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1. INTRODUCTION

CRA Exploration Pty Ltd and Major Mining have entered in to a
Jjoint wventure agreement to sxplore a group of tenements
{(Figure 1), £generally situated to the =socuth of the town of
Zeehan in western Tasmania.

This report has been prepared in response to a request from

T W Dickson to review, compile and interpret information
relating to base metal mineralization in Precambrian age rocks
within the Jjoint wventure area.

The multiplicity of mineralizaticn present 1In the Zeeshan
district makes it desirable to present an overview of the
regional setting, and of the history of
prospecting/exploration and mining on the field, before
attempting to synthesise the data.

2. GREOLOGY
2.1 Regional Stratigraphy

The Precambrian age basement (Qonah Formation} in western
Tasmania 1s comprised of a lower sequence of guartz wacke and
mudstone, overlain by an upper sequence of dolomite/magnesite
and basaltic volcanics.

After defocrmation in the late Precambrian (630 Ma), there
followed in late Precambrian/early Cambrian time a sequence of
shallow water clastics and dolemite {(Success Creek Group), in
turn overlain conformably by mafice wvolecanics and limestone
(Crimson Creek Formation}.

Following erosion in early/mid Cambrian time, a sequence of
mudstone, lithic wacke, chert and conglomerate {Dundas Group),
was deposited, coeval with a successlion of rhyolitic to

andesitic volecaniecs (Mt Read Volcanies), which formed in an
island arc setting further to the =ast.

Unconformably overlying these rocks are a siliciclastic
sequence (Mt Zeehan Conglomerate) and a limestcone sequence
{Gorden Limestone), both of Ordovician age, 1n turn overlain

conformably by siliciclastics, mudstone and limestone (Eldon
Group) in Siluro-Devonian time,

The mid Devonian Tabberabberan deformation (with maximum

expression  in  Cambrian +to early Devonlan age rocksi:, was
followad in  the nid/late Devonlan (3855 - 332 Ma; by the
empliacerent of a group of high Ievel, 5 typs gZraniteid mazses



2.2 Hegional Mineralization
Several metallcgenic events are recognised, as follows:

Proterozoic (late): wolcanogenic massive sulphide - oxide
deposits of pyrite-magnetite +/-
Cu, Pbh, Zn, Au (Savage River, Keith
River).

Cambrian (% mid): volcanogenic massive sulphides, both
disseminated Cu Ag Au (Mt Lyell), and
massive stratiform Zn Pb Cu Ag Au
(Rosebery, Hellyer ete).

Ordovician (late): stratabound and stratiform cabonate hosted
exhalative Zn Pb (Oceana, Austral}.

Devonian (late): granitold related Sn W
greisen/skarn/carbonate replacement/
vein (Renisocn, Bischoff, Queen Hill etc)
with associlated Ag Pb Zn vein

mineralization (Zeehan, [Dundas, Magnet).

Z.3 Zeehan Area Stratigraphy

Specific aspects of the geology around Zeehan warrant further
detalilling;

CONAH FORMATION

The upper sub division i1s widespread, and includes dolomite,
conglomerate, lithic wacke, siltstone & mudstone with basaltic
lavas (high Ti alkali basalts).

Ad jacent to Gueen Hill it consists of deolomite, evaporites
(sideritized), cherts, shales (€rey & carbonaceous/pyritic),
and alkali basalts.

In the Stonehenge - Nubsena area 1t rconsists of (quartz
veined) dark coloured micacecous guartzites, interbedded with
siltstone, slate, dolomitic limestone, cherts and mafic

volecanics.

SUCCESS CREEK GRQUP

A sequence of dolomite and sandy shales near Montana Hill is
correlated with the Buccess Creek Group on the basis that it
conformably underliies the Crimson Creek Formation.

CRIMEON CREEK FORMATION

Ad jacent to Queen Hill 1t eomsists of wvoleaniclastic or
tuffacenus sediments, limestone and tholelitie basic
voloanics.

In the Ztonehenges — Hubeena area 1t includes siltzstones,
cherts (red/whits), conglomerates {tuffaceous matrix), and
appar=ntiy  ooth hasic and 1intermediate  (higsh Mz andssite)
ralocanics
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CUMNDAR GEOUF
The fossilifercus Dundas Group comprisess  a sequence  oOf
srevwacke, conglomerate and siltstones, all with the same

Cl
g1
provenance; thegse sediments occur to the south of the TLE mine
and are present in Mcleans Creek south west of the Swansea
mine,

Z.4 Zeehan Area Structure

Major orecgenic events occcourred in the late Proterozoic
(Penguin), and in the mid Devonian (Tabberabberan).

Structural features attributed +o the Penguin Orogeny are the
complex/multi (3) stagde formation of co-axial flexural folds,
and the development of a metamorphic belt (Arthur Lineament).
Of the five cleavages identified in the Conah Formation, the
first two formed with isoclinal folding, and the refolding of
same respectively, while the last two are related +to ths mid
Devonian deformation.

