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EL 14/85 was granted to Pancontinental Mining Limited
in August 1985. Since July 1988, Outokumpu Exploration
Australia Pty Limited has operated the project on
behalf of a Joint Venture between the two companies.

This report summarises the results obtained and
interpretation derived from the 1988-89 program of TEM
geophysical and diamond drilling at Mt Cattley EL
14/85.

The original objective for the exploration program was
for polymetallic base metal/precious metal volcanogenic
massive sUlphide (VMS) deposits of the Que River,
Hellyer type.
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The tenement is centred about 12 km NNE and
approximately along strike from the Hellyer deposit.
It was considered likely that stratigraphic equivalents
of the Hellyer - Que River mine sequence could exist
within EL 14/85 under a variable thickness of Tertiary
basalt cover (Figure 1).

1. INTRODUCTION
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Oriented core observations from MCDD's 4 and 5,
however, have contributed to interpretation of a
structural model which implies that the Mt Cattley
andesites are considerably stratigraphically higher and
younger than the Que - Hellyer volcanics.

A detailed geochemical study of andesitic rocks from
previous drill holes MCPD 2 and 3 has shown marked
compositional similarities to the footwall andesite
basalt sequence of the Que - Hellyer volcanics and
strongly supports a direct time and stratigraphic
correlation.

Further proposals for stratigraphic drilling, to
elucidate the structural and stratigraphic setting of
these andesites, should be considered in the light of
past and anticipated future difficulties with
structural interpretation and TEM surveying/
interpretation beneath a substantial cover of
Tertiary basalt and associated sediments.

Page: 2

Diamond drill testing of two Gefinex 4005 EM
anomalies in EL 14/85 near Mt Cattley has failed to
intersect significant mineralization. SUbsequent down
hole EM37 surveys indicate that both holes passed close
to or through formation conductors which probably are
the sources for the Gefinex anomalies. In MCDD 4 the
conductor is interpreted tq be a layer of conductive
clays in sediments near the base of the Tertiary cover.
In hole MCDD 5 the conductive source is interpreted to
be a 30m thick unit of pyritic black siltstone.

2. SUMMARY AND CONCLUSIONS
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The 1988-89 exploration program for EL 14/85 included
(in chronologial sequence):

* Downhole EM 37 logging and interpretation of both
drill holes. (Bishop, June 1989)

* A trial GEFINEX 400 S EM survey of 3.25 line km.
(Hattula, 1988)

Page: 3
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The geophysical aspect was based on the conclusions,
independently determined by three geophysicists,
that the previous sirotem EM3? surveys over the
southern and eastern parts of the licence had been
effective but had not been successful in defining
conductive anomalies which could be interpreted to
represent massive sulphide deposits. Therefore, it was
argued those areas already surveyed by surface TEM had
been downgraded with respect to VMS mineralization and
that future exploration shoUld involve the extension of

* Petrographic and geochemical studies of core
samples from MCPD's 1,2 and 3 and MCDD's 4,5.
(Crawford, April 1989)

* Drilling of two diamond drill holes, MCDD's 4 and
5, to test two Gefinex EM anomalies interpreted
on line 12000N. (Herrmann, January 1989)

* A review of geological interpretation and previous
geophysical data with recommendations given for
further exploration. (Herrmann ~nd Bishop, JUly
1988)

The results and conclusions derived from these works
are briefly stated below but the reader is referred to
the references cited above for more comprehensive
detail.

The review of JUly 1988 looked at the exploration
potential of EL 14/85 from two slightly different
aspects. The geological aspect was based on the
unexpected previous intersection of intersecting mafic
volcanics, possibly analogous to the Que - Hellyer
volcanics, in MCPD's 1, 2, 3 and that these might
warrant further "stratigraphic" drilling to assess
their structural and stratigraphic setting. In the
absence of sufficient structural data, suggestions were
provided for a program involving the drilling of
several short sub Tertiary basalt holes OR redrilling
of MCPD 1 to obtain direction of dip information and,
based on that, drilling a single deep stratigraphic
hole.

3. PRECIS OF 1988-89 EXPLORATION PROGRAM
AND RESULTS ACHIEVED
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Gefinex EM Survey

Gefinex Anomaly 2 was interpreted as a less extensive,
moderately west dipping lense of about 20m thickness
centred at about 180m below 12100E/12000N.

Gefinex Anomaly 1 was interpreted as a sub-horizontal
lense shaped body of upto 40m thickness of about 220m
lateral width centred at about 180m vertically below
11300E/12000N and having a low conductivity x
thickness product.

Page: 4
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MCDD 4 was drilled to test Gefinex Anomaly 1. After
penetrating the base of Tertiary cover, at about 58m
below surface, this hole intersected a steeply south
west dipping and facing basement sequence comprising
turbiditic micaceous greywacke/siltstone alternating
with felsic pyroclastics, epiclastics and mass flow
type jumbled breccias combining these lithotypes. The
rocks were found to be not significantly hydrothermally
altered or mineralized and the source of the Gefinex
anomaly was not apparent in the core.

MCDD 5 was drilled to test Gefinex anomaly 2. It
penetrated the base of Tertiary cover at about 88m
below surface and then intersected a moderately north
westerly dipping and facing epiclastic/turbiditic
sedimentary basement sequence comprising a thick graded
felsic mass flow deposit, underlain by a 30m thick unit
of pyritic black siltstone in turn underlain by an at
least 50m thick unit of felsic vitric tuffaceous/cherty
siltstones. Apart from a few percent of pyrite in the
black siltstone unit the sequence was not found to
contain significant sulphide mineralisation. The
Gefinex 2 anomaly was tentatively attributed to the

surface EM37 coverage, especially northwards and
elsewhere that the Tertiary cover was considered to be
sUfficiently thin, on the basis that the location and
geological environment was deemed favourable and, as
yet, unexplored due to the cover.

Nevertheless, the advent of GEFINEX 400S EM, with
potentially greater depth capability than the previous
TEM methods, led to its application in a trial survey
over the MCPD 1, 2, 3 area as a tertiary check on the
validity of the above mentioned geophysical
conclusions.

The outcome was that (despite some doubts about the
reliability of the Gefinex data due to weather related
equipment malfunctions and the applicability of
horizontally layered earth modelling programs to the
folded basement sequence) two Gefinex conductivity
anomalies were interpreted on survey line 12000N.
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I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

•



The following conclusions were drawn;

Petrographic & Geochemical Study

Downhole EM37 logging of both holes was subsequently
carried out and the results interpreted by Dr.
J.Bishop.

An apparent weak off hole response at about 170m
downhole in profiles from transmitting loop 2 was not
confirmed by subsequent loop configurations and was
attributed to a spurious "self response" from the loop.

Page: 5
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* The pervasive sericite + carbonate alter~ation

evident in the aphyric vesicular andesites from
MCPD 2 is of considerably greater intensity than
is "normal" for the low grade burial metamorphism
typical of the Mount Read Volcanics and resembles

The comprehensive petrographic and geochemical
investigations undertaken by Dr. A.Crawford proceeded
with the objective of elucidating relationships between
volcanic rocks in the Mt Cattley drill holes and
identifying possible correlations with other volcanic
suites in the Mt Read Volcanics; particularly the Que ­
Hellyer volcanics.

presence of the black siltstone unit.

DHEM profiles for MCDD 5 indicate a weak anomaly
approximating to the down hole position of the pyritic
black siltstone unit confirming that the hole passed
through a conductor at that depth. Although larger
amplitUde responses would have been expected in such a
(presumably) extensive conductor, the interpretation is
reasonably conclusive that Gefinex Anomaly 2 is
attributable to the black siltstone unit and that there
are no additional nearby off hole conductors.

Downhole EM Survey

For MCDD 4, DHEM profiles for four of the five
transmitting loops used in the survey, indicated the
presence of a small, off hole, steeply dipping?,
strong conductor with responses recorded at about 6510
downhole corresponding approximately to the base of the
Tertiary cover. The source, although not precisely
located, was attributed to a thin layer of
unconsolidated lignitic sands at the base of the
Tertiary basalt. Although the indicated depth is much
shallower than that interpreted for Gefinex Anomaly 1,
Dr Bishop concluded that the two anomalies have the
same source (at the base of the Tertiary cover) and
that the depth discrepancy might be due to geometrical
considerations and (inappropriate) modelling methods.

241WH906.RT1
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* Volcanic rocks from the other holes (MCPD 3,
MCDD's 4, 5) display a more typical degree of low
grade burial metamorphism.

* There is a strong geochemical correlation between
the Mt Cattley volcanics in MCPD's 2 and 3 and the
Que - Hellyer footwall andesites.

Dr Crawford's over all conclusions were that the Mt
Cattley andesites are geochemical, statigraphic and
time correlates of the footwall andesite sequence of
the Que - Hellyer Volcanics and do not represent a
younger stratigraphically higher development of mafic
volcanism in the Southwell Sub Group of the (upper)
Dundas Group.

* The porphyritic andesites and rhyodacite from MCPD
3 are clearly comagmatic. The prescence of FeTi
oxides and apatite micro phenocrysts in pumiceous
tuffs of MCDD 4 also suggests a magmatic link
with extrusives of MCPD 3. However, markedly
different immobile element ratios and REE levels
indicate that the MCPD 2 andesites are not
comagmatic with those of MCPD 3.

Page: 6

60G009

the alteration seen around the Que River massive
sUlphide deposit.

* The turbiditic sediments of MCPDl and MCDD's 4, 5
are composed largely of quartz, mica and lithic
grains of quartzite and pelitic schist of a
pelitic metasedimentary, presumably Pre Cambrian,
provenance. Some of the felsic epiclastics in
MCDD's 4 and 5 contain a minor proportion of
similar materials. The cleaner quartz rich
greywackes of MCPD 1 and MCDD 4 are similar in
character and, in turn, are virtually identical to
the Animal Creek Creywacke which is the basal
unit of the Dundas Group near Mt Charter.

* There is strong evidence for a progressive
enrichment in LREE and P205 in the Mount Read
Volcanic lavas with time such that the
stratigraphically uppermost are the most enriched.
The Mt Cattley extrusives do not show this high
level of enrichment and are therefore interpreted
to pre-date the Hellyer (hanging wall) basalts and
are time correlates of the Que - Hellyer footwall
andesites.
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Given the Tertiary cover, this proposal has a
wildcattish character and would probably require a
considerable persistance and drilling budget for
success.

The combined geophysical evidence suggests that it's
time to extend the TEM coverage northwards and
elsewhere in areas of thin Tertiary cover on the basis
that the Mt Cattley area seems to be a fairly good
geological "address" but remains largely unexplored.

On the basis of a possible lithostratigraphic
correlation, now strongly supported by Dr. Crawford's
findings, between the Mt Cattley andesites and the Que
- Hellyer volcanics the geological indications are that
the former require follow up.

At this, post Gefinex, stage Dr. Bishop's geophysical
conclusions of July 1988 are as valid as ever and if
anything Gefinex has put another small nail in the
coffin of prospectivity for the area already covered by
EM 37, including the environs of MCPD 2 and 3.
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Indeed, the general "fuzziness" of the relationships
between the Gefinex interpretation, known geology and
DHEM results highlights the fundamental difficulty of
the task. Although the exploration concept seems sound
and some encouraging results have been fortuitously
aChieved, the "findability" is very low because of the
lack of a method of providing precise drilling targets
beneath a significant thickness of Tertiary cover in
basement rocks of which the geology and structure is
virtually unpredictable.

However, this course would take us into relatively
unknown or relatively uninspiring geological territory.
Northwards, the exposures at North Cobbers Road, in
basement windows of the Leven and Medway Rivers and in
SBPD 14, the basement sequence seems to comprise fairly
unpromising Southwell Sub Group type felsic vitric
tuffs and greywackes.

The application of Gefinex 4008 EM, albeit on a trial
basis, has not been an outstanding success. The two
conductivity anomalies interpreted and tested by
drilling have both been attributed to formational
sources. The low degree of agreement between
interpreted models and intersected geologyjDHEM and the
apparan~ inability of Gefinex to discriminate between
these formation sources and possible massive sulphide
bodies does not suggest that this method provides a
solution to the problem of sub basalt exploration in
the Mt Cattley area.

4. DISCUSSION OF RESULTS
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MCPD 1 provides three important points of evidence:

(i) Turbiditic greywackes at the bottom of the hole
dip at about 45 and face up the hole.

On the basis that the sequence on the Cradle Mt Link
Road near Murrays Plain Road faces generally eastwards
and the presence of a synclinal axis near North Cobbers
Road, I favour the speculation presented in Figure 2.

(iii) Weathered vesicular andesite apparently similar
to those of MCPD 2 overlie the greywacke in MCPD 1.
Assuming the simplest (NE) strike trend the sediments
in MCPD 1 can dip either to south east as in Fig 2 or
to the north west as in Fig 3.

to
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(ii) These greywackes are petrographically similar
several units intersected in MCDD 4 and, like the
latter, are associated with felsic pumiceous/lithic
tuffs.

The basement sequence in MCDD 4 dips and faces to the
southwest at around 55 - 60 degrees and the westerly
facing tends to suggest that this location is still on
the west limb of the Leven River anticline. This
southwesterly dip was, nevertheless, something of a
surprise and is contrary to most of my previous
structural speCUlation, excepting the low ranking
cross-section 3 of Herrmann 1986. It seems to imply
that MCnD 4 might be close to the hinge of a SSW
trending synclinal axis which is fairly confidently
interpreted from numerous structural observation in the
sub basalt windows north of Cobbers Road and near Black
Marsh Road. If so, this syncline at line 12000N
appears to have a substantial southerly plunge.

The simplest interpretation is that the andesites of
MCPD 2 and 3 lie up sequence from MCDD 4. If we pursue
this simplest interpretation a little further it
becomes apparent that MCDD 1 holds the structural key
to predicting the distribution of the andesitic
unites) .

Results from core orientation measurements in MCDD's 4
and 5 allow a further improvement in the gross
structural interpretation. The moderate NW dips in
MCDD 5, though slightly more northerly than expected,
support the previous interpretation that there is an
anticlinal axis just east of the Leven River (at the
latitude of 12000 N) such that dips and facing west of
the river are generally westward; the sequence
intersected in MCDU 5 is also broadly similar to that
observed along the Leven River, effectively eliminating
the possibility that there is a major structural break
between the hole and the river exposures.
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If this is so, then the andesitic volcanics in MCPD's
1, 2, 3 may have fairly restricted synclinal extent in
EL 14/85 and plunge fairly steeply to the south west.

The alternative, as in Figure 3, allows a little more
hope that the ore hosting "mixed sequence" lies up
sequence to the west under an increasing depth of
Tertiary basalt cover, near Middlesex Road.

Page: 960G014
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In order to accomodate the fairly convincing
geochemical correlation between Mt Cattley and Que ­
Hellyer footwall andesites we are forced to consider
the possibility of a major structural break between the
Southwell Sub Group correlates of MCDD 4 and SBPD 10
and the andesites of MCPD's 2 and 3. This is a
possibility but there is no other evidence for it. The
hypothetical structure is also spatially quite
constrained. Only 530m separates the collars of MCPD
2 and MCDD 4 and the "corridor" between MCPD's 2 and 3
(on the west) and MCDD 4 and SBPD 10 (on the east) is
only 200m wide.

The sequence exposed in the Mount cattley and Leven
River sub basalt windows is lithologically similar to
the Southwell Subgroup and (east of the Leven River
anticline) are overlain by east dipping Tyndall and
Denison correlates. These lithological correlates west
of the Leven River anticline between the river and MCDD
4, dip and face westerly. If the MCPD andesites are up
sequence from MCDD 4 then they must be SUbstantially
stratigraphically higher than the Que - Hellyer
volcanics. My estimate, based on interpretation of the
structural information, is that they are about 1500 ­
2000 metres stratigraphically above the Que - Hellyer
volcanics.

However, this simplest interpretation (that MCPD
andesites are up sequence from MCDD 4) conflicts with
Dr. Crawford's correlation with the Que - Hellyer
volcanics. The basis for the structural interpretation
is that rocks overlying the Que - Hellyer volcanics and
Que River Shale in the Cradle Mountain Link Road area
2 kID north east of Hellyer comprise a sequence of
pumiceous felsic tUffs, felsic epiclastic mass flows
and greywackes known as the Southwell Sub Group.
These generally dip and face eastwards and are
semi-conformably overlain to the east by Tyndall Group
and Denison Group correlates.

In this interpretation, if Dr Crawford's correlations
are correct, then the VMS hosting "mixed sequence" of
the Que - Hellyer volcanics has a very restricted
extent in EL 14/85 close to the southern boundary of
the licence.
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Further stratigraphic drilling would (one hopes)
elucidate the real situation.

A short 160m stratigraphic diamond drill hole collared
at about 40m east of MCPD 1 and inclined at 70 degrees
to the west should intersect the well bedded greywacke
unit in the lower part of MCPD 1.

The alternative interpretation suggests that the Mt
Cattley andesites are time-stratigraphic correlates of
the Que - Hellyer footwall sequence and that the local
structure is complex and still largely unknown.

From recent informal discussions with Mr Andrew
McNeill of Aberfoyle Exploration, I learned that
Aberfoyle has drilled two sub basalt holes on Middlesex
Road immediately at and about 1 km south of the
boundary of EL 14/85 respectively (figure 4).

Page: 10606015

These holes, entitled Mac 22 and Mac 20 respectively,
both intersected felsic pumiceous tuffs and epiclastics
with subordinate interbedded micaceous wackes
considered to be typical of the Southwell Sub Group.
Some of the fragmental felsic rocks bear considerable
resemblance to those of Mines Department hole SBPD 10
on Beecroft Road to the east. Apparently some of the
fragmental rocks carry a considerable proportion of
basaltic lava fragments. Oriented cores from Mac 20
indicate a dip of 40-50 degrees to the southwest Which
is consistent with the NW strike trends of tight D2?

Core orientation observations from this unit would
allow estimation of the local dip and from that a
reasonable prediction of the extent and orientation of
the andesitic rocks. From that information a single
stratigraphic drillhole of 500-700m depth could be
designed to intersect the andesitic sequence. The
likely possibilities for location of these
stratigraphic holes are shown on Figures 2 and 3
labelled MCDD "A" and "B".

To summarize the above discussion it may be stated that
the andesitic rocks in MCPD's 1, 2, 3 have some
exploration potential based on alternative
interpretations. One interpretation is based on a
fairly simple structural model and implies that the Mt
Cattley andesites are considerably younger and
stratigraphically higher than the VMS hosting Que ­
Hellyer volcanics. without this time-stratigraphic
correlation the prospectivity is som~what reduced but
not entirely eliminated since there appears to be a
close petrological similarity and perhaps ore formation
was controlled by the petrogenetic/tectonic environment
and was not time specific.
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folds observed in Denison Group rocks a few kilometres
to the south west.

oriented core from a future hole intersecting the
bedded wackes at the bottom of MCPD 1 would go some way
to clarifying the local structure. However the
indications from Mac 20, 22, and SBPD 10 suggest that
there is not much room left for a major occurrence of
andesitic volcanics between Beecroft and Middlesex Road
immediately south of EL 14/85.

It is also consistent with the dip in MCDD 4 and leads
me to speculate that the structure in this area is
dominated by these NW complications and not by
straightforward Dl? NE trends as previously implied by
structures in sub basalt windows along the eastern
boundary of EL 14/85. This really puts the cat among
the structural pigeons and the true situation may be
quite different and more complex than I've speculated
in Figures 2 and 3.
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Electromagnetic surveys have been carried out down two holes
on E.L. 14/85 which were drilled to test two anomalies
defined by a 'Gefinex-400s' EM survey. The results of the
down-hole surveys have shown the source of the anomaly
tested by MCDD4 to be a conductive layer in unconsolidated
sediments at the base of the Tertiary basalt and the source
of the anomaly tested by MCDD5 to be a pyritic black
(graphitic?) siltstone.
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INTRODUCTION

The Mt Cattley licence, E.L. 14/85 is held under a joint
venture agreement between Pancontinental Mining and Outo­
kumpu Exploration with the latter now operating as manager.
The licence lies immediately along strike and to the north
of Aberfoyle's 'Macintosh' licence which covers the Que
River and Hellyer deposits.

This report presents the results. and an interpretation, of
down-hole electromagnetic (DHEMI surveys down holes MCDD4
and MeDD5 which were both drilled, in December 1988, on
'Gefinex' EM anomalies.

EXPLORATION TARGETS AND GEOLOGICAL SETTING

The Mt Cattley region is predominantly covered by Tertiary
basalt and until the discovery of the Hellyer deposit, had
received little attention. In fact prior to pegging of the
licence by Pancontinental in 1985, the area had not been
subject to any significant exploration program. Mapping (in
1986) of a number of windows in the basalt, which were not
indicated on the Mines Dept's regional maps, confirmed the
presence of the Mt Read Volcanics host rocks. A recent
interpretation of the geology using the logs from the five
holes drilled by the JV partners plus data from the Mines
Dept's Sub-basalt Drilling Project, is summarised in Herr­
mann (1989).

The prime target is for a similar deposit to Hellyer, which
is a 15+ million tonne polymetallic massive sulphide
deposit. Like Rosebery further to the south, Hellyer is
dense, chargeable and a good, but not excellent, conductor
with no magnetic response (see Bishop and Lewis, 1988).

EXPLORATION HISTORY

Following the initial mapping and stream sediment sampling
(Herrmann, 1986), Sirotem soundings were conducted over five
1km - spaced lines to try and determine the thickness of
basalt. The results were interpreted and an isopach map of
basalt thickness produced (Wilson, 1986). Three holes,
drilled to test the effectiveness of the survey, gave good
agreement with the interpretation. Beneath the basalt, these
holes intersected volcanics with similar assemblages to the
andesitic and dacitic sequences around Que River - Hellyer.

1
1

__I
1

.1

In
the
This
that
plan

May, 1987 a fixed-loop EM37 survey was carried out over
area of thinner cover defined by the Sirotem survey.
data was interpreted by Lakanen (1987) who concluded

no SUb-basalt conductors had been detected. However, a
of weak responses, interpreted to be basalt edge

4
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effects or changes in basalt conductivity (Wilson. 1987),
was drawn up and several zones indicated (Pancontinental
drawing 36/E/4. which also shows the EM37 coverage.)

In October, 1988 the eastern ends of lines 11000N and 12000N
were surved by Outokumpu's 'Gefinex 400s'. This is a multi
frequency depth sounding EM system designed and built by
Outokumpu. (It is similar in concept to Geoprobe's EMR-16
'Maxi-probe' and was specifically brought out from Finland
for this and other areas held by Outokumpu.) The operation
of the survey at Mt Cattley is well described by Herrmann
(1989) .

Hattula (1988) interpreted a highly conductive body at the
eastern extremity of line 12000N; ie, beneath 12100E. A
depth of 150m to 180m was indicated. Hattula also suggested
that a "weak conductor may be located at a depth of 180m at
11300E". This response, since designated Anomaly 1, is not
indicated on Hattula's interpretive cross-section and
presumably had a low priority (the report does not present
the data). The response at 12100E/12000N has been designated
Anomaly 2 and diamond drill holes MCDD4 and, MCDD5 were
designed to test anomalies 1 & 2 respectively. Figure 1
gives the location of the holes. Figure 2, by Herrmann.
shows the two drill holes in section and plan with a summary
of the geology superimposed on the interpreted Gefinex
anomalies.

SURVEY DETAILS

The surveys were carried out in two stages. In early March
1989, hole MCDD4 was surveyed with two loops and hole MCDD5
with one loop. A possible deep-seated response was indicated
in MCDD4 from loop 2 and this hole was re-surveyed with
three different loop positions in late April 1989. The loops
for both MCDD4 and MCDD5 were positioned parallel to strike
(the two directions were orthogonal to each other) to aid
the interpretation (see Figure 3). Geoterrex carried out all
surveys using an EM37, with a nominal size of 150m x 150m
for all loops. MCDD4 was read down to 290m (EOH at 301m) and
MCDD5 to 238m (EOH at 245m). Steel casing was left down
MCDD5 to about 112m: Figure 9a is the standard Geoterrex
plot and Figure 9b shows the below casing data plotted on a
logarithmic scale to detail the intermediate and late-time
responses. Geoterrex plotted-the first set of surveys at
1:1000 scale and the later ones at 1:2500. On the plots and
in the text below, a particular profile is identified by the
hole number followed by the loop number. Thus profile 4/3 is

, Anomaly 1 was covered by the earlier EM37 survey which recorded
a 'response' (as distinct from interpreting a possible anomaly)
at -11400E on 12000N. The survey finished at 11700E on this line
and thus the second Gefinex anomaly was not covered by the EM37.

5
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the surve:1 down MCDD4 using loop 3. Reductions of the
profiles are presented in Figures 4 to 9.

INTERPRETATION

In profile 4/1 (Figure 4), the profile is essentially flat,
with positive values at early times, decaying through zero
to larger negative values, then back towards zero. These
negative values, for a hole totally 'within' the transmit­
ting loop, are not readily explained and are further
discussed in the Appendix. In Figure 5, profile 4/2, an
initially positive, then negative-going response can be seen
at 60-70m. This coincides with a narrow (0.4m) intersection
of unconsolidated sands at the base of the basalt. On the
same profile, the broad negative response in channels 16 to
20, centred at about 170m, was interpreted as possibly being
due to an off-hole conductor and further surveys with
different loop positions were recommended to better define
this response. These follow up surveys confirmed the shallow
response at -65m, producing strong and contrasting anomalies
with loops 3 and 5 (Figures 6 and a), but gave no responses
at all at the more interesting deeper levels. Although there
were some minor problems with the probe during the later
surveys (eg, the late time offsets -see the Appendix), I
believe that the data is valid and that the response inter­
preted at 170m in profile 4/2, rather than being due to an
off-hole conductor is caused by the loop - drill hole geo­
metry (see Appendix). The source of the strong anomalies at
165m in profiles 4/3 and 4/5 is interpreted to be clays or
unconsolidated sands at the base of the basalt.

MCDD5 was drilled to intersect the better of the Gefinex
anomalies, which was interpreted to lie between 150 and 200m
down hole. From the geological log, it appeared likely that
the pyritic black siltstones, intersected between 146 and
158m and described as "probably graphitic" (Herrmann,
1989), were the source of the response. The DHEM survey down
MCDD5 was recorded through steel casing to 112m, giving the
predicted large responses (the change at 50m perhaps being
caused by a break or insulated join in the casing). The
casing caused only a local effect and did not influence the
readings below 120m. A slight positive 'bump' can be seen in
the very early time data at around 160m and this could
tentatively be ascribed to an in-hole response. The response
persists with time (see Figure 9b) indicating a good conduc­
tor. There are some unexpected features in this profile,
which are discussed in the Appendix, but the results
indicate that a 'conductor' was intersected by MCDD5 in the
vicinity of 160m.

I
I
:1

CONCLUSIONS AND RECOMMENDATIONS

MCDD4 was drilled to intersect a weak conductor

6
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June. 1989

With regard to future exploration. geophysical recommenda­
tions would include determining the thickness of the basalt
over the rest of the licence and surveying areas of thin
cover with EM.

Thus the source of the first Gefinex anomaly is a conductive
layer within unconsolidated Tertiary sediments at a much
shallower depth than was indicated by the (restricted)
interpretation technique. And the source of the second
anomaly has been interpreted as a conductive rock unit at
the predicted depth.

606027

during
-later

MCDD5 was drilled to intersect a Gefinex anomaly which was
interpreted as being caused by a highly conductive body
lying at 150m to 180m below the surface. This area was not
covered by the fixed loop surface EM37 survey. but did give
a Sirotem response interpreted as a 'contact zone' (ie, the
edge of the basalt). The hole intersected a pyritic black
siltstone between 146m and 158m and a small positive
response was recorded by the DHEM survey over this interval.
Although one would have expected a conductor good enough to
produce a response at the surface to have produced a much
larger response from a receiver passing through it, it can
be reasonably inferred that this unit is the source of the
Gefinex anomaly.

from the Gefinex survey to lie at -180m below the surface. A
tentative response from survey 4/2 at 170m was not confirmed
by later surveys (using different loops) and the 4/2
response can be explained by a so-called 'self response'
whereb¥ the probe sees the transmitting loop itself as a
source. The surveys down MCDD4 did show the presence of a
strongly conductive layer at the base of the basalt which
may be the source of the Gefinex anomaly. Although this
conductor has not been quantitatively interpreted, it seems
likely that it is steeply dipping and possibly of small
size. Such conductors are not well approximated by the
horizontally layered-earth modelling program used to inter­
pret the Gefinex data and this might be the reason for the
discrepancy between the observed and predicted depths.

- ~... "
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• In retrospect, the 4/2 survey should have been repeated
the second visit to the site, especially in view of the
learnt -instrumental problems.
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APPENDIX

Apparent response: profile 4/2 .

606029

survey down MCDD4 using loop 2 shows an apparent nega­
response centred at 170m (ie, coincident with a fault

The
tive

One possible explanation for the, late-time negatives has
been provided by Smith and West (1988) who have modelled
late-time in-loop negatives by placing a thin polarisable
overburden directly beneath the transmitter. The polarisa­
tion (or IF effect) can be quite weak and could be produced
by clays within the Tertiary sediments. This effect could
conceivably be recorded at depth (ie. down-hole) in a resis­
tive environment such as should pertain here. (Similar
results to 4/1 were recorded by Geoterrex this season from a
survey with a similar geometry in the Zeehan area, where
there is, again, often a conductive, polarisable surface
layer. )

For a hole such as MCDD4 whose plan projection is entirely
within the #1 transmitting loop, one would normally expect
only positive values to be recorded. % Negative values should
only occur from an off-hole response. (And there is indeed
a slight concavity to this data consistent with the response
from a very distant conductor -but this has little cred­
ence.) It is known from other surveys conducted by Geoterrex
during this season that there have been some instrumental
problems; the most common of which has been a D.C. offset
(ie, the data decays away to some non-zero value: see
Figures 6, 7 & 8). This does not appear to have occurred
here, and the data, with the possible exception of the early
time data at the end of the hole, appears 'reasonable'.

Further Explanation of Mt Cattley DHEM Results

% Temporal changes of sign (as distinct from spatial sign
changes) are usually due to one of two causes. One is the migra­
tion of current past the drill hole and the second is for a sign
change as the 'smoke-ring' of energy passes by the drill-hole.
Neither explanation occurs here. The firs~ occurs when a conduc­
tor has been intersected and the induced current ring contracts
with increasing delay time past the drill hole. The second alter­
native cannot occur within the transmitting loop, since the
source, the energising field, expands out into the earth away
from the loop (in a manner very reminiscent of smoke rings).
Macnae and Staltari (1987) note that a conductive host or over­
burden beneath a transmitter may produce a sign change but show,
in their example, a change from negative to positive with
increasing time (ie. the opposite to that observed here).

Late-time negatives: profile 4/1.
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zone). This suggests an off-hole conductor and was the
impetus for the second set of surveys. Since these failed to
confirm its existence. other causes must be sought. Super­
position of the loop's primary magnetic field upon the drill
hole (Figure 10) shows a change in direction at around 100m
which would produce this observed positive-to-negative sign
change down the hole (this usually occurs in all channels).
The lower values at the end of the hole produce the concave
shape to the profile, thus giving it the appearance of a
prospective anomaly. The positive response at 6Sm is due to
an off-hole conductor with the later-time negative-going
response not due to current migration in the body, but
probably to the overlying conductive basalt (eg, Asten et
ai, 1987). This shallow response was tentatively attributed
to the unconsolidated sands at the base of the basalt.

Shallow response: MCDD4 profiles.

Loops 3, 4 & 5 set up to better define the interpreted
response at 170m in 4/2, only responded to the shallow
source at the base of the Tertiary basalt. Despite the
strong responses, especially in loops 3 and 5, the source is
not readily located: it has to be dipping so that it causes
a positive response from loop 5, a negative from loop 3 and
a very weak negative from loop 4. This could be solved by
modelling. but there is little economic incentive to do so,
since the source is confidently interpreted as lying within
the unconsolidated sediments at the base of the basalt.

Deep response: MCDDS/l.

The logarithmic plot of the survey down MCDD5 (Figure 9b)
shows that the response is positive at early times, tends
negative at intermediate times before going positive again
at late times. Such a persistent response indicates a much
better conductor than is suggested by "pyritic black
siltstone". One would also expect such a large scale
lithological feature. if conductive. to produce a much
higher amplitUde response than that shown in profile 5/1.
The IP effects invoked for the negative responses in MCDD4
could perhaps also be used here to explain the change in
sign direction and possibly also the subdued amplitudes. To
thoroughly pursue this interpretation, inductive measure­
ments should be made of several pieces of the core. But
whatever the reasons for the observed features, no off-hole
responses have been recorded down MCDDS.
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INTRODUCTION
EL 14/85, originally pegged by Pancontinental Mining Ltd. in

mid-1985 for volcanogenic massive sUlphide exploration, is located about

12km NNE and approximately along strike from the Hellyer deposit. The

area of the lease is covered by Tertiary basalt, but five diamond drillholes

MCDD 1 to 5, have been put down through the Tertiary basalt into Mount

Read Volcanics correlates. Significant thicknesses of basic and

intermediate lavas within the Mount Read Volcanics (herein MRV)

correlates were only encountered in MCDD 2 and 3. Drillhole 2 intersected

amygdaloidal Cambrian basalt from 60m ~~ the~~~f th~hole atjJ?5m,

and MCDD 3 intersected feldsp~Yric andesites from 83m to 109.4m and

from 125.1 m to the end of the hole at 129.5m. A feldspar-quartz-chlorite

porphyry present between 109.4m and 125.1 m has been interpreted as an

'intrusive(?)' by Green (1987) and as a flow-banded rhyodacite by

Herrmann (1986).

