran a different direction, sUJ;POrts this conclusion.

,,I.

"

After overcaning initial processing mistakes by the contractors, a

subtle late time ananaly became apparent in the northwest quadrant of

the loop. The channel 4 results, figure 15, outline the ananalous

area. The ananaly has an anplitude of about 0.5% a!:x:lVe background on

channel 4, abOut 1.5% (figure 16) on channelS and 2.5% on channel 6

(not shoNn). NJ ananaly can be seen on earlier channels because it

is dcminate:i by the background response frc:rn shallower rock units.

lDop 25

This is the !lOst difficult loop to trace the shale unit across

possibly because the unit is very thin or even non-existant, or

because it is not very corrluctive. There is also a geo:netrical

problem in that to the south, the shale contact actually runs

parallel to a survey line.

Later time data mimics this effect until channelS where there is

alrrost no response at all. There is, therefore, no highly

conductive, large, (Hellyer-size), ore deposit within 300 metres of

surface within this loop. The data fran lDop 27, which was taken in

the same area with the transmitter positione:i to the west, sUPfOrts

this interpretation.

The channel 8 data frcm loop 24 (figure 14) shows a high anplitude

anc:maly along the western e:ige of the loop. The peak of the ananaly

is slightly offset to the east of the outcropping shales because of

the dip in this direction.
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A third p;>ssibility is that the ananaly is a distant effect of the

nearby HEC line. lbwever l=ps 23 and 24 which are repsecitvely

closer and a1J:rost as close to the same BEC line as loop 25. do not

shJwn nearly as severe an effect.

Since there afll?ears to be little p;>8sibility of geological,

geanetrical or electronic noise in the data causing the ananaly, the

best explanation appears to be that the source is a deep conductive

feature. The amplitude of the resp;>nse suggests that the body is

buried at a depth equal to about twice its intermediate dimension.

/ .
.'•

Another p;>ssibility is that the ananaly represents a broad, near

surface zone of low resistivity. It can be seen on the resistivity

overlay to plate Mll.C 71 (not included) that this area has an

ananalously low surface resistivity. lbwever, one would expect such

a zone of slightly low resistivity to shaN up as a very early time

resp;>nse and not as the observed late time resp;>nse. Therefore, this

is probably not the reason for the UI'EM ananaly.

The irtportant question is what is the cause of this ananaly. It is

p;>ssible that the high amplitude, western edge (5700E-5000E) of the

ananaly is caused by the loop edge effect rrentioned in the

introduction and the eastern p;>rtion (5900E) caused by conductive

shales. lbwever neither of these is a particularly good explanation.

For one, the high amplitude western Erlge ananaly extends to a

distance of 200 metres fran the loop Erlge, which is much too great

for this type of effect. It is p;>ssible that the shales are

contributing to the western p;>rtion of the ananaly, but earlier work,

both IP and lll'EM, suggest that the shale is not particularly

conductive in this area. Therefore, this canbination of explanations

does not afll?ear to be plausible.
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The change in amplitude between channels 5 and 4 (decay rate)

suggests that the body is probably inteonediate in conductance (and

therefore size) between Que River and Hellyer so its inteonediate

dimension is prcbably 11313 - 1513 metres. This makes 'the depth 200 ­

31313 metres. Furthernore, the body appears to dip to the east as

evidenced by contrasting the relatively sharp western edge of the

zone and the broad eastern edge. The axis of the body a~s to be

at about 5725E. Both of these last two parameters could have been

interpreted incorrectly because of the loop edge effect 'Nhich starts

at about 5675E and distorts the data between 5675E and 56130E.

The strike length of the ananaly is 300 metres (971300 - 100000), open

to the north.

There are definite problans with this interpretation, na.inly due to

the small amplitude of the response. Certainly these are the values

one would expect frem a body at the depth detection limit of the

system, but the numbers are SO small that one tm.lSt worry that the

ananaly does not exist at all.

A related problem is that the ananalous area had already been covered

by the 1983 l1l'EM survey (Loop 113) and no ananaly was detected. This

could be due to the fact that the target was not as well coupled to

the original. transmitter loop, and the noise level 'laS higher, making

the target undetectible. H::lwever I would have expected =rent

channelling to enhance the ananaly, at early times at least, and make

it readily visible. This data makes me believe that if there is a

target, it is at the deeper end of the original depth estiIrate (300

metres) •

I·
"
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To sumnarise this section. a drill hole is profOsed on the basis of

very prospective geology. with the target being a UI'EM conductor.

The target coordinates are 9911l0N, 5725E at a depth of 300 metres.

There was also sane work done outside loop 25 to the south, Where the

_stern continuation of the C3 Zone was detected, supporting the

earlier interpretation. There is no indication of a large, highly

=nductive feature dONn to 300 me.tres, or a QI.le River size target

dONn to 150 metres.
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III OJNCLUSIONS

Only two drill targets have been located in the survey. The first is

a west dipping, shallow conductor within l=p 18 that stretches fran

about 5600N to 5900N. A role located at ;lbout 3200E ani drilled at

45 de:Jrees to the east \\OUld definitely intersect the source of this

ancrnaly.

The second is an east (?) dipping, deep =nductor in the northwest

=rner of l=p 25. A role located to test 9900N, 5725E at a depth of

300 metres \\QuId probably hit the target and \\OUld definitely get

close enough to it to check the validity of the response with !:HEM.

In addition, an ancmalyon the western edge of IaJp 22 is \\Qrth

following up with nore geophysics. Because it is quite close to our

property 1x>tmdary, this may not be possible. If hc7.Iever, pattern

drilling is planned for the area, a position close to 9700N, 3000E,

might be nore interesting than nost. Other possible locations for

early pattern drill holes might be where the shale is interpreted to

be abnormally thin, such as near 9700N, 3400E or 9200N, 3800E.

In general, the lJl'EM data quality was excellent and I have no

hesitation in saying that no =nduetive ore bodies were missed within

the depth limits mentioned in the introduction.

/.
.'
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APPENDIX I

O:rnputer M:x1elling to Determine Depth Detection Limits of the Ul'EM System

for Hellyer and Que River Sized Targets

A) Introduction

Before doing any rrathema.tical rrodelling, the parameters of the target

IlUst be determined. For Hellyer, I initially chose dimensions of 600

x 120 x 30 metres and for Que River (PO lens), 500 x 100 x 8 metres.

For resistivity I used a value of 0.4 ohnHnetres, which gives Hellyer

a conductivity x thickness product (corouctance) of 75 Sierrens and

Que River 20 Siemens. The conductance value for Hellyer is probably

a little la.v and that for Que River a little high but both are close

enough to ll'ake this a valid exercise.

Initially the body is oriented horizontally and positioned beneath

the awroximate centre of the Ul'EM transmitter loop, which has a size

of 800 x 800 rretres. The transmitter frequency is 25 hertz.

B) Initial M:x1el Results

The respcnse fran the Hellyer rrodel outlined above was canputed for

several different depths. The results fran the deepest rrodel that

was found to be detectible are sha.vn in figure Al. The depth was 300

rretres, based on a detectibility limit of awroxirrately 0.5% of the

prirrary field for channels 4 and 5. It should be noted at this point

that in order to ccxnpare these results with the data sha.vn in

Appendix II, the polarity must be reversed.

.'



Changes to the Initial Models
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The differences between the two resfX)nses in figures Al an::! A2 are

very important. The Que River m:xiel response is narrower, because

the 1xXIy is narrower; has a higher amplitude at early tirces, because

t.'1e 1xXIy is shallower; and decays rrore 'quickly because the 1xXIy has

less conductance.

In all

and

/'

that affects the depth detection limit is the

the 1xXIy with respect to the transmitter l=p.

up to this fX)int, the target has been horizontal

Another factor

orientation of

cases examined

The m:xiel used for Hellyer up to this point only represents about 10

million tonnes of are and is therefore a little too small to

represent the l<:noNn Hellyer are 1xXIy. In figure A3, all parameters

have been kept the same except for the interrcediate dircension (width)

which has been raised to 200 rcetres increasing the tonnage to about

16 million tonnes. This widens the response and rrakes the amplitude

larger at all tirces. Using a detectibility limit of about 0.5% for

channels 4 and 5, it is clear that this very large 1xXIy in this

orientation would easily be seen at 300 metres and probably even 50%

deeper.

Figure A2 shows the results for the Que River m:xiel at a depth of 150

rcetres, judged to be the depth detection limit for this smaller 1xXIy.

Because it is now channels 5 and 6 that must be depended upon to

outline the target, it is doubtful that this body -..auld be seen

beneath the shale unit on the M3.ckintosh and Hatfield licences,

because channel 6, and to a lesser extent channel 5, respond to the

shale unit. Under these geological conditions, the depth detection

limit for a PO lens sized target -..auld be about 100 rcetres.

c)
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located beneath the centre of the transmitter- loop. This leads to a

lI'aXimum coupled situation, the ~ as if there is a vertical tal:"get

p::lsitioned ideal~y outside the loop. lmy maximum coupled situation

results in the lar-gest possible anaralous resp::lnse.

Figure A4 is the same rrodel as figure A3 except that the body dips 45

degrees to the right, taking it out of the plane of lI'aXimum coupling,

ther-eby reducing its response. It can 'C'DN be seen that this very

large body would barely be detectible at 300 metres, just because of

dip.