The Tabberabberan deformation had +twio phases, both of which
affected the Zeehan district; the early phase produced north
trending open feolds, superimposed by  the later north west
trending upright folds, with resultant basin and dome
structures. The later folding ("Zeehan - Gormanston trend’)

was assccilated with considerable faulting; this NW - SE  trend
1s af regional status, and man be traced across the state
(although one of +the effects of post - Permian faulting may
have been to reactivate older fractures).

Mapping by R Poltock for Renlson in 1981 recognised
predominantly west - east strikes 1in both the Oonah and
Crimson Creek formaticns; 1soclinal folding was seen in  the .
Oonah Fmn, and faulted contacts were inferred with the younger
rocks. A synclinal zone extending westward from the Swansea to
the TLE and North Tasmanian mines, was seen to be constricted
by a northerly cross fold, but correlation problems arising
from inferred assymmetric folding were not resolved. An
anticlinal zone (with dolomitic sediments in the core), was
also recognised between the Comstock and Sunshine mines.

It 1is apparent that overturned and thrusted contacts exist
between the Oonah Fmn and all younger rocks.

2.5 Zeehan Area Mineralization

Several different methods of classification could be adopted
for the minsralization recorded in the Zeehan (Mineral)
Field, and the chronologic approach 15 us=d below;
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1.5.2 Ordoviclan:

Fb in (&g}, both stratifocrm and spigenetic/stratabound styles
in thes Gordon Limestone were recognised by Amoco  (Cyprus
Mines) at the Oceana depnsit as being of the sediment hosted
exhalative (Irish) type.

supporting this identification are the Pb isctope data which
show the mineralization to be less radiogenic than the
Devonlan age wvein mineralizsation, and to have similar isotopic
signatures to the Cambrian age volecanogenic massive sulhides.

Similar exhalative Fb Zn mineralization is believed to ocour
in the Gordon Limestone elsewhere near Zeehan {Crown,
Despatch, Austral).

1.5.3.Devonian:

A2 Pb Zn mineralization forms part of a zoned mineral field
considered to be related to granitoid associated Sn (Cu Sb)
mineralization. The early interpretation of this =zonling was
that the vein fangue mineralogy was centered on the Heemskirk
Granite, with successive pyrite, pyrite/siderite, and siderite
Z0Nes arranged concentrically about the endogranitic
cassiterite mineralization (Waller 1204, Twelvetrees & Ward
1310, Edwards 1953, Both & Williams 1888, Both et al 1983).

Following the discovery of the @Queen Hill/Montana/Severn
sulphide-cassiterite/stannite replacement deposits [*], there
iz now considered to be good evidence for a blind {Devonian
age) cupola to exist beneath @Queen Hill, and that the Ag Pb Zn
mineralization is both genetically relzated to., and centered on
this intrusive feature (Soclomon 1581, Collins & Williams 1986,
Williams et al 1989, Anderson 18989). Solomon (1981} regarded
the pyriterssiderite zconing to reflect the dissoclution of
{(sideritin) Gordon Limestone.

The Queen Hill granitoid cupola related 8n derosit model is
supportaed by several other zoned exogranitic Sn W deposits
with outer haloes of Ag Pb Zn minervalization {(Cleveland, Mt

Bischaoff, Moina ..... and probably Magnet & Mt Farrell).

Most of the Zeshan field Ag Pb Zn vein deposits occur in the
Oconah and Crimson Creek formations; the “"veins” or lodes are
typically irregular in shape, averaging 0.3m wide, and with

strike and dip extensions of about 100m each.

[*]

The Queen Hill pyrite-5n deposit is hosted in dolomite in the
Qonah  Formation, with a declogical resource of 4 M tonnes @
1.0% Sn;

The Montana (No 2) pyrite-2n deposit iz hosted in dolomite of
the Success Creek Group, with an unknown but apparently small
resouUrce;

The Severn pyritesnvrrhotite-3n deposit iz hosted in limestone
2f the Crimson  Creek Formazlon. Wlnh a geol s€ical rescource of
5 s tonnes @ 0, 38% 3n, and 20 g Adg/tonne

ol
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3.HISTORY OF EXPLORATION AND MINING
3.1.Karly Exploration & Mining

The Zeehan mineral field was lknown 1n  the early prospecting
davs of the 1870°s for its tin content,but quickly changed to
a silver-lead mining field with the discovery of argentiferocous
galena in 1882.

The field was progressively developed until 1888, following
which production declined steadily until 1910 when most of the
mines had closed due to the depletion of shallow ore; closure
of the local smelter in 1313 was a precursor to the cessation
of significant mining activity in 191i9.

