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1. INTRODUCTION

Bubs. Hill, a prominent Crotty Quartzite capped hill, is located approximately 16Km to
VA
the east of Queenstown along the Lyell Highway at Agthurs Pass. An area of Ordov-

. ician Gordon Limes_tone occurs to the east, west and north of Bubs Hill. Small pits

and itrenches have been discovered situated over limited lead-zinc mineralisation to the
east of Bubs Hill, '

Exploration was carried out at Bubs Hill from November, 1983 - January, 1984 and in-
\r_ol\ked ‘the establishment of the Bubs Hill Grid and the completion of soil sampling, rock
ch_iﬁ sampling and magnetic surveys. - Limited regional mapping and rock chip sampling
were also completed.

Exploration was directed towards investigating the nature of the mineralisation at Bubs
Hill and determining if the mineralisation extended to the west for any distance to warrant
further investigation.

2. PREVIOUS WORK

Previous work carried out at Bubs Hill includes the following:
a} Minor pitting to the east of Bubs - Hill, possibly around the turn of the century, by

prospectors over areas of outcropping galena-sphalerite-pyrite mineralisation in the
Gordon Limestone,

b} Undertaking of further investigation of the Bubs Hill area by K, Reid for an
Honours Thesis in 1963.  This work included geological mapping which defined three
flat lying stratigraphic horizons :in the Gordon Limestone with galena-sphalerite-pyrite
mineralisation. :

¢) Detailed inveétigation on the mineralisation in 1970 by the Australian Hanna Ltd.,
inciuded minor pitting for bulk rock chip samples, and the establishment of an extensive
grid.  Detailed geclogical mapping, soll sampling and some rock chip sampling over
the grid, resulted in the outlining of several anomalous Pb-Zn zones to the east and
west of Bubs Hill. The mineralisation defined by the Australian Hanna Ltd., consists
of sphalerite~galepa and minor pyrite occurring in irregular veins and paiches. These
are associated with coarse grained crystalline calcite and quartz. Minor barite also

occurs.  Disseminated sphalerite-galena-pyrite occurs in minor localised areas.
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WORK COMPLETED

The Bubs Hill Grid ‘was established to the west of Bubs Hill with the baseline

(LL9,000N) oriented along the H.E.C. power line at 290° A.M.G., and with the
grid lines cut at 200° A.M.G. Twelve grid lines and the baseline were cut,

~ slope-corrected, pegged, tagged and flagged every 20m, for a total of 10.50km.

3.2.  Geophysics

A -magnetic survey was conducted over the grid at 10m spacings using Scintrex

'MP-2 Portable Proton Precession Magnetometers. ~ The readings were corrected
~for diurnal variation and the results are plotted on Figure 6. A base station
‘was located near the H.E.C. four-wheel drive access track which runs into the

middle of the grid, at 5,337,275mN  397,535mE.

3.3. Geochemistry
' 3,3.1.  Soil Sampling

A soil sampling survey was conducted over areas of no outcrop which
occurred to the south west end of the grid, including Lines 3,600-5,200E

{6 linés)' and the baseline 9,000N from 3,400-5,28CE. A total of 239
samples were collected. Samples were taken at the "C" horizon or as deep
as possible. The samples were not sieved but were assayed as such by
Analabs. for Cu, Zn, Pb, Ag, Fe and Ba, by A.A.5. - Over areas of inter-
preted or possible limestone the samples were halved with one half being
retained for later inspection to determine rock chip identity.

The results of the scil sampling are plotted on Figure 3, 4 and 5.