A major problem blocking a better understanding of the geology

and exploration potential of the Mount Cattley drillhole sequences is the

absence of any firm evidence which can tie them into the stratigraphy of
the-Mo~;;t-R~adV~IC~~ics,;;-e~t~blishedby Corbett ancfthe MRVProject.__.----~, ---_ ...

team. The main conclusions resulting from the drilling of the first three

holes (MCDD1-3) are that:

1. the mixed lava-pyroclastic sequence encountered in holes 2 and 3

apparently overlies a thick micaceous greywacke-siltstone unit, and

2. the significant thickness of basic and intermediate lavas suggests some

broad correlation with the Que-Hellyer sequence.

The Mount Cattley sequence has been correlated with the Southwell

Subgroup, which forms the upper part of the Dundas Group in the area NE of

Hellyer and overlies the Que River Shale and the Que-Hellyer Volcani~;s_

(Corbett et al. 1988). Herrmann (1989) suggests that the westerly dip

direction and facing of the sequences in MCDD 4 and 5 might indicate that

the mafic and intermediate volcanics encountered in MCDD 2 and 3 lie

stratigraphically above the holes 4 and 5 sequence, in the upper part of (or

above) the Southwell SUbgroup. This, of course, implies that the Cattley

lavas are not correlates of the Que-Hellyer lava sequence. Herrmann

(1989) considered as valid, but very unlikely, the possibility that major

fault displacements had upthrown the Que-Hellyer Volcanics, so that it

could possibly be these Que-Hellyer lavas encountered in holes 2 and 3.------
Herrmann (1989) also suggested that the greywackes in holes 1 and 4 may

606044
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be stratigraphically equivalent (a correlation my petrographic examination

supports), and if so, the volcanics in holes 2 and 3 would occur in the

hinge area of a probably southward-plunging syncline.

In my assessment of the data available, two possibilities exist as

to the stratigraphic position and correlation of the Cattley lavas in holes

2 and 3.

Possibility 1: The greywackes in holes 1 and 4 are equivalent, and

correlate with the Ani.ma!gr~~k_S;~eywacke further southwest.

This implies that the Cattley lavas are correlates of the

Que-Hellyer footwall lava sequence, and that the Hellyer basalt

and Que River Shale are 'above' the drilled sequence and remain

unlocated in the Mt., Cattley area.

Possibility 2: The entire drilled sequence in the Mount Cattley EL is

within the Southwell Subgroup and stratigraphically above the Que

River Shale and Hellyer basalts. In this case, the lavas in holes 2

and 3 represent a newly-discovered episode of mafic-intermediate

magmatism within the Dundas Group, which elsewhere in the Mount

Read Volcanics and Dundas Trough is represented by felsic

pyroclastics, epiclastics and volcanogenic greywackes.

AIMS OF THIS STUDY

Based on the foregoing background information, it is apparent that

information capable of better locating the Cattley lavas in the regional

stratigraphic setting would be particularly valuable. To this end, it was

proposed that I carry out a detailed petrglQgicaLand geochemical study of

the lavas in holes 2 and 3 for comparison with the regional MRV data base,___.'- -' --c-=OCC" '_ --. ._. . ~__.__ _

which I have compiled over the last four years. This data base includes

around 200 wholerock major and trace element analyses of the

best-preserved lavas from across the compositional and geographic range

covered by the MRV. Some 70 of these lavas have also been analyzed for

rare earth elements (REE), which have been proved to be of particular

value in correlation between lava units, both bn a local and a regional

scale. Detailed compositional data for the Cattley lavas should enable

correlation with the Que-Hellyer lavas, or with other lava units

represented in the MRV; alternatively, it could show that possibility 2

above is valid, and that the Cattley lavas have no known compositional

correlates in the MRV.
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METHODS
Background information for this study was provided by Wally

Herrmann, and included previous Pancontinental Mining Ltd. reports and a

hand-wriiten February 1989 Report Wally Herrmann was preparing at that

thime for Outokumpu. An evening was spent in Zeehan discussing many

aspects of the proposed project with Wally Herrmann in February.

Subsequently, a trip was made to Devonport to sample core from drillholes

4 and 5. As only a single lava flow (rhyolite; see thin section description

for Hole 5, 159.6m) was encountered in these holes, sampling concentrated

on least altered units covering the apparent lithologic range represented,

so that the sequence drilled could be thoroughly documented

petrographically by thin section studies. Eight samples were selected

from MCDD 4, and 11 from MCDD 5.

Cores from MCDD 1, 2 and 3 are presently stored at the Tasmanian

Department of Mines coreshed at Mornington. Most of one day was spent

locating, checking logging and sampling these cores. Three samples were

selected from MCDD 1, two from the pyroclastic unit between 114 and

129m and one from the basal hole greywackes. Six representative samples

were selected from MCPD 2 to cover the range of lavas drilled between

60m and EOH at 117.5m. Similarly, seven samples were taken from the

Cambrian lavas cored by MCDD 3 between 102m and EOH at 129.5m. Thin

section descriptions of all samples are appended to this report.

In addition to the samples detailed above, a sample of Cambrian

basalt core from MCDD 2 at 111 m was given to Dr. Ross Large by Bob Close

in mid-1988, and this was also analyzed, although apparently no material

was left for thin section description.

•
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I TABLE 1:SUMMARY OF SAMPLES FROM MT CATILEY DRILLHOLES 1-5

I DRILLHOLE THIN ROCKTYPE WHOLEROCK REE
DEPTH (m) SECTION ANALYSIS ANALYSIS
MCDD 1

I 127.7 YES Rhyolitic tuff No No
128.9 YES Rhyolitic tuff No No

I 135.5 YES Otz-rich greywacke No No
MCDD2
85.1 YES Vesic. aphyric andesite Yes Yes

I 93.9 YES Vesic. aphyric andesite Yes No
98.4 YES Vesic. aphyric andesite No No

I
104.4 YES Vesic. aphyric andesite Yes Yes
106.7 YES Vesic. aphyric andesite No No
111 I'D Vesicular bas. andesite Yes Yes

I 117.1 YES Vesic. aphyric andesite Yes Yes
MCDD3

I
103.0 YES Plag+augite-phyric dacite Yes No
104.3 YES Plag+augite-phyric andesite Yes Yes
118.2 YES Rhyodacite No No

I 121.5 YES Rhyodacite No No
122.4 YES Rhyodacite Yes Yes
126.0 YES Plag+augite-phyric dacite Yes No

I 128.7 YES Plag+augite-phyric dacite Yes Yes
MCDD4

I 63.2 YES Otz-rich greywacke No No
96.2 YES Micaceous siltstone No No
105.3 YES Otz-rich greywacke No No

I 121.6 YES Vitric xl tuff No No
212.4 YES Vitric xl tuff No No

I
240.3 YES Siltstone/tuff contact No No
294.6 YES Volcanoclastic sandstone No No
301.0 YES Pumiceous vitric xl tuff No No

I MCDD5
129.6 YES Coarse epiclastic sandstone No No

'144.0 YES Coarse epiclastic sandstone No No
,

I 159.6 YES Aphyric rhyolitic intrusive No No
183.2 YES Chert No No

I 196.6 YES Black shale No No
231.0 YES Chert No No

I
239.9 YES Chert No No

I
I



•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•-.
•'.
I

c~ 60G048

Each analyzed sample was crushed in a WC mill and analyzed

for major and trace elements using the standard XRF technique employed

in the Geology Department, University of Tasmania. After assessment of

the wholerock analytical data, six samples were selected for rare earth

element (REE) analysis using the ion exchange· XRF technique developed in

this Department. For REE concentrations greater than four times
chondritic levels, REE data determined by this technique have been found

to be very reliable in terms of both accuracy and precision, based on

repeated analyses of international and in-house standards.

Since all analyzed samples are metalavas with loss on

ignition values greater than 4% for most, analyses (see later) have been

recalculated to 100% (volatile-free) to eliminate compositional

differences due to dilution by water in hydrous secondary minerals. In

addition to the ten samples analyzed for this study, Pancontinental Report

Spt-Oct 1986 on the Mount Cattley EL contained 3 analyses from MCDD 2

lavas and 3 analyses from MCDD 3; these analyses were done by AMDEL

Laboratories, and are also given further on in the section dealing with the

compositional features of the Cattley lavas. Comparisons of samples

analyzed in the Dept of Geology at the University of Tasmania and those

analyzed by AMDEL from similar units show a systematically lower P20 S

and V values and higher Y levels in samples analyzed by AM DEL. The three

MCDD 2 samples analyzed by AMDEL were exceptionally altered (7.4-10.8%

loss on ignition) and would not have been chosen by me for this study.

However, their MCDD 3 samples appear to be similarly altered to those

chosen for the present study, and as such should be useful in

interpretation of the suite. However, almost all the discussion of

compositional variation in the Cattley lavas is based on the data obtained

in this Department.

In the following pages, a review of the regional distribution,

stratigraphic subdivision, geochemical characteristics, compositional
range through time and tectonic significance of the MRV is given, and is

followed by an attempt to correlate, on compositional grounds, the Mount

Cattley lavas with other lava sequences in the MRV.
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THE MOUNT READ VOLCANICS: A REVIEW
Perhaps the most important part of this study, and certainly the msot

time-consuming, is to compare and contrast the compositions of the

analyzed lavas from the Mt. Cattley drillholes with those from elsewhere

within the MRV belt, to learn more about the stratigraphic position of

these lavas relative to, for instance, the Hellyer basalts and Central

Volcanic Complex lavas. To put this discussion into proper perspective

requires a detailed review of the geochemical variation of, and

correlations within, the MRV.

Five years ago I initiated a study to determine the tectonic

affinities of the MRV, using very carefully selected least-altered lavas

taken from existing University, Mines Department and company collections

(see AMIRA Report 84/P21 0 April 1986 for background). An initial batch

of analyses of around 100 well-preserved lavas was presented in the

aforementioned AMIRA Report, but the stratigraphic positions of these

rocks was not discussed. Subsequent work, documented in the August

1987 AMIRA Report, increased the data base (mainly with samples

collected either by myself, Dr. Keith Corbett (Dept. of Mines) or several

company geologists), and attempted to assign compositional

classification/characteristics to well-defined stratigraphic units such as

the Hellyer basalts and the Central Volcanic Complex

andesite-dacite-rhyolite sequence. About 30 wholerock analyses plotted

on the diagrams in the following pages, mainly from the Que- Hellyer area,

are not listed in the Tables, since they are proprietary information of

Aberfoyle Exploration. Further additions to the data base have been made

mainly from samples collected by Dr. Joe Stolz, as part of the Mount Read

gold study reported in the August 1988 AMIRA Report, and samples from

the E-W striking section of the MRV from east of Hellyer to Beulah. The

latter samples were mainly collected by Doug Jack (Abefoyle Exploration

Ltd.) or myself, and analyses of the Aberfoyle samples are not proprietary

information. The data for these Hellyer to Beulah samples became

available in the same analytical run that produced the Mt. Cattley data, so

this is the first attempt to fit these northern MRV into any regional

correlation scheme.

To achieve that end, the following pages provide a detailed

and necessary review of my current understanding of the compositional

range, distribution and affinities of the various diverse rock suites that

constitute the MRV. All the data used in this compilation
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is appended as Tables 1 to 10 in the Appendix, and a Macintosh

double-sided disk containing all the data in an EXCEL file (for use on a

Macintosh MacPlus or SE microcomputer has been included in this package.

Although no detailed study of the petrology, geochemistry and

tectonic significance of the MRV (herein MRV) has been attempted prior to

the present (ongoing) study, previous reconnaissance studies of the MRV

have reached concensus that they are a typical calc-alkaline orogenic

basalt-andesite-dacite-rhyolite suite, dominated by dacites and rhyolites.

The Noddy Creek Volcanics, a belt of Cambrian calc-alkaline

andesites on the Sorell Peninsula south of Macquarie Harbour and east of

the MRV proper, are considered by previous authors to be a separate entity

to the MRV, and have not been effectively incorporated in any tectonic.

model for the development of western Tasmania.

THE MOUNT READ VOLCANICS: GEOLOGICAL CONSIDERATIONS

The MRV are a basalt-andesite-dacite-rhyolife suite with abundant

interbedded pyroclastics. epiclastics and shale horizons. Rapid facies

changes, complex internal stratigraphy and structure, paucity of fossils,

variable alteration and poor exposure have frustrated a detailed

understanding of their regional geological and tectonic significance,

although major advances have been made in the last three years following

a detailed mapping programme funded by the State Government's MRV

Project. Radiometric dating has provided little clarification of age

relationships within the MRV, due to pervasive alteration. Probably, the

most reliable date is a zircon age of 511 m.y. for the Darwin Granite,

which intrudes Tyndall Group, whereas K-Ar dates range from 407 to 528

m.y. Late Middle- and Upper Cambrian fossils are recorded from several

localities within the MRV (Corbett and Lees 1987), and a presently undated

trilobite locality has recently been discovered by the author in the area

just west of Paradise. A detailed review of the stratigraphy of the MRV is

given in Corbett and Solomon (1989) in the new Geology and Mineral

Resources of Tasmania volume.

Recent systematic detailed mapping by the MRV Project geologists

from the Tasmanian Department of Mines has clarified

important geological relationships within the belt (Figures 1 and 2),

although several major problems remain. Whereas the Tyndall and Dundas

Groups both clearly overlie Central Belt Volcanics, some uncertainty
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remains regarding the stratigraphic relationships and geological

significance of Corbett's (1979) Western Sequence. Corbett (1979) argued

that, since the Western Sequence south of Queenstown apparently dips

beneath the Central Volcanic Complex, it is likely to be older than the

latter. However, my detailed geochemical studies of Western Sequence

lavas indicate that they are almost certainly equivalent to the Hellyer

basalts, time-correlated with the basal Dundas Group (see Figs. 1 and 2),

which are agreed to be post-Central Volcanic Complex. This suggests that

the Central Volcanic Complex in the area south of Queestown may have

been thrust westward over flanking younger Western Sequence rocks. This

postulated fault would be a southern analogue of the east-dipping

Rosebery Fault, which juxtaposes Dundas Group rocks with overthrust but

older Central Volcanic Complex in the Rosebery area; main movement on

this fault was Tabberabberan (Corbett & Lees 1987). I prefer to

incorporate all lava-dominated sequences along the western side of the

MRV in the Western Volcanic Sequence; this includes Corbett's (1979)

Western Sequence in the area south of Queenstown, and basal Dundas Group

lavas in the Que-Hellyer area further north.

Several significant findings oIg§ological mappJD9 of the---- . _"'_~--_.,_._.--

MRV by Corbett and others have been:
1. recognition of the Henty_F::aul1§ystem, which transects the MRV east of

Rosebery, bifurcating south of Red Hills; it separates regions of the

Central Volcanic Complex which have different dominant lithologies,

structure and ore deposits: and,

2. the discovery of tholeiitic lavas and dykes outcropping in the core of an
anticline within the Western Volcanic Sequence at Miners Ridge (SW of

Queenstown; Corbett 1979), also in the western part of the block

sandwiched between the north and south Henty Faults (known as the

Henty Fault Wedge), and as a basaltic dyke swarm (the Henty Dyke

Swarm) through the Central Volcanic Complex north of the Henty Fault,

between Mount Dundas and the Pinnacles. These lavas and dykes are

compositionally unlike the high-K calc-alkaline MflV, and their nature

and existence must be taken into account in any comprehensive attempt

to model the tectonic development of western Tasmania.
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Central Volcanic Complex

The Central Volcanic Complex shows significant differences on either

side of the Henty Fault System. Southeast of the fault, volumetrically

dominant plagioclase-phyric dacitic and rhyolitic lavas are intruded by

domes and plugs of hornblende+plagioclase-phyric andesites, well-exposed

on Crown Hill and Leach Hill. Subvolcanic granitoids intrude the Central

Volcanic Complex both north (Murchison Granite) and south (Darwin

Granite) of Queenstown, and are thought to be responsible for the

extensive, pink-weathering potassic alteration which affects felsic lavas

throughout this area. Ignimbrite-like flows with flattened pumice shards

are common, but shale interbeds are sparse. North and west of the Henty

Fault the Central Volcanic Complex contains more andesites than further

south, no granites are recorded, and pink, potassic alteration is

rare. Andesites appear to be mainly extrusive, and as for further south,

ignimbritic flows are abundant and shale intervals are rare. Basaltic

dykes of the Henty Dyke Swarm, unrelated to MRV magmatism, intrude the

Central Volcanic Complex north of the Henty Fault., No basaltic lavas

are known from either the northern or southern segments of the Central

Volcanic Complex.

Western Volcanic Sequence

The Western Volcanic Sequence extends along the western side of the

Central Volcanic Complex from Hellyer to south of Queenstown. Unlike the
Central Volcanic Complex, it includes abundant basalts, and shows a

compositional spectrum from basaltic through to rhyolitic lavas, although

basalts are dominant. Extensive, sheet-like bodies of dacitic to rhyolitic

porphyries may be of shallow, intrusive origin. Basalt- and andesite­

dominated sequences occur in the Que-Hellyer and Lynch Creek areas, and

may represent individual volcanic edifices.

Tyndall Group

The Tyndall Group is presently known only on the southeastern side of

the Henty Fault System. In the Queenstown area, and further south, the •

Tyndall Group apparently overlies both the Western Volcanic Sequence ,and

the Central Volcanic Complex. Correlates of the Tyndall Group occupy

several near-meridional grabens extending north from Queenstown, one

along the Tyndall Range to near Red Hills and the other along the eastern

margin of the MRV in the Lake Dora - Lake Selina area. A significant
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difference between the rhyolitic lithologies of the Tyndall Group and those

in the Central Volcanic Complex is the relative abundance of quartz

phenocrysts in the Tyndall rocks, and their general paucity in the latter.

Late Middle Cambrian fossils are known from near the base of the Tyndall

Group at several localities. Tuffs, laharic breccias and epiclastics

dominate the Tyndall Group, although lavas are present in the belt along

the eastern side of the MRV. The most distinctive unit within the Tyndall

Group is the Comstock Tuff, a banded pink and grey tuff well exposed on

the Anthony Road. Corbett (1979) recorded a strikingly similar unit, the

Lynchford Tuff, overlying Western Volcanic Sequence rocks south of

Queenstown. The dominant lithology in the Tyndall Group is quartz+

feldspar-phyric rhyolitic tuff and subordinate lavas, although dacites are

present in the Lake Dora - Lake Selina area. Siliciclastic sediments of the

Owen Conglomerate unconformably overlie the Tyndall Group.

The Noddy Creek Volcanics

The Queenstown 1: 250,000 sheet, and also a small less detailed map

from the new Geology and Mineral Resources of Tasmania (Fig. 3) shows a

probably fault-bounded block of Mount Read Volcanics-type volcanics,

informally named the Noddy Creek Volcanics, extending from Asbestos
Point on the southern shore of Macquarie Harbour southward past the

Timbertops area to the headwaters of the Hibbs River and beyond. As this

area is largely inaccessible, details of the stratigraphy and structure are

presently unavailable. Most analyzed samples in my database were

collected by AMOCO/Cyprus geologists during traverses across the area in

summer 1985-86. The voicanic belt is overlain, probably unconformably,

by correlatives of the Owen Conglomerate and Gordon Limestone; these

form a syncline which trends northwest, at a high angle to the regional

strike of the Cambrian lavas and associated rocks. A second, complex belt

of mafic and ultramafic rocks, with slivers of Owen Conglomerate and

fossiliferous Late Cambrian Dundas Group rocks, crops out sub-parallel to

the Noddy Creek belt only a few kilometers further west. On the

Queenstown sheet, this belt appears to be pinched out by faulting before it

reaches the southern shore of Macquarie Harbour.

MRV nd M. Sandiford along the southern shore of Macquarie Harbour around

Asbestos Point, where the Noddy Creek belt is inferred to outcrop, has

shown that lavas are absent from the
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FIGURE 3: Geology of Sorell Peninsula, showing location of the Noddy
Creek Volcanics ( (from Geology and Mineral Deposits of
Tasmania, 1989).
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highly-sheared sequence here. Cataclasized, serpentinized formerly

orthopyroxene-rich ultramafics contain low-Ti dolerite boudins and

dolerite dykes up to 10m thick outcrop immediately east of Asbestos

Point. No MRV lithologies have been found along this coast; I suggest that

it is the western mafic-ultramafic belt which reaches Macquarie Harbour

near Asbestos Point, not the Noddy Creek belt. Further inland the former

belt contains orthopyroxene- rich ultramafic cumulates and gabbros, and

also boninitic lavas. It is interpreted to be a considerably more tectonized

equivalent of the mafic-ultramafic complexes exposed further north in the

Dundas Trough at Heazlewood River, Serpentine Hill and McIvor Hill (Berry

and Crawford 1988). The extent of the Noddy Creek belt north of

Timbertops is unknown, but it does not intersect the Macquarie Harbour

shoreline.

Mount Read Volcanics collected in the Noddy Creek belt include

representatives of a basalt- andesite-dacite-rhyolite suite, and a range of

hornblende- bearing dioritic to granodioritic shallow intrusives. A small

hornblende- bearing granodiorite intrusion at Timbertops (Fig. 3), and a
neWly-discovered larger pluton of diorite-granodiorite in the headwaters

of the Hibbs River further south (boundaries presently unknown) are

undoubtedly part of the MRV (ie. Cambrian, and not related to the Upper

Devonian granites elsewhere in W Tasmania) sequence in this area, and

may be related to the Murchison and Darwin granitoids which intrude the

MRV north of Macquarie Harbour.

Granitoid Intrusives

The sub-volcanic Murchison Granite intrudes Tyndall Group lavas and

pyroclastics, and at least two plutons intrude Noddy Creek Volcanics on

Sorell Peninsula. However relativEl age relationships of the Darwin

Granite are less clear cut. The Darwin Granite intrudes Central Volcanic

Complex lavas, but pebbles of Darwin Granite occur in sediments which

unconformably overlie the granite, and were assigned to the Tyndall Group

by Corbett (1979). On this basis, the Darwin Granite must'be pre-Tyndall

Group and cannot be related to the Murchison Granite intrusive event;

implied are two discrete episodes of granitoid magmatism within the

Cambrian in western Tasmania. This problem is simply resolved if the

sediments containing the granite pebbles near Mount Darwin are not
Tyndall Group, but Jukes Breccia; pebbles of Murchison Granite occur in the
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Dora Conglomerate, a Jukes Breccia correlate, which disconformably

overlies Tyndall Group lavas near Mount Murchison.

The Miners Ridge Sequence

Mapping by Corbett (1979) delineated an occurrence of tholeiitic

basalts and dolerites in the core of an anticline within the Western

Volcanic Sequence in the Miners Ridge area, southwest of Queenstown.

They are separated from overlying Western Volcanic Sequence MRV lavas

by a sequence of greywacke, shale and tuff, followed upward by a

distinctive quartzwacke marker horizon, the Miners Ridge Sandstone, then

an overlying sequence of tuff, shale and greywacke which becomes more
greywacke-rich up-sequence. Several voluminous basalt-andesite units

(Lynch Creek Basalts) within the greywacke sequence, which forms part of

my Western Volcanic Sequnce, are interpreted as a major volcanic edifice

(Corbett 1979). A white quartz-rich tuff separates the greywacke

sequence from the overlying Lynchford Tuff, which bears remarkable

similarity in outcrop and thin section to the type formation of the Tyndall

Group, the Comstock Tuff.

The Henty Fault Wedge and Henty Dyke Swarm

Between the northern and southern extensions of the Henty Fault

System, Corbett & Lees (1987) recorded a complex sequence of lavas and

sediments. Near the junction of the two branches of the Henty Fault and in

the central part of the wedge, the sequence is sediment- dominated, but

some felsic tuffs and andesitic lavas are also present. However in the

western part of the wedge, a belt of pillowed and massive tholeiitic

basalts and intrusive gabbros occurs. The western boundary of this mafic

sequence is a fault; relationships between the basalts, and sediments and

andesites occurring a short distance further east, remain unknown.

Abundant dykes of basalt and dolerite of the Henty Dyke Swarm

intrude the Central Volcanic Complex along, and northwest of the northern

branch of the Henty Fault, at least as far north as Tullah. Preliminary

geochemical studies (McClenaghan & Corbett 1985) showed these dykes to

be tholeiitic, and Corbett & Lees (1987) suggested that they may be

related to the basalt sequence within the Henty Fault Wedge.
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GEOCHEMISTRY OF THE MOUNT READ VOLCANICS

For the purposes of this review, I have distinguished nine igneous

suites within the MRV. These are:-

1-3. the Central Volcanic Complex

4. the Western Volcanic Sequence

5. the Tyndall Group

6. the Noddy Creek Volcanics

7. the Miners Ridge basalts, and

8. Henty Fault Wedge basalts and the Henty Dyke Swarm, all tholeiitic, and

9. the Darwin, Murchison and Timbertop-Hibbs Rv. sub-volcanic granitoids.

In the following section, I present and discuss mainly new analytical

data for each of these suites. As stated earlier, two aims of this study

are to determine the tectonic setting of eruption of the MRV, and to use

geochemical data for carefully selected, least-altered lavas to aid in

within-belt stratigraphical correlation, especially to attempt correlation
of the Mt. Cattley lavas with other MRV suites. For both purposes, data for

the basalt-andesite part of the compositional spectrum are more useful

than data for rhyolites and dacites. I therefore concentrate discussion on

data for basalts and andesites, but present dacite-rhyolite analyses in the

interest of completeness and to provide best estimates of primary MRV

felsic lava compositions for use in alteration studies and comparison with

the Mt. Cattley felsic lavas.

However, all rocks studied have clearly undergone some degree (albeit

generally minor) of mineralogical readjustment during burial metamorph­

ism; therefore some comment on the strategy employed in interpreting the

'primary' chemistry of these altered rocks is warranted, prior to drawing

petrogenetic or tectonic conclusions from the data presented.

Element Mobility

Here, I concentrate on elements considered to be essentially

immobile durir'g the style of alteration which has affected all rocks

selected for this study; these include Ti, Zr, Y, Nb, Sc and particularly, the

rare earth elements (REE). However, as noted earlier in this report,

careful sample selection and preparation considerably reduces

compositional scatter, for example, by the scatter of points on the K20

versus Si02 variation diagram (Fig. 4), and by the range of K20 contents in
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FIGURE 4: KzO-Si02 diagram for relatively fresh and altered Mount Read
VOlcanics. showing more coherent 'magmatic-type' trend of
the least altered lavas.
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Mt. Cattley lavas from MCDD 2 (Table 9) selected by me after careful core

and petrographic examination (1.9-2.6%), with the three less carefully

selected samples from the same hole analyzed by AM DEL (0.5-2.7%)

Significant emphasis is placed on interpretation of REE patterns.

Essential immobility of REE has been suggested by numerous studies of

natural examples of alteration of basalts and andesites and by

experimental studies of basalt-water interaction at temperatures above

1500 . In contrast, other studies have reported limited REE mobilty during

relatively intense alteration of volcanic rocks (Hellman and Henderson

1977; Whitford et al. 1988). The meta-andesites studied by Hellman and

Henderson (1977) and Whitford et al. (1988) were considerably more

altered than samples selected for the present study, including those

more-than-typically altered Mt. Cattley MCDD 2 andesites. Altered lavas

studied by Hellman and Henderson (1977) showed extensive development of
patchy, almost monomineralic epidote (Ca-rich) and albite (Na-rich)

domains, whereas in the study by Whitford et al. (1988) of hydrothermally

altered andesites around the Que Rv. massive sulphide deposit, many lavas

were extensively silicified or showed intense sericite- carbonate

alteration. Despite this intense alteration, REE behaved remarkably

coherently; REE patterns show either no change of slope, but only vertical

translations due to dilution-residual enrichment processes, or very slight

LREE depletion (flattening of patterns).

Whitford et al. (1988) argued that weakly-altered lavas (such as

those selected for this study) have retained primary REE patterns, with

only Eu showing some evidence for post-magmatic mobility in the form of

larger-than-expected negative Eu anomalies in some samples. Similar

examples of selective Eu depletion have been documented in altered lavas

from around other massive sulphide deposits, and have been attributed to

the ability of normally trivalent Eu to change to Eu2+ under hydrothermal

conditions, and thus be available for leaching with Ca during albitization

of calcic plagioclase and alteration of glass. In this respect, the erratic

Eu abundances in the three quite altered Mt. Cattley MCDD2 lavas analyzed

for REE (see later) takes on some exploration significance. As noted

earlier in this report, the style of alteration shown by the MCDD 2

andesites is more typical of hydrothermal alteration than regional

metamorphic degradation of similar lavas.

In summary, however, I am confident that for all the lavas studied for
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this project, the amount of REE mobility is certainly not enough to lead to

an incorrect petrogenetic interpretation of the suites involved, and that

for the least-altered MRV selected for this study, the REE patterns are

representative of the primary magmatic REE patterns for these rocks,

with the proviso that Eu abundances may have been slightly modified. In

addition, abundances of Ti, Zr, Y, Nb, Sc, V and probably Ni, Cr, Fe and Mg in

these lavas are little removed from their primary abundances in these
rocks. While the K-group (K, Rb, Ba) elements and Ca, Na and Sr were
undoubtedly more mobile, careful interpretation of their abundances in

these least-altered MRV can provide petrogenetically useful information.
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Wholerock Chemistry

Representative analyses of andesites, dacites and rhyolites from the

Central Volcanic Complex are given in Appendix Tables 1 and 2; analyses

of Western Volcanic Sequence lavas are given in Tables 3 and 4; analyses

of the Que-Hellyer Footwall andesites are listed in Table 5, and analyses

of the Mount Read lavas from Hellyer to Beulah are given in Table 6;

analyses of lavas and granitoids from the Noddy Creek belt are given in

Table 7, and analyses of Miners Ridge and Henty Dyke Swarm mafic lavas

are given in Table 8. Finally, the Mt. Cattley lavas analyzed for this study,

and also the six analyzed by AM DEL, are given in Table 9

Central Volcanic Complex

Within the main body of the Central Volcanic Complex from south of

Queenstown to the Mount Charter Fault, the 61 analyzed least-altered

lavas fall into two clearly defined compositional groups, clearly shown by

the variation diagrams in Figure 5. Note that no lavas more mafic than

58% Si02 are known. Group 1 lavas are volumetrically dominant, and

contain no amphibole in the andesite-dacite compositional range, whereas

the Group 2 rocks almost always contain amphibole, and appear to be

intrusive into the Group 1 lavas. The best occurrences of these Group 2

amphibole-bearing shallow intrusive rocks is around Crown Hill, N of

Queenstown. Both suites are high-K calc-alkaline andesites.

Representative REE patterns of the Central Volcanic Complex Groups 1

and 2 rocks are given in Figure 6a. The Group 2 rocks are clearly

considerably more enriched in REE, and have more pronounced LREE­

enrichment than any Group 1 lavas at similar MgO levels, and lack the

pronounced Eu anomalies that typify the Group 1 andesites.
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FIGURE 5: Variation diagrams showing distinct compositional fields for
Mount Read Volcanics Central Volcanic Complex Group 1 and Group 2 lavas.
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FIGURE 6a: Chondrite-normalized REE patterns for representative
andesites from Central Volcanic Complex Groups 1 and 2.

606063

~ .. ,

CENTRAL VOLCANIC COMPLEX
GROUPS 1 AND 2 ANDESITES

Group 2

1

La Ce Pr Nd Sm Eu Gd Tb Dy Hd Er Tm Yb

CVC Group 1

Group 1

""111 ·····~••••• a_ •••••••••.
1 0 1111

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb

QUE-HELLYER FOOTWALL
ANDESITES (triangles)

compared with

100 -+-=-=-=_,.-:='''1'I't~-----CENTRALVOLCANIC COMPLEX
GROUPS 1 AND 2 ANDESITES

100 +...0:------" ~__------------------

FIGURE 6b: Chondrite-normalized REE patterns for representative
andesites from the Que-Hellyer Footwall sequence compared
with the Central Volcanic Complex Groups 1 and 2 andesites.

-.. ......,
.. .. .''_Ii ':",i < .....

••
•
•
•
•
•
•
•
•
••
•
•
•
•
•-.
••
.I



I
(

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
-I
I
I
.J

606064

Que-Hellyer Footwall Andesites

Abundant andesites and dacites in the area N of the Mt. Charter Fault,

and occurring footwall to the Hellyer and Que Rv. massive sulphide

deposits. are high-K calc-alkaline orogenic andesites. They are much less

enriched in P20 S- and LREE contents than the far more magnesian

Hellyer-Lynchford basalts, that are described further on. These footwall

andesites, however. bear many compositional similarities to the Central

Volcanic Complex Group 1 andesite-dacite- rhyolite lavas, as shown by the

element variation diagrams in Figure 7. On most of the major element

variation diagrams, the Que-Hellyer Footwall andesites bridge the

compositional gap between the Central Volcanic Complex Groups1 and 2

lavas. Trace element ratios plotted against major element abundances or

ratios (Figure 7 continued) show that the mafic Central Volcanic Complex

Group 1 andesite with 61 % Si02 tends to plot in the field of the

Que-Hellyer Footwall andesites. Note that the great majority of analyzed

Central Volcanic Complex Group 1 lavas have more than 65% Si02• whereas

the Que-Hellyer Footwall lavas range down to 53% Si02 and have abundant

lavas with less than 65% Si02.