Exploitation of some 200 ledes (averaging O.3m % 100m * 100m)
resulted in the production of 200,000 tonnes of Pb, arnd 27 M
ounces of A2 (Both et al 1883}, Most of the productilion
occurred in the periced up to 1318, of which the majority {(S0%)
came from lodes hosted by Proterozoic and Cambrian age rocks;
around H8% of the Pb productiocn and 60% of the Ag production
was derived from 4 deposits (Montana No i, Western, Queen &
Gonahy .

3.2.5ystematic Bxploration

Sundrwv prospecting activitiles oeoccurred betwesn 1319 and 1946

{eg tribute mining from the Nike and Swansea mines), when the
current phase of sygtematic exploraticon (including a brief
period of mining from the Oceanay, began;

1946 - 1960 Zeehan Explorations P/L

Zeeshan Euxplorations PAL { joint +wventure between North Broken
Hill & ©EBEroken Hill South), did ground surveys <+toc check the
continuity of ths Spray - Nubeena shear gSone (including
unsuccessful drilling at the Spray mine), and initiated the
BMR managed magnetic, gravity and electrical (3P, EM) surveys.

These surveys were generally unsuccessful, viz - some of the
gravity anomallies were due to concentrations of siderite, and
the electrical survevg falled to give responses aover Known
mineralization.

However, drilling around the Oceana mine proved encouraging,
and after some rehahilitation work {(including the sinking of a
new shaft), the mine was recopened and went on to produce
129,000 tons of ore grading 11.8% Pb and 4.73 oz Ag /ton in
the pericd 1954 - 1980,

1966 - 1970 Placer Prospecting P/L
Flacer =azlso focussed on  the Spray - Hubeesna shear
including snil sampling and a TURAM EM survey over th
opray lode: Hinops FSL farmed in to the T =rt: -1
several bhoizs in o the zames lode, but achiewesd disappo
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results - 0.0028;m of gaiesna was interpreted as  the Sprav malin
icde between the 5 and 6 levels.

1970 - 1972 Tenneco P/L

Teneco dewatered, sampled and further drilled around the Spray
mine; the cored hole cut a jamescnite lode (0.Z2m @ 18.8% Pb,
0.08% Zn, §.8% Sb, 1.4% Cu and 287 oz Ag/ton), and further on
the main lode from which only pyrite was recovered at a point
85 m below no 8 level. Asn Zeehan Explorations had earlier
drilled a Jamesonite quartz wvein, a further 4 holes were
dilled from no 5 level to test the extent of +this lode, but
failed to locate any significant mineralization.

In addition they conducted a TURAIR airborne EM survey of most
of the Gordon Limestone area. Follow-up gravity, TURAM ground
EM and 8P surveys produced mDmixsed results; thr ground EM
survey detected several anomalies, including the Spray no 1
load, the Foam/Wave and Nubeena deposits, and probably
graphitic shales. The 5P survey failed to locate any
significant anomalies cloze to Zeehan, and the EM anomalies
recognized in the Grieve Valley south of Zeehan were found to
be due to conductive nverburden,.

1574 - 1986 Mt Lyell Mining & Raillway Coy (SPL 129)
Kenison Ltd (®BL 11/76)

1974 -75: The Barringer - Input airborne EM system was
trialled by Geoterrex on several northerly +trending lines
between the Swansea and the Comstock mines. Strongly

conductive anomaliles with associated magnetic anomalism were
located over the Horth Comstock, Comstoclk, Boss, Susannite and
Britannia desposits.

1980 -~ 1581: The geological mapping showed the dolomites in
the Oonah Formatisn to be more common than previously
recognised, and the presence of a spilite-pyrite association
(the pyritic beds containing minor dalenaj),in the Conah

formation. The mapping also recognized the problem in
distinguishing between the Cambrian age Crimson Creek
Formation and the "fossiliferous” Dundas group rocks;

original unconformzsble contacts between Oonah Formation and
Cambrian sgediments/volecanics are freaquently thrust faulted
and/or overturned.

1981 -1982: A major airbaorne EM (DIGHEM) and magnetic survey
was occonducted over the eastern end of the tenement. The
DIGHBEM system was considered to be more sensitive the TURAIR
EM method, and it was hored that DIGHEM would reveal EM
anomalies over blind SQueen Hill style mineralization; the
18753 TURAIR survevy outlined wvarious conductors around the
flanks of the Gueesn Hill magnetic z2nomaly (200 ¥), and a
similar pattern was obbained by the DIGHEM survey on the
northern side =7 the Stonenenge magnetic anomaly (400%;. {The
Puesn Hill deposit has ancomalous resvonss=ss to I[P, ST, applied
potential and  airborne EM surveyst.
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i IGHENM defined mamerous (747 conductive anomalies, many of
wnich were interpreted as iying along BMW  trending sones
recarded as indicating continuous  {stratigraphic) black shals
horiscns. Several of these interpreted zones incorporate old
workings , vi= Susannite, Britannia, Comstock, Scouth Comstock
and Sunshine. None of the malor WNW trending faults in the
area gave a response, and the coincidence of some old workings
{but not all) with conductive sones implies the pre Devonian-
veln existence of such zZcnes; {the correlation of DIGHEM with
the Input EM is noteworthy - particularly for the Comstock -
Britannia tract).