Modelling the Sirotero System

Figure AS shows the Sirotem response for the same rrodel used for UI'EM

in fig=e A3. Except for the p::llar-ity, the response is alrrost

identical. H:::>Never- it is possible that the arrq;>litude near- the

important time of about 2 millisecOnds (where the are body response

"'Ould overcane geological noise) daninates the expected noise level

rrore so than TJI'EM. H:Mever field tests ar-e necessar-y to substantiate

this hypothesis. It is certain that this possible advantage would be

marginal and would only exist in cases where the transmitter loop was

positioned very close to the surface trace of the conductor.

O:>nclusions

1) A Hellyer sized are body (600 x 200 x 30 metres) can be detected

to a depth of about 300 - 400 metres de);ending on the

orientation of the body with respect to the transmitter loop.

2) A Que River sized are body (500 x 100 x 8 metres) can be

detected to a depth of about 150 metres in electrically simple
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(Le. no shales) geological environrrents and to a depth of aOOut

ll2IlIl rretres where there are difficulties with overlying units.

3) Bcdies intenrediate in size can be seen to intenrediate depths.

4) The Sirotem unit has no major advantages over the Ul'EM unit in

this environrrent but may be marginally better for detailed =rk.

It has major disadvantages for reconnaissance '-'Ork.

In surmary, ground electrcmagnetics should have a major contribution

to Aberfoyle's future exploration '-'Ork in Tasmania, but its

limitations must be recognized to ensure that no ore bodies are

overlcoked in areas of particular importance.

.. "
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HELLYER SIZED BODY (600 X 120 METRES;
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QUE RIVER SIZED BODY (500 X 100 METRES;
20 SIEMENS) AT A DEPTH OF 150 METRES.
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ENLARGED HELLYER MODEL (600 X 200 METRES;
75 SIEMENS} AT A DEPTH OF 300 METRES.
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Ten split core samples from DOH MAC I were received for petrological

examination. Representative thin-sections were prepared and examined together

with the)," respective offcuts, with carbonate stain tests performed as

warranted. Attached tabulated descriptions summarise the microscopic data and

include interpretative comments.

Summary

This suite comprises thoroughly altered chromiferous basaltic and non­

chromiferous leuco-andesitic volcanics with interspersed rhyolitic minor

intrusives, altered sedimentary facies, and tectonic breccias.

Volcanics exhibit marked and typically pervasive sericite-chlorite-quartz

(~ albite) assemblages, complexed to.varying degrees by carbonate impregnations.

Mesoscopic colouration is variable from grey (sericitic) to green-grey (chloritic),

with patchy yellowish (leucoxene-pigmented sericitic), bright green (fuchsitic),

and khaki (sideritic) zones reflecting subtle variations in alteration

assemblages.

As sampled, the drilled sequence reflects an interbanding or interfingering

of basalts (lavas, lithic tuffs, lava breccias) and leuco-andesitic volcanics

which include subaqueous chert-matrixed flow breccia types. There is some

evidence of faulting, however, and the sporadic rhyol itic minor intrusives

(quartz- or strictly quartz-feldspar p~rphyries), which appear atypical of

hitherto examined Que-Hellyer area intrusives, are conceivably fault-controlled

dykes. These rocks may be compared with minor Devonian intrusive porphyries,

developed for example at Mount Bischoff, and represent a probable source of

sideritic carbonate alteration and veining which overprints the pervasive

sericite-chlorite-quartz-calcite assemblage.

D. Cowan, B. Sc.
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Sample
No. Classification - Composition Fabric Accessories Comments -

·355- Amygdaloidal Basalt. Calcite-microcrystalline Porphyritic, finely Fine re 1ic t primary Altered, mildly weathered, amyg-
'076 quartz pseudomorphs after pyroxene phenocryst , amygda I0 ida 1, chrom i te. Traces of daloidal/porphyritic basalt. calci~-

.(T.S. frequent quartz ~ calcite amygdales in a basaltic. muscovite in kaolin assemblage appears secondar
)53253) groundmass of kaolinitic/calcite-stained, amygdales. after chlorite-albite-quartz. ~
, liZ·, albitised plagioclase microlaths;kaolin-calci e mesostasis.

lm- Basalt Breccia. Clasts of sericitic to Randomly sorted, ReI ict pr imary Flow-structured basaltic breccJa,
chloritised!calcite-stained, porphyritic/ angular to irregular, chromi te, relics of quartz-chlorite-matrixed with

(07·b
variably amygdaloidal basalt. Matrix of submi 11 imetric to albitised plagioclase. sericitised to chloritised clasts.
microcrystalline quartz with interspersed cent imetr i C t semi - Coarse green clasts are re Ia t ive Iy

, clots, films of chlorite,minor clots of albit . dimensionally orient ted clasts. chloritic-carbonated types .
355- l'Andesitic ll Breccia. CIas ts of extensively Random angular to Conspicuous oxidised/ Impure chert-matrixed, subaqueous
078 sericitised/variably chlorite- and sideritic irregular, subm ill i- leucoxenised opaques. lIandesitic ll (as distinct from

carbonate-stained leuco-andesitic lava.Matrix metric to cent imetri c Minor clasts of basaltic) lava flow breccia. Clasts
lit .(, of weakly serici tic, dolomitic, crypto- clasts. Featureless chert. include minor perlitic-devitrified

crystalline impure chert. matrix. types •.
'355- l'Andes it i e" Brece i a. Flow-structuredClasts, zones of to Conspicuous martitised Massive to flow-brecciated, amyg-
'079 extensively sericitised/carbonate-stained brecciated, amyg- primary magnetite. daloidal leuco-andesitic lava. Minor
I quartz-siderite-amygdaloidal leuco-andesitic daloidal to Minor fine muscov i te chert matrix. Interspersed interclast

(¥l.a lava. Minor stringers, matrix of sideritised scor i aceous.- in sideritic vugs of siderite, quartz, muscovite.
dolomi tic chert. amygda Ies, stringers. Affinities with 355078.

355- Quar·tz Porphyry. Disseminated corroded quartz Banded, felsitic Thinly disseminated Thoroughly quartz-sericite-siderite-
080 minor sericitic albite phenocrysts in a (primarily glassy leucoxenised opaques; altered quartz(-feldspar) porphyry;

groundmass of sericitic microgranular quartz, in part). minor traces of banded, semi-chilled minor intrusive
.b~03 sericitised feldspar, semi-pervasive clots pyrite. characteristics.

of sideritic carbonate.

355- Breccia. Clasts of pervasively sericitised Phyll itic, sericite- Traces of chromite Composite (altered andesite, basalt,
081 leuco-andesitic, similarly altered basaltic matrixed breccia with in altered basalt cherty,. pel itic ash) tectonic

;(13 ·5 lava, sericitic impure chert and pelitic ash. randomly sized clasts. Conspicuous breccia characteristics. Sericite-
Sericite matrix with interspersed films, angular clasts. leucoxene stainings. matrixed;sheared/phyllitic.
clots of sideritic carbonate minor clots fuc site. Rare fine pyrite.

355- "Scoriaceous Breccia ll
• Clasts of ser ici t i sed- Poorly sorted psammiti Disseminated Thoroughly altered; relatively

082 chloritised/variably siderite-impregnated 1i th ic fragmental chromite; traces of sheared ash-matrixed basaltic lith ic

.l.,5·g basaltic pumice, vesicular lava clasts, minor wi th a phy 11 it ic pyrite. tuff . Affinities with 355076, 077 in
similarly alte~aQ "andesite" clasts. Matrix shearing overprint. terms of composition.
of sericitic-si ]"jeified pel itic ash.

355- Amygdaloidal Andesite. Albitised/sericite- Semi-glomeroporphyritil, Conspicuous Thoroughly altered porphyritic-
083 calcite-stained plagioclase phenocrysts, finely amygdaloidal, . leucoxenised opaques. amygdaloidal leuco-andesitic lava.

J:?>'l''l.- frequent fine quartz amygdales in a thorough I flow-banded, weakly Sporadic chlorite- Affinities with 355079, compos i t ion-
chlorite-calcite-sericite-altered, felsitic flow-brecciated. selvedged calcite all y and texturally.
to plaqioclase-microlathic qroundmass. Weakly stressed. veinlets, vuqs.

028326
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~ampl e
No. Classification - Composition Fabric Accessories Comments

355- Scoriaceous Breccia. Clasts of thoroughly Analogous to 355082, leucoxenised opaques, Close affinities with 355082, but
084 sericite-chlorite-quartz-altered/variably coarser-grained chromi te, traces of coarser-grained and sericite- rather

)'j'"
calcite-impregnated, vesicular to pumiceous clasts, relatively pyrite. Minor clots than altered ash-matrixed. Interpreted
basaltic lava. Fine to semi-serici tic phyllitic matrix. of sideritic as a pumiceous flow-breccia rather
white mica matrix. carbonate. than strictlv ovroclastic.