3.3.2. Rock Chip Sampling

The rock chip samples were sent to Analabs where they were crushed and
assayed by A.A.S. for Cy, Pb, Zn, Ag, Fe and Ba. Results for the Bubs
Hill Grid are plotted on Figs: 3, 4 & 5.. Sample descriptions and results are

included in- Appendix A.
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- a) The Bubs Hill Grid
Rock chip samples were collected over the eastern part of the Grid where
almost continuous outcrop of Gorden Limestone occurs. Lines 5,400-5,900E
(6 lines) and the baseline 9,000N from 5,300-600E were sampled every 20m
where possible. A total of 171 samples were collected.

b) Associated Areas
Rock chip samples were also taken of limestone exposed along the Lyell
Highway between the Nelson River crossing and the Wild Rivers National
Park Boundary and limestones exposed in the old limestone quarry to the
northeast of the Grid at co-ordinates 5,337,200mN 398,700E. A total of
20 samples were collected. '

c) Petrology _
5 selected samples were examined petrologically by D. Cowan of Central
Mineralogical Services. The petrology report is included in Appendix A.

3.4, Geology

._Detailed mapping was carried out over the Bubs Hill Grid, along the Lyell Highway
“from the Nelson R_iver to the National Park Boundary, and in the old iimestone.
quarry. Regional mapping was taken from the 1:250,000 Mines Department

" Geology Map.

Where no outcrop was encountered on the Bubs Hill Grid and where limestone was

expected to occur, chips were examined from the retained half of the soil sample.

RESULTS

i

4.1.  Geophysics: Magnetic Survey (Figure 6)

~ In the western part of the grid from 15,200E to L3,600E there is a gradual

decrease from southwest to northeast of up to 20 gammas. This trend of the
magnetics appears tc parallel the boundary of the Precambrian schists with the
Ordovician Gordon Limestone. Between L5,000E and L4,800E there is a break
which may represent a fault,however the geclogical interpretation places the
fault between L4,400FE and 14,300E.
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The eastern part of the grid from L53,400E to the east, is over limestone outcrop,
Values seem to fluctuate more than the western part of the grid and increase

towards :the central eastern part where an area of higher magnetic values occurs
on L5,800E from 8,730-8,800N, extending to west and east with minor high values
on L5,900E and 5,700E.

| This slightly anomalous magnetic area is not coincident with extensive anomalous

geochemical values and does not appear to be of any interest.

- 4.2, Geochemistry (See Appendices A & B & Figures 3, 4 & 5)

Summary

'Anomalous lead, zinc and barium values are isolated and discontinuous. Few

values are coincident and are not continuous from line to line. These values

~ probably result from isolated fine veins or local disseminations of minor interest.

~In the field observable mineralisation occurs to the northeast of the grid on

L5,900E as minor small sphalerite-galena filled vughs. Throughout the rest of

i the limestone outcrop on the Bubs Hill Grid, along the Lyell Highway and in the
- limestone quarry, euhedral pyrite crystals and disseminations occur in some areas. .

4.2.1,  Copper

No rock chip samples contained anomalous copper values; all values were.
{20 ppm. '

For the soil samples, most values were <25 ppm but some slightly anomalous
values ranged from 30-35 ppm. Six soil samples were moderately anomalous
with values from 60-80 ppm. One highly anomalous soil values of 555 ppm
occurs in button grass swamp on the western-most part of the baseline

at 3,400E.

4.2.2. Lead
Only 10 rock chip samples were slightly anomalous,with values from 40-70 ppm,

and only two samples were moderately anomalous with values of 100 and
130 ppm. These anomalous values are confined to the three most easterly
lines L.5,700E, L5,800E and L5,900E.  Background values are generally from
5-20 ppm.
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For soil samples, slightly anomalous values are more common and range
from 40470 ppm. Ten moderately anomalous values occur, ranging from

-~ 80-305 ppm. Background values range from 20 ppm to below detection

level.  Anomalous soil values de not appear to be confined to soils over
a particular rock type and cannot be used as a tocl to distinguish Gordon
Limestone from other rock types.

4.2.3. Zinc

Anomalous rock chip sample results seem to be confined to the most

easterly three lines {L5,900-5,700E) similar to the occurrence of anomalous

lead values.  With a background of 15-30 ppm zinc, slightly anomalous values
range from 40-75 ppm and moderately anomalous values range from 80-120 ppm,
Two strongly anomalous values occur on L5,800E with values of 560 ppm and

400 ppm.