It is generally accepted that the Que-Hellyer Footwall andesites are

separated from the underlying Central Volcanic Complex lavas by the

Precambrian-derived Animal Creek Greywacke. As suggested above, the

Central Volcanic Complex Group 2 andesites and related rocks are

compositionally transitional to the Western Volcanic Sequence andesites,

and are clearly intrusive into the Group 1 CVC lavas. This implies that

there may be a gradual temporal compositional change in the Mt. Read

Volcanics from Group 1 CVC lavas, through Que-Hellyer Footwall andesites

towards the Group 2 CVC intrusive andesites, and related lavas in the

Western Volcanic Sequence. The latter grade into the exceptionally P20 S­

and LREE-enriched shoshonitic basalts of the Western Volcanic Sequence.

Some evidence to support this hypothesis is shown in Figure 6b, where

the two analyzed least-altered Que Rv. andesites can be seen to cover the

range from CVC Group 1 andesites almost to the LREE levels of the more

LREE-rich CVC Group 2 andesites.
Western Volcanic Sequence Lavas

Abundant basalts in the Western Volcanic Sequence both Nand S of the

Henty Fault System range compositionally from high-K calc-alkaline

basalt compositions to exceptionally P20 S- and LREE-enriched shoshonites

•



0.90

0.80
x

606065

B0.0

eve Gp.' •

CVCGp2 D

80.0

CYCGpl·

CVCGp.2 []

••

Oue-H Foolw"U X
I\mle!iiles

CVCGpl·

CVCGp 2 0

Que-II Footwall X
Andesiles

Que-H FoOlw;:l1l x
i\nde!.iles.

Co CVCGp.l.

CVCGp.2 D

Oue-H Footwall X
Andositos

•

75.0

75.0

o 0
d'

001

o
o

•

70.0

o

70.0

X

65.0

%Si02

"'0

X

X 9
X>!-. • X •

~•••'. ~ID"f·
• X • - ..

l~.. .. r r.

65.0

%Si02

~O

X

X 0

..x ~ x~Xx
D~.. x

• c.,lCIX X X

•••••• .). • C Xx
.,. " ! •
• 1.~i' ••

60.0

o
o

DO

[] DO D
X 0 0

)( x~ x
X

xx
••:x

x

6.0 9.0 10.012.014.0 16.018.020.0

FeO'/Ti02

o
o

60.0

•

o 0
~O
o

X

•

X

x

0.10 0.15 0.20 0.25 0.30 0.35 0.40

%P205

55.0

x

55.0

X

X

x

0.30

x ..I"!_::
)(_ X t ,,_

X ,.

X X :

<.
o - e.

X xce i
[J [] x •••

[] :
l----t----___.,t--------t----+------:-.~.~----.,O. '0 .

50.0

0.40

o. so

1. 0 0

0.70

FIGURE 7: Element varia lion diagramS Sllowillg llle compositional range
for least-altered Que-Hellye( Footwall Andesiles and more
evolved lavas compared witll those from Group 1 and 2 of the

Central Volcanic Complex

1 •

1 ,

10

MgOI •
Ti02 •

• ••, ._0..
• .!!-

0

0.00 0.05

"
"
10

MgO/ •
TI02 •

•
, ••
0

O. 0 '.0 '.0

"
1 ,

10
X

MgO/ •
Ti02 •

•
,
0

SO. {)

O/oTi02 0.60

•
•i.} iJ

•
•
•
•
•
•
•
•
•
•
•
•
I

•
•
••

•
•
I



FIGURE 7 (continued): Further element varialion diagrams showing the
compositional range for least-altered Oue-Hellyer Footwall
Andesites and more evolved lavas compared with those lrom
Group 1 and 2 of the Central Volcanic Complex .
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(Tables 3 and 4). These occur in two main accumulations, at Hellyer, and

another further south at Lynchford. Both probably represent volcanic

edifices. No basaltic lavas are known from the Central Volcanic Complex,

and the Western Volcanic Sequence andesitic lavas, although apparently

subordinate volumetrically to basalts, are compositionally distinct from

any possible parent magmas of the Central Volcanic Complex Group 1

andesites.

The less enriched end-members of the spectrum of (basalt and) andesite

compositions in the Western Volcanic Sequence overlap compositionally

with Central Volcanic Complex Group 2 andesites (Figure 8a), and extend

to considerably higher LREE and P20S, and lower Ti/Zr contents (Figure 8b

and Tables 3 and 4).

The occurrence of strikingly unusual highly P20 S- and LREE-enriched

(Figure 8b) magnesian basaltic lavas both in the northern part of the

Western Volcanic Sequence (Hellyer area) and 50 km further south at

Lynchford (west of Queenstown) forms the basis of my claim that

Corbett's (1979) Western Sequence in the Queenstown area is likely to be
younger than the Central Volcanic Sequence, and a correlate of the Hellyer

basalt-andesite sequence.

Noddy Creek Volcanics

Representative analyses of the Noddy Creek Volcanics are given in

Table. These are a high-K calc-alkaline suite extending across the basalt

to rhyolite compositional range. They are plotted along with the Central

Volcanic Complex lavas and the Que-Hellyer Footwall lavas in element

variation diagrams in Figure 9. Compositional fields of the Noddy Creek

rocks as shown in Figure 9, plus REE patterns (Fig. 10) suggest that both

the compositional groups recognized within the Central Volcanic Complex

are also present in the Noddy Creek belt. This is further supported by the

observation that the group of Noddy Creek rocks with the higher REE

levels, close to those of the Central Volcanic Complex Group 2, are

hornblende dlbrites and granodiorites compositionally and mineralogically

very close to the CVC Group 2 hornblende-bearing lavas. One difference

from the Central Volcanic Complex, however, is that the extrusive basalts

within the Noddy Creek Volcanics have no known counterparts in the

Central Volcanic Complex.
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FIGURE 9: Element variation diagrams showing compositional fields for
Central Volcanic Complex lavas, Que-Hellyer Footwall Lavas,
the Noddy Creek belt lavas and intrusives, the Mount Cattley
lavas, and lavas from the region between Hellyer and Beulah.

14.00

• •
12.00 e

e
10.00 e e • eve Gp. , •

ee .e x eve Gp. 2 ee
8.00 ol;b •MgOI e x, Q-H FwAnd x

Ti02 'x ~ ~x 4. ~fj, Beulah6.00 X.., -. !
:II 6.~ lIi

,.,. Noddy Ck •e
• )( b,- -

4.00 X • :I:.i >tJ.- ...x MI_ CATTLEY• •
- • OJ ..

~ .1 .._ .:~ x
2.00 ? •• X. • _.-x·a·...... • •

14.00

60G069

•

eve Gp. 1 •

eve Gp. 2 C

Q·H FwAnd )(

Beulah

MI. CATTLEY to.

Noddy Ck z

MI. CA!TLEY lJ.

<f

eve Gp. 1 •

eve Gp. 2 0

Q-H FwAnd X

Beulah

Noddy Ck z

MI. CATTlEY /1

e"
e

e
x

••...-.: .

•

• •e
e

e ,. eve Gp. 1 •
X e e". eve Op.2 ee•e eJ e

e Q-H FwAnd X
X'x Beulah

- • Noddyek., •

e

e
e

•• x.
x .' •••

11,0 13.0 15.0 17.0 19.0

FeO·lTi02

•

•

9.0

..

•e
e

.x
&. "eA )(

_ 4. A xx· .. :
Ii. 11 .. ~- .~}S;-

• .~.z::c--"c
•• , ••:",,_- [] XX

r,'" --. - •.. ,--!)C.. i-.&:-'. - -

•

7.0

6.00

2.00 •

D. DO l--_--_..--__-_~-_..--.._--_
5.0

4.00

8.00

6.00

2.00

4.00

4.00

2.00

6.00

0.00 I---t--+--+---I-__----+-__--t--......--<
15 20 25 30 35 40 45 50 55 60 65

AI203/Ti02

•

o. DO I--.._-.._-+--.._-.._-+--.._-.....-+-----<
0.000.050.100.150.200.250.30 0.l5 0.40 0.450.50

'YoP205

8.00

8.00

12.00

10.00

o. 00 ~-+---+----.---t----t--......- __----t----1

0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

'YoTi02

10.00

10.00

12.00

14.00

12.00

14.00

MgOI
Ti02

MgOI
Ti02

MgOI
Ti02

•
I l,

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•-.
•
•
J



606070

•
27. 00

eve Gp. 1 •

eve Gp. 2 C

Q·H FwAnd X

Beulah

Noddy C~ :II

CATTLEY Ii.

•

eve Gp. 1 •

eve Gp.2 C

Q-H FwAnd X

Beulah

Noddy e~ x

MI. CATILEY Ii.

eve Gp.l •

x eve Gp.2 C

Q·H FwAnd X

Beulah •

Noddy e~ x

MI. eATILEY Ii.

•

45.0 50.0

.-

•

22. 00

40.0

• MI.•.• :.!1'
•

1 7. aa

•

••
~ ..

• •••

X

Zr/Sc

30.0 35.0

T i/Zr

x

12. aa

X •

7. aa

:II o __
C

x'JC
x C

·C
[5i

X •
~h ~

U ox
'" -x • x

• oX

O. aa +-----t-----t-----t-----t----_+_
2. 00

4. 00

2. 00

6. 00

8. 00

a .aa +----l---+--1,........--t----l---I---1---t----1

5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0

Ti/V

~

,-0 lll.
4.00 X x •• .,,1-. X

- • ""x
• (.X.. -'! ~ X

2.00 .j- X·••• • X.

0.00 !---t---I---t---I---t----r---t----;

10.0 15.0 20.0 25.0

6. aa

10. a0

12. aa

14. a0

14. aa
x

12. aa tl.
0

10. aa 0
u r.C

C
8. aa '=;lc

~P C

14. aa
x
•

1 2. aa 0
0

1 O. a a 0 o x
Ox ,..,r:

OX

MgO/ 8. aa tJ..,J
u x.X

Ti02 Xx
X X XX Ii. Ii.

6.00 -li./l X
XX X

_ /l~

" Ii.
4. aa X z·:rA XX X Ii.

x"
• x

.
2. 00 ••

MgO/
Ti02

MgO/
Ti02

FIGURE 9: Element variation diagrams showing compositional fields for
Central Volcanic Complex lavas. Que-Hellyer Footwall Lavas,

(continued): the Noddy Creek belt lavas and intrusives. the Mount Cattley
lavas, and lavas from the region between Hellyer and Beulah.I

I
I

•
I
I
I

•
I

•
•
I
I
I
I
-.
I

•
I
I

•



60G071

1000.,..---------------------------

RGURE 10: REE patterns for representative Noddy Creek bait andesite
(open circle) and intrusive hornblende-bearing diorite (filled
squares), with two representative patterns for Central
Volcanic Complex andesites from Group 1 (filled circles) and
Group 2 (open circles).
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The Tyndall Group
Geochemical study of the Tyndall Group and the Cambrian granitoids in

western Tasmania is only now commencing, so it is premature to draw any
firm conclusions about the compositional affinities and correlations of

these lavas, which for the available data, always have more than 66 Si02 .

However, it appears that in most respects, the lavas at least are similar

to the Group 1 Central Volcanic Complex lavas with similar Si02 levels.

The Henty Dyke Swarm and Henty Fault Wedge Sequence.

As for the Tyndall Group, geochemical studies of these rocks have only

recently commenced. However, on the basis of available data, it is clear

that both the Henly Dyke Swarm and the Henty Fault Wedge are

basalt-dominated sequences, and that the lavas are tholeiitic (Table 8),

with relatively flat REE patterns (Fig. 11 a) and other immobile trace

element ratios most similar to incipient backarc basin basalts. The dyke

swarm, at least, attests to an episode of tension and rifting of the Central

Volcanic Complex that has no known counterpart in the Western Volcanic

Sequence. It will be critical to determine if Henly Dyke Swarm correlates

are present in the Hellyer to Beulah area.

The Miners Ridge Basalts
Basalts outcropping in the anticlinal core within the Western Volcanic

Sequence at Miners Ridge are compositionally (Table 8) unlike the MRV, in

that they are strongly tholeiitic, with Ti/Zr values from 90 to 160, very

low P205 contents, and strongly depleted REE patterns (Fig. 11 b). All these

compositional features are characteristic of island arc tholeiites erupted

in an intra-oceanic arc setting, such as those presently erupting in the

Tongan and Vanuatu arcs. In this respect, they would seem to be

unrelated to the MRV. They probably formed, together with the large

ophiolites along the western margin of the Dundas Trough, part of the

allochthon of forearc crust that was emplaced on Rocky Cape passive

margin crust during the Middle Cambrian arc-continent collision which

constructed much of the crust of western Tasmania (see later).
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FIGURE 11 a: REE patterns for representative Henty Dyke Swarm basalts

606073

MINERS RIDGE THOLEIITES
compared with Group 1 eve

Andesite (heavy line)

HENlY DYKE SWRRM BRSRLTlC DYKES

.'111.1··· .••. 1.~ ~.. .'" ....... ~Ir· .................. , l.J.J....,--_________ '1,
---__ • ••••••• 1 •• 1 ••• '

~...._ ···.'1.......... ,,,__________ .~... 111 •••••........" -- -
~-=...

.

O 0 + -=-__~,.-.-·---a-Q=e=·;
1 . ~ 0_ -g

~.-- . g::: -::-

I'~~
1.0J 6.

. .,
t..:- , .':':

1 0
La Ce Pr Nd Pm SmEu Gd Tb Dy He Er Tm Yb

FIGURE 11b: REE patterns for representative Miners Ridge arc tholeiites,
with a Group 1 Central Volcanic Complex andesite REE pattern
shown for comparison.

100

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



•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•-.
•
•

..I

....,

CORRELATION OF THE MOUNT CATTLEY LAVAS

PETROGRAPHIC SUMMARY OF THE ANALYZED LAVAS
MCDD 2: Six of the seven samples analyzed from MCDD 2 were

examined in thin section. All are very similar slightly vesicular aphyric

andesites with rare albitized plagioclase microphenocrysts in a

pilotaxitic (trachytic) flow-textured groundmass. No primary minerals

are preserved, but original textures are well-preserved. Vesicles are

filled by calcite and/or quartz. All the analyzed lavas are pervasively

altered to carbonate- sericite assemblages, and the intensity of this

~teratio~ is considerably greater than is 'normal' for regionally prehnite­

pumpellyite grade metamorphosed MRV. It is mOre typical of the alteration

seen around the Que massive sulphide deposit. Petrographically similar
aphyric andesitic lavas are known from the area around the Beulah barite

occurrence, presently under investigation by Aberfoyle Exploration Ltd.,

and from several other locations within the MRV, notably in the Leven

Gorge.

MCDD 3: These samples vary from porphyritic andesites to porphyritic

rhyodacites. They have been subdivided into two groups. Group 1 includes

the more andesitic lavas, which are plagioclase+augite -phyric, and

contain a notable amount of apatite and FeTi oxide microphenocrysts in a

devitrified and recrystallized formerly glassy groundmass. These Group 1

lavas are often autobrecciated, and both plagioclase and augite are

altered, to albite and chlorite respectively.

Group 2 lavas from MCDD 3 are porphyritic rhyodacites and rhyolites

from the generally flow-banded body of pinkish-grey felsic lavas logged

by Wally Herrmann from 109.4m-125.1 m. These are petrographically little

different from the Group 1, as reflected in the chemical analyses (Table

9). The pink colour of these rocks relative to those in Group 1 is clearly

not due to K feldspar, as the grey coloured more andesitic lavas contain

over 1 wt.% more K20 than the analyzed rhyodacite from the flow-banded

body. As indicated by the analyses in Table 9, there is little doubt that all

the lavas studied from MCDD 3 are comagmatic and probably were erupted

from the same fractionating magma chamber.

The metamorphic assemblage of lavas in MCDD 3 is prehnite­

pumpellyite facies, and the extent of alteration is typical of that seen on

a regional scale in the MRV, and notably less intense than shown by the

MCDD 2 lavas.

606074
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COMPOSITIONAL FEATURES OF MT. CATTLEY LAVAS

MCDD2

Compositions of MCDD 2 lavas are given in Table 9. Volatile-free Si02

contents vary from 55.8% to 61.3%, and MgO contents show a serial

decrease from 5.9% to 4%. The rocks are therefore andesitic. It is

difficult to jUdge whether or not all five samples come from a single

flow, or whether a number of distinct flows were sampled. Neither Wally

Herrmann (1986) nor I could determine whether flow margins existed

within this section (72.5 - 117.5m) of core. If the samples all come from

the same flow, it must be at least 31m thick, and the compositional

differences recorded between the five analyzed MCDD 2 lavas must be

. attributable to variations in phenocryst abundance (eg. local depletion or

accumulation of augite). If the samples, instead, represent several

different flows, the remarkably similar Ti/Zr and other immobile element

ratios of the analyzed MCDD 2 lavas indicate that these lavas are certainly

comagmatic.

Although the alkalies (Na, K, Ba, Rb) are undoubtedly mobile to some

extent during the style of metamorphic degradation that produced the

carbonate+sericite-rich secondary assemblages in these lavas, the range

of K20 contents is only from 1.91 to 2.56%, and averages 2.2%. Similarly,

Ba contents range from 1033 to 141 Oppm, averaging 1260ppm. These

values are probably not far removed from the primary values, as much less

altered MRV andesites from Beulah and the Que-Hellyer Footwall andesites

generally fall within this range. If this interpretation is correct, these

andesites fall on the boundary between medium- and high-K calc-alkaline

andesites (see Fig. 4). The FeO' and Ti02 contents decrease with

fractionation, as is typical of calc-alkaline andesites. CaO contents are

highly variable, from 1.3 to 6.1 %, reflecting the variable modal abundance

of secondary calcite. The remarkably high Ba contents are considered to

be primary, as mentioned above, and are a characteristic feature of the

MRV. The rare earth element patterns (Fig. 12a) are LREE-enriched, with

flat HREE levels, as is typical of most orogenic andesites. The affinities

of the Mount Cattley and other MRV andesites are discussed in a later

section.

MCDD3

These lavas are significantly less altered than those in MCDD 2, as

indicated by the lower loss on ignition values for the MCDD 3 lavas. They

606075
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range in composition from andesites with 62% Si02 and 4% MgO (eg.

104.3m) to rhyodacites with 72.5% Si02 and 0.75% MgO. Several distinct

flows are clearly represented, including the thick banded rhyodacite (eg.

122,4m) between 109.4 to 125.1m, and dacites (eg. 112.7m, 103.3m and

126.0m) above and below the banded rhyodacite. These lava flows are

almost certainly comagmatic, as indicated by the immobile element ratios

and REE patterns (Fig. 12b).

It is important to attempt to determine whether or not the lavas in

MCDD 2 are comagmatic with those in MCDD 3. To do this, it is best to

compare immobile element ratios and REE patterns of representative lavas

from both holes at approximately the same stage of fractionation (ie, at

similar Si02 and MgO abundances). The closest approach to this ideal

condition involves comparing #117.1 from MCDD 2 with #104.3 from MCDD

3 (61.3% versus 62.0% Si02 and 4.5% versus 4% MgO). It is immediately

evident from Table 9 that the MCDD 2 and 3 samples have dramatically

different TilZr, Zr/Sc and TiN ratios, and that the LREE contents of the

MCDD 3 lava(s) are three times those of the andesite from MCDD 2 at

similar P20S contents. These features together indicate that the lavas in

MCDD 2 are clearly not comagmatic with those in MCDD 3, but were derived

from a more 'enriched' parent magma (and presumably, enriched source).

The CaO contents of the lavas in MCDD 3 have been strongly depleted, and

comparison with best-preserved MRV andesites suggests that the original

CaO abundances in the andesites and dacites were probably three to five

times higher. As for the MCDD 2 lavas, abundances of K20 and Sa are high,

and suggest affinities with high-K orogenic andesites.

The three MCDD 3 lavas analyzed by AMDEL show essentially the same

compositional range, and have the same compositional implications, as

those analyzed in this Department. However, two of the three AMDEL­

analyzed MCDD 2 lavas are considered to be too altered to be useful in

interpretation, and the third (107.7m) is very close compositionally to my

sample #111 m.

In summary, andesitic to rhyodacitic lavas in Mt. CaUley holes

2 and 3 are high-K calc-alkaline orogenic lavas, with strong

LREE-enrichment. At similar degrees of fractionation, notably

different immobile element ratios and REE levels indicate that

the MCDD 2 lavas are not comagmatic with those in MCDD 3.
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CORRELATION OF MT. CATTLEY LAVAS WITHIN THE MT. READ

VOLCANICS

Element variation diagrams given in Figure 13 show compositional

fields of the analyzed Mt. Cattley lavas together with those of the Groups

1 and 2 lavas from the Central Volcanic Complex, and the Que-Hellyer

Footwall andesites. The Mt. Cattley lavas, being andesitic or more

evolved, are not comparable with any Western Volcanic Sequence lavas,

which are thus not shown in Figure 13. Certain positive conclusions can

be drawn from the data shown in these element variation diagrams.

Firstly, it is quite clear that the Cattley lavas are not compositionally

related to the generally intrusive and hornblende-bearing Group 2

andesites from the Central Volcanic Complex. It is evident from Figure 13

that a high degree of overlap exists betwe_en_1htLCDmpositional fields for

the _QUl'l_-Hl'lllyerFootwall andesites and theCattley_andesites, and that
this similarity extends towards rhyodacitic compositions. Perhaps the

only significant difference between these two suites is the slightly higher

Ti02 contents and Ti/Zr of the Cattley andesites with around 60% Si02;

however, in terms of the overall similarity of these suites, such

differences are trivial.

REE patterns of the Cattley lavas are compared with the Que-Hellyer

Footwall lavas in Figure 14. As already noted above, the MCDD 3 lavas are

more LREE-enriched than those in MCDD 2, and have REE patterns almost

identical to the more enriched end-members of the Que-Hellyer Footwall

andesites. In contrast, the MCDD 2 lavas show lower REE levels, and

overlap the less-enriched Que-Hellyer Footwall lavas. The prominent

negative Eu anomaly in Que andesite 502650 may be due to its proximity

to footwall alteration beneath the orebody (see earlier discussion of

selective Eu mobility).

In summary, the spectrum of Cattley andesite compositions ranges from

less-LREE enriched andesites (Hole 2) with relatively high Ti/Zr (-40) to

more strongly LREE-enriched andesites (Hole 3) with lower TilZr values.

A virtually identical range of compositionsis fOuodwitbioJhe
_____ __ _ __ 0--- -,- -~---

Glue-Hellyer Footwall andesites, and a strong caseis therefore made that
the-Cattley lavas are correlates of the Que-Hellyer_Footwall-aodesites.
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AGURE 13: Element variation diagrams showing compositional spread of
lavas from the Central Volcanic Complex. Ihe Que-Hellyer

Footwall andesites and the Mount Call1ey lavas.
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SUMMARY OF THE GEOCHEMICAL CORRELATIONS WITHIN THE MOUNT

READ VOLCANICS

The element variations diagrams presented in all the foregoing

discussion, which are combined in Figure 9, suggest to me the following

conclusions regarding correlations within the MRV.

1. The primitive, LREE-depleted tholeiites exposed at the base of the

Western Volcanic Sequence at Miners Ridge are probably part of the

ophiolitic allochthon extending along the western side of the Mt. Read

Volcanics belt, and formed in an intra-oceanic island arc. The Western

Volcanic Sequence lavas may have been erupted partly or entirely

through and onto this ophiolitic sheet.
2. The Western Volcanic Sequence lavas are basalt dominated and occur in

two major accumulations, at Hellyer and at Lynchford. These basalts

range from high-K basalts to exceptionally LREE-and P20s-enriched

shoshonitic compositions. The latter are characteristic of

post-collisional magmatism, and their tectonic significance will be

discussed further on.

3. Rocks classified as belonging to the Central Volcanic Complex of the

MRV in the area from the Mount Charter Fault to south

of Queenstown are high-K orogenic andesites and fall into two major

compositional groups. The older Group 1 andesite-dacite-rhyolite

sequence (minimum Si02 content 58%) is intruded by the often

hornblende-bearing Group 2 andesitic to dacitic rocks, which are much

more strongly REE-enriched, and have lower Ti02 and higher P20 S

contents at any stage of fractionation. It should be examined in the

future whether these Group 2 rocks are compositionally transitional

into the Western Volcanic Sequence lava spectrum.

4. North of the Mount Charter Fault, the Que-Hellyer Footwall

andesite-dacite sequence shows a strong compositional overlap with

the Central Volcanic Complex Group 1 lavas, but nevertheless can be

discriminated from the latter using appropriate variation diagrams.

The QUl~-Hellyer Footwall andesites show a range of compositions,

from relatively weak LREE-enrichment, to quite pronounced

LREE-enrichment, approaching levels shown by the Central Volcanic

Complex Group 2 lavas. This sequence of lavas is separated from the

overlying Hellyer basalts and shoshonites by the Animal Creek

Greywacke (see Figs. 2 and 3.)
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5. The sequence of lavas exposed on the Sorell Peninsula, known as the

Noddy Creek Volcanics, shows an almost identical range of

compositions to the Central Volcanic Complex, except that it contains

basaltic flows which remain undiscovered if they exist within the
Central Volcanic Complex. Both the less LREE-enriched (Group 1) and

more strongly LREE-enriched (Group 2) suites represented in the

Central Volcanic Complex are also present in the Noddy Creek

Volcanics, with the further similaritiy that the Group 2 correlates are

hornblende-bearing intrusives similar to many of the Central Volcanic

Complex Group 2 lavas around Crown and Leach Hills, N of Queenstown.
6. The poorly-known lava sequence extending from Hellyer to Beulah

further east, and including the Mount Cattley lavas studied, also shows

a compositional range overlapping extensively with the Central

Volcanic Complex and especially with the Que-Hellyer Footwall lavas.

No correlates of the enriched Hellyer and Lynchford basalts of the

Western Volcanic Sequence are known to date from this belt.

7. Preliminary geochemical studies of the Tyndall Group are only just
commencing, but the small amount of available data suggest that the

few Tyndall Group andesites known (from the Lake Selina area) are

compositionally identical to the Group 1 Central Volcanic Complex

lavas. As it is presently understood, I am not happy with the

definition and interpretations of the distribution and significane of

the Tyndall Group. It seems to me to be simply the top part of the

Central Volcanic Complex, separated from the main underlying lava

pile by a weak (or sometimes probably absent) dis- or unconformity.

8. Finally, the Central Volcanic Complex is intruded by abundant basaltic

dykes of the Henty Dyke Swarm. These basalts are closest

compositionally to young and incipient backarc basin basalts, and are

unknown intruding the Western Volcanic Sequence or the belt of Mount

Read Volcanics north of the Mount Charter Fault and also east of

Hellyer.
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GEOLOGICAL IMPLICATIONS OF THE PROPOSED CORRELATION OF THE

MT. CATILEY LAVAS

A main aim of this stUdy was to determine the stratigraphic location

of the Mt. Cattley lavas within the MRV. Two alternatives were considered

possible.

1. The CaUley lavas are correlates of the Que-Hellyer footwall lava

sequence, and that the Hellyer basalt and Que River Shale are 'above'

the drilled sequence and remain unlocated in the Mt. Cattley area.

2: The entire drilled sequence in the Mount CaUley EL is within the

Southwell Subgroup and stratigraphically above the Que River Shale

and Hellyer basalts. In this case, the lavas in holes 2

and 3 represent a newly-discovered episode of mafic-intermediate

magmatism within the Dundas Group, which elsewhere in the Mount

Read Volcanics and Dundas Trough is represented by felsic

pyroclastics, epiclastics and volcanogenic greywackes.

The available data in my opinion strongly supports the first alternative.
---~-~--_.-~-~-

Geological support for this correlation comes from the presence of

Precambrian metamorphic-derived greywacke beneath volcanics in MCDD
1, and also in MCDD 4, which are petrographically identical to the Animal

Creek Greywacke, that underlies the Que-Hellyer Footwall lavas further

south.

Several arguments against alternative 2 above may also be made. Firstly,

there is fairly concrete evidence that within the MRV, magmatism became

more K-, LREE- and P205-enriched with time, reaching an extreme in the

shoshonites of the Western Volcanic sequence, and including the

uppermost basalts at Hellyer and Lynchford. Such compositions remain

unknown in the long section of MRV east of Hellyer. Secondly, the only

known occurrence of lavas within thwhat is unambiguous Dundas Group

sequences is at Montezuma Falls near Dundas, where the so-called

Curtin-Davis Volcanics outcrop over a limited area. These lavas are

strongly altered, but the three available analyses (Foden 1973) of

Curtin-Davis andesites have high P20 S contents from 0.46 to 0.75%. These

are clearly more P20 S- (and almost certainly LREE-) enriched t"'an any

Central Volcanic Complex rocks, and invite comparison with Western

Volcanic Sequence basalts and andesites. The existence of these 'enriched'

lavas well up in the Dundas Group supports my conclusion that magmatism

became more P20 S - and LREE-enriched with time in MRV magmatic

episode. Tectonically, this is explained by

=-:t__
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arrival beneath the Central Volcanic Complex of the sub-passive margin

enriched subcontinental mantle, and it records arc-continent collision.

MODERN ANALOGUES OF THE MOUNT READ VOLCANICS
High-K calc-alkaline and shoshonitic suites

Most andesites and associated lavas recorded in this study (some

Central Volcanic Complex lavas and their correlates east of Hellyer, in the

Que-Hellyer Footwall and in the Noddy Creek belt, have REE patterns

comparable to modern high-K calc-alkaline arc lavas. The closest

chemically analogous modern arc suites to these MRV andesites are those

high-K calc-alkaline suites erupted in mature island arcs or continental

margin arcs such as the Aeolian and northwestern Hellenic arcs, the

Andes, Mexico and Central America and Indonesia.

The closest modern analogues of the high-K and shoshonitic

basaltic-andesitic suites in the Western Volcanic Sequence are the high-K

mafic-intermediate lava series from eastern Papua and the Papua-Niugini

highlands, the lower-K suites of the Roman Province, post-orogenic dykes

in the European Alps in northern Italy and post-collisional lavas in eastern

Turkey - northern Iran. In each of these areas magmatism is post­

collisional, yet the lavas show evidence (eg. low Ti, Nb) of derivation from

a subduction-modified upper mantle. Varne (1985) argued that K-rich

lavas in the Indonesian and other island arcs may be derived from ancient,

enriched subcontinental mantle dragged into the sub-arc subduction zone

of magma generation during continent-arc collision.
I am impressed by the similarities in geological setting and

composition of the MRV and those from eastern Papua. At the latter

location, high-K and shoshonitic lavas overlie

allochthonous, depleted 'ophiolitic' basement (that includes boninites;

Jenner 1981) of the Papuan Ultramafic Belt, which had been emplaced

during Mid-Tertiary arc-continent collision. As shown in the Miners Ridge

area, similar LREE- and P20 S -rich, high-K andesites and basalts

(shoshonites) overlie LREE-depleted basalts very similar to those in the •

low-Ti lava carapace of the Serpentine Hill MUC thrust slice. This

actualistic tectonic comparison offers further support for the hypothesis

that the igneous rock associations in W Tasmania were assembled as a

result of a middle Middle Cambrian arc-continent collision (Berry &
Crawford 1988).



I
I
I
I
I
I
I
I
I
I
I \
I \
I \
I
I
I
I
I
I
I

•

c:., 606086

CONCLUSIONS
The Mount Read Volcanics are a complex Middle and Upper Cambrian

orogenic volcanic series in which the major magmatic suites represented

are high-K calc-alkaline, differing mainly in the degree of enrichment of

LREE (and probably originally, of K-group elements and Pl. The lavas range

from high-K andesites with relatively weak LREE-enrichment (yet still

significantly greater than for many normal, medium-K arc (orogenic)

andesites, to shoshonitic basalts with extreme LREE- and P-enrichment

The former extend along the length of the Mount Read Volcanic belt, and

must include at least several discrete volcanic centres. Subtle but

consistent compositional differences, for example between the

Que-Hellyer Footwall andesites and the Central Volcanic Complex Group 1

andesites support this interpretation. Shoshonites are apparently

restricted to several major eruptive centres, and occur near the top of the

Mount Read lava pile. There is strong evidence for a progressive

enrichment in LREE and P20 S in the Mount Read lavas with time, so that

the uppermost lavas should be, and apparently are, the most enriched. On

this basis, and the strong compositional similarities with the Que-Hellyer

Footwall andesites, I conclude that the Mount Cattl~y_lavas are not

records of a newly-identified magmatic_eRiSQdJ~jnlh_e [)u_n.cJa.?-~()uthweIL

Sub-group time, but rather, they pre-date the HellyerJfa~alts anc:la.re

time- and compositional correlates of the Que-Hellyer Footwall andesites.. .,•., .. . .__ .. .__ _._ _.0._.- ',',.,, ., " ,- . ..__ .. ,~ __

This implies the presence of a major fault between the Hellyer area and

Mt, Cattley that has upthrown the Footwall basement of the Hellyer

basalts. On this basis, further deepening of MCDD 1 should encounter a

thick continuation of the EOH greywacke (Animal Creek Greywacke

correlate) and then pass into an andesite-dacite pyroclastic-lava sequence
------ ----_.- --------- -~------ .•. ------_.-------- --

very similar to the Mount Read Central VolcClnic_G()Il1P-!~x_ r:.Q.cks_exRosed in
--- 0-·_·

the Tullah area.
Modern calc-alkaline magmatic provinces most similar to Suite 1 are

those active continental margin arc settings such as occur in the Aeolian

arc, the central atld northern Andes, and Mexico and Central America.