355- Quartz Porphyry/Altered Psammopelite. AI tered Porphyry analogous to Carbonaceous matter, Minor intrusive "rhyol itic" por~~)y
085 quartz porphyry (slm. 355080, sericite- and 355080. Phyllitic- syngenetic pyrite in with a narrow, thoroughly ser·ici·tl~d

(T •S. siderite-veined) in contact wi th ser ici t i sed/ displacive sheared altered sandstone. chilled marginal contact zone •.
53262) siderite-stained arkosic fine sandstone. contact. Stressed Minor pyrite in Ser i ci te- and subsequently siderite-

;l()5 '1 Interzone of thoroughly sericitised chilled- veinlets. sericitic ch ill ed veined; mi Idly sheared.
marginal porphyry. margin.
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355076
DDH MAC-1/42.8m
32.3 - 45.2
Vesicular basalt above ore position. Describe
mineralogy and texture. Does it contain
chromite1 Is weathered fragment of the same
composition1

355077
DDH HAC-1/107.6m
103.0 - 110.3
Brecciated zone within basalt. What is the ,
composition of the fragment and the matrix? What is
the composition of the larger pale green fragments?

355078
DDH HAC-1/118.6
115.9 - 122.1
What is the matrix composition of this breccia? Are
fragments variably weathered/altered basalt as in
previous two samples?

355079
DDH HAC-1/140.0
139.5 - 140.7
This rock type is probably vesicular basalt as in
previous samples. What type of alteration has
caused the grey/khaki colouration of this sample.
Any chromite?

355080
DDH MAC-1/205.3
203.0 - 205.7
Describe texture, composition, alteration of this
rock. Does it have any intrusive characteristics?

355081
DDH MAC-1/213.5
206.6 - 225.2, 226.6 - 249.0
What is composition of large buff coloured
fragments, matrix and soft yellow mineral?
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REMARKS:

'/

SAMPLE NO:
LOCATION:
REPRESENTATIVE OF:
REMARKS:
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355082
DDH MAC-I/295.8
295.3 - 296.4
Interpreted to be a lithic tuff. Is the composition
similar to basalt of previous samples?

355083
DDH MAC-I/339.2
334.0 - 340.0
Interpreted to be a basalt. What is the alteration
type. Any chromite?

355084
DDH MAC-I/346.1
346.0 - 358.0
Is this a basaltic lithic tuff similar to 355082?

355085
DDH Mac-I/205.7
205.7
Contact between possible intrusive (355080) and
shale. Is the white band between the intrusive and
shale a contact metamorphic effect? Is the
intrusive dacitic or rhyolitic?
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D. Cowan, B. Sc •

Summary

This suite includes two examples of thoroughly altered andesitic volcanics

and a similarly intensely altered and weakly sheared scoriaceous breccia.

028331
REPORT CMS 85/7/39

;~

The breccia (355178) comprises largely strongly pumiceous, variably

chromitiferous basalt clasts, but includes sporadic clasts of non-pumiceous

andesite and, on this basis, the rock is "polymict". Andesite clasts are

presumably xenoliths stripped from a pre-existing lava, but interpretation

will be dependent on field evidence.

On the basis of relict features the andesites may be categorised as

amygdaloidal lava (355176) and a lithic-vitric tuff of probable ignimbritic

mode of origin (355177). The latter rock appears relatively felsic,

mesoscopically, due to a relatively siliceous and sericitic alteration

pattern which partly obscures the otherwise typical andesitic characteristics.

Three drill core samples from DDH/MAC-l were received for petrological

examination. Representative thin-sections were prepared and examined
"

togethe,'with the respective offcuts. Microscopic data is summarised

In the'attached tabulated descriptions, which include interpretative comments.
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amp I.
o. Classification - Compos it ion Fabric Accessories Comments

55- Amygdaloidal Andesite. Sericitised feldspar, Flow-structured,porph Conspicuous ultrafine Thoroughly altered, veined, mildly
76 quartz-carbonate-sericite-pseudomorphed yritic, amygdaloidal, leucoxenised opaques. sheared, moderately amygdaloidal lava.
T. S. pyroxene phenocrysts in a quartz-sericite- wi th a sem i-perl i t icl Traces of fine to Re Ii c t features consistent with a
4069) carbonate-altered, chlorite-stained groundmas felsitic groundmass ultrafine pyrite. subvitric andesite.

Sporadic veins, velnlets of cha 1cedony, . Irregular mildly stre sed veins.
55- "Andes it ic" Tuff. Fine- to'iiilcrotrystalitne Poorly sorted lithic Leucoxenised opaques, "Felsic" characteristics reflect
77 Quartz with varying proportions of sericite fragmental wi th minor traces of relatively siliceous-sericitic

and sideritic carbonate; minor chlorite. felsitic lava clasts, pyrite. alteration pattern. Lava cI asts
Sporadic irregular veinlets of carbonate, ser ici tic fiamme; texturally simi lar to 355176, wi th
quartz, minor sericite and chlorite. locally vaguely shard matrix. "andesitic" characteristics.1Ignim-

55- Scoriaceous Breccia. Clasts of quartz-sericit - Semi-orientated, Chromi te ( in basalt Chromitiferous scoriaceous bas~\~C'c.
78 chlorite-Fe carbonate-altered pumiceous randomly sorted, sub- clasts, weakly breccia with occasional clasts of
T.S. basalt; subordinate clasts of simi larly millimetric to centi- corroded) , leucoxenise ~ porphyritic andesite. Sporad i c
4071 ) altered andesite. Intraclastic matrix of metric clasts,"collo- opaques, traces of bright green spots are (1Cr-)chlorite

sericitic microcrystalline quartz, inter- form" matrix.lncipien Iy pyrite. rather than fuchsitic.
spersecl clots, tllms ot sericite. snearecl.
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355177
MAC-1/290.0
287.9 - 295.3
Logged aa dacite but perhaps a strongly
feldspar/silica altered porphyritic andesite.

an andesite lava because of a very low
Is this supported by petrology?

355176
MAC-1/308.0
296.4/319.0
Assumed to be
chrome assay.

3551788
MAC-1/320.6
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REPORT eMS 85/5/6

Ten drill core samples from DOH HL 80 in the Hellyer area were received for
petrological examination. Representative thin-sections were prepared and
examined together with their respective offcuts. Attached tabulated descriptions
summarise .the microscopic data and include interpretative comments.

'/

Summary

This suite comprises altered basaltic to leuco-andesitic lavas and lava
breccias, with intercalated tuffaceous to volcanomict (reworked tuffaceous)
psammopelitic sediments.

Volcanics are extensively altered to the degree that the subtly contrasting
basaltic and andesitic types are poorly contrasted. This tenuous distinction
is thus made on relict textural grounds, and in part on the basis of
accessory primary minerals, notably the relative abundance of titanopaques
(conspicuous in andesitic rocks), and the presence or absence of chromite.
Both facies include massive and (subaqueous) flow-brecciated types, and the
tenuous distinction may be more apparent than real.

The typical alteration assemblage comprises chlorite and sericite with
varying proportions of quartz and carbonate (calcite, typically ferroan and
grading into siderite). Some rocks exhibit breccia-matrix and vein quartzo­
feldspathic assemblages, and these postdate the pervasive (chloritic-sericitic)
assemblage. Carbonate (+ quartz) veining is typically temporally late, but
predates mild stress effects.

Sediments are variably carbonaceous and pyritic and reflect alteration features
analogous to those in the basic-intermediate lavas. The pyritic sulphide
assemblage appears partly syngenetic and partly introduced contemporaneously
with the broadly syndepositional alteration. Pelitic sediments include a minor
pyritic chert component, and similar facies appear in sediment-matrixed lava
breccias.

D. Cowan, B. Sc .



Jmpl e
) . Classification - Composition Fabric Acces so r i es Comments

Flow-orientated Sporadic irregular Chlorite-carbonate-altered/calcite-
amygdales. 'fine calcite-quartz veinlets. quartz-veined/amygdaloidal semi-
basaltic-textured Traces pyrite. galena. chilled basaltic lava. Minor sideritic
groundmass. Weakly sphalerite in carbonate replacement of calcite.

stressed. amVQdales.
Porphyritic, with a Leucoxenised opaques. Sericitised perlitic-devitrified
semi-boudinaged, Disseminated pyrite porphyritic leuco-andesite. Mesoscopic
perlitic-devitrified in chloritic quartz fragmental features reflect
groundmass.. veinlets. boudinaging of perlitic structure,
e veinlets. veinlets.
Silty to fine to Semi-concordant Weakly carbonaceous-pyritic/pyritic
medium sandy clastic. stressed siderite chert-parted tuffaceous psammopelite.
Banded, sericite- (+ quartz) veinlets. Extensively sericitised. mOderately
foliated phyllitic. Traces carbonaceous sheared. Conspicuous clastic
Weakly pyritic chert- matter, "syngenetic" leucoxene.