1

1882 -1983: HWork in this period involved the establishment of
the BStonehenge grid over the strong aeromagnetic anomaly,
followed by bedrock geochemistry, ground magnetic, VLF EM and

gradient array IP surveys. The VLE survey located most of the
DIGHEM anomalies, and alse defined several weaker zones not
found by DIGHEM. The gradient array IP survey showed low
resistivities over eclays on +the north side of the grid, as
waell as ssaveral chargeable =zones (interpreted as due to
graphite and/or py¥rite in the sediments). The detalled ground
magnetic survey confirmed the broad deep-seated anomaly
located by the 18381 Department of Mines survey, and was
interpreted by J. Bishop as due to a mafic intrusive. A

single hole (THiZ} 1is repcrted to have made two intersections
"anomalous in base metals, As and Sb".

1583 -1934: Work during this period ccnsisted of follow-up
drilling +*to test the varigus ancmalies produced by earlier
work., [Drill hole TH13 was collared 200m NNE of the Sunshine
Mine, and was designed to test the southern extension of Spray
No 3 1lode; it traversed a fault channel which was weakly
mineralized, viz Slm at O.50% Fb, 0.58% Zn, 29 gAs/t.

Drill hole TH14 was collared ! km NNE of +the Tasmanian Mine 1in
order to tsst a combined brecciated limonitic sandstone with a
geochemical (Pb Zn Cu As W) ancomoly and a strong VLF EM
anomcly; the target returned 10.7m at 0.12% Pb, 0.04% Zn,
2gAg/t, and a further (deeper) intersection of 3.9m at C.24%
Pb, 0.01% Zn, 7 gag/t was recorded in sandstone hosted quartsz
velns.

Drill hole TH 15 was rcollared 500m NNE of the Sunshine and
drilied on the opposite azimuth to TH 13 to furiher assess the
mineralizaticon found in that heole; however, it also entered
the fault zohe and returned a kest intersecticon of Z4m at
0.27% Pb, 0.54% Zn, <1 gag,t:. the mineralization in both TH13
and TH15 is considered to be Devonian in age.

Drill hole Thlé was collared 200m east of the Spray main lode,
with the object of testing same; the lode was not cut,
apparently because a conjugate shear (Cross Chloride fault),
appears to have accomodated dilational strain in this area of
the Spray shear svstem,and thus impeded the mocvement of
mineralizing fluids. Aeakly stannifercus mineraliztion was
encountered in several quartz veln stockwork zones

e, g, lm % D010 Sn, O.03% As, O

L=

im & &0 10%

A P C mce e
L38% Cu, O.01% Pb, 0.03% In,

P A T e L e =
Sn, 0.40% As, O.21%0 Cu, DL InE Ph, LU Znd
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Julis
Im @& G.03% S, ¢.50% Cu, 0.01% Pb, C.01% Zn;
none of which were confidently interpreted as the Spray main
lode,
1984 - 1986: The EM 37 survey detected a large number of
anomalies many of which were correlated with black shales
and/or faults. Several single lins anomalies {(one later

tested by TH17Y) were seer, including one over Grubbs workings;
a Tollow-up UTEM survey produce anomalies generally 1n
agreement with the EM 37 survey results, including a poorly
defined response over Grubbs workings. The best anomaly
located was 300m NNE of Grubbs, and is ccincident with a YLF
anomaly; 1t was interpreted as a fault, but not tested.

Drill hole THi7 was collared 400m NNW of Sunshine and designed
to test the combined EM - magnetic anomaly; no significant
mioneralization was met, and the anomalies are apparentiy due
to graphitic shales with wvariably pyritic breccia zones.

A downhole EM survey (using a SIROTEM system) was done in hole
TH17, but did not locate any off hele mineralization to
explain the surface Em anomalies.

1978 — 1983 Amoco

Amoco focussed their attention on the Gordon Limestone, but
most of the work was done around the Oceana and Austral Pb  Zn
deposits via gravity, magnetics, ir, EM and bedrock
geochemical surveys. Bubsequent core drilling outlined a
subeconomic resource att Oceana (4 M  tonnes @ 19.4% Pb, 4. 0%
Zn, 106 gAg/t),and assocliated studies of this deposit showed it
to be of sedimentary exhalative origin (similar to the 1Irish
deposits evemplified by Navan and Silvermines); Ft isotope
data shows the mineralization to be at 1least Ordovician in
age.