Closest modern analogues to the more L1LE-enriched basalts and andesites

of Suites 2 and 3 occur in areas of arc-continent (E Papua, Niugini

Highlands; Hellenic and Aeolian arcs) and continent-continent (E. Turkey ­

N. Iran) collision.

LREE-depleted. low-Ti tholeiites outcropping in the core of an

•
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anticline at Miners Ridge are tentatively correlated with the uppermost

lavas in the allochthonous mafic-ultramafic complexes which extend down

the western margin of the Dundas Trough. Since the Miners Ridge sequence

forms basement to the Western Volcanic Sequence of the MRV, it is

inferred that lavas of the latter sequence were erupted through and onto

the recently-emplaced allochthon, and record the progressive change in

mantle composition and structure as underthrust sub-continental mantle

arrived under the former site of arc magmatism.

The range of magma suites represented in the MRV record continental

arc magmatism during and after an arc-continent collision.
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TABLE 1: Wholerock XAF analvses 01 Groue 1 laws Irom the Central Volcanic Comolex
SAMPlE MR396" MR644 4407 MR65" 36113 40140A 44063 40140 427240 MR650 44041 30039A 44067 PRRtD LDP11A 44045 30039B BP2691C

5102 60.1 60.7 61.4 63. 65.0 65.5 65.5 65.7 65.7 66.2 66.5 66.6 67.0 67.0 67.1 67.2 67.8 66.0
Ti02 0.69 0.7 0.68 0.6 0.67 0.62 0.68 0.66 0.67 0.63 0.68 0.62 0.67 0.63 0.68 0.67 0.60 0.54
AI203 17.0 16.4 16.3 16.2 15.3 15.8 15.4 15.4 15.7 15.6 14.9 15.5 15.1 15.9 15.0 15.0 14.5 14.6
FeO· 5.97 6.64 7.37 5.96 6.00 5.92 5.83 5.57 4.82 5.63 5.72 5.11 4,84 6.40 5.24 5.52 4.85 4.75
fkO 0.12 0." 0.13 0.11 0.08 0.10 0.07 0.07 0.08 0.0 0.11 0.09 0.08 0.17 0.10 0.09 0.07 0.26
l.W) 1.57 2.9 3.35 2.59 2.37 1.94 1.74 1. 71 1.75 1.9 1.88 1.08 0.94 1.35 1.98 2.01 0.88 2.01
O>:l 9.58 7.9£ ".61 3.86 3.17 3.71 3.36 3.12 4.90 3.4 2.96 2.33 3.29 2.18 2.04 1.91 6.99 3.75
Na20 3.52 3.9 4.03 4.23 4,25 3.74 4.50 4.20 3.23 3.78 4.31 4.43 4.04 3.60 3.33 4.35 3.34 3.02
K20 0.85 0.39 1.88 2.24 3.05 2.53 2.78 3.43 3.02 2.57 2.83 4.18 3.97 2.64 4.45 2.92 0.82 2.92
P205 0.15 0.1 0.15 0.15 0.13 0.12 0.12 0.14 0.12 0.10 0.'4 0.12 0.13 0.'3 0.13 0.27 0.13 0.10
Lot 2.06 3.2 2.42 3.42 2.30 2.23 1.67 1.52 , .88 1.76 , .44 0.95 1.89 3.76 1.28 1.49 1.56 4.30

Ni 10 14 22 3 6 4 5 4 6 8 4 5 5 3 4 5
Cr 145 77 81 60 23 9 23 12 23 96 13 12 23 9 12 15
V 145 163 161 140 '" 92 '07 91 94 121 92 88 104 92 94 269
50 13 13 22 13 15 11 13 12 1 2 12 11 13 15 11 11 13
Zr 210 146 133 220 227 228 231 228 232 229 231 221 226 246 216 209 213 160
to> 11 8.7 10 10 13 14 13 13 12.9 12.1 13 12 12 13.4 14 12 12.5 9.4
Y 33 30 31 28 37 40 39 37 38 42 37 39 39 50 34 34 35 3'
5, 390 31 465 200 191 204 264 182 365 247 184 188 218 111 182 172 435 97
fb 27 10 48 89 75 101 58 88 124 64 119 118 105 '05 155 89 25 118
Ba 200 151 664 530 658 696 620 682 835 640 764 927 819 1099 860 218 3'

Tl/Zr 19.7 32. 30.7 17.2 17.7 16.3 17.6 17.4 17.3 16.5 17.6 16.8 17.8 15.4 18.9 19.2 16.9 20.2
Zr/Y 6.4 4.9 4.3 7.9 6.1 5.7 5.9 6.2 6.1 5.5 6.2 5.7 5.8 4.9 6.4 6.1 6.1 4.7
,zONb 19.1 16.8 13.3 22.0 17.5 16.3 17.8 17.5 18.C 18. 17.8 18.4 18.8 18.4 1S.4 17.4 17.0 17.0
YlNb 3.0 3.4 3.1 2.8 2.8 2.9 3.0 2.6 2.9 3.5 2.8 3.3 3.3 3.7 2.4 2.8 2.8 3.6
VISe 11.2 12.5 7.3 10.8 7.4 8.4 8.2 7.6 7.8 10.1 8.4 6.8 6.9 8.4 8.5 20.7
ZOSe 16.2 11.2 6.0 16.9 15.1 20.7 17.8 19.0 19.3 19.1 21.0 17.0 15.1 19.6 19. 1604
TilV 28.5 28.7 25.3 27.0 36.2 40.4 38.1 43.5 42.7 31. 44.3 42.2 38.6 44.3 42. 13.4

La 2V 32.8 35.6 34 29.8
Co 50.1 62.9 71.5 74.1 69.5
Pr 6 7.01 9.37 8.27 7.8
~ 22.1 27 35.3 32.6 31.6
Sm 4.6 4.34 7.7 6.64 6.86
f1J 0.94 0.88 1.69 1.37 1,66
Qj 4.18 4.45 6.91 6.21 5.89
Dy 4.81 4.67 6.87 5.87 5.56
Er 2.97 3.27 4.37 4.05 3.7
Vb 2.71 2.96 4.09 4.04 3.8

I
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TABLE 1 lcontinued) : Wholerock XRF analvses 01 Grou 1 lavas lrom the Central VolCanic Com lex
SAMPlE C12717 PRRlC RE08711 Hx1/C 80RIS 30050 30051A H955A HXlIA PRRlH HCl PRRiG t.RUi 40136 85RIA 80RIO CI2714 36117

5i02 68.1 68,1 69,0 69,0 69.2 69.8 70.3 71.4 71,8 72,l 73.1 72.7 73,1 73.5 74.3 74.4 74.6 75.1
Ti02 0,56 0,60 0.49 0.50 0,50 0.46 0.45 0.41 0.41 0.30 0.39 0.36 0,38 0.27 0,28 0,34 0.26 0.29
AI203 15.2 14.9 14.5 14.9 14.4 15,6 15.2 15.2 14.9 14.1 15.5 14.5 14.6 13.9 14.2 13.8 13.9 12.9
FeO' 4.17 5.13 4.98 5.49 4.39 3,86 3.67 2.83 4.07 3.4 ? 2.68 3.09 2.84 2.73 2.01 2.61 2.22 2,80
tkO 0.08 0.09 0.07 0.12 0.12 0.04 0.07 0.09 0.06 0.09 0.04 0.07 0.0 0.04 0,05 0.07 0,05 0,05
I""" 1.06 1. 15 1.19 2.28 1.36 1.23 , ,16 0.79 1.20 0.71 1.40 0.54 0.80 (lAS 0,37 0.65 0,32 0,32

= 3.71 3.6 2.71 1.38 3.39 0,69 1 ,54 1 ,67 0.43 3,19 0,64 1.70 1.28 1.39 1.08 2,78 0,52 0.64
Na20 3.59 3.73 3.56 3.49 3.60 2.87 2.93 3.75 3.67 2,1 4,20 3.56 2.40 3.29 3.46 3,15 4.09 2,82
K20 3.40 2,52 3,39 2,75 2,87 5,36 4,52 3.85 3.47 3.4 2,09 3.44 4.55 4.34 4.20 2,08 4,03 5.05
P205 0.14 0.14 0,12 0.11 0.15 0,10 0.10 0.05 0.09 0,0 0.04 0,08 0,06 0.06 0.05 0,08 0.04 0.04
LOI 4.39 4,20 3,33 3.43 4,07 1.44 1,22 1.16 1.97 4.03 1.99 2,68 2,60 1.66 2,17 2,87 0.97 0,83

N; 3 3 3 2 1 2
C' 6 7 9 5 3 4
V 54 55 51 10 18 11 5 12
Sc 10 11 9 4 5 5 3 8
Z, 286 219 205 203 207 227 216 285 308 184 280 275 259 205 292 19 274 225
~ 14.7 12.6 11.3 12.2 10.4 '5 15 14.2 13.3 10, 16 17.4 15 15 18.6 10.3 16.4 13
Y 37 34.5 31 28 27 30 36 40 41 23 40 47 40 40 42.3 30 37 45
5, 174 118 188 116 215 '56 238 360 93 120 248 115 98 153 135 302 131 134
Ib 131 102 119 110 112 218 169 179 113 154 104 136 216 134 '56 80 13' 133
Sa 757 4 8 7 1463 1033 4 14 2 a46 2 839 1093 6 6 985 987

Ti/Z, 11.7 16.4 14,3 14.8 14,5 12,1 12,5 8, 8,0 9,8 8.4 7,8 8,8 7.9 5,7 10,2 5,7 7,7
Z,/Y 7.7 6,3 6,6 7,3 7,7 7.6 6,0 7,1 7,5 8,0 7,0 5,9 6,5 5,1 6,9 6,6 7,4 5,0
ZrINb 19,5 17.4 18.1 16,! 19.9 15.1 14.4 20.1 23,2 17.5 17.5 15.B 17.3 13.7 15.7 19, 16.7 17.3
YINb 2,5 2,7 2,7 2,3 2,6 2,0 2.4 2.8 3,1 2,2 2,5 2,7 2.7 2,7 2,3 2,9 2,3 3,5
VISe 5,4 5,0 5,7 2,5 3,6 2,2 1.7 1,5
lOSe 28,6 20,6 24,0 70.0 518 41.0 9U 28.1
T1!V 62,2 50,1 52,9 233,8 126,6 147,2 311 ,7 144.9

La 51,8 46,6
C. 111 108,4
P, 12 12.1
Nj 45,8 43,9

Sm 7,53 7,63
8J 0,92 1,5
Gl 5,98 6.41

D' 6,03 6.43
Er 4,11 4,52
Vb 4.03 A,2
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TABLE' {continued Whole(ock XRF an~ses or Grou 1 lavas from the Centraf Volcanic ComDi
SAMPLE LPD6 012712 427244 RED87/1 JD2001A 42610 POI 427230

Si02 75.4 75.5 75.8 76.0 76.0 76.3 78.1 78.3
Ti02 0.23 0.26 0.27 0.30 0.32 0.23 0.26 0.28
AI203 14.5 , 3.4 13.2 13.7 13.2 13,1l 12.6 13.4
FaO· 2.37 1.97 2.12 2.04 2.64 1.82 1.3 0.99
MrO 0.02 0.03 0.07 0.07 0.07 0.04 0.07 0.01

I~ 0.76 0.31 0.42 0.53 0.45 0.30 0.5 0,40

cal '0.03 0.2 0.14 1.39 1.33 0.10 1.34 0.03
Na20 2.81 3.8 4.02 2.20 2.89 4.32 2.09 2.57
K20 3.87 4.3 3.89 3.74 3.02 2.99 3.19 4.01

P205 0.01 0.03 0.05 0.02 0.04 0.01 0.03 0.01
LOt , .74 0.84 1,11 2.49 2.7' 1.35 2.83 1.96

2 1 1 1Ni
Or 6 3 4 3 2
V 6 7 6 10 13 10
Sc 7 3 1 7 3 4
Zr 256 279 252 252 288 165 223 209
M> 17 16.6 14.8 15.5 15.5 11 13 15.01
Y 35 30 38 34 42 27 2 24
Sr 52 118 91 104 93 120 61 55
Fb 114 150 116 148 120 7 140 126
sa 808 1008 915 16 3 118 75 1171

Tl/Zr 5.4 5.6 6.4 7.1 6.7 8.4 7.0 8.0
ZrfY 7.3 9.3 6.6 7.4 6.9 6.1 7.7 8.7
lr/Nb 15.1 16. 17.0 16.3 18.6 15. 17.2 13.9
YlNb 2.1 1.8 2.1 2.2 2.7 2.5 2.2 1.6
VISe 0.9 2.3 6~ 1.4 4.3 2.5
ZOSe 36.6 93. 252.0 23. 74.3 52.3
lllV 229.8 222.7 269.8 137. 119. 167.9

La 20.2 36.! 41.4

Co 47 75.8 92.6
Pr 4.99 7.52 9.
I-tl 19.4 26. 34.4
Sm 4,11 4.3 5.66
f1J 0.85 0.87 0.93
Qj 3.87 3.72 4.47
Dv 5.11 4.07 4.22

Er 3.8 3.0 2.82
Vb 4.58 3.46 2.7

:...
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TABLE 2 : Wholerock XRF analyses 01 Grou 2 lavas from tho Central Volcanic Comolex

SAMPLE AA6 39233 W93 M189 39232 32522 3399 AR11 Z632 3402 M235 HRll HA65 HA70 ARlO PARlE

Si02 58.5 58.' 58.7 58.8 58.8 58.9 59.5 60.0 60.9 63.1 63.3 63.8 66.6 67.6 69,1 70.0

Ti02 0.46 0.56 0.55 0.48 0.57 0.53 0.45 0.57 0.49 0.42 0.42 0.40 0.36 0.4-4 0.35 0.29

AI203 16.0 14.2 104.2 15.9 14 ..01 15.0 15.5 15.9 14.3 14. 14.7 15.0 14.6 16.9 17.2 16.6

FoO· 7.41 8.11 7.90 7.65 7.B3 8.9 7.2 . 7.87 7.29 6.79 7.42 6.38 4.98 6.76 3.49 3.19

t.t'O 0.11 0.13 0.12 0.21 0.12 0.14 0.1 0.14 0.13 0.11 0.16 0.07 0.11 0.02 0.04 0.04

l.t£> 4.37 6.7 6.19 4.37 5.24 4.62 4.5 4.0 4.84 3.3 3.45 3.20 2.66 3.43 1.67 0.73

QD 6.26 5.1 , 5.05 6.35 5.62 6.62 5.45 3.19 6.29 5.7 4.51 4.96 2.30 0.10 0.72 1.54

Na20 6.75 4.7 3.97 4.40 4.24 3.2' 5.36 5.20 4.07 2.5 4.05 3.64 5.53 1.44 4.55 3.45

K20 0.37 1.61 3,15 1.59 2.97 1.57 1.56 2.95 1.39 2.7 1.77 2.32 2.74 3.02 2.78 4.19

P205 0.33 0.2 0.20 0.21 0.22 0.34 0.25 0.22 0.32 0.1 0.19 0.20 0.19 0.23 0.15 0.04

LOI 1.65 2.11 1.65 1.81 1.85 1.81 2.03 1.71 1.94 3.6 2.96 1.72 , .26 4.28 2.04 2.87

N; 40 53 52 15 49 .7 38 39 32 25 2' 17 2'
C, 142 224 157 68 160 321 139 130 72 40 59 52 64

V 206 196 188 181 201 198 '84 175 ISS 172 157 140 177

5c 27 30 30 27 31 28 29 25 22 2' 22 26

lr 160 159 181 144 16 157 180 169 133 150 138 132 155 13' 339

tb 8 8 10 8.4 9 9 9. I 8 7 7.8 7.6 6.8 7.1 6.1 20.7

Y 23 27 28.5 25 35 26 27 24 21 26 21 23 27 36 51

5, 516 363 35. 716 262 682 320 683 620 418 488 1004 9' 511 110

Fb 14 53 93 49 85 65 74 42 7' 52 70 116 105 112 162

Ba "8 572 1160 1403 1068 1067 1143 14 1184 1148 2720 773 747 12 1

Ti/Ir 17.2 21.1 18.2 20.0 20.5 20.2 19.0 17.4 18.~ 16.8 17,4 16.4 17.0 15.2 5.1

Zr/Y 7.0 5.9 6.4 5.8 '.8 6.0 6.7 7.0 6.3 5.8 6.6 5.7 5.7 3.8 8.6

Zr/Nb 20.0 19. 18.1 17.1 18.6 17.4 19.8 21.1 19.0 19.2 18,2 19.4 21.8 22.6 16.4

Y/Nb 2. 3.4 2.9 3.0 3.9 2.9 3.0 3.0 3.0 3.3 2.8 3.' 3.8 5.9 2.5

VISe 7.6 6.5 6.3 6.7 6.5 7.1 6.3 7.0 7.0 7.2 7.1 6.8

lrlSc 5.9 5.3 6.0 5.3 5.' 5.6 6.' 6.0 6.3 6.3 6.0

TiN 13.4 17.1 17.5 15.9 17.0 16.0 14.7 16.8 16.2 14.6 15.3 15,4 14.9

La 71.7 40. 88.8 44.1 63.7 51.7 68.4

Co 149 87 162 93.9 131 97.7 124
P, 15 10. 16.5 10.5 14.1 9.96 12.1

t»I 55 41. 1 57.2 40.1 52.5 35.8 42.5

5m 8.79 8.2 9.06 6.93 8.87 6.07 6.97

Eu 1 .41 1.9 2.08 1.45 2.34 1.38 1.63

Qj 6.1 1 6.3 6.07 5.78 6.67 4,17 5.38

Dv 4.07 4.' 4.19 4.61 4.32 3.23 4.17

E' 2.28 2.9 2.71 2.63 2.25 2.05 2.5

Yb 1.85 2.7 2.56 2.52 2.13 2.19 2.73



• - - - - - - - - - - - - - - - - - - - -
TABLE 3 : Wholerock XRF analvses 01 mafic lavas from Ille Western Volcanic SeQUence S of the Hentv Faull

SAMPlE l627 Y4D8 482080 31767A 482074 482071 AM49 l102 el" 196 C9" C8· B6·

Si02 49.5 51.1 62.1 52,4 52.6 52.9 53.3 54.2 55,05 56.8 66.9 57.2 61.1
Ti02 0.32 0.41 0.57 0.42 0.81 0.50 0.60 0.38 0,57 0.4 0.65 0.47 0.52
Al203 8.9 12.5 17.5 11.9 18,1 19.1 16.6 12.0 18.2 13.7 17.5 15.9 15.0
FeO· 10.50 10.00 12.50 9.44 9.53 9.21 10.10 9,10 8,50 8.82 7.78 7.95 7.23
I.t1O 0.20 0.18 0.15 0,16 0.' , 0.09 0.09 0.14 0.18 0.17 0.16 0.14 0.26
l!.ttl 16.40 11.40 6.16 10.70 4,18 4.97 9.37 9.84 5.09 6.91 5.04 6.2 3.56

= 11.90 9.48 4.53 10.30 7.38 6.45 2.92 9.20 5.19 6.55 5.99 5.73 4.49

Na20 1.35 2.02 4.28 2.46 4.85 3,32 2.50 2.92 4.36 3.23 3.99 3.41 4.70
K20 0.70 1.66 1.83 2.08 1.36 3.15 4.19 2.21 2.39 3.11 1.68 2.61 2.61

P205 0.17 0.48 0.36 0.19 1.00 0.26 0.31 0.28 0.35 0.23 0.24 0.28 0.29
LOt 3.28 4.07 3.41 2.43 3.53 2.82 4.44 2.87 4.06 2.5 4.28 3.87 3

Ni 303 130 70 132 34 73 125 1 '5 39 42 57 19
C, 819 580 85 60' 47 75 295 6'0 7' 85 '52 20
V 221 240 29' 255 305 26' 284 240 300 217 227 256
50 .9 39 33 36 30 47 '2 26 19 2' 20

l' 53 105 168 80 254 103 76 130 114 137 147
Nl 4 • 9.3 '.3 9.8 4.5 1 .5 6 9 <5 6
V 34 32 22 23 35 27 17 25 20 24 23
Sr '82 420 372 252 1025 410 185 516 372 636 696
R> 155 41 41 44 31 92 .5 45 35 34 63
Ba 382 1300 1052 1869 1352 1404 2599 1750 1740 825 1650 1500

TilZ, 36.2 23.4 20.3 31.7 19.1 29.1 30.0 26.3 28.9 20.6 21.2
lOY 1.6 3.3 7.6 3.5 7.3 3.8 4.5 5.2 5.7 5.7 6.4
lrlNb 13.3 26. 18.1 18.6 25.9 22.9 50.7 21.7 12.7 24.5
Y/Nb 8.5 8.0 2.4 5.3 3.6 6.0 11.3 4.2 2.2 3.8
VISe 4.5 6.2 8.9 8.5 8.8 6.0 5.7 11.5 11.4 10.8 12.8

loSe 1.1 2.7 5.' 7.1 3.4 1.8 5.0 8.0 6.5 7.4
Ti/V 8.7 10.2 11.6 9.9 15.9 11.4 , 2. 9.5 11.4 15. 12.4 12.2

La 112.5 51.2 94.1 54.3 63.3 40.2 60.1

Ql 209 96.1 153 99.9 117.1 79.7 124
P, 26.2 11.3 21.7 11.4 12.9 8.41 13.5

~ 103.4 42.6 78.2 43.6 47.8 33.5 50
Sm 16.8 7.-19 12.9 7.65 8.1 a 5.81 8.17

fu 4.49 1.85 3.41 1.96 1.69 1.37 2.16
Qf 13.2 6.23 8.63 6.09 6.03 4.57 5.79

I"" 7.51 4.01 6.36 3.84 4.41 3.Bl 4.33
E, 3,67 2,38 3.34 2.15 2.7 2.69 2.67
Vb 2.87 1.92 2.65 1.78 2.14 2.21 2.16

•
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Wholerock XRF analYSes 01 mafic lavas trom the Western Volcanic Seauence from N at the Hen Faull to Hel orTABLE 4:

Me1B 33.. 181 HLSSE BBP253 HL55A MAC10A lPD11c 334162 MR437 Z72S1 Z7252SAMPLE

Si02 48.1 48.3 51.1 51.8 53.6 54 55 55.6 56.2 52.9 56,1
Ti02 0.5 0.82 0,48 0.89 0.65 0.86 0.68 0.77 0.60 0.52 0,49
AI203 18.0 13.6 14.2 12.5 12.9 12.8 t 5.7 18.6 13.1 13.6 12.3
FeO' 11.29 9A! 9.11 9.94 9.06 8.60 11.10 10.50 9.02 8.51 7.28
IkD 0.28 O.H 0.19 0.16 0.15 0.27 0.15 0.23 0.18 0.14 0.14

M<P 8.95 11.20 11.47 8.39 9.87 8.53 10.50 4.60 8.20 15.22 11.50
CaD 8.12 8.54 10.76 10.10 9.04 9.94 4.08 3.08 7.96 6.5 9.11
Na20 2.80 1.1 1.5 1. 12 2.90 2.11 1.34 4.12 3.06 1.53 2.34
K20 , .39 2.97 0.95 4.07 1.59 2.05 1.33 1.93 1.31 0.99 0.65
P205 0.55 004 0.17 0.98 0.31 o.ao 0.19 0.57 0.41 0.12 0.15
LeA 3.63 3.2 6.28 1.88 3.69 7.3 5.22 . 3,99 2.64 5.37 4.58

Ni 45 113 17 87 380 337
C, 181 868 5 370 1133 '084
V 267 303 302 282 223 201
50 37 31 32 28 29
Z, 142 195 71 295 160 363 97 187 13' 75 74
~ 10.4 13.1 5.3 14 10.3 13.1 7.4 11 8.3 504 5.6
Y 30 32 18 37 26 34 35 32 21 I. 18
5' 796 404 341 881 576 403 209 595 612 183 272
Ib 34 50 22 111 28 56 54 46 24 27 22
Ba 2500 400 3407 , 114 1337 1059

Tl/Zr 24.9 25.2 40.5 18.1 24.4 14.2 24.7 27.5 41.6 39.7
Zr/V 4.7 6. , 3.9 8.0 6.2 10.7 5.8 6.2 4.7 4.1
Z,JNb 13.7 14.9 13.4 21.1 15.5 27.7 17.0 15.8 13.9 13.2
YIN. 2.9 2.4 3.4 2.6 2.5 2.6 2.9 2.5 3.0 3.2
VISe 7.2 9.7 8.8 8.0 6.9
ZrlSc 8.0 6.0 4.1 2.7 2.6
lilV 20.0 13.5 15.3 12.8 14.0 14.6

11l 58.6 29.9 93.5 50.5 21.3
CO 137 64.4 193.8 105 42.1
Pr 15.6 7.27 21.4 11 .7 4.71
Itl 59.3 28.8 84.1 44.5 18.2
Sm 10.5 5.3 15.1 7.33 3.49
W 2.59 1.21 3.8 1.06 1.02
G! 7.18 4.35 10.7 5.59 3.17
Ov 5.7 4.1 6.93 3,94 2.77
Er 3 2.56 3.32 1.97 1.77
Vb 2.03 2.29 2.93 1.62 1.67

•
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TABLE 5: Wholerock XRF analyses 01 lavas from the Que·Hellyer Footwall S8QUenC8
SAMPLE 697'7 OR100,A 502650 72504 72506 72507 71917 69866

csm CSRJ =Si02 61 63. 63.9 51.8 60 57.9 70.' 70.7
TI02 0.72 0.61 0.58 0.72 0.72 0.75 0.35 0.41
AI203 17,9 1SA 15.3 19.2 16.4 16.6 16.3 14.3
FeO' 9.54 7.41 8.04 9.20 8.05 7.9 3.44 5.26
t.tO 0.11 0.12 0.12 0.19 0.16 O.H 0.10 0.16

It.tIC 2.18 3.0 3.88 6.44 4.70 4.66 1.39 1.27
CIO 2.05 3.53 3.24 6.08 5.00 5.28 2.49 1.78
Na20 4.19 4.49 3.49 5.20 3.58 1.89 2.97 3.59
K20 2.23 1.9 1.l! 0.23 0.8e 3.92 2.~ 2.30
P205 0.17 0.1 0.16 0.1 0.16 0.16 0.1 0.11
La 4.48 3.71 5.25 4.88 4.38 3.85 3.37 . 5.21

NI 26
Cr 57 153 139 124 94 16
Y 96 228 246 207 234 40 33
5c 33
Zr 187 '39 '08 149 146 143 177 179
~ 9.5 10.4 7.3 1D. 9.6
Y 39 29 24 28 28 29 30 30
5r 3'8 308 174 792 557 15 '33
Ib 72 57 34 , 21 73 82
Ba 1137 701 '826 1012

Ti/Zr 23.1 26,3 32.2 29.0 29. 31.4 11.9 13.7
Zr/Y 4.8 4.8 4.5 5.3 5.2 '.9 5.9 6.0
Zr/Nb 19.7 13.4 14,8 16.9 18.6
YlNb 4. , 2.8 3.3 2.9 3.'
VISe 6.9
ZrlSc 3.3
TlIY 45.0 15.3 17. 20.9 19.2 52.5 74.5

La 57 23.1
ce 'O( 49.7 '25
Pr '0.6 5.51
~ 39.8 21.4 44.8
5m 7.53 3.3 7.2'9
fiJ 1.7 0.54 , 56
Qj 6.7 3.4 5.58
Dv 6.25 3.5 4.45
Er 3.64 ~."9 2 .78
Vb 3.27 2.2 2.84

•



TABLE 6: 'Wholerock XA F anBlvses 01 lavas from the MI. Read Volcanics east 01 Hellver 10 Beulah
SAMPlE Beulah Beulah GEden Beulah Beulah Beulah Beulah leY8n Go! Ouamby BeuBaril Ouamlw SmilhPlai Winlerbk BCNJRGI Wlnterbk lovalea Leven Go lovatea

271750 42803 428031 428048 334717 334716 334718 5010 5008 428025 5009 48378 427279 3.4A 427281 427253 5017 421256
Si02 52.9 53.1 53.3 55.8 57.2 57.6 58.4 58.9 60 60.2 60.9 64,8 65.6 66.3 66.5 68.1 68.3 69.0
Ti02 0.64 0.8 0.87 0.75 0.83 0.91 0.76 0.83 0.45 0.89 0.42 0.61 0.67 0.6 0.60 0.62 0.78 0.67
AI203 18.50 17.9 17.00 17.30 16.40 16.90 15.40 15.90 16.80 17.30 16.60 15.30 14.60 14.4 14.60 14.80 15.20 14.10
FeO' 9.7 9.9 7.74 8.83 9.77 10.1 9.66 9.49 6.25 7.6 6.07 7.21 5.68 4.76 5.61 5.01 4.23 5.25

"'"" 0.22 0.1 0.12 0.19 0.18 0.2 0.17 0.17 0.11 0.26 0.1 0.12 0.11 0.09 0.1 0.08 0.17 0.07
M1l 4.51 3.2 1.09 3.97 5.04 3.6 4.09 4.92 5.25 1.53 5.01 3.43 2.9 3.47 2.71 , ,79 2.26 1.26
QLl 9.45 7.31 3.06 4.82 5.67 5.52 6.61 3.43 4.19 5.04 4.47 3.04 3.15 3.36 2.29 1.54 1.01 0.99
Na20 3.12 5.71 3.72 5.79 2.72 2.98 2.68 2.79 4.96 3.96 4.59 2.97 4.65 2.52 4.84 3.42 5.28 3.80
K20 0.73 1.47 2.74 2.2 2.14 1.96 2.12 3.36 1.87 2.87 1.81 2.31 2.51 4.37 2.61 4.47 2.65 4.64
P205 0.23 0.3 0.39 0.27 0.14 0.22 0.16 0.19 0.11 0.39 0.12 0.12 0.16 0.19 0.13 0.15 0.17 0.29
La 3.66 2.66 4.87 2.48 3.18 3.57 3.47 3.33 2.81 6.97 2.79 2.79 1.79 2.17 1.65 3.03 1.9 2.15

Ni 47 32 6 31 19 16 18 28 101 4 95 8 7 53 6 8 4 2
C, 124 68 3 75 109 107 102 128 208 7 198 31 27 158 21 24 1 3
V 210 254 95 196 215 216 278 202 99 79 103 139 123 105 142 95 138 34
50 21 29 14 23 36 3 35 29 20 15 20 23 24 17 17 11 22 13
Zr 117 92 171 138 137 19 118 155 125 172 122 191 190 255 194 219 167 179
~ 11 8.3 15.1 11 ,6 11.2 16.2 8.7 14 8.2 145 7.7 11 10.5 16.7 10.8 15.6 16 12.3
Y 31 29 29 28 27 3 26 32 18 33 17 35 29 43 31 32 42 36
8r 535 259 146 289 304 215 256 231 132 165 131 378 470 285 423 150 161 194
Ib 22 38 112 61 133 113 97 91 56 116 54 64 53 197 56 181 38 104
Sa 312 390 705 1059 931 455 612 1105 365 700 353 754 1408 1124 1160 1404 859 1810

Ti/Zr 32.8 56.7 30.5 32.6 36.3 27.8 38.6 32.1 21.6 31.0 20.6 19.1 21.1 14.1 18.5 17.0 28.0 22.4
lr/Y 3.8 3.2 5.9 4.9 5.1 5.4 4.5 4.8 6.9 5.2 7.2 5.5 6.6 5.9 6.3 6.8 4.0 5.0
lr/Nb 10.6 11. 1 11.3 11.9 12.2 12.1 13.6 11.1 15.2 1.2 15.8 17.4 18,1 15.3 18.0 14.0 10.4 14.6
YlNb 2.8 3.5 1.9 2.4 2.4 2.2 3.0 2.3 2.2 0.2 2.2 3.2 2.8 2.6 2.9 2.1 2.6 2.9
VISe 10. 8.8 6.8 8.5 6. 7.2 7.9 7.0 5.0 5.3 5.2 6.0 5.1 6.2 8.4 8.6 6.3 2.6
lrtSe 5.6 3.2 12.2 6.0 3.8 65 3.4 5.3 6.3 11. 6.1 8.3 7.9 15.0 11.4 19.9 7.6 13.8
TilV 18.3 20.5 54.9 22.9 23.1 25.3 16.4 24.6 27.3 67.5 24.4 26.3 32.7 34.3 25.3 39.1 33.9 118.1

La 31.5 41.6
Ce 65.6 85.6
Pr • 7.68 9.81
~ 29 37.1
8m 5.87 6.32
W 1.21 1.34
Ql 5.35 5.75
Dv 5.66 5.72
Er 3.48 3.87
Yb 3.43 3.3

.
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TABLE 6 continuedl:
SAMPLE Wbrook Minnow Union Trac