,5­
36
r.s.
3277)

55­
87

55­
88"

55­
89

55­
)90

"Basaltic" Breccia. Clasts of sericitic cherty
silicified, weakly calcite-stained, weakly
quartz-amygdaloidal "basaltic" lava. Matrix of
sericitic chert. Interspersed veinlets, vugs
of chalcedonic Quartz (+ calcitel:Dvritic-
Carbonated Basalt. serlclt,c strIngers.
Calcite, subordinate microcrystalline quartz
and chlorite. Sporadic irregular chlorite­
selvedged calcite veinlets; pyritic
chloritic stringers.
Amygdaloidal Basalt. Frequent calcite-quartz
(~ chlorite, minor epidote) amygdales in a
groundmass of albitised plagioclase microlaths
chloritic, subvitric mesostasis with fine clot
of calcite sideritic carbonate.
Altered "Andes i te". Ser ie it icia Ibit i sed
plagioclase phenocrysts in a thoroughly
sericitised, variably calcite-stained ground­
mass. Sporadic boudinaged chloritic quartz
veinlets; frequent Irregular sideritic carbona
Tuffaceous Psammoyelite. Framework of sericit­
ised lithic (lava clasts, subordinate
sericitic-albitised feldspar, minor quartz
grains. Sericite-cherty quartz matrix; inter­
spersed sericitic foliae.

Weakly dimensionally
orientated, submilli­
metric to centimetric
angular clasts;crudely
crustiform matrix.
Relict finely
porphyritic. with
mildly contorted
flow-banding.

Fine to ultrafine
chromite, leucoxenised
opaques. Traces of
sphalerite in chalce­
donie vuos.
Thinly disseminated
chromi teo

Chert-matrixed, subaqueous basaltic
flow breccia with interclast
chalcedonic vugs, crosscutting
pyritic-sericitic stringers. Mildly
sheared.
Thoroughly chloritised/extensively
calcitised flow-banded porphyritic
"basaltic" lava with irregular
pyritic chlorite stringers.
Incipiently sheared.

l55­
)91

355­
092

Tuffaceous Psammopelite. Framework of albitise
weakly sericitic, splintery to angular plagio­
clase, minor quartz grains. sericitised lithic
clasts. Chlorite matrix. Interspersed carbon­
aceous sericltic shale bands oartinos.
Volcanomict Lithic Sandstone. Framework of
sericitic, variably silicified/carbonate­
stained felsic Intermediate lava clasts, minor
albitised plag(Qclase grains. Pyritic carbon­
~ceous pelite matrIx. Sporadic quartz-albite

Analogous to 3~~~9~~' Ultrafine syng~~~~~~' Close affinities with 355090, reI at-
relatively shale- pyrite (concentrated lr ively shale-parted, feldspathic in
parted, finer-grained shale units). Con- comparison. Minor concordant. weakly
( stressed veinlets of sideritic
silty to fine sandy). ~picuous.clast!~ ", carbonate.

Angular-subangular, Semi-pervasive fine to Strongly volcanomict (reworked
pelite-matrixed, ultrafine pyrite in tuffaceous), shale-matrixed lithic
slumped, medium sandy altered lava clasts. sandstone. Sericite-carbonate-quartz-
clastic. Stressed Disseminated sphalerite altered. veined; pyritised and
veinlets. in quartz-calcite veinl~ts. moderately sheared.

calcite-quartz veinlets.

. , ano I~ce calclce-quaru velnleC$.
"Andesitic Breccia". Zones, clasts of chlorit­
ised/albitised plagioclase-porphyritic,
chlorite-amygdaloidal leuco-andesitic lava.
Sparse matrix. "stringers" of sericitic-
•~. •• •• .,. u· .1

Massive to flow- Conspicuous fine Pyritic shale-matrixed, subaqueous
brecciated/pelite- leucoxenised opaques leuco-andesitic flow breccia.
matrixed, porphyritic. in altered lava. Affinities with 355086 in terms of
sub- to trachyt ic mode of od gin, but "andes i tic"
microtextured lava. rather than "basal tic" •

-----
8fi~860

---,,,--------.,



Jmpl e
) Classification - Comcosition Fabric Accessories Comments
55- IIAndesitic Breccia". Zones, clasts of differ- Analogous to 355093, Leucoxenised opaques, Close affinities with 355093. In
34 entially albitised/calcite-stained and but with a micro- minor traces of pyrite, contrast, interclast aggregates of

sericitic-chloritlsed leuco-andesite. Minor crystalline quartz- rare blebs of sphaleril e, quartz, albite are the major matri
impure chert matrix, clasts, interspersed with albite/minor impure galena, in small vugs component and a s j gn i f ican t
albite-quartz matrix. Irregular veinlets of chert matrix. in matrix. alteration assemblage.

55- Veined IIBasalt". Ch Ior it ic/v~r Yah Iy'" 4
U
'" ,"'. Porphyritic- Conspicuous leucoxen- Relatively altered-ferromagnesian

95 silicified, quartz-chlorite-amygdaloidal, amygdaloidal, weakly ised opaques, traces ("basaltic") lava with accessory
T. S. weakly silicified ferromag-porphyritic "basalt I flow-structured, of chromite. Traces of chrom i te. Quartzofeldspathic veins
3286) wi th irregular veins of albite, orthoc lase, "basal t ie". pyrite, sphaleri te, accompanied by irregular s i I ic i f ied

muscovite, Quartz. Minor late calcite veinlets minor traces galena in (£a Ie _green) marQinal zones.
veinlets.

.

.

.,
"- ,

~c.
(f)

x

- ... _. -- • --- .. -. - - 028349- -. -



'.
I
I
I
I
I
I
I
I
I
I
.'
I~

I'
I
I
'I
I
I
I
•

7th May, 1985

,/

SAMPLE NO
LOCATION
REPRESENTATIVE OF
REMARKS

SAMPLE NO
LOCATION
REPRESENTATIVE OF
REMARKS

SAMPLE NO
LOCATION
REPRESENTATIVE OF
REMARKS

SAMPLE NO
LOCATION
REPRESENTATIVE OF
REMARKS

SAMPLE NO
LOCATION
REPRESENTATIVE OF
REMARKS

SAMPLE NO
LOCATION
REPRESENTATIVE OF
REMARKS

028350

1.

355086
DDH HL80/85.8
62.5 - 63.8, 83.4 - 87.8
Describe texture and composition of fragments and
matrix. Possibly a quench texture.

355087
DDH HL80!94.3
94.1 - 94.9
What is the cause of the banding in this rock? What
is the composition of the rock and does it have any
affinities to 355088, into which it grades. What
minerals occur in the veins?

355088
DDH HL80/171.5

: 152.0 - 301.2
Example of typical vesicular basalt.

355089
DDH HL80!302.2
301.2 - 303.0
A medium-fine grained epiclastic unit.

355090
DDH HL80/303.2
303.0 - 305.7
Laminated, slump structured siltstone; possible ore
horizon. Describe composition of light and dark
bands. What is the soft yellow-green mineral?

355091
DDH HL80/304.2
303.0 - 305.7
Similar to 355090

•
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2.

355092
DDH RLBO/304.B
303.0 - 305.7
Probably of similar composition to 355090. 355091;
more pyrite and disrupted texture.

355093
DDH RLBO/307.B
305.7 - 30B.3
,Possibly a mixture of grey/black sediment (is in
previous 3 samples) with pale brown feldspar/silica
altered basalt.

355094
DDH RLBO/325.B
30B.3 - 331.0
Example of pink (feldspar/silica?) altered basalt.
What is the alteration type?

355095
DDH HLBO/341.4
331.0 - 397.4
Example of wholly altered basalt from below possible
ore horizon. How does it compare with basalt from
above ore horizon? (3550B8). Any chromite in
either of these two samples? What is the
composition of the vein phases? 1s the paler green
phase of the basalt due to alteration associated
with the vein phase?
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REPORT CMS 85/10/16

Eleven drill core samples from DDH/MAC-4 were received for petrological

examination. Representative thin-sections Were prepared and examined together

with respe~~ive offcuts, with carbonate stain tests performed as warranted.

Attached tabulated descriptions summarise the microscopic data and include

interpretative comments.

Summary

This suite comprises entirely more or less pervasively altered and variably

sheared volcanics. Interpretation is thus based largely on relict compositional

and textural features. On this basis, the rocks range from basaltic through

andesltic to leuco-andesit/c and dacitic. As sampled, the sequence is dominantly

andes/tic, with a medial dacitic-leucoandesitic sequence represented by

samples 355466 to 355469 inclusive.

The majority of these rocks are fragmental types which may be variously classified

as lava breccias or tuffs on the basis of reI let features. Problematically,

alteration effects, marked by more or less pervasive chlorite-sericite-carbonate

~ quartz, albite assemblages, and subsequent stress (shearing) overprints,

obscure much of the finer textural detail.

Fragmentals include minor pelItic ash and impure (ashy) chert-matrixed types

with affinities to those at Hellyer. Accessory traces of chromite appear in rocks

ranging from (inferred primary) basaltic to dacitic composition, suggesting these

volcanics, as a whole, represent a single petrogenetic suite.