1983 - 1987 Amoco (Cyprus Mines) - BZ Coy JV

The Jjoint venture partners focussed theilr attention on other
areas of Gordon Limestone +o the scuth of QOceana, namely
Pyramid, Myrtle, Grieves, Rose Valley and Baura; they
conducted various EM surveys (Genie, (UTEM, EM37, SIKOTEM)},
bedrock geochemical sampling, gravity and dipole - dipole IP
surveyvs.

Auger sample anomaliss were confirmed by trench sampling but
many were later shown to be spuricus and due wvariously tao
transported cslays, or to secondary dispersive effects about
strongly depieted primary mineralizaticon.

Core driiling  of oolncident geochemical-UTEM anomalies was
dlzappointing, the JTEM responses  belns dus  ©o 2ither fault
TONSs, or to omarksd  lithological ocontrastcs (2.2 lime=tone

versus Dlack giealer.

po
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The results of a dipole-dipole IF survey of a 2
in  the north Austral wvallisy and the drill resu
anomaly near the Montasu depnsit are unknown.

avity anconaly
ts of a EM3Y

The EZ2 Coy concluded in 1887 that the Myrtle - Rose Valley
area had good potential for FPb Zn mineralization on  the hasis
of several untested gecochemical anomalies, incompleted bedrock
sampling, the non-conductive nature of the target
mineralization, and the low density of drill holes on the
various grids.
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4 SYNTHESIS
4.1 Literature Review

The result of reviewing both early mining data and mnores
recent/systematic exploration activities, has been to show
that there has been no organized evaluation of base metal
mineralization 1n the Oonah Formation which 1s not wvein
hosted. The old data for the Zeehan field suffers from a
deficiency in that the én mineralization 1is poorly documented;
coupled with this is the ambiguity surrounding the ‘“pyritic
formations", which at first glance may seem to be syngenetic
in origin within the Oonah formation.

The reasons for these shortcomings are readily deduced;

- ore with low Ag tenor was unpayable which meant that most
focus was on the silver rich galena (rich) ores, to the
exclusion of sphalerite dominant mineralization.

- the sitructural complexity which characterizes the QOonzh
Formation (with likely mobilization of sulphides along
shears/pressurs  shadows ete. ), in conjunction with the
oredispesiticn of the esarly mining fraternity to want to see
cross—-cutting sulphide lodes, means that "pyritic formations®
as recorded are frequently not amenable to further
interpretation.

- the freaguent occurrence aof carbonate horizons in  QOonah
formation, Crimson Creel Formation etez. simply increases the
potential for carbonate replacement style of mineralizaticn.
Clearly the granitoid related mineralizing svstems operative
in mid/late Devonian time were extensive and pervasive, and it
is reasonable to interpret many of the pyritic formations as
being of Devonian f{(replacement) origiln, The problem thus
beccomes oane of differentiation between a Devonian age
carbonate replacement deposit, and a Proterozolc age sulphide
deposit which has a Devonian oaverprint (i.e. either
replacement or modification).

Consequently, +the <combination of structural complexity and
Devonian age hydrothermal replacement, means that although a
given pyritic formaticn may appesar +to be stratabound and/or 1is
stannlferous, it should not aul.omaitlecally be regavded as being
urniguely Devonlan 1n age;  =ich uriits  warranh Further
athention.

The pyritic cccurrences are generally assccliated with;

- dnlomite nr dolomitin limestone {-/— tale);

- mafic volecanics and tuffs - particularly in the
QOrnah/Western,/Montana mine area;

- carbonaceous {(grapvrhitic) shales.

The most wvaluable early geoscientific work was that done by
the geologists and mine wmanagers who were able to record
fTactusal structural, lithological, HR alization and
alterationsweathering informavion (=.%2. Wall 1)

{



.2 Structural Heview
.2.1. Devonian

he disposition of Devonian age fisasure £f111 veilns in  the
cehan field is apparently erratic, with a large concentration
of deposits in the Argent Valley, the Western-Montana area and
to a lesser extent in the Nike-Spray atesa.

4
4
T
Z

An attempt has heen made to "look Through” the Devonian
distribution of wveins toa ascertain the existence, ar
otherwise, of any underlying structural patterns.

The approach adopted required initially that the Devonian ade
structures be interpreted, as well as assuming that the vein
hasted Ag FPb Zn mineralization was sourced from pre-Devonian
age rocks.

The method used was based on a 0.3 x 0.5 km grid overlaid on
the map produced by Waller in 1904 (Figure 2), with each cell
covering 0.z5 sar km of area; the cell size was selected so
that the larger cf the vein deposits would not be

inadvertantly truncated. Care was taken to only measure the
actual length of mineraliged fractures (veins), as G.Waller
and many of his contemporaries were prone Lo extrapcolating in
order to definpe the enigmatic " Mother Lode

Within each cell the product of the cunulative length of wveains
and the frequenecy of veins was prlotted and then contoured to

produce a "mineralization intensity” or "fracture
paermeabllity” map (refer Figure 3). This map depicts the
Argent wvalley {(Argent - Florence workings etc) as being the

most  intensely mineralized, followed egually by the Queen,
Oonah, Western and Nike/Spray workings.