.27280 334720 Col 1
Si02 72.6 77.' 77,4

n02 0.35 0.21 0.19

AI203 13.30 12.10 12,2
FeO· 2,67 3 2,58

t.Wl 0.05 0.08 0.07
MoO 0,83 0.59 0.26
QjJ 2.59 0.14 0.18

Na20 4.41 ',3 3,17
K20 3,2 2,1 3,87
P205 0.05 0.01 0,03
LOI 2,8 1.0 1.22

N; 3 3
Cr 10-
V 69 8 •
5e 10 6 8
Z, 148 218 195
/b 12.9 15. 15
Y 27 39 61
5, 185 8 347
fb 94 48 47
Ba 986 612 1881

Ti/Zr 14.2 5.8 5,8
lrtY 5,5 5,6 3,2
lrlNb 11.5 14,1 13.0
Y/Nb 2,1 2.5 4.1

VISe 6,9 1.3 0.5
ZrlSe 14.8 36, 24.4
TiN 30.4 157.4 284.8

La
Ce
Pr
N;

Sm
&J
Qj

Dv
Er
Vb

- - - - -

•
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T~BLE 7: Wholerock XRF analYses of lavas from the Noddv Creek. bell S of Macouarie Harbour

5~MPLE 452A 925 462 385A 123 385 52 977 47 ) 58 85 413 , 50 55 98

Si02 51.8 52.9 55.2 55.9 57.2 58.1 58.2 59.4 60.1 60.7 62.1 62.2 63.2 63.4 64 64.2

Ti02 0.59 0.56 0.55 0.61 0.67 0.61 0.57 0.48 0.68 0.62 0.66 0.66 0.72 0.55 0.54 0.53

AI203 13.9 14.4 15.5 14,9 16,4 16.4 14.6 14.1 14.7 14.9 16.6 16.9 16.5 15.6 15.8 16.2

FeO· 10 10.3 9.06 10 9.03 9.14 9.44 7.35 9.72 7.44 6.5 6.2 6.41 8.03 5.78 5.18

f*O 0.28 0.18 0.21 0.07 0.13 0.12 0.27 0.08 O. , 0.1 0.08 0.11 0.11 0.07 0.06 0.07,..... 8.9 9.78 5.05 6.06 3.5 5.1 7.27 6.27 3.27 3.3 2.45 2.1 1.94 2.71 1.9 1.97

QD 9.24 6.01 7.58 5.97 5.13 5.4' 3.66 4.26 3.73 7.91 4.86 5.54 3.89 1.89 4.47 4.67

Na20 2.64 4.58 4.93 2.79 3.21 3.36 3.11 6.67 5.53 2.37 3.21 2.94 2.87 3.6 3.38 3.35

K20 2.56 1.24 1.72 2.26 4.45 , .59 2.56 1.33 1.99 2.59 3.43 3.15 4.16 4.04 3.9 3,48

P205 0.1 0.08 0.11 0.11 0.24 0.16 0.14 0.07 0.14 0.13 0.15 0.16 0.17 0.12 0.16 0.13

LOf 2.37 3.71 1.15 1.45 2.1 2.96 3.27 1.73 1.33 2.93 1.7 2.44 1.6 2.56 1.49 1.6

N; 198 291 91 81 26 61 112 38 '6 11 11 13 16 10 9

Cr 342 638 70 213 82 250 134 151 116 29 30 20 39 19 18

V 211 196 225 185 195 218 182 186 182 152 132 135 169 125 130

Sc 32 28 25 29 24 33 30 28 29 '9 '8 15 20 16 , 5

Zr 55 81 74 145 145 107 199 164 228 161 204 199

I'll 3.2 3.4 4.1 7.3 8 7 14 13 13 8 13 14

Y 18 21 20 28 26 24 34 28 38 37 29 29

Sr 262 177 350 271 200 243 292 247 371 123 281 285

Ib 101 15 104 116 76 61 135 117 148 '36 161 148

Ba 919 3'0 403 288 10' 1032 22 695 702 667 793 927 B39 721 692

Ti/Z, 64.3 41.4 44.6 25.2 23.6 38.1 19.9 21.5 18.9 20.5 '5.9 16.0

Z,fV 3. , 3.9 3.7 5.2 5.6 4.5 5.9 6.6 6.0 4.4 7.0 6.9

ZrlNb 17.2 23. 18.0 19.9 18.1 15.3 14.2 14.2 17.5 20.1 15.7 14.2

YINb 5.6 6.2 4.9 3.8 3.3 3.4 2.4 2.2 2.9 4.6 2.2 2.1

VISe 6.6 7.0 9.0 6.4 8.1 EL6 6.1 6.6 6.3 B.O 7.3 9.0 8.5 7.8 8.7

ZOSe 1.7 2.9 3.0 5.0 4.4 3.8 10.5 10.2 15.2 8. , 12.8 , 3.3

TilV 16.8 17.1 14.7 19.8 20.6 15.7 15.B 21.9 20.4 2B.O 30.0 32.0 19.5 25.9 24.4

La 22.7 21.6 25.4 27.3 55.3 44.9

Co 49.9 43.3 57.1 57.8 113.4 97.2

P, 5.71 5.14 6.26 6.56 11.6 10.1

f'Ol 22.6 20.1 24.7 26 42.3 37.1

5m 4.42 3.93 4.87 4.86 7.31 7.08

fIJ 1.15 1.09 1.27 1.1 1.36 1.59

QI 3.86 3.82 4.14 4.34 5.95 5.27

0> 3.24 3.76 4.43 4.18 5.5 4.75

f, 2.07 2.37 2.94 2.68 3.5"1 3.09

Vb 1.88 2.27 2.47 2.18 3.26 2.8e



- - - - - - - - - - .. - - - - - - - - - -
TABLE 8: Wholerock anal\lses 01 lavas Iram Miner! Rid e
SAMPlE W64' LE196' Cl' C2' LE18T

Si02 48.7 47.9 49.7 51.8 48.8
Ti02 0.71 0.40 0.51 0.51 0.51
AI203 15.3 16.B 15.7 15.1 13.4
FeO' t 1.4 9.5 8.98 13.3 8.84
t.t"O 0.2 0.18 0.19 0.19 0.20
I>ffi 12.7 10.3 11.1 9.36 17.4

00 6.28 10.91 9.04 4.11 7.37
Na20 3.07 3.26 3.53 4.32 2.48
K20 1.56 0.34 0.88 1.24 0.58
P205 0.06 0.08 0.03 0.09 0.08
LOI 4.3 3.8 4.45 3.16 5.25

NI '77 '60 182 62 263
Cr 365 470 376 25 3680
V 254 290 253 277 232
se 78 43 33 58 39
Z, 27 19 22 25
f'l> <3 < 4.8
Y 12 18 20 14
Br '50 356 72 46
Ib 41 36 36 37
Ba 730 170 237 430 337

Ti/Zr 88. 160.9 139.0 122.3
Zr/Y 2.3 1.1 1.1 1.8
ZrJNb 4.6
YINb •.2
VISe 3.3 6.7 7.7 4.8 5.9
ZOSe 0.6 0.6 0.4 0.6
Ti/Y 16.8 8.3 12.1 11.0 13.2

La 1.54 0.6 1.85
Ce 4.2 1.99 3.54
P, 0.7 0.42 0.58
~ 3.83 1.95 3.3
5m 1.39 0.84 1.66
6J 0.35 0.53 0.5
Ql 2.76 1.87 2.02
~ 3.71 2.9] 3.11
Er 2.45 2.5 2.59
Vb 2.21 2.43 2.52



- - - - - - - - - - - - - - - - - - - - -
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TABLE 9: Whoterock analvses of the Mount Read Volcanics from Mount CatUfl' Drillholes MCPD 2 and 3 I I I
Univ. 01 Tasmania < ••••.••••••••••.•••. MIla ••• -- •••••••.••• _ ••• >

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

SAMPlE CaUlev 0 Ca""'" 0 Callie" 0 CaIU.... 0 CaWay 0 GaIUay 0 Call1ey 0 CaUlev D Cattl.. 0 2 2 2 3 3 3

2·111 2"04.4 2~86.1 2-93.9 2-117.1 3-W4.3 :)-103.0 3-126.0 3·129,7 3·122.4 63-84 105·106 101.7 106·107 , , 0-111 126-127

sm 55.81 58.1 60.3 60.6 61.3 62 68.3 68.3 1>8.9 72.5 62.7 54.4 55.5 62. 72.7 66.4

TI02 0.85 0.83 0.80 0.75 0.7 0.67 0.59 0.62 0.59 0.53 0.82 0.71 0.83 0.64 0.57 0.6

AI203 17.5 17.'1 17.7 15,7 16. 18.0 15.4 16.1 14.9 14.2 17.2 14.6 17.2 17.5 14.4 16.4

FeO· S.54 8.43 8.04 6.38 6.6 o 6.67 5.39 5.72 6.32 3.11 8.76 7.Se 8.78 5.95 3.17 7.28

M-O 0.12 0.10 0.09 0.19 0.18 0.07 0.05 0.08 0.07 0.04 0.22 0.11 0.13 0.06 0.03 0.06

,t.tlO 5.88 5.33 5.16 4.04 4.52 3.96 2.96 2.25 246 0.75 7.25 4.9'1 5.6 3.57 1,11 2.79

caD 3.95 3.62 1.30 6.10 3.97 1.57 0.92 0.38 0.68 1.26 0.94 11.70 5.14 1.13 1.10 0.26

~ 2.22 4.1 3.8 3.91 4.21 2.72 2.05 4.3 3.89 4.44 1.51 2.75 2.79 3.33 3.61 3.44

K20 2.17 1.91 2.56 2.11 2.23 4.21 4.15 2.01 1.96 2.99 0.51 1,96 2.70 3.57 3.13 2.70

P205 0,21 0.19 0.20 0.18 0.16 0.19 0.17 0.19 0.18 0.18 0.12 0.03 0.12 0.16 0.15 0.15

lOl 6.92 6.13 4.5 7.13 6.5' 4.35 3.23 3.1 2.94 2.14 10.3 10.8 7.4 4.21 2.68 3.22

N; 6 11 10 6 10 9 16 7 7 33 3 2 4 3 13

Cr 46 59 62 53 53 109 60 102 157 266 43 44 36 6 36

V 212 173 174 181 96 76 71 61 81 115 45 60 11 32 11

Sc 33 26 30 30 20 17 , 7 , 9
Zr 127 120 113 113 195 172 165 172 159 115 89 107 169 152 164

N:> 10.8 1 1.0 6.5 9.2 13.2 11.5 12.7 12.3 11.5 9.2 6.9 6.6 12.6 10.5 12.7

Y 23 26 2 25 33 29 32 30 3D 26 32 31 4 36 38

Sr 164 162 179 207 108 101 94 110 127 78 394 147 136 137 80

fb 78 8 7 76 141 116 62 75 73 5 51 66 110 67 84

Ba ,033 1259 1328 1410 1595 1990 1375 961 1770 299 601 1041 1071 1720 2005

TIIZr 39. 40.0 39.8 39.6 20.6 20.6 20.1 20.6 20. 42.7 47.8 46.5 20.3 22.5 21.9

ZrJY 5.52 4.60 4.35 4.52 5.90 5.93 5.76 5.73 5.30 4.42 2.78 3.45 4.73 4.00 4.32

ZrJNb 11.76 10.90 13.29 12.26 14,80 14.96 14.57 13.98 13.8 12.50 12.90 16.21 15.00 14.48 12,91

Y/Nb 2.13 2.40 3.06 2.7 2.50 2.52 2.52 2.44 2.61 2.63 4.64 4.70 3.17 3.62 2.99

VISe 6.42 6.20 5.80 6.0 4.80 4.47 4.18 5.40 9.00
ZOSe 3.85 4.3 3.77 3.77 9.80 10.12 10.66 11.47 17.67
Ba/Sr 6.30 7.77 7.42 6.81 14.80 19.70 14.63 8.92 13.94 3.83 2.03 7.08 7.88 12.55 25.06
TifV 23.5 27. 25.8 24,8 41.8 46.5 52.4 43,7 39.2 42.7 92.5 62.9 348.8 106.8 327.0

La 26.7 22.4 17 54,4 45,8 36.3
Ql 64.6 50.2 39.3 116 95.2 80.5
Pr 7.16 5.74 4.67 13.1 11 9.4'
~ 26.3 23.1 19. 47.9 40.1 34.
5m 4.6 4.62 4.2 8.55 6.77 6.36
fiJ 1.58 1.11 1.2 2.13 1,49 1.45
Ql 4.01 4.41 4.27 6.75 5.03 5.02
Dy 3.6 4.6 4.03 6.2 4.85 4.9

Er 2.7 3.0 2.51 3.84 3.42 3.46
Vb 2,13 2.79 2.35 3.41 3.3 3.59



DRILLHOLE MCPD 1

606100

HAND SPECIMEN:

These are highly weathered polymict lithic tUff-breccias or

epiclastics in which dark angular fragments of feldspar-phyric dacite or

rhyolite to 2cm long are most obvious; sample 128.9 contains a large light

coloured rhyolite clast at least 6 em across that contains quartz and

altered feldspar phenocrysts. Other components identifiable in hand

specimen inclUde abundant cystals of quartz, and detrital feldspar now

altered to white clayey material, and small lithic fragments of tuff(?) or

shale.

THIN SECTION:

The highly weathered nature of these samples is immediately obvious

in thin section, being defined by abundant irregular trains and

localizations of rusty red-brown limonite and masses of clay-sericite

intergrowths, especially in sample 127.7. Volcanic quartz phenocrysts are

abundant in this sample, and are generally less than O.5mm across. They

are typically subhedral or angular crystal fragments, but resorbed

subhedra are also not uncommon. They occur both as obvious detrital

grains, and as phenocrysts in highly altered rhyolitic lava/vitric tuff

•

SAMPLE NUMBER: MCPD 1, 127.7 and 128.9m

SUMMARY:

These are virtually identical highly altered and weathered

rhyolitic vitric crystal tuff-breccias with occasional large

lithic fragments of vitric dacite and rhyolite lava, and quite

common pumice fragments.
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606101

fragments. Former feldspar phenocrysts, again occurring as both

phenocrysts in lava/tuff or as detrital crystals, are totally replaced by

sericite-clay alteration. Similar alteration of the secondary feldspar­

rich matrixlgroundmass has resulted in even the former outlines of the

feldspar crystals being obliterated.

A component of these samples not at all ~bvious in hand specimen, but

not uncommon in thin section, is flattened pumice fragments. These are

generally less than 1mm long, and are highly altered to sericite-dominated

very fine-grained assemblages. Several slightlyrounded, very dark and

fine-grained lithic fragments contain altered plagioclase microlites in a

groundmass filled with Fe-oxide dust, and may have been vitric andesites,

whereas the few large lithic fragments (especially the very large

fragment in 128.9) are highly plagioclase-phyric dacitic and rhyolitic lava

fragments which contain subordinate resorbed quartz phenocrysts.

These samples are entirely volcanogenic and contain no detrital

component from the Precambrian metamorphics. They are polymict in that

they contain material from several different volcanic sources

(lithologies); the dominant component in the rock is highly altered

rhyolitic vitric crystal tuff and pumice fragments, and phenocrysts and

crystal fragments from the same source.
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SAMPLE NUMBER: MCPD 1, 135.5m

SUMMARY:

This is a quartz-rich micaceaous greywacke with pelitic

metamorphic rock fragments and common detrital tourmaline

and zircon; it has no volcanic component, and is entirely derived

from a local Precambrian pelitic metamorphic terrain.

HAND SPECIMEN:

This sample is representative of the thick sequence of greywackes

present in the bottom of the hole. It is a light to medium grey, uniform

textured and fine-medium grained massive greywacke.

THIN SECTION:

In thin section, this sample is seen to be a quartz-rich micaceous

greywacke. Quartz grains are notably angular and rarely reach O.5mm

across. They are frequently polycrystalline, and such grains have

intimately sutured grain boundaries and uneven extinction, typical of

quartz from pelitic metamorphic terrains. Lithic fragments up to 1mm

long include quartzite, quartz-muscovite schist and some very fine­

grained cherty fragments. Detrital muscovite flakes O.2-0Amm long are

abundant, and chloritized biotite flakes with tiny opaques along cleavage

traces are also quite common. Matrix is chloritic and makes up only about

5-10 modal% of the sample. The dominant accessory minerals are green

pleochroic tourmaline and subordinate zircon.

This sample has no obvious volcanic component. It is derived totally

from the Precambrian pelitic metamorphics, and is strikingly similar to

the Animal Creek Greywacke at the base of the Que andesites, and the

Miners Ridge Sanstone at the base of the Lynchford sequence.
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DRILLHOLE MCPD 2 6 0 6 1 0 3
.J.- ..... '·,cJ

SAMPLE NUMBERS: MCPD 2, 86.1m, 93.9m, 98.4m, 104.4. 106.7m,

117.1m

LOCATION: PANCON-OUTOKUMPU Mount Cattley EL MCPD 2

SUMMARY:

These six samples, selected to be entirely representative of

the Mount Read lava interval in MCPD 2 are all slightly vesicular

aphyric meta-andesites with rare plagioclase microphenocrysts

and a trachytic (pilotaxitic) orientation of groundmass

plagioclase. They all show quite intense sericite and calcite

alteration, far more than is typically seen in regionally

metamorphosed Mount Read meta-andesites. They are quite

similar to lavas hosting the Beulah barite, but unlike the

Que-Hellyer basalts and andesites. Petrographically similar

aphyric andesites are known, however, from the Lower Basalt in

the Hellyer· Mt. Charter area.

HAND SPECIMEN:

Slightly vesicular, aphyric medium grey basic to intermediate

metavolcanics with vesicles to 1cm (although mainly <:1 mm) filled by

chlorite and calcite. Calcite veining has broken small areas of the core

into jigsaw-fit 'breccia'; calcite veins are generally around 1mm wide, but

some larger patches are almost 1cm across.

THIN SECTION:

In thin section, these rocks are seen to be a very uniform textured

aphyric and vesicular intermediate volcanics carrying sparse plagioclase

•
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microphenocrysts in a plagioclase-rich intersertal- to pilotaxitic-

textured groundmass. Plagioclase microphenocrysts are less than O.3mm

across and, like the abundant stout plagioclase prisms dominating the

groundmass, they are almost completely altered to very fine-grained

sericite and minor calcite. Occasional crystals have preserved areas of

albite, indicating a phase of albitization of primary calcic plagioclase

before sericitization and carbonation. Very small augite plates

interstitial to groundmass plagioclase laths has been completely altered

to calcite and very fine-grained albite-quartz mosaics. Groundmass

(formerly glassy) mesostasis has also altered to a very fine-grained

intergrowth of quartz, albite and pale green chlorite dotted with clots of

tiny FeTi oxide grains and occasional larger grains of the same.

Vesicles constitute less than 3 modal% of this rock and are circular to

ovoid in section and undeformed. They are filled with either

multicrystalline calcite aggregates, or rosettes of pale green chlorite

with unusual grey-blue interference colours; chlorite-filled vesicles are

frequently lined by a thin layer of secondary quartz and calcite-filled

vesicles are frequently lined by sericite. Narrow «O.5mm) meandering

fractures and larger gashes are filled by calcite.

These aphyric lavas, with original abundant plagioclase but sparse

mafics were probably andesitic in composition. They are unusual

compared to the Que-Hellyer andesites, which are generally more

crystal-rich. Similar aphyric andesites occur around the Beulah barite

deposit, where they are also pervasively carbonated. The abundant

carbonate and sericite alteration in the MCPD 2 andesites is, in my

opinion, more intense than normally associated with regional burial

metamorphism as seen in the Mount Read Volcanics, and may have a

hydrothermal source.
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DRILLHOLE MCPD 3 GROUP 1 (4 samples)

SAMPLE NUMBERS: 103.0,104.3,126.0 and 128.7

LOCATION: PANCON-OUTOKUMPU Mount CaUley EL MCPD 3

•

SUMMARY:

These lavas are porphyritic andesites with abundant

plagioclase phenocrysts, minor augite phenocrysts, and

occasional quite large phenocrysts and microphenocrysts of

apatite and FeTi oxide in a devitrified and recrystallized glassy

groundmass. They are petrographically unlike the andesites in

MCPD 2, but are similar to the Que-Hellyer Footwall andesites

and andesites from the Beulah area. Metamorphic mineral

assemblages are typical of regional low-grade burial

metamorphism, and hydrothermal alteration is insignificant.

HAND SPECIMEN:

These are medium grey, fine- to medium-grained intermediate meta­

volcanic rocks with sparse calcite-filled vesicles and fractures, and

relatively abundant phenocrysts «1 mm long) of altered feldspar and a

chloritized mafic phase. They show highly variable degrees of

autobrecciation ranging from highly autobrecciated (128.7m) to more

massive (104.3).
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THIN SECTION:

All these lavas are relatively highly porphyritic, with former

phenocrysts of plagioclase, augite, and FeTi oxide in a quenched

groundmass which was largely glassy. Plagioclase phenocrysts are

euhedral elongate to blocky prisms mainly less than 0.5mm long, and they

constitute around 15-20 modal% of these samples. They are all albitized

formerly more calcic plagioclase, but most are now more than 70% altered

to sericite and subordinate chlorite. Plagioclase phenocrysts often occur

gathered together and with occasional former augite phenocrysts in

glomeroporphyritic gabbroic clots. Former maficphenocrysts now altered

to pale green chlorite and quartz are far less abundant than plagioclase

phenocrysts (probably only 0.5-1 modal%) and rarely reach 0.5mm length.

They have shapes suggestive of augite precursors, and like augite

phenocrysts in many modern arc andesites, these frequently contain small

FeTi oxide microphenocryst inclusions.

A distinctive feature of these rocks is the abundance (-2·3 modal%)

and relatively large size of the FeTi oxide phenocrysts. These are often

around 0.5 - 0.75mm long and are well-formed to somewhat skeletal

octahedra showing some tendency to leucoxene alteration (although

without a polished section the extent of leucoxene alteration cannot be

assessed).

A second notable feature of these lavas is the relatively abundant,

quite large (up to 1mm long) apatite microphenocrysts and (more sparse)

phenocrysts. These are generally pencil-shaped hexagonal prisms with a

well-developed cleavage or parting perpendicular to the c-axis.

The groundmasses of these lavas were undoubtedly glassy. In

autobrecciated sample 128.7, the groundmass preserves beautiful perlitic

cracks, yet is now composed of a fine-grained intergrowth of quartz,

albite and pale green chlorite. The main variation between fragments and
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inter-fragment areas in this sample is the greater proportion of chlorite

in the groundmass of the fragments. Samples 103.0 and 104.3 have

similar 'spotty' groundmasses composed of even-textured intergrowths of

quartz, albite, chlorite and minor sericite, crystallizing from devitrifying

glass which contained only a small proportion of plagioclase microlites.

Sample 126.0 has a finer-grained groundmass, still composed of secondary

quartz, albite and chlorite, but showing in this case excellent perlitic

cracks in former glass; the cracks are defined by chlorite concentrations.

Occasional larger single- or multi-crystal pools of secondary quartz have

grown in the groundmasses of both these samples.

Rounded to irregular vesicles in these lavas are filled by pale green

chlorite, but are lined by globular masses of secondary quartz. Calcite is

a minor vesicle-filling phase in 128.7, but is virtually absent in the other

two lavas. There is no sign of any significant hydrothermal alteration

overprinting the regional burial metamorphic assemblage, unlike in the

MCPD 2 lavas.

These plagioclase+augite+FeTi oXide-phyric lavas are probably

compositionally andesites to dacites. The apparent absence of

phenocrystal olivine (or its alteration products) and abundance of FeTi

oxide phenocrysts also supports a more evolved composition for these

rocks relative to the generally more primitive Hellyer basalts and basaltic

andesites. Similar lavas are known from the Beulah area, and from the

Footwall andesites in the Que-Hellyer sequence. Finally, there is no way

that the lavas sampled in MCPD 3 can be petrographic correlates of the

aphyric andesites in MCPD 2.



These lavas are porphyritic, with 10-20 modal% of plagioclase

phenocrysts, and around 1 modal% of chforitized mafic phenocrysts in a

devitrified glassy groundmass. Plagioclase phenocrysts are typically

blocky prisms to about 0.5mm long that have been totally albitized, but

are now slightly to highly sericitized. Plagioclase phenocrysts commonly

occur in glomeroporphyritic clots, both as monomineralic aggregates and

with chloritized augite in gabbroic clots. Former augite phenocrysts are

much smaller and less abundant than plagioclase phenocrysts, and are
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DRILLHOLE MCPD 3 GROUP 2 (3 samples)

SAMPLE NUMBER: MCPD 3,118.2,121.5, 122.4m

LOCATION: PANCON-OUTOKUMPU Mount CaUley EL MCPD 3

SUMMARY:

These samples are massive to flow-banded plagioclase+

augite+FeTi oxide+apatite-phyric meta-dacites with devitrified

glassy groundmasses showing snowflake textures and perlitic

cracks. The alteration assemblage is typical of low-grade

regional metamorphism, and local hydrothermal alteration of

these lavas has not occurred.

HAND SPECIMEN:

These are massive (118.2, 122.4) to flow-banded (121.5m),

pinkish-grey porphyritic dacites with calcite-filled vesicles and

phenocrysts of plagioclase and at least one altered mafic phase.

THIN SECTION:
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totally altered to chlorite and quartz. Large FeTi oxide phenocrysts are

relatively common; they are leucoxenized octahedra and resorbed skeletal

octahedra usually around O.2mm long.

As noted already for the Group 1 andesites from this hole, these

dacites contain an anomalous amount of well-former apatite

microphenocrysts, which occur as both discrete crystals and as inclusions

in gabbroic clots and plagioclase and augite phenocrysts.

The groundmasses of these samples were all formerly glassy, but they

show somewhat different textures now due to differing styles of

devitrification and recrystallization. The flow banding so obvious in much

of the core sampling this unit (units?) is totally indiscernible in thin

section, and the flow banded sample (121.5m) is indistinguishable from

many of the more massive samples. Three samples (118.2, 121.5 and

122.4m) have fine-scale snowflake devitrification textures in the

groundmass, defined by a blotchy, irregular intergrowth of secondary

quartz, albite and subordinate chlorite and sericite; cleaner pools of

secondary quartz are growing in this snowflake groundmass. The distict

pink colour of these rocks relative to the MCPD Group 1 andesites may be

due to the presence of some secondary K feldspar in the devitrifying

groundmass of the dacites, although it is virtually impossible to detect

with certainty, and in my experience, secondary albite may commonly be

pinkish. The metamorphic mineral assemblage (albite-chlorite-sericite

-Ieucoxene-quartz ± calcite is typical of low-grade burial metamorphism;

hydrothermal alteration of these lavas has been insignificant..

Vesicles make up about 3-5 modal% of theses lavas and are usually

rounded to ovoid. They are generally filled with polygonal multi­

crystalline quartz aggregates in which individual quartz crystals show

dusty inclusions defining growing crystal faces. Calcite, sericite and
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chlorite are less common vesicle fillings. Small fractures and tension

gashes are filled by polycrystalline secondary quartz and fairly coarse

calcite.

These four lavas are probably dacitic to rhyodacitic, judging by the
•

small proportion of mafic phenocrysts and the snowflake textured,
•

quartz-rich groundmasses. The abundance of large FeTi oxide and apatite

phenocrysts strongly implies a genetic link with the darker grey, more

mafic (Group 1) andesites in the same hole. I suggest that these lavas are

comagmatic with the Group 1 andesites, and were probably derived from

similar magmas by fractional crystallization.



THIN SECTION:

These samples are petrographically identical, and in thin section are

seen to be micaceous quartz-rich greywackes. Detrital fragments are

dominantly monocrystalline angular quartz grains to 0.3mm that show

uneven extinction and ragged and reacted grain boundaries. Also plentiful

are polycrystalline quartz grains with intimately sutured grain

boundaries, and pelitic quartz-muscovite schist fragments. Detrital

muscovite plates are common, and almost opaque mica-shaped plates

composed dominantly of chlorite and FeTi oxides almost certainly

represent altered biotite. A small proportion of lithic fragments are very

fine-grained quartz mosaics, which may represent chert fragments.

Strongly zoned brown and green tourmaline grains are a notable accessory.

The matrix makes up only 10-15 modal% of these greywackes and is

quite calcite-rich, and contains subequal amounts of chlorite and sericite.

Although much of the calcite appears to be replacing both areas of

formerly clayey matrix and framework grains, the abundance of calcite

suggests that there may have been a carbonate component in the original

rocks, and that all the calcite has not resulted from post-depositional

invasion by carbonate-rich fluids. There does not appear to be any
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SAMPLE NUMBER: MCPD 4, 53.2m and 105.3m

SUMMARY:

These are micaceaous quartz-rich greywackes derived

dominantly from a pelitic metamorphic source, but they contain

qUite abundant calcite in the matrix and also replacing

groundmass grains. They are very similar to the greywackes in

the bottom of MCPD 1, which in turn, are virtually identical to

the Animal Creek Greywacke.
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volcanic component in these samples, that are derived entirely from a

pelitic metamorphic source, presumably from the nearby Precambrian. The

rocks are highly reminiscent of the Animal Creek Greywacke in the

Que-Charter area, and, except fopr the abundance of carbonate in these

samples, are vitually identical to the quartz-rich micaceous greywackes

in the bottom of MCPD 1. •
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SAMPLE NUMBER: MCPD 4, 96.2m

SUMMARY:

This is a micaceous siltstone probably derived from

Precambrian pelitic metamorphics, with no clear volcanic

component. •

THIN SECTION:

This is a very fine-grained sedimentary rock, best classified as a

siltstone, in which the only identifiable detrital components are very

small «0.1 mm) angular quartz grains and small flakes of muscovite.

Bedding is not obvious in this section. The quartz grains show features

such as patchy and fan-like extinction and occasional multi-crystalline

habit which strongly suggest a metamorphic source rather than a felsic

volcanic (ie. phenocryst source).

The remainder of the rock is composed of a very fine-grained matrix of

mesh-like sericite and pale green chlorite which is overprinted by

abundant secondary calcite. Sparse very narrow anastomosing veinlets of

calcite transect the rock.

There is no obvious volcanic component in this siltstone, so I would

hesitate to add the prefix 'epiclastic' to this rock. To me, it is a more

distal and fine-grained equivalent of the greywacke described above.



THIN SECTION:

These samples are pumiceous vitric lithic tuffs dominated by

sericitized feldspar phenocrysts and flattened and sericitized pumice

fragments. The latter are up to several mm long and are composed

essentially of sericite and very fine-grained Fe oxide dust that defines the

outline and internal structure of the pumice clasts. Blocky albitized

plagioclase phenocrysts to 2mm across are abundant. but have been more

than 90% sericitized. and some appear to be set in a highly sericitized

matrix of formerly felsic glass; pale green chlorite is a common

interstitial phase. In sample 212.4m, feldspar phenocrysts are clustered

into several glomeroporphyritic clots. Small «0.2mm) grains of detrital

monocrystalline and polycrystalline quartz and muscovite flakes, more

abundant in Sample 121.6m. are clearly derived from pelitic metamorphics

rather than being of volcanic origin. Quite large leucoxenized (0.2-0.8mm)

FeT; oxide grains are not uncommon, as are prismatic apatite

microphenocrysts. These latter minerals are notable phenocrysts in the

andesites and dacites described above from MCPD 3, and are not typical of

Mount Read Volcanics in general. Some possible link between the

intermediate volcanics in MCPD 3 and these pumiceous felsic tuffs is

suggested, albeit tentatively.

Four or five dark coloured lithic fragments in rock 121.6m, up to 2mm
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• 'S"AMPLE NUMBER: MCPD 4, 121.6m, 212.4m

SUMMARY:

These are vitric crystal tuffs composed largely of totally

sericitized flattened pumice fragments and feldspar

phenocrysts, and a minor component of detrital quartz and

muscovite of Precambrian pelitic metamorphic derivation.
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across, are all slightly rounded feldspar-phyric dacite with small patchy

secondary quartz pools crystallizing from the dark rhyolitic matrix.

These rocks are very similar vitric crystal tuffs dominated by pumice

fragments and feldspar crystals, but containing a small detrital

component derived from the Precambrian metamorphics.
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SAMPLE NUMBER: MCPD 4, 240.3m

SUMMARY:

This rock is a chaotic mixture of dark disrupted micaceous

siltstone and feldspar-phyric pumice tuff and is interpreted to

have formed by violent mixing of the tuff and sediment during
•

disruption of the siltstone by a hot ash flow. It has suffered

fairly extensive calcite alteration.

THIN SECTION:

In thin section, this complex rock is seen to be composed essentially of

two major domains, although these are intermingled on an intimate scale.

The dark coloured domain is a very murky and 'dusty' micaceous siltstone

with visible detrital grains of quartz and muscovite to 0.1 mm across, and

abundant fine-grained secondary calcite in a formerly clayey (now

sericitic-chloritic) matrix. The lighter coloured domains are

coarser-grained and replaced extensively by coarse calcite. However, it is

easy to discern large blocky albitized plagioclase phenocrysts, to 1mm

long, often rounded and in polycrystalline clots. Flattened pumice

fragments containing some feldspar phenocrysts are a subordinate

component of this rock and blend imperceptibly into the siltstone in many

places. Contacts between the light and dark domains are exceptionally

irregular. Discrete rounded albitized plagioclase phenocrysts also occur

within the dark siltstone.