D. Cowan, B. Sc.
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:'ample 53'7
A,O. Classification - Composition Fabric Accessories Comments

MAC-4 Lithic Tuff. Fine to microcrystalline ankerit i~ Psammi te to lap i I I i Traces of pyrite, Thoroughly altered basaltic character
3551i62 carbonate, chlorite, microgranular quartz and grade lithic fragmenta . minor traces of istics, but with sporadic "andesitic"
(T. S. varying proportions of sericite. Minor Basaltic to andesitic chromi teo Disseminated lith ic (lava) clasts. Weakly flow-
54689) carbonate veins, late chloritic micro- and scoria clasts. leucoxenised opaques. structured. Includes minor crystal
85.4 fractures. Weakly sheared. fraqments (mainly chloritlsed pyroxen

355463 Andesitic Tuff. "Megaclasts" of chloritised/ Essentially a chert- III-defined devitrifie / Subaqueous, ashy chert-cemented
sericite-carbonate-stalned andesitic lava in cemented poorly sorted altered (se ri cit Ised) andesitic I ithlc-vltric-crystal tuff

65.0 a matrix of sericitic-chloritic,impure chert- psammitic tuff wi th shards in matrix. Mino characteristics. Includes albitised
cemented andesltic lithic-crystal tuff . sporadic 1ap ill i • pyrite, minor traces plagioclase phenocrysts/crystal frag-
Disseminated leucoxenised opaques. Moderately sheared. chalcopyrite. ments;otherwise chlorite-serlcite-

355464 "Andes i tic" Tuff. Chlorite, seml- to se ric i t i( Poorly sorted (psammi t Rare chromite. Detal I obscured CdruunaLe-a'<ereo.
white mica with varying proportions of micro- to Iap I II i grade) locally conspicuous by alteration, relatively marked

69.2 crystalline quartz, cloudy ankeritic carbonatE ,lithic fragmental. fine to ultrafine shearing. Includes somescoriaceous
disseminated leucoxenised opaques. Relatively sheared/ pyri teo basaltic and tuffaceous sediment

phy 11 i tic. (siltstone) clasts.Mildly reworked.
355465 Andesitic Breccia. Clasts, "rafts" of albitised Irregular, lapi II i leucoxenlsed opaques. Pelitic ash/impure (ashy) chert-

plagioclase-porphyritic, chlorite-sericite- to agglomerate grade Minor traces ultraflne matrixed subaqueous flow breccia
73.2 carbonate-stained lava. Matrix of sericite- perlltlc-devitrified pyrite In clasts, characteristics. Strictly leuco-

stained, crypto- to microcrystalline impure clasts; vaguely matrix. andesitic ( i •e. trend dac it ic).
(pelitic ashy) chert. vltroclastic matrix. Brownish ZoneS are relatively sericit

355466 DacLtic Tuff lava. Sericite-carbonate-pseudo- Flow-banded/weakly Minor sheared sericiti '<:ICdrUona<e-s<arneo.
Weakly flow-brecciated,amygdaloidal,

morphed feldspar phenocrysts in a pervasively flow-brecciated, carbonate veinlets, devitrified, sericlte-carbonate-
244.8 serlcitic, carbonate-stained felsitic ground- weakly glomeroporphyr- leucoxenised opaques, altered and mildly sheared dacitic

mass. Minor sImilarly altered xenoliths, itic, incipiently traces of pyrite,ultra characteristics.
sparse quartz-carbonate amygdales. sheared. fine chromite, chlorit .

355467 "Dac i tic" Brecci a. Sericite and microcrystalli ne Tuff Java-like,but Disseminated to con- Relict features tonsistent with a
quartz with varying proportions of ankeritic confused by frequent spicuous ultrafine leuco-apdesitic/dacitic flow breccia.

278.1, to sideritic carbonate, frequent albitised sericitlc fractures, leucoxenlc TiD2 .Minor Mottled pinkish brown zones reflect
plagioclase phenocrysts/fragments. Sporadic irregUlar displacive traces of chromite, leucoxenic pigmentation of relatively
quartz, chlorite-carbonate veinlets. veinlets,shear effects .fuchsite, pyrite. sericitised clasts. .

355468 Andesitic Tuff. Clasts of chloritlc, variably Variably moulded to leucoxenised opaques, leuco-andesitic I ithic tuff. The
sericitic albitised plagioclase-porphyritic, quartz-carbonate- minor traces ultra- sporadic pale clasts are relatively

299.9 variably quartz-amygdaloldal lava. Sparse matrixed, trachytic- fine-grained pyrite. quartz-amygdaloldal ("pumiceous")
matrix of quar~z and carbonate. Sporadic textured clasts. and reflect selective sericitisation.
carbonate-quart~ve Inlets. Sheared/semi-phyllitic.

~~69 Amygdaloldal Andesite. Sericite and closely Flow-structured (sub- leucoxenised opaques. Compositional affinities with 355468,
intergrown pale chlorite with thinly dissemin trachytlc), strongly Minor traces ultrafine although finer detail obscured;

31<t?6 ated carbonated feldspar mlcrophenocrysts. mlcro-amygdaloidal, pyrite (host rock) , interpreted as leuco-andesltic. Seml-
Sporadic carbonate-quartz amygdales, veinlets weakly porphyritic. fine-grained chalco- chilled 1flow-marginal characteristic
Conspicuous quartz-carbonate micro-amygdales. Stressed stockwork- pyrite (velnlets).

st'fle ve,nlets.

- - - - - - - -- - - :- ~- ~- -
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No. Classification - Compos i t ion Fabric Accessories Comments

355470 Andesltic Breccia. Clasts of variously Randomly sorted, semi - Leucoxenised opaques, Textural deta I I obscured by shearing,
sericite-chlorite-altered to semi-selectively dimensionally orientat ~d, minor traces but re Ii ct features consistent with

323. I s iii c i f ied , albitised plagioclase-porphyritic partly moulded clasts. ultrafine pyrite. a flow-marginal breccia. "Andesitic"
lava, minor similarly altered pumice clasts Shearedfsemi-phy"itic .rare chro01ite. rei ict compositional features in
wi th a sparse quartz-carbonate-sericite-chlori te matrix. contrast to the leuco-andesitic 355-

355471 Andes i te. Albitlsed to sericite-carbonate- Strongly porphyritic, Leucoxenised opaques. Pervasively sericite-carbonate- qbO.
pseudomorphed feldspar and leucoxenic quartz "andesitic", with a Minor traces of fine quartz-altered, carbonate-veined,

333.0 semi-pseudomorphed ferromag phenocrysts in a vaguely perlitic to ultrafine pyrite. mi Idly sheared andesltlc lava. Simple
thoroughly sericite-carbonate-altered ground- groundmass. Mi Idly porphyritic andesitic fabric; nO
mass. Sporadic irregular ankeritic car~o~ate sheared. fragmental features.

355472 Andesitic Breccia. Interspersed clasts of Poorly sorted, variabl Leucoxenised opaques Flow-marginal breccia characteristics

341.0 relatively carbonate-stained and pervasively quartz-amygdaloidal, minor traces of Selectively chloritised clasts were

(T. S. chloritised, albitised plagioclasefchloritise< "andesitic"-textured, ultrafine pyrite. possibly primarily relatively glassy

54699)
ferromag-porphyritic Iava wi th a sparse partly moulded clasts; types. Textural aff ini ties wi th
chlorite matrix. Minor carbonate veinlets. ohvllitic matrix. 355470.
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SAMPIE NO 355462
IJ:X::ATICN : IXE MllC-4, 85. 4m
REPRESENTATIVE OF : 84.3 - 86.6
REMARKS " : weakly fu:::hsite alteIed basaltic lithic tuff.

,/'

SAMPIE ro : 355468
IJ:X::ATICN MllC-4, 299.9
REPBESENTATIVE OF : 293.0 - 308.7
mwuG : An andesitic volcaniclastic with rare angular

1-2 an dacite. (?) fragJlE!11ts.

J
I
I
I
:1
I
I
I
'I
I
I
I
I
I
I
I
I
I
I
I
~,

Sl\MPLE NO
IJ:X::ATICN
REPRESENl'ATIVE OF
REMARKS

Sl\MPLE NO
IDCATICN
REPRESENTATIVE OF
REMARKS

SAMPIE NO
IJ:X::ATICN
REPRESENTATIVE OF
REMARKS

51IMPIE NO
IJ:X::ATICN
REPRESENl'ATIVE CF
REMARKS

51IMPIE NO
IDCATICN
REPBESENTATIVE OF
REMARKS

51IMPIE NO
IDCATICN
REPRESmI'ATIVE OF
REMARKS

028367

: 355463
IXE MllC-4, 165.Om

: Zooe of andesite clasts within 155.1-166.3.
: Fel~yric andesite fragrrents in a cherty

matr:bc. Confi.J:m that clasts are andesite. What
is the a::nipCSitioo of the matr:bc and of small
fragJlE!11ts in the matrix?

355464
: MAC-4, 169.2

168.4 - 172.2
: Polymict volcaniclastic. Identify CCJIIlOsitioo

of all fragJlE!11ts. !my sulphide fragnents?

: 355465
MllC-4, 173.2
172.2 - 178.8

: FeldspaIFhyric andesite fragJlE!11ts in a cherty
matr:bc. N'lat is the culp::lSitioo of the matrix?
Mlat is the culp::lSitioo of the brown alteratioo
rimIIing the andesite fra.gnents?

: 355466
: MllC-4, 244.8
: 196.3 - 275.1
: raci.te lava

: 355467
: MllC-4, 278.4

277.9 - 280.5
: Andesitic lapilli volcaniclastic. selected

fragnents are pink feldspar silica altered.