Interpretation cof the fracture permeability data was done
using a combination of the superbly detailed mine scale
structures {Waller 1904, Twelvetrees & Ward 1910 etc), with
the reglonal structural deta provided by later workers {(eg

King & Biisset 18989).

The sense of movement about faults operative during Devonian
mineralization can be confidently interpreted as being dextral
for the Montana and Spray faults , and sinistral for the
Argent and SQueen faults: less well defined detail supports
dextral motion on the Degspatch and Tasmanian faults, and left
- handed motion on the Comstock fault{s;.

The following faults/fracture zones/shear zones (as shown on

Figure 4), have been interpreted/inferred;

- WNW trending, dextral movement (Montana, Balstrup,and Tenth
Legion Taultsi;

~ NW trending, dextral movement {Despatch, King, Spray and
Tasmanian faults);

- NNE trending, sinistral movement (QJueen, Argent, Florence,
Worth Comstock and Comstock faulits).
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The arrangement of these fractures suggest a conJjugate
dispositicn in a major right-lateral shesar syvstem (including
analocgues to Riedel fractures), as follows:

Major/Primary shears: WNW trending faults

{eg Montana, Balstrup, Tenth Legion)

Sympathetic (R1l) shears: NW trending faults
{eg Despatch, King, Spray, Tasmanian)

Antithetic (RZ) shears: NNE trending faults
{eg Queen, Argent, Florence, Comstock)

Furthermore, the left lateral (antithetic Riedel} shears
define a markedly broad =zone 1in the Argent-Florence tract
which is interpreted tc be a dilational jog in the overall
right-lateral shear system. Maovements on the ieft-lateral
Rueen faults have induced strain in the mafic volcanics
indicative of brittle-ductile interfaces.

The fault-bounded nature of both the mafic voleanics between
pueen Hill/Montana Hill, and the {tuffaceous) Crim=on Creek
Formation in the Argent wvalley, are suggestive of earlier
movevenment along the regional right-lateral shear system.

Other dilational Jjog zones may have exizted tc the north in
the viecinity of the Big Ben and Quigleys mines , and to the
south. immediately north of the Gceana mine.

4. 2.2 Cambrian/Ordovician

The Oceana Pb Zn mineralization has been demonstrated to be of
Ordovician age on the basis of both Pb isotope data, and the
recognition of the svZenetic {stratiform & stratabound)
exhalative style of the mineralization.

Mineralizing fluids were channeled upr at least two faults
{(Oceana and Mine}, with associated dolomitization of the host
limestone; rotation of {the present orientationi these faults

in to a syn-mineralization attitude shows the Oceana and Mine
faults to have trended ENE/NE and NE/NNE respectively.

These orientations =asre interpreted to indicate the existence
of a series of (9 half) grabens developed in response to left
lateral shearing along ENE/NE transcurrent faults; the
potential would have sxisted 1In this stress regime for the
formation of both stratabound and stratifcrm Pb Zn
mineralization.

The similarity between the Pb  isotope data for the Oceana
depogit and the (Cambrian age}l volcancgdenic massive sulphide
deposits in the Mt Read VYolaniecs, 1mplies the structural
gsetting envisaged =hoave may have Dbeen operative during
Cambrian time.

Examination o the fracturs permeability {mineralizaticn
intenzityy  ocomtours for  the Devonian age veins (Figure 33,
snows that 1t the Devounian fraciures are  consliderad  as
Siozior Dl ook Vs thirwegh sroeavigting hAasae metal
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Interestingly, the alignment of the Ag/Fb ratio contours (also
shown on Figure 3), within these rcorridors complements the
ENE/NE trending sinistral transcurrent fault model.

These structural panels are shown on  Figure 35, and have been
labelled A, B.C, ... L. to O pnssibly more significant
corridors include;
- incorporating the Oonah, Junction, Western & Montana no 1
- " Y Queen & Montana no 2
- " " Comstock, Boss, Sugannite, Nike Florence &
Silver King Extended

- " Brittania, Spray North & Argent group
- ' Stonehenge, North Tasmanian, Spray &

' Silver King

Swansea, Grubbs, Nubeena, Maxim, North
dustral, South King,Bsll & Sunrise.

Gri OO

o2
|

4.2.3 Proterozoic

As intimated in section 3.8.1, gearlier (than Devonian)
movement along the NW - SE trending direction may have taken
place; assuming that the major/regional stresses operative
during Cambro-Ordovician time were as described in section
3.2.2, then the earlier (ie pre-Oceana)l, NW - BSE directed
movement would have occurred in either early Cambrian or
latest Proterozoic time.