Based on the core in hand specimen, and on the observations above, this

unusual rock appears to be a mass flow unit generated by disruption of a

still wet (unconsolidated) siltstone by a pumiceous hot ash flow, with

consequent mixing and blending of the two fluid units on all scales.

concur completely with Wally Herrmann's diagnosis in the core log.
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SAMPLE NUMBER: MCPD 4, 294.6m

SUMMARY:

This is a fine-grained epiclastic sandstone composed of

abundant felsic volcanic detritus, including flattened pumice

clasts, abundant albitized feldspar phenocrysts and sericitized

formefly glassy dacite fragments, and a subordinate detrital

component of metamorphic quartz and muscovite probably

derived from the Precambrian.

THIN SECTION:

This rock in thin section is seen to be an epiclastic sediment made up

of three major components, feldspar phenocrysts from felsic volcanics,

detrital quartz and muscovite from pelitic metamorphics, and flattened

pumiceous and other altered glassy felsic lava fragments. Feldspar

phenocrysts are up to 1mm long, generally blocky rather than prismatic,

and often occur as two or three conjoined crystals; they are all albitized

plagioclase, but have been slightly sericitized. They contain trains of

chloritized glass inclusions parallel to crystal faces.

Small detrital grains of polycrystalline metamorphic quartz and

muscovite flakes are subordinate to the feldspar phenocrysts, but

nevertheless are an obvious component. The remainder of the rock

(perhaps 40-50 modal%) is composed of flattened and totally sericitized

pumice fragments and small «O.5mm) subrounded lithic clasts which are

mainly dark, plagioclase-phyric dacite. Secondary calcite is quite

widespread in the matrix of this rock, and also occurs as irregular pools

and veinlets.

The mixed metamorphic and local volcanic (including felsic tuffaceous

and pumiceous components) constituents of this rock suggest that it is an

epiclastic sediment or distal mass flow deposit.



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

•

606118

SAMPLE NUMBER: MCPD 4, 301m

SUMMARY:

This rock is a vitric crystal tuff composed almost

exclusively of flattened plagioclase-phyric rhyolitic pumice

fragments.

THIN SECTION:

This rock in thin section is seen to be a vitric crystal tuff composed

almost entirely of coarse, flattened pumice fragments. These felsic

pumice fragments contain abundant blocky albitized plagioclase

phenocrysts to O.5mm long which are remarkably free from sericite

alteration, but are commonly partly or wholly replaced by calcite. Pumice

clasts have totally devitrified to a very fine-grained quartz-albite mosaic

with a mesh of pale green chlorite and sericite permeating the devitrified

glass. Microphenocrysts of partially leucoxenized FeTi oxide are not

uncommon.



THIN SECTION:

These rocks are epiclastic coarse sandstones dominated by phenocrysts

and phenocryst fragments of albitized plagioclase and quartz that make up

around 50-60% of the rocks. Albitized plagioclase phenocrysts are usually

0.5 to 1.0mm long, and are frequently angular crystal fragments which

show minimal zoning. They are rarely sericitized, but occasionally

contain patchy calcite alteration.. Quartz phenocrysts are also generally

crystal fragments slightly larger than the feldspars. These usually show

scalloped margins due to reaction with the rhyolitic groundmass, while

some grains show extensive resorption and rounding. Lithic fragments

constitute about 15 modal% of this sample. They include both felsic lavas

and subordinate pelitic schists. The lava fragments are vitric to

vitrophyric dacitic to rhyolitic lavas with sparse albitized plagioclase

phenocrysts set in totally devitrified glass now composed of an extremely

fine-grained quartz-albite +minor sericite intergrowth. In sample 144m,

the vitric component has altered extensively to pale green chlorite rather

than quartz-albite-sericite as seen in 129.6m. The matrix of both rocks is
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DRILLHOLE MCPD 5

SAMPLE NUMBER: MCPD 5, 129.6m and 144m

SUMMARY:

These rocks are coarse epiclastic sandstones containing a

major vitric and plagioclase-phyric felsic volcanic component,

with a subordinate contribution from a pelitic metamorphic

source represented by quartz-muscovite schist and abundant

fine grained detrital muscovite flakes. Sample 144m contains

more extensive chloritization of vitric fragments than seen in

129.6m.
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a reworked silty ash composed of material from both felsic volcanic and

pelitic metamorphic sources; the latter source is indicated by abundant

small muscovite flakes. Patchy calcite alteration of the matrix is

commonly associated with localized concentrations of tiny pyrite

euhedra.
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SAMPLE NUMBER: MCPD 5, 159.6m

SUMMARY:

This sample was an aphyric, non-vesicular vitrophyric

rhyolite or rhyodacite shallow intrusive composed of

plagioclase microlites (now sericitized) in a glassy matrix; the

latter has devitrified to a quartz-albite-sericite-chlorite

intergrowth which has been fairly extensively altered to

calcite.

THIN SECTION:

This rock in thin section is seen to be a non-vesicular, massive aphyric

rhyolitic or dacitic lava. It is composed of a homogeneous intergrowth of

randomly-orientated, elongate plagioclase microlites to 0.1 mm long in a

devitrified glassy matrix which is dominated by an extremely fine-

grained intergrowth of sericite, albite, abundant quartz and minor

chlorite, extensively pervaded by patchy calcite alteration. The former

plagioclase microlites are totally replaced by sericite; this, and the

abundant calcite and sericite alteration of the former glassy groundmass

gives this rock a very murky appearance in thin section. Abundant

coarser-grained (to OAmm) patches of secondary quartz are growing from

the devitrified glass, and secondary quartz also fills common small

tension gashes and cracks. Small mainly euhedral grains of former FeTi

oxide are highly altered, and often show a rim of Fe(Ti?) oxide and a

chlorite-filled core.

I have little doubt that this sample was a very shallow intrusive dyke

or sill of rhyolite or rhyodacite. The aphyric nature of the sample is

unusual.
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SAMPLE NUMBER: MCPD 5, 183.2m

SUMMARY:

This sample is a chert traversed by innumerable very fine

brittle fracture planes which have been sealed by calcite; the

latter also occurs as tiny spots throughout the rock. The

ultimate origin of the rock (chemical chert precipitate?.

silicified rhyolitic vitric ash?.) is impossible to determine

from thin section examination.

THIN SECTION:

This sample is very difficult to diagnose, even in thin section. It is

essentially an exceptionally fine-grained and irresolvable quartz­

dominated, homogeneous cherty rock traversed by very narrow veinlets of

calcite along brittle fractures; spots of calcite rarely larger than O.3mm

diameter also occur abundantly throughout the rock. No detrital grains are

discernible, and the few sericite flakes big enough to be identified in the

rock are probably recrystallized. Diffuse small clots and trains of

ragged-edged Fe oxide-hyroxide mixtures are also not uncommon, but do

not appear to be replacing pyrite.

In hand specimen and in thin section this rock might best be called a

chert. Although this sample lacks any sign of bedding, Wally Herrmann

notes in his core log that this distinctive unit is banded pink and grey on a

millimetre to centimeter scale from 186.5 to 190.6m. Unfortunately, this

banded interval was not sampled for thin section work. It may represent

either a thoroughly silicified former rhyolitic vitric silty ash, or as is

more likely, a chert.

\ .
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SAMPLE NUMBER: MCPD 5, 231 and 239.9m

SUMMARY:

Thess samples are cherts essentially identical to sample

183.2 above. The only differences are that there are sparse
•

detrital albite grains in 239.9m, and also, the calcite spotting

in this sample consists of discrete well-crystallized prisms of

calcite rather than the murky blotches present in 183.2m

throughout the rock. As for 183.2m, the origin of these rocks

(chemical chert precipitate?. silicified rhyolitic vitric ash?.)

is impossible to determine from thin section examination.

THIN SECTION:

These samples are identical to 183.2m in every respect except that:

1. they have abundant well-crystallized calcite prisms spotting the rock,

rather than dirty irregular blotches as in 183.2m, and

2. they both contain a number of small apparently detrital albite grains.

The latter's presence in this rock does not help in choosing whether this

cherty sequence represents true chert, or silicified vitric ash of rhyolitic

composition; rare grains of detrital albite might be expected in either

case. Sample 239.9 contains scattered but quite common very small

pyrite euhedra.
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SAMPLE NUMBER: MCPD 5, 196.6m

SUMMARY:

This sample is a black shale

•
THIN SECTION:

This sample is very dark grey to black silty shale abutting cherty

material identical to the samples 183.2, 231 and 239.9m described above.

The nature of the contact between the two units is obscured by calcite

alteration. Bedding in the shale has been disrupted, and abundant large,

fractured pyrite cubes occur as discrete crystals and veins up to at least

7mm wide. Fairly fine-grained polycrystalline calcite occurs intergrown

with the pyrite, and both calcite and quartz have grown in beautifully

formed pressure fringes on opposite sides of many pyrite crystals.

Irregular patches of honey coloured, very weakly-pleochroic sphalerite and

minor intergrown calcite occur scattered throughout the shale hosting the

pyrite veins.

In reflected light. the pyrite grains are monomineralic and free of

other sulphide inclusions. They are transected by discontinuous narrow

vein lets of chalcopyrite and Fe-rich sphalerite, and these phases also

form subhedral overgrowths on the margins of pyrite cubes extending into

and growing together with deformed calcite in the pressure fringes around

pyrite. Sphalerite patches outside the main pyrite vein are speckled by

extremely fine-grained chalcopyrite and larger irregular areas of the same

mineral, and they also contain occasional small areas of galena.

The sulphide paragenesis in this sample appears to have been the

following: diagenetic growth of pyrite bands in the carbonaceous (and

perhaps originally pyritic) black shale occurred followed by disruption of
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INI'ROI:UcrION

This report presents and discusses the results, based on
megascopic geological core logging, of a recently.completed two
hole diamond drilling pro:Jral11l1le designed to test two GEFINEX EM
anomalies in EL 14/85 near Mt Cattley, Tasmania.

'!he report also gives a brief summary of background exploration
history on the exploration licence.

'!his report was compiled by W. Hernnann under an agreement with
OUtokumpu Exploration Australia pty Limited to provide geological
supen'ision and interpretation of the drilling prograrrrne.

24lWH901.RTl/AJH/l4.3.89
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2 . SUMMARY AND CXlNCllJSIONS

A GEFINEX 400S EIECrnI::r1AGNEC trial survey carried out in
October 1988 led to the recognition of two conductivity anorralies
east of Be.€c:Loft Road on line 12000N in EL 14/85, Mt cattley,
TasIrania.

TWo inclined diaJOClnd drill holes of =nbined depth of 545.6m were
drilled in November-December 1988 in order to test for the
sources of these EM anomalies.

MCDD4 (W 301m) was drilled to test the western anorra1y centered
at about 180m below 12000Nj11300E. After penetrating the base of
Tertiary basalt caver at about 58m below the surface the hole
intersected a steeply south west dipping and facing sequence
comprising tul:biditic micaceous greywacke/siltstone alternating
with felsic pyroclastics and epiclastics and mass flow type
breccias combining these lithotypes. The sequence does not
contain significant alteration or sulphide mineralisation and the
source of the Gefinex anomaly is not yet apparent.

MCDD5 (W 244.6m) was drilled to test the eastern anomaly
centered at about 185m below 12000N/12100E. After penetrating to
the base of Tertiary basalt and fluvial sediments at about 88m
vertically below the surface the hole intersected a moderately
north westerly diWing and facing epiclastic-sed:imentary sequence
comprising a thick, graded felsic mass flow deposit, underlain by
a 30m thick unit of pyritic black siltstones in turn underlain by
an at least 50m thick unit of felsic vitric tuffaceous cherty
siltstones.

The black siltstones contain several percent of pyrite but
otherwise the sequence does not appear to be significantly
mineralised or hydrothermally altered.

The Gefinex anomaly is tentatively but fairly confidently
attributed to the presence of the black siltstone unit.

Although the drilling prograImlle does not appear to have been
successful in locating significant sulphide mineralisation it has
provided additional litholcqical stratigraphic and structural
infonnation which allow an improvement in geolcqical
interpretation of this largely Tertiary basalt covered EL.

It is suggested that the unusual mafic volcanics previously
intersected in MCPD's 1, 2, 3 (1986) are not stratigraphically
equiValent to (megascopically) similar rocks of the QUe
River-Hellyer Volcanic sequence but lie at a considerably higher
stratigraphic level near the top of the I)m:las Group.

241WH901.RT1/AJH/14.3.89
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EXPIDRATION HISIDRY

EL 14/85 was pegged in mid 1985 by Pancontinental Mining Lirnited
with the objective of exploring for polymetallic base
metal/precious metal volcanogenic massive sulphide deposits of
the Que River, Hellyer type.

'!he licence is centered about 12km NNE am approxiJnately along
strike of the Hellyer deposit ani it was oonsidered likely that
stratigraphic equivalents of the Hellyer-QJe River Mine sequence
lay within the licence area under a variable but then unknown
thickness of Tertiary basalt.

Pancontinental proposed a tI.u stage exploration programme
essentially involving:

stage 1

* Regional geological rnappirq ani stream sediment geochemical
sanq:lling over areas of exposed cambrian basement.

* stratigraphic precollar-m.arrooo drilling to test depth of
basalt cover am obtain basement geological infonnation;
particularly to identify alteration "haloes" if present.

stage 2

* Assuming favourable sequences of Mt Read volcanics were
located under relatively shallow «150m) Tertiary cover.

* Systematic geophysical surveying by 'rEM methods.

* Drill testing of significant oorrluctive anomalies.

In practice, the exploration PrograIl1lle proceeded as follows:

DecenOOr 1985 Geological rrapping ani stream sediment
geochemical sanpling (Herrmann, January 1986) .

March-June 1986 - SIR01'EM survey along Beew:oft Road and along
five approximately east-west grid lines spaced at 1km apart to
give coverage over most of the southern am eastern parts of the
licence area. Interpretation of SIRJI'EM data allcx.Jed estimation
of basalt thickness ani preparation contoured isopach plan. (~

No 36/E/2, D. Wilson, June 1986)

September 1986 - Drilling of three vertical percussion-m.amond
holes (MCPD's I, 2, 3) to test the aa:::uracy of SIROI'EM based
Tertiary basalt thickness estimates am to obtain basement
lithostratigraphic infonnation. (Hernnann, october 1986)
The results of these three holes, drilled between Beecroft am
Middlesex Roads in the central part of the licence, iOOicated
that:

24IWH901.RT1/AJH/14.3.89
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october 1988 - Qltokurrq:Ju carried out a trial GEF'lllEX 4005 EM
survey on lines 12000N and HOOON.

'IWo conductive anomalies were intel:preted on line 12000N and it
was proposed to test these by diaIrooo drillinJ despite the
negative indications of the previous EM 37 SlII:Yey.

'Ihese bear sane megascopic resemblance to rocks of the
Hellyer-Q.le River. host sequence and although not
significantly mineralise:J. or altered were regarded as an
en=uraginJ discovery.

Page: 4606133

(a) the 5rnarEM estimates for Tertiary basalt thickness were
aa::eptably a=rrate.

A few weak corrluctors were identified, (nost notably a linear
anomaly along the eastern margin of the grid which was considered
to be possibly due to the eastern edge of the basalt CDVer) but
none of these were :intel:preted as beinJ indicators of massive
sulphide deposits.

May-.June 1987 - In view of the previous indications that Tertiary
CDVer in the central eastern part of the licence was acceptably
thin and that (empirically) favourable volcanic rocks existed in
the basement Panoontinental carried out a detailed (200m line
spacinJ) EM 37 SlII:Yey over a 3.8 x 2. 4km grid.

(b) cambrian basenYant lithologies intersected ccmq::>rise:J. an
assemblage of basaltic, andesitic and rtlycx:lactic volcanics
apparently overlyinJ a unit of turtJiditic micaceous
greywake/siltstone.

July 1988 - Q.Itokumpu Exploration Australia Fty Limited took over
management of exploration of EL 14/85. Qltokumpu prop::lSed a
stratigraphic drillinJ programme to elucidate the stratigraphic
settinJ of the mafic volcanics previously intersected in MCPD's
1, 2, 3. Hernnann and Bishop (MeIro 19/7/88) reviewed the
geological and geophysical data and fourrl that the basement
stru.ctural uncertainties were too great to allow confident sitinJ
of a sinJle drill hole to achieve this and that previous
geophysical methods had been effective but not successful in
defininJ corrluctive anomalies which could be interpreted to
represent massive sulphide deposits. On this basis they (op.
cit) suggested several options for further exploration of the
area including:

(i) DrillinJ of several short stratigraphic holes
(ii) RedrillinJ of MCPO 1 with intention of obtaining oriented

cores fran bedded sediJrents which would give direction of
dip and allow Irore confident sitinJ of a long stratigraphic
diarrord drill hole.

(iii) Extension of EM geophysical SlII:Yeys over the remaininJ
unexplored northern and western parts of the licence.
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Novemberr:-~ 1988 - DiaIrOrd drillin::J of MCDD's 4 am 5 to
test GEFINEX ananalies on 12000N; DoYII1hole EM 10';Jgin::J of holes

also planned.

•

241WH901.RTl/AJH/14.3.89



I
I

~ .- ~J

l.j£.l

I
I
I

•

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

•

606135
Page: 6

4. GEFINEX 4008 .EM SURVEY

4.1 MEIHOD

'!he GEFINEX 4008 is a multifrequency grourrl electrexnagnetic
dipole system developed by outokunpJ. in Finland used for
detennini.n;J electrical resistivity of the grouOO at different
depths .

'Il1e system employs a rroving horizontal transmitter coil and a
simultaneously rroviJB' three coil receiver. Transmitter to
receiver coil separations can be varied fram 100 to 1000rn
a=rding to grouOO resistivity and optimum depth resolution is
about 70% of coil separation. '!he system operates on 81
programmed frequencies in the range 2Hz to 20000Hz with 20
frequencies per decade.

Results are electronically recorded and processed to produce a
plot of Apparent Resistivity against Depth for the mid point
between transmitter and receiver stations.

'!he system is rrost suited to detection of near horizontal to
shallCM dippiJB' layers and reputedly allCMS a=urate
interpretation of depth to and lateral extent of such layers.
'!he maximum theoretical depth limit is about 100Orn.

'!he trial GEFINEX survey at Mt cattley EL 14/85 was carried out
duriJB' octoI::er 1988 by Ai1ro Hattula assisted in the field by w.
Hermann, c. cnoney and M. scin::lcic.

'!he system was totally portable and used a 20m diameter
horizontal transmittiJB' loop with 400m transmitter-receiver
separation~ the survey line with station intervals of 5Om.
'!he level differences between stations (=itical for the data
pr=essiJB') were determined to precision of O.Olm with a
hydrostatic/electronic levellirg device. About 20 stations
(equivalent to 1km of line) could be surveyed in a full field day
but the average aver the six days of the survey was considerably
lCMer due to weather related equipnent failures.

It was planned to carry out the trial survey over a total of
about 7 line km. (3km on 12000N and 4km on 1l000N westward fram
the basement win::lows expose.d in the Leven River) but due to
equipment problems only 2.75km on line 12000N and about 0.5kID on
line 1l000N were completed within the time constraints.

'!he principal disadvantages of operatiJB' the GEFINEX system in
Tasm3ni.an conditions seene::l to be:

* problems with water enteriJB' the electronic instJ::ument
cases; (the weather durirg octoI::er was consistently bad)
this could probably be overcome with better sealants.

241WH901.RT1/AJH/14.3.89

•



4 • 2 INI'ERmE:l'ATION

241WH901.RTl/AJH/14.3.89

Two significant CXlnductivity anomalies were identified on line
12000N.

Page: 7606136

* the difficulties of laying out a planar horizontal
transmitting loop of 20m diameter. '!his was not =itical in
EL 14/85 where the terrain is IOClSt1y flat arrl the vegetation
relatively open but could becane iInpossible in the more
typically steep western Taslranian terrain.

"

Ananaly II was of lesser extent and thiclmess, depicted as a 20m
thick IlKlderately westerly dipping lense centered at about 175m
(depth to top) below 12000N/12100E. (Figure 3)

'!he GEFINEX data was processed arrl an initial interpretation
carried out by A. Hattula with geqilysical/geological input by D.
Wilson, K. Airas arrl W. Hermann. Final interpretations were
plotted in Finlarrl as the high frequency data needed height
CXlrrections. '!he qualitative awarent resistivity sections
COI1piled from the data (Figure 2) shO'il' a series of \.II'rlulating sub
horizontal awarent resistivity changes. On the basis of
previous (MCPD 1, 2) drilling results the first arrl second (frcnn
the surface) apparent resistivity changes could be attributed to
the base of the Quaternary weathering profile arrl the base of the
Tertiary weathering profile. '!he system did not appear to
distinguish an apparent resistivity CXlntrast between Tertiary
basalt and the underlying zone of pre basalt basement weathering.

Profiles of apparent resistivity rontrasts belO'il' the upper two
zones were also un:iulating/sub horizontal tending to be
sympathetic to \.II'rlulations in the upper zones which was of some
CXlncern since it was CXlnsidered that basement stro.ctures were
likely to have IlKlderate to steep dips.

Ananaly I was interpreted as a sub horizontal lense shaped body
of up to 40m thiclmess, 200m lateral width lying at about
150-18Om vertically belO'i1' 12000N between 11200E arrl 11450E. It
was ronsidered to have a lO'il' thiclmess x CXlnductivity product.
(Figure 2)
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5 . 2 RESUill'S
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'!he core fran both holes is temporarily stored at the property of
W. Herrmann, Forth, Tasmania.

A=ess to MCOO5 was fram &:ew:oft Road at a point about 300m
south of Precroft Spur Road, with establishment of a bulldozer
track around the southeJ:Tl perilreter of the Eucalypt plantation to
the intersection of line 12000N near 11550E arrl thence eastward
alorg the (previously bulldozed) line to the drill site at
12000E.

Page: 8606137

DIAMJND mIILING: MCDD4. MCDD5

5. 1 MEllIOC6

5.2.1 MCDD4

MCDD4 (TO 301Ill) intersected (remarkably) fresh cambrian basement
rock at 58.5m and then continued in a rapidly alternating
succession c:arposed essentially of tuJ:biditic micaceous greywacke
and siltstone, fine to medilUll grained felsic epiclastic siltstone
and sarrlstone, felsic pumiceous fragmental tuffs and mass flow
type epiclastic breccias involving a jumbled mixture of all three
of the above broad lithotypes. (Refer to detailed Drill Logs in
Appen:lix 1 arrl Figure 3)

Oriented cores fram several well stratified intervals indicate
that the sequence is consistently diwing and facing steeply at
55-65 degrees to the south west with an average strike trerrl of
about 325 drgL S (NoG) (Thus the sequence intersected in the
hole 58.5 - 301m represents about 120m of true stratigraphic
thickness. )

Oriented NQ drill core specimens were obtained fram suitably
stratified basement lithologies by neans of a Van Ruth Prcducts
(WA) core orientation device SUWlied by the drilling contractor.
'Ibis device proved to be very effective am provided consistent
bedding orientations considered to be reliable even in the
steeply inclined (-80 drgL'cs) MCDD4.

MCDD's 4 arrl 5 were designe::l to test GEFINEX Anomalies I and II
respectively.

Drilling was contracte:l to Dianvnl Drilling Tasmania pty Limited
based in Zeehan. Drilling of the two holes was ca=ied out
between 21/11/88 and 21/12/88 using a skid IOCJUI1ted lDn:JYear 44
drilling machine. Drilling rig am red sl'ed were t=ed to the
drilling sites by cat D6 bulldozer operated by L. Butler of
Tewkesbul:y urxier sub =tract arr<ID]em=nts with the drilling
corrq:>any. Access to MCDD4 was fran &:ew:oft Road via Bc I oft
Spur Road requiring clearing of a 100m long track through
Eucalyptus plantation forest between the errl of the Spur Road arrl
the drill site.

5.
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It is estimated that base metal grades would generally fall below
200ppm Ib an:} 200ppm Zn in any metre sanpled.

MCDD5 (TO 244. 6m) was designed to test Gefinex Anomaly No II
centered at about 185m below 12000N/12100E (Figures 2 an:} 4).
'Ihe hole intersected a sequence of Tertiary basalt underlain by
approximately 25m of =nsolidated Tertiary fluvial sands and
gravels before passing into strongly weathered cambrian (?)
basement at 97. Om. '!he zone of Tertiary weathering persisted
until 112. 2m representing a vertical thickness of about 14m.

•
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A lithological source to account for the Gefinex Anomaly I is not
apparent. 'J.be turoiditic sediments =ntain subordinate «30%)
proportions of dark grey-black presumably graphitic siltstones
which maybe slightly less resistive than the other r=ks but
their positions in the hole do not closely =rrespond to the
interpreted Gefinex =nductor. A 1m thick shear/fault zone
occurs in the interval 170.7 - 171. 75m which lies close to the
top of the interpreted =rxiuctive body but although the
orientation of the fault zone is not~ it is unlikely to be
sub horizontal.

One can envisage a depositional envirornnent for the sequence
which is dcm.inantly subaqueous, moderately proximal to emergent
felsic volcanoes with deposition dominated by surges of mass flow
type felsic pyroclastic materials rxmctuated by periods of
turoiditic sedimentation of different metasedimentary, presumably
continental provenance.

'!he rocks in this sequence are fresh an:} unaltered =ntain.in::J
only accessory traces of disseminated pyrite (average <0.5% Fy).

Minor pyrite «0.5% rock, 5% of veins) and lesser sphalerite
«2%) galena and chalcopyrite «1%) occur in occasional veins or
irregularly developed network veinlets mostly filled with quartz
+ cartxmate +- chl=ite. « 1 vein/10m veins, <2mm wide) these
veins appear to be late tectonic stage open space fracture
fillings an:} are not =nsidered to be significant.

5.2.2

'!he turbiditic micaceous sediments closely reselt'ble the sediments
intersected in the interval 129.2 - 144. 4m in MCPD 1 an:} similar
r=ks are widely exposed in the basement wind~ in the Leven
River north of Cobbers Road an:} near Blackmarsh Road. '!he
apparent abun:lance of quartz an:} mica suggests a preCaInbrian
rretasediJnerrtary provenance. All of the felsic
epiclastic-tuffaceous lithotypes are cxxilpositionally related and
clearly of acid volcanic parentage. 'J.be well stratified types
are clearly epiclastic sediments whilst the more massive pumice
rich units are =nsidered to be pyroclastic fl~ although the
presence of rourrled rigid rhyolitic and sedimentary clasts in
sane of these seems to indicate, at least, partly epiclastic
origin.
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I envisage that the rocks of MCDD5 accumulated in an envirornnent
of deposition broadly similar, though rather IOClre volcanically
distal or quiescent, to that of the association in MCDD4.

'!he felsic rocks generally appear to be fresh am relatively
unaltered. Pyrite == as a ubiquitous accessory mineral
=ing as fine disseminations, blebs and veinlets in all rock
types generally of less than 0.5% per voll.lll'e but increasing to
arouni 1-2% and locally upto 5% in the black siltstones.

Below the Tertiary OJIIer MCDD5 intersected a mixed felsic
epiclastic-sedi.mantary sequence a:mnencing with a graded felsic
mass flow breccia-stone unit of at least 40m thickness, un:ierlain
by an approx. 30m thick unit of pyritic black siltstone with
minor felsic tuffaceous siltstone interbeds, whidJ. is in turn
un:ierlain by an at least 50m thick unit of dJ.erty felsic vitric
tuffaceous siltstone with minor black siltstone intertJeds.
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Reddi sh brown SI=t1alerite, lesser galena and very rare
dJ.alcopyrite (blt never pyrite) occur sparsely in occasional
veins or locally developed networks of veinlets filled with whidJ.
carbonate +- quartz. In the black siltstone unit they can be
seen to cross cut (postdate) syn-dia genetic (?) pyrite blebs and
veinlets as well as folded bedding laminations. '!he veinlet
mineralisation (considered to be a late tectonic Devonian?
phenomenon) is not significantly developed and it is estimated
that in general the rocks would carry <500 ppm Zn and <30Oppm Fb
in any metre sampled.

In the vitric tuffaceous siltstones, the sulphides are often
associated with quartz am carbonate in small (-lOrnm) rourrled
blobs r:ilnmed by a selvedge of bleadJ.ed country rock. these
appear to predate the abave mentioned quartz + carbonate veinlets
but likewise are not significantly developed and are estiJnated to
contribute <200 ppm Fb an:) <200 ppm Zn to the bulk grade of any
one metre.

Oriented. core specimens fran within the two lower members
indicate SCIll'eWhat variable bedding orientations striking in the. . . .
ran:Je 30-95 degrees AM:; am dipp:m:J to the NW or N ill the ran:Je
35-80 degrees. '!he (arithmetic) average strike orientation is
060 degrees (AMP) an:) dip 55 deyr es to the NW. Uphole grain
size fining in the mass flow unit indicates the sequence is
facing to the NW. MCDD5 has thus intersected about 120m of true
stratigraphic thickness.

'!he rock types intersected seem to have similar parentage to the
two associations fourrl in MCDD4, that is a felsic acid volcanic
source, though rather IOClre distal, for the mass flow am vitric
tuffaceous siltstone units am a continental (?) metased:iJnentary
source of the black siltstone unit. the latter appears to be
a::allfX"'\Sitionally related to the turbiditic sediments of MCDD4 but
in MCDD5 the finer grained dark grey to black (graphitic?)
siltstone is daninant aver the IOClre quartzose fine to meditnn
grained greywacke in the ratio of at least 5 to 1.
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A lithological source for the Gefinex Ancmaly No II is
inlmediately apparent in the 301n thick sequence dominated by
pyritic black siltstones. 'lbese may have sufficient resistivity
contrast against the enclosirq very siliceous rocks to a=unt
for the EM an<:Jlla1y.

'Ihree I11lITOW "bands" (10-150Im1) of higher sulphide =ntent =
within the vitric tuffaceous IlIldstone to siltstone unit between
depths of 189.4 and 196.7m, in the hole. 'lbe thickest of these,
150Im1 at 196.55 - 196.1m, is a dark grey to black cherty mudstone
(?) with awroximately 25% pyrite and 20% dark steely greyish
brown Sf'halerite? as coarse (1-5mm) blebs a=arged in defo:rmed ?
trains and bands, sul:parallel to the margins of the main band,
approximately confonrable to the beddirq orientation of the
enclosirq rocks. this band could represent a weak development of
syrqenetic bedded sulphides and may warrant same further
(laboratory) studies altha.1gh the' significance may be somewhat
academic rather than e=nani.c.
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•

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



241WH901.RT1/AJH/14.3.89

MCDD's 4 and 5 drilled to test two Gefinex EM anomalies have not
intersected significant sulphide mineralisation.

Although the turbiditic sediments (greywackes) are areally and
stratigraphically widespread in the Southwell SUb Group it is
terrq::>ting to speculate that the sediments =red in the lower part
of MCPD 1 are approximately stratigraphically equivalent to those
=red in the upper (sub Tertiary basalt) parts of MCDD4.
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DIsaJSSION

since the facing and direction of dip of sequences in both MCDD4
and 5 (partiallarly the fonner) is lIK)re or less westwards it
seems likely that the interesting mafic volcanics =red in MCDP's
1, 2, 3 lie up stratigra~y fram the sequences in MCDD's 4 and 5
in the upper part of (or above ?) the Southwell SUb Group.

As noted by Herrmann and Bishop (1988) this iJnplies that the MCPD
mafic volcanics are not stratigraphically equivalent to the Que
River-Hellyer Volcanics. 'llie possibility that unkI1<:M1 major
fault displaceroonts have upthr'chIn the Que-Hellyer volcanic
equivalent to the MCPD 1, 2, 3 level remains valid but seems very
unlikely. 'lliere is not much lateral "room" for such a fault
structure; if present it must lie between MCPD 2 and MCDD 4 which
are =llared only 530m apart. In addition, the apparently close
(=nfonnable?) asscx::iation between oxidized vesiallar rocks
thought to be cambrian andesitic-basaltic lavas in MCffil
(96-102.2, 103.7-114.4rn) with felsic tuffs and turbiditic
greywackes and siltstones suggests a stratigraphic =ntinuurn with
the sequence =red in MCDD4.

'llie lithological asscx::iation intersected in both holes do not
present any surprises and are broadly =nsistent with felsic
volcanic-micaceous turbiditic sequences exposed in basement
windows along the Leven River and extending as far northwards as
the Denison Group (Late ca¥nnbrian-Early Ordovician) unconfomty
west of Mt 'Ibr as mawed by J. Pemberton (1988).

A=rding to '!'as. Dept. of Mines Mt Read project Mapping
(Co:rbett, Pemberton and Vicary; Nov. 1988) this belt of rocks
camprises =rrelates of the Southwell SUb Group which fonn the
upper part of the D..1I'Das Group in the cradle Mountain Link Road
area north east of Hellyer Mine and overlie the Que River Shale
and the Que River-Hellyer host volcanic sequence.

'llie =rx:iuctive source for the anamaly tested by MCDD4 is not
a~ in the drill =re but the EM anamaly tested by MCDD5
maybe attributable to a 30m thick unit daninated by pyritic black
siltstones. Downhole EM logging and possible petrophysical. .
measurements of =re samples are expected to eluCJ.date the
geophysical situation.