For zinc values for the soil samples, most anomalous values seem to be
restricted to areas of inferred limestone. Slightly'anomalous values range
from 40-75 ppm and moderately anomalous values range from 80-240 ppm.
A background of 10-30 ppm occurs.

4.2.4. Barium

Moderately anomalous values for rock chip samples occur on the four

éasterly lines from L5,600-5,900E, with a range from 146 ppm to strongly
anomalous values up to 1,120 ppm. Several moderately anomalous values
result from assays of the Precambrian schists. Background values are
erratic and range from 100 ppm to below detection level.

Anomalous values in the soil samples occur in patches over the whole grid.
Slightly anomalous values range from 100-135 ppm and moderately anomalous
values range from 145-325 ppm. Background values are erratic and are
generally from 20-100 ppm.

4,2.5. Silver

No anomalous silver values resulted from the rock chip assays.
Most values were below detection level,

4.2.6. Iron

Most rock chip values ranged from 2.65% to 1,000 ppm. These values prob-
ably reflect the low pyritic content of the limestones and probably the
presence of some iron-carbonate in the Gordon Limestone.
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| #.3.. E Petrology

| The results of the petrology completed on five rock chip samples from Bubs Hill
are included in Appendix A. All of the rock samples showed evidence of exten-
sive dolomitisation of the Ordovician Gordon Limestone. The sequence of events
has been defined by D. Cowan in his petrology report and is reinforced by
observations in the field by E.Z. geologists.

- 4.4. Geology

Results of the geological mapping are presented in Figures | and 2 (geological map
1:5,000). A large area of flatlying Ordovician Gordon Limestones occurs at _
Bljbs Hill with a conformable overlying cap of Crotty Quartzite. Sphalerite-galena-
barite pétches, veins and vughs occur to the east of Bubs Hill but the mineralisation
to the west is limited to sparse vughs and veinlets on L3,900E only. This block
of limestone is bounded on the west, north and south by fauits., The easterly

- boundary ‘lies in the Wild Rivers National Park.

~ Further outcrops of shallowly dipping limestone occurs along the Lyell Highwéy
and it is interpreted that a fault bounded block of limestone occurs here with remnants

of overlying Crotty Quartzite. However no evidence of mineralisation was detected
- in this block.

"Another fault bound block is thought to occur to the north of Bubs Hill and

is exposed in the limestone quarry. This block is more steeply dipping to the south
and no evidence of mineralisation was observed.

3.  CONCLUSIONS

Work on the Bubs Hill Grid from November, 1983 to January, 1984 resulted in limited
anomalous lead-zinc-barium anomalies. These can be explainéd as resulting from sparse
sphalerite-galena-minor barite veins and vughs. which occur very locally in the upper
stratigraphic units of the Gordon Limestone to the west of Bubs Hill. " No evidence
was found that any extensive mineralisation occurs at Bubs Hill. -
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In addition, geological mapping has indicated that the extension of the limestone unit

to the west is limited. West of Bubs Hill the limestone persists to just past the end of |
the gridded area as thin fauit slices with thin cappings of Crotty Quartzite. No exten- ?7 \
sion of the limestone further to the west is predicted. Consequently there is little .
chance that extensive straia bound lead—zinc deposits occur within Gordon Limestone west
of Bubs Hill.

|
Wt |
-

6. RECOMMENDATIONS

It is recommended that-ho further work be carried out on or around Bubs Hill,

7. . REFERENCES
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Thirteen rock samples of Gordon Limestone, in two groups (Bubb's Hill and
Zeehan), were received for petrological examination. Representative thin=sections
were prepared, examined in transmitted light and, together with respective
offcuts, in obligque incident light. Attached brief tabulated petrological
descriptions incorporate microscopic data, results of carbonate staining tests,
and include interpretative comments,

Summary

“With minor exceptions, this suite comprises variably dolomitised limestones

with relict characteristics typical of the Gordon Limestone,

The Bubb's Hill suite comprtses weakly laminated non- or incipiently fossil-
iferous limestones, typically impure (weakly argillaceous, pyritic, carbonaceous) i

- and variously massive (59403, 53417) to ?annelid-burrowed (59418) or slumped

(59419). This group includes a single dolomitised limestone breccia or clastic
limestone (59413) and, overall, reflects a relatively distal quiet water facies
and an inferred intermediate depth sedimentary environment. Fossils are
represented only by minor fragmented bryozoan and bivalve components in 59418.