Alternatively, by adopting the "bilg plicture" approach, one can
envigsage the existence of a HNW - 3E mega shear (crustal
suture) which has operated intermittently through time (ie
from the Precambrian through to the Tertiary}.

Right 1lateral movement on such a svstem durlng Cambro-
Ordovician time would incorporate NE aligned antithetic
(sinistral) mega shears similar to those inferred for that
period.

However, any model of Precambrian stuctural setting(s},

and thus mineralization model(s}), should be able to explain
the apparently regular arrangement of Fe Cu Pb Zn A Au Bn W
mineralization 1in to broad ENE aligned =zones 1in western
Tasmania; examples of such z2onss include

~ Interview River/Savage River/Cleveland /Magnet /Mt
Bischoff /Kara

- Mt Lindsay/Que River/Hellver

- Federation/Cceana/Queeri—
Hill/Zeehan/Renison/Rosetvery/Hercules/Mt Farrell /Granite
Tor,
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4.3 Silver:Lead (Ag/Pb) Ratios

The early miners on the Zeehan field used the Ag,/Ph ratio to
rank the various deposits; this factor is  the ratio of Ag
grade ta Pb grade, as measured by the trov ounces of Ag per
long ton of ore, divided by the units (%) of Pb in the ore.

A typical, medium silver Zrade galena ore might assay 735 oz
Ag/ton and 5C% Pbh, giving a Ag/Pb ratio of 1.5,

Ag/Pb ratios were recorded for most of the mines, many of
which varied within each deposit: contemperary opinions for
such wvariations 1included depth within the lode ({(increasing
depth = 1increasing sphalerite ete)}, sphalerite content,
orientation of the reef, or type of host rock.

The silver is typically present as tetrahedrite or in galena
in primary lode nmaterial, with argentite and pyragyrite
contributing to the bonanza grades found in the supergene and
oxide =zones. However, +tetrahedrite 1is also recorded in
sphalerite, and limited electron microprobe data on galena
samples suggests a grouping of Ag/Fb values around 0.45 and
0.90.

Excluding remnant =ilver sulphosalts 1in gossan cappings, the
A2 /Ph ratiocs range from about G.3 to 8.5, with most in the
interval 2.7 to 2.0. Typical values for each of the o©0ld mines
are shown 1in Figure 3, from which 1t ocan be seen that the
maximum values occur around the Western/Conah/Queen, the Spray
and the Comstock areas.

King & Blisset {1289) categorised Ag./Pb ratios con the basis of
host rock age, in additicn to subdividing the Ocnah Formation
according to litholecgies; that approach has been essentially
maintained in the present exercise, put with additional host
rock categories for the Crimson Creek Formation and the Eldon
Group. '

Although Devonian age Pb Zn vein style mineralization probably
occurs in  the Gordon Limestone, there is good evidence that
most of the mineralization is of exhalative origin. It 1s
noteworthy that the graph of Ag vs Pb for drill core samples
from the (Gordon Limestone hosted) Maripesa and Sunny Corner
Pb Zn prospects, shows a concentration of AzZ/Ph ratios between

.4 - 0,8, (within a2 total range of 0.1 - 1.5). Assuming the
tetrahedrite is devscid of Ph, ths data imply that galena
contributes Pk in the {Ag/Ph) range O.1 - . 4, beyond which

tetrahedrite contributes Pb in the range 0.4 - 1.5.

All  Ag/Fbk data (koth reccrded and calculated), was  then
treated statistically in 5 subsets;

Oonah Formation (with mafic voleanics = Qonah-1)
" " {without " " = Oonah-2)

“rimson Creek Formaticon

Gordeon Limestone

miden Group.
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Flots of the Ag,/Fb values for the differ=snt data sets showed
them +to be wvariably peolymodal, and +to be comprised (ie
amenable to modelling by use of}, individual lecgnormal
distributions, as depicted on Figure §.

The total effect of these distribution plots can be further
appreciated from the feollowing table;

Distribution of Ag/Pb Ratios

Data n Distribution - Median % of sub pop
Subset Shape Character Value A B G
Oonah - 1 17 bimodal lognormal 1.5 10 a0 -
Oonah - 2 45 trimodal " 1.2 5] 65 30
Crim. Ck 158 ? bimodail " 0.6 <5 >40 55
Gordon Ls 66 ? trimedal " .3 ~3 10 87
Eldon Gp g 2 " " 0.9 P10 75 715
This data is considered to show a trend from Conah - 1 to

Gordon Limestone, based on the following

- the decline in median Ag/Pb ratios;
- the increasing size of sub population C {(concomitant with
decreagsing size of sub porulation B).