'llie absence of significant sulphide mineralisation and apparent
absence of ''hydrothermal'' alteration in the drill =re does not
seem favourable for detection of "off hole" =rxhlctive massive
sulphide J:xxlies by <:hmhole EM.
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without wishing to pIe Ullpt Dr Crawford's findings it seems
likely that exploration managers working on the original
exploration concept may have to decide whether or not the
occurrence of mafic volcanics of similar, or perhaps different,
chemical WllipJSition to but of higher stratigraIiJ.ic level than
the Q.Je-Hellyer volcanics can be considered favourable
indications for the presence of massive sul~de deposits.

'!he mafic volcanics of MCPD's 1, 2, ani 3 still a~ to be the
highest card so far turned up in the EL 14/85 exploration game.
'!he likelihood that they are not strati~callyequivalent to
but higher than the Que-Hellyer Volcanics removes them one step
further from the empirical exploration JOOdel originally conceived
by Pancontinental Limited. FUrther petrogra~c ani analytical
studies of the MCPD mafic volcanics by Dr A J Crawford is shortly
to commence ani is expected to further elucidate the
relationships or otherwise between these ani the Q.je-Hellyer
volcanic rocks.
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'!he dip ani facing of units in MCDD4 is kn<:Mn to be aI:xJut 60
degI to the south west ani the dip of sediments in MCDP 1 is
aI:xJut 45 degrees, facing upright but direction of dip is unknown.
If the stratigra~c equivalence of t:urt>iditic sediments between
holes 1 ani 4 postulated in the previous paragraIiJ. is coITect,
then the mafic volcanics of MCDP's 1, 2, ani 3 would a~ to
cxx::ur near the hin:Je of a probably southward plun:Jing synclincal
fold with its axis scmewhere around the longitude of MCPD2.

'!he unusual steep south westerly dip of the sequence in MCDD4 was
certainly unexpected ani may merely indicate a minor "drag" fold
structure. '!he direction of dip of sediments in MCPDl seems to
be the key ani any future strati~cdrilling to elucidate the
setting of the mafic volcanics here would be best based on
redrilling of MCDPI to obtain oriented core specimens.
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"Geology of the Mt cattley - Mt 'Ibr Area"
Tas. Dept of Mines Mt Read Vole. Project
1:25000 scale Map No 8.

"Report on SUb-Basalt Drill:in:.J PrograImne
at Mt cattley EL 14/85, Tas". (Unpub.
Report to Pancxmtinental Mining Ltd)

"Excursion Guide Notes - COoks Tour of
Maps 7 and 8".
Tas. Dept of Mines, Mt Read Voles
Project.
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"Notes on the Geology of the Mt cattley
Area, EL 14/85 TAS"
(unp.1b. Report to Pancontinental Mining
Ltd)

"Proposed stratigraphie Drill:in:.J,
Mt cattley EL 14/85, Tas.
(memorandum to~ Exploration
Australia pty Limited)
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8. 1 Geological Log MCDD4

8.2 Geological Log MCDD5
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8. 1 GEDI.OGICM. IDG MCDD4
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•

W. Hernnann

(Easbnan Single Shot camera)

Longyear 44
DI1\M:lND DRILLING TASMANIA
21/11/88
2/12/88
HQ Core 1.5 - 56.7m
HQ Core 56.7 - 301m
Drilling fairly straight forward throughout
with full core rect:Nery.
All steel casing extracted.
32mm PIlC casing to 1:x:>ttan of hole.

MCDD4
Mt cattley E.L. 14/85 Tasmania
12000N/11330E
277 Magnetic
-80
301m
100%

Date Depth (m) Azimuth M Inclination

22/11/88 50 278 -80.5
24/11/88 100 278.5 -80
25/11/88 150 282.2 -80
28/11/88 200 284.5 -79.5
30/11/88 250 288.5 -79
2/12/88 300 291 -79

Drilling Rig:
Drilling Contractor:
Commenced:
Crnpleted:
Drilling Notes:

Bore Hole SUrveys:

Geological Log By:

Hole No:
Location
Collar Co-Ords:
Collar Azimuth:
Collar Inclination:
Total Depth:
Recovery:
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HOlE NO MCDD4 GEOLOGICAL LOG

0-1.5 No OJre Recovered.

1.5-18.0 Tertiary Basalt - oxidized.

Page: 2

'l\lrtJiditic Greywacke/Siltstone

A laminated to thickly bedded sediInentary rock =nsisting of
alternations of:
i) Medium grained, mid grey =loured micaceous greywacke

apparantly =nsisting largely of subangular grains
(0. 1-0. 5mm) of grey quartz with minor white mica,
feldspar, acid volcanic lithic grains arrl lithic grains
of dark grey siltstone as below.

ii) Dark grey to black fissile fine grained siltstone, grain
size finer than O.lmm evidently rather graphitic ard
micaceous but otherwise probably generally similar
COllpOSition to (i) above.

Unlithified Sarrl

Tertiary Basalt

Medium greenish grey =loured, fine grained-glassy, chilled
amygdaloidal basalt. Amygdale 10% of vol; filled with soft
"soapy" pale greyish bru.m to dark greenish black naterials
with sub=nchoidal fracture. I.cMer =ntact is irregular in
form.

Tertiary Basalt - Fresh

Medium to dark greenish grey =loured fine grained sparsely
olivine phyric basalt, cx:mronly glassy, vesicular or
amygdaloidal.

Sarrlstone

Medium grained pinkish, quartz rich sarrlstone, weakly
stratified at 50 to IACC arrl weakly lithified, rather
friable. OJntains some wispy flakes of lignified plant
remains. Upper =ntact with chilled vesicular basalt is
irregular arrl has a lOmm thick "baked" selvedge.

Friable sarrlstone similar to interval 57.8-57.9.
Upper =ntact is ''baked''. Only 0.1m =re recovered in this
interval, represents base of Tertiary 5equence.

Oran:Jey to greyish bru.m clayed weathered vesicular basalt;
minor zones relatively fresh at 5.0 - 7.5m arrl 16.0 - 17.Om
but transition to fresh rock at 18.Om is fairly abrupt .

606146

The rocks are locally finely laminated with iIxlividual beds
down to 2mm thick but generally thinly to thickly bedded in
the range 100-100Omm. Evidently turbiditic with CX!11lOCln
intrafomational shnnp defomation in the greywackes,

09WHERR.REP/AJH/14.3.89

58.1-58.5

57.9-58.1

57.8-57.9

58.5-74.5

•18.0-57.8
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Mineralization: Pyrite occurs as occasional blebs, sometimes
in dis=ntinuous "trains" parallel to bedding (eg: at 70.Orn)
and as wide- spread but minor dissemination. OVerall pyrite
=ntent is low, estimated at 0.05% of volU!lle.

veins and veinlets filled with creamy white carbonate ± grey
quartz with traces of pyrite, reddish brown sphalerite and
rare galena, clJalcopyrite (egs: 59.5, 59.9, 60.5m) are
i=egularly scattered throughout but are only in significant
=noentration near the upper =ntact above 61.0In (5% of voL)
and to a lesser extent in interval 72.5-74. om (1% of vol.) .

possible grain size gradirg, load casting arrl rare cross
lamination. 'Ibese facing =iteria =nsistently indicate a
yourr:Jing up the hole.

Page: 3
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There is a weak fissility parallel to bedding but the rocks
are otherwise massive arrl do not show distinct tectonic
cleavage. As shown in graphic log below greywackes are
dominant arrl increase in proportion downhole; overall the
greywacke a::atprises about 70% of the unit intersected.

64.5 unsuccessful due to broken =re
67.5 320 60 SW
68.1 320 63 SW
69.3 345 63 SW

Four separately oriente:i =re specimens allow the following
bedding orientations to be detennined .•

Except where slump defonnation is evident the bedding planes
appear to be regular arrl =nsistently intersect the =re at
25-35 to lAOC.

.!&I1th (m) Beddim strike ( AM:;) Dip

09WHERR.REP/AJH/14.3.89
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Mineralization etc: as for the previous unit;
essentially unaltered.
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74.5-79.8

79.8-84.6
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'Ihere are occasional small grains of reddish brown sphalerite
sparsely scattered in the grey- wacke; these maybe detrital
but (although there is no af.PClrel1t spatial association) the
reddish brown colour suggests a genetic connection with the
(presumed late stage) veinlet mineralization.
Overall base metal estimate: <300ppnFb, <40Oppm Zn

* 'Ihe core is essentially fresh at 58. 5m and there are no
indications of Terticuy weatherin;J.

•Felsic Pumiceous Tuff

A blotchy pale grey to olive greenish grey felsic pyroclastic
rock consistin;J of a!::lurrlmt small flattish glassy shards
creamy~y fragments and grains of feldspar upto 2-3
grainsize, and variable but generally praninent arrounts of
feldspar phyric, flattened olive green pumice fragments all
contained in a murky pale grey siliceous matrix. ItIenocrysts
or clastic grains of quartz do not a);pE!iIT to be present. 'Ihe
pumice clasts are in the rarge 10-5Onnn in size and average
about 5% of the rock volune but locally (eg: 76.9-77.5m)
COllprise upto 20% of the volune. 'Ihere is no distinct grain
size sortin;J or stratification although the partly flattened
pumice clasts define a weak planar fabric which intersects
the core at aboot 25-40 to llIOC. 'Ihe upper contact with
greywacke is quite sharp (transitional over aboot 4Onnn) and
concordant with tEdding in the overlyin;J seclirrents.

Mineralization etc:
SUlphides are restricted to trace quantities of disseminated
fine specks and occasional small blebs of pyrite; averages
0.1% pyrite. 'Ihere are occasional (2-3per metre) veins and
vein- lets (upto lOnnn) of white carbonate but these are
otherwise barren. Feldspars in the rock appear to be
essentially fresh.

Felsic Tuffaceous - Epiclastic siltstone

A mid grey to pale greenish grey rrcd.erately well stratified
rock of grain size mostly <O.lnm and consistin;J largely of
fine silica and glassy shards of felsic volcanic provenance.
SlUllp deformed narrow bands of pumiceous felsic tuff (similar
to the unit above) occur in the upper 0.5m and also in the
interval 82.3-82. 1m. 'Ihe generally evident stratification and
a~ fair grain size sortin;J suggest a volcanic­
epiclastic mcx:le of deposition.

Bedding planes intersect the core at angles of 20-40 to llIOC
and there is COIlIlOC>nly slight warpin;J or soft seclirrent
slUllq:>in;J of the layerin;J.

Oriented Core gpecimen fran 83. 7m indicates a bedding trend
of strike: 325 11M3, Dip 55 to sw.



Similar to previoos units 74.5-79.8m am 92.9-93.5m. In
addition to abundant olive green pumice fragrrents there are
occasional small pinkish rhyolitic lava fragrrents.
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84.6-87.4

87.4.91.1

92.9-93.5

93.5-96.5

96.5-98.0
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Felsic Tuffaceous-Epiclastic 5an:lstone

A unifonn pale grey rock CXJllipJSitionally similar to the above
unit but with coarser grain size in the range 0.2-2.Ornm.
Clastic grains include feldspars, glassy shards am fragments
of p.mri.ce in a 111l.Irky grey siliceous matrix. '!here is overall
grain size grac1i.rg fi.nirg upwards through this unit from a
sharp lower =ntact to a very transitional upper =ntact.
It is essentially a:mpJSitionally =ntinuous with the
overlying epic],astic siltstone unit am the two together
maybe =nsidered as a single graded epicalstic member of the
sequence. '!his san:lstone is not distinctly stratified but
the glassy shards am small flattened pumice fragments define
a weak planar fabric which intersects the =re at about 30-40
to IlIOC.

Mineralization etc: as for interval 74.5-79.8
essentially unaltered.

OCCasional minor carbonate veins are devoid of sulphides:
120rnm thick fibrous quartz + carbonate + minor chlorite vein
at 86.7 also without sulphides.

Felsic Tuffaceous-Epiclastic siltstone

Lithology similar to that of interval 79.8-84. 6m.
Mineralization etc: similarly insignificant trace pyrite as
above. Massive quartz + carbonate + chlorite veins in
intervals 87.8-88. 2m am 88.4-88. 6m =ntain rare traces of
pyrite.

91.1-92.2 Felsic Tuffac:eous-Epiclastic sandstone

Graded epiclastic unit similar to interval 84.6-87. 4m,
contains sane fine grained well stratified beds of felsic
epiclastic siltstone in the lower 0.9m below 92.Orn. Bedding
at 35 to IlIOC. I.cMer =ntact is shal:p at 55 to I1IDC
slightly rotated anticlockwise (to south) fran plane of
beddirq.

Felsic Pumiceous Tuff

Lithology am fabric similar to interval 74.5-79.8m. Lower
contact fairly shal:p at 30 to IlIOC =n=rdant with bedding
in underlying epiclastic san:lstone.

Felsic Tuffaceous-Epiclastic san:lstone

Similar to interval 92.0-92. 9m.
Well stratified, variable fine to medium grained san:istone,
beddirq =nsistently 30-35 to IlIOC. I.cMer =ntact is sharp.

Felsic Pumiceous Tuff



116.0-121. 7 Felsic Lithic-Pumiceous Tuff

114 . 4-116.0 Felsic Tuffaceous-Epiclastic sandstone

Mineralization: Trace pyrite occurs in fine disseminated
specks often within or arolirrl pUIlIioeous fragments; occasional
coarser blebs. OVerall pyrite content estimate:l at O.l%Py.
OCCasional (late stage ?) white carbonate veins are
essentially devoid of sulFtlldes.

'Ihere is no distict planar fabric, grain size sortin:J or
stratification. It would seem to have had a mass flCM type
depositional origin am may therefore be =nsidered
epiclastic although the abundance of pUIlIice indicates IlD.lch
pyroclastic detritus.
Mineralization:

09WHERR.REP/AJH/14.3.89
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insignificant, as above.Mineralization::

Felsic Tuffaceous-Epiclastic sandstone.

As for 93.5-96.5m.

'Ihe upper =ntact is transitional over about 10Crn,
essentially marked by disawearance of pUIlIice clasts am
awearance of weak grain size stratification; otherwise
composition resembles the matrix of the overlying unit (ie:
2Imn grain size abundant feldspar, glassy shards, possibly
quartz in pale grey murkey siliceous matix). 'Ihere are a few
flattened pUIlIic frags near 115m.
Bedcljng at 30-40 to IAOC.

Lithology as for interval 96.5-98.Orn.
Flattened pUIlIice clasts (fiamrre) am crude eutaxitic planar
fabric in matrix generally lyin:J at 20-40 to IAOC but
apparently irregularly oriented as inlicatEp by Oriented Core
Specinpn at 103. 5m which alla.red the fo11CMin:J determinations
of planar fabric orientation in the interval 103. 5-106. Orn.
strike 035 , Dip 77 to SE;
strike 055 , Dip 50 to SE;
Strike 300 , Dip 70 to SW.

Clearly CXJIIp;;sitionally related to the Felsic Pumiceous Tuff
units intersected further up the hole, this unit, is
rnegas=piclly distinctive by the abundant presence of small
to mediUIll sized (2-5Ornm) rigid lithic clasts =nstituting
about 5% (but locally upto 10%) of the r=k volume in
addition to the usual olive greenish grey, partly flattened
pUIlIioeous fragments which comprise about 10% of the volume.
'Ihe rigid clasts are of variable angular, platy, irregular or
well rounded form am =nsist mainly of pale grey to pinkish
grey feldspar (± subordinate quartz) phyric glassy rtJ.yolitic
extrusives with rare occurrences (eq: 120.3, 121.Orn) of small
clasts of dark grey to black fine grained siltstone.

100.9-114.4 Felsic Pumiceous Tuff
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Pyrite occurs as widespread disseminated specks and
occasional larger blebs and blabs (to about lOrnrn dia);
occasionally seems to be concentrated in bedding parallel
trains especially in thin greywacke laminae inteJ:bedded in
black siltstone. OVerall pyrite content estimated at O.l%Py.
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Near the upper and lower contacts (above 125mrn and below
140m) there are reasonably intense networks of fine cartJonate
± quartz veinlets (approx. 20-100 per Iletre of core) which
locally contain traces of pyrite and rare sphalerite, galena
and chalccpyrite.

Mineralization:

Disseminated specks of pyrite, often ass=iated with pumice
clasts, total O. 1%Py• occasional small veins of cartJonate
± quartz with traces of pyrite ani very rare galena (eg:
120.om).

09WHERR.REP/AJH/14.3.89
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143.0-144.8 Felsic Pumiceous Lithic Epic1astic sarrlstone.

A hybrid lithotype =nsistirg of small to medium sized
(2-5Dmm) flattened olive to dark greenish grey pumiceous
fragnents (5-10% of volume) supported in a rather well
stratified ani sorted. medium grained san::iy matrix =nsist.irg
largely of partly sericitized felspar ani aburxlant small
glassy shards. 'lhe beddirg at 143.5m is oriented at strike
335 AM::i, Dip 66 SW. '!he san::iy matrix displays a pronounced
wavy, wispy, eutaxitic fabric defined by glassy shards which
parallel the grain size layerirg; pumice fragments are also
stretched out alorg this plane. '!he moderate degree of
sericitization suggests that this unit has behaved
inccmpetently urrler stress ani there has been some degree of
OOjclirg parellel shear.

Mineralization:

Disseminated pyrite 0.3%
Trace galena in carbonate vein at 143. 8m.

144.8-155.4 Turbiditic Greywacke/silstone

Lithology identical to interval 121. 7-143.0. Facirg evidence
in:licates yourgirg up hole. Peddirg argles at 15-20 to IAOC.
Mineralization: as for 121.7-143.Orn.

'IWo pumiceous clasts occur at 154. 3m ani 155. 2m. 'Ihese
contain about 5% fine disseminated pyrite ani are frirged
with narrow (1-4mm) discontirnIous selvedges of c:orrpact
granular /''massive" pyrite. '!he lower clast also has a
coarse slug of reddish b= sphalerite at the selVedge. It
seems that the p..mdceous clasts have been involved in
metamOl:phic (?) reaction with the enclosirg sediment ani were
focii for ncbilized sulphide deposition.

155.4-156.1 Felsic Pumiceous Lithic Epiclastic sarrlstone

A similar lithology to that in the interval 143.0-144.8m and
likewise quite strorgly sheared ani sericitized to the extent
that the beddirg is largely transposed. A small detached
sliver of fine grained, black micaceous siltstone occurs
about 15an belCM the upper =ntact.

Mineralization: Disseminated pyrite 0.3%.
A sirgle pumiceous clast adjacent to the lower =ntact is
strorgly pyritic with 20% pyrite. Many of the pumice clasts
have dark selveges, apparently of fine dusty disseminated
pyrite.

156.1-158.1 Turbiditic Greywacke/Siltstone

Lithology as for intervals 121. 7-143.Orn ani 144. 8-155. 4m.
Rather disrupted by soft sediment Slump defomation. Contains
a few fairly pyritic pumice clasts in the lower section belCM
157.5m.

09WHERR.REP/AJH/14.3.89



170.7-171.75 Fault Zone

175.0-176.4 Pumiceous Epiclastic Breccia

Mineralization: Approx. 0.3% pyrite as fine disseminations
throughout, SCllletimes as fine trains riInming pumice clasts.

strongly brecciated, sheared am J:X.Iggy zone =ntai.ni.n;J SCllle

fragments of ll'aterial fran above am belOW'.
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Felsic Pumiceous Tuff

A hamogenous llBlium grained felsic pyroclastic (?) rock
similar to that in the interval 74.5-79.8m but with laver
proportion ( 2%) of pumiceous clasts am lTOre prominent pale
grey siliceous fine grained ll'atrix.

A genetically nUxoo rock type =nsistin:J essentially of
approximately equal proportions of pale olive green "Felsic
Pumiceous Tuff" am llBlium to fine grained "'I'ul:biditic
GreywackejSiltstone" in an i.nhctrcgenous jumble. 'Ihere is
Il1Ilch evidence of soft sediment defonnation, disruption am
brecciation of the tuJ::biditic sedimentary c:::arponent.
I interpret the jumble to represent a ness debris flOW' type
of deposit probably fonned J:lY violent incursion of an
unconsolidated pumiceous pyroclastic or epiclastic debris
flaY into unconsolidated tuJ::biditic sediments. since the
(C'alllbrian?) sequence intersected by this hole is essentially
an alternatin:J group of felsic pumiceous tuffsjepiclastics
am turbiditic sediments this type of jumbloo breccia ll'ay
also have fonned by syrrlepositional tectonic ll"DVements
affectin:J the "basin" of deposition causin:J gravity flOW'
mobilization of unlithifiooll'aterials which became brecciated
am i.nterrni.xOO by internal tw:1Julence.

'Ihe pumiceous ll'aterial is generally rather sericitizoo both
in the fonnerly glassy ll'atrix am felspar ~sts,
generally is rather strorgly sheared and typically =ntains
about 1% fine disseminated pyrite. 'Ihe shearin:J am wispy
nature of pumiceous clasts ll'aybe partly due to soft sediment
defor=tion but is probably largely tectonic. 'Ihe zones am
dismembered fragments of the turbiditic sediments, on the
other hand, have evidently yieldoo by brittle fracture
(rather than shear) durin:J tectonic defor=tion am are
COIlIllOnly cut by an irregular am often intense network of
fine cartx>nate ± quartz veinlets. 'Ihese are generally barren
except for traces of fine pyrite. 'Ihe veinlets cx:cur in
tw:t:>iditic sediIrent c:::arponents throughout the unit but
achieve max:iJnuIri intersity near the lONer contact belOW' 170m
where several thick (1D-100Ilml) nessive veins of white
carbonate + quartz (no sulprides) cx:cur.

similar jumbloo lithotype to that in interval 158.1-170. 7m.
'Ihe upper =ntact is strolXJly brecciated (broken =re); a

09WHERR.REPjAJHj14.3.89

171.75 - 175.0

158.1-170.7 Pumiceous Epic1astic Breccia
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fragment of a lOnun thick laminated quartz vein in this broken
zone contains small slugs of pale brown ~erite arrl lesser
galena.

176.4-178.8 Felsic PUmiceous Tuff

similar to interval 171.75-175.Qm.

178.8-188.0 Pumiceous Epiclastic Bre=ia

•
lin inhClllDJel10US mixture of prnniceous tuff arrl turbiditic
sed:imentaJ:y naterials as for the intervals 158. 1-170. 1m arrl
175.0-176.4m with the addition here of well sorted,
stratified pale grey felsic epiclastic sarrlstone similar to
units intersected further up the hole.
(eg: interval 143.0-144.8m)

All three cc.arg:xments are closely intermixed with much
evidence of soft sediment deformation in the stratified
sediments.

'!he upper 0.4m of the unit is tectonically brecciated with
inter fragment spaces filled with puggy greenish grey clay
arrl granulated rock. '!his brecciation post dates carbonate
veining arrl probably represents a minor, post Devonian (post
Tabberaberan orogeny), fault.

188.0-215.5 Felsic Lithic - PUmiceous Tuff

Similar to rock type in interval 116.0-121.7m.
Mineralization: disseminated pyrite, generally 0.2%Py.
quartz + carbonate veins not abundant, generally devoid of
sulIirlde.

215.5-248.0 Pumiceous Epiclastic Bre=ia

Similar to jumbled rock type in interval 158.1-170.7m. Felsic
prnniceous naterial dominant over turbiditic sediment in ratio
awrox. 2:1.

Mineralization:
0.3% fine dissem. pyrite.
CJccasianal quartz ± carbonate + chlorite veins, generaly
without sulIirlde.

248.0-250.6 Felsic PUmiceous Tuff

Similar to interval 171.75-175.Qm.
Pumiceous clasts constitute 2% of rock volume.

250.6-250.9 Felsic Tuffaceous - Epiclastic Sarrlstone

A thin unit of well stratified fine to medium grained felsic
tuffaceous sarrlstone with distinct bedding at about 45 to
IAOC.

09WHERR.REP/AJH/14.3.89 :JaH



256.1-290.8 Felsic Pumiceous Tuff

250.9-256.1 Pumiceous Epiclastic Breccia

293.1-298.0 'l\Irt)iditic Greywacke/Siltstone arrl Felsic Epicalstic
Sarrlstone.

0.2% disseminated pyrite.

A dark grey to pale dove grey medilUD to fine grained
greywacke/siltstone unit with some micaceous (PreCambrian
provenance:i) quartz rich zones~ the top (above 294m)
but dominantly of felsic tuffaceous provenance. Generally
well stratified arrl locally finely laminated bJt also partly
slump defonned. Patches of pumiceous tuff occur at:
294.0-294.5m arrl 297.0-297.5m.

Page: 11

Mineralization:
0.2% fine disseminated pyrite, rarely locally concentrated
upto 1% in thin (2an) fine tuffaceous cherty siltstone barDs.

Mineralization:

606155

Familiar felsic bIff similar to intel:va1 74.5-79.8m generally
containirg about 5% of pumiceous clasts. IDeal thin barxls of
fairly well sorted fine to medilUD grained grey "felsic
tuffaceous epiclastic sandstone" occur at:
256.1 - 256.9m; 273.6 - 274.4m; 286.9 - 287.4m
These generally are well stratified (albeit sometimes slump
defonred) arrl possibly represent periods of epiclastic
sedimental:y reworki.n;J at tops of individual flows of
p.mri.ceous bIff.

silnilar lithotype to that in inteIval 250.9-256. 1m. The
sedimental:y c:arponent of the breccia is dominantly pale grey
"fel sic tuffaceous-epiclastic sandstone/siltstone" with only
minor prop:lrtions of micaceous brrbiditic sa:liments. Ratio
of pnniceous tuff to sarrly sediments is about 1: 1.

silnilar lithotype to intel:va1 215.5-248.Orn.
Felsic bIffaceous material dominant over brrbiditic serliJrent
in ratio about 2: 1. '!he brrbiditic sa:limental:y oomponent
gradationally becanes less micaeous arrl increasirgly
siliceous-cherty da.m the hole.

09WHERR.REP/AJH/14.3.89
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Mineralization: 0.2% fine disseminated pyrite.
Feldspars are generally pinkish grey, awarantly quite fresh.
Local pale greenish sericitic alteration of ground mass
material appears to be related to tectonic shearirg.

290.8-293.1 Pumiceous Epiclastic Breccia
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Mineralization: 0.5% disseminated fine pyrite.

29B.0-301.0 Felsic Pumiceous Tuff
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An Oriented COre Spec:iIren fran 300.3m depth allowed the
follavin;r beddiTY;j detenninations to be made:

Dip
55NW
52NW

0.2% disseminated pyrite.

strike ( AM:;)
045
355

301.OJn

Lithology similar to that of intel:val 171. 75-175.Orn with
pumiceous clasts constituting 5% of the rock volume.

Mineralization:

'Ihese are somewhat at variance with beddiTY;j determinations
elsewhere in the hole an:i are suspected of being non
representative of, gross stroctural layering due to soft
sed:il1ent defonnation.

Depth (m)
293.7
296.4

09WHERR.REP/AJH/14.3.B9
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Geological Log By: W. Herrmann
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Hole No:
IDeation:
Collar Co-Ords:
Collar Azimuth:
Collar Inclination:
Total Depth:
Re=veIY:

Bore Hole SUl:veys:

Date

08/12/88
12/12/88
14/12/88
16/12/88
21/12/88

DrillinJ Contractor:
DrillinJ commenced:
DrillinJ Completed:
Drillign Notes:
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M:DD 5
Mt cattley E.L. 14/85 Tasmania
12000N/12000E
097 Magnetic
-62
244.6m
100%

•(Eastman SinJle Shot camera)

Depth (m) Azimuth M Inclination

50 101 -63
100 102 -63
150 101 -64
200 102.5 -63.5
244 103.5 -63

Dianooo DrillinJ Tasmania
07/12/88
21/12/88
IDn:lYear 44
HQ core to 5lID
SUbsequently reamed HQ to 112m
NQ Core 51-244.6m
DrillinJ generally straightforward except for
unconsolidated materials at base of Tertiary
basalt.
Approx. 106m of HQ casinJ.
(6 - 112m depth) stuck in hole
32mmPVC Class 9 casinJ to bottom of
hole



83.7 - 83.8 Transition Zone.

Page: 2

68.8 - 69.7 Basaltic Hyaloclastite Breccia.

606158
GroIDGICI\.L IJJG

No Core Recovered.

Tertiary Basalt.

90.9 - 97.0 siliceous Boulder/Gravel.
(Recovered: 105m)

09WHERR.REP/AJH/14.3.89

D:lrk grey fine grained sparsley olivine Ibyric basalt;
CCIIllOClIlly glassy, vesicular or amygdaloiclal. Amygdales IllOStly
filled with soft pale to dark greenish grey zeolites,
sanet.imes white carbonate. Rock is oxidized (weathered) •
brovm colCXJr above 4.Om.

siliceous pebbly-sandy grains (as above) supported in a
matrix of pale grey (devitrified basaltic vitric tUff.
Coltpaction layering intersects core at about 45 to lAOC.

83.8 - 90.0 Basaltic Lapilli vitric TUff.
(Recovered: 5. 8m)
OXidized am clayey, orange brovm to p.n:plish brown coloured
rock consisting of glassy JXlSSib1y hyaloclastite brecciated
basalt SlJl:tXlrted in a fine to medium grained matrix of
basaltic glassy shards. CoIlq:laction foliation generally at
60-70 to lAOC.

72 •0 - 82.0 Unlithified sand am Gravel.
(Recovered: 1. 5m)
Pale grey unlithified sarrl am clayey silt locally with
fragments of lignified plant materials am minor well
rounded pebbles of vein quartz or pink sarrlstone.

82.083.7 Siliceous Cobble/Gravel.
(Recovered: 1. Om)
Fragments of 'well rounded pebbles, cobbles an:i small
Ix>ulders, size range 10 - 25Ornm. Consist mainly of pink
hematitic =nglcmeratic sarrlstone (Upper Upper (Men
Conglanerate) with subordinate white vein quartz an:i rare
pale grey/siliceous acid volcanic lithtypes.

HOlE NO MCDD 5

D:lrk grey to black fine grained to glassy basalt, partly
vesicular. Prominent hyaloclcistite brecciation on 5 - 5amrn
scale with inter fragment spaces filled with pale brownish
grey clayey devirtrified glass (?).

69.7 - 72.0 siliceous Cobble/Gravel.
(Recovered: 0.2m)
Fragments of vughy white vein quartz am a few well rounded
pebbles of pink quartz san::1stane similar to Ordovician ''Moina
Sarrlstone" •

o - 1.5

1.5 - 68.8
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Mainly segnents of boulders an::l cobbles rarging 100-30Ornm in
size, daninantly camposed of pink ''Upper Upper CMen"
con;Jlomeratic san::istone, same white vein quartz. Also same
well rourrled pebbles 10-5Ornm in size consisting of quartzite,
chert an::l rare felsic acid volcanic.

97.0 - 119.0 Felsic Lithic - Epiclastic san::lstone

From 97 -112. 2m. 'Ihe core is very strongly oxidised
(r;eathered) to a pale orargey-buff clayey material which
retains a granular relict fabric. Core recovery in this
interval is about 8m (ie. -53%). nus zone represents the
pre-basalt TertiaJ:Y weathering profile. '!here is a very
abrupt transition to fresh r=k at 112.2m.

'!he fresh r=k below 112.2m is a medium grey coloured massive
granular clastic r=k ("sarrlstone") consisting largely of
small equant an::l probably rather rourrled grains (0.5 - 1.5 Iml\
dia.) of whitish grey plagi=lase feldspar an::l quartz (fs »
qtz - 3:1), minor, small, «lOrnm) lithic fragments of acid
VOlcanics, subordinate subangular/interstitial? grains? of
dark green-black chlorite (?) all supported in a matrix of
very fine grained grey murky siliceous/felsic/possibly
glassy? material. '!he fine matrix constitutes perhaps 50% of
the r=k volume so there is not good sorting despite the
apparent subrourrling of coarser clastic.

'Ihe lithic fragments, generally constituting <5% of the r=k
volume, are cammonly flattish an::l irregular in shape but may
also be subrourrled, they mostly consist of pale pinkish grey
feldspar phyric rhyolite or "pumice".

Below 119m there is a gradual increase in proportion of
lithic clasts but the bclurrlary is very gradational an::l the
entire interval 97 - 146. om may be regarded as part of a
single graded mass flow deposit.

other than a slight fining in grain size uphole the r=k is
quite massive, without stratification.

Mineralization:

Fine disseminated pyrite (of about 0.5% voL) is ubiquitous,
=curring mainly as fine specks dusted throughout the murky
grey siliceous matrix but also in pumiceous fragments an::l as
=casional scattered blebs upto 5Iml\ diameter. scattered
small blebs arrl grains (1-3Il1l1l) of reddish brown sphalerite
are cammon an::l widespread throughout the r=k an::l also appear
=casionally in infrequent fine veinlets of quartz + white
carbonate. Galena is noted as a rare trace mainly in
veinlets an on joint surfaces.

OVerall base metal content estimated at:
:Eb 30Oppu, Zn: 50Oppu.

09WHERR.REP/AJH/14.3.89
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Many joint surfaces (many but not all of which are developed
along fracture filling veinlets) are partly =ated with a
soft "soapy" green to bluish green mineral rather resembling
some of the zeolites filling amygdales in the overlying
Tertiary basalt but which may be Fuc:hsite? '!he rock in
general, though siliceous ani a little pyritic, seems
relatively unaltered; feldspars appear to be fairly fresh.

119.0 - 146.0 Felsic Epiclastic Breccia.