355469
: M1\C-4, 312.6
: 308.7 - 318.2
: Vesicular basalt lava. Any dlranite?
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SAMPIE NO;
IDCATICN
REPRESENrJ\TIVE CF
REMARKS

: 355470
MAC-4, 323.1.
31.8.2 - 327.0
Similar to 355468

355471
: MAC-4, 333.0
: 327.0 - 332.2
: Dacite lava. Is it similar to 355466?

: 355472
MAC-4 , 341..0

: 333.2 - 345.1.
: Andesitic vol.caniclastic, siJDilitr to 355468

and 3554701

028368
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REPORl' ON THE Ul'EM SURVEY scum qr:_~: ~~~TIONS

FOR~~~

INI'R)DUCrION

ouril'Y;} the first t'wO weeks of February 1984. twenty Jdlanetres of

Ul'EM were collected to cover the prospective Mt. Reid VOlcanics south

of Mt. Charters. 'Ihree distinct but weakly con:iuctive trends "",re

located; t'NO of v.hi.ch correlate very closely with the mapped shale

volcanic contact: 'lhe third trend falls within the volcanics. in an

area of ananalous base metal geochemistry.

In addition to these distinct tren:is; there is one area of slightly

ananalous con:iuctivity that can be traced dCMn fron the 1983 sUIVey.

'!here are also several isolated anana.1.ies that are not clearly

un:ierstood :

INI'ERPREI'ATION

'!he con:iuctors have been divided into three separate zones; t-...o of

v.hi.ch continue dCMn fran the previous urEM 'wOrk (H an:i J).

'lhe interpretation is sllllll\arized in Table 1. zone J3 alone requires

further discussion.

All Ul'EM ananalies fran past and present surveys are sh= on plate

MAC 77.

/.
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028372

ZONE J3

A schematic representation of the interpretation is shown in Figure

1. 'l\1.e resfOnse must be described as weak because it dies off by

OJannel 7 (200 microsecoOOs). 'l\1.is is very similar to the best part

of the Dl ananaly ..nich returned 10 - 15 lletres of up to 50% pyrite

in drilling. 'l\1.is arrount of conductive sulphides should be expected

in ZOne J3.

'lt1e shape of the ananaly suggest a m::x1erate dip to the west. 'l\1.e

depth interpretation causes sane ambiguity. using the shape of the

ananaly for the interpretation; a depth of 50 - 100 metres is

indicated: H:Jwever; an estimate based on the amplitude indicates a

depth of less than 25 metrE:!s. Ole fOssilile explanation is that the

conductivity decreases l:o'<.ards the surface; either by a decrease in

thickness or sulphide percentage:

'l\1.is interpretation p3Xtially explains tlt,O other appll"enUy

surprising observations. 'l\1.E:! first. is that. there is no obvious

source of the ancmaly in the costeans: '!he second is that there is

no P:F:E. ancmaly in the IP data (frequency demain, 3.3 - 3 hz; 513

metres difOle; n =0 1 to 4). 'l\1.ese t\\O observations lend support to

the nodal that there is very little sulphide close to surface.

Because of int.erpretation of variation in thE:! conductors thicknE:!SS,

tlt,O drill holes are profOsed to t.est t.he target. 'l\1.e first is lleant

to intersect the body at a m::x1erate depth to test the interpretation:

If the results are at all fOsitive; a secorrl hole should be drilled

to test the body at. a greater depth.

'l\1.ere is one other fOint that must be mentioned with regard to zane

J3. '!here appears to be a very small, shallow, conductive J:x:>qyat

approximately 4320E (!:5m) on Line 4000N. 'l\1.is could be jus\;. .Incise or.'
a cultural effect; but it. also could be caused by a feature (p:Xl of

massive sulphides?) that could be of geological intarest.
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The tJl'EM survey has picked up several features that require

geological ani geochemical follow up. Of these, only zone J3 can be

considered a high priority target. 'lWO drill hole locations have

been reccmnended; the first at 4225E on Line 3803N arrl the secooo at.

4l25E on Line 3800N. B:lth should be drilled towards the east. at

about 450 (see Figure 1).

several other zones within the volcanics have not yet been covered

with urEM. mese are shown on Plate MI\C 00: All of the volcanics

should be covered with tJl'EM at the first opportunij:y.

/.
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ZONE LCOP MAl' .I.OCATIrn .E.M. RESPrnSE I.P. ASSOCIATIrntl: 2S001 <:nMENrS

';::nde:
3, 4 D, L 3600N, "5400E Large wide zone of Very broad weakly conduc- Probably caused by a slightly pyritic

to slightly anomalous tive zone corresponding geological unit: follow up by a
fran SaOON, "5000E conductivity. with EM interpretation on geological inspection and a review of
last IOOSt of the lines where the geochem.
report IF is done.

Jl 1979 M 320ON, 4425E Questionable to reason- Good correlation especially Probably caused by shales. GeOlogical
arrende UI'EM, to ably strong (L4200N) to north. inspection necessary.
fran 14 4200N, 3975E conductor. ,
last
report

J3 14 M 360ON, 4375E weak to well-defined Conductivity, but no COrrelates well with a geochem anomaly
to conductor; rrore discus- chargeability ananaly on and is right in an area of extreme

400ON, 4225E sion in text. all lines. geological interest. Drilling will be
necessary.

;.

Kl 4 L 3200N, 6050E Very weak Single line No IP done. Fall"" up with geology and geochem.
conductor.

K2 4, 13 K, L 2600N, 5975E very weak conductor. No IF done. Probably shale contact. Follow up
to with geology and geochem.

3200N, 6275E

..

-. :-I ---I
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ZONE LOOP
MAP UDlTION E.M. RESPONSE 1. P. ASSOCIATION <XM-lENl'S

(l: 25001

K3 4 L 2800N, 5725E Weak single line No IP done. Foll"'" up wi t.h geology and geochem.
resp::mse.

K4 13 T lBOON, 6175E Weak response, open to No IP done. Foll"'" up with geology and geochem.
south~ Fell"'" further to south with EM if of

interest.
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INI'RODUCI'ION

Exploration and test surveys on the Hellyer ore depJsit have shown

that downh:>le electrcmagnetic techniques are capable of detecting

deep corOuctive massive sulPhide bodies, even if they are further

than 100 metres fran a drill role. 'Ihrougrout 1984 and 1985, the

method has been applied to every new drill role on the Mackintosh

and Hatfield licences. Scrne of the results have been discussed in

earlier repJrts (Eadie, 1984) and malOS.

'!his repJrt details the interpretation of the rrost recent downh:>le

electranagnetic v.ork on the licences, incluling data fran M::10,

M::ll, M::12, M::13, HL2, HL80, m4, ms, Ml\Cl, Ml\C2 and QR29.

~st of the drill holes had 00 ananalous respJnse W1atsoever. Scrne

of the dawnh:>le surveys detected the QJe River Shale (M::13, Ml\Cl)

and others stringer mineralization (DA4, m5). M:>re i:mp::>rtant was

the strong off hole respJnse measured in Ml\C2, \<tIich indicates that

there is a strong conductor in the vicinity of this hole. '!he

initial hole to test this ananaly, Ml\C3, appears to "rave missed the

target. Further downhole v.ork in Ml\C3 will undoubtedly lead to a

rrore accurate interpretation.

Im'ERPREmTION

1. Intrcrl.uction

In the following section, all of the data is discussed hole by

role. '!he transmitter lcop locations are srown in Figure 1, \<tIile

the decay curves fran all of the ananalies are shown in F;igure 2.
,/.

.'
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PAGE 2

2. M::10

There is no conductive ananaly sl1c7Nn in the M::10 data (Figure 3).

The rapid decay of the background response shows tl1at the bost rock

is very resistive.

3. M:: 11

M::ll was drilled into a very subtle Ul'EM anare.ly tl1at was very well

positioned with respect to geology, anaralous soil geochemistry and

an IP ananaly. No large conductive body was intersected and the

dcMrihole SirotE!ll data (Figure 4) sh:Ms no conductive ananaly. cne

explanation for this lack of ancma.ly in the SirotE!ll data is tl1at

the UI'EM feature tl1at was interpreted to be frem a deeply buried

source, was actually just long wavelength noise, probably related

to ccming too close to the HEx:: transmission line, a very good

conductor in itself (Eadie 1984). The reason tl1at this was not

recognised at the time, and in fact is even now just a theory, is

tl1at the anaralous readings are not exactly parallel to the power

line, and do not 00= elseWhere at this distance £rem it.

Another possible explanation is tl1at the SirotE!ll unit does not

neasure early enough in tine to detect sane of the IIOre subtle Ul'EM

ananalies. This problE!ll is magnified when the transmitter l=p used

for the Ul'EM is considerably larger as was the case for this

survey. thereby enhancing the ancmaly because of a larger aIIOunt of

current channelling.

4. M::12

M::12 was drilled into the best of the Nort:hwest Mt. Charter
./.

geochemical anare.ly. There is no ananalous resJ.Xlnse in the dC7Wl1h:>le

EM data (Figure 5). shaving that there are no conductive Il'assive

sulphide bodies within about 100 metres of the hole.
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PlIGE 3

5. 11:13

Ul'EM ouUined ;m area within the shales that was anam1.ously

conductive. M:l3 was drilled to test beneath this feature because

of the geological interest of the area (nose of a syncline, on a

major structure, proper Hellyer stratigraphy). The hole did not

intersect ;my conductive massive sulphides.