Except for the fact that the Ag/Pb data for the Gordon
Limestone characterises TFb Zn mineralization of Ordovician
age, the trend in A2/Pb values would appear related to
cummulative thickness of “overburden” covering the Qor:ah
Formation (Oonah-1) rocks ....... ie to  be a measure of
increasing distance of hydrothermal fluid migration, with
acceompanying variation in fluid composition (& mineralogy etc)
in accord with changing physico-chemical conditicons.

However, the partitioned value of 1.3 for sub population B in
the Gordon Limestone subset (Figure 7y, and the
(predominantly) unimodal aspect of the Ag/Pb values in mafic-
bearing Uonah Formation, suggest a common genesizs for all Ag
Pt Zn mineralization in the Zeehan district; that scurce of
base metals is conzidersd to be within the Oonah Formation.

Explianation of the apparently discrepant data for the Eldon
Group may be that it 1g 1in faulted Jjuxtaposition with the
"Oonah source beds", or that +the data set is of limited
statistical validity.
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5 CONCLUSIONS

9.1 All previous exploration and mining effort on the Zeehan
field has been directed at either Deveonian age mineralization

{veln hosted aAg Pb Zn, & carbonate replacement 8Sn), or
Ordovician age mineralization (carbonate hosted exhalative Pb
Zn); there is no record of any systematic exploration for base

metals in the Precambrian age basement rocks.

5.2 Discrimination between Devonian age 8n Cu Sb Zn Pb Ag vein

and carbonate-renlacement styvle mineralization (with
associated complex replacement parageneses and multi-stage
veining}, and syngenetic Pb Zn (AZ2)Y mineralization of

Froterozoic ags, 1s complicated by the following

- hydrothermal overprinting by Devonian fluilds, and by

- polyphase deformational character of the Proterozoic rocks
with potential for tectonically remobilized sulphide
bodies,

5.3 Evidence supporting base metal mineralization in the
Proterczolc age Oonah Formation is varied., but includes:

- the presence nf a pyrite—galena-spnalerite assoclation
{probably spatially connected withh the occurrence of mafic
volcanics and carbonaceous shales); although many of the
"pyritic formations" are likely to be of Devonian origin,
ccocurrences of Pb Zn bearing pyrite at the Sunshine, Great
Western, near Silver Beach and near Grubbs mines appear to
rre date the Devonian age mineralization.

- the presence of two types of galena with notably different
Ag/Pb ratios in the Susannite deposit, implies the coarse
grained galena (Az/Fb ~1.0) postdates the fine gralned
galena (Ag/FPb ~0.53, and the latter may be syngenctic in the
Oonah Formation.

— the distributions of AEg/Pb ratios of the Devonian age &g Pb
Zn veln mineralization according to host rock, depict a
trend interpreted to indicate a source of Ag Pb Zn in the
Oonah Formation basement rocks.

5.4 HReconstruction of the regional stress regimes operative
during mineralizing events in both Devonilian and Ordovician
time, has allowed the recognition nf ENE/NE trending
structural/mineralization corridors of likely (and possibly
older than) Cambrian age.

Elucilidation of +the structural setting of the Zeehan area in
late Proterozoic time 1= wmquivocal - available evidencs can be
interpreted  to show several different mega lineament

orisntationz,
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422 Chapter 11

2. The large polymetallic deposits only occur porth 4. Thick sequences of thyodacitye
of the Henty Fault zone whilst small sub-economic  underlie some of the depasits (.2 Hemo
deposits at Red Hills, the Comstock Valley and  Rosebery) , which suggests a change from
Voyager 19 lie within the volcanics to the south  to submarine conditions prior to mineER
of the Henty Fault zome. 5. The silicate chemistry of the hosg wid
3. The polymetallic massive sulphide deposits occur s not related to size or grade of the |
locaily within a narrow horizon of shales (e.g. High-grade deposits are associated wigh
Rosebery, Hercules) or epiclastics (e.g. Que River, of rhyodacite composition (Rosebery),
Hellyer) which form part of a sequence of submarine andesite composition (Que River) or and
volcanics, epiclastic tuffs and minor sediments. composition (Hellyer).

v HOUSETOP

ROCKY CAPE v v AT
REGION A ) s or.

v \;’VV

) Hclhf:r/
MQ River

INTERVIEW
GRANITE

HEEMSKIRK
GRANITE

GRANITE

KEY Faderation

CAMBRIAN VMS DEPOSITS
@ Polymetallic massive sulphide

[aa]

<

o |  TYENNAN
— REGION
=

@ Stockwork/masaive pyrite -
chalcopyrite

DEVONIAN GRANITE RELATED
DEPQSITS

A Pyrrhotite - consitarite
replacament deposit

Magnetite - casyiterite &
scheelite skarn

Tin=rourmaline greizen

Lead - zinc - silver vein

| |

4

[ ]
Davonian Granite
L ¥ Tertiary Basalt
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