•
'!his rock is CXBTqXJSitionally ani petrogenetically smlar to
that above but is distinguishable by the greater abun:lance of
lithic clasts. '!he rock typically consists of moderately
aburrlant, small lithic clasts (5-20%, 2-3Ornm) ani abundant
grains ani crystal fragroonts of whitish grey feldspar (30%,
1-3mm) ani subordinate quartz «10%) SUWOrted in a murky
grey fine grained siliceous matrix.

Clast CXliilfXJSitions are variable but dc:xninated by pale to dark
grey feldspar Iilyric "rhyolite" ani pumice, pale grey to
pinkish grey siliceous cherty vitric tuff with subordinate
dark green-grey feldspar Iilyric fXlIlrl-ce clasts (becoming more
prominent below BOrn). '!here are occasional (well :rourrled)
clasts of dark grey-black siltstone (eg. at 132m, 145.5m).

'!here is an overall increase in size ani proportion of clasts
down the hole but there is no small scale stratification.
'!he poor sorting, matrix supported clasts ani grain size
grading (fining uphole suggesting younging uphole) indicate a
''mass flow" depositional process.

'!he lower contact at 146.Orn is very sharp and perfectly
con=rdant to fine bedding laminations in the underlying
siltstone.

Mineralization and Alteration

As for interval 97 - 119m.

146.0 - 157.5 Pyritic Black siltstone.

Finely laminated dark grey to black siltstone generally with
fine scale (1-5mm) laminae of dark, fine grained, probably
graIilitic siltstone/shale alternating with paler grey, more
granular ani quartz rich siltstone. 'Ihere is a 105m thick
bed of fine sandy "greywacke" at 150.9rn but othel:Wise the
unit is vastly dominated by fine grained black siltstone;
(graIilitic slst/greywacke slst=5) .

NxNe 151m bedding laminations are fairly regular cutting the
core at about 75 to IAOC and parallel to the sharp contact
with the overlying mass flow breccia unit. Below 151m the
bedding angle is more variable fran 75 - 50 to IAOC, near
153m depth the angle is briefly sub parallel to lAOC.

09WHERR.REP/AJH/14.3.89
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157.5 - 160.2 Felsic Vitric - Tuffaceous siltstone.

606161

Dip lAOC
47NW 70
45NW 60
40NW 70
54NW 60
47NW .

(T )strike
060
065
065
060
062

Mineralization

'!his interval is unifonnly pale greenish grey in rolour but
rontains two textural types:
(i) is very fine grained an::l d1erty beyond megascopic

resolution (10 x hand lens) but has a "tuffaceous" lCXJk
about it an::l displays fine sedimentary lamination.

(ii) is a rather roarser, finely granular sediment (grain
size 0.05 - 0.2mm) generally massive without fine
layerin:J but locally with small (upto 3mm)
spheroidal-ellipsoidal semi aligned blebs of carbonate
(rather resemblin:J arnydales in an extrusive rock) .

Pyrite occurs throughout this unit most prominently as
rourxied replacetrent (?) blci;ls upto IOmm diarreter, often
concentrated in ban::ls parallel to beddin:J (eg: 146.2m depth);
also as :i=egular to rounded blebs replacin:J outwards fran
fine pyritic veinlets (eg: 147 .9m), thin (1-15mm) beddin:J
parallel ban::ls or veins (egs: 148.8m, 153. 1m) ; an::l as fine
disseminated specks JOOSt notably in more granular "san::ly"
laminae as at 150. 9m.

OVerall pyrite rontent is estimated at 1-1.5%Py. Fine
veinlets an::l networks of white cartx>nate ± quartz occur
locally on a minor scale. 'Ihese are late stage tectonic
tension crack fillings; they cut acrtl6S (postdate) folded
beddin:J lamination (eg: 153m) an::l also crtl6S cut (postdate)
the pyrite veins an::l blebs (eg: 156m). 'Ihese carbonate +
quartz veinlets carry oo::asional blebs of red brown
SFhalerite but not pyrite. Galena has not been noticed.
'!his veinlet mineralization is not significantly developed.
Estimated zn content <50Oj::pn overall.

Depth (m)
150.2
150.6
150.65
151.05
Mean:

Similarly near 156m the bedding angle is as lCM as 20 to
lAOC but returns to 80 near 157m depth.

'Ihese sudden c:.han:Jes in beddi n:J angle an::l ronsiderable Sll'a11
scale faultin:J are suggestive of lCM COlIpetency tectonic
deformation rather than soft sediment slurnpin:J.

Van Ruth type rore orientation at 151m yeilded beddin:J
orientations as follCMS:

'!he roarser type (ii) a[p"ars to have been mobile and
intrudes the finer type (i) material with
irregularJbrecciated contacts (eg: at 158m) whid1 transect
the bedding laminations. '!his appears to be a fonn of soft

09WHERR.REP/AJH/14.3.89
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160.2 - 176 Pyritic Black siltstone.

Lithology an::l mineralization styles exactly identical to
interval 146 - 157.5rn.
Average 1-2% pyrite, locally upto 5% pyrite.
Moderate intensity of quartz ± carbonate veinlets, typically
1-3, 20-50jrn of =re with occasional thicker veins upto
6Ornm. '!hese veinlets carry minor ~erite an::l traces of
galena (eg: 165.1m Sp + Gal) but overall base IOOtalS

estilnated at Fb < 200I:Pn. Zn < 500I:Pn

Mineralization

Page: 6

45 IAOC
30
15
o
40
20
50
45

163.5rn
164.2
165.0
166.0
166.3
168.4
169.1
170.8

Pyrite occurs in small blebs, veinlets an::l beddirg parallel
ban:ls (upto 1lmn thick) as in the overlyirg black siltstone
unit but of lower =ncentration, perhaps 0.5%Py overall.

'!he =re is cut by an irregular, locally quite intense,
network of fine quartz ± carbonate veinlets. '!hese clearly
cross cut (postdate) the pyrite mineralization. '!hey carry a
little red-brown ~erite an::l rare traces of galena but
usually no pyrite. OVerall base IOOtal =ntent estilnated at:

Fb < 20~
zn < 50~

Both upper an::l lower =ntacts appear to be fairly shaJ:p
although the latter is marked by intense uncemented tectonic
brecciation.

sediment brecciation; the fine laminae are locally defonned
close to the "intrusive" =ntacts.

'!he core is extensively broken near the upper =ntact, with a
loan puggy zonE! at 160.7 depth. '!he entire zone 160.2-162.6
can be considered a fault zone but probably an ~tency
effect (''bedding fault") rather than major structure. As in
the previous Black siltstone Unit, the bedding to =re axis
angles are rather variable, observations as follows:

606162

Van Ruth core orientation at 172.om yeilded the foll=irg
bedding lamination orientations:

Depth (rn) strike (AM:;) Dip
171.4 035 70NW
171.7 030 75NW
172.0 040 75NW
172.2 035 75NW
Mean: 035 74NW

09WHERR.REPjAJH/14.3.89
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Mineralization

176.0 - 177.3 Felsic vitric - Tuffaceoos siltstone.

09WHERR.REPjAJHj14.3.89

Page: 7

606163
Dip
75NW
52NW
40NW
75NW
62NW
80NW
64NW

strike ( AIoG)
055
055
075
055
055
055
058

Depth (rn)
173.0
173.9
174.0
174.1
174.6
175
Mean:

Below 175.310 sil~ is rather cherty probably due to a
high content of vitric ash?, suggestinJ a transitional
contract with the unit below.

A pale to medilDD pinkish grey very fine grained siliceous
rock, exhibitinJ distinct sediment.cuy layering in places.
'!he rock is very siliceooswith a cherty feel and appears to
=nsist of fine felsic tuffaceous material, probably largely
devitrified glassy shards; grain size is generally <0. 05nun.

Beddirg laminations observed are fairly regular at about 60 ­
65 to lAOC. "Reconstl:uction" of drill =re from the
oriented segment at 172. Om, gave a hedclirg orientation at
177. Om of: strike 055 (T) and Dip 52 NW indicatinJ
=nfonnability to the enclosinJ black siltstones. '!his is
also evident at the lower =ntact, at 177. 3m, which is very
sh.np am =nfonnable though displaced 2Ornm. by a small
steeply south dippinJ reverse fault.

'!he lower =ntact at 181. 8 - 181. 9m is marked by a loan zone
of strorg shearirgffault brecciation and heavy quartz
cartxmate veininJ. '!he plane of the upper side of the fault
zone is oriented at 280 (T) dippinJ 72 to the north.

'!his unit =ntains about 0.5% pyrite mainly as fine
disseminated specks am blebs. Q<.lartz ± cartlonate veins are
not cal[ILJ!, «5jrn =re) but do contain rare traces of brown
sphalerite. Base metal estimated at <50Oppn zn + Ib overall.

177.3 - 181.8 Pyritic Black silstone.

Lithology and mineralization identical to Black siltstone
units intersected fUrther up the hole.
Average 1.5 - 2% Pyrite.
Estimated Base Metal: <50Oppn zn, <20Oppn Fb.

Between 178.6 am 179m there are two angular fragments of
vitric tuffaceoos siltstone similar to the unit above. '!hese
lie on the northern side of the drill hole and represent
"silvers" of the overlyinJ unit down faulted on the footwall
side of small reverse faults which are oriented at about 320
(T)j85SW.
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181. 9 - 201.1 Felsic Vitric-Tuffaceous O1ert.
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Bedding laminations within this black siltstone unit are
locally quite =ntorte::l, possibly due to "drag" associated
with faulting. oriented =re (projected fram oriented
segment at 172m) gave bedding orientations as follows:

178.Orn
179.9m

Above 186.5m the rock is massive, unifom pale greyish pink
in =lour apparently =nsistirg of ultrafine cherty silica.
There are locally developed small «0.5rnm) paler "spots" and
"clouds of spots" which appear to represent some fom of
(metamorphic?) alteration; silnilar bleachirg occurs in a
nearly ubiquitous network of fine hairline veinlets.

'Ihis is a rather silnilar rock type to that in the inteIval
176.0 - 177.3m but here the grain size is so very fine
(essentially beyorxi resolution at 10 x magnification) that I
substitute the term chert for siltstone.

From 186.5 - 190.6rn the rock is prominently banded on a
millimetric to 5 centimetric scale with alternatirg =lour
bands of pink and pale to medium dove grey. The grey bands
(or beds) seem to be slightly =re "granular" but grain size
is still <0. 02rnm. The grey bands do not contain the pale
bleached "spots" or "clouds" of the pink bands and also seem
to be less affected by bleadlirg along hairline veinlets.
The bandirg unioubtedly represents sedimentary layerirg and
is generally subnormal to about 80 to INJC. An oriented
=re specimen was obtained at 188.2m but due to adjacent
broken zones the orientation of bedd i ng was not determinable
here. The bedding is frequently wavy and irre:jular
indicatirg sorne soft sediment disturbance.

09WHERR.REP/AJH/14.3.89
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Mineralization
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deposited •
siliceous

Dip
35NW
35N

strike ( AM::)
065
095

~ (m)
195.5
198.8

Ultra fine disseminated specks of pyrite are ubiquitous
throughout the unit.

An oriented =re specimen fram 200m allowed determinations of
barding (J-edd j rg as above).

OVerall pyrite content is estimated at about 0.5%Py. with
upto about 1.5%Py in the zone below 199m. '!he Pyrite "blobs"
and associated bleach-ecl selvedges are cross cut (postdated)
by very occasional fine «5mrn) veinlets of white quartz +
carbonate which =ntain traces of red brown sphalerite.
OVerall grade of basemental mineralization is not expected to
exceed 200):pnIb, 20ownzn.

Narrow bands of higher sulIillde content = at three
depths:
189.4m: 50rnm defonned bard of =arsely crystalline near

massive pyrite with quartz + carbonate gangue am
minor blebs of reddish brown sphalerite.

193.3m: lOrnm bard of =arse pyrite similar to above.
196.55-196.7m: 150rnm bard of dark grey-black cherty mudstone

(?) with abundant 1-5mrn blebs of pyrite (20%) am
very dark steely greyish brown =loured semi­
translucent (?) sphalerite (?) (20%).

In places, particularly above 186.5m am below 199m (ie. the
upper am lower massive, non barded zones), there are
occasional small «lOrnm) , irregular but well rounded "blobs"
of pyritic black siltstone in this hole. '!he "blobs" are
somet:iloes enveloped by a selvedge of pale bleaching possibly
similar to that of the "spots" am "clouds" noted above.

Below 199m the r=k is massive, unifonnly pale grey am
cherty, similar to the grey =lour beds of the banded
sections above•

From 190.6 - 193.6m the =re is lOOStly massive, unifonnly
greyish pink in =lour. From 193.6 - 199m the =re is again
finely barded (bedded) with alt.errlating pink am grey
laminae.

'!hese r=ks are regarded as distal, suqueously
sedinents, probably largely derived fram
(rhyolitic) vitric ash.

'!he sulphides, =nstituting about 40% of the total volume are
arrarged in partly defonned bands and trains which appear to
subparallel the (rather irregular) margins of the 150rnm wide
bard. '!he pyrite bands are more massive and are coarsely
crystalline, with grains partly brecciated am infilled with

09WHERR.REPjAJHj14.3.89
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Mineralization etc:

202 - 244. 6m Felsic Vitric-'l\lffaoeoos O1ert

Page: 10

Lithology is similar to that in the interval 181. 9 - 201. 1m.
It is subdivided as follows:

'Ibis barrl could be :interpreted to represent
syrgenetic sul!illdes in a black chertyjshaley
host horizon.

silica am. caJ:bonate .

Projection of the =re orientation obtained at 200.Orn
suggests the followin;J orientations for I.1fP2r arrl lower
nargins of this barrl:

Uj::pll" Contact: Strlle 085 (AM:i) Dip 60 N which is
approximately =nsistent with trend of the
erx::losin;J units .

IDwer Contact: Irregular: folded? with a small fold axis
approximately terd:i.n3' N-S, pll.ln3'e horizontal.

•

202.0 - 203.5 medium to dark grey barrled chert (layerin;J
1-15Ornm thick) with pinkish chert increasing
below 203m.

203.5 - 244.6 massive, strocturel.ess, ultra-fine grained (?)
cherty rock of uniform pale brownish pink to
greyish pink =lour.

201.1 - 202 Pyritic Black siltstone.

Lithology similar to untis intersected further up the hole;
generally finely laminated; a fine "cherty" pale grey vitric
tuffaoeoos layer in the interval 201.5 - 201.6m.

The black siltstone is quite pyritic with 2-3%Py in the
usual fo:rns of cx:currence, sane fine grained pyritic bedding
parallel harris (as at 201.35m) very suggestive of syrgenetic
pyrite. 'Ihere is a patchily developed brittle fracture
network of fine, white quartz + cart>onate veinlets with
traces of reddish brown spwerite, expected to =ntain less
than 1000wn zn.

In the upper 2m (202 - 204m) minor galena arrl pale, brown
spwerite occur in a stockwork of fine fractures arrl white
quartz + caJ:bonate filled veinlets arrl also locally (eg:
202.5m) as disseminated spots of finely granular sulphide,
Il'ainly galena. 'Ibis I.1fP2r 2m interval is estitrated to
=ntain about 0.2%Ib arrl O.l%Zn.

09WHERR.REPjAJHj14.3.89

Both the upper arrl lower =ntacts of the units are somewhat
sheared but overall probably conforamable. Projection of
oriented =re indicates that bedding laminations at 201.4m
strike 040 (AM:i) arrl Dip at 37 to the NW.

606166

.ici5

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



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

244.6m

Page: 11

606167
In the massive rock bela-! 204m sulfhides are less prominent
am consist mainly of pyrite with subordinate galena and
sp,alerite. SUlfhides =r sparsely in:

(i) Disseminations - mainly pyrite, traces galena;
total volUl\lE! <0. 1%.

(ii) Fine sulpllde a::a.ted fractures - mainly pyrite.
«0.05%).

(iii) ~ ± carbonate veinlets - minor traces of
galena am SJ,:i1alerite in equal abunlance, very rare
dJalcqJyrite (eq: 238m). Never pyrite. •

SUlfhides occur IlDre praninently in rinuned ''blobs'' and
"blotches", similar to those noted in the interval 181.9 ­
201. 1m, which awear to be IlDre extreme develc:prents of the
bleached "spots" am "clouds" also noted above. 'Ihese
blotches have a rounded or irregular/sub rounded fom varying
fran a few millilletres to a few cent:inetres in diameter and
consist of a core of fine granular grey quartz (?) and
carbonate liberally dusted with fine pyrite or with
con-centrically arranged blebs of pyrite with lesser
sp,alerite am less galena. 'Ihe sulphides are often
=ncentrated near the outer margin of the core. 'Ihe quartz +
cartxmate + sulfhide core is rinuned by a selvedge of pale
buff-<JreY bleaching alteration usually of similar width to
the diameter of the core. 'Ihese Ifumamena are irregularly
scattered throughout the massive rock bela-! 204m and
constitute overall perhaps 1% of the volUl\lE!. 'Ihey generally
contain <10% sulfhide (mainly pyrite) am thus contribute
about 0.1% pyrite to the overall average estimated pyrite
content of aroun:l. 0.2 - o. 3%Py• 'Ihe overall base metal
content of the unit is estinated at <lOOppn 0.1, <30Oppm lb,
<30Oppn Zn.

In places there is a weak develc:prent of close spaced
parallel hairline fractures possibly representing weak
fracture cleavage develop:nellt. 'Ibis awears to be coeval to
or post dated by the develc:prent of rinuned sulphide bloches.
HCMever the latter are definately cross axt (post dated) by
the occasional quartz ± carbonate veinlets (eq: at 235.5m).

E.O.H.

09WHERR.REP/AJH/14.3.89
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APPENDIX IV

MUL~UENCY FM SOUNDINGS IN THE

HT CATTLEY AREA, TASMANIA,

ocroBER TO NOVEMBER 1988
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MULTI FREQUENCY EM SOUNDINGS
IN THE MT CATTLEY AREA, TASMANIA
AND THE BERSERKER AREA, QUEENSLAND,
OCTOBER TO NOVEMBER 1988

By: A. Hattula
Outokumpu Oy Nordic Exploration
Tehtaankatu 2, SF-83500 Outokumpu
Finland
December, 1988
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The results show that the Gefinex 400 S
system can be used to distinguish detailed
resistivity distributions in flat-lying
structures and to locate deep conductive
bodies in conductive environments.

The Apparent Resistivity versus Depth (ARD)
plot of each station was calculated and the
results were presented as interpreted apparent
resistivity cross sections. These gave
structural and stratigraphic information and
located some conductive bodies as possible
mineralisations.

Multifrequency EM dipole-dipole soundings
using the GEFINEX 400 S system developed by
Outokumpu Electronics were performed in the
Mt. Cattley area of Tasmania and the Berserker
area near Rockhampton in Queensland. A total
of 290 soundings were taken on 2 profiles in
the former case and on 11 profiles in the
latter.

A high conductive body was detected on Mt.
Cattley. The resistivity of the uppermost
layers was low (10 - 50 ohm-metres). The
depth extent was 200 - 300 musing 400 m
coil separation and over 500 m with 800 m
coil separation. A 3 - 4 layered model was
obtained and many interruptions in continuity
of the layers were located.

2
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Nine conductive bodies and the known remaining
mineralisation of the Mt. Chalmers mine were
located in the Berserker area. The resistivity
of the uppermost layer was usually over 100
ohm-metres, and the depth extent 400 - 700 m
using 400 - 1000 m coil separations. 2 - 5
resistivity boundaries were detected and
interruptions in continuity of the layers
were located, as in the Mt. Cattley area.

SUMMARY
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The GEFINEX 400 S system is a multi frequency
electromagnetic dipole-dipole method for
determining the electrical resistivity of the
ground at different depths inductively using
a fixed transmitter-receiver separation and
changing frequency to obtain variable
penetration. The portable transmitter consists
of an electronics unit and a power control
unit, a transmitter loop (a 20 m diameter
circular loop or a 50 m x 50 m square loop),
and rechargeable batteries. The portable
receiver consists .of a 3-component magneto­
meter coil, a electronics unit and recharge­
able batteries. There is no connecting cable
between the transmitter and the receiver.

The fUlly automatic sounding operation is
controlled by the microprocessor in the
receiver, using UHF radiophones for
communication with the transmitter. The
system is capable of simUltaneously measuring
three orthogonal components of the magnetic
field. The measured data are stored in a
semiconductor memory in the receiver and can
be unloaded via a RS 232 serial port. The
memory, 512 kB of battery-secured RAM, can
hold the data from 255 stations.

The geometric arrangement of the measuring
system is shown in Fig.1. The frequency range
is from 2.3 Hz to 19840 Hz and up to 81
frequencies (20 f / one decade) can be
selected via the microprocessor program in the
receiver. For a normal-sized transmitter loop
(diameter of 20 m) the achievable transmitter
- receiver separation is typically 400 m
depending on the depth and the dimension of
the target. A separation of up to 1000 m or
even more is possible with a larger loop.

Main advantages of the method are:

Large depth of penetration; large
magnetic moment even with low
frequencies.

Discrimination of both conductive
and resistive layers; wide frequency



· - - - - - - - - - - - - - - _.- - - - -
l~ '("'.

t ..' '.... u

RECEIVER TRANSMITTER

m

--;;o~- - -­
~

POWER CONTROL
U ELECTRONICS

UNITH UNIT
F ELECTRONICS

U
UNITKEYBOARD H

F
BATTERY UNIT

BATIERY BATIERY 500 Wh
60Wh 60Wh
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range with several discrete
frequencies.
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2.
INTERPRETATION

Good resolution in separations of
different layers and bodies;
geometric orientation and dense
frequency range .

•
Good filters for power line noise.

Portable system; operated by
rechargeable batteries.

Limitations of the method are:

Geometric orientation difficulties
on rough terrain.

correction difficulties for large
height differences or large tilt
angles of the transmitter loop.

Interpretation limitations in the
case of vertical structures.

The GEFINEX 400 S system has been developed
by Outokumpu Oy Electronics Division.

The GEFINEX 400 S system includes a data
processing and interpretation program package
for IBM compatible Personal computers. The
program consist of:
- receiving program for data transfer from

GEFINEX 400 S to PC.
- processing programs for measured data.
- Apparent Resistivity Versus Depth (ARD)

interpretation program.
- storing, printing and plotting programs.

A flow chart for measured data during
processing is shown in Fig.2.

Interpretation of the measured data is based
on the frequency dependence of the ratio
Bz/Br, where Bz is the vertical component of
the magnetic field and Br the radial
horizontal component, using the layered earth
model. This dependence is converted into an
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apparent resistivity versus depth (ARD) plot
(Fig.3.). Corrections due to differences in
altitude between the transmitter and receiver
or to sloping of the transmitter loop can be
made during calculation of the plot.

The ABD plot over the homogeneous half-space
will be a straight line parallel to the depth
axis so that the measured apparent resistivity
is then the real resistivity of the half­
space. Bends in the ABD plot indicate changes
in the resistivity at the corresponding
depths. When proceeding from the surface to
depth, the ABD curves deviate towards lower
apparent resistivity, indicating conducting
layers. A horizontal ABO plot means an
infinitely good conductor. The angles between
the sections of the ABD curve indicate the
qualitative resistivity relations.

In the second stage of the interpretation a
layer model is fitted to the ARO plot (Fig.4).
This inversion program has been produced for
a VAX computer and is not interactive.
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The data file numbers and coordinates of the
sounding stations are presented in Table 1
for Mt. Cattley and in Table 2 for Berserker.

At Berserker 10 lines of a GEFINEX 400 S
survey were completed between October 25 and
November 3, 1988, as shown in Fig. 6. A total
of 200 soundings were taken.

Multifrequency EM dipole~dipole soundings
using the GEFINEX 400 S system were performed
in the Mt. cattley area in Tasmania and the
Berserker area near Rockhampton in Queensland .

6
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The measurements were carried out using the
in-line coil configuration, usually with a
coil separation of 400 m, but at larger
distances at a few stations. The size of the
transmitter loop was 20 m except for the
largest coil separation on Mt.Cattley. A 50 m
x 50 m transmitter loop was used on the flat
areas and a 20 m circular loop on the hilly
area on the Berserker Grids. The height
differences between the transmitter and the
receiver were measured using the hydrostatic
level RRKM-20. The tilts of the transmitter
loop were also measured with the same level
in the Berserker area.

An initial ARD interpretation of each station
was produced in the field and some preliminary
summaries in the office of OEA. The final
interpretation was compiled in Finland.

The field survey on Mt. Cattley was carried
out from October 6th to 21st 1988, when 90
soundings were completed on two lines:
12000 N from 9350 E to 12150 E and
11000 N from 1150 E to 12150 E (Fig. 5).
In addition some test soundings were carried
out over the Hellyer mine.
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The salient features of the resistivity cross
section are as follows:

The apparent resistivity cross-sections of
the lines 11000 E and 12000 E were interpreted
using the ARD curve cross sections and
separate ARD plots (Fig. 7 and Fig. 8). These
sections provide structural and stratigraphic
information.

•
The ARD interpretations of the soundings at
Mt. Cattley are in Appendices 1 and 2 and the
ARD plots of the Berserker area in Appendices
3 - 20. The ARD plots are presented with and
without corrections for height differences
between the transmitter and receiver or
sloping of the transmitter loop.

The depths of the wide conductive layers are
quite accurate, the more resistive layers
being sensitive to the conductivity x
thickness product in multilayer cases in
partiCUlar. Depth interpretation can be
improved by layered model inversion or if
control is provided by geological or
resistivity logging data from nearby
boreholes.

7
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606187

(Fig. 7)

Report

A 3 to 5 flat layer model is
recognised.

Except for the western end of the
line, the most conductive layer is
at a depth of a few metres. This is
probably the base of the Quaternary

Descriptions of the resistivity cross
sections are presented in the following.

The purpose of the Gefinex 400 S survey
to obtain structural and stratigraphic
information and to locate conductive
mineralisations.

The cross section 11000 N

4 .
RESULTS

A. Hattula
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The salient features of this section are:

A week conductor may be located at a
depth of 180 m at 11300 E. This lies

Another interpretation of the weak
conductor in the middle block is
that the conductive layer may be
thinner, having better conductivity.

The second layer is conductive in 5
blocks (9500, 10300, 10600, 11700
and 11900 E). The conductivity of
the two eastern blocks (11700 and
11900 E) is a little lower than that
of the others.

8
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The
layer is
coil

(Fig. 8)

Report

soil or weathering horizon.
thickness of this uppermost
not exact, due to the 400 m
separation.

The uppermost layer in nearly all
the blocks has very low resistivity,
down to under 10 ohm-m at 11000 E.
Beneath this conductive layer is a
thin high resistive layer, or else
the contrast between the conductive
layer and the thick resistive layer
is very marked.

A slightly better conductive layer
is located at a depth of 100 - 150 m
in the middle of the section (11500
- 11700 E). The base of this layer
may be related to the base of the
basalt. To the east, the base of the
basalt is probably below the
conductive layer and the lower
boundaries belong to the bedrock.

A highly conductive body was located
at depths of 150 m at the eastern
end of the section. If this body is
small, as suggested by the ARD plot,
its depth will be shallower.
Soundings with a broad side coil
configuration are needed to locate
the position of the body.

The cross section 12000 E

A. Hattula
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l8b

A. H"ttula

near or on the bedrock boundary.

The low resistive layers at the
western end of the section are
thought to be due to the basalts
becoming suddenly thicker.

9
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Report

A sounding using a 800 m coil
separation at 11700 E gave the same
layer structure as 400 m separation
down to the depth of 250 m and a new
possible boundary at a depth of 500m.

There are numerous interruptions in
the resistivity section. The major
one, located at 10920 E, divides the
layers beneath the Quaternary layers,
since they are highly resistive on
the eastern side of ~his possible
fault but of low resistivity on the
western side. These responses may
also be due to the thickness and/or
petrophysics of the basalts.
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TABLE 1 page 1

I
I MT. CATTLEY

GEFINEX 400S SURVEY

I
SOUNDING STATIONS

I
DATE LINE FILE STATION Rx Tx R LOOP

07.10.88 12000N MTCAT070

· 00 9800 10000 9600 400 2-
I · 01 9850 10050 9650 400 2-

· 02 9900 10100 9700 400 2-

· 03 9950 10150 9750 400 2-

I
04 10000 10200 9800 400 2-

· 05 10050 10250 9850 400 2-
· 06 10100 10300 9900 400 2-

I
· - 07 10150 10350 9950 400 2

· 08 10200 10400 10000 400 2-
· 09 10200 10350 10050 300 2-

I HELLYER TEST
10800N ·- OA 5688 5563 5813 250 2

· OB 5688 5563 5813 250 2-
I ·- OC 5913 6013 5813 200 2

- 00 5913 6013 5813 200 2
OE 5913 6013 5813 200 2-

·- 00 5913 6013 5813 200 2

I ·- 10 5913 6013 5813 200 2

·- 11 5938 6063 5813 250 2

·- 12 5938 6063 5813 250 2

I 13 5663 5563 5763 200 2-
·- 14 5638 5513 5763 250 2

·- 15 5588 5463 5713 250 2

I
16 5538 5413 5663 250 2

08.10.88 12000N MTCAT080

I ·- 00 10250 10450 10050 400 2

· 01 10300 10500 10100 400 2-
·- 02 10350 10550 10150 400 2

·- 03 10400 10600 10200 400 2

I ·- 04 10450 10650 10250 400 2

· 05 10500 10700 10300 400 2-

·- 06 10550 10750 10350 400 2

I - 07 10600 10800 10400 400 2

·- 08 10650 10850 10450 400 2

· 09 10700 10900 10500 400 2-

I
OA 10750 10950 10550 400 2-

·- OB 10800 11000 10600 400 2

·- OC 10850 11050 10650 400 2
00 10900 11100 10700 400 2-

I ·- OE 10950 11150 10750 400 2

·- OF 11000 11200 10800 400 2

I
•



I 606191

I
190

TABLE 1 page 2

I · 10 11050 11250 10850 400 2-
· 11 11100 11300 10900 400 2-
· 12 11150 11350 10950 400 2- 400I · 13 11200 11400 11000 2- 400· 14 11250 11450 11050 2-
· 15 11300 11500 11100 400 2-

I 10.10.88 12000N MTCATI00
00. 11250 11450 11050 400 2·-

· 01 11350 11550 11150 400 2

I
-

· 02 11400 11600 11200 400 2-
· 03 11450 11650 11250 400 2-
· 04 11500 11700 11300 400 2-

I · 05 11550 11750 11350 400 2- 11800· 06 11600 11400 400 2-
· 07 11650 11850 11450 400 2-

I · 08 11700 11900 11500 400 2-
· 09 11750 11950 11550 400 2-
· OA 11800 12000 11600 400 2

-

· OB 11700 11500 11900 400 2

I
-

OC 11800 11600 12000 400 2-
· 00 11850 11650 12050 400 2-
· OE 11900 11700 12100 400 2-

I · OF 11950 11750 12150 400 2-
· 10 12008 11800 12215 415 2-
· 11 12050 11850 12250 400 2-

I · 12 12100 11900 12300 400 2

11.10.88 11000N MTCATll0

· 00 11150 10950 11350 400 2

I
-

· 01 11200 11000 11400 400 2-
· 02 11250 11050 11450 400 2-

03 ' 11300 11100 11500 400 2-

I · 04 11350 11150 11550 400 2-
· 05 11400 11200 11600 400 2-
· 06 11400 11200 11600 400 2-

I · 07 11450 11250 11650 400 2-
· 08 11500 11300 11700 400 2

( . -09) 11500 11300 11700 400 2
( . _ OA) 11500 11300 11700 400 2

I · OB 11500 11300 11700 400 2-
· OC 11550 11350 11750 400 2-
· 00 11600 11400 11800 400 2-

I · OE 11650 11450 11850 400 2-
OF 11700 11500 11900 400 2-

· 10 11750 11550 11950 400 2-

I · 11 11800 11600 12000 400 2-
· 12 11850 11650 12050 400 2-
· 13 11900 11700 12100 400 2-
· 14 11950 11750 12150 400 2

I
-
· 15 12000 11800 12200 400 2-
· 16 12050 11850 12250 400 2-

17 12100 11900 12300 400 2-
I · 18 12150 11950 12350 400 2

I
•



12.10.88 12000N MTCAT120

· 00 9800 10000 9600 400 2
-
· 01 9750 9950 9550 400 2
-
· 02 9700 9900 9500 400 2
-
· 03 9650 9850 9450 400 2
- 9390 410· 04 9595 9800 2- 05 9552 9750 9355 395 2
- 9355 395 2 •

· 06 9552 9750-
· 07 9500 9700 9300 400 2-
· 08 9450 9650 9250 400 2
-
· 09 9400 9600 9200 400 2
-
· OA 9344 9550 9138 412 2

13 .10.88 12000N MTCAT130

· 00 12144 11950 12338 388 2
( . -01) 12144 11950 12338 388 2
(.-02) 12144 11950 12338 388 2

· 03 11925 11725 12125 400 2
- 11300 350· 04 11125 10950 3

( . -05) 11700 12100 11300 800 3

· 06 11700 12100 11300 800 3
( . -07) 11600 12000 11200 800 3
(.-08) 11600 12000 11200 800 3

Rx = Receiver
Tx = Transmitter
R = Coil separation

LOOP 2 = circular loop of 20m diameter
LOOP 3 = 50m * 50m loop

( ) = failed or repeated record
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