In contrast, the Zeehan sulte is characterised by a variety of clastic limestones
with laminated impure types, analogous to those at Bubb's Hill represented only
by samples 59006 and 59022, The breccias include strongly (tabulate coralline,
bryozoan, bivalve) fossiliferous (59009), oolitic (59031), and coarser, lithic,
calciruditic types (59020, 59030, 59032 and 59033 in part). These rocks reflect

. a relatively shallow marginal biohermal to bank-type, medium to high energy

depositional environment.

Sample 59033 is an altered (silicified) polymict conglomerate, notably quartzose
and with an uncertain limestone clast component due to alteration effects. This
rock Is of uncertain affinities stratigraphically, but may correlate with

calcirudites (coralline in part) developed In some of the North West Coast Gordon
Limestone sequence,

Both suites exhibit analogous alteration patterns characterised by dolomitisation,
This is marked, initially by varying degrees of replacement of the primary
microcrystalline (micritic) calcite by fine-grained sparry dolomite (strictly
dolomite-ankerite), Several rocks exhibit subsequent development of coarser- _
grained dolomite, or elsewhere similarly textured, weakly ferroan calcite, as
vug-fillings, veins and marginally corrosive to replacive aggregates, and this
phase is locally accompanied by pale sphalerite. Isolated examples of temporally
late calcite veins are related, at least in part, to a weak and non-penetrative
stress event locally reflected in incipient slaty cleavage development In impure
(argillaceous) limestones, Some rocks, notably fault-proximal types, exhibit
marked and pervasive silicification with minor associated clays (kaolin) and
traces of colourless tourmaline,

The following sequence of alteration phenomena may be defined by consideration

of the total suite of rocks;
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1. Initial partial to complete replacement of micritic calcite by fine sparry
ferroan dolomite. Where replacive (the norm),this phase is grey in hand
specimen due to “inherited" carbonaceous stainings..

2. Development of medium-grained ferroan dolomite in veins, vugs, replacements.
This phase is similarly grey where replacive, but is clear (white in hand
specimen) in vugs, veins, etc.

Individual rocks exhibit calcite vein development as a variant of, and
apparently contemporaneous with, the second generation of dolomite, Minor
quartz may be associated; similarly, disseminations of pale sphalerite,

3. Stylolite development.

.. h. Weak stress effects with minor associated calcite veins (crosscutting
~ stylolites),.

5. Fault-related silicification.

Phase 2 dolomite {or calcite-quartz) assemblages appear dependant on Phase 1
dolomitisation in that Phase 2 assemblages tend to occur as cavity~ or fracture~
fillings, suggesting the potential volume reduction accompanying dolomitisation
as a probable spatial control, The pre=stylolite nature of Phases ! and 2 defines
these as diagenetic in terms of temporal relationships, General features may be
compared with alteration patterns for example in broadly Mississippi Valley~

type Pb=-Zn occurrences on the Lennard Shelf (W.A.) and in the Gippsland area
(Victoria) and contrasted with the Zeehan-type Pb-Ag(-Zn) vein mineralisation,

D, Cowan, B, 5S¢,

A
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- Sample - . s _ _ :

"No. Cl.assiﬂaticr- C—ornpositlon - . ﬁic -_' — -ﬁAcc&rieF F O, N . e
59403 | "Dolomite'. Sparry dolomite-ankerite with  {Faintly laminated Traces of ultrafine Polomitised impure (weakly carbon-
(T.s minor intergranular and included clay,Sporadif (relict bedding),with | carbonaceous matter, aceous, afgillaceous, pyrjtic) lime~

5k8566) veinlets, small_vugs of coarser-grained concordant veins, vugsJ minor clots, bedding- fstone, Whitish veins, vugs are in-
carbonate with minor associated quartz, late }Even-grained (mean related disseminations] filled solution cavities, Non-
films of calcite. - 100 p). S : partly oxidised very flne pyrite. fossiliferous.