The DHE11 data (Figure 6) confirms that the shales are very

conductive, at least to a depth of 160 metres. However there are no

conductors nearby in the volcanics, which start at 250 metres. The

decay curve for the M:13 shales is shown in Figure 2. The time

constant of 2.3 milliseconds shc700ls that the shales here have as

ITD.lch corrluctance as a noderately sized massive sulphide body. This

is ITD.lch higher than IlOSt of the shales in the area.

6. HL2

The results fran HL2 are the rrost enignatic of all the results

(Figures 7 and 8). Judging fran these curves, there is a corductor

in the Upper Epiclastic sequence and an investigation of the decay

curves (Figure 2), shc700ls that the conductor is quite--strong with a

time constant of about 2.5ms.

The conductor could be due to a shale unit within the DES in that

the shales in M:13 were as corrluctive as this. HcMever there are

two problems with this interpretation. The first is that the

surface UTIM did not pick up a gcx:xi corrluctor in this area, and the

secorrl is that the fOlarity of both of the do..mhole ;maralies is

wrong for a conductor within the Upper Epic1astics with a

confonnable dip. A fOsitive anaraly \\OUld be expected fran loop 1

and a negative fran loop 2.
/-

Because of these problems, no proper interpretation of this zone is

yet forthcaning. Reccmrendations for further geophysical =rk on

this zone will wait until the similar interpretation problems near
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MAC 2 arrl 3 are sorted out. In the meantime, the econanic ];Otential

of the Upper E;piclastic Unit in this area should be rev~,

. particularly since there is a large geochanical ananaly in the

vicinity.

7. HL80

HL80 was drilled to test intense alteration of the style seen in

the Hellyer hanging wall. cnly basalts were intersected, except

fran 301-305 metres Where there was a laminated pyritic siltstone.

'!he dO'Nnhole Sirotem results are shown in Figures 9 arrl 10. Except

for a very weak early time res];Onse fran about 220-240 metres

(fault), there are no cbvious ananalies. Ibwever a subtle elevation

in values in loop 2 data in the bottcrn half of the hole, and a

decrease in the same area in the loop 1 data, suggested that there

may be a long wavelength ananaly caused by a very distant source.

To investigate this possibility, data fran loop 1 at 370 metres

'Were subtracted fran the co=esponding loop 2 data in an attempt to

ranCllTe background. (This point was ch::>sen because the primary field

is similar for both loops there). '!he ranainder is plotted on

Figure 2. It can be seen that the currents in this :E:eature,

Whatever it may be, decay quickly and therefore is not conductive

enough to be of econanic interest.

8. Dl\.4

The loop ];Ositions for the d=hole surveys are shown in Figure

1.0. 'n1ere are t= ananalies in this hole and both are best shown

fran the loop 1 data (Figure 11). '!he first ananaly is a ];Ositive

resp:mse fran shallow in the hole to about 150 metres. '!he time

constant of this response is quite large, about 2.4ms and ,is

therefore very interesting. It is undoubtedly caused by .the same
, .'

bcXIy as the ananalies in M1\C2 and therefore will be discussed in

m::>re detail in that section.



J
I
I
I
I
'.
I
I
I
I
I
I
.~

I

•
I
1-'

I
,I
I

•

028406
PAGE 5

The second ananaly is a broad negative fran about 200 metres to

about 600 metres. The time constant of this ancmal.y is very lCM,

suggesting that the source is the v.eakly pyritic stringer

mineralization often found in the D zone. The resIOnse is so broad

because the hole is running almost parallel to this zone of

pyritization for a long distance.

The t"'C> ancmal.ies are not as visible in the Dl\4 data fran the other

loops (Figures 12. 13 and 14). This is due to the fact that the

transmitter loops are not v.ell coupled with the conductive bodies.

Loop 4 is too far north for either conductor and loop 6 is too far

west plus IOssibly too far north. Loop 5 appears to give a very

subtle negative ananaly for the shallCM conductor but appears to be

null-coupled with the deeper vertical body situated almost exactly

beneath the loop.

DA5 was surveyed with t"'C> different loop IOsitions as is shown in

Figure 1. The first loop (Figure 15) shows an obvious, but weak

negative ananaly, starting at about 170 metres and continuing to

the end of the hole. The time constant of this aIlCIlla;!y, as shown in

Figure 2, is very small, tau = 0.6ms, and therefore the source of

the ananaly is undoubtedly the stringer mineralization found in

most of the D Zone holes. This is the same conductor that was seen

in the initial UI'EM 'survey and has been detected by downhole EM in

most of the holes in this area.

The same ananaly can be seen in the loop 2 data, Figure 16 but is

daninated by a IOsitive host rock effect and is therefore more

difficult to observe.

I·
"
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HI. MAC 1

MAC 1 was surveyed with the Crone PEM unit for logistical reasons.

'Ihi.s system has been proven to be just as effective as Sirotem in

tests at Hellyer (Eadie, 1985). '!he data, in Crone units, is shown

in Figure 17 fran loop 1 and Figure 18 fran loop 2. Loop positions

are shown in Figure 1.

'!here is only one ananaly: it is seen in 1X>th of the roles fran the

top of the role to about 100 matres. 'Ihis correlates very well with

the presence of the Ole River Shale Which is known to be corx'!uetive

fran surface :EM -...:>rk. '!he time constant of the ananaly as measured

by the Crone unit (Figure 2) is 0.75rns Which is about What is

expected fran shale. '!here is no indication of a corx'!uctive massive

sul~e target either cbscured by the shale, = elseWhere further

down the drill role.

11. MAC 2

An interpretation of the MAC 2 data has already been written and

has been inclwed as Apperx1ix 1. IXE MAC 3 was drilled based on

this interpretation. N:l massive sulphides were intersected.

Drillrole and loop locations are shown in Figure 1.

Before canp1eting the J:HEM -...:>rk on MAC 3, it -.ould be a waste of

time to speculate too seriously on the reasons for MAC 3 not

hitting sulphides. ~ver, as indicated in the mane in l'ppendix I,

there is a good chance that the bcrly lies off the section to the

north of MAC 2 and MAC 3. Beside the reasons for this

interpretation mentioned in the meno, this is supp::>rted by the fact

that there is an ananaly in the DM - loop 1 data (Figure.H) that

is very similar to the MAC 2 - loop 1 ananaly (Figure 19'~ '!he
" ,

decay curves are very similar (Figure 2) except that the amplitwe

for MAC 2 is larger, suggesting that the conductor is significantly

closer to this hole.
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Subsequent to the time period covere:! by this report, detailed

dClWrllDle v.ork has been canpleted in the Ml\C2-MAC3 area. A report by

Geoff Dickson (consultant) and 'ltm Eadie will be prepare:! shortly.

12. OR 29

OR 29 is an old exploration role that was cleaned out and cased

with PVC so that it could be read with mEM. '!here is absolutely no

hint of an ananaly in the role (Figure 23). The target position was

just off the end of the role; there is no :in:l.ication that a large

corrluctor is being approached off the errl. of the role, at least

within 100 metres.

CCN:I1.JSIONS

The large amount of dClWrllDle work done on the Mackintosh-Hatfield

licences has succeeded in developing one target in the Ml\C 2-DA4

area, and severely downgrading several other prospects. In,
addition, the area around HL2 has been marked as an area of

potential interest.

In general, the method has proven itself to be a very powerful

CCIIIIX'nent of the exploration prograrnne for base metals in

N::>rth'Nestern Tasnania.

.'
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Eadie, E.T., 1984: Results of the Downhole Sirotem Survey at Mt. Charter

and Zone J3, Internal Aberfoyle Exploration Report.

Eadie, E.T•• 1984: Report on the Detailed tJTEM Survey on the North.'lest

Mt. Charter Geochemical Ananaly, Internal Aberfoyle

Exploration Report.

Eadie. E.T•• 1985: Interpretation of D:;Jwnhole Electranagnetic Data fran

the Hellyer Deposit - Part 2, Internal Aberfoyle

Exploration Report.
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Downhole EM Data

SubJE1:t DOWNHOLE AND SURFACE EM INTERPRETATION - MAC2 AREA

There appears to be little doubt from the downhole EM data that
there is a good conductor in the vicinity of the first 100 metres
of MAC2. The south, centre, and east loops all give a response
with a time constant of 1.9 - 2.9 milliseconds. This would
suggest a body with a similar conductance to the PQ lens.

028411
MEMORANDUM

Keep

From Tom Eadie

Ret ETE:WB

At Hawthorn

18 July 1985

Burnie

Tony Hespe

The interpretation based on the south and east loops identifies
a conductor within 50 metres beneath the hole, dipping NNW and
striking ENE. The conductor would project onto the drillhole
at a depth of about 100 metres. The body must have a considerable
thickness to explain these results. The north loop, although
there is little or no response, is consistent with this inter­
pretation in that this loop would be null-coupled with this
geometry. This, plus the fact that the north loop is further
from the conductor (ISO m) than any of the others, could very
well produce the very low response.

