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Abstract

Exploration has continued on EL 45/92 Mt Dundas for carbonate hosted base-metal deposits
within the Gordon Limestone at Zeehan, West Tasmania. Analogies with Irish-style carbonate
hosted ZnlPb deposits are being used to guide exploration.

Work undertaken in the 12 month period 16/3/96 to 15/3/97 consisted of diamond drilling (5 holes
for 1524m) and wacker bedrock sampling (388 holes for 1543m). In addition, results from the
1995 detailed helimag survey have been partially interpreted and a basin analysis study completed.

Diamond drilling was completed at Sunny Corner, Blackjacks and King Billy. Wacker bedrock
sampling has been undertaken at Blackjacks, Westerway, Tom Creek and Pyramid. Minor
wacker bedrock sampling was also conducted at Mariposa.

Numerous sulphide occurrences are recorded in the Sunny Corner and Blackjacks drill-core e.g.
DD96DS 101 0.75m @ 3.71% Zn and 5.9% Pb. However, no economic base-metal intersections
were achieved. Major zones of dolomitisation and siderite alteration have been identified,
including up to 600m strike of the basal Siderite Unit and up to I km strike of dolomitic breccia at
Blackjacks.

A basin analysis study was completed using Geosea Consultants (Dr Clive Burrett). Three
formations were recognised in the Gordon Limestone corresponding to differing carbonate
depositional environments. The study recognised the Blackjacks area as being near to the basin
margin and major facies variations between Blackjacks-Mariposa and Sunny Corner.

The conclusion of the 1996 programme is that the Blackjacks-Mariposa-Sunny Comer area is the
most prospective within the Gordon Limestone at Zeehan. Additional target areas include
Westerway.

Recommendations for further work include diamond drilling at Blackjacks, Mariposa, Sunny
Comer and Westerway. Wacker bedrock infill sampling is recommended for the anomalous
samples at Pyramid. Priority focus is to be on the basal limestone/sandstone contact - the Oolite
Unit at Sunny Corner and Mariposa as well as on the dolomitic breccia unit in the middle of the
limestone at Blackjacks and possibly Westerway.

Environmental rehabilitation consisted of ripping compacted ground around drill-sites,
replacement of vegetation for helicopter sites and removal of rubbish and cuttings. Care has been
taken to avoid unnecessary damage to vegetation etc.

Expenditure for the 12 month period was $379,146. Total expenditure for the licence to 15/3/97
is $1,260,209.
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I Plans

Plan No. Title Scale

I J Tv 1070 / EL 45/92 Mount Dundas I: 100,000
Location Plan

I J Tv 1022 ./ Zeehan Prospect Target Map 1:50,000

, Tv 716 / EL 45/92 Mt Dundas, Zeehan Carbonate 1:2,500
v

Sunny Corner ProspectI /
Geology and Drillhole Location Plan

V' Tv 1114 EL 45/92 Mount Dundas, Zeehan Carbonate 1: 1,000

I Sunny Corner Prospect
DD96DS99 and DD96DS 100 section

I j Tv 1158 / EL 45/92 Mt Dundas -, Zeehan Carbonate, I: 1,000

/
Sunny Corner Prospect, DD96DS 10 I section 56850N

I
v Tv 936 EL 45/92 Mt Dundas, Zeehan Carbonate, 1:2,500

Blackjacks Prospect,
Geology and Drillhole Location Plan

I J Tv 1115 J EL 45/92 Mt Dundas, Zeehan Carbonate, I: 1,000
Blackjacks Prospect, DD96DB 112 section

I
/ Tv 998 / EL 45/92 Mt Dundas, Zeehan Carbonate, 1:2,500

King Billy Prospect,

./
Geology and Drillhole Location Plan

I ,/ Tv II II EL 45/92 Mt Dundas, Zeehan Carbonate, I: 1,000
King Billy Prospect,

/ DD96ZK I24/ZK 125 section 71200E

I ./ Tv 1\59 EL 45/92 Mt Dundas, Zeehan Carbonate 1:5,000
Westerway Prospect, Geology Map and

I / Wacker Bedrock Sampling Sites

,j Tv 1162 EL 45/92 Mt Dundas, Zeehan Carbonate 1:10,000

I J
Tom Creek Prospect,
Geology and Wacker Bedrock Sampling Sites

v Tv 1018 EL 45/92 Mt Dundas, Zeehan Carbonate 1:2,500

I j Pyramid Prospect,
Geology and Wacker Bedrock Sampling Sites

I v Tv 717 EL 45/92 Mt Dundas, Zeehan Carbonate, 1:2,500

J/
Mariposa Prospect, Geology and Drillhole Location Plan,

o! Tv 1016 EL 45/92 Mt Dundas, Zeehan Carbonate, I: 1,000

I / Mariposa Prospect, section 58820N,I

v Tv 1015 J EL 45/92 Mt Dundas, Zeehan Carbonate, I: 1,000

I /
Mariposa Prospect, section 59170N,

J Tv 1014 EL 45/92 Mt Dundas, Zeehan Carbonate, I: 1,000

I
Mariposa Prospect, section 5941 ON,

I
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Appendices

The Gordon Limestone Lithostratigraphy

Exploration by CRAE Prior to 16/3/96

Flow Sheet for Analysis of Diamond Drillcore Samples

Flow Sheet for Analysis of Wacker Bedrock Samples

Sunny Corner - Diamond Drill Logs and Assay Results (DD96DS99 - 101)

Blackjacks- Diamond Drill Logs and Assay Results (DD96DB 112)

Blackjacks - Wacker Bedrock Sampling: Geology and Results

King Billy - Diamond Drill Logs and Assay Results (DD96ZK124/ZK 125)

Westerway - Wacker Bedrock Sampling: Geology and Assay Results

Tom Creek - Wacker Bedrock Sampling: Geology and Assay Results

Pyramid - Wacker Bedrock Sampling: Geology and Assay Results

Mariposa - Wacker Bedrock Sampling: Geology and Assay Results

Detailed Helimag Data

Basin Analysis Report

Zinc Mineralisation in the Gordon Limestone

"Zonation within Mineralisation Phases around the Heemskirk Granite,

Zeehan Tasmania" by Kim Ely (Honours Project)
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1 . Conclusions and Recommendations

Continued exploration on EL45/92 has provided additional data that confirms the Blackjacks­
Mariposa-Sunny Comer area as being the most prospective zone within the Zeehan carbonate area.

No economic intersections in drillcore were made. The increased number of sulphide occurrences
is encouraging along with the identification and extension of major alteration zones (including
dolomitisation). Stratigraphic correlations imply major basinal movements occurred in the
Ordovician, between Blackjacks-Mariposa and Sunny Comer, with localised tectonic pulses
recorded at Pyramid e.g. a 100m thick calcic quartzite in DD96ZP65.

Diamond drilling at King Billy has confirmed the presence of the Oolite Unit. This unit has
slightly anomalous zinc values at its upper and lower contacts.

The wacker bedrock sampling at Westerway, Tom Creek and Pyramid, provided geological
control along with a number of zinc anomalies. This work also suggests that no ZnlPb orebody
crops out in these areas. The best geochemical anomaly (> 1000 ppm Zn) of over 600m strike
length is located at Westerway within the middle zone of the Gordon Limestone.

The detailed helimag survey results have been received and an initial interpretation made. The
siderite zone at the base of DD95DB ItO has 600m of surface strike length. There are several
smaller scale anomalies also thought to be related to siderite alteration.

The basin analysis study has shown the Blackjacks area to be on the basin margin. Clastic
interdigitation with shallow water carbonate sequences at the base of DD95DB I II is seen as
evidence for this. Additional evidence is provided by the basal sequence discrepancies between
DD95DB III and DD95DB 110. The basal Oolite Unit is seen in the Sunny Corner drill core, but
not at Blackjacks. At Mariposa, poor recoveries and extensive siderite alteration precluded any
judgement as to the existance of the Oolite Unit.

The collection and compilation of data over the past two years has greatly increased the
understanding of the geology of the Ordovician/Silurian sequence. Prior to further drilling or
surface work, greater effort should be put into the three dimensional geometry of the limestone and
reference made to the unique pattern of carbonate deposition.

A programme of further drilling is recommended:

• Sunny Corner - lower limestone/ sandstone contact below DD96DS 100. Use of an RC
drill-rig with a diamond tail is recommended to improve recovery of the target zone.

• Mariposa - down dip tests of mineralisation encountered in previous drill holes.

• Blackjacks - continued drilling out of the dolomitic breccia.

• Westerway - drilltest the main anomaly.

In addition and perhaps prior to drilling, there should be a more rigorous interpretation of the
helimag data to confirm the validity of the drill targets.

To complete the surface work at Pyramid it is recommended that a wacker bedrock sampling grid
be completed around the 1996 anomalous sites.

March 1997 EL 45/92 MI Dundas CRAE Rep. No. 22159
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2. Introduction

Mount Dundas. EL 45/92, was granted to CRA Exploration Pty Ltd. on 16 April 1993 and covers
an area of 70 km' east ofZeehan. West Tasmania (Tv 1070). CRAE has a statutory obligation to
spend $35,000 annually.

CRAE is exploring EL 45/92 for stratabound Zn-Pb deposits within the Ordovician Gordon
Limestone. Analogies with Irish carbonate hosted base metal deposits are being used to assist
exploration.

Six target areas were selected for detailed work in 1996;- Blackjacks, Sunny Comer, King Billy,
Pyramid, Westerway and Tom Creek. This detailed work consisted of diamond drilling and
bedrock sampling (wacker drilling).

This report details all exploration activities conducted during the fourth year of tenure, 16 March
1996 - 15 March 1997.

For regional geology and mineralisation see Parkinson 1994.

Sub-divisions of the Gordon Limestone have been delineated on a lithologic/lithostratigraphic
basis for utilisation in drillhole logging. An explanation of the formation codes is made in
Appendix I.

3. Previous CRAE Work

See Appendix II.

4. Exploration Activities for the Period 16/3/96 to 15/3/97

The following two tables summarise field work undertaken in the past year.

Diamond Drillhole Summary

DDH Prospect Eas. Norlh AMG Elev Tdepth Azim Dip Date Appendix
IAMG) (AMG) Zone ImASL) 1m) (AMGJ Drilled

DD96DS9? Sunny ~9 0J57'l71 55 183 16;.9 099 ;5 24/1/96 V
Corner

DD96DSIlIO Sunny "166180 ''''7' IJ 5; ICW 217.1 lu2 .7 221'2196 V
Corner

DD96DSI01 Sunny 366217 ;356795 55 170 380.6 097 51 1/4/96 V
Comer

DIl'lODDI12 B aCIla"l:fs 366611 5'ffi(T6i> ;' 19 342'; 080 0 12141% VI
DD967KIT4 Klr}"";B""j'll'V 1 202 2304 17) 12 180 0 1/4 VIII
DD96ZKI25 lnl!Bi 17202 5352304 17 398.7 180 60 12/4Jl} VIII

See Appendix III for' mple analysis routine.

HI ..

MJrch 1997 EL 45/92 MI Dundas CRAE Rep. No. 22159 2
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I Significant intercepts· Summary \996 Diamond Drilling

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

OOH Prospect From Width Zn Ph Ag S Comments
(m) (m) (%) (%) (nnm) ( %)

00960S99 Sunny 59.5 33 0.23 0.15 2.2 n/a Dolomitised limeslOne and
Corner rotted dark l!rev clavs.

00960S99 Sunny 114.5 1.6 4.99 0.8 5.7 n/a Semi massive sphalerite In

Corner dolomite.

00960S99 Sunny 122.5 1.4 1.36 0.8 3.8 n/a Disseminaled sphalerite and
Corner p'alena In c1avs.

00960S99 Sunny 106.1 17.8 0.8 0.3 2.6 8 Rotted and shcaretl
Corner dolomite.

00960S99 Sunny 151. 7 2.1 1.38 0.2 1.6 nfa Brecciated dolomite with
Corner sohale[lte.

00960S 100 Sunny I 15.2 29.7 0.3 01 <2 nfa Top section of the
Corner dolomitised Siltswne Unit.

00960S 1 00 Sunny 162 5.4 0.32 <0.1 <0.1 nfa Lower comact of
Corner dolomitised Siltstone Unit.

00960SI01 Sunny 3 9.2 0.79 3.32 29 nfa Dark. grey clays with gl:llena
Corner blebs ?leached sDhalente.

including Sunny 10.5 1.7 0.36 10.0 82.6 nfa
Corner

00960SI01 Sunny 121. 3 0.2 9.2 9.2 27.3 6 Irish style collotorm
Corner sohalerlte.

00960SI01 Sunny 303 1.5 0.3 3.8 8.7 nfa Disseminated galena in
Corner dolomitic and sidentic

Ii meswne/hrecci a.
00960SI01 Sunny 312.7 0.75 3.71 5.9 32.5 38 Dllto

Corner 5
00960BI12 Blackjacks 164.3 0.2 2.9 0.1 0.5 2.0 Diss~minated pale

sphalerite In syn-
sedimenlarv bren::la.

00960B112 Blackjacks 166.7 0.95 1.1 03 16.7 1.5 Dolomitic section with
dIsseminated snhalerlte.

00960B112 Black;acks 253 0.9 1.26 <0.1 0.9 2.1 Calcareous dark 0rey clays.
00960BI12 Blal:kjacks 251.2 7.8 0.49 <0.1 <I nfa Dolomitised limeswnes and

dark l!n::v davs.
009608112 Blackjacks 331. 5 10.7 0.28 <0.1 <0.5 nfa Sidcri[c and dark grey clay

Unit. Hole termInated at

242.5m.
0096ZK124 Kino Billv 12 1.5 0.13 <0.1 <0.5 nfa Base of surficial days.
0096ZK125 Kino Blliv 321 3 0.13 <0.01 0.6 nfa Ton of the Oolite Unit.
0096ZK125 King Billy 344.7 3.3 0.16 <0.01 <0.5 nfa Rotted dolomltlsed

argillaceolls bioclastic
calcarenite.

Wacker Sampling Summary

I
I
I
I
I

Prospect No. of De th Zinc Lead
Samples Range Mean Max Mean max Mean

(m) (m) (ppm) (ppm) (ppm) (ppm)
BlacKiacks 107 0.5-20.3 4.35 8270 616 4600 17\
Westerwav 97 0.5-16.8 2.9 6080 347 2300 107
Tom Creek \37 0.2-22.5 4.5 3160 154 \330 55
PYramid 41 1.3-\4.5 4.4 3690 386 499 105
Marinosa 6 0.8-3.3 2.3 \5 3 27 \
Total 388 Total metreage 1544m.

March 1997 EL 45f92 Mt Oundas CRAE Rep. No. 22159 3
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See Appendix IV for sample analysis routine.

4.1 Sunny Corner Prospect (Plan Tv 716)

Drilling in 1995 showed major hydrothermal alteration at the northern end of Sunny
Comer in particular ferroan dolomite. Major E-W (synsedimentary) structures and thicker
limestone sequences occur south of this drilling. Thus geochemical targets south of the
1995 drilling were deemed favourable. Both the sub-Silstone Unit sequence and the basal
Oolite Unit were tested.

4. I. I Diamond Drilling

DD96DS99 55° to 099°(AMG) TD 165.9m Drillrig: LY38 (Helirig)
Diamond Drilling of Tasmania Pty. Ltd.

Aim of Hole

Diamond drill test:

• anomalous surface geochemistry associated with the upper sandstonellimestone
contact

• down-dip extent of the Siltstone Unit and its underlying units ie. the "Oceana
Horizon"

Results

Hole was collared in Crotty Quartzite before pa<ising into dark grey clay, interpreted
as rotted Upper Dolomite Unit (Plan Tv 1114). The remainder of the drill hole
consists of dolomitised limestone of the Upper Dolomite Unit. Interpretation of the
major analytical elements shows that variations occur within the limestone which
may represent different original lithologies. For example, more argillaceous
limestones have higher iron and aluminium values but lower magnesium values
relative to cleaner calcarenite or micritic units. However, these chemical variations
may also be due to weathering effects.

Drilling problems occurred with this hole, in particular loss of water at the bit face,
which ultimately caused the abandonment of the hole at l65.9m.

Mineralisation in the hole consisted of scattered veinlets and flecks of semi-massive
dark brown sphalerite in dolomite, often within broken core zones (+1- bad
recoveries) eg interval of 1.6m x 4.99% Zn from 114.5m.

It is clear from this drill hole and others which drilled the same stratigraphy that
there is a regional base metal enhancement associated with dolomitisation at the
upper sandstone/limestone contact. Elevated values are in the order of a few
thousand ppm zinc, with the unit usually being 30 or so metres thick. This part of
the Upper Dolomite Unit suffers no surface depletion due to weathering as the
values in drillcore match the wacker bedrock and aircore sampling results. This
indicates that large volumes of zinc/lead/sulphur and magnesium-bearing fluids
have passed through the upper part of the limestone; fluids that if focused and
trapped, may give rise to a sizeable base-metal carbonate hosted orebody.

Other major Upper Dolomite zones like Sunny Corner occur in Blackjacks,
Mariposa, Professor Range, Grieves and Firewood Siding.

March 1997 EL 45/92 MI Dundas CRAE Rep. No. 22159 4
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DD96DS 100 57" to 1020 (AMG) TD 237.1 m Drillrig: LY38 (Helirig)
Diamond Drilling of Tasmania Pty. Ltd.

Aim of Hole

Second attempt at the sub-Siltstone Unit sequence not intersected in DD96DS99

Results

Hole was collared in the Upper Dolomite Unit and passed through the dolomitised
Siltstone Unit (Plan Tv 1157). It then intersected >70m of dolomitised syn­
sedimentary breccias. As with DD96DS99 it is possible using major element
analysis to identify facies variations within the limestones. The Siltstone Unit has a
transitional upper contact and a discrete lower contact. It occurs as a chemically
distinct dark greylblack fine grained argillaceous clastic unit with occasional coarser
quartz sand beds. The hole was abandoned at 237.1 m due to poor ground
conditions.

Low grade zinc mineralisation occurs in the Siltstone Unit transitional zone and at
the base of the Siltstone Unit, as small disseminated flecks and veinlets of
sphalerite +/- galena.

There is no evidence for ferroan dolomite in this hole.

The>70m of syn-sedimentary breccias have pyrite disseminations, flecks and
vein lets scattered throughout the matrix, locally up to 10% over short distances.
This unit represents the greatest concentration of pyrite seen in the carbonates of the
Zeehan area and demonstrates the prior existence of sulphur-rich fluids. The
missing key element for most of the Zeehan carbonate area is the sulphur source for
the formation of sulphides rather than carbonates and silicates etc.

The target zone was intersected in this drill hole, however, the elevated zinc values
merely confirmed the continuation of zinc levels from the surface sampling, i.e.
there is no surface depletion and no chemical vectors for orebody location.

In the light of DD96DS 10 I drilling, it is considered worthy to test the lower
limestone/ sandstone contact beneath DD96DS 100.

DD96DS 10 I 51 0 to 0970 (AMG) TD 380.6m Drillrig: LY38 (Helirig)
Diamond Drilling of Tasmania Pty. Ltd.

Aim of Hole

Diamond drill test of surface geochemistry (wacker bedrock) up to 0.8% Zn, and
the lower limestone/sandstone contact.

Results

This diamond drill hole collared in dark grey clay equated with weathered dolomite.
(Plan Tv 1158). Dolomite persisted to 42m before becoming more rotted and clay­
like. These clays are terminated by a pyritic shear zone. It is possible that the dark
grey clay zone represents weathered Siltstone Unit. Dolomitisation persists after
the fault to a depth of IOO.9m. Thereafter, the sequence is dominated by
argillaceous calcarenites and occasional laminated micrite units. None of these
units are seen in DD96DS99 and DD96DS 100, therefore, it is believed that
DD96DS 101 after the pyritic shear represents stratigraphy lower than the other two
holes. Siderite is present from 241.5m onwards.

March 1997 EL 45/92 M' Dundas CRAE Rep. No. 22159 5
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Drillrig: LY44
Almac Drilling

500 to 0800 TD 342.5mDD96DBI12

Aim of Hole

To intersect the unique dolomitic breccia ofDD95DB 110 and confirm the nature of
lower limestone/sandstone contact.

Mineralisation is sporadic, occurring as either narrow vein lets or disseminations.
The most significant intercepts were those at the top of the Oolite Unit and the
narrow width of Irish-style colloform sphalerite/ galena seen at 121.3m. (9.2% Zn.
9.2% Pb. 27.3g/t Ag).

There is a poor correlation between the surface bedrock sampling and the down­
hole geology. This is attributed to surficial soil creep of inert Moina Sandstone
debris masking limestone outcrop. There is significant topographic relief in the
limestone valley due to the Moina detritus.

The Siderite Unit begins at 264.9m and appears as bands of massive siderite
intercalated with dark grey clay zones. Core recoveries in this unit are between
30% and 50%. A dolomitic light grey unit begins at 299.1 m, thought to be the
Oolite Unit. There are siderite and dark clay zones within the dolomitised Oolite
Unit. which itself is believed to have ferroan dolomite alteration. The argillaceous
bioclastic unit that often underlies the Oolite Unit occurs from 346.5m to 367.5m
and is completely dolomitised. It is only locally affected by siderite alteration. The
Silty Transition Unit occurs as dark grey clay with a 30cm basal conglomerate at
376.5m. The hole terminated in the Moina Sandstone at 380.6m.

The galena-rich dark grey clays at the top of the hole may represent the leaching of
sphalerite from sphalerite/galena mineralisation within a dolomitic unit. The unit is
a topographic high, possibly the result of a gravel veneer protecting it from erosion,
not preventing the effect of a harsh surficial water flow regime.

This diamond drill hole showed no dolomitic zones similar to the breccia in
DD96DB 11 O. However, the first 95m of core was recovered as dark grey clay
with occasional dolomitic fragments (Plan Tv 1115), and this could be equivalent to
the breccia.

Varying degrees of dolomitisation are pervasive throughout the limestone,
occasionally associated with minor amounts of sphalerite mineralisation. There is
no further dolomitisation after 318.5m. Beyond this, siderite becomes the
dominant alteration phase intermixed with dark grey clay to a depth of 334m. Dark
grey, pyritic clays make up the remainder of the core.

The aim of the diamond drilling at Blackjacks was to intersect the dolomitic breccia seen in
DD95DB II O. It was hoped that this hole plus additional drilling would intersect the
breccia and provide a vector towards locating ore. The dolomitic breccia closely resembles
the white and black matrix breccias associated with some of the Irish carbonate hosted
ZnlPb deposits (Plan Tv 936).

4.2.1 Diamond Drilling

4.2
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4.3

There is no sign of the Siltstone Unit unless it occurs within the top-of-hole dark
grey clays. Taking into account the helimag siderite-related anomaly and the
DD96DB I 10 geology, it can be deduced that the Gordon Limestone sequence is
sub-vertical with a slight dip to the west. Thus the basal contact is conformable and
not thrusted, and, the stratabound dolomitic breccia unit in DD95DB 110 is
represented by the dark grey clay in DD96DB 112.

Disseminations of pale sphalerite occur in the matrix of a small scale dolomitised
syn-sedimentary breccia, between 164.3 and 167.65m. A dark grey clay unit with
dolomitisation from 251.2 to 259m contains coarse aggregates of dark brown
sphalerite. It is uncertain as to whether these occurrences represent a fault zone or
stratabound mineralisation.

The basal part of the hole comprises zinc-rich dark grey clays similar to those in the
surface sampling. A substantial amount of semi-massive pyrite occurs beneath the
sideritic zone. This was not seen in DD96DB I 10, although this may be due to the
occurrence of major core loss at this interval in the earlier hole.

4.2.2 Wacker Bedrock Sampling

Additional wacker bedrock sampling was undertaken to complete coverage between
the Blackjacks and Mariposa areas (Appendix VII).

Sampling confirms the upper and lower sandstone/limestone contacts as having
highly anomalous zinc and lead values. The Upper Dolomite Unit is well defined,
but the Siderite Unit at the base of the limestone is only moderately delineated.
From the data, a >600m long central dolomitic zone emerged, underlying the
Siltstone Unit. This may well represent the dolomitic breccia seen in DD95DB 110.
Elevated zinc values are also associated with this central dolomite.

Descending scree from the eastern hill of Moina Sandstone and Owen
Conglomerate has partially covered the basal zone of the Gordon Limestone.
Wacker penetration through these gravels is not always possible. A ridge of
gravels runs down the centre of the Blackjacks area. This probably represents an
old river which may have eroded the dark grey clay unit seen in the top of
DD96DB112.

King Billy Prospect

Near surface geochemical sampling undertaken in 1995 identified that zinc and lead values
were relatively anomalous. In addition large scale alteration zones were identified. It is
inferred that greater amounts of sulphide/metal fluids passed through the area, offering
potential for a large sulphide ZnlPb orebody.

4.3.1 Diamond Drilling

DD96ZKI24 600 to 1800 TO 126m Drillrig: L Y38 (Helirig)
Diamond Drilling of Tasmania Pty. Ltd.

The drilling result from DD96ZK 123 (EL 34/88. CRAE Report No. 22209)
indicated a shallow dip to the Gordon Limestone sequence. Thus DD96ZK 125
was drilled not only to test the surface geochemical sampling, but to also carryon
through to the Moina Sandstone and test the basal contact (Plan Tv 998). The
presence of siderite in DD96ZK 123 gave further encouragement to make such a
test.

March 1997 EL 45/92 Mt Dundas CRAE Rep. No. 22159 7
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Aim of Hole

Diamond drill test surface geochemical anomalies up to 0.17%Zn, associated with
the sub-siltstone Unit sequence. Also test lower limestone/sandstone contact.

Results

Hole abandoned at 126m due to drilling problems.

DD96ZKI25 600 to 1800 TD 398.7m DrilJrig: LY38 (Helirig)
Diamond Drilling of Tasmania Pty. Ltd.

Aim of Hole

As for DD96ZK 124

Results

DD96ZK 125 represents the re-drill of hole DD96ZK124.

A continuous sequence of argillaceous calcarenites laminated micrites and bioclastic
calcarenites was intersected (Plan Tv 1111) including a full Myrtle Formation
sequence of at least 15 punctuated aggradational cycles (PAC's - see Basin
Analysis Report). The distinct Ugbrook Formation begins at 292.1 m and includes
the Oolite Unit from 325m to 337m. At 375m a major shear zone occurs for 40 cm
before passing into weathered sandstone,interpreted as the Moina Sandstone. This
unit is then in contact with another sheared zone at 392m, which may be Cambrian
or Ordovician siliciclastics. The hole terminated at 397.8m.

Low levels of pervasive dolomitisation occur in the limestones. The strongest
levels occur from 344.7m to the sheared basal contact at 377m. The Oolite Unit in
the King Billy core is remarkably pure (approximately 40% calcite), and potentially
a preferred replaceable horizon for zinc-rich mineralising fluids.

Drill hole assays and lithologies failed to correlate with the wacker bedrock and
aircore sampling. In particular, there was no ferruginous unit near the top of the
hole. The hole also showed that the sequence was steeply dipping, in contrast to
flatter dips intersected in hole DD96ZK123.

Westerway Prospect

This area lies 1.5 km south east from Mariposa, and is bisected by the Zeehan-Queenstown
Highway.

4.4. I Wacker Bedrock Sampling

A 1995 reconnaissance wacker bedrock sample line returned values up to 8000 )<

ppm zinc. As a result, a follow up grid was cut for further wacker bedrock
sampling (Appendix IX). A smaller than expected Gordon Limestone outcrop was
mapped from the wacker sampling (Plan Tv 1159). The western margin of the
limestone is in contact with a limonitic unit, possibly a mafic lithology from the
Cambrian Dundas Group. The eastern margin is overlain by the Crotty Quartzite.
A major east-west trending fault truncates the limestone in the south of the grid, and
lithologic correlation is difficult south of this fault.

Morch 1997 EL 45192 Ml Dundas CRAE R<p. No. 22159 M
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Elevated zinc values up to 0.61 % coincide with an increased thickness of
limestone. The main values are located in the middle of the limestone, and at its
upper contact. Dolomitisation is patchy, often occurring adjacent to the higher zinc
values.

4.5 Tom Creek Prospect

The Tom Creek prospect lies a further I km south east of Westerway.The Little Henty
Fault transects the area in an NE-SW direction, and CRAE undertook reconnaissance
geochemical testing of the Gordon Limestone around this fault. The area was flown as part
of the helimag survey and the wacker bedrock sampling has assisted with the geological
interpretation.

4.5.1 Wacker Bedrock Sampling

Two reconnaissance wacker bedrock sample lines were completed parallel to, and
either side of the Little Henty Fault line (Plan Tv 1162). Geological consistency
between the two lines which are only 450 m apart is poor (Appendix X). This
implies that the fault does exist, contrary to the helimag data interpretation (refer to
Section 4.8).

Most anomalous zinc values are associated with the Gordon Limestone, although it
is uncertain where they occur in the stratigraphy.

Extensive weathering of the rocks has occurred, including the development of iron
rich hard pans. This weathering can reduce the limestone to dark grey clays or
even bleached clays with low but detectable calcium values. However, weathering
of other more mafic units can also produce clays with low but detectable calcium.
Fluvial or fluvio-glacial gravels are not widespread in the area.

4.6 Pyramid Prospect

The Pyramid area lies 2 km south east of the Oceana Mine (4 Mt @ 18% Pb and 4% Zn).
The eastern parr of the prospect lies on EL45/92, whilst the other half lies on EL 28/88,
and is reported in CRAE Report No. 22160.