59413 | Mineralised Breccia. Clasts of weakly Clasts analogous to . Minor patches, films |[Relatively medium-grained, dolomite-

: (oxidised) pyritic carbonaceous dolomite 59403, similarly of cloudy secondary veined carbonate (dolomitised impure
(similar to 59403), cemented with medium- carbonate-veined/vugged. - sphalerite-replacive| limestone) rock, brecciated,
grained dolomite=-ankerite and coarse sparry |Coarsely crystatiine smithsonite, carbonate~sphalerite-healed,
carbonate with associated coarse semi-massivejmatrix. ' -

59417 | "Dolomite''. Sparry ?ate ?ﬁﬁaleiife. Even-grained . (mean 60pT-Traces clay, inter- Close affinities with 59403, Slightly
doTomite-ankerite with minor intergrown to 70p) with mildly granular and - included] relatively carbonaceous and pyritic.

1 quartz, thinly disseminated fine to ultrafinef deformed retict beddind in dolomite. Minor Quartz is partly corroded and of
pyrite, minor carbonaceous matter, sparse laminations, weakly fine-scale carbonate |]authigenic character,
dolomite-quartz veinlets. stylolitic. vugs. Rare detrital zifcon, chromite.

59418 | Dolomitic Limestone, Semi-porcellanous, Weakly laminated, Traces fine pyrite in |Dolomitised zones relatively argitl-
slightly argiltaceous limestone with irregutaf weakly bivalve=- dolomitised zones, aceous, apparently represent annelid
to ovoid zones of sparry dolomite, Sporadic |bryozoan-fossiliferous| ultrafine pyrite in burrows, partly segmented by
dolomite veinlets, disseminated carbonaceous,| limestone with dolomitqd host limestone, Minor |stylolitisation and weak subsequent
argitlaceous stylolites, ised"§[gjl]apeous_zones. 1ate‘(gost-s§y]olite) shearing.

59419 ‘Dolowitic L imestone. Semiepor?ellanQUS, S]umglé:;zc?gf?EEE. per;:;?ééat:§é223Lb' Affinities with.S?hIS: In contrast,
massive to weakly quartzose-silty limestone (7bioturbated) with carbonaceous matter, selective dolomltlsatI?n appears re-
wutﬁ trregular zones of sllghtiy coarser- rafts of silty lime- minor traces fine to {lated to (r§fted?relat|vely slightly
grained 1imestone, extensively replaced by stone In massive lime=1 ultrafine pyrite,minor coarser-grained interbeds rather than
sparry dolomite; marginailly disseminated P dolomite veinlets. burrows. Non-fossiliferous.

59006 | Siderite Rock. Microcrystalline to semi- Essentially massive, Rare carbonaceous Interpreted as sideritised impure
porcellanous sideritic carbonate with minor | homogeneous. Relict stylolites. limestone or limestone breccia;
vugs, veiniets of coarser-grained carbonate; | contorted to brecciated : *secondary' characteristics,Siderite
minor carbonaceous matter. bedding laminations de (confirmed by XRD} may include a

: fined by carbonaceous matter, smithsonite component,

59009 | Dolomitic Limestone. Microcrystalline to Strongly fossiliferous{ Sporadic carbonaceous | Tabulate corralline limestone/lime-
semi-porcel lanous calcite with sporadic massive to breccia- stylolites, minor silt} stone breccia with interclast and
irregular zones, films of fine sparry like with cavity-filligg sized clastic quartzlreplacive dolomite predating calcite
dolomite, Frequent vugs, minor crosscutting | to replacive dolomite,| Minor secondary quartz}(+ quartz) segregations; stylolites
veinlets of medium=-grained calcite, marginally corroded by] traces pyrite. and late crosscutting calcite veins.