It is the centre loop which is the disturbing influence on this
interpretation because instead of getting the predicteq negative
response, a positive is obtained. This can be explai~ed in a
number of ways. One is by assuming that the operatqr got the
polarity wrong. This is probably not a good assumption in that
Brian Rau is very careful these days and has not made this
mistake for a long time.

DHEM results from DDH MAC2 were obtained from four different
transmitter loop positions. In addition, the area surrounding
MAC2 was covered with surface UTEM on traverses going both
east-west (line spacing 200 metres) and north-south (line
spacing 100 metres), Max-Min (line spacing 50 metres) and
surface Sirotem (line spacing 50 metres). The results from 3
of the downhole EM traverses indicate that there is a very
good conductor near the drillhole, but the fourth DHEM profile
and the surface work detect very little. A further dilemma
is that one of the 3 DHEM traverses that does detect the conductor,
appears to have a positive response, rather than the negative
response that would be expected from the position of the body
interpreted with the other two loops. These apparent contradic­
tions are discussed below. Interpretation diagrams and data
sections will be included with a later report.

Copies to JRS DJJ SR ES
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Conclusions

Surface EM Data

No clear interpretation has come out of all this field work,
except that, if one can trust the data, there is a very good
conductor within 50 metres of MAC2. The indications are that it
is below the hole, ana possibly (but not conclusively),:, off to
the north. I am in total agreement with the geolog~sts that 2
holes should be proposed for this very complex zone. The first

028412
18 JULY 1985-2-TONY HESPE

The Max-Min does not detect any conductors and would not be
expected to, given the interpretation from DHEM.

The small amount of surface Sirotem work, 800 metres in total
on Lines 8900N, 8950N, 9000N and 9050N, is difficult to explain.
It seems that just about every reading is anomalous but no
clear zone is outlined. The data appears to suffer from
artificially elevated values near the transmitter loop, which
is a great problem in this case because 50 great a percentage
of readings are close to an edge of this very small loop. This
attempt at reading inside such a small transmitter loop was a bit
of an experiment; it must be judged a failure.

There are two different sets of UTEM data over the area.
The first is from loop 10 (1983) using east-west lines with
a spacing of 200 metres. It is very possible that the
conductor is almost parallel to the lines, and lies totally
between Lines 8900N and 9l00N. There are some weak small
responses at 5625E on line 8900N and 5675E on Line 9l00N that
may be off-line'or alteration responses.

The 1985 north-south lines (loop 25) had a spacing of only
100 metres and were almost perpendicular to the target. Again
there is little, if any, response due to the target conductor.
One reason for this may be that the transmitter loop is very
poorly coupled to a target with the interpreted dip and
position. A second reason, that also applies to the first
set of UTEM data, is that a small body, in this case possibly
less than 1 million tonnes, may not be detectible from surface
at the interpreted depth of about 100 metres using our normal
UTEM survey param~ters.

Other explanations have to do with very complex conductor
shapes (e.g. two limbs of a fold) and orientations. The
resolution of this problem is made more complex by the
azimuth of the drill hole with respect to the grid. However
one possible solution is that the conductor does not pass
through the plane of the section of the drillhole, and is
offset to the north. There are even problems with this
interpretation.

I
I'

I
I
I
I
I
I
I
I
Ir

'I
'I
I'
I
I
I
I
I·

I·
~ . ,



"

,/.

"/EL;-
-~~----------­
Torn Eadie

should be drilled on section with MAC2, parallel to it and
75 metres deeper. This will probably hit the conductor and
will definitely aid in geological interpretation. If no
conductor is intersected, the hole should be surveyed with
DHEM, prior to drilling a second hole, which will undoubtably
be to the north.
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I.AIMS OF STUDY

This Pb isotopic study was carried out to determine the

association with Hellyer and Que River of samples from 1) the

Switchback area, 2) a pyrite-pod from within a feldspar phyric

lava at the Hellyer ore position'and 3) stringer mineralization

from southwest of Hellyer (9440N, 5440E).

2. SAMPLES

The samples were provided by Doug Jack of Aberfoyle. Three

(315641, 315629 and 315660) represent sulfide mineralization from

various parts of the switchback sulfide occurrence one was taken

from a pyrite pod at the interpreted Hellyer position (315659)

and another from galena-rich chloritic rock considered to be

stringer mineralization (315625).

3. METHODS

Galena samples were dissolved in concentrated nitric acid

and Pb was electroplated onto Pt electrodes. The whole-rock

samples were digested in a 7M nitric + 7N hydrochloric solution

prior to ion exchange and electroplating as above. The samples

were analysed on an ISOMASS 54E solid source thermal ionization

mass spectrometer in fully automated mode. Precision estimates

representing 2 standard deviations about the mean of over 700

analyses of standards are shown in the top left hand corner of

the figures presented below.

3. RESULTS ,.

The Pb isotopic compositions of all the SWit~hback samples

fall within the Hellyer field as does the galena from the

stringer zone. The pyrite.pod contains Pb significantly more

radiogenic (i.e. higher 206Pb/204Pb, 207Pb!204Pb and 208Pb!204Pb)
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than the Hellyer target.

4. DISCUSSION

The results confirm that the Switchback base metal sulfide

and associated pyritic and disseminated mineralization is closely

related to the Hellyer mineralization, both sharing a common

source of pb probably indicating they formed during the same

mineralizing epoch from the same hydrothermal fluid system. They

appear to have closer affinities with Hellyer rather than Que

River.

The stringer mineralization (315625) cannot be distinguished

from the Hellyer target based on Pb isotopes, again indicating a

common source of Pb. We would thus interpret this stringer zone

to be epigenetic mineralization coeval with the formation of the

base metal sulfide deposits of the region. The Pb isotipic

composition of this galena distinguishes it from veins related to

post-Cambrian metamorphism and/plutonism which have been

described from a large area of the Dundas Trough inclUding

Marionoak, Queen Hill and the East Mackintosh area.

The radiogenic composition of the pyrite pod sample probably

results from the addition of pb since the time of deposition of

the rock due to the radioactive decay of U and Th. The addition

of such radiogenic pb significantly alters the isotopic ratios

only if the initial Pb content is low.

5. CONCLUSIONS

All the samples, except for the pyrite pod, have Pb isotopic

compositions that indicate a close genetic relationShip to the".
Hellyer style mineralization. The pyrite pod sample could also

contain Pb of a similar origin to the Hellyer mineraliization,

but the probable change in Pb isotopic composition since the time

of deposition has masked the relationship.



Table 1. Pb isotope cOMpositions of saMples frOM Switchback and Hellyer

Pblpp,.>

028429

38.176
38.156
38.18Z
38.384
38.180

15.614
15.603
15.613
15.6Z9
15.60Z

18.357
18.35Z
18.355
18.590
18.369

Z06 Pb
204 pEi

0.8505
0.850Z
0.8506
0.8408
0.8494

~07 ~b06 b

Z.0796
Z.079Z
Z.080Z
Z.0648
Z.0785

~08 Pb
is PEi

j ',-

Sa..ple

315641
3156Z9
315660
315659
3156Z5

,
1
GI
rt
I
rl
I
!I
I
I

1
1

,

,I
~,

;1

'I"
,,; '1'!I". "

It;
.:

I !.'. ; ~

,. ..~

.'



38.8

38.6

SWITCHBACK RND HELLYER RRER

37 ·1~L.-2---18......-3-----:1-=8"-.-:-4--~18;:-;.5;--~1~8~.~6--11B8.7

20SPh/204Pb

..

38.0
"

'-

-0
a..
~ 38.4

C\J,,,
-0
a..m 38.2

IS)
C\J



·.. -_....- .._- -"'1 .' ..-- ",) -- - ~ .. _] at: _1 _J .- iiii;-j Iiiiii1 -- '--1 _ ..

FigurL' :..!

15.8
SWITCHBRCK RND HELLYER RRER

r·.....
~..

- -- -

..0
0..

V
l'Sl
(\J.,

..0
0..

f'..
l'Sl
(\J

15.7

15.6
I"
I
\ J
'-'

-------- --- --.....":
,

l....
0'

0"
2 "....

0'
"""i ..........

,,
"

1
i

,j
I

.i

'.
•
"

15 ·1~L.-2---18-'--.3---1-8.....-4---:-1="8-=.5=-----:1::8-:-.::6----;-:18. 7

206Pb/204Pb



I
I
I
I
I
I
I
I
I
:,
I
I
,.
I
I
I
I
II

I
-"I
""•

APPENDIX R

028432



I
I
I
I
I
I
I
I

'I.
,I
,I,,

I
~

I
~I

I
I

1'1
:1
I
'I
,I

028433

El{PlllDI'IURE

MACKINI'OSH EL 2/73

TI'e foiioWing expen:J.itUre pertains to the Aberfoy1e Peridls 1 May 1984 to'
12 November 1985 (Peridl 5/84 to Peridl 12/85):

GEOImY 369.983.35

SURVEY 43314.54

GEOPHYSICS 96165.33

GEDffiEMISTRY 58976.31

TRENarm:; 28356.33

DIl'MOND DRILLING 1642892.26

ACCESS 55319.33

TENURE 6733.53

LEl3AL 7516.95

arHER SERVICES 125277.36

llIDlREcr <XlSTS 268618.23

$2732219.26

CEH
11/4/86
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