4.6.1 Wacker Bedrock Sampling

The central and southern parts of the Pyramid prospect have no reliable surface
geochemical coverage. Two reconnaissance bedrock sampling lines were
completed (Appendix XI). One line was positioned across the middle of rhe
prospect, over the thickest sequence of the limestone. The other line was
positioned parallel to the prospect's southern margin, proximal to the Little Henty
Fault.

The bedrock sampling provided some geological control and assisted the helimag
interpretation. An updated geological map is included (Plan Tv 1018). This shows
an inferred north plunging syncline with an overturned western limb.

Limestone outcrop appears restricted near the Little Henty Fault. This may be due
to the lack of penetration of fluvially-derived gravels by the wacker drill. Elevated
zinc values are associated with the Moina Sandstone/Gordon Limestone contact.

March 1997 EL 45/92 Ml Dundas CRAE Rep. Nil. 22159 9
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Mariposa Prospect

Reinterpretation of the geological map has assisted the construction of a series of cross
sections for the Mariposa area (Plans Tv 717. Tv 1016. Tv 1015. Tv 1014).

4.7. I Wacker Bedrock Sampling

Six samples were collected in the north of the prospect in order to correctly position
the upper sandstone/ limestone contact (Appendix XII). This work was undertaken
in order to prove the collar lithology for a potential diamond drill hole. Collaring in
the Crotty Quartzite ought to be avoided if at all possible. See Appendix X for the
results.

The interpretation of a thrusted lower limestone contact is in doubt. particularly in
the light of the Blackjacks drilling.

Detailed Helimag Survey

The Gordon Limestone of the Zeehan area was flown over as part of a detailed sub­
regional helicopter-borne magnetic survey. Line spacing was approximately 60m with an
average flight height of 30m and sampling intervals were approximately every 3-4m. A
feature of the survey was that the flight lines were aimed at being perpendicular to the strike
of the limestone which resulted in time consuming and complex processing.

Relevant parts of the initial report (CRAE Report 22222) are included in AppendixAff:' f.{ii
This report was written just after CRAE decided to joint venture EL 45/92. No major .-­
interpretation has been transferred to the geological map.

The Gordon Limestone in the Blackjacks-Mariposa and Sunny Corner areas tend to be
magnetically flat. Minor anomalies occur, some coincident with known siderite. The
largest anomaly at Blackjacks (South), is over 600m long. In Pyramid, Tom Creek and
other areas, the limestone stratigraphy is more discernible than individual siderite
anomalies. Certain non-Gordon Limestone Formations are also distinguishable from the
data. ego Moina Sandstone and the Crotty Quartzite.

Basin Analysis Study

Dr Clive Burrett of Geosea Consultants was contracted to provide a stratigraphic study of
the Zeehan carbonate drill sequence using diamond drill core to establish:-

• a stratigraphic column for the Zeehan carbonate sub-basin, including identification
of formational boundaries.

• a measure of the variability of carbonate depositional environments and the possible
inference of syn-sedimentary faults.

Results from the study highlight the Blackjacks area as having existed on the basin margin
(Appendix XIV). The difference in lithological pattern between DD95DB III and
DD95DB 110 is cited as evidence for this. Proximity to a basin margin and basin margin
faults is considered important as these faults tend to be penetrative structures which can
access and focus mineralising fluids.

Drill holes viewed from EL 45/92 were DD95DB 110. DD96DB III, DTM-84-6 (inverted)
and DD95DS98.

March 1997 EL 45/92 Mt Dundas CRAE Rep. No. 22159 10
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4.10 Honours Project

The included project in Appendix XVI was undertaken by Kim Ely from Melbourne
University. Viewed drillcore was supplied by CRAE (Mariposa and Blackjacks
ostensibly) and by Pasminco (Oceana and Austral Creek). Conclusions of the work are as
follows:

The Zeehan lead-zinc mineral field has been cited as being zoned around the Heemskirk
Granite. This zonation is primarily manifested in the change of gangue mineralogy, from
pyrite to siderite dominated. However, the relationship of limestone-hosted deposits distal
to the granite has been disputed. Several authors have suggested that the deposits of the
Gordon Limestone have their origins in an Ordovician mineralisation event, and therefore
are not part of the zoned mineral field. Siderite occurs in three main positions within the
stratigraphy of the Gordon Limestone, but is not restricted to these zones. The position of
siderite appears to be fault controlled. Four types of siderite are recognised in the
limestone-hosted deposits. However, all types of siderite are chemically and
paragenetically very similar. Galena and sphalerite post-dates the siderite. The variation of
the chemistry of siderite sampled from nine locations illustrates a zonation to the south-east
of the Heemskirk Granite. This zonation, reflected in both elemental and isotopic
composition, overprints regional folding. Siderite crystallisation post-dates Tabberabberan
deformation and since mineralisation post-dates siderite, it is therefore younger than Middle
Devonian. Thus siderite, and associated mineralisation in the Gordon Limestone, near
Zeehan, does not have an Ordovician origin. The limestone-hosted lead-zinc deposits are
part of the siderite zone of the zoned mineral field. Mineralisation is most likely related to
the intrusion of the Heemskirk Granite in the Late Devonian to Early Carboniferous.

5. Discussion

Some aspects of key Irish-style mineralization include the following:-

• Structurally controlled stratabound deposits are located within the first replaceable horizon
above the basement.

• This horizon needs to be proximal to a major basinal structure, with a suitable lithological
capping unit. The structure can be a syn-sedimentary fault.

• Deposits generally occur on the downthrow of the structure at the point of maximum
throw.

At Zeehan, the first replaceable horizon is the Oolite Unit. This unit exists in Sunny Comer and
King Billy but not at Blackjacks (or Mariposa). These latter areas have replaceable horizons
higher up in the sequence below the capping Siltstone Unit, with the stratabound dolomitic breccia
at Blackjacks thought to be the replaceable horizon. A major syn-sedimentary structure is not
easily recognised in tectonised sequences especially if it has been reactivated. Major
sedimentological variations occur between Blackjacks-Mariposa and Sunny Corner, whilst
localised rapid deposition has occurred at Pyramid. The implication is that the deposition of the
carbonates involved syn-sedimentary faults and thus, was not a passive process. Overthrusting of
the Gordon Limestone by the Silurian Crotty Quartzite further complicates the issue.

The Blackjacks-Mariposa-Sunny Comer area has been a focus for hydrothermal mineralising
fluids. Extensive dolomitisation and siderite alteration are further evidence for the movement of
fluids. Besides Grieves, the above mentioned area contains the greatest amount of sulphide
mineralisation in drill core.

Low grade zinc mineralisation in the Upper Dolomite Unit is the result of trapped but
unconcentrated hydrothermal fluids.

March 1997 EL 45/92 Mt Dundas CRAE Rep. No. 22159 II



March 1997 EL45/92 Ml Dundas CRAE Rep. No. 22159 12

Rehabilitation of surface disturbance included:-

6. Environment and Rehabilitation

A number of activities conducted during 1996 have impacted on the environment. These include:-

Mount Dundas EL 45/92, Tasmania. Report on
Exploration for the Second Year of Tenure, 16/4/94
to 15/3/95. CRAE Report No. 20789.

Mount Dundas EL 45/92, Tasmania. Report on
Exploration for the Third Year of Tenure, 16/4/95
to 15/3/96. CRAE Report No. 21807.

Mount Dundas EL 45/92, Tasmania. Report on
Exploration for the First Year of Tenure, 16/4/93 to
15/3/94. CRAE Report No. 19675.

1995

1996

1994

301017

capping of diamond drill hole collars
raking of drill sites
recovering sites with the cleared vegetation
removal of rubbish and cuttings

All exploration work is discussed on site with Department of Industry Safety and Mines personnel
prior to it being undertaken. Their advice allows for the environmental impact of the proposed
work to be kept to a minimum.

• Diamond drilling at Blackjacks

• Diamond drilling at Sunny Comer (Helicopter supported). Temporary repairs were made
to the old Mariposa Tramway for vehicle access

• Diamond drilling at King Billy (Helicopter supported).

• Line cutting at Westerway

• Line cutting at Tom Creek

• Line cutting at Pyramid

• Line cutting at Mariposa

Parkinson, R.G.

Drill sites and grid lines will naturally revegetate. No pennanent new access tracks were created.
Where possible, lOW-impact technologies were employed in exploration.

Parkinson, R.G.

Diamond drill sites were positioned where possible in areas of previous disturbance. Above
ground sumps were used to contain water return, and oil-absorbent products were positioned
where needed. Cuttings were removed and drill sites ripped on completion of the programmes.
Most wacker lines will revegetate in 2-3 years leaving no lasting impact on the environment.

Tear, S J
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Tasmania, Ordovician, Carbonate-hosted, Gordon Limestone, Diamond Drilling,

Wacker Bedrock Sampling, Zinc, Helicopter-borne Magnetics, Siderite, Dolomite,

Basin Analysis, Syn-sedimentary faults.
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eRA Exploration Pty Limited

DPO Register

EL 45/92 Mt Dundas

OPO LAB Batch Lab Name OPO Office Geologist Tenement Tenement Sample Number of 250,000 100,000
Number Number Location Dale Number Name Type Samples Map Sheet Map Sheet

77398 11616 Analabs Zeehan 7/2/96 S. Tear 38/88 Blackjacks Bedrock 82 SK55-5 7914
82152 11740 Analabs Zeehan 14/3/96 S. Tear 38/88 Sunny Corner ",ODHQINQ 70 SK55-5 7914
82153 11774 Analabs Zeehan 26/3/96 S. Tear 38/88 Westerway Bedrock 97 SK55-5 7914
82154 11828 Analabs Zeehan 18/4/96 S. Tear 38/88 Sunny Corner '/,ODHQINQ 96 SK55-5 7914
82155 11832 Analabs Zeehan 19/4/96 S.Tear 38/88 Tom Creek Bedrock 167 SK55-5 7914

Mariposa
Blackjacks

82156 11833 Analabs Zeehan 18/4/96 S. Tear 38/88 Pyramid Bedrock 63 SK55-5 7914
82161 11875 Analabs Zeehan 6/5/96 S. Tear 38188 Sunny Corner '/,DOHQINQ 85 SK55-5 7914
82164 11934 Analabs Zeehan 24/5/96 S. Tear 38/88 Blackjacks '/, DDHQ/NQ 103 SK55-5 7914
82165 11933 Analabs Zeehan 24/5/96 S. Tear 38/88 Sunny Corner '/,OOHQINQ 63 SK55-5 7914
82166 11948 Analabs Zeehan 28/5/96 S. Tear 38/88 King Billy '/,DDHQINQ 70 SK55-5 7914
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Appendix I

The Gordon Limestone Lithostratigraphy
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In the Zeehan sub-basin the Gordon Limestone has a thickness of 500m (DDH ZB 1007).
Drilling by CRAE has subdivided this formation into lithologic and lithostratigraphic units. These
subdivisions have been utilised in the drillhole logging and are displayed below.

Zeehan Carbonate Project

An explanation for the sub-divisions is given below.
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I) The Crotty Quartzite

This formation is a sequence of deltaic quartzites of Silurian age. However in drillcore
there appears to be no consistency in lithologies at its base. The question of faulted
contacts is brought to mind and the unit has not been subdivided. In DD95ZMl90 the
sequence passes from white massively bedded sandstone into interbedded/interlaminated
sands, shales and silts before finally passing into dark shales (fissile) and clays (possible
fault gouge). This is possibly matched in DD95DS98 but there are considerable thickness
variations, as would be expected in the depositional environment.

2) The Upper Dolomite Unit (Ogud)

This is a dolomitised limestone unit that always occurs beneath the Crotty Quartzite
contact. Its thickness is variable, up to 100m in DD95ZRI04 and down to 25m in
DD95ZM 190. It is possible that the dolomitisation is fault related, the fault being the
Crotty Quartzite/Gordon Limestone Contact.

3) The Siltstone Unit (Ogsi)

This is an argillaceous calcsiltite with bands of bioclastic calcarenite and nodular calcsiltite.
Locally it is unreactive to dilute hydrochloric acid. It generally occurs at the base of the top
third of the stratigraphic column and has an average thickness of 15m.

There are transitional upper and lower sequences to the main Siltstone Unit.

4) Undifferentiated Limestone (Ogul)

This is a bucket term to fit all limestones that do not separate out into any distinctive
lithology subdivision

5) Undifferentiated Dolomite (Ogdl)

Localised zones of dolomitised limestone occur within various parts of the stratigraphic
column. Unless it is part of the Upper Dolomite, it is referred to as undifferentiated
dolomite. The dolomitisation is attributable to faults and/or due to mineralisation, often
Ogdl units have elevated base metal values.

6) Laminated Micrite Unit (Ogmu)

This is a distinctive lithofacies comprising of banded and stylolitic fine grained calcarenites
and micrites. Sometimes the laminae consist of argillaceous material. The individual
laminated units have an upper thickness limit of generally <3m except in specific
circumstances eg DD95ZP63. Birds eye micrite units are often associated with the
laminated zones. The unit is not a marker horizon but occurs with sufficiently regularity in
drillcore as to be able to assist stratigraphic correlations.

7) Oolite Unit (Ogoo)

This unit occurs in outcrop at the Grieves Prospect as a dolomitised equigranular
calcarenite unit - thought to be an oolite. It is believed that the well sorted, clean medium
grained bioclastic calcarenite unit, locally oolitic, is really part of a package of well soned
calcarenites seen towards the base of the limestone sequence, possibly representing a sand
bar. I,
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8) Siderite Unit (Ogsd)

The Siderite Unit is an alteration facies imposed on and replacing limestone (?dolomitised)
at the base of the Gordon Limestone. It is regarded as being part of the alteration
associated with the replacement ZnlPb mineralisation.

Siderite alteration also occurs at Grieves in the middle of the limestone sequence. Siderite
is also present at the upper sandstone/limestone contact at Blackjacks (DD95DBIIO) and
Myrtle (DD95ZM 190).

9) Dark GreylBlack Clay Unit (Ogdc)

These clays are encountered at surface and in drill core above 300m vertical depth. They
generally are to be found at the base of the limestone, although they can occur at the top
contact (DD95DB 110). Dark clays can also be found in the top of drillholes where
surficial weathering of the limestones has produced a black pug - depths of 45 vertical
metres have been recorded (DD95ZRI03). The exact nature of the clays at the basal part
of the limestone is unclear. They always underlie the Oolite Unit, often can be intermixed
with siderite zones of the Siderite Unit and can be part of the underlying Silty Transition
Unit. Whether they are products of deep surface weathering, paleo-weathering, fault
zones or mineral-related alteration remains to be resolved.

10) Ferruginous Clay Unit.

These are light grey, orange, yellow, brown and red coloured clays, often banded. They
generally occur beneath the Dark Clay Unit, although at Grieves they can be intermixed
with it. In some instances they are sericitic, in others they can be sandy (fine grained
quartz grains). They are heavily limonitic and their exact nature is unsure. It is possible
that the clays are part of the Silty Transition Unit or even the underlying Moina Sandstone.
Alternatively they could be weathering products of mineralisation associated with the dark

clay unit.

II) Silty Transition Unit

This is the basal unit of the Gordon Limestone. It comprises of a series of partly
dolomitised limestones and fine grained arenaceous units with black siltstones. It appears
to have a well defined thickness of between 12-16m and in some instances overlies the
Moina Sandstone conformably. Mineralisation would appear to lie immediately above the
top contact of the Silty Transition Unit.

12) Moina Sandstone

This sandstone formation is characterised by a silicic quartzite with localised conglomerate
bands, often becoming a pink silicic quartzite.

", t
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Appendix II

Exploration by CRAE Prior to 16/3/96
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Mineralisation appears to be subvertical and narrow, the widths above
being apparent thicknesses.

(Parkinson 1995) Diamond drilling at Mariposa consisted of five holes
totalling 554m and tested the lower sandstonellimestone contact (DM208­
DM212) intersections include:-

,

t
I

<5 ppm Ag
25 ppmAg

107 ppm Ag
45 ppm Ag

23ppmAg
18 ppmAg
23 ppm Ag
27ppmAg

<0.1 % Pb
1.7% Pb
6.5% Pb
5.4% Pb

1.8% Pb
2.2% Pb
4.8% Pb
6.7% Pb

2.1% Zn
1.4% Zn
9.8% Zn
3.8% Zn

@
@
@
@

3.2% Zn
3.6% Zn
5.4% Zn
1.3% Zn

7.7m
5.4m
1.8m
0.7m

6m @
15m @
3m @

12m @

DS37
DS38
DS53

DS68'

58850N DM209
59400N DM210
59400N DM211
59200N DM212

59450N DM70 lOrn @ 4.1% Zn 2.5% Pb 19 ppm Ag
59400N DM13 6m @ 4.1% Zn 1.5% Pb 16 ppm Ag
59350N DM97 8m @ 5.0% Zn 2.9% Pb 60 ppm Ag
59300N DM102 8m @ 18.5% Zn 16.9% Pb 231 ppm Ag
59250N DMI18 8m @ 4.6% Zn 6.5% Pb 95 ppm Ag
59150N DMI50 6m @ 3.5% Zn 2.5% Pb 88 ppmAg
58850N DMI99 8m @ 4.6% Zn 3.2% Pb 185 ppmAg

Additional work comprised of mapping, petrological studies and
resampling of EZ diamond drillholes.

Aircore drilling by CRAE during 1994 at Sunny Comer-Bannockburn
returned significant intersections from the Upper Zone contact with Crotty
Quartzite including:

Aircore drilling by CRAB during 1994 at Blackjacks (109 holes) identified
substantial thicknesses of siderite alteration up to 50m wide at the Lower
Zone contact with underlying clastics. Zinc intercepts were highly
anomalous, but generally sub-percent. Better results included:

Aircore drilling by CRAB during 1993-94 at Mariposa returned significant
intersections from the lower zone contact with the Dundas Group
including:-

(Parkinson 1994) Reviews of Amoco-CSR open-file data highlighted the
Mariposa and Sunny Comer areas as having anomalous surface
geochemistry. At Mariposa prospect, costeans returned best results of 14m
@ 3.0% Zn from the historically exploited upper zone, and 8m @ 6.2% Zn
and 395 ppm Ag from the lower zone contact with the Dundas Group.
Costeans at Sunny Comer produced up to 22m at 3.9% Zn, including 6m at
9.7% Zn and 74 ppm Ag. Percent levels of Zn were also detected in
costeans at Blackjacks and Bannockburn.

Limited drilling by Amoco-CSR failed to locate economic mineralisation,
although sub-percent levels of Pb and Zn were common over wide areas,
indicating substantial alteration systems.

Year 2

Year I
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Diamond drilling at Sunny Comer consisted of 2 holes for 584m.

Regional reconnaissance and data capture work was completed.

301044

DD95DS98 - best intercepts are course grained sphalerite associated with
the Siltstone Unit of the Gordon Limestone

I

Pb
Pb
Pb
Pb

Zn
Zn
Zn

Zn 0.77%
Zn 0.2%
Zn <0.1%
Zn 1.3%

3m @ 0,15%
6m@ 0.1%
2m @ 0.1%

6m @ 0.28%
6m @ 1.3%
3m @ 1.67%
3m @ 2.64%

DBll 14m @ 104% Zn
DB35 3m @ 1.6% Zn
DB78 3m @ 1.6% Zn
DB99 3m @ 1.9% Zn
DBI09 1.5m @ 2.2% Zn (ended in mineralisation)

AC95DL7
AC95DL8
AC95DL53

AC95ZK4
AC95ZK46
AC95ZK22
AC95ZK39

Aircore drilling at King Billy consisted of 99 holes for 2208m. ResuLts
showed minor base-metal intersections:

Aircore drilling at Leatherwood (53 holes for 456m) returned disappointing
resuLts. Best values were:

DD95DS97 - best intercept of

LAm @ 1.02% Zn and 6.13% Pb from 182.6m (in dolomite)

O.92m @ 10% Zn from 310.8m
0.82m @ 6.2% Zn from 313m.

(Tear 1996) Two diamond drillholes were drilled at BLackjacks.
DD95DB 110 intersected a >30m thick doLomite breccia with elevated zinc
values up to 0.3% Zn over 3.6m. Siderite alteration and elevated zinc
values were also intersected at the upper and lower sandstonellimestone
contact. DD95DB III intersected a sphalerite and calcite breccia zone O.3m
@ 4046% Zn and 1.89% Pb from 75m.

Year 3

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

301045

A summary of wacker bedrock sampling is included below:

Prospect No. of Depth Zinc Lead
Samples

Range Average Max Mean max Mean
(m) (m) (ppm) (ppm) (ppm) (ppm)

King Billy 74 1.5-35 9.1 3050 172 1590 58
Amber Creek 49 0-24 7.2 730 53 2120 73
Sunny Corner 91 0-19.7 4.9 6700 420 16700 618
S Mariposa 26 0.2-8.1 2.5 4420 420 2260 199
Westerway IS 1.1-12.5 5 8860 1564 3210 479
Blackjacks 22 1.5-25 11.6 2790 817 1920 227

A detailed helimag survey was flown on the basis that mineral related
siderite alteration is slightly magnetic. Flight lines were flown
perpendicular to the strike of the limestone. Line spacing was
approximately 60m with an average flight height of 30m and sampling
intervals were approximately every 3-4m.
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Appendix III

Flow Sheet for Analysis of Diamond Drillcore Samples

301046



Logged CoreI.-
Diamond Drilleore : half core (diamond saw)
up 103m sample interval weight up 10 7kg

+
Sample tor assay with 7 digit CRAE sample number

I
Rejects discarded.- 1 month after
results received

To Analabs in Burnie I
.~..

Dry, Crush to lcm and Pulverise (all sample) - GP033 - to 75 microns (-200 mesh)
Large samples (>5kg) are jaw crushed to 1em, halved then pulverised to -100 mesh
Sample is remixed and a subsample of 300g is pulverised to -200 mesh.-

~~5 -20g I.-
~ ICP-0ES GI211 Townsville

I
Pulp to CRAE Storage in Bundoora

Ag, AI, As, Ba, Ca, Cu, Fe, K, Mg, Mn, Pb, Zn In kraft packets in separate boxes with

,Ir + OPO number and sample number range

OM613 LECO furnace GI207
Sulphur Analysis ... .... Zn, Pb. Mn over range
if Zinc >0.5% po .... Townsville
Brisbane

,r

Modem/Fax Results to
Analabs. Burnie
(modem resulls via Perth)

~HamcoPYIDigilal Copy
Floppy Disc

~ • -..a..Ascii Text & Excel Format
To CRAE - Bundoora Geologist in charge CRAE Admin Officer

CRAE - SE District ET&I CRAE - SE District
Bundoora Bundoora Bundoora,r

Loaded into I
Directory

,r
To Geologist in charge I

Loaded into Database

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

Sheelt

Diamond Drillcore Sampling Flowsheet

GI211 - Aqua Regia/Perchloriclhydrofluoric acid: acid digest
GI207 - Aqua Regia/Perchloriclhydrotluonc acid: acid digest

Page 1
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Appendix IV

Flow Sheet for Analysis of Wacker Bedrock Samples

301048



I
I
I
I
I
I

Sheet1

Bedrock Wacker Sampling Flowsheet

Sample for assay with 7 digit CRAE sample number

Dry, Crush and Pulverise (all sample) - GP033 - to 75 microns

301049

I
I
I
I

ICP-OES GI211 Townsville
Ag, AI, As, Ba, Ca, Cu, Fe, K, Mg, Mn, Pb, Zn

GI207
Zn, Pb, Mn over range
Townsville

Remaining pulp to CRAE Storage in Bundoora
In kraft packets in separate boxes with
DPO number and sample number range

I
I
I
I
I
I

Digital Copy
Floppy Disc
Ascii Text & Excel Format
To C AE - Bundoora

To Geologist in charge
Loaded into Database

Modem/Fax Results to
Analabs, Burnie
(modem results via Perth)

Geologist in charge
CRAE - SE District
Bundoora

CRAE
ET&I
Bundoora

Admin Officer
CRAE - SE District
Bundoora

I
I
I
I

GI211 - Aqua RegiaiPerchloric/hydrofluoric acid: acid digest
GI207 - Aqua RegiaiPerchloric/hydrofluoric acid: acid digest

Page 1

S.J.Tear August 1996
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Appendix V

Sunny Corner· Diamond Drill Logs and Assay Results (00960S99-101)
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NORTH 5351-51 I

NORTH "Sf-b26

EAST '2>&6069AMG

~

Rl..

SURVEYS:

DEPTH AZlM (AMG) DIP DEPTH AZlM (AMG) DIP

0 ocr1 "5D·

SO", 0'11-· ."q.•

q<,1 .. o9Q" • '50
S1·S

10Z· •
152"" SS·S'

eRA EXPLORATION PTY. LIMITED
DRILL-HOLE SUMMARY LOG

UTIiOGICAL SUMMARY:
FROM TO FORM CODE COMMENlS

a -a Qho. Ot.,J"..,..l..Yl .

'<g '59 'Sc. WI;JL ""'" (:........ ~ ..'.\o. s-.l...to....e..

59 n·'S O~cl."- iJo-olt.. ';jeC;j ~s ",',", ___~n"- {....~......h .....J I..u';..

Z°r'Wth.

-:;;2.. '5 1'31,'0 O~u..d Dolo",~~';sul =l<.o>-<......;'<>. ...;~ "'~.".. ~;{;t;J ~;ll:to...

O(..C.G...5 i 0"'0.\ b~~..... '-'--{ ~t.J "'na,..
134'0 IhS·q C":!...d Bee.=; ",taA cL.~k i .....~or Co:)tL L,u (:..., IS:-/·+ "" .,

Ho LE F\. G",...~oto.lE.tl

1
I

HOLENAME: Doq6D5Q'l

.PROSPECT, ';U"'N'I Co.._ ...

rE::L:::.'_.:..:m.:....,.:.......ll::.u::;.."'D"'..."S.::.... EL 4,;'/ q2

1
DATEDRlLLED: 1-4/.\...:'\,;:;.b__

1LOGGED BY: S:::S ,TEAR.

DRlWNGCO,: DD.TA5 pI!=--­

1DRlLL:rYPE: . O,Artlo1'l1)

DRILL RIG: LONG'(E't'l~ '3tl

1Lac DRILL CORE:

OBJEC11VES OF HOLE:

1 0; ...... 0 ....,\ "D"-\\",,-,,t cJ; ;) "",,,.....!.,..,., !".~ ~......L- - ~poU" "-<l,t.~ .. I/; ...~t,.,
.1) D",-",,_A:p ~~ ..j tk '3,lht;.,e. ~.~ __J ,h
u.nL.r~~j u-,...'.h - 'O<..£A.o'>A. 1-lo,,'2.....'

1'---- ----1

1
1
1
1
1

1MINERAUSATION SUMMARY:
FROM TO

ll4-'" lib"

1'2.'2· $' 11.; .'\

IS[·.. ISH'

COMMENTS

D~ e..cl.ou.<d gp\.,,,,l...;~ C~ ..) ? v-:....;,~ "" ~ d...olc...;l .. d'1'
4·99% 2" C'~9%Fh. 'S.~ ff~ A~ .

I-'Yo% -z., 0 .~'Il% rb - c\.;".....:..AJ sl'l..~ ""'~ 'i)...h......';' c,\~s
1·3'('(.. Z<\ O·I1,O(.?b - bre.c.k.:t..J d..oL-:...h. sM -\ ...~·.r <..0 .... (ArJ ZoM



-''.;- _. ." - - - .... _ <.... t __ - -
'.' -·-~·SHEETN~.~C~..~

TENEMENT NAME l'i\'J...~.~~'l:>.~.'? No .

PLAN - MAP REFERENCE ~~':'.':'ix;C5.:?':\~.!i:.'?. -

DEPTH l~'£:3. HOLE N~~ ..P..?:\(l
CASING LEFT DPO Noisl '82152.

C.RA EXPLORATION PTY. LIMITED

DRILL CORE LOG

C;:~N··A~~.~.~ ..~.~?/.~ll~M·UTH .....:..g.g!.~ ~\':;j_. DRILLERS...P.P.:Tft~ ... ) COMMENCED ..?:1l:h\'l.<:> ..
RL COLLAR I15~v.Y.\. INCLINATION '6'!t DRILL TYPE.J·'I37.Lf:I COMPLETED 19\'2. % .

.' )"''-'i''''··' ""':, '''~J'"' .

.. . .. . .... ......... ........ ..... .. ... .............................. • OJ ••••••••• ........
DEPTH Co,.

f'rophl
SPECIAL FEATURES

Sample From To Rec
lY'1A-G. ~~AY VALUES IAnalV$ed by ........................ )

Rae. (I.~ CORE DESCRIPTION Weath. Alteration, FraC1urinll.
From % Log Veining, Mineralization No. IMl IMI 1M!

~ 11-' '.In ~ V.r... ~"..
","c Me. ~t

1M! To(M) +.;- ']';;, 0'-a <6 - 10k10- .1 j S a 2'% 0 <:) ~ 0 -
'il.~ 0 :<... 0 'il I!' ., I '?Q

~ 1"f·S 4-'i- -:B '5<0- IMolIO,_ ~r>, ~.o\ ",-,><,!J..:C,.." ... R"'\,l,:...,, ~'" t. rill 9 0 :;1~.( 0 JI·S /1.-0;: "b ~

;JJ. 0,,, " ~ ~',. ,\ J. '" J
,

q.!, 2.!:' 0 ,,,,.$ 10·S' 2·'"0 '3'1-

" • Ie 0 2-{ofI~ "~-< 'H,.<: 2,'" "'-
I<!-:s' ??~ 4:J< <;'Cl So:.. I ' .... ~;...l' Co D. ,1.,.,\ ~,..;. ,\ c.... ,n. \ l=:'I '3,. S~t , 11"~ ~o·$' la'S 0 1~ e ,... ..;: :lb <;; I·{ , ('0

r_ .~~.. - n:.tb..J ;:'~~ II 0 2H' 0 :<I.·So ,~S' :;1.2- I,,~

"«-<-<"'0 '''''' dl~t..... <5'0_ SlI-0 t. Ci'tT" I(·~ 0 n. 0 2'1." '3]'0 12."" q2.
oJ ' ""~ ell?"" 5'2 -('-' to QClG" l-:Z u '21,<;; 0 32'0 34- I·b 'ill

'12'~ :U·~ I~"" (,3 5". ,'Mol. J. 1.~ ...,I........ 1/~2 nA 56·S" t. 102 0 IH 0 :Z~ ~ l3<-0 'KS ,. S' 100

1",.......\ c\I;,.o I. aI.. ,,_.~_n'.' 'S 0 .g·S e Ss- S ??I 1·4- ,;3

\o"...u.. c:.o~ ... ~ J. I .ul:,~ 1'3-! 0 :<Q 0 38·\ 4-1'" ~.~ 100

co..e. G,u: ,I< 0 :zq-( 0 4,·( ~'I 2·( "t'l-
I,<--f <) '30 0 1Iu." 41-«. ~.'i 'it>

-;u, 'S' ::10 '3x "60 Sc- I[\'\;.0,1, I\- ~~ .. I" ". ~\n .< If " 10'( 0 11-"'" 'S'o·o 'l.Q '00
£.'.,I"""l '.""\1 +-.•0, 1/;:',. .• 1, I for Cl I~I e so·o '51-( 2'/' q::,

"\ ...,. Ie... ah ...J""h -J lb 0 '31·!' 0 S;l-S' 5/..'2. 1·U; 'i(...,
Ib-f e 1'32. e Sb·'2. 5'i-3 \.'1;; ~

"30 <:;')..~ I ~j;I I elO 'V. IMo~ nr"""e<\ 1.,1.:.\1. ,"'.,k-, I '"" f _ c.."l~ ~rec.';" Ide... "-0 0' '31.c '3z.·o I. 0 1'2".1" 0 H3 -SQ-5 11- '''''_Li':'_ .. I~:JJ, nc.c. /. ,~':,\-~" '?2~ul.... " -J '"'" Lor. WI'O 11·5 0 '33 0 SoH' I~I'I 0·'" '2<f.
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'H '-; ... 0'21' I~
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I~·f 2 o;j~ 0 l,ss: !,k b \./ '00
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-'-_,)~;t'..i_,_ ;::,.;:::&':!...:.. ~

_.- - ... - - - -
C.R.A. EXPLORATION PTY. liMITED SHEET No. <L;{·S-

DRILL CORE LOG TENEMENT NAME M1 0~N.DI\S. No·'I-S·t~l .

3CoCoObCl E • PLAN _ MAP REFERENCE ~~.~(Il..yM~.~ .

CO.QRDINATES.:?~?.~.~J.'.0.. AZIMUTH 9.~.\...~ DRILLERS Q0.T8...;;, COMMENCED ?::l1:J.1!4.?. DEPTH ..!.bS.:.'1w.1 HOLE No"' "Q?99 .
RL COLLAR ro.0~.· ... INCliNATION 50' DRILL TYPE. L j38.0D.. COMPLETED i'1/'J"J.99.. CASING LEFT. .... . . OPO Noisl ~2 \S?:-..,.............. ... .... .. ....... ..., ............. . ...... . .. . '0 •• , •••••• .... . .. ...... ............ . .... ..

DEPTH eo" p"phl
o.PECIAL FEATURES

From
ASSAY VALUES (Analvsed by .................... ..1

Roo. RGl> CORE DESCRIPTION Westh. Alteration, Fr8cturing. Sample To Roc m f\C, Su..,S
From TolMI ~
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-·.. ·1.~, ., - - -. - - _.,.- - - ~. , '-,._.- - -
SHEET No. .. ~....I.<;;;

TENEMENT NAME : No..4.SIi1t: ..

PLAN - MAP REFERENCE §..\!.f:l.l::ldrl'\b~.~ .
DEPTH l.b..9. ..:9.M HOLE No. _.J)~q'l .
CASING LEFT OPO Nols) '6 '"-1.$2

C.R.A. EXPLORATION PTY. LIMITED

DRILL CORE LOG
3obOb'1C=

CO-O RD INATES ..5.:3S.l.S.l.I.N AZI MUTH .Q.~!.~..~ DR ILLE RS .P..!?Tf\.;),........ COMMENCED <??-.'!:IJl<j.~ .
RLCOLLAR 1"Cli:;lrYI INCLINATION 5.0~ DRILL TYPE L'13B(\-J:) COMPLETED \"\1"2196.............. ,................. ........ .................. ...... " .... . '" .... .......... ..... , ........... .................... ,......... .................... ,..

DEPTH C<>... Gr.phl
SPECIAL FEATURES

Sample From To Roo
: ffif:l (~SS~~~ALUESIAnBlysed by.................. ,..... )

R8~. ($\) CORE DESCRIPTION WE!ilth. Altllrllltion. Fracturing,
FrofTl

To(MI 'Yb
Log VeinIng, Mineralization No. IMI IMI IMl
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~ ~ ...t. L w.:.J..1.~. --:<~ Ita·" (M-' 1..,.( 14 \lit k 123·~ f2f'S I-b 1=

~

.L,\,,~ O"l'C"~s.;..~ l"\t.c..~LL'S..
.~

c.o loq., Ilo·'s" 't... 'R ..~.<;" <) 12\-' 1'7q.o ,·S ,00

~ .1 ~ ,o~·.c Y ",...-.tk..~ l u, 110·$ 117·<:> ,~-s .; I",. I..... IT/.• b_- ,·S 00

Go~ II-L 11'2·0 "":l·S .~ £J- ~.S" 2 ..t~ leo·1 I·b '00
"-~ 1I'S·r 114·~ ~.( ~ qo S ,2lo. ~I·(" I· .... ,00

11'0·$ 123-$ $x % lo....d c.....J;v [ .:t, ". ...\ <.or.... I W"\ ~or- -s.,I,...k.:.-l:<... b"Ow 0Ir..J ,,~ 1J4-.! 11(, ·1 ·H· s 'l1H 0;;- Sl·l fa2.'f o·q ,o0
c.L. zo,OM· ;r'"lo..:c~i,..cI _,ol.L ._,. ,,;""'u lJ1 ((4 -1", lj.S /I~ ., 11"'1·"'1- ·KJ: " '11 " f?t.... 1a£J- I -'" 100

(,.:-:It . G..~.. lDl.-..(,,;.k, :.l.- "~ ~ ~\, Il'l·,! IIq·1 't6 I;- I~I·S '5 tl!lL /3t--. '·3 ,,.,,
r lA Gl 1?'3·"3", . t.a. I\~·l 120.0 - "H S" Iq2 g f.~. .%. c·% tOO

-..l In' )70·0 'Zn·Q n I> Iq•. ( 10 ~I 1>-\' o·q ....
1~'3 .!: Ino 4>< 'IS" IJJ.uA 'I f- .~ .J I '. I • ,I Lrv-JjJ,~ 40 ':10·9 112·~ 1:n·S 5 1~3 ~ Im-.1);\.7 O·c. H

~ I.;.ll:: ..-..l J.I ' 1-, ,,~" 1>0 12L·! 12'3·9 ~? S qg.! e> 1:l\l·2 1"",·, c\-liS so
C--.~ 12.(- \'2.~. f,.., lou u:-l ro.J-"" 'I 123·11 l2.(· ,. ~H 4- ~I;- 0 1"0·1 14-1'0 0· ... -ai

u-. u.~o 1-. clll . ~2 I'f·( 12+·0 ~q 4- [q.-, '5 1<+/·0 11.2·0 I",-~ 91"
~.-, ~ 7~ ~ 111I'·0 I...., 1",."5' (,{,

I~"l·" 1:;lU.· " 4>< 00,,'\ ITlAt. '.~ uJl. ..... ~ ;""A( «-.'- .l '~. c\..c>l
,

S"'. ,-n-n 1'2i·!: !> 7H G .2'-:1 ..,. \.\ '<'I100 '" "~ in

" ,Ll ' -~. \J~U'\... .1 A•. ~k;
-.I

!:u. 1~·5 II~'1 '//l.s" , % s ~.o I't£'Q 0·11 '81
oo;:r,o L c/~ On .t.1 c, 1-;0·1 I,z/·!" "Ill '? %r 5" "r·o 1'+5·1 ,y-:}- "'l"f

h~ ~ ,,:'., .-,,,, ~: ,=·c ~ ,'2.{.( 1'17-U. il·("I~ q1- 4 IoH ,,,,,., o-{-.': '1;(,

C"1 1"32·1;- 1:34·0 n 0;- nr " I",·' .,-. -9 0'1- rOO

13«·0 1SI·-:f S-" l:lot:> I(\~J. 'Reo,,-uM Ib1'06.-,. "-'>~ I"'.r ~~\"L'. b, '" th.. 0.\0.< "'" 1'1,L,. 0 1%·3 'B<.·S 5 q~ ~ "l.'&IIi>l(S 0·1S 9<>
~

,..L,L-- ..:.h I.I.\!.. oM.
, .... ::;4 1I"2.S·<I131-·~ '13 !: qg.( <;; "~-, 11...\ , b·..s "".~

c\"" e.o.~"A(I.,~ C>. -...on"" \ &0 IU3 I/W·/ \l1·\ I '1q q 1<4-~'1 ,O·b o·q (,0

, •. ~_l•• ~ cr_',I1."."" ......z.b ~I 1.0-1 14?_·0 'N :; M, ~ to·~ r;t~ 0·"" <;0

Il'bl.,k. "20. 0 • 4-0° ~ rJ II- b'l (4-2.. 'Il /£.,(, '1 ll.... S r; ('0 I l'U'" 152. 0·:3 <P
'? r.• .Ll·v e>-r .I~,,":" •. b"-, I£,." 9 rc.::j--l? 'if f ,o.["!? 1<2.2. In· "'.,!- zs:"

..J ~
. .._=.'-~



,_.'- - _.,-",- - ... - - -
SHEET No. "'4"' J '

TENEMENT NAME ~ ~.';?{"t:L No Qt" S'

PLAN - MAP REFERENCE 'e!!JN.f.'ICiriq~;~~.

DEPTH J..~.$. ~\~ HOLE No..;3).';;.'13 .
CASING LEFT DPO Nols} ~2.IS L

C.R.A. EXPLORATION PTY. LIMITED

DRILL CORE LOG
~brcOb~ Eo

CO-oRD(NATES.S.&S..].sJ).NAZIMUTH Q.6..\.~ ~ DRILLERS '?Q[f)..~ COMMENCED ..?:'tI,l.I.~~ ..,..
RL COLLAR .! :~.DY.:V.l INCLINATION. 500

DRILL TYPE U{o:8Ctt) COMPLETED J~ /'2../9 b.......................... ." ............. .. . ....... , .......... , ..... ...... , .......... ", ......... , ......................

DEPTH C071 prephl
SPECIAL FEATURES

From
~SSA~ ,V:LUES IAnalysed by,. ............. ....... 1

11:·PQll CORE DESCRIPTION Weath, Alteration. Fracturing, Sample To Roo rn
Fr~~ To(M}

Log Veining, Mineralilstion No. 1M} 1M) 1M! I",,,,, I[),,& ~~, II::) I~~ Ir~';;~J. lick
r$l~ IlbS·q I~ 1/2 IOn...! A,. l_ ("~ 1oJ- ,.,;tt, r<\"-'~ (' !C:;I(S2&bl Il+l''l 14-<1· I 10' I.::: 1\ I.·S1."'2. r'l·' ,....., O-l~ 21

~

c.o~ l"' ...... U, 14q·j Il; I .:1 I,~,·S c I,,~· 0 I",,,. l'$.t·2, 0-
L~ ,"',.':/ I,,?" j lo? lL 1,"':.< '3 (~"2 l:s\·'r-1",1< t

1.1 1!5'~ I S'i' S' (nl·$ I 'I II'? I", tj .... ,;g.,; o·o~ "'I
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be 1/'1·5 1/'2·Q 103'! II 110 I (, ,<q", bo·~ - 0
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SH EET No rr .

TENEMENT NAME ~ tt:$'/~ No..:?..~.t...'S
PLAN - MAP REFERENCE §.I?~..%kca.:R!':J..~ .
DEPTH .L\?6:.9.0 HOLE No P:s.j.9. .
CASING LEFT DPO Nols) $'2..1 S'2. .

C.R.A. EXPLORATION PTY. LIMITED

DRILL CORE LOG3td:081,eo

CO'()RDINATEs...~.~~ ..!.~.?~.~ AZIMUTH ..... .Q8.J.~ ...~..... DRILLERS ....D.PIA~.. ,...... COMMENCED ..0..£t.l.J.l.%>.
RLCOLLAR \~ Sm . INCLINATION ~O· . DRILL TYPE \...\i3,?(HJ <:OMPLETED \ q 121'16.............. .. . .......... .. ,....... ....... ......... .......... ""',." .. ............. ..... ......... ." ..... , .... , ... , ... , ... , .... ... . , ...... ........

DEPTH co'~1 Graphl
SPECIAL FEATURES

From
M,:.,~SS~~ALUES fAnalysed by . ..................... .1

Roc. R!iltl CORE DESCRIPTION Weath, Alteration, Fracturing, Sample To Roc
From Log No. IMI IMI IMI
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- - - - - - - - - - - - - - - - - ~bhole lullddh DPO , 00 Pm, 0 4 alrom ." .,,, ~I '" '" '" ,w ,f. " ''''ll .mo "," ",0 "bhole Iuliddh DPO sm no Pm, ~ EL alrorn ",0 " ", '"
,b, "''' ,w ,fe " ~~a· .mo , b ''" " MRTL~h

0599 D0960599 Sunny Corner 45/92 0 , Qh~_

0599 00960599 Sunn Corner 45192 , 17.5 So
0599 00960599 82152 5852801 &mo Corner 45192 17.5 20.5 -0.5 7.B5 " 5~§ 007 4J 1.92 3.' 0.56 24 9B 71 -0.09 So
0599 00960599 &mo Comer 45/92 205 31 So
OS99 00960599 82152 5852602 Sunn Corner 45/92 31 32 1.3 1.79 ·5 65 -0.05 9 0.27 0.72 0.' '7 47 13 -0.09 So
0599 00960599 Sunn Comer 45192 32 41 So
0599 DD96DS99 82152 5852803 Sunn Comer 45192 41 " -05 1.79 -5 76 -0.05 , 0.25 0.' all '2 1B " -009 So
OS99 DD96DS99 Sunny Comer 45192 " 51 So
D899 ~pg6D899 ~~52 5852804 ~~nn~~ 45192 --4.l-- 52 Q,~c..!" ,~ 3>0 -0.05 13 0.64 2.15 0.31 15 152 57 -<J.09 So
0599 00960599 Sunny Corner 45192- 52 56.3 So
0599 DD96DS99 62152 5652805 Sunny Comer 45192 583 59.5 0' 1.63 -5 165 -0.05 12 0.19 0.75 0.13 -10 405 243 0.12 So
0599 DD96DS99 82152 5852806 Sunn Corner .115/92 59.5 61.1 2-' 3.25 23 34' 0.07 19 0.66 1.55 0.24 19 966 2330 0.53 DQde
0599 00960599 82152 5852807 Sunn Corner .115192 61.1 62.5 7.3 6.2.11 33 50' 0.09 43 2.04 3.05 0..117 27 2670 .11200 I.' -~
OS99 0D960S99 82152 5652808 Sunny Corner 45192 62.5 63.8 ,., '.4 ,. 936 0.21 37 3.' 4.46 0.69 " 2970 6.1190 4.2 Dode
OS99 00960599 82152 5652609 Sunn Corner 45192 63.6 65.5 3.7 9.13 " 1200 0.2.11 " 2.7.11 .11.86 0.78 26 1.1120 2030 2.5 Dade
0599 00960S99 82152 5852810 Sunn Corner 45192 65.5 66.6 -0.5 3.24 , 547 0.11 10 0.49 1.76 0.32 -'0 57 '21 U 000
0599 00960599 82\52 5852811 Sunn Corner 45192 66.6 68.5 0.7 8.71 " 921 0.39 " 3.14 '.5 0.75 27 "0 1110 2.' 00
0599 00960599 82152 5852812 Sun" Corner -45192 68.5 69.6 7.' 4.38 71 2" 0.16 78 2.82 2.23 0.33 ., 6240 6630 2.' 0,
OS99 00960S99 82152 5852813 Sunn Corner 45192 69.6 70 7.3 5.11 -5 436 0.09 1520 1.93 2.7 0.41 110 1150 3770 0.7 "OS9a 00960599 82152 5852814 Sunn Corner 45192 70 72.5 1.2 3.01 21 ,,, 1.61 23 0.94 1.4 0.96 66 1230 1130 0.2 "OS99 00960599 82152 5852815 Sunn Corner .115192 72.5 7.11.1 I 1.09 , " '.3 , 0.43 0..012 4.13 190 1570 567 ·0.09 0"'
0599 00960S99 82152 5852816 Sunny Corner 45/92 74.1 75.6 0.7 1.64 11 " 1~.2 '0 \.14 0.83 9.86 '0' '58 775 -0.09 0"'
0599 00960599 82152 5852817 Sunn Corner 45192 756 77.2 2.1 2.06 , 54 16;5 14 1.36 1.03 8.96 504 1300 32'0 O. " Ox,,,
0599 00960599 82152 5652818 Sunny Corner 45192 772 78.8 1.3 , .64 -5 55 18.3 " 1.27 0.83 9.89 54' 2410 lB9D -0.09 0"0
OS9a 00960599 82152 5652819 5unn Corner 45192 788 80.1 0.' 3.15 " '" 14.2 , 10 1.55 1.58 7.43 426 127D 163D -D.09 "0
0599 00960599 82152 5852820 Sunny Corner 45/92 00.1 81.5 0.7 3.65 13 '99 13.2 5 1.63 1.63 688 '05 226 112D -0.D9 "0
0599 00960599 82152 5852621 &mo Corner 45/92 81.5 83.2 2 2.21 13 '66 12.8 5 1.<8 1.D7 6.56 707 1690 3200 ·D.09 "'"0
0599 00960599 82152 5852822 Sunn Comer 45/92 53.2 84..01 1.2 3.03 20 226 lD.l ·5 I., 1.5 5.11 '" 305 121D -0.09 "'0599 0D960S99 82152 5852823 Sunn C<YnElr 45192 "'.4 " 0' 3.03 15 313 8.18 -5 1.47 1.37 4.18 533 254 1040 -0.09 "'0599 0D960S99 82152 5852824 Sunn Comer 45192 " 87.6 06 2.24 " 2" 8.57 5 1.71 l.D5 4.35 544 396 1690 0.27 "'"'0599 0D960S99 82152 5852825 Sunn Corner 45192 87.6 88.4- 0' 2.5 9 322 5.32 -5 1.09 1.18 2.67 46' 6" 3730 0.' Oaud
0599 00960599 82152 5852826 Sunny Corner 45192 884 89.5 1.3 2.29 16 272 8.48 13 1.12 1.1 4-' 466 403 1240 0.1 o u'
0599 00960599 82152 5852827 Sunn Comer 45192 89.5 " 3B 2.76 7 131 1'1.1 , 1.39 1.36 7.35 661 5740 43<0 0.1 Oaud
0599 00960599 82152 5852628 5unn Corner 45192 " 92.5 2.2 0.98 13 " 193 12 1.1'3 0.52 10.5 793 46, 1070 0.1 0"'
0599 00960599 82152 5652829 SUnny Corner 45192 92.5 93.3 I 075 5 " 19.7 5 1.27 0.38 " 1070 '01 205 -0.09 Oaud
0599 00060S99 82152 5852830 Sunn Corner 4Sl92 933 94.9 ,., 06J -5 32 20.7 7 1.39 - 0.34 11.6 1100 1030 576 -0.09 O~

0599 00960599 82152 5852831 Sunny COIner 45192 94.9 96.5 1.2 061 , 30 204 13 '.2 0.32 11.2 749 "2 401 -0.09 0"'
0599 00960599 82152 5852832 Sun" Corner 45192 96.5 97.9 I 0.26 5 " 208 , <'04 0.16 11.6 633 174 207 ·0.09 Oaud
0599 00960599 82152 5852833 Sun" Corner 45192 97.9 99.6 16 1.37 -5 77 '9.2 , 1.02 0.73 10.6 521 392 644 -0.09 O~

0599 00960599 82152 5852834 Sunny Corner 45/92 99.6 101.5 3.2 1.47 , 54 195 14 1.21 076 10.8 647 2220 2540 ·0.09 0"0
0599 00960599 82152 5852835 5unn Corner 45192 1Ql.5 102.9 2.' 0.92 " 51 19.4 10 1.37 0.49 10.7 757 21'0 2150 -0.09 "'0599 00960599 82152 5852836 Sunny Corner 45192 102.9 104.5 <'5 0.39 , 23 21.4 7 157 0,22 11.6 1080 970 4" -0.09 "'0599 00960599 62152 5852837 Sunn Corner 45192 104.5 106.1 I.' 0.65 -5 16 21.6 " 1.53 016 12 1000 765 997 -D.09 0"'
0599 00960S'il9 82152 5852838 Sunny Corner 45192 106.1 107.5 I 0.63 -5 46 19.9 7 1.09 0.34 11.1 507 713 1070 -0.09 O~

0599 00960599 82152 5852839 Sunn Corner 45/92 107.5 109.1 2.' 1.32 -5 " 17.7 17 1.2 0.68 9.95 '" 3510 2720 -0.09 0"'
0599 0D960S99 82152 5852840 Sunnv Corner 45/92 109.1 110.5 2 0.34 -5 1B 20.9 , 1,019 0.2 11.4 760 1970 1410 -0.09 Ogud

0599 0D960S'il9 82152 5852841 Sunn Corner 45192 110.5 "2 I 0.51 5 26 19.8 , 1.0' 0.29 " 512 1030 947 -0.09 "'0599 OD960S99 82152 5852842 Sunny Corner 45/92 '12 113.5 1., 0.74 -5 34 19.5 10 1.'1 0.39 1D.6 591 1270 2860 -0.09 Ogud
OS99 00060599 82152 5B.52843 "'mo Com" 45192 113.5 114,5 2.' 2_02 5 8' 16.6 " 1.21 '02 8.64 506 4160 5630 -0.09 0"0
0599 0D960S'il9 82152 5652644 Su"n Corner 45/92 114.5 116.1 5.7 182

.-
5 B1 16.8 29 0.93 095 '.9 423 7990 49900 -0.09 "'0599 00960599 82152 5852845 Sunny Corner 45192 116.1 117.7 " 1.24 -5 " 18.1 W 0.83 0.64 9.42 4" 2570 4010 -0.09 "0

OS99 ....gp9§0~~9 _ 821~~ 5852846 Sunny Corner 45192 117.7 1191 2 1.38 - 5 61 16.1 ,0 0.94 D.72 8.32 526 1080 2360 ·009 Oaud

08'9 00960899 ~~ 6652847 Sunn1gor.r:!Of .116192 11~~~_ 120 3.' 2.83 - -5 127 13 ,
- 1.2 - 1.44 6.3 75~__ 1790 4120 -0.09 Qouq

0599 "00960599- 82152 5852846 Sunny Corner '45192 120 1':20.9 3.7 i.61 17 "184 12.7 , 1.25 1.32 8.27 669 2260 4810 0.12 ~
0599 00960599 82152 5852649 Sunn Corner .115192 120.9 122.5 2.4 203 , 179 131 , 1"15 0.99 6.55 621 1330 3120 -0.09 -0;;;0

0599 00960599 82152 5652650 SunnY Corner 45192 122.5 123.9 3.' 143 26 106 15.9 23 1.46 0.72 8.32 '" 7800 1~600 -0.09 O~~
0599 00960599 82'52 5652B51 5unn Corner 4Sl92 12~.9 125.5 0.7 045 7 22 20 , 155 0.24 10.4 1370 '" "4 -o.D9 ~
0599 00960599 82152 5852852 Sunny Corner 45192 125.5 127 '.2 0.51 '0 21 20.4 , 1.97 0.28 10.5 1110 22' 502 -0.09 6nud

0599 00960599 82152 5852B53 Sunn Corner 45192 127 128.5 0.' 0.72 , 35 20.1 , 1.44 0.37 10.4 645 30' '00 -0.09 Oaud
0599 00960599 82152 585285.4 Sunn Corner 45192 128.5 130.1 0' 0.14 ·5 7 20.5 -5 1.14 0.09 106 763 2" 1020 -o.D9 0"'
0599 00960599 82152 58528!)5 Sunn Corner 45192 130.1 131.5 -0.5 0.15 -5 10 21.4 ·5 0.93 0.09 11.6 566 " 220 -0.09 Oqud
0599 00960599 82152 5852856 Sunn Corner 45192 131.5 132.4 -0.5 016 -5 10 21.2 , 1.02 0.1 11.5 '21 '56 312 -0.09 o "d
0599 00960599 82152 5852857 Sunny Corner 45192 132.4 '34 0.6 0.27 -5 13 21.4 , 1.57 0.13 \ 1.3 1140 122 633 -0.09 Ogud
0599 00960599 82152 5652858 Sunn Corner 45192 134 135.3 05 053 " 31 20.8 6 292 , 0.28 104 2210 377 1480 -0.09 0"'
0599 00960599 82152 5852859 Sunny Corner 45192 135.3 1373 0.6 0.53 -5 26 19.6 6 2.12 0.26 10 1500 275 647 -0.09 Ogud
0599 0D960S99 62152 5852B60 Sunn Corner 45192 137.3 140.1 I '0.5 1.' 7 56 189 7 1.21 0.84 10 439 294 '" -009 0"'
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0599 00960$99 82152 5852851 Sunny Comer 45192 140.1 '42 ·0.5 1.17 9 55 20.4 6 ~_ 0.64 0.54 lOA -r~ f-f96 '" -0.09 00"
DS99 00960599 82152 5852652 Sunn Corner 45192 142 ,4< 1.' 2.94 15 '" 12.4 91 1.B4 -':48 6.19 647 590 2140 015 Oqud
OS99 00960$99 62152 5652603 Sunn Corner 45192 14' 145.9 -0.5 2.89 23 ", 14.5 , 2.1 143 6.97 559 90 317 -0.09 00"
0599 00960$99 82152 56526&4 Sunny Corner 45/92 145.9 147.8 -0.5 J,Be 27 302 12.1 " , 206 2_07 5.96 387 61 166 009 Oqud
0599 00960599 82152 5652855 Sunn Come< 45192 147.8 151,7 -0.5 423 16 380 ~~l.J .~_:6_. 1.81 r-~.17 .. - 5.34 280 " 157 0.17 0,"
0599 DD96DS99 82152 58528&6 Sunn Corner 45192 151.7 1538 1.6 1.72 13 93 16.2 - " .~,54 f-y.B9 --6.14 628 1740 13800 -0.09 0,"
0$99 00960599 82152 5652867 Sunnv Corner '5192 , 538 158.5 -0.5 1.99 -5 " 17.1 7 115 104 8.61-~ 241 282 875 -0.09 0,"
0599 OD96DS~~ 82152 5852868 5unn Corner 45/92 1585 161.5 1.7 2.04 9 "0 15.8 6 1.21 1.02 7.85 413 2" 795 -0.09 o 0"
0599 0096D599 82152 5852869 5unn Corner 45/92 '61.5 162.9 -0.5 3.05 -5 203 14.5 -6 166 _!"~~~ '" 3~6 90' -009 ---$l'"OS99 DD96DS99 82152 5852870 Sunny Corner 45/92 162.9 165.9 -0.5 2.38 -5 "5 15.7 -5 203 1.2 7.57 f3~ 245 589 -0.09 O;:;ud

DD96ASS Page 2
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231-1", .

AZIM (AMGJ

NORTH

NORTH
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60'"
boa

AZIM (AMGJ
Oq'i!°
1020

O~·

o'l'il°
1010

EAST 3bbl~O

EAST b~t4~

SURVEYS:

DEPTH
o

'50
10 J

lSI,
200

COMMENTS

Ovu-hw-.l........

Do.A:. ~(~ dGj uiJ!.. dolo",;le. fntSMenb
Do/OWl; \.i sc>.<\. l"\DAub C4.\~"",,ae. - d..JJ....\o sol IH-"'"

Rott~ dol.,,,,;b>. z~ ,,"- <..iJ!. d"::l~ ""J 9o-ul.1 k<u.H
Oolo,,",;\..i~~ bl>.r<'1l ~J. c:.o.l<.A.<t.o\.;Q. w'.& ~: ((;Q. .

DoI~~"o.A ?...-..;.c. \e..
n.\._\~e - br-o"-- C<><e.
s: Ih,t,,,,," u...:J ("fpts I~M"'-.......; \.;.~ .1)
Dolo",;~,~ "oL..\... ""(_~J.,, o..nJ s.::l".,uL~.,,~ bro..u J
Do\o....\-;,~ I""",;,,,,\~ "':c. \-< un,\.
D.Io",,·,~•..J ~~"~"""'~ b '5

Dolo"': k.. - b...~.... """ .. """" , ? (:....t.l .
:>-<-;.\-;,.l e..I~~"" ,l :lb..... , • ....;....l .. Io:oku4..146

TO FORM CODE

2.-S" q ..",
('1''1/ O;\d.e--

5S·g O~ucl

15·2 ~uJ.
"ls-'S" ~ucl

'oS'!';" O~ud
1:2.-;'·2 o~~

164·2 o~,.;

:tOI- 0 O'::!cll
:z.o~ -3 ~o\

,,2.1. - 4 O~d'

1.1'1,-i ¥I
;11>'1,1 O~l

FROM

o
'1-'5"

19·og
SS'.g

.S·"il
95-S
loS'· S'
1:1"'3·2­
-1~4·2..

~OI·O

:W;-:3
~?,,"·lf

:21.~~

OBJECTIVES OF HOLE:

Se.c.o<'ld a.~t! ~t

~OLE NAME: 00'16 Os 100 AMG

rROSPECT: SUN"'! CoRNER. GR)

• L: I'm Ul>Nt>BS EL 45"/92. Rl

IDRILL RIG: loN to'1EIlR. 3'a

Loe DRILL CORE: Z EE!'l~ N

,LATE DRILLED: 6'l/?'!..!.'l:::.{,__

LOGGED BY: '53.""-EAg

IORlWNG CO.: D.O.-r~s plL

DRILL TYPE: 1JIAf'IClolD

I 162.

I CONCLUSIONS:

Ho I... a.'--"J... & d.>..... t. boJ ~"''''''J..
-n...... s~,,~ ~ b<tc..c.:.... ho.-e.. '-'"f t. '?'/. r~";~ .;.. ......;;:{.:.,,-

I \1,...... \-..o~ h..." <>.J._~ .. ul.t>I.:.J..o. ~ nd- ~ ..J....... L..u-c .:... z...~"" or....

tr>;,,~ ",.t:..,." v, nl.:t..J. b> ~.:t \..."'1,. '5; \'\;-"'"to.u>. u..:..J... .1, tI..iw'..c"'1 "2<l"'-U_

~C>"'- '"" c~~.... u~ ~: ~""l-O ~ -l,..,......... c:.>....tt.J: Gut .:.. ~,I 'B~~ ~ 9S"", &:,0 t" c.jll G 1"32.... ~. t. "-Itl _

I

I MINERALISATION SUMMARY:
FROM TO COMMENTS

US, 2. 14-11-·q 0 '"3% Z'...,

I



.................. ............... ........... ................. ...... ............. .. .. . ....... .......................... ,... ...................

DEPTH Core R.\,~ p"phk
SPECIAL FEATURES

From To
1'<11 ASSA:SVALUES (An"y"d by ........................ 1

Rec. CORE DESCRIPTION Weath, Alteration. Fnlcturing. Sample Reo A ........
From To(M) %. lllITA

Log Veining, Mineraliz8tiol'l No. IMI IMI IMI
,o.,b. ~.t.. Ip"lh u.k I~ I"~~ ~ 11%\IMI
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"~

(,so c ~ I~ "."."jJ"J L ,.. (!f.Q Iq·,. ,,·S (!jL .n·c elL. I~·" 1':!J.r /-S /00
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('20 .::~\ 'I'l -:z \'0 2.2'''' 1·'& cAL l?rC dL !n.'t ;g·S 2·0 64-
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C.R.A. EXPLORATION PTY. LIMITED

DRILL CORE LOG

...'­i

3Iob\~e

CO-ORDINATES.;;).'?J?I.'f?0.. AZIMUTH ~?.:..~ DRILLERS .QP.T.f\'S COMMENCED ~;;)..I.~.l3.~ ..
RL COLLAR \ 4-fi VV\ INCLINATION 5l D DRILL TYPE L\~ (t1j COMPLETED 2.(;:,j31~b

_'~\:"'-<"""'"1-:--='=.J_IF-~-I_II"'-"4_.=-4_.~__~__~--II_P4l_1C==-.F'-"'II.F~••F=-.P~.P~.~-=--'l·."~._."'~hll~"""'1 -.., . . , SHE~:'-~")

TENEMENT NAME ~.·. ~~: ::;s1;j~

PLAN - MAP REFERENCE §.\!.~.N.~~ .......
DEPTH I9.-3J.:.I.Y.'Y.L HOLE No.. :b~.\9..Q.

CASING LEFT DPO Nols) 'iS~1 5 4--................................ ... ,... ,....... ,............. .......... ....-......... ,............ ... ,..... .., ... ,...................... , ... . ..... .......
DEPTH Core

A.l>D Grephi
SPECIAL FEATURES

5ampllt From To
A:~AY VALUES (Analvsed by .............. " ........)

Rltc. CORE DESCRIPTION Weath, Alteration, Fracturing, RIC m~c."iJ,J"

From TolMI %
Log Vaining, MineralizBtioll No. 1M) 1M) 1M)

n~ ~_1. Rl'<-
~~ I~

Rf<.
1M) t.ho... , 0(,

t·g·? ~(\ 10:> ~ c>..,.d 15N:>\-. ~ C---. --Q. cL.1.o ;:\. ? ~ .;t, ~ ,\. .-r"6 Jtt '5i5"l,8'l"- 6'1-'z b~'S:- "'-.F. 5 ~ci,·o S ~f.4 '51- 1·4- ~
~

% 1rJo· , 6H- 1\-0 Ie 1JI<\'5 '2 1·<'1 I<"z4 c·lI '5T
=-. 1'1--=12 lCO :2- Irk..). r.~ A ~.:..J.D. _~~Wo...r- -u:.;... "0; W---:. J ,L,l,;"J:.... q:t 69·:;- 1''3'2 PA'S " 1~·1'\ 0 k1-4 s~·, 0'+ I~<:

\~... (s.G o"~ "",: 11.u...) I (~~ • ..J.... ~":'e--\-.J:;o". 9" 1-'5.2. "1-44- li~,o \ I ~·S 0 Sl4 IL.I.I Q·b 1':(....

" <N '~.(;.. "f~... I",,,,,,, lel f)l-C S 1;.\·1 G,I .'\ c·o;: ~'3

--=1.·2 l':lu.·q 1= s-" ~.(':" c;\..,., ~.A .I ~l '. /;n .th I c;. ,\I ~, ..-l """t.."..", IS812Qoo :g'.,+ I 'l~.<;'" I~'n lO rol'S ICl W:l .,30 O'b 54-
v

~l """""'-" r~I_ l""b.... c. ,...\ "".."..; o'b> ,I ,: J.\, ~~. \l~\", ~F; 8 l'i1:0 \0 (,"0 fI;·3 ('4 61
.,L~--;:' .'- oo,,;u.., .....~ ,lo ""':.." . d.o\ (",..,,,;"'- .rt"..;., 1;1;1'0 c;o, I",:f\ \'1. l',f.':( Iu..o ".+ ICC

a.,o t.- cr., .....
~\\I... l.IJ.- oN D.J,:.h. 01·F; 110 53'6 F\ t/.,~ 11:''', c·s Ilac

~

~?O \2.. 5015 elL- Iio·! Ir.:r.S' /'0 100

':fIt.,\ l'..2. s' 100 I C<\.. .1 1~ d...-.\",:,.-\.:, - ., " L \ .-l.,lo,..; I., ,~. c;~·'::210 I "'!=I., go·" B%''S 10 lSl-c 14- b~'f blo ,IS 100

Idh.......\ &reo '.[1. .ri ".1;; ".-Ie. ~Q,~o cl..ow;;{.o(. 01- Bo·b \12· 't 13'1'0 10 &\:'5 I \ (,1·0 !:;o·! I,.:; /00

".1 .~, ~ kJ-l,or·'ZO...,,;) c.~_ 5'1-5 '" 160'0 IS '10.!>, =\'1." .. /.\ 100

~ l - bDo~ e-JA . 40,( ..., R'i.!i' 11 +,.(" \. s: 94-"........., ~.2.

at 5-l \ .'2 0""" \.".,\ l.' L,' f" I•. IH\.,~ 10 !h0 2.'!> ':f'g'2 :r4-4 /·0 I '>?3.
't\.'( \0 5b-S n 'I"'" l-=Ib· 0 '·b \00

£,~ . .,; q,1.' :j- Icc l::x M7 f~ 70"", _ llnn"" r-"n~...J 0'- llz·,+ !?.r. J,. I(-(·S b 51-0 '1.\ ':Jb·o :rf.s: ,., (00
'-' 1"<0 t. cJA. !a.·a ~ 51'~ \~ ;f.. t "l~. I I·b (00

1(-1·., !-> 1<.'l'O '2.~ 1-q.1 ~o.' ,.S' (00
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l.f. 1t~'(J elL<iR-5 ell- 'lb." '9;2·7 I·" 100

~

I(-~·S [(;) ~-o ~ 'i!2·2 In·q o·~ "1<-
~i 1S4t> lOll

"'"
1c..l-'z r",-II- 2DWI - U.."... Coni J 4l!-'C 'a. 5''H, cAL 'I?<.~ l~·", c> ·s IfoO
~ uS· /;, Iti\-·S 5. \:0'0 Iq ~~'+ iIlu.·b 1·1- 100

ill1>'(J 10 M~ '1" ,,·b II!·", 0·" ~
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C.RA EXPLORATION PTY. LIMITED

DRILL CORE LOG
36<'\'80 E.

CO.QRDINATES.$.3S.J$..\~.r::I, AZIMUTH ..Q~.:".~..",,,.,. DRILLERS",,,.9Q}~.?.,,, .. ,,,., COMMENCED,., ..~~J?:L"\.';o.,.
RL COLLAR"""". !!t:§.':::.1"",,,,, INCLINATION ..sr. "DRILL TYPE""L.:Y3~(1!)"" COMPLETED ~b 131::1.(;>.:,,,

"""-==,=.~=,,,,,=.. =,w,,,,--,~",-=-=""=''==-==-=~-=~=cL=' '''''''''''-'''=',=",=="'s:···:ce'··=·E··==·''k''=·''£:.=···=..--.c~;;::.· .=.~~.. . - _ _ ' I!!I!I!II__
SH EET No. "'3",,,.c..T

TENEMENT NAME"""" .. " .. """"", .. ,,,,,,,.,, .. ,,, No..'tSl.!J.'?-
PLAN - MAP REFERENCE"",,;5..\,?~.~.<P.T.~~.

DEPTH"".:b"~l:Jv.Y.1",,,,,,,,,. HOLE No.b..P'~.\.g:::l".
'82154- 'CASING LEFT ", DPO Nol'I""." . ".... . ... . .......... . .. ............. ......................... ", " ....... ,-

DEPTH Con
praphi

SPECIAL FEATURES
Sample From To

AJ..~AY VALUES (AnslYJsd by............." ........ .l
Rec. ROD CORE DESCRIPTION Weath. Alteration, Fracturing, Roo «\R<;

From
To{M) 'Yo Lo, Veining. Mineralization No. 1M) 1M) 1M)

~I... I:oPf'1 V.,j", ~ ~ I.t.~ ':/:.1M) Jep!"

%-.0 q,S'·S 100 Ie e..u..\ I.kt: Jl. -':,1: r;r. ~.l\ l,r '.L ". 11 ' QI<rS"". 6Tl'&' rl~ . Sl?~21~"1 I%'0 '!l.'( ''IS I~ lhO 1\\ R<;"; <ib'S 1'0 lOO
~

(n.. ,.".; " II _ I),,-,;\,,L.. -.J t.<,·o (.JL..~... \'2. l~"s "''1'4 0'''1 I 0I:l

t\:t:<,"-t.. ~ - - bS'6' I ( i~H:> " ~4 9!'o O·~ 100I ....

~-o 10 11':1'" 10 q!'O I?Y·-:>, 0"7, I"'"
q.;;. '!:' I \IX'" 100 4.f. c.....o\ I'A),J :•..J "",,\.J~ '01...\ " L\~~ .I. 0'1 %·S 9q·. (,'S IE;; 82:0 II IW3 'l'I'S: \.2, 100

....
1<,-, ' ·.L-. ,,;,11.- .".,......... ..r Ocr, w~ '-..\ _L .1. '_l Or '"

qq,,, 102· ,. ""0 16 1111.$ q qH 10\-0 ,·r 100

bro6..", c.o,~ ~ , L, Lw", <2.a "19, ~"" (;t.'S ('t-~ 9 01·0 I.,·r (,S 100- ~() \I kr8.l'l 'S IC/H 104" H, 100

00 ",<,1 ItO I~ 11\"..& II- .~, j,J " \ " 1"\.1 " ...... ' ",7_. '0 102.· i (0';. ~ (,8.$ \It- ~( LO Ie,... loH H 100
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~r a=,\I6......~ M.a:...:.J . "i v _ ' ....0,11 'lO~t ciA. U:I,s , Ie) %S-c 10 IitIl<'l "l'~ 0'1, 'b+
7'3., ~ ",..1 . bro..cUd OJ 10flo.,

~

1"'-0 It. <15,<;: II /."'. loi 0·.. 1<:0

106 'B a",., q IOog 101'S: 0'2- 140
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• ~
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,------, . . SHEET~~~.4.~Tr

TENEMENT NAME No. .':t:$..f.iL

PLAN - MAP REFERENCE 5U.~.~~~Ei?. .
DEPTH ~~J.:.I.r.Y.\ HOLE No 1;>.?-.\.99 .
CASING LEFT DPO Nols) '82.154-

C.R.A. EXPLORATION PTY. LIMITED

DRI LL CORE LOG
3b(,~Of .

CO-oRDINATES :5.~5.J.$).s.t.. AZIMUTH ....Q.~.~.:..~ ... DR ILLERS.....QQI.f.\S_.....). COMMENCED....~lz..l~.f, ...
RLCOLLAR y±$..~..,..... INCLINATION ...... 57 D

DRILL TYPE .LY.3~ (1+ COMPLETE~ ;).b131~'".. ..... , .............. ......... , ....... ................ . ., ....... .. ..... , ...................... ... .. ......

DEPTH Cort
G~.phi

SPECIAL FEATURES
Sample From To

f\1nn ~~~y VALUES IAn.,v..d bV ........................!
Rec. R.QO CORE DESCRIPTION W1I8th. Alteration. Fracturing, Roo

From To{Mj 'r. Lo, Veining, Minerallution No. IMI IMI IMI
1Ro~ V,'- .""- V.... >~ I (-;.~ ~ 'rl'1~\1M)

120·~ 112H' b'1- ~c: c.,~d Qn\~t".L.. ""'''' <'.0""
•L I- 1f'l12\.~ ~ ..I ...., . M4~ ...... 51..2\\" \20'~ .n·z . !\G.<. 0 III tt 2'1- 12\1 0-:1 ''+0

J .1 ·I.-:~n ....J, _h WJt.. "- ~L -, ,,'1.1- : JI:.. "'<><'C4.
[h.,/ Al,." ? IHl ..~ r;; ~'i 12$'11 ~::r ll'O

M~' ""'" 'J to.'-'-""'"' cl:J.U>' 'I-. . Ic,. "'~,... _ I~s , {,j. \I? 6 IlH \1.~-'t 0'-3 '>:0
~ I(,~'.u.. ~ .

.1 '.'J u..lo "ll0 0 1l1.-" LO l,-u 100·3 0·" 6+\J. tnt.l'\ ,.. - 'lH {O II~ ~ 30-" 1'3I.~ '/"'5 4,;'
Ie" ~ .~ ,.\ ,t''''~"' (LL ~'"' ~ \l:\,<; -=; ,31·, 1~2-0 .-<.~ 1<;1.

1.1 D~·..J:" I'l?·~ b Hit- S 132-<> 1~2·1' 0·"" ;,3
~ m,c (> ll'lS UI..- ('IH I'}"·. I"" .,<, 67,

2<-g· ,",q."- 1'&2- '<5 '\r.:~c\. 'm",. '/1..0 c,,;oJr_CCo S·'i·/. p, :6 c..:.. So ........ 1~ ,n·'2. \'2.~2. . ~H; " llS I 'B I~H 1""~'2. o-~ ..~
..LL .\..; J'" .1 _ 'II. wJ>.. r'L '.11 11...... .. 1:rJ. 2 ,2.\"". 1:Xl-o -'2.. II~-S Id .... 1'>41. 1~~'CJ 0.'; I-=k>
11I~AIo f H' ~ .. /. <:..~ ".:...J,..l.. ~ I. .. W-, I~.<; lo 11& I,,1<- ~'1 I~.·' 0·2- 1"1-
I~ ~\ ,,~ d""t·~ 0. ~- • P".:J:> ....... \0. ..'10 '" l.:.d.b_ f.J.t.. W. 101 5 lbS d<- 13~" J'1J1·l) b·x<' =to

( __ '2,__\ LOL Jl. ,,":-- .•L ~~,\..:.. ~~ .""".~rO 1",.< lO In tIt. m·" /3<;0 b4- 140
t.,. 0 I",,"\:.:.<- .1 I ~'L ......

b- 0.10 --J
,

If--,') C\ 1116I c jt. "\'·0 ~~., 0'4- hl--;.
I", ..1'.o.A ,.~ ,"""", c..J......~I~.~.1 '_h s""-' A,2'l'" 0)·5; a liS GI'- I'J~.. r~·~ 0·'; b~

Loc.Jl.-. ..., .1.1',1 "",.11"•. shP- I <L"'L ~:j" 103 ~ 11'8,5 '2. 13'1'1 /"".~ 0 ...., «0
~ ~

@)I~ b.H. ~o' L ciA. tGliS 'is IL~ c/L- ~.~ 1/f2·2 0·-':; '4-
ICI-4- '\ ltl,~ I; 1!-I'-2 t<a2 0-+ '10

2'\'" 111-2,·'2. I+D ,?c (\.si A~, lLtz. _ ..L..f""..J;.. J. (al"UJI•. .".". ::30
0 ~. "ill :z,. '2&" 1'32·C ~... q It) ,c; 11~~2 I~·o ",.;; (00

.J II\. ~hg -etJne. ), ~#. Ita- 137 .•'-' "'J~/; 1, uI r••. .~. '1.1 ,'32, " 1'311-', l0>;- b 13>~ 6 '1,<,-. I'J'I-q 0'4- 44-

..I ,,""< ro•. " ,L ;.u. d;lJ~'" _~ ~., 'l'l"6S~'Qe 2" 1'3~·Z '3/'·' Ior-S- "1 121 S II<lU! I,,~-q o·~ 'i&)

" 0.;:4 (.,. ~ " 1%'\ \'3q.1 . ~b :s \1.\,<:, 1'1, Il'.o '''1-' \. \ \'0
a.....~.... I.-,+-. '40-~-I- 1/f1-7 O~" ~ -~.., ." 1'3'1·/ Itl2·) illh5 '\ 11.1. 0::: ILCl.O U4H 1).:2- lOt>

~

P. ',~l<. -"<.no'" ,.w. .n\-,.l;...t.J leil ., 12'l..l'5 c.. 1""·2 ~~.:z. oct- ~o

,,"':"t..\--, "'-\~- (0)-1 '5 111., 4- 1..9.2. iI,'1·q o~ IQl)

c>s ~ II~·S K 1II'l-9 ~I·" o·j. 1'.0

Wl·'l 11"'-; .4- q;:J- 'JI:- I,."", , l ~."'" b;oJ.h col, "",,;,h '"
, ...J. ,U.~t. \l"~'~. ,s IU2·Z. lu3·2. ~!. 'b '9.' 111.4- ., ,<1 .... ~H 1·0 'P

,J "jI,.,)...!., ,..I. ~J~b,.....l oo,.Llr. c,. ~ ,.I. .J aI" f. e'n ....Ll ,8'2'." 1~3'2 ,uti· Q Ik 0 11t.~ 10 re1-' ,(." ,(.g; ~o

~;..\6
,

I.~· •. ,jo .
,

l'l;~ 0 Il~ ~ 19:-1- ISb-9 <:> ·il "'...
11'Y. roo" 601...t...;ta bla\,< (0 0 l2S~ 2.- 1,Sl." I,~:T '. il 100

110'( It:-- 2Jo " 1"~"1-h. ~~ I· S- '6\



- - - - - - - - - _'''' - -.," ; " " ·~'.",··".'.:.~-v~o:.j~='-'-\c,';~:: :·_·,~·~~~~"--!~,..:.i.:.''':'OC~·.i...:-''--.::.c.:...:-'-.;_'-:~'-'-,_·;_·.'~·i.·.:C ..'-'--".>·'···-'··.::.::,· ':/":',:' ,.:: 'c·'·"'·...:.: '-:._.~_."_'_".,',_ .. :" " ..:".' ....

C.R.A. E~~~~~A~~O::~~~IMITED TEN~ME~~ NA~~ ::' ,~.~~~.~~: :~:f1l
PLAN - MAP REFERENCE :s.LJN,Sb~(;,~.~ ... :,
DEPTH .........;~2>.J.:J.~ ..., HOLE No,:D§.\.OQ..

CASING LEFT DPO Nol') Z?n\.54::

3(.,b l'ilO€;
CO'()RDINATES...S:.~.?~.I,??'.'!., AZIMUTH .....Q~.i£~...~ ..:... , DRI LLERS .......Q.9.IAS..·........ COMMENCED ...~"'I.~,19.~ .....
RL COLLAR 1..y...~.v.Y..1 .. :... INCLINATION 57.', DRILL TYPE ..\""C2:lSCtiJ . COMPLETED ~(" /2l.1 ~iO........... .... , ................... . ...... ........ ......... .......... ......... ,.............. ,.... , ... .. .. ,....

DEPTH eo" Graphl
SPECIAL FEATURES

Sample From To ,'M",trSSA,;(,;;'.ALUES IAn.'ysed by ........................ )
Rae, ~D CORE DESCRIPTION Woath. Alteration, Fracturing,

From
To(M) 'Yo

Log Veining, Miner91iz8tion No. 1M) 1M)
~ tl.-. •u, .... iI.[""

,..< """ ~ r~,IMI loe I• ...:' r<.,
4-3·'/t H,I,:}110 I?oj: 0,,5; 'Do,,", ' _11 "'-"<\' Ilou"" -.>-"\

Roell - ~,;. Co cl", l-\ S1(2,n ,""-''I 14'l'0 116·5 '5 II+? dL l"~ 10 II/,<)s '/b2.. I.r I~O
~ Irl-~~; "'lei c.; .......,.,t;,.."

"
\,j (,s· /;. c.i ... ~ 1"<:-,,, ,0 ".•. ,., I4-Q'2 2' ,,,- l~lS 4 L<;';< elL lib? b~'4- /.:;1. ~~

0«- ,\, j; ~,1 - """ ..... ""v-:o. L· . L ,.\ bW> • ..j ,I .. ' :z,q 1'+'1·2 I ~\.~ \n~ elL 't~ I;, \S&S S M4- (,4,2 O'b "1-5
l\~ ~ ;J!-<~" ... ( L,[eole \ e-. d..l.~ ,b. ;,_. .. I~H lITo .. 11& Lj. \'\3'5 'S W 0 Ik2 Ilb~·9 'I:. qt;.

c" ''''' ,"" lV\~"",.,""'t. \,t.J... 0; .,........ ~lA.b .A -'~u. '"b ." 11(·~ IW" ,,~.~ 2- I'I-'f- I 1:f\'5 elL II~r·9 /1,,'4- /<;' 100

."..,,\.,1- .L oJ"L =H 7-<;0t, clll~OlI~O'{"" ?Z I~·'I 'bel' .- ll9. elL \'t't6 . ¥; ll£:> 1"'1 I~'f~ .lloi·S' 1'1 100

... 2.,,0.~
-' ., /(-<\, ~ 1~'2·0 ta,s I \'15 6' lIJ.>6 2 6H 11""1 H" 100

.",. .J ~L~ -lrJ- I~I- "',,,. 1.\0 '2.. 14-51; '" lb\ 2- 1111> I ('Ho "S- ",'"
"- '2~

.
I!'I\.~ ',.,IL It<. Iu.- Ibl·S 4- 11l-l." II~'? jo(, '00,

~I'O t'I %'5 S Ib'l. 7 lli'Z I_·~ 1-1.. 100

~\+ I\~4-'2. ~ ::lC Itw;', L""",:"oJ4J LIJ o..-J ..... 'B ,11 ' '10' t. cIA, 'c 1101·0 11,11--2. 11'1>l~ q.L 14-1 1\ "'2'S' etL In<.·~ 1'/-1'1. t· 1 100.... ",', ll-.1-_ ,...J- 1lI", ,......\ .... -n...;., I":::..,.., .J cL "'" 0_;"& \~1. c I~}S ~ 1b3 5' IRS'1 1i3"N. 100

c.'
"

.1.0..-, (,?,(...±~ ,\ It1.25 S' Itlft IelL- l~ ctLlIn 11'i,~ /'4- 100
.i - ~, S' ~-S :<; l~ 5 I'H-b J~.O I, .... <Po

bll-2. ,,,,,4 19"1- Ie o..cl 1 1'D.la....:.~; ,.j cJ.'-"-<a •:h ..,':u, ,;""...u. ScAL ""...; _ M.,,;vO D"~t. >S' 'b~·l Mq \5','~ G \'1;'1 elL- 11b'b' F> IgO'~ /",." I""'3 100
~

tt.." ~ . It',b, h....L .....J '? ~":'ct.. c.:J.l ",'.11- .9-ol. ,.J:,. ?f. II b~'~ 1.. 4- \?>l; 7 'l'\,l) I loS QI.. Iii·?'Im·~ \ ... 10<)0...

I .. t.....-.t.:t~1 "1:1. -~no~\,\__ ..I- i- ..{ ~ '1+ Ibl-' 4- IbH' \14~ 4- IS;) C./l 11:6

'"
Ih·g 19.<·... H" 100

Jt....I. . 1'>..Jll" ..I.......- ="" ""~o...e. .,"" t" ~j" "I~;.,. 11 Ib~·r l't<:>· \ ~'" C.ll 11b:; 0 ("I, " lfir.~ ~..., I,·.. "00

I a. IL:t.... I'"l.-~. A.-C: '..1= ,;~. r+l_n.~' I$S dt ~51 1 i It:h~ ('-., ~I'~ ~H: II·" 100
_~•.J.. - ~L \~l:i. '" iI~IS 0 1(,1 c., I~H ,qo·1 I' (, 100

'0; ..,': Yd.~. n..J ,,~w, ..rl. 11>b~ dL 1S1 dL 1lol-5 ., "'",' 'II.') c·, '&1

~ '.h- 1t.1 .tT 1SZ:~ 0 l~ IS l'l/'l qz·'i /'b 100

ms 5, 1S3- ell ts..-S 'I ~4H 1'14-'" I'" 100

'IO·L 'lOI 'l), If A.a\ 5",., ~J.:.", \-: hro<.U "'-" 'il....:k>. lkt.~ :.\:i,A:t-".\ 1.,~1:f" 'il~ I 'l<:l'1 1':f2.· 0 l~'I< 10 I~~E _II '''' ~ Iq..·r rQ.,3 ,." 'i/o

" _1':\•...:1.:. ,u\. d '._"'" 0 J..... to , J!,~ k~.... k.....,..\-,. -WL... . "" 11''Z.0 'l'JIL-{, I:ll?<:: elL G\+- ,2. Illl'S \1 I'iP. !n''l l'b roo

<..I. n>~J..~ 'f:....~ "'-'2,~ M."':, •""""..\.o-r .IJ.,..;Jcp ,:," 4-1 I'I-{,.·b rn·o 131 S l6% ,C-L III 10 'Q1" Iqq·$' I·'" 100

,u... ;,. • ~ .,....J!I ""~ .... '1""" .<\ ':.,,;A.. J..; '" """ ~
.,)

4-2 ,-:n·o 111'0'0 !l"H \\ 1$ " Il1le ~ 1'11-' ':!PI. 0 I·~ 100

rI'I~" ?o";,'11. <,),l, ..d:....Jr .,."c...v .. :.II · .... u ·.rJ.. .t... 4$ 11'0'0 1\,2·3 \'to \0 il$~ ell.. II I \\ .,...., be,·" II .• 101>

,;..•• t.~ <u.-..';' ,1,,1->. ~ <oh.\".;.i.. ",.~ ...I- 6'~" "" In·, (~r'4- I"AS' 10 ~£b elL In\-l; Ii:) ~.. ~'* I '1+- 1100
, ('\, l ~ -, ': '1n..u-. e,,, \'\1-.. ~':'M ",r li~'4- lill" 1"1 GiL -a,-eIctL 11'2. 0., lcq. ~'"~11·'0 Iv,t>
[1.".-, J. "'0"- '" .u1......J..... i~;;}... ,~\;. s"1. \...,~ 4& I ii'S' ',\1'2 ilIls1m \57 q. \116 'I ~s :l§Il1I[ .'( lilt

v, 0

','

":,:;i:'~:,> 'J.,,:,
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\511<,2\50. 1~;·9 \'fl·5 \1:>.ls iIll1·S16 :tI~ ':5 :.h' rno,·S I's'" 100

5\ 1,\9-5 I ='0 !1~5 0 \'tft 0 ItA.s Cl '"1." Cy'XIIOO

SPECIAL FEATURES
Woath. Alteration. Fnlcturing,

Veining, Minefelization

C.R.A. EXPLORATION PTY. LIMITED

DRILL CORE LOG

~"""",,~··.· .. IIIIIII.c'-',,,~, ,.c..~, .. -"c".,=...~".~~~..,,".,..:;:...=......c.===--~==.=,;==:.......-==---==.,;~=~=~"-=~~""""'~~~
SHEET No.b.of.J

TENEMENT NAME No 'l:S.l."I~

PLAN - MAP REFERENCE ~Ni ~.!i.2::-........
OEPTH ;;J.~J:..l'Y.l HOLE No.;:n1)~o:>

CASING LEFT OPO Nolsl 8.?.J.SZ!:: ..
DEPTH CoR:'" (') .... r.phl".. r;.G)D ~r CORE DESCRIPTION

Fl~~ TolMI ~lo· Log

b\.(') :l.o.::11 ~'i\ IF Oodl OV\\'l"> -.. ...I..,. i~rl (/,fw

flt'~ir:;e wIH.... 1/

54-1 :Kli' 0 .;l)'i\·6 1\15 15 1"0" 0 Wb S" 212·\ 2.llj-c I 'f, \00

1...1Ik flliln"lnr.'<!/Ihr1l"n1(Y \;'\v(\s:5OCtcUiOrl tlJitl\ cio\~,tt

.<.~ """" .... 'Nln,.,k _ G- /01 lo.i'ti' \K-'tJ1 '\ ()'o:sr
I",ln","" ,..~W1rfN) fU?dll W Inr H>l<,>6:ln acr:; t
I~l208'V01J <;!., In-Sed dJ."<'1 ' ~'S""'".

tit L.o...l...JiYlli ill\ ""M'."'.

.0;-, ;2.111-'0 1"lIb' (, 11,E 6 \'12. 0 102il\' 1o lb'l 218,t I·~ 00

6Jl, :lib- bl~9'5 III Q, l'i2.~ a :m s IlU!cl2J1-SII'!'> ICC

6~ I :11'\-5 222,·q.lm.;: 2. I'\t>. 0 ~( 2 121'1~l.uI·'I'S 100
In, 5 1'13',5 0 ;01, Z :121· m,~ l'~ 100
118'5 S IW 6 M,s 0 1l2Z·4 223'1 Cl "l' u.1-

r;o'2 ~'t·'3I6'o 51< 9fz '""7,"", "'C L vd'~Y\fl'tl' """,,·m'I. muir 'AMO
:-~I. ,,,rl nl\QUlar lrf . .4..<1 ~'.~; ...

be> 222."t:22.'t·b 119 F: 111t~ 0 210 co U3~ )1./j-. b-l.I S'J.
~\ .2.~Ij.·s :>.:2.'1,5 ifH 0 II'IS ::, ~s 2. 1l-Wr1.1-S /·2.141

',);).'2 ;l.?'-T·I I6'l /..j.)( Inn,l\I1)()\o""ih''='11 nto" ""t<>'
10\& \ 'll\Cil1\HhlPn\l~ I( D~~~i\olp ~",\t f.0i\tL)

. -/nv.lrI rr(i;' 'oJS:>.. {off'_ '''\!liMO t7u,,,- dollM\lH> t-oI6at!:L
It... Q,'..1, L ., lVlllll wil::h II./'i"", I.litln. (Y'ln" ... -I'Ml""",

roJMi> \" a~ ;l.'1'>h\M... ."I,n,.,Wte CCJ:llV)1'Ylo (0)

P-illP I. ' .1 .~T-,. ~ \9~ r!­
L ~"h~Y1 .,.' ,

I Ct l/IM\ 11'11- ~ "'" , '" i 11\ n

IvP\\'\\e~ 1.,& n\J fite. ..c
'0:1"1. rt'1'V\Q I~ ,lit .... Rrejv~ ~
I" . A"".~~

n.\ 0 1'jb'S 0 ~ S 1200'~ 2~1·111·4.IIOO

,,~ :I.~~ ;l.~'o 1'a'S 0 ~7 c>:lIt!: a l231·lll3'l'?br;, ~3
lin I 6' ~~.~ (!) 1~?>'1 1432 ~1 O'b 43
11In~ a 11'tS 0 lm"iS ~ 1m' I~~ U. (,'1

G.'t .2"" ..5 23S·slll3 S 11t-;: 0 P-I_~ b 2351 231· 1'6 100

'5 :2'1>5'· 22.-1·\ 1183,.' 0 I" .... I~ ?>
l~ 2. /'!ti 0 :US h
11ilII-; 0 ')J)tJ 0 2lS'5 (_
I~ .R I~ 0 I'JJl, 1n

11&1 a ~I '2 9JS £

11'AA a~ 'B 1~ ~ '------'-----'---"----'__---'--_'---L----L_...L----'. ---' ---'__---'--_---'--_---U.QlLL.=:..=........"'--'~..J_=__ _
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SHEET No...7.p.f.}
TENEMENT NAME No..%I.~7.

PLAN - MAP REFERENCE S.\).f:'J.~~..9lRNE:R-
DEPTH ~:QJ.:.\.~ , HOL?No. ~nslLlc!"
CASING LEFT DP N J a21 $1t

C.R.A. EXPLORATION PTY. LIMITED

DRILL CORE LOG

nbb 1~0f.

CO'()RDINATES.§Q5:lSk~N AZIMUTH ~~.:.~..•....... DRILLERS OOI.r\~ COMMENCED ~'?!:.l.'aoJ'3.~ .
RLCOLLAR 1':\1l~ INCLINATION 57' DRILL TYPE LV 3'ti (ft) COMPLETED &bl~j~;;'.............. ..... ............ ... ...... ,............ , ... ............. . .... , ..... ............. .. .... ..... 0 ols ........... ,...................... ....... .......

DEPTH Core
eo" G"ph!

SPECIAL FEATURES 1M •• A~,A~ VALUES IAn.!Y"d bY ....................... .I
Ro<:. CORE DESCRIPTION Weath. Alteration, Fracturing, Sample From To Roc

From To(MI 1M} Size Log Veining, Mil'leralizBtion No. IMI IMI IMI
1M!

CO"" 0, '-'{\ C"\'rol tl"-,,, 2"<=; q
roC In Clr_ "'i'o :, ""'~ C

?,I"f.:. - hATA 92>~ 2"L-
UI Cj I~;uc I,.;

I??j.~ ~ ~, Ir 11
b22. £a I':h~ 11"1

f2W ~C'JL ~ elL
12H. S ~.,< {'\

1m .elL
!ll.! I dl
:uw 5
::as w..
J:lb '?>

L-

"JXJ c..lL
Xll f>
~ 5
irn<.~ 4-
1251 '-:i..
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230 \0

12Jo,<r'R
23\ u..
231~ 10
I~ Irl L.

132- '2..
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.;n
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-... .. - - - - - - - - - - - '-liiiio.-",
bh~e tullddh DPO 8m no Pros ect EL afrom ",0 " ,", '" 'Do '" .,,, ,I. " ~ .m, b "" OS MRTUlh

bhola lullddh DPO sm no Pros eel EL alrom ",0 '" ,,' '" 'Do '" '"
,,.

" ~ ,m, b "" OS MATUlh

OSlDD 0096D5100 Sunn Corner 45/92 0 2.5 ah,

05100 DD96D51OQ 82154 5852871 Sunn Corner 45192 '.5 3.' -0.5 2.25 24 1D7 14.9 11 1.97 1.15 8.59 919 319 670 andl

DS100 DD96DS100 82154 5852872 Sunn Corner 4MI2 3.9 6 -0.5 D.62 -5 43 18.1 -5 3.18 o.ae 9,54 2530 118 '" ad'
OSlDD DD96D510a 821511 5852873 Sunny Corner 45192 6 9 -0.5 0.63 -5 37 18.6 5 3.0e 0,41 9.68 2610 267 607 ondl
05100 D096D5100 Sunn Corner 45192 , " No recover

05100 DD96DS100 82154 5852874 Sunn Corner 45192 " 14:3 -0.5 2.47 15 17' 14.1 6 1.46 1.26 8.26 556 710 "50 o ,d
05100 OD96D5100 82154 5852875 Sunn Corner 45/92 14.3 15.8 , 1.19 7 80 17.8 19 3.38 0.58 9.41 2690 575 1060 o ,d
OSlDD 0096D5100 621" 5852876 Sunn Corner 45/92 15.6 16 -0.5 1.91 7 <36 13.4 11 3.53 0.89 7.32 2500 631 1020 Qflud

OSlDO 009605100 82154 5852877 Sunny Corner 45192 18 19.7 -0.5 3.25 11 '" 1.89 " 0.63 1.53 1.06 207 <05 551 Odo
05100 009605100 82154 5852676 &,"0 Corner .115192 19.7 " 0.7 3.14 " '" 2.12 7< 0.96 1.56 1.17 277 1220 30' Qaud

OS100 009605100 82154 5852879 Sunny Corner 45/92 21 22.4 1.3 3.88 " 343 0.14 " D.6 1.92 0.2 26 0'0 715 ~Ud
OS100 009605100 8215.11 5652880 ,"00 Corner 45192 22.4 25.5 0.6 341 " '67 10.9 11 '.3 1.73 6.>1 669 9' 346 ,d

OS100 009605100 82154 5852681 5unll Corner 45192 25.5 28.5 0.6 2.27 10 125 14.6 23 1.51 1.14 8.99 '" 50 339 o 'd
OS100 009605100 82154 5852882 Sunnv Corner 45/92 28.5 30.6 -0.5 1.6.11 0 75 13.8 " 123 0.84 8.45 364 107 336 o 'd
OS100 009605100 82154 5852863 ,"00 Corner 45/92 30.8 33.9 -0.5 2.97 6 15< 12.9 " 1.43 1.51 7.91 385 101 390 'd
OS100 009605'00 82154 5852864 Sunny Corner 45192 33.' 37 -0.5 216 ·5 70 16 6 1.34 1.1 9.73- 359 24 '" o ,d
OS100 009605100 82154 5852865 Sunn Corner 45/92 37 40.2 -0.5 195 -5 65 16.2 6 1.47 , 9.69 30' 24 145 o ,d

OSloo 009605100 82154 5652886 Sunn Corner 45192 46~2 43.4 :2"- +-l.B2 -5 65 17.7 5 1.14 0.94 10 379 35 '" O;:;-ud

05100 009605100 82154 5652867 Sunnv Corner 45/92 43.4 '5 +___95 166 , 59 17.6 6 1.13 0.83 9.92 379 26 100 O'd
05100 009605100 82154 5852888 5unn Corner 45192 <5 48 -0.5 1.83 11 69 15.7 5 1.23 0.93 8.59 347 30 119 Gaud

~po +~f05100 82154 5652889 Sunny Corner 45192 '0 5< 0.5 3.52 , 3 '" 12.2 9 1.74 1.83 6.68 '" 37 <50 o ,d

05100 009605100 82154 5652B90 Sunn Corner 45192 " 53.8 ·Q.5 6.3 " 3'0 9.77 '0 209 3.23 5.24 '0' 55 90 o ,d
05100 009605100 82154 5652891 Sunn Corner 45/92 53.8 55.9 -0.5 ,.'" 18 216 <3 26 3.54 2.29 6.73 947 39 <30 o ,d
OS100 009605100 82154 5852892 Sunny Corner 45192 55.9 58.4 -0.5 5.52 " '64 \0.8 10 2.97 2.76 5.43 667 30 '" o ,d

OS100 009605100 82154 5852893 Sunny Corner 45/92 584 61.1 '0.5 4.42 10 190 11.3 9 3.05 2.26 5.72 752 59 <32 O'd
05100 009605100 82154 5852894 Sunn Corner 45/92 61.1 64.2 -0.5 3.16 16 "0 13.6 7 2..115 1.62 6.94 520 151 253 Gaud

05100 009605100 82154 5852895 Sunny Corner -45/92 64.2 66.5 -0.5 3.92 '9 161 12.5 16 2.29 , 6.42 "3 "0 160 O~

OS100 009605100 82154 5852896 ,"00 Corll8r 45/92 66.5 ~5 3 4.02 7 177 13.5 10 ,., , 7.08 '" 1400 1790 QaUd

05100 009605100 82154 5852897 Sunny Corner 45/92 69:5 73.2 .I--J?- 2.48 20 92 15.2 , 1.6 1.27 +~~8 552 285 50' o ,d

05100 00960~~ 82154 5852898 5unn Corner 45/92 73.2 74.4 , 1.69 5 60 15.1 11 1.76 0.84 8.71 7<6 2910 '08 Onud

05100 009605100 82154 5852899 5unnv Corner 45/92 74.4 75.7 '.1 2.37 6 70 14.8 13 1.62 1.17 0.36 '" 1810 1980 o 'd
05100 009605100 82154 5852900 5unn Corner 45/92 75.7 17.5 -0.5 0.71 -5 21 16.9 6 0.34 0-' 10 744 163 '" O;:;-ud

05100 009605100 82154 5852101 Sunny Corner 45/92 77.5 80.6 -0.5 0.72 -5 20 17.9 -5 1.19 0.33 10.9 601 6' '21 o ,d

05100 009605100 82154 5852102 Sunn Corner 45192 806 82.4 0.5 0.89 -5 " 16.1 6 '-' 0.47 9.711 635 130 '64 a 'd
05100 009605100 82154 5852103 Sunn Gorner 45192 824 65.' '.0 2.55 7 '" 13.1 , 1.59 1.26 7.9 '" 1270 1800 O'd
051DO 009605100 82154 5852104 5unnv Corner 115192 854 88.5 '.6 2.63 7 '" " J6 1.5 L3 7.29 625 '" 0" o ,d
05100 009605100 82154 5852105 5unn Gorner 45/92 88.5 91.5 -0.5 2.18 <0 63 7.73 -5 '-' 1.08 4.46 3'5 10' 509 o ,d
OS100 009605100 82154 5852106 5unn Corner 45/92 91.5 94 -0.5 1.71 -5 71 6.24 -5 1.02 084 3.6< 332 1<5 280 Gaud

05100 009605100 82154 5852107 Sunny Corner 45192 94 96.5 -0.5 2.02 -5 0' 6.36 -5 0.79 1 3.16 317 155 '" a ,d
05100 009605100 82154 5852108 Sunn Corner 45/92 96.5 99.5 0.7 '-' -5 " 10.3 -5 0.99 0.54 5.99 509 '" 1110 o ,d

0$100 009605100 82154 5652109 Sunny Corner 45/92 99.5 102.5 -0.5 1.38 -5 55 13.1 11 1 0.7 7.75 446 77 521 Qnud

OS1OO 009605100 82154 5852110 5unilY Corner 45/92 102.5 105.5 -0.5 1.47 -5 51 16.9 -5 0.81 075 10.1 523 59 158 a ,d

~'00 009605100 82154 5852111 5unn Corner 45192 105.5 108.5 07 1.74 -5 59 15 5 1 0.89 9.72 529 121 '08 00<,
05100 009605100 82154 5852112 Sunny Corner 45192 108.5 110.9 1., 1.7 -5 " 15 29 0.97 0.86 9.41 '" 152 439 o I,
05100 009605100 82154 5852113 5unll Corner 45192 110.9 113.1 1., 1.56 -5 58 16.9 32 0.98 0.79 9.98 543 2" 539 01,

OS100 009605100 82154 5652114 Sunny Corner 45/92 113.1 115.2 1.0 1.46 -5 63 18.4 10 1.08 0.75 " 623 155 5<, COil.
05100 009605100 82154 5852115 Sunn Corner 45/92 115.2 1\8.8 '-' 1.5 ·5 49 17.2 15 1.35 0.75 '.1 631 060 1920 01,

OS100 0D9605100 82154 5852116 5unn Corner 45192 116.6 120.5 '.0 0.89 -5 36 18.8 <9 1.39 0.47 9.78 96' 1810 "" -0.09 Call

05100 009605100 62'" 5852117 Sunn COrner 45192 120.5 123.2 20 1.18 10 " 177 74 1.87 0.58 9.21 669 1490 3930 01,

05100 0D9605100 82154 5852118 Sunil Corner 4519' 123.2 1262 ,. 2.9.11 5 143 11.6 , 1.48 1.52 5.97 577 50' 1840 0"
05100 0D96051oo 62'" 5852119 5unn Corner 45192 126.2 128.8 '.5 2.68 -5 <3' 126 , 1.31 1.39 6.33 520 5<3 1680 0"
05100 DD960510Q 82154 5852120 Sunny Corner '519' 128.8 '"

, 3.76 7 205 9.02 " 1.56 1.85 4.38 021 1100 2370 ansi

05100 009605100 82154 5852121 Sunn Corner '519' 132 134.2 5.3 3.03 " 145 11.6 " 1.56 1.52 5.74 655 1050 2950 0"
05100 DD96D51oo 82154 5652122 SunnY Corner '5192 134.2 136.1 26 3.22 7 161 12.6 " 1.67 1.64 6.16 1040 1000 2680 ansi

05100 009605100 82154 5852123 Sunn Comer 45/92 136.1 1~9.1 '.1 3.99 -5 210 8.86 , 1.68 2.02 4.26 .92 1030 3510 a"
05100 009605100 82154 5852124 Sunny Comer '5192 139.1 1422 " 3.76 -5 247 6.113 17 2.07 1.89 2.99 1200 1630 5160 1.5 ansi
OS100 0D96051{X) 62'" 5852125 5unn Corner '519' 142.2 1432 -0.5 1 -5 61 12.4 -5 1.23 0.5 6.53 "0 379 1350 0"
05100 009605100 82154 5852126 Sunn Corner '5192 143.2 1114.9 0.6 2.02 -5 '" 12.8 <0 147 1.03 6.67 590 5" 2250 0"
05100 009605100 82154 5852127 5unny Corner 45192 144.9 <47 -0.5 3.08 12 <90

" " 1.76 1.57 6.08 <32 124 '" 0.151

05100 009605100 621" 5852128 Sunn Comer 45/92 147 149.2 -0.5 4.65 " 260 9.56 10 1.85 2.45 4.77 355 100 588 0"
05100 009605100 62'" 5852129 Sunny Corner '519' 149.2 151.8 -0.5 5.14 <0 2" 9.69 14 1.91 2.6 4.63 336 76 <73 Qngl

05100 009605100 82154 5852130 5unn Corner 4519' 151.8 155.7 -0.5 5.28 6 276 8.66 14 2.3 2.72 4.26 365 " 43 o "
05100 009605100 8215-4 5652131 5unnv Corner '519' 155.7 1587 ·0.5 5.23 -5 24' 10.4 " 2.22 26 5.02 "D " '0 60s1

05100 009605100 82154 5852132 Sunn Corner 45/92 158.7 160.5 ·0.5 4.76 20 '" 10.7 <3 2.05 2-' 5.24 353 " 55 0"
05100 0096051DQ 62'" 5852133 Sunn Corner '519' 160.5 '" -05 3.68 -5 156 12.6 " 1.84 1.89 6.42 305 <5 208 Oa91

05100 0D9605100 82154 5852134 SUnny Corner 45192 15' 164.2 , 4.51 12 197 10.2 15 1.87 2.26 5.17 30' 470 1870 o "

---
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bhole lullddh DPO sm no Pros " EL 8!rom '" " ,,' '" ,b, ,,, 'co ," ,k ,m ,m. , b '" " MATUII')
05100 D09605100 62154 5852135 Slinn Corner 45192 164.2 165.9 , .5 I.g " 70 16.1 >4 2.85 0.97 9.12 590 442 5260 3A --"llb'
~OO 009605100:' 62154- 5852136 Sunn Corner 45192 165.9 167A -0.5 2 -5 82 15.7 6 121 1.04 8.93 327 85 2640 OO'r

05100 DD9605100 62154 5852137 Sunn Corner- 45192 167.4 16B.5 -0.5 1.71 -5 66 16.7 6 1.36 0.91 9.81 34g 66 649 br
05100 009605100 82154 5852138 Sunny Corner 45192 168.5 170.1 -0.5 1.76 5 66 16.4 6 'A 0.94 9.42 372 ,,, 559 Qqbr
05100 009605100 82154 5852139 Sunn Corner 45192 170.1 172 -0.5 1.6 -5 60 16.3 -5 1,46 0.B4 9.4 412 35 1130 o br
05100 009605\00 82154 5852140 Sunny Corner~

,,, 174.6 -0.5 1.59 6 54 18.4 7 1.07 0.B3 10.6 339 34 35' O~

05100 009605100 82154 5852141 Sunn Comer 45/92 174.6 m 0.5 1.61 6 61 '6 6 1.19 0.85 10.5 366 31 564 OQbr
05100 009605100 82154 5852142 Sunn Comer 45/92 177 '60 -0.5 1.76 -5 66 17.4 6 1.46 0.95 10.1 312 55 '02 '"05100 009605100 82154 5652143 5unny Gorner 45/92 '60 ~f·3 -0.5 2.12

~ '02~
6 'A I 1.11 9.57 407 11' 1090 O~

05100 009605'00 82154 5652144 SUnil Gorner 45192 182.3 165.4 -0.5 1.36 -, --4- 17.1 5 0.97~~~e ~~~~ 536 ---_Qg~

05100 009605100 82154 5652145 Sunny Gorner 45/92 185.4 168.5 -0.5 2_03 -5 " 16:2 -5 1.12 1.1 9.' 362 76 237 Ogbr
05100 009605100 82154 5652146 SuM Gomer 45/92 188.5 1912 -0.5 '.64 6 eo 17.2 5 1.54 0.98 994 347 47 '65 o br
051DD 0096D5100 82154 5852147 Sunny Gomer 45192 191.2 193.2 ·0.5 2.16 -5 '5 " 5 1.59 1.18 9.31 296 60 41' o br
05100 0096D5100 82154 5852148 5unn Corner 45/92 193.2 19~~ ·0.5 1.68 -5 73 18.' 6 1.77 091 10.3 " 206 711 o br
05100 009605100 82'54 5852149 5unn Corner 45192 196.3 197.9 1.2 1.78 -5 85 154 7 , .7 096 8.71 505 3620 1320 o br-
05100 0D960S100 82154 58521-50 5unny Corner 45192 197.9 i 199.5 1.6 2.99 9 ,,, 13.6 6 1.99 '.6 7.69 676 1180 2230 o br
05100 0D96DS100 82154 5852151 Sunny Corner 45192 199.5 20' -05 , -5 " 15.5 10 1.75 1.07 8.89 5" 296 2440 b'
05100 009605100 82154 5852152 Sunn Corner 45192 20' 204 ·0.5 2.97 -5 '3' 13.5 6 1.37 '.6 7.88 347 '1)8 37J
05100 009605100 82154 5852153 Sunny Corner '5192 204 207 -0.5 2.36 -5 110 14.3 -5 2.5 1.28 8.18 314 70 145 br
0$100 009605100 82154 5852154 Sunn Corner 45192 207 20B.5 ·0.5 2.33 6 106 14 6 3.22 1.25 8.09 235 235 673 "'br
05100 OD9605100 82154 5852155 Sunny Corner 45192 208.5 210.9 -0.5 2.57 -5 '26 14.3 -5 1.2 1.4 8.33 226 '5 114 br
05100 OD9605100 82154 5852156 5unn Corner 45192 210.9 214 ·0.5 3.39 -5 170 11.8 -5 1.83 1.82 6.94 170 23 172 Oobr
05100 0096D5100 82154 5852157 Sunny Corner 45192 2>4 216.6 -0.5 4.78 '3 253 11.2 -5 1.6 2.57 6.59 225 30 210 br-
05100 OD9605100 82154 5852158 8unn Corner 45192 216.6 219.5 -0.5 4.24 12 226 12.4 10 1.91 2.29 7.23 310 235 "3 Ogbr

05100 009605100 ' 82154 5852159 5unn Corner 45192 219.5 222.4 0.6 1.22 -5 56 18.1 5 1.28 0.62 10.6 570 140 291 br
05100 009605100 82154 5852160 5unny Corner 45192 222.4 224.6 -0.5 1.35 -5 " 16.7 -5 1.51 0.73 10.6 643 303 "6 0',
05100 009605100 62154 5852161 5unn Corner 45192 224.6 227.5 0.7 1.25 -5 " 17.3 5 1.16 0.67 992 575 350 353 Oqfz

05100 009605100 82154 5852162 5unny Corner 45192 227.5 230.3 -0.5 167 -5 '06 16.2 -5 1.22 0.91 9.54 519 164 '64 o Iz/Oadl

OS100 009605100 62154 5852163 Sunn Comer 45192 230.3 232.3 , 2.63 6 213 14.6 -5 1.69 1.39 8.37 647 360 719 Qqdl

08100 009608100 82154 5852164 Sunny Corner 45/92 232.3 235.5 r.1 1.19 19 6' 17.1 -5 2.12 0.63 9.86 666 579 1330 Odl
D$I00 00960$100 8215J 5852165 Sunn Comai' 45/92 2355 237.1 -0.5 0.81 -5 52 19.3 -5 '3 0.44- 11.3 1070 242 746 dI

0096ASS Page 2



eRA EXPLORATION PTY. UMITED
DRILl.-HOLE SUMMARY LOG

301069

'00-

.1 -I

_7_1
H1 .i:'-I~{.r... -.

_I T
... , .1, ...

-.-.-'-._.

Gr,chlc Loa

~f=~

1'<'1'1. .. T"
-I

:.1];( ••..?f',
:'_).,~"~:;''''':-~':lL

I.~;,~DEPTH AZIM (AMG) DIP
203", 'lb·$"o 4~·

2'5"1 _ '11-0 ltqO
"300- '61°(;} 9)0

"3~o.-. ..\... '57."

(~"k v. Co.,....... .l.-\.1o f I.. ro.~~'<.~~~
I'"

AZIM (AMG) DIP

91° Sio

910
51 0

9lo ~Io

''If·
0 4cr

EAST 3662'3"f NORTH ~~b~~

EAST E,5?o'2.. NORTH '5 Gf$0

AMG

SURVEYS:

DEPTH

0 ....
50...
'1'6..,
, 4~",

~ ~~~~ CW"-~'--J Uf t, O·~"/o Zt>
Low-er 1.; Mentone / s~<I ..t-.. C-D,,-~...J.

PROSPECT: SUNN'I COQ.!')E't GH)

EL: m-r DUNnA,> ELI,05"/CJz. RI..

CONCLUSIONS:
1k ~\\h"~ ~<"'U>~ l'<'O;ju r a..Ito..r-obov\ .,., b':""J o~e.J.
~.l\>.., "5"~", I;.~ b,,- ;",.,t...,.. u..F . ik..'.r,";" r~~' iI-o.. f"U.)o+

(Y\~,J; ~ ~ ~k.1.t. Cluk...;J.R. ~ G..r-u..~. G.k~

-1 ~ gelk<.l> "-f. (i\~"s.~.... ..;" '\P... Oot;l." u...:J. V, .I.; ~.:.\..;<.J

goad,l...:..., (o'j 6$·2..... 1oo·t.c\lI, (?JIOC'9 4\" b..c.lA, <312,., ",,"t..<!A @i"I\..obo·bIAE\2b2.-jl ,.'&41

FROM TO

43 In.
IA.I·3 I~I 5"

"'" I
1'3'1·1

2>03 2>04'<;'

311·1';- 31';ts

MINERAUSATlON SUMMARY:

OBJEC11VES OF HOLE:

DiCV'<1ol'ld d...;lItDst- "'~

a.....d cl.....-J cL:.Ut,.,,/-

HOLE NAME: DOC! bos 101

UTHOGICAL SUMMARY:
FROM TO FORM CODE COMMENTS

0 3'0 C\l""'- 0'''''1o-..rd. Qi\
. 3-0 \Il'~ o~cl"- 'Do.A. .~~ c1o:js w'.,tI,. \':IN\~ -~ ':l"l"",,-,

1'3''6 "39'9 O'Jc\1 '00\0"'-'\£,.
"39 ''I 'B%''t O~"'o.. ~ou:.l d",l.c.;..J..,,( (;.""""1:,,,,, "';..Lt.- sL..uu- =",..s.
'BS '4- ICO'9 ~ul ?...t:3.t'~~,...J ~·,.J ...L. ~";,J:l- "4',ll;Q
(00·9 I.~·o o~"""" u..-... .:.. f\'C.~ ~,
IO~'C 2,'3'i1' 'i: o~......\ !'<'l', • ..J s..,~ oj ~~~~~ ";JJ. l~
?-'3". 'i' '-t+l ,S O~fV'U

rtG....,:.~L u',;...k, - '-"~ <l. fo-u..o., ,
'w-.;.....c..J ~ ....\. ~,

"l.4-I· ~ 'LLf'3, " 03 ..
~ "Z<one . ' .w u..:J"-41,0 :5"0·0 ~~\ ll.o\:l.<.J. ~"'..... ~ l....... ""'''''' ~~ .

.,.~o'o 2,'1'1.( o~.J S, .....,.\-.. 0,.;..'" "";-1>. J--..l<,. ,"~ cL~, .
2''1~'' '4b· ,.; o~oo Do\"~" c. ~o(J:.. u..:..I: w J<. d...l.... '"\~, ..J ro~.
34-0'';- 36$'·, c~w <;:,; c4.; to' .....A.J:. ..:...f.-
'3~(, , '361,5' c~ac :Do...-I.- S"':::J ,c.I~~ ,+1- d...."" ......l. Q;J.",:,fe.
3,,1,'s" 31-b·g O~,\- s: \tj {'""""'-s, t'1" u.,;J. ' J... lL
31b''? "'3~O'b 0", Mo,"o, So"" .t;;~e. - ?"""""~""" ~".lk. 4-ro G ,14

I..::D:.:.;Rl:::LL=...:.TY..:..P""E=:_D""""A-"M.:.:.:::O:.,:f'J..::t>=--__

DRILL RIG: L't3~ - Hd:cotlf
I LOCDRlLLCORE: ZEEHAr.)

I
I L-. -----l

I
I
I
I
I
I
I
I
I
I
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--------------------SHEET No. ".<'!ri~.l1

TENEMENT NAME.f.Il1 'j?,H:\~I\~ " No. E.I..,,'t.!i; /~

PLAN - MAP REFERENCE"~.~lctl" ..Q;ll?,.I',I,G'.K.... ,, ...

DEPTH".".3.~.?6 .....""." ..... ". HOLE No. j»9~.Q?!.91

CASING LEFT DPO Nol,) ~2.10.1 j?,)JIo

C.R.A. EXPLORATION PTY. LIMITED

DRILL CORE LOG

1\1"A~ . ~ - Q \

CO.QRDINATES.S~~~;1~S~.." AZIMUTH..".gn...(~.~.<;__..L DR ILLERS":P.:P..'T.!!?" ...... ".",,. COMMENCED." ....I./.I,t,./%...."
RL COLLAR ~. I.JQ.~..."..... INCLINATION.. " ".~~.~....." DRILL TYPE./...':!~&.' .(}j)""". COMPLETED \ J Sf1b.... ..... . . ... .... . .... . .......... ... ,... ..... .............................. ,-, ... ,......

DEPTH Core Grephl
SPECIAL FEATURES

Sample From To Rec
I""" ",~~;,AY VALUES IAnalysed by""""".""""".. .)

A.c, . CORE DESCRIPTION Weath, Alteration, Fracturing,
From

TolMI ~/'e. RQD Log Veining, Miner81izetion No. 1M} IMI 1M!
llMIk v" I,,· ~::) ~ I~) I~IMI

() '7,·0 - - 10\-.0.. ('\.,. A ~\.o
- ('l 0 ~ "" ""''' """'-'Q f, 5' 1'3'" IrL 0 '3 - 0

1"'-5 5 l"l 0 3 4:3 c..(,' .,;'c

'3'0 II< 'iI 1'"If."< S 1('\-.'\<- 1)o..l... '" """-' I U ~1 r \ "--' n',~,""'; ~ .toJ u,l,J orl .-,...,.,..."'" ~o i~.~ "t- CL \C\·s CJ- 1.·3 (,0 0'1 b9
~

?(h~~ :r'J ., lli...."eo;{ .. I <b. . ,(-JL.'\..d (?) ::lu ·Ie. 5"l ".'" G·o It-'S 0 2D 0- (,.0 1'1 0 .:2.0 lot-
<;:>.. ":'\e. L ' -<' 10 Si+ (,0 ""·0 S 0 :la.< CL "I.e 11·0 /·2 40
<J,.=.- (;,'OM' r+l- ,,~\ S" i·e "1·0 5':::' u.. 21 ~"\ \~·c 1<;,0 :5·C \00

,,,. S -1'2' '2. '5 ~j., ... 0.,J.........., ~c. q·o ro·~ b 2- 2.1·S Ij- 1>·0 l'i ·0 24- ~O

6- \,~, cl: " ...:..~~ t: .a· Sl' la·$' 1'2.' '2. "'·S 0 J.2 It \1'0 l'l·~ I· :> (00

O<..c.- inlet. 0\ £l _k.,.~ 0 l,o, ,\.. 'u<. S~ 1:1·2 IS'O I 5 .22.~ 5" 1% 21 ·0 1·2- '1l0....
"" '0;·0 11/·0 1·S' 0 ')-:<. 2- 21'0 Z;5 1'5 '00

1'i'l·<6 1:31'1 'iJ.5' I::IJ; !hrll 1'il~ d~ rl ~l:,..:..\p .,.Il ('()~ - ~ .·r· H ~ to I~C l'il '% '0 CL. 2.:<·$ lj- '1'3.-; :K;l. 11- 100
-J

r.,a...{l...up;:t o . ..I i3",\.,~ A.olo~ r..(-~" ..,,~o.- ~_l ..\ 1,1 18'" \'\S'" 3·5 0 14- 4- 2~'2 1...·0 I~ 100

e."..... _ L·~ll. no-t. ~

in. \'1.~ :2.\ ·0 '1 0 <.'+-5 '5 '2.1'0 211·10 I'~ 100

c." :2.1. 0 n"; 9·S' 0 :2.6 io 2'110 I'J". " '·4 /00

~'l.q 4.20 60 !:>< Io.,r. S' .J .,.",.,.. ..-I C'Ja.., J iJ.t :rJ'5 "1 ,.2- 10 cJ.- ~ 'S ?<l·o 10,1''; ,.$ 100....
/.-I...... r.~.... (d.do..:J...) '-' (£ :1<;.'2. ?-i. 0 10<5 Q.. ;lh 6 '3IS 2>-:;'0 I· 5' DO

./

IJ. :1~ ·10 II 0- :lb6 8 '33'0 34-,(, "b 100:11'0

/i.?·n 1<:,'2 b':1 5" O...\c z"r.D. ,-\ rotlaJ ?cL,G.J.e. 70e,,:I..;J:L ,J """";0..- s:l,bA ,.. ':111 ." '60·0 Il·S 1\ .2.1 4- '3,..eo 3('·Q , . tj. DO
~
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5'<>JlI""'.~ rwi\' ~Co-rtl>c-, P M "31·5 '33'0 12.." (J :<8 5 '31·0 lao." ('l.~ -:ro
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oJ

MI'I'''' ," '. AI ....-l"J. m.: M 0< bl·O,,,. d "J n u<o w'l'O 16·5 CL 32. :z. '50'1 ;1·., 0·4- 1.-;"

p~" DI. "" (,1,0- b"Vi ",. J
i~ M'O M~ 17 In 1~2:5 a 0::2.( 54'0 1'0 1(,1-
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--~.- - --- -SHEET No ...;?.4.1.2.
TENEMENT NAME IYI!...P\J.N.gl',~ No.I±.':\-s'ln

PLAN - MAP REFERENCE SU~I'l.Y. ~.~...,.........
DEPTH S8Q.:.f? HOLE No.1lP.Q.'=?'P.?I9.\

CASING LEFT DPO Nols)'51.Jbljl:l'2.lb5

----- C.R.A. EXPLORATION PTY. LIMITED

DRILL CORE LOG

1'rIVte>:3bb2.3i €. .
CO.QRDINATE,'::..S..;';>.~!;>J~~.~ AZI MUTH Q.~.l.~..~~ DR ILLERS P.QTF.I.~ COMMENCED Jj.Y::lq~ ..
RL COLLAR \lq.~ : INCLINATION 5...\~ DRILL TYPE I"..':i.&~(ti) COMPLETED Iis/%.......... .. ..... ,..... ............. .............. ,............... .....................

DEPTH Core
Graphl

SPECIAL FEATURES
Sample From To Reo

Mn, ~SSAY VALUES !Analysed by ....................... .)
Rec. tz~D CORE DESCRIPTION Weath, Alteration, Fracturing,

From
TolMI °'0
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3 0 10·'1'·2·--

- - •..•• ~SHEET No. :6.<>o\-JJ..
TENEMENT NAME f".\T Q~.~.QP.\S No. ~~.I.'lh, .

PLAN - MAP REFERENCE §ll~~ ~.e:g ..

DEPTH ~OO.:9. HOLE Na.1>'Q9~~~.(.o1

CASING LEFT DPO Na(sl ~llbl/~2.IE>S

...._- .•.......•........_.. - __.
. ~. -.-_.- - C.R.A. EXPLORATION PTY. LIMITED

DRILL CORE LOG
f\'NI(r3bb '2~1 E'.

CO.QRDINATES ~~l~..':!. AZIMUTH Q~J.~.~~ DRILLERS P..OIf1'? COMMENCED 1.I.±I% ..
RLCOLLAR l']Qo'V\ ..... iNCLINATiON 51· DRILL TYPE 1",'I~Crt) COMPLETED Ilsj9.Q................ .............. ............................. ........... ." ... , ... ........ .. .,. ....... ,............................. ... . .. , ....

DEPTH co'~1 Graphl
SPECIAL FEATURES

Sample From To Roc
M,..., ~;:-y VALUES IAnalysed bV ........................l

Rec. mD CORE DESCRIPTION Weath. Alteration, Fracturing,
From

ToIM) 7"
Log Veining, MineralizBcion No. IMI 1M! 1M) -
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- - - - SHE~O.4~t~
TEN EMENT NAME .... M! ()\,lr:-JP~?. No......s,J.':I-:2.-..
PLAN - MAP REFERENCE ;S~.N'i ~m, .
DEPTH 0:f?Q:.~ , HOLE No. ~"l.~P.::?I.<? I
CASING LEFT OPO Nol.} ~2\b\l'f',2.lbS

C.R.A. EXPLORATION PTY. LIMITED

DRILL CORE LOG

rtW\~'. Sb62S1 E .
CO.QRDINATES.?~~J.9:?..~ .. AZIMUTH .?~J.~ 0:'0.:'G, DRILLERS QPT!\~.· COMMENCED iJ.'f:19\;;>. .
RL COLLAR .. now.. INCLINATION 5 \' DRILL TYPE L'(311(tl) COMPLETED II Sl9b ,........................ ........ . ............... .., .................... .............. -......... ................ ,...... ,., .... .............-....... , ..

DEPTH Core
prephl

SPECIAL FEA TURES
Sample From

I rn~ AS~A,:"VALUES IAnaly"d by............... ....... )

Roc. CORE DESCRIPTION Westh, Alteration, Fracturing, To Roc
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------SHEET No. s ..o{..i1.
TENEMENT NAME.. ..r:V.:rI..gl,!.r-~ro.l.'1~ No. ~.;:;,.L':I:s ..
PLAN - MAP REFERENCE ::\~~.~ ~ .

DEPTH ~~.:.~ HOLE NO.~.~~.~9.1
CASING LEFT DPO Noisl ~2Jb\I.l'>"'-lb5

C.R.A. EXPLORATION PTY. LIMITED

DRILL CORE LOG

.......... ,....... ............ ............................. ........... ,................. .... ,........ ,............. , ............................. , ......................

DEPTH Cor.
p"phl

SPECIAL FEATURES
Sample From To Rec

t"1m:l ~~AY VALUES IAna'y"d by ........................1
Aec. CORE DESCRIPTION Weath, Alteration. Fracturing,

From
ToIM) "Ie ~D Lo. Veining, Mineralization No. IMI 1M) IMI
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--------------------
SHEET No...P. ...ct.I?.

TENEMENT NAME .... (v.TI...P\.!'l.O'~> No.. '!-:$i<I~..

PLAN - MAP REFERENCE S\,l~N.:i Q;;~ ..

DEPTH ~'f,.9.:.bM HOLE No. :PD.~.to.:l?~.lOI
CASING LEFT DPO Nols) 'i'>"2.Jbl/8.1\bS

C.R.A. EXPLORATION PTY. LIMITED

DRILL CORE LOG
~ '·3610 '2.3X

CO.QRDINATES $3S..~l~?.~.. AZIMUTH .9.~J~~.DRILLERS O'QT.f\..~ COMMENCED Jlitlq.~ .
RLCOLLAR lJO":' INCLINATION ;Sl~ DRILL TYPE L'( ~(\:\). COMPLETED IjSI'16..................... ,.. .... ... .... ........-,." ........ " ....... ., ......................... ...................... ,... ,.. , ,......................

DEPTH Cora Graphl
SPECIAL FEATURES

From
M4:~~~VALUES IAn"ysed by ........ ............... )

Rae. I1.cw CORE DESCRIPTION Weath, Alteration, Fracturing, Sample To
From

TolMI %
Log Veining, Mineralization No. 1M! 1M)
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--------------------....._. ... 1'1 SHEET N~:-;;··~~~j2

TENEMENT NAME ~ g~ Q.I\.s. No a,..'J:~l0: .
PLAN - MAP REFERENCE .s.WN.I\l.j ..~~ ,.
DEPTH :3.9.q.:..9..0. HOLE No. P..l,?9!?S?~.\.e. l
CASING LEFT DPO Noisl '81\<'\ 1'&21 bS

C.R.A. EXPLORATION PTY. LIMITED

DRILL CORE LOG
M'-\&: 3bbl~E: .

CO'()RDINATES.S.~$.¥?1\?!:'! AZIMUTH Qj.l.~ ef.I0.(t DRILLERS QP.Tf.I'$..: COMMENCED J.Jit..l.\~ .
RL COLLAR noVY) INCLINATION 5\' DRILL TYPE l.,)'3:iS(\·j) COMPLETED \ IS 19b............... .... ... ......... , .......... , ..... .. ...... ,......... .......................... .............................. ....................... ,

DEPTH Core
~"phl

SPECIAL FEATURES
Sample From To Rec

f'r1", As~:iJy~ALUES IAnelysed by ........................ 1
Rae,

~GlD
CORE DESCRIPTION Weath, Alteration, Fracturing,

From ToIM) I'I'J
Log Veining, Mineralization No. IMI 1M) 1M! Iv",a (;.~(. 1~1 ~\'- ~~IMI ",m. 11\/'l>Ij, <k.k.
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C.R.A. EXPLORATION PTY. LIMITED

DRILL CORE LOG

frIv'IG- : :,fo6':\3l E .
CO.QRDINATES.5.&:5.~J'\.?!'!, AZI MUTH QgJ..~...~.9.: ..DRILLE RS" , P.9J.f)~..,"..,COMMENCED .. " ".\.J~.l~?,..,..
RL COLLAR \.J.Q.M INCLINATION 5.J..~." ,DRILL TYPE l..'/.3'it40. COMPLETED.. " ....I1S1~.~ .

_.·=%·""l"·'_I=~._cG.'.._~~.~__~ c. _,---'-'_ _~_~c·.J_""-'...!II! !!!!.--..!'!'!'.~._...""!!"!!!!'---..'!!!!!!~ - . __~~_~_ ~~~~_.
SHEET No.<J••.~.12

TENEMENT NAME .... MT...'O'I,l.~:P.A...S.. ,.. No.'f.S1.CU:..

PLAN - MAP REFERENCE 0V.~.~.~1. ....~~...."
DEPTH.....".¢.~.Q.:~ " HOLE No. ·NB.~l??.Ic:ll

CASING LEFT " " DPO NO(sJ.~:.z,):b.,i.l~.'1.I'=:>S

I
i

bel4- CL

1000,< "

. ''lo I (...J',

Rec MI'l AS~~~VALUES (Analysed by )

IMI r...
Sample From To

No. IMI IMI

..J '

SPECIAL FEATURES
Weath, Alteration, Fracturing,

Veining, Mineralizetion
CORE DESCRIPTION

1"":,:1...... \- _I .1", ~ ('~\J-ol ~ "...:.. \~ .... ;.lD

1"1~10· <"" r~ a..-,t;:,.J". "2.D""'" 16' 0 c. ('J ..

DEPTH eo.. '"--,,--.,-----1 Rae r-',aphl
From ToIM). (0t..l· P-GD Log

IM\

'IS ~O

ImsCt.

30107/'



------

301078

-- -_. .---
SHEET No.,? '-o;>{....I2.

TENEMENT NAME.M'J.....Q.W.N:OI\S ...... No...,\-,$.1'1.'4..

PLAN - MAP REFERENCE ..§\..\N..~.':L.~.~ ....
DEPTH sm,:Q.M HOLE No. ;(!.j;:(l!'.l?~~.a \
CASING LEFT DPO No!,) 82 \(,1/,&2..1(,,'5

--
C.R.A. EXPLORATION PTY. LIMITED

DRILL CORE LOG

- - - --
~c,- 3M:>:G,7~

CO.QRDINATES s:~<,;i,l,'j':?~ AZIMUTH .Q3~.,0..d0f:i: DRILLERS :t:l.Q:1.fI.,? COMMENCED, .. ,.1.I.l1:,,\g~ ,
RL COLLAR 1JQ.t.v.:\ .... INCLINATION ...wl '. DRILL TYPE l.,'l3.B 41) COMPLETED It:s 11-£................... .... .. . .... ..... ,., .. .., ......... ..... ..... -,. .............. ........... , .... ,............. ........ -.... .....

DEPTH Core Grephl
SPECIAL FEATURES

Sample From To Roc
~ A~A;~VALVES (Analysed by........................ l

Rae. CORE DESCRIPTION Weath, Alteration. Fracturing,
From

ToIM) ('/J RQO, Log Veining, Mineralization No. IMI 1M! IMI
J)o,;., rc.::,~ ~ I~IMI I"""..
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------.. --- SHEET No. ,(.a......f., .. i1..
TENEMENT NAME ......~l ....Qp.N,D.{\S. No....'f.SJj::z..

PLAN - MAP REFERENCE....3Ur.;),N~ q;j!?,N~"

DEPTH §.2q:..~.~ HOLE No. D.18~~?.\O\
CASING LEFT DPO Nol'} (5.z,lbl!ir2.1 6S.............. ,..... , ......... ........................... .......... . ........ ......... . .. ,........ .., ........................... ", ...................

DEPTH Core -
~r8phl

SPECIAL FEATURES ASSAY VALUES (AnalYSed bv ........................)
Aae. -. CORE DESCRIPTION Weath. Alteration. Fncluring. Samplfl From To R.c

From ToIM) l'll 1l.G10
Log Veining, Minaralization No, 1M) 1M) IMI

IMI
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C.R.A. EXPLORATION PTY. LIMITED

DRI LL CORE LOG

Pt.fWr ~b201e. 0

CO-QRD INATES:S.:lS.~.7~$t.! .. AZIMUTH QJ.J.. ~.g DR ILLERS"" .."QQIAS"."" COMMENCED JlttJq~.. ,
RL COLLAR \JOM INCLINATION 51" DRILL TYPE LY38.( It) COMPLETED US j '1b



-------
-~E:EM~NTN:ME ~.~...Q,J~.p1H~~~~:: .~~~~{.<

PLAN - MAP REFERENCE ,;;..\.).l'!.N'i ....~.~, .. ,
DEPTH 3~.Q.:.~v.'0 HOLE No. 'D])'1~.P.~.\Ol
CASING LEFT.. · OPO No(sl.~I~.l..ml1"'~

---------------~~--....._--
C.R.A. EhLORATION PTY. LIMITED

DRI LL CORE LOG

CO.QRDIN~;.~;t.~~~. AZIMUTH 9.~.:~..f.I1:.I.~ DRILLERS , coMMENCED ..J.lt.l~,? .
RL COLLAR ...\,J.Q.r.Y.:\ INCLINATION .5.I..o DRILL TyPE COMPLETED I..I.:>..1~,lc .

Rec M ASSA~:!ALUES lAna lysed bv , )

1M) I. .R ' . I"""••"'" <0<. ..~
1ll<'r1tl Val Vol"" r;;;'-'" -1'.\ I,;", 01.'

"'I I~r,~·.l '31,>' I lQl ,,.., .:l~. ~ 1I>"I."u· \ 0 ISG
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- - - - - - - - - - - - ft- -bhole lulJd<lh OPO om 0 Pr09 ~ EL afrom '"-- ~ a. a.. aba ". '" •• om am a" ,
bhola lullddh OPO smpno PiOSPec1 EL afrom ." ~ aaT aa, ," '"'' '" ala oJ< .m am" aOb Hzn a, MRTLilh

OS101 009605101 Su" Corner 45192 a 3 Oha
05101 009605101 82165 5473852 Su" Comer 45/92 3 '.3 5.' 7.42 86 '" -0.05 " '.3 3.48 0.49 90 6640 5200 6.7 do
OS101 009605101 82165 5473653 Sunnv Corner 45192 4.3 6 10.5 7.77 151 443 -0.05 1>2 9.08 3.79 0.51 " 12000 9900 11.5 "OSl01 009605101 82165 5473654 Sunn Comer 45192 6 7 '1.2 6.61 ,,. 42B -0.05 142 7.12 3.' 0,49 5' 15800 9500 6.' do
OSlO' 009605t01 82165 5473655 Sunn Comer 45192 7 9 " 7.32 86 469 0.06 143 7.09 3.37 0.44 " 17600 "00 6.2 do

OSlOl 009605101 82165 5473856 Sunny Comer 45192 , 10.5 43.6 B.31 54 6'9 -0.05 202 359 4.63 0.55 30 37000 10400 4.7 0
OSlOl 009605101 82165 5473857 Sunn Corner 45192 10.5 12.2 82.6 6.57 " '27 -0.05 ", 1.B 3.78 0.45 29 100000 3630 Cade
05101 009605101 82165 5473858 Sunn Corner 45192 122 15 -0.5 9.03 26 53> -0.05 2B 2.54 4.59 0.56 45 611 1210 a do
OS101 009605101 82165 ~73659 Sunn Comar 4519' 15 1B -0.5 9.6 " '64 0.12 " ~.21 ~.59 0.63 " 620 2320 Dade
05101 009605101 62165 5473860 Sunny Corner 45192 1B 16.6 -0.5 6.47 ,

'" 5.18 39 0.87 433 3.29 99 '52 1600 ad<
05101 009605101 82165 5473861 Sunn Corner 45192 166 19.5 0.7 2.12 ., 105 16.47 12 1.59 1.07 10.39 46' 476 913 Dadl
05101 009605101 82Hi5 5-473862 Sunn Corner 4519' 19.5 21 -05 0.82 -, 54 21.37 ,

1." 0.46 11.62 '79 327 39' a dl
05101 009605101 62165 5473863 Sunny Comer 45192 21 23.5 0.6 0.76 -5 SO 21.8 9 1.1 0.45 12.04 m 273 3" Qgdl

05101 009605101 82165 5473864 Sunn Comer '5192 235 25.2 I., 0,41 -, 24 21.47 12 1.1 0.2 11.96 ", 462 263 a dl
05101 009605101 82165 5473865 Sunny Corner 45192 25.2 27 0.' 062 -, 38 20.6 11 1.00 0.33 11.56 606 2>7 5" a dl
05101 009605101 82165 5473866 Sunn Corner 45192 27 26.6 -0.5 0.93 -, " 21.37 11 a.' 0.52 12.06 3" 61 171 Qadi
05101 009605101 82165 5473867 S~nn Corner 45192 26.6 30 0.' 096 ·5 " 21.16 B 098 0.53 12.12 <63 5" 364 a dl
05101 009605101 62165 5473866 Sunn Corner 45192 30 31.5 0' 0.54 -, 30 21.57 " 0.78 0.3 11.99 423 176 90 Qgdl
05101 009605101 82165 5473869 Sunn Corner 45192 31.5 33 -0.5 0.37 ., 23 2102 7 0.59 0.21 11.74 391 10' 16> a dl
05101 009605101 62165 5473670 Sunn Corner 45192 33 34.6 -0.5 0.35 -, 21 21.08 , 0.78 0.19 11.67 614 122 '" 001
05101 009605101 62165 5473671 Sunny Cornllr 45192 34.6 " 1.3 0.64 ., 37 21.51 " 099 0.33 12.07 509 234 206 a dl
05101 009605101 62165 5473672 Sunn Corner 45192 " 39 a.' 0.5 -5 30 21.13 -5 1.17 0.26 11.92 03' ", '" Qadi
OSIOI 00960Sl0T 62165 5473673 Sunn Comer '''''2 3' 39.9 -0.5 1.39 -, " 19.41 6 1.98 0.75 10.67 '71 12' 3" 0 I

05101 009605101 62165 5473674 5unn Corner 45192 39.9 42 -0.5 0.77 -, 4' 20.84 " 1.45 0.4 11.51 773 1260 764 Qadi
05101 009605101 62165 5473675 Sunn Corner 45192 42 43.5 -0.5 2.58 -, ,,, 15.12 , 2.17 1.37 7.9 5" 334 1860 o dl
08101 009608101 B2165 6473B76 Sunn" Corner '''''' 43.5 " -0.5 3.47 10 ,94 12.47 , 1.63 1.86 6.37 '" 79 337 Qadi
05101 009605101 62165 5473877 Sunn Corner 45192 " 4B -0.5 4.25 7 242 11.23 , 2.43 2.16 5.66 026 32 112 o dl
05101 009605101 62\65 5473676 Sunny Corner 45192 4B SO.2 '0.5 3.79 7 214 11.16 6 2.57 2.01 5.65 '9' 134 464 Qgdl
05101 009605101 62165 5473879 Sunn Corner 45192 50.2 52.6 -0.5 3.2\ 17 17' 12.22 6 2.32 169 6.77 472 9' ,OS 001
05101 009605101 62165 5473680 Sunn Corner 45/92 52.8 55.9 -0.5 7.84 51 457 0.9 16 3.39 392 1.2 107 137 6>5 o d'
05101 009605101 6:?165 5473681 Sunny Corner '15192 55.9 58.6 ·0.5 5.25 12 301 -0.05 11 1.46 2.46 0.44 27 4Q '" Qgde
05101 009605101 82165 5473862 Sunn Corner '15192 58.6 61.6 -0.5 7.13 20 436 -0.05 12 2.04 3.54 0.64 34 33 "6 o do
OS101 009605101 82165 5473883 Sunny Corner 45192 61.6 63.6 -05 6.09 21 371 -0.05 12 1.65 3.04 0.57 24 32 439 Ogde
05101 009605101 82165 5473684 Sunn Corner 45192 63.6 65.1 ·0.5 7.93 43 471 -0.05 20 2.13 4.04 0.78 30 9' 297 o d'
OSl01 00960S101 82165 5473665 5unn Corner 45192 65.1 66.5 '0.5 8.06 -, 495 -0.05 " " ~02 0.74 27 " 313 o d'
0$101 D0960510, "'6> 5473f186 Su" Com~ 4""2 66,5 69 -0.5 8.44 20 565 -0.05 22 2.09 '.5 0.83 4Q " 622 0,,"0
OS101 000605101 82165 5473887 5unn Corner 45192 69 72 ~0.5 8.58 20 555 '0.05 14 1.89 4.46 0.79 " 49 616 0 0
05101 009605101 82165 5473888 Sunn Corner 45192 72 75 -0.5 887 39 975 -0.05 " 2.16 4.55 0.' " 60 1080 a do
05101 009605101 62165 5473889 5unn Corner 450'92 " 76.2 -0.5 10.9 20 2440 -0.05 16 2.08 5.02 0.84 41 ,ee 1570 a 0
05101 009605101 82165 5473890 Sunn Corner 45192 762 76.6 1.4 7.83 13' 5ee 0.13 " 7.26 - 3.6 0.68 42 5'00 "'0 a,,"'
05101 009605101 82165 5473891 Sunn Corner 451'512 76.6 " -0.5 4.81 16 1380 8.42 16 7 2.45 I 4.15 2350 373 5" a dl
05101 009605101 82165 5473892 Sunny Corner 45192 " B1 -0.5 4.06 11 '" 13.18- 6 6.17 2.16 4.2 2160 65 '" Dqdl
OS101 009605101 82165 5473893 Sunny Corner 045192 " 62.8 -0.5 2.94 -5 "0 23.48 -, 1.15 1.62 2.56 203 " 164 0",
OS101 009605101 Sunn Corner ~5t92 "., 85.4

-
No recoller

05101 009605101 82165 5473894 Sunn Corner 45192 55. " 1.1 0.76 -, 470 28.22 7 1.32 0.45 4.61 569 234 79 o 01
OS101 009605101 82165 5473895 SuO' Corner 45192 " 884 -0.5 1.37 20 "2 20.97 -5 2.62 0.76 6.46 86' m 49 Dgdl
OS101 009605101 82165 5473896 Sunn Corner 45/92 00.4 90 0.6 152 20 '27 17.58 7 3.16 0.75 7.' 1370 '0' " a I

OS101 009605101 82165 5473897 Sunny Corner 45/92 90 92 ·0.5 1,22 6' 613 17.94 ., 4.7 0.62 7.75 2610 74 74 001
05101 009605101 82165 5473898 Sunn Comer 45192 92 " '.7 0.69 -5 301 16.23 22S 4.56 0.47 7.79 4030 1970 '32 00d'
05101 009605101 82165 5-473899 Sunn Corner 45,192 " 95.2 OS 1.45 -5 377 24.81 10 1.91 0.76 3.6> 970 676 46 a dl
05101 009605101 82165 5473900 Sunny Comer 45192 95.2 97.3 1.3 0.92 ·5 15' 33.03 -5 0.7 0.48 '34 327 494 29 a "
OS101 009605101 82165 5471062 Sunn Comer 45192 97.3 99 1.7 1.03 '3 392 25.78 -, 163 0.5'1 2.64 1060 664 31 QQul

OS101 009605101 82165 547\063 Sunny Comer 45192 '9 1009 , 0.34 11 174 23.72 -, 3.47 0.13 6.03 2560 253 6> o dl
05101 009605101 62165 5471064 Sunny Corner 4519' 100.9 103.4 1.2 054 ·5 222 30.78 -5 1.79 0.3 1.52 9" 200 38 Oamu
05101 009605101 Sunn Corner '5192 103.4 105 No recover
05101 009605101 Sunn Corner 45192 105 11.3 No r8COlier
05101 009605101 82165 5471065 Sunn Comer 45192 113.3 115.1 '.3 0.67 -5 43 27.42 -, 086 0.37 2.30 276 " " QQul

OSlO' 009605101 Sunny Corner 45192 115.1 119.9 o "
OS10l 009608101 62185 6471068 5unn Corner 45192 119.9 1213 3.3 0.53 -5 55 32.49 7 0.66 0.29 1.37 671 472 11040 O~

05101 009605101 82165 60411067 Sunny Comer 45192 121.3 121.5 27.3 0.58 -5 "3 24.22 15' 2.26 0.28 1.64 4870 92000 92000 6 Ogul
05101 009605101 62165 547;066 Sunn Cornet 45192 121.5 123 -05 1.63 ., 241 27.61 6 0.69 0.86 0.98 ". 192 226 a "
05101 009605101 Sunny Corner 45192 '23 133.3 Dgul
05101 009605101 62165 5471069 Sunn Corner 45192 133.3 13-48 1 '.06 -5 70 28.73 -, 0.64 0.58 0.57 177 " " 0,'
OS101 009605101 Sunn Corner '5192 134.8 139.4 a "'
OS101 0D960S101 82165 5471070 Sunny Corner 45192 139.04 141 -05 1.31 ., 10' 24.93 -, 085 0.7 1.94 247 20 33 Dgul
OS101 00geOSIOl 5unn Corner 45192 14' 147 a "'
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- - - - - - - - - - - - - - - - - •bhole lullddll DPO sm no P" ~, El alrom ",0 --'i'2 ,a' '" 'b' a" '" ,', ., ,m 'm' b ." "~'~~ D""D9ios101 62165 5471071 Sunny Corner 'M>' 147 1~8.6 D.' 0.51 -5 112 31.87 -5 0.41 ~' 0.62 30' 30 56 boul
OS101 009605101 82165 5471072 Sunn Corner 'M>' 148.6 150 I.' 0.81 -5 153 28.16 -5 0.88 0.38 1.35 391 51 44 "OS101 009605101 82165 5471073 Sunn Corner 45192 150 151.5 -0.5 1.54 -5 297 19.4 -5 1.58 072 1.87 663 '8' 547 "
05101 009605101 82165 5471074 Sunn Corntlr 'M>' 151.5 153 0.6 1.57 -5 297 23.17 -5 1.54 0.8 1.48 513 66 65 00",
OS101 009605'01 Sunn Comer 45192 153 162 0,'
OS101 009605101 82165 5471075 Sunnv Corner .015/92 162 163.5 0.6 1.32 -5 227 23.89 -5 0.79 0.69 1.62 197 22 71 Ogul
OSlO1 009605101 Sunn Corner 45192 1635 172.5 0"
OS101 009605101 82165 5471076 Sunn Corner 45192 172.5 17. 1.3 0.83 -5 '43 JO.04 -5 0.77 0.44 1.21 556 293 74 0"
OS101 008605101 Sunrw Corner -45/92 17. 181 Caul
OS101 DD96QS1Ot 82165 5471077 Sunn Carner 45192 181 '63 0.6 1.15 -5 193 24.25 6 1.7 0.6 1.09 793 141 171 o "
OS101 009605101 Sunny Comer 45192 183 19' OQul
05101 009605101 82165 5471078 5unn Comer 45192 19' 193.6 -05 0.88 -5 '32 27.14 5 1.33 047 075 69' 145 46 o "
05101 009605101 Sunn Corner 45192 193.6 198.6 0",
05101 009605101 8216\ 5852166 Sunn Corn6f 45192 198.8 199.6 1.4 1.0B -5 151 21.57 6 4.02 0.65 3.54 2260 21' 60' Oadl
05101 009605101 82161 5852167 Sunn Corner 45192 199.6 '01 '.8 0,47 -5 '0 27.76 '8 1.68 0.25 3.18 869 3250 8" 0"
05101 009605101 82161 5852168 Sunny Comer 45192 201 202.4 3.' 0.99 -5 160 25.38 " 1.1\ 0.59 3.16 573 4110 32' Daul
05101 009605101 82161 5852169 Su" Corner 45192 20204 203.9 1.5 1.21 -5 156 23.12

"
3.26 0.74 2.71 1570 546 '16 0"

05101 009605101 82161 5852170 Sunny Corner 45/92 203.9 205.5 ,., 129 -5 17< 22.11 10 2.59 0.78 2.57 1260 5030 1540 09!!!-
05101 009605101 Sunn CQfner 45,192 205.5 221.9 0"
05101 009605101 82161 5852171 Sunn Comer 'M>' 221.9 223.9 1.6 1.35 -5 160 24.74 6 1.<:13 0.64 335 625 2270 74 Qg~
05101 009605101 Sunil Comer 'M>' 223.9 229.4 -----"""'---05101 009605101 82161 5852172 Sunn Corner 'M>' 229.4 232.1 23 1.86 " 145 20.75 , 209 1.15 2.72 95' 2370 45 ~~05101 009605101 Sunn Corner 'M>' 232.1 236.7 , -0;;;,
05101 009605101 82161 5852173 Sunn Corner '5192 236.7 238.7 0.' 1.16 -, 10' 25.95 -5 3.36 a.73 !.58 1830 "7 45 "'OS101 009605101 62161 5852174 Sunn Corner 45192 238.7 240 , 0.54 -5 69 3244 -5 0.64 0.36 0.76 358 347 37 Oomu
05101 009605101 62181 6852175 Sunny Corner 40192 240 241.5 -0.5 2.81 -5 170 16.8 7 3.31 1.75 1.04 1740 58 54 Ogmu
OS101 009605101 82181 5852176 Sunn Corner 45192 241.5 243 -0.5 2.72 10 167 11.39 7 10.33 1.66 3.34 5480 '5 55 Doll
05101 009605101 82161 5652177 Sunn Comer 'M>' 243 244.5 -0.5 2.76 -5 176 11.39 23 865 1.63 5.07 4440 27 '8 d'
05101 009605101 62161 5652178 Sunnl' Comtlr 45192 244.5 245.8 0' 1.07 -5 '0 2525 -5 3.82 068 1.25 2030 25 51 00"
05101 009605101 82161 5852179 Sunn Comer 'M>' 245.8 247.5 1.5 1.46 :5 105 27.24 -5 2.53 0.93 0.88 1270 29 46 0" -
05101 009605101 82161 5852180 Sunn Corner 45192 247.5 250 0.' 2.13 -5 122 22.68 -5 '08 1.34 1.47 923 39 45 0"
05101 009605101 82161 5652181 Sunn Corner 'M>' 250 252.4 -0.5 2.77 5 14' 14.71 8 4.15 1.69 4.74 1650 58 68 Oadl
05101 009605101 82161 5852182 Sunn Corner 45192 252.'1 253.7 ·0.5 2.59 -5 130 17.11 -5 3.26 1.59 4.14 1120 35 '8 o d'
05101 009605101 82161 5852183 Sunn Corner 45192 253.7 255 -0.5 256 -5 136 11.99 -5 10.8B 1.54 3.49 5630 32 58 o 'd
05101 009605101 82161 5852184 Sunn Corner 45192 255 256.5 -0.5 1.92 -5 121 19.57 8 3.B7 1.18 ,., 1760 3. 96 Daul
05101 009605101 82161 5852185 Sunl'l Corner 45192 256.5 2592 ·0.5 2,44 -5 129 16.47 5 524 1.49 4.96 '560 34 112 o a'
DS101 DD98DS1Gl 82181 5852186 Sunny Carner 45192 259.2 261 0.6 2.77 -, "8 21.2 5 2,05 1.72 1.91 '36 24 80 DQul
05101 009605101 82161 58521B7 Sunil Corner 45/92 26' 262.1 -05 25 -5 179 14.78 -5 6.15 1.53 2.71 3450 257 125 0"
05101 009605101 82161 5852188 Sunny Corner 45/92 262.1 264.9 ·0.5 2.27 -5 156 6.99 -5 18.4 1.38 2.57 11700 11 31 Od'"
05101 009605101 82161 5852189 Sunn Corner 45192 264.9 267 -0.5 1.83 5 11. 10.09 , -5 13.58 1.12 413 86'0 21 62 0'"
05101 009605101 Sunn Corner 45192 '87 268.5 No recover
05101 009605101 82161 5852190 Sunn Corner 45/92 268.5 270 -0.5 2.32 -5 '" 1146 6 9.87 1.41 4.47 5830 '0' 127 ---.29~
05101 009605101 82161 5652191 Sunn Corner 45192 ' 270 271.5 -0.5 2.01 -5 "3 675 -, 19.29 123 2.34 11400 34 46 0''''
~JOI 009605101 82161 5852192 Sunn Corner 45192 271.5 273 -05 2.15 22 14' 7.97 6 16.24 1.3 1.98 10300 30 85 , 00'"

05101 009605101 82161 5852193 Sunn Corner 45/92 273 274.5 -05 1.71 -5 119 6.83 -, 17.85 103 2.89 12600 11 44 o 'd
05101 009605101 8216\ 5852194 Sunny Corner 45/92 274.5 275.8 -05 '.8 -5 25' 11,26 5 11.46 1.65 3.15 6750 45 '09 Oqsd
05101 009605101 82161 5852195 Sunn CornBl" 45192 275.8 277.5 1.8 1.S9 22 "" 16.43 26 2.89 1.16 6.42 1500 1730 17' o d'
05101 009605101 82161 5652196 Sunn Corner 45192 277.5 27' ·0.5 '.1 11 '" 8.08 5 20.12 1.25 2.1 12000 183 60 0"
05101 009605101 82161 5652197 Sunn Corner 45/92 '79 280.2 0.5 1.76 -5 501 6.97 " 16.61 1.05 2.27 11600 858 613 o 'd
05101 009605101 82161 585219B Sunny Corner 45/92 280.2 '8' , 1.63 18 231 10.03 12 7., 0.87 4.47 5130 29. 603 O~
05101 009605;01 82161 5652199 Sunn Corner 45192 '82 263.5 ·0.5 2.04 10 356 10.76 6 to.54 1.19 4.15 6860 8" 47 Dasd
05101 009605101 82161 5852200 Sunny Corner 45192 263.5 '85 ·0.5 2.59 15 324 8.' -5 13.74 1.49 2.24 9920 14' 111 o ,a
05101 009605101 82161 5473601 Sunil Comer '519' '85 286.5 -0.5 1.44 -5 127 12.55 -5 10.41 0.82 6.15 5920 63 8' ° sd
05101 009605101 82161 5-473802 Sunny Comer 'M>' 286.5 287.8 0.8 1.89 5 179 13.17 " 8.27 1.12 6.33 4930 788 8. Oqdl

05101 009605101 62161 5473803 Sunn Corner 'M>' 287.8 289,4 25 1,46 '8 216 10.24 26 1461 0.86 4.74 10400 1400 257 o 'd
05101 009605101 B2161 5473804 Sunn Corner 'M>' 289.4 290.6 5.8 2.36 39 '66 13.29 8' 4.06 1.39 6.06 2000 '860 167 o dl
05101 009605101 82161 5473805 SUnny Corner 'M>' 290.6 292.5 -0.5 2.23 , 193 B.37 -5 15.32 1.28 402 10700 1<1 117 Daso
05101 009605101 Sunn Corner 'M>' 292.5 294.4 No recover
05101 009605101 62161 5473806 Sunny Corner '519' 294.4 2951 ·0.5 1.59 -5 140 6.66 -5 21.32 0.94 3.15 15500 34 62 o 'd
05101 009605101 82161 5473807 Sunn Corner '5192 295.1 299.1 -0.5 0.94 6 10' 5.11 -5 27.6 0.55 1.93 19100 70 51 o ,a
05101 000605101 82161 5473808 Sunny Corner 45/92 299.1 301.5 -0.5 2.83 -5 323 18.27 , 6.29 1.7 1.63 3150 310 18' Dgao
05101 009605101 82161 5473809 5unn Carner 45192 301.5 303 -0.5 2.41 -5 241 2'.95 -5 2.86 1.43 '.3 1540 151 393 o 00
05101 009608101 82161 5473610 Sunn Corner 'M>' 303 304.5 6.7 1.73 -, 313 17.18 24 56 0.67 4.49 6930 38000 3000 o 00
05101 009605101 82161 5473811 Sunny Corner 'M>' 304.5 306 1.3 '.5 , -5 43. 22.92 8 1.84 1.28 2.09 1360 '290 553 o 00
05101 009605101 82161 5473B12 5unn Corner 45192 306 30' I.' 2.09 -5 '8' 20.04- 7 329 1.07 '_3 1960 2500 623 o 00
05101 oD960S101 62161 5413613 Sunny Corner '5192 309 312 '.3 2.03 -, 260 12.71 25 9.52 1.03 5.5 64.0 5370 2000 DQO~_
05101 009605101 82i61 6473614 Sunn Corner 'M>' 312 312.6 ,., 1.69 -5 233 10.39 7 1437 0.61 4.36 9020 1020 1450 0'"
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bhole rullddh OPO sm no Pros eel EL ilfrom .10 " ", '" abo .oa "" ," ok .m am, a b am " MRTLilh
OS101 009605101 82161 5473615 Sunn Comer 45192 31275 313.5 :n.5 0.51 -5 56 B.99 51' 15.37 I 0.17 4.22 18700 59000 37100 3.' 'd
OS101 009605101 82161 5-473816 Sunn Comer 45192 313.5 3149 93 2.31 5 '" 13.14 26 4.56 1.09 6.06 3350 2540 2520 0000
OS101 009605101 82161 5473817 Sunn Comer 4&/92 314.9 3162 2.' 0.53 -5 247 19.06 , 5.35 0.26 6.51 4480 252 398 000
OSlO' D09608101 82161 5473818 Sunn.,. Comer 45192 316.2 317.3 '.5 0.84 -5 276 18.01 17 5.18 0.41 B.02 4520 6390 2700 oq~_
OS101 009605101 82161 5473819 Sunn Comer 45192 317.3 318.4 3.' "4 -5 .27 18.87 " 5.45 0.53 8.26 5010 660 63' 00
OS101 009605101 82161 5473820 Sunn Corner '5192 318.4 320 3.' 0.76 -5 293 20.23 " 484 0.38 9.19 4950 762 065 00
OS101 DD96DS1Dl 82161 5473821 Sunny Comer '5192 320 321.4 '-' 0.67 -5 324 19.38 6 7.' 035 7,15 9460 23. 199 00

05101 009605101 82161 5473822 5unn Corner '5192 321.4 324.1 '_1 0.47 5 292 17.71 -5 9.36 0.25 5.' 12800 87 122 00

05101 009605101 82161 5473823 Sunny Corner 45192 324.1 326.6 1.1 0.63 -5 39' 19.74 5 7.7 0.33 7.49 6320 95 171 00

05101 009605101 82161 5473824 Sunn Corller 45192 3268 3285 a.' 0.64 -5 462 16.35 -5 8.62 0.33 6.63 10000 113 162 ~_.
05101 009605101 82161 5473825 Sunn Corner .015192 3285 330 L7 1.13 -5 650 19.34 " 6.62 0.58 7.79 7240 104 149 00 -
05101 009605101 82161 5473826 SUllny Corner 45192 330 3315 2.5 2.32 '0 375 14.32 15 11.05 1.18 5.41 8600 2090 1190 Do'"
05101 009605101 82161 5473827 Sunn Corner .015192 331.5 3345 -0.5 1.35 -5 192 8.91 -5 20.16 0.71 3.7 11800 62 150 0,"
05101 009605101 82161 5473828 SUnny Corner 45192 3345 337.3 2 1.55 10 176 14.42 " 5.7 0.72 7.07 2890 33. 393 0000

OS101 009605101 82161 5473829 Sunn Corner 45192 337.3 340.5 0.7 0.99 -5 724 17.54 -5 6.13 - 0.5 7.42 5950 53 154 ~
05101 009605101 82161 5473830 Sunn Corner 45192 3405 342 '.2 0.51 -5 401 1959 -5 7.16 02' 7.59 10600 46 107 00
OS101 009605101 82161 5473831 Sunn Corner 45192 342 343.5 0:8 037 -5 '" 1894 -5 7.65 0.17 7.27 10800 63 140 00

05101 009605101 82161 5473832 Sunn Corner 45192 343.5 345 1 076 5 410 17.86 -5 7.13 0.28 6.74 10600 131 29. 00

05101 009605101 82161 5473833 Sunny Corner 45192 345 346.5 0.' 076 12 520 18.21 15 6.07 0.36 7.' 7380 99 115 )goo
OS101 009605101 82161 5473834 Sunn Corner 45/92 346.5 349.5 -05 257 -5 607 1391 , 6.18 1.32 7.01 2620 " 160 DOl
OS101 009605101 82161 5473835 Sunn Corner '5192 349.5 351 ·0.5 3.37 12 '68 13.07 9 4.23 1.72 6.54 1510 84 79 DOl
OSTOI OD96D51Q, 82161 5473836 Sunn Corner 45192 351 352.5 -0.5 281 9 630 5.01 " 17.95 1.42 2.16 8450 18' 14-60 Do,"
05101 00960S101 82161 5473837 Sunn Corner 451'92 352.5 355.5 -0.5 2.1 -5 313 5.5 -5 " 0.99 2.2 16300 " 237 Og~d

05101 009605101 82161 5473838 Sunn Corner 451'92 355.5 358.1 -0.5 1.79 6 266 17.54 15 2.39 0.93 9.13 920 " 52 0 ,
05101 009605101 82161 5473839 SUnny Cornet 45192 358.1 359.7 0.' 1.68 -5 222 16.19 12 6.47 0.86 8.47 4530 990 41 Ogdl
05101 009605101 82161 5473840 Sunny Corner 45192 359.7 360.3 -0.5 2.08 -5 273 15.92 15 5.65 1 6.51 3690 " 44 DOl
05101 009605101 82161 54738dl Sunny Corner 4MI2 360.3 361.3 0.' '.89 24 485 1.73 20 2961 0.95 0.63 2'000 439 293 0,,"
OS101 009605101 82161 5473842 Su" Corner 45192 361.3 364.5 0.7 3.53 39 9" 10.79 27 5.35 1.76 5.09 3530 730 436 0 ,
0510, 009605101 82161 5473843 Sunny Corner 45f92 364.5 367.3 -0.5 a.' -5 365 14.91 -5 8.86 0.27 4.36 13200 20 69 Ogdl
05101 009605101 82161 5473844 Su" Corner 45192 367.3 367.5 -0.5 6.46 92 143 1.18 17 5.72 3.15 I 0.68 170 511 1320 OQ.<!~
05101 009605101 62161 5473845 Sunny Corner 45192 367.5 370.5 -0.5 5.15 43 1530 0.63 29 1.79 2.42 0.51 263 264 599 Onsl
OSiOl 009{iOS101 82161 5473846 5unn Corner 45192 370.5 373.5 -0.5 5.99 29 469 0.16 97 2.1 297 0.46 11. 150 116 0051
OS101 009605101 82161 5'173847 Sunil Comer 45192 373.5 376.5 -0.5 67 15 505 0.07 30 1.48 3.39 0.49 140 19 63 0"
05101 009605101 8216\ 5473646 Sunny Corner '15192 376.5 376.8 -05 1.92 -5 139 -0.05 '3 083 0.87 0.1 37 23 337 Oasl
OS101 009605101 82161 5473849 Sunn Comer 45192 376.8 3783 -0.5 1.27 -5 108 -0.05 7 066 0.59 007 107 -10 37 Om
05101 009605101 8216\ ~73850 Sunn Corner 45192 376.3 379.1 -05 0.57 5 64 -0.05 15 0.63 0.26 0.02 101 15 42 Om
OS101 009605101 82161 5473851 5unnv Comer 45192 379.1 3806 -05 0.55 -5 67 -0.05 , a.' 0.25 002 35 -10 20 Om
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Appendix VI

Blackjacks " Diamond Drill Logs and Assay Results (DD96DB112)



DRILL-HOLE SUMMARY LOG
~

I HOLE NAME:

GrB hie La (/J

DDqbl)6f12 AMG EAST ?,bb t,l) NORTH S"3("O",<b2 C

PROSPECT: BlJ'lCX'JAC-"-S EAST (,=/1.i-S (00'f"?a
~

GflI) NORTH CI EL: m-r· Du..,o AS EL45',lj2.. RL I"\$M. DEPTH 34-'2·'2.. cr~

I DATE DRILLED: 1?1~% SURVEYS:

LOGGED BY: 5~:r"'A" DEPTH AZIM (AMG) DIP DEPTH AZIM (AMG) DIP

I DRlWNG CO.: At...mAC- 0 ... 0'2.00 - ~o"

50.... 0<;/1 0 .;;,0
DRlli'TYPE: D,ACVlOrJ!>

100 '" ,~~

I DRlliRlG: L"i/tLt 1'5"1", 01-b" '5"3."

~
07qo %0

LOC DRlli CORE: U£HAI'J Of-hO 62"

CONCl..USlONS: I I '~~J .i..~ .
HoI.. h".....·.,,~ta.d ... cL..I.. "l~. -t tk. G...... "-"""""" ~ '-" ~~.-J f<>j • ..",.

1'k-- dl......l... q. ""::\ d""':!. .J,.. tk... t..(.1 ,:,\. \:t-t... kal.a. ~--t ....'Il.A1
Jol....:..b.. 10......"", ...... "Sl>.'I,""""'oL ~ c.:>4-0~ .:,Jlo.. .........~~ """·.n ...
-z.-;...c.. ..~." OA- ~ s~.kc:., 'D,,~..:..J..,.. \'.u..:; .. .:., ~.,......j

<91l~"5'~ 60"1'. qA t@,S~·O~ $~t,. olA (1)m-.'+ ... M t. olA \-lll'll>~ ;.·!>dA (O\""l.~~ b>"~o.iA.
@J 3=.-. ~r' t• ..jA.

UTHOGICAL SUMMARY: -
FROM TO FORM CODE- COMMENTS

0 S·";j. 0'00- a • .,J".....J..uI .
-'5-'+ 9'5" .4- O<jJc. 1)0.--\,.. ~~l ~k..l d~s t,.i.ll.- ("Uti<! t:......e-.IJ.,l.,....;\.. ~,.
qs·'t 101·9 a:')..,1 ~&J ~: l\olJUl '-'"" CA~=-'""J'; \-e- I dol.",,: Ie.
10\·9 10'1"9 o cl~ 'i'--t~ d-oL,.,..;.J'.,.cl. c...\<D-<...c."=..
101·9 141·0 0%..J. ?.,;r.; 4 r..1:l:..\ ....... :l\~Wl"'? <:..01<.<><"",', Ie. w'Jl 1....:...>...\

~ ~\c-- 'eA~ o-..J ~0't-l'.1"l". .... L..a.c ~O"'-QA.

14-1- Cl Ibl·O ~~ L.A....;""o..t.J """ '-'" ~e. ~.l-.
161'0 Ib1'~$ 0';\\'''' f'a...U z..,<>- ... ; ""' c\.l., "'"' . s: ~I.- ~l.u:.1-e.
lbl :.b'i>' olb·l o~;.1. f<); x",d ~ 4 '-"t.,-\;.~J ~ s..1.L'. d-J ".,; Ii......"" ,,01..-,,;\.-,

t>.Il. l,,-~ ""\",,t.. u.;J-, ~J c-~ "Z..o"4..)

"2>110 .\ '322....
~.( 5; d..c.,.:. Ie- u..:...I:

3~''l? "3''1' 'I o~ c.- 1l.J....t~~.s"32'1'9 "3~4-'U 03sc\ S', cl.b.ko..
'3?,4--0 '34-2-2 C~d'" :DoA.. ~""" clG-:'lJ - ~.... ~; <:. .

I r:O:-::BJ:-::::-EC1l:::·;:;;Vc;;es:=:O::F:-:H":':O::LE:-=-·---------------------------,

Obh...;" 0.. v=.to.... co,", ~ aolo...... J,<:. bce.c.A<>. ef ~n%tl6110I G>"">d 0.. ... ~'<-M t.. "o.'-We.- .,,, IOLler- lM~ro~ I ~<>-f\J ~too'!. ~,",~..J.

I
I
I
I
I
I
I r.:M=IN~ER~A:::U::;S=A:"l1c=O::..:N"'S":U:'.:M:7M'::A:_:RY=:=-----------------------j

FROM TO COMMENTS _
.'2<;;1·'2. 25'\ 0'4-,0(0 z,.,. ~.l....~ 0''\", 0 1·?I,o!. z... ~ ~s;3 .

I ~ 'l~ ~J - ~~ '2.>-.. - .. s",.ll. ~ "'''''':.....
S pI.ol.' '" bLJ" .

"']31.g 34-:2~ Q":no/~ z.... \on d .....1.<. ~~ d~s +l- s·.~(,e...

I \b4-·3 (b4·5 '],qO{o z., '\lok. ~~~ ;... ~I\-~J \).,e.c..c:..'o.

I
I
I
I



":>"'. _.,._;:_ .... .-
__~.. . J;,c. ..~._ ~.__~ - -

30108/'

J
SHEET No. .Lakq

TENEMENT NAME';'!-:-.~."! .,\'L!l'L~.~.. No .

PLAN - MAP REFERENCE ~B.~~~.~ ..
DEPTH :aI+..~.:?m_ HOLE No. Dmb.~~\\'l.

CASING LEFT DPO Nols) ~2Ib4-

--_._---------_.~ ....

C.R.A. EXPLORATION PTY. LIMITED

. DRILL CORE LOG
'(I,'"

""Me.:: .%b("II~ ." ".:l

CO.QRDINATES ,,'.?~.~~ZIMUTH 9.??r::!~ ~.~S DRILLERS f:l.~.~.f..: COMMENCED !3..I~t~~ .
RLCOLLAR \'\5""'. INCLINATION Spo DRILL TYPE ~:l44-'t>IA_DcOMPLETED IbjSIIQ'16.................................. ....... ............ ,.... .... .... ................ ............................. .............................. ... ,..................

DEPTH Core P,lIPhl
'4>; SPECIA'L FEATURES

Sample From To Roc
MO,nAS~~I~V~LUES (AnalYsed by ....................... .)

Roo. CORE DESCRIPTION Weath, Alteration, Fracturing,
From

TolMI 9b QQI: Log Veining, Minerallz8tlon No. IMI IMI IMI
I,..... ,~,. I,.,.'" .~: IrT~ ~~ ,~IMI V.lue

0 S; - I':I\.." ' <""'> ..l , k 0 20'$ 0 0 '5" -,, -
1•.,,·$ 0 1\ 2 ~ s·,;;: ""I~ -;0

S" $'.1- So ~ 01... It"I"u-l. _I ~.A~.,~ '" 2 21·5 0 S·S I~·o r· S" ~CD

'"S 2 2.1- 10 ~·o 't.~ o~ 2D
'5.:I. Clc.·(j. ~ $'." (\'.l.e. ITl~ ~_ ( l.(M 1. C'j~ .~ " I.!- ..I C. .L ':S•• 9·' .,. c 12:!,; 10 ~S" 1'1./ c·$" I'l3

,~ '.I-l. .:..1t:M\. U....."t-.. ...
~" .,' \l _ '>A.J .,.,t.o ? '1.\ 1\. <;; "5 GL .,"- GQ 9·1 11~·b 1·3 I~

c.. '000.1-. ~ ~~o....-<J ? s.lh.to... t.t-.J . .
~ II''; \1.1 •.,; 1'71 CJ.. 2.~5 Cl..- 10'(, /1.( ",.u. Iw

,lit. ';;~ .."Jl -z.o, "IV> J: olo~...,.,·""".J:.", l A u. H.. ·~ ,,..<:; ",". c:; a 21\- 0 I( .S: 1';..0 1.S" tOO

Q.", ;",lot:. .U ,l: " ..... .:..t.L
.. • S I.·S ,'''·It 'I 0 1lt<S c..L- !"l·0 JIJ..'.s ,. '2, ~~

I""".\M~"" ..,~ '" . Co .,,,.2. ?'2,. "2.. ".:5 0 25 5 Ilu·t "·0 II .I .:3
~

"+ ~~.:>, 1k.~ 10 0 hs·( lO I~·o rH 11.0 b=1-
1"\0:,.... ~.t. ~- ~. 'B ~r".<:; '1't . .., loS 0 2'- GL IH n·] 0'''' 100

'".,". , <;to·s; - i<r·' - .... II>.J to._.I".., C\ :2'1.-:\ "".+ It c..L '2b'S 0 {&I Il?q In· ~ ~
. .'

10 20·::1 'l,"'.( 11'S 0 ';ll 2. ~.q ~o-Z \·D 4:1-

QS'4 101' \ It.... ~" 0 •...1 th.I. •. ~It".\ dn-.~IL ",.I.-.~.. .. ..;..... \"'- iI 2S" t. e\A H '1,'1,5' 'bl,.• 12- 0 2:lS c.L. 2.07 1.1'0 11'1'9 ItO
•.• 1 .... ~.~e... I :11. - \,; .J",\-' f It "3H· ~.(" 12-5 0 ll. 5 2.1'0 71·"- Il'~ 100

....,c.. c..o _l{, _\ 1'2, :¥l·b IJ.?Cj 13 0 1\'$ 0 In'>, 12~Fl, 0'1' ":10

bo..Il.. h~h... ~-e.. + o,cef.:". It,. /'{'':!.'1 I.lb·O tl,·.<; IZ. 2..'1 <u..- b.."....1'24·g o·~ '5:5
~

I!: 4(,·0 !>~. 0 14- I 23,< '7'. I ..·,12(& f)'b 100

ICI" 101·q ,~b 0;;" o.k O..A- n ...~ \ bl..J<. """",J ,~jJ. fu~<A", s""..u I, _0' ) o":..t~ Ib I...~.D 50'~ Ilf-( (', '<I:> CL ,.4- I.,i., " ..."
,-?;7.

:"".It <'o'l{_rol,~.o..... ""J", 2''''::> ~ ~ b",.e-J _< .J..." . IT <o·§ '5"3 .~ 1:;- CI.. u-,<; 0 Uos;" 1'J~'o {·2 '<sO
.. fL '" . w"",t\....r";" • "- 19, ~-;.S" <;b'~ 1::;'5 a (',1 0 t·c M·~ 1. 0 '"i-.., '-l " 1'1 ",,,,.~ -;q ·If Ib tl 'lo1'S 0 lq.'" 130Q ,.\ ':j.9

IClI·q 1~1·9 ~o I~" ,,,,..II tbA;."U~ d.lo.,:l-;s..J cr.1~ .......
"'" •• o;~.~ f.?·!5 16-:5' 0 212- 0 3c>""J. 1'320 I'~ I IX>

" t. .... .::t;;. . .- 1.1· t; (.,~.~ 11 CI.. 32..S to ::;1·(\ "'1'~ 0·1- lW
').~ /,<.<; (,9'{ 11·5 0 3':l 0 1;;,.< ,n·!> 0'<;; 100

fO,;.q I,,,, .,. Iq( :2- o...l l: Ll- ~ ..... £.n£ 6_':'..\ ~,t,.,-,.:Ii. '2.'" bl'H ";1.1· f" 18, 0 I~~..s 0 I:'(?,.c1=( 0''6 roo
~

i~w- ",,", ill ~Jl,.. ~ n"J ""'; II In I'M 14- 'fH: 14-" 1'0') :~,() I:W IqS" ~-S 1.,,/.<.<; 1·0 100
~. ~.,. - '"~ ~ I , ~ '<'.(1-1 " 11: +4-, ~-;. (" 1'1 0, 1.'«I.·s n 1"".;- I";\~ .• (>.q , lno

""':n _ .I<e.- .. ku,'::'-;" ~ ~ n·S" 10'<" f% Cl 3~ 2. 13" 4- I")!.l- \·3 Ico
'd.. _bl.. , ..,;..;\\.,,,.• ....J ,l,J,,\".U- 'r1 'Bo.!';" '&5~ '2.0 ,5 ~-S 0 3b-- '01·1 1·0 10°
{l'I..~ ,,~VC ,

-



- ,
<1;:~", - -':) ',J't;m~:':"-

-'''~' ,'- - -~+~\>':' .'':'5',·
..._.......-.-., -_.......' , 1..-;; , .__ ·_.:.~:_c'_

",..........'..•....'.'.' - , • ,",- ---:Jj.-,- ' ... ~':;-
_, _:~.:..._ "'-.::... . .:..:.:::<.:{L,-~:, ,..:-' - -

'lO·S a IS6 0 IW.o't'l·2 1·2 100

SHEET No...2,0£./1
TENEMENT NAME M:r: ..P),l~.p..~s. No. .'!§..B~ ..,

PLAN - MAP REFERENCE ~\g,~Q.<;;Ks. ..

DEPTH <~i+.?:.~ HOLE No, 1)'j)q1?:D.'t3.1I.~

CASING LEFT DPO NOlsl...~.?:~'~ ,

'l4 10\'\ 1<>\·'\ B"i 0 19i-s I 4].q 4l+,r D·b /;'0

y" ,,,,,.6 Icl·9 4-0 0 sr·ss5 14,01/jj,.01,·0 100
<'1.\11 I. ..1".H 'It I-. I...:'.

C,R.A. EXPLORATION PTY. LIMITED

DRill CORE lOG

. ~bb\\ Ec .
CO'()RDINATES, ~.!;>,CJ.~!?.rl.AZIMUTH ,.Q:3.Q.~.. f.f!'.0:S"'DRILLERS f\.L!.(\!I.~ , ,.. COMMENCED .. ,.l.?'J~..I~9.., .
RL COLLAR ...\~S~ INCLINATION 5.Q~ DRILL TYPE I",'f..l±:Y:.., COMPLETED Lb..l.SI.':Ib. ..

DEPTH Core r.r h' SPECIAL FEATURES __ A1SAY VALUES [Analysed bY , :~~~~·:.1
-==-,..--"1 Rae. -~&P CORE DESCRIPTION Weath, Alteration. FraclUring, Semple From To Aee MLl~ ':""II ,-

Fr~~ To(M) % I~ Log Veining, Mineralization No, (M) 1M) (M)~ lIal'"' _?p~ \b.{tA ~';" ,~~ I~~ ~.....

II .... " I \1"'9 to(') :t 'lI.u..ulC'i\~~,:'1:-. ~J,. W'Jl- L '_1.. '&J~a ~<.&;Id. br,° to ciA. ~ 'i33'S 'loI.,S: 3(., %061·5 8 '3'/.=1 ~'1.·9 0" .~

U'5,'1 I!..s·o:--:zn '7.1:

,,

4-\ a. g;S" 4,0 4l2.I~H 0''3 100

4-5·5 Cl '" a ,,,,q «·S 0,<: 193

lft,-S \0 Idl. b I~b'> 6..-__ 0 ·514"2.

4-2.:5 15 sa I () 41· r 5O.S" I '0 100

'l'l-S 0 ~ '\b s-;·s ';4·7, 0·4 so

""" 12.0 ,0 IZ'Z.,2.

'.

L .It ,.. \ .L•. ~

.. .____ __ 3...fi.1..Q8 8
__-'-_-'----''---'-_-' -' --'-__--'--_--'--_--'---1''''5-:..'-1-'5: l:6·S a '~J b=!.! 0:1'0 ~{;

130·6



.'$-, ..... '1.- - '-,:-
_ ~__ ,>-,_ ~L. L.-2LJ:.·~1 _ I ._ •i_~:'~;--'_. - _.•

89

............ ,................ ,.... ....... .............. ,., ........... ................ ........ .. .......... .............................. ....................... ,

DEPTH C9rlt
praphl

SPECIAL FEATURES
Semple From To R.c ~~AY~~LUES (Analysed by ........................)

Fh:lc. CORE DESCRIPTION W88th, Alteration, Fracturing,
1M} IMJIr.,From

TelMI <>/0 ~
Lo, Veining, Mineralization No. . 1M)

:!Poi; II6I4l (f::., ~ I~ ~'":.\IMI

r3~·S lilH \00 \ o"J.. ~i "". n~"Q..t\ o.~ ,.; !-P. \54-10911-0 1% I-;'·S' 107 0 ~2'S :.3 (,1' (, <;;. r;I,.2.- ~
II •• ~ll' .....:.<A\..i~ w~ 61-5 5 ' <;\2, 0 6~·'!: ~.b ,.0 QO

~ ~.\ ~ ..I \: \- .....J. 68 0 l2i:S 0 6'H ~~ '1·0 '10
..:J:i,-• \-\" J •6ro.-- \ \ ••• CS·~ 2. ~'T- 1C.l. r-Jo:I '1-1·"- 0" bS_ .. I

..".-, \.,... ';>~, .:u..... I. I b' Q. 'il4'E ('J I'IH ~·c '.0 (,-::.
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- - - - - - - - - - - - - - - - _:lllll,_ -bhole lullddh DPO sm no Prospect EL alrom '10 '" ,,' '" ", ,co ""
,,.

" om, ,m, "", '" " MRTLJlh
08'12 DD96DB112 BJack"8cks 45192 0 5.7 Oho
08112 0096D8112 82164 5470901 Black acks 45192 5.7 '.1 -0.5 6.B6 25 442 0.06 56 2.51 3.65 0.75 30 315 386 0 0
08112 0096D8112 8216-4 5470902 Black acks 45192 9.1 1'.5 -0.5 6.B6 11 437 0.05 " 2.38 3.68 0.72 37 "6 <g, Oedo
08112 009608112 82164 5470903 Black acks 45192 11.5 14.5 -0.5 7.32 19 515 -005 23 2.26 4.01 0.84 3' 641 1020 0 0
08112 009608'12 82164 5470904 BJack acks 45192 14.5 17.5 -0.5 7.96 " 555 -0.05 15 2.27 4.42

-
0.87 J9 96 3270 o do

D8112 009608112 "'64 5470905 Black. acks 45192 17.5 20.2 -0.5 6.07 35 5" 0.08 22 3.81 4.15 081 59 359 1890 0 0
08112 009608112 82164 5470906 Black acks 45/92 20.2 23.3 -0.5 6.17 15 432 1.45 15 3.25 3.57 1 " 145 660 QQdc
08112 009608112 62164 5470907 Black'acks 451'92 23.3 26.5 -0.5 2.34 -, "9 1a.09 7 2.52 1.26 6.42 679 9' 541 001
08112 00960B112 82164 5470908 Black acks 45192 26.5 29.3 -0.5 5.54 64 321 8.43 14 3.47 3.04 3.16 662 116 614 Odo
OB112 00960B112 82164 5470909 Black acks 45192 29.3 30.7 -0.5 8.87 " 602 034 ,. 1.93 4.82 0.89 64 126 62. Oado
08112 00960B112 82164 5470910 Black'acks 45192 30.7 33.5 -0.5 7.26 22 '.6 0.95 '5 3 3.95 0.99 03 "7 '" Odo
OB112 00960B112 82164 5470911 Blackacks 45192 33.5 36.7 -0.5 5.93 3. 413 1.88 38 2.95 3.37 1.02 140 1<0 ,sa Odo
08112 00960Bl12 62164 5470912 Blackacks 4-5192 36.7 39.6 -0.5 6 26 421 0.05 14 1.92 3.36 0.6 3B " '" Odo
08112 00960B112 82164 5A70913 Black'acks 45192 39.6 42.9 0.6 6.65 " "6 0.09 12 2.67 3.30 0.61 39 as 276 do
08112 00960B112 82164 547091A Black'acks 45192 42.9 46 -0.5 9.11 15 560 -0.05 18 2.33 4.41 0.' 43 49 '" do
08112 DD960B112 82164 5470915 Black·acks. 45192 46 " -0.5 7 " '" 0.08 17 2.87 3.71 0.7 " 95 603 "'"OB112 009608'12 82164 5470916 Blackacks 45192 ., 50.5 -0.5 7.27 36 '" 0.13 1. 3.61 3.61 0.69 4. '" 1080 0
08112 009608112 82164 5470917 Blackacks 45192 50.5 53.5 -0.5 6.85 12 '<0 0.15 15 2.71 3.64 0.68 " 74 677 do
OB112 00960B112 82164 5470918 Black,'acks 45/92 53.5 56.5 -0.5 7.22 '5 "6 0.13 ,. 1.96 3.79 0.68 " 95 3620 ~
08112 009608112 82164 5470919 Black ok> 45192 565 59.4 -0.5 7.46 14 607 0.59 13 1.49 4.03 0.73 41 55 205 do
08112 00960B112 82164 5470920 Blac:il"acks 45192 59.4 62.5 -0.5 7.02 13 465 0.15 18 2.64- 3.72 0.69 46 72 1100 Qg20
OB112 009608112 82164 5470921 8lack'acks 45192 62.5 65.5 -05 6.86 " '46 0.08 15 2.59 3.51 0.65 39 35 40' 6;;;,
08112 009608112 82164 5470922 8lack' cks 45192 65.5 68.5 -0.5 7.91

,
" 646 0.09 16 2.6 4.1S 075 " 60 2.3 0 ,

---B-8112 009608112 82164 5470923 8lack'aells 451'512 68.5 71.5 -0.5 8.77 -5 660 0.14 16 2.56 4.74 0.83 46 " 325 0"'0
08112 009608112 82164 5470924 81ack cks 451'92 71.5 74.5 -0.5 '.1 13 606 0:05 12 2.53 4.28 0.72 46 62 341 0 0
08112 009608112 82164 5470925 81ack BeXS 45192 74.5 77.5 -05 8.45 6 625 0.05 16 2.35 4.35 0.68 " 75 '" 0 0
08112 009608112 82164 I 5470926 81aclo:acks d5/92 77.5 80.5 -0.5 7.99 13 574 0.05 16 3.16 4.01 0.76 5. " 133 0 0
081\2 009608112 82'64 5470927 8lack'acks 45192 80.5 83.5 -0.5 8.12 5 625 0.05 13 2.64 4.45 1.02 .,

" 160 Odo
08112 009608112 82164 5470928 81ack aeks 45/92 03.5 86.5 -0.5 9.64 , 603 0.05 15 2.' 4.84 0.97 73 " 164 Oado

~~2 009608112 82164 5470929 81aek acks 45/92 86.5 89.5 -0.5 8.72 10 '" 0.05 18 2.27 4.69 0.77 50 30 132 Odo
08112 009608112 82164 5470930 8Iack'acw,s 45192 89.5 92.4 -0.5 9." -5 666 -0.05 14 1.99 d.98 0.83 45 33 210 Dqde
08112 009608112 82164 5470931 81ackacks d5192 92.4 95.55 -0.5 6.37 37 3<0 7.' 19 3.92 3.22 2.08 177 91' 6120 3.1 0 oJ "OB112 009608112 82164- 5470932 81ackjacks 45192 9555 98.3 -0.5 1.43 -5 79 22.26 -5 1.63 0.81 507 503 20 65 0",
OB112 009608112 82164 5470933 Black aeks 45192 983 101.1 -0.5 1.03 ·5 64 196 ·5 2.27 OS1 8.51 ••0 " 40 001
OB112 009608112 82164 5470934 8lack'aeks 45192 10l.1 101.9 -0.5 5.55 " 383 2.05 , 2.93 3.07 1.35 110 97 612 Odo
OB112 00960B112 8216A 5470935 Black'a<;/(s 45192 101,9 104.5 ·05 1.44 -5 as 17.44 7 1.83 0.78 757 600 33 114 01
OB112 00960B112 82164 5470936 Black aeks 45/92 104.6 107.9 -0.5 1.65 -5 100 22.61 -6 UI6 0.94 5.49 632 43 ., 01
OB112 009608112 Black'aeks 45192 107,9 114.5 "'OB112 009608112 Black'aeks 45192 114.5 115.9 "'08112 00960B112 Black'acks 45192 115.9 117.7 "'OB112 D09608112 82164 5470937 Black'acks 45/92 117.7 120 D.' 0.96 ·5 99 24.15 -6 1.18 0.43 6.45 '500 '" 195 01
OBl12 009608112 82164 5470938 Black acks 45192 120 122.2 I 0.5 0.3 -, " 24.14 ·5 1.28 0.13 7.99 1660 102 323 dI
OB112 0096DB112 Black'acks 45192 122,2 1306 "'OB112 00960B112 82164 5470939 Blackacks 45192 130.6 133.5 0.6 1.45 -5 " 29.44 -5 1.36 0.85 1.28 '" 43 114 "'OB112 009608112 Black'Bcks 45192 133.5 136 "'OB112 009608112 82164 5470940 Blackacks 45192 136 137.5 0.7 0.65 -5 3' 30.94 -5 0.4A D.' 0.94 164 12 23 "'08112 009608112 Blackjacks 45/92 137.5 144-.8 DgullD m
08112 00960Bl12 82164 5470941 81ackacks 45192 144.8 146 -0.5 1.52 -5 96 25.64 -5 0.64 0.89 1.26 163 -10 16 Om"
DBl12 009608112 ' Blac 'ads 45192 145 152.7 Om"
OB112 00960B112 82164 5470942 8lack'acks 45192 152.7 153.3 -0.5 2.96 -, 107 24.84 -5 1.28 0.9 3.44 86. " " I Damu
OBl12 00960B112 81ackacks 45192 153.3 163.1 o muf ,
OB112 009608112 82164 5470943 Blackjacks 45192 103.1 164.3 0.7 1.51 -6 76 26.92 -5 0.84 0.91 1.84- 605 61 337 01,
08112 00960B112 82164 5470944 8lack'acks 45192 164.3 164.5 0.5 1.43 ·5 2" 17.78 5 3.97 D.' 6.25 11300 35 29000 , 'llO dl

~?
009608112 82164 5470945 81ackacks 45/92 164,5 165.6 -0.5 1.96 -6 ., 22.82 6 '.3 1.05 6.13 1620 50 1000 o !zIO dl

08112 009608112 82164 5470946 81ackacks 45192 165,6 166.7 0.6 1.27 -5 69 28.5 -5 1.98 0.73 2.29 1140 44 '" Oafl
08112 009608112 82164 5470947 81ackacks 45/92 166.7 167.7 16.7 1.05 -5 " 27.27 15 3.79 0.48 3.21 18100 2810 11000 1.5 0"
OB112 009608112 82164 5470948 Blackacks 45192_ 167.65 169 1.6 1.32 -6 69 31.09 -6 0.75 0.75 1.59 1120 .9 672 001,11
08112 009608112 Black'acks 45f92 '69 177.7 o "'OBI12 009608112 82164 5470949 81ackiacxs 45192 177.7 179.1 0.6 0.89 -5 51 15.9 ·5 0.46 0.49 0.66 167 -10 14 o "'

~~1!2 009608112 Blackadls 45192 179.1 187 00"'
OB112 009608112 82164 5470950 Black'acks 45192 167 188.5 -0.5 0.67 -5 <0 JO.18 -5 0.75 0.36 1.75 327 37 60 o "
08112 009608112 Black'acks 45192 188.5 196 Oaul
08112 009608112 82164 5470951 B''''' "" 45192 196 197.5 1 1.52 -6 75 31.37 -5 0.77 0.88 1.14 15' 16 21 o "'

~~112 009608112 Black' cks 45192 197.5 205.5 o "'08112 009608112 82164- 5470952 Blad( c:ks 45r'92 205,5 207 -0.5 1.17 -5 55 30.49 -5 1.06 0.69 2.61 250 11 23 o "'
~~112 009608112 81ack cks 45192 207 220.5 o "'08112 009608112 82164 5470953 BlaCk c:ks 45192 220.5 222 -0.5 1.55 -6 72 24.62 -5 1.41 0.85 296 260 13 " o "'

0D96ASS
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chola lullddh DPO smpno Prospect EL alrom ," " ,,' ,,, ,b, ,CO '" ,', "

, ,me a b am " MRTLlIIJ
DB112 009608112 Blackacks 45192 222 227.7 0,'
08112 D096D8112 82164 5470954 Blac!<"acks '5192 227.7 228.2 1., 1.44 -, 52 31.07 -5 0.86 0.73 0.99 49' 24 2" o "
DB112 OD9608112 Black"acks 45192 2282 235 0"
DB112 009608112 82164 5470955 Black"acks 45192 '35 236.4 -0.5 1.44 -, " 25.73 -5 1.41 0.82 3.68 "3 27 '" 0.'
DB112 009608112 62164 5470956 Blackacks 45192 2364 236.4 0.8 1.47 -, '0 27.58 -5 1.12 0.8 3.26 291 22 12' Onul
DB112 009608112 62164 5470957 Black"acks 45192 238.4 239 -0.6 1.36 -, " 22.26 -5 1.23 0.16 3.91 '" 15 ", 0.'
DB112 OD9608112 62164 5470958 Black aeks 45192 239 240.3 -0.5 2.14 , 87 22.09 7 1.41 1.19 3:78 189 27 182 ,~
DB112 OD9608112 Black'acks 45192 240.3 248 "'DB112 OD9608112 82164 5470959 Black'acks 45192 248 249.4 -0.5 1.73 -5 73 29.07 5 1.18 0.97 1.97 23' ,. 200 l50ul

DB112 00960B112 82164 5470960 Blackacks 45192 24-94 251.2 -0.5 2.73 -, "' 35.98 7 1.58 1.38 2.76 7J5 744 382 "'OBl12 00960B112 82164 5470961 Black'acks 45192 251.2 253 -0.5 3.4-7 -, 152 13.95 11 2.78 1.74 3.23 1340 297 2340 "'OB112 00960B112 62164- 5470962 Blackacks 4-5192 253 253.9 0.9 3.56 "
,,, 13.86 13 366 1.83 6.34- 1900 657 12600 2.1 -----andl

OB112 00960B112 82164- 5470963 Blackacks 4-5192 253.9 254.4 ·0.5 5.69 22 255 '.8 22 6.25 2.75 1.75 2480 459 2960 "'OBl12 00960Bl12 82164- 5470964 Black'acks 45192 254.4 255.6 -0.5 6.16 " 269 4-.43 21 5.95 2.65 1.93 1990 612 2490 ( "'OB112 00960B112 62164- 5470965 Blackacks '5192 255.6 257.1 1 4-.94 -5 210 10.26
"

4-.05 2.35 4.32 1840 606 8210 1.7 .,
OB112 00960B112 82164- 5470966 Black'acks 45192 257.1 259 -0.5 4.15 6 190 14.26 11 2_82 2.16 4.25 lOJO 406 3040 .,
OB112 00960B112 82164 5470967 Black'acks 45192 2" 260.5 1 1.61 , 77 32.45 -5 1.15 0.91 1.57 2" 102 '47 "'OB112 00960Bl12 82164- 5470968 Black'acks '5192 260.5 261.5 '0.5 1.71 -5 78 27.3 -, 1.' 0.95 1.92 '79 13' 2830 "'OB112 009606112 Black'acks 45192 261.5 27J "'OB112 00960B112 62164- 5470969 Black'acks 4-5192 27J 274.6 ·0.5 1.9 -5 87 25.6 -5 1.01 1.01 1.82 '00 " 74 0"'
OBl12 00960B112 Blackacks 4-5192 274-.6 284.2 "'OBl12 00960B112 82164- 5470970 Blackacks 45192 2604.2 286.2 -0.5 2.14 -, 92 24.67 -5 1.89 1.21 3.48 '45 14 " "'OBl12 00960B112 Black'acks 45192 266.2 291 "'OBl12 00960B112 82164 5470971 Blackacks 4-5192 291 292.6 -0.5 1.76 -, 71 2252 -5 1.14- 0.94 2.31 452 -10 21 "'OB112 00960B112 62164- 5470972 Black'acks 45192 292.8 294.4 0.5 1.63 -5 7D 26.56 -, 1.56 0.91 4.07 65' 13 44 0.'
OBl12 0096DB112 82164- 5470973 Black'acks 45192 294.4 295.1 0_9 0.57 -, 25 30.5 -5 1.15 034 3.11 '36 '9 149 0"'
OBl12 D0960B112 82164 5470974 Black'acks 45192 295.1 296.2 1.2 0.39 ., " 24.23 -5 2.4 0.23 7.56 1190 12 69 0;;;;,
OB112 00960B112 62164- 5470975 Black'acks -45192 296.2 296.6 ·0.5 2.24 -5 85 1928 , 2.44- 1.18 7.41 1840 '0' 1110 0.'
OBl12 00960B112 82164 5470976 Black'acks 45192 296.6 296.8 1.5 1.12 -, ar 29.\2 -5 1.57 0.4-4 3.18 1830 110 2220 0"'
OB112 00960B112 62164 5470977 Blackacks 45192 296.8 297.4 0_9 032 -, 15 27.32 -, 1.95 0.19 6.05 1140 37 183 0.'
OB112 00960B112 62164- 5470978 Black'acks 45192 297.4 298.5 ·0.5 0.93 ., 41 31.1 -5 0.78 0_84 1.44 257 27 27J 0"'
OB112 00960B112 62164 5470979 Blackacks 45192 298.5 299.5 -0.5 1.94 -5 82 24.92 -5 1.11 '_06 2.39 420 12 " 0,'
~

009606112 Black'acks 45192 299.5 306.8 OOUI
OBl12 00960B112 62164 5470980 Blackacks 45192 306.8 'DB 3.2 1.78 -, 73 23.81 6 1.89 0.96 3.15 2670 620 3130 0"'
OBl12 00960B112 Black'acks 45192 '08 313.1 0"'
OB112 00960B112 82164- 5470981 Black'acks 45/92 313.1 '15 -0.5 2.36 -, 101 23.45 -5 3.16 1.29 3.26 87' 32 147 o "
OB112 00960B112 82164 5470982 Black'acks 45192 31' 316.1 " 336 -, 141 14.56 77 4.46 1.69 3.92 1580 153 2550 0 ,
OB112 OD96DB112 82164 5470983 Black-acks 45192 316.1 317.5 -0.5 2.1\ 2J 87 1.49 10 43.5 0.96 0.48 3820 292 40' 0,.
OB112 00960B112 62164- 5470984 Black'acks 45/92 317.5 318.5 -0.' 10.07 7 390 , 28 15.23 4.29 2.13 2200 127 1310 0,"
OB112 D096DB11tl 62164 5470985 Blackacks 45192 318.5 319.5 -0.5 3.' -, '47 0.74 • 32.5 1.65 0.39 9150 '" '37 0,.
OB112 00960B112 82164 5470986 Black'acks 45192 319.5 321 -0.5 1.9 -, 94 0.82 -, 33.8 0.99 0.26 12300 28 255 Qn!d

OBl12 00960B112 82164- 5470987 Blackacks 45192 32' 321.9 -0.' 2.57 12 '30 0.73 -5 '0 1.38 0.34 12900 35 529 Oosd

OB112 009606112 82164 5470968 Black'acks 45/92 321.9 322.8 -0.5 1.3 -5 70 0.74 -5 44.3 0.7 0.2 9970 72 776 o ,.
OB112 00960B112 62164 5470989 Black'acks 45192 322.8 325.2 -0.' 1.23 18 " 0.29 12 4.08 0.67 0.18 986 20 35' 0 ,
OB112 009606112 82164 5470990 BIacJ<,ad<s 45192 325.2 326 -0.' \.59 2J 75 028 13 4.01 0.67 022 601 32 496 0 ,
OB112 00960B112 82164 5470991 Blackacks 45192 326 328.4 -0_' 3.58 17 160 0.33 16 18.76 2.15 0.43 3860 51 717 deJG S

OBl12 00960B112 82164 5470992 Black'aells 45192 328.4 330 -0_' 422 12 184 0.4-8 " 21.76 2.3 0.43 6900 135 813 o ,.
OB112 00960B\12 82164 5470993 Blac"=iacks 45192 330 330.5 -0, 2.45 20 108 0.25

"
8.91 1.31 0.28 2040 120 682 o ,.

OB112 00960B112 82164 5470994 Black'aells 45192 330.5 331.5 ·0.5 3.63 -5 153 0.58 9 25.58 2 0.42 9280 475 953 0,.
OBl12 00960B112 82164 5470995 Block aells 45192 331.5 332.5 '0.5 1.64 -5 '0 0.68 -, 35.2 0.87 0.23 21500 26 1520 0,.
OB112 00960B112 82164 5470996 Black acks 45192 332.5 333.1 -0_' 1.94 52 78 0.37 10 20.18 0.98 0.23 6150 92 2360 Qn9d

OB112 00960B112 82164 5470997 Blackadls 45192 333.1 33' ·0.5 1.' , 68 0.47 -, '0 0.89 0.22 14300 39 1920 o ,.
OBl12 009606112 82164 5470998 Blado;' cks 45f92 33' 335.5 '0.5 8.' " 34' 0.05 84 4.67 4.47 0_8 771 253 4990 '_1 ,
OB112 009606112 82164 5470999 Black'acks 45192 335.5 336.5 -0_' 10.31 44 '96 ·0.05 42 3.47 5.36 0.97 125 14' '060 0 ,
OBl12 00960B112 82164 5471000 Black' cks 45192 336.5 337.3 -0.5 5.73 177 222 0.05 38 4.72 3.24- 0.56 26' m 2440 n<YiO
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Appendix VIII

King Billy • Diamond Drill Logs and Assay Results (DD96ZK124/ZK125)
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DRILL CORE LOG
- _._---
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C.R.A. EXPLORATION PTY. LIMITED

DRill CORE lOG - - - - - '-"""- -SHEET No !:l..of IS
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Appendix IX

Westerway - Wacker Bedrock Sampling: Geology and Assay Results



- - - - - - - - - - - - - - - - - - - -



- - - - - - - - - - - - - - - - - - - -

,
~

B21SJ
~~;~~::~~~-

I 117~ 58"0 368750 ~~100 WACKER 1.1 y

I~ ~- cu" -- DON NON CAlC-P05S 510ERlle ZONE -- E>8S2001 <.
. :-~: " .., ~2B " :i'_~~ a OAB " ".0 """~¥

82153 ..., on> 58'00 3611775 53(;8100 WACKER - " SANO'i' Ci.Ay g~---
CALCAREOUS .. _._._..- .

- - 58!'02002 <. ..~ '" " j,
- 21~ 3.1/ liB 1/7 '" ...

58'''"'' "8215:1 WES'tERWAV ..., "'" 58'00 368eoo ""'00 WACKER 2,' Y CLAY HCN CALC-ROTrEO LMST ~ooJ <_. 5.59 " '" 451 " o~ _M5 085
h~ " "58''''" 82153 WESiERWAY ..., "" 58'00 """ 5358100 .....ACKER 12 Y - "' CU" G CALCAREOUs..ARGlLlACEOUS 58'''''' <-, 095 -, " ,,-, -, 065 0,62 - 3.65 119 '""""" '"'' WESTERWAY ..., "'" 58'00 ""'" 5358ioo WACKER 2.4 y '" C'-', OG NON-eALCAIlEO\JS:c-Roneo It.lSn "",., <' 7,67 " '" 0.01 " 212 43 ~c~ " '07 '900

"""" '"'' WESTERWAY ...,
"" 58'00 ""'" !>356'ioo W""CKER 12 Y So '» C'-', '"W POSS 551 """"

- <-, ._" -, ''''' 0.18 -, 0" 2.6:> ~}4 " - !~"''''', "'" WESTERWAY ...,
"'00 58'" "''''' 5356100 WACKER " "" C, SANOY - -

W," FINE GRAINED SST """,i <' ~~
-, " ~

, 031 ~.~
, - ·in "

~ "'" WESTERWAY ...,
"'" 58300 ""'" """" WACKER 0.5 y '0 SANOY

- w," FINE GRAINED SST """" "-, • • <os ,
H~

-'0,01
__ I_~-

~io ••- - 0-'" f-~,05 ~- -
"""" "." WESTERWAY ..., 8115 58'00 368115 "58S00 WACKER 38 N am ,~ S.o.NOY CLAY OBN ""'