59020 | silicified Breccia. Fine to microcrystalline | po1ice breccig text- Minor traces colour= | Thoroughly silicified impure limeston

quartz with minor included and intergrown
kaclin, Sporadic small vugs, late veiniets
of coarser quartz with recrystallized

ures with silicified
millimetric clasts,
vuggy matrix, Rare

chalcedonic selvedges,

less tourmaline,
partly bleached
carbonaceous matter,

breccia. Relict features consistent
with partial deolomitisation,
stylolite development postdating

brecciation.

fine sparry carbonate,

zones..af nsendomorphed

carbonaceous stylolitek.

o
o
e

369040
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53022

E:

Impure Limestone, Microcrystalline calcite
with minor closely intergrown sericite.
Frequent boudinaged diagenetic calcite vein-
lets. Minor clots of fine sparry dolomite,
Sparse bivalve shell fragments. Pervasive

Schistose on a micro-
scale with minor
boudinaged bedding in -
relatively calcite-
veined areas.

Minor. traces of fine
to ultrafine pyrite..

Argiltaceous, carbonaceous, weakly
pyritic impure limestone, Incipiently
fossiliferous. Diagenetic calcite
veining predates incipient dolomit-
isation. Relatively sheared.

59030

59031

Dolomitic Breccia. carbonaceous mattier.

?lasts of sparry dolomite-ankerite rock
dolomitised limestone) with a partly
dolomitised microcrystalline impure limestong

matrix, Disseminated smalli-scale vugs of
rcy dolomite

Random angular breccia
with semi-selectively
dolomitised clasts,
Weakly (sericitic)
stylolitic.

Jmicroscopic blebs of pa

Traces corroded
detrital quartz and
muscovite flakes in

Intraformational limestone breccia
with relatively dolomitised clasts.
Sphalerite associated with late vugs

clasts and matrix. Rardg of relatively clear dolomite and with

le sericitic stylolites.

-

Dolomitised Calcarenite, Relict framework of
lithic clasts, oolites, ocolite fragments
pseudomorphed by fine sparry dolomite~anker-
ite. Corrosive matrix of medium-grained,
granular to sparry ankeritic dolomite.

Loose, weakly bedded,
medium-coarse sandy
framework, homogeneous
matrix,

Imatter; minor traces

sphateET TtET
Jraces carbonaceous

oxidised fine-gra

tned
pyrite, E

Pervasively dolomitised, moderately

to well-sorted oolitic calcarenite
with marginal bank "“cliastic limestone''
characteristics,

59032

Silicified Limestone Breccia, Fine to micro~-

crystalline quartz with varying proportions

closely intergrown kaolin; variously pseudo-
morphous after silt- to pebble~sized,angular
to rounded lithic clasts and featureless matn

Variable, from coarse,
poorly sorted clastic
te laminated; pseudo-
morphed by slightly
ix. wvuggy quartz.

{after carbonate rhombs,

Disseminated cavities

Traces relict detrital
schorl, apatite, secon
colourless tourmaline,

Close affinities with 59020, Relict
features consistent with a weakly
dolomitised semi-bedded limestone
ry breccia/clastic limestone with
accessory detrital components,

59033

(T.s.
48772

Silicified "Breccia'. Fine to microcrystalli

quartz with minor closely intergrown kaolin.
Relict framework of sand= to pebble~sized

quartz grains, composites, silicified pelite
and psammopelite clasts. Minor discontinuous

e Relict sand-
supported, coarsely
bedded, conglomeratic.

Minor traces detrital
schorl, zircon,

rutile, minor cavities
after carbonate rhombs,

Thoroughly silicified polymict
conglomerate with an ill-defined
(siticified) limestone clast
component. Conspicuous relict
detrital quartz, psammopelitic clasts

guartz veins, vugs.

In conirast te 59037,

o

o
369041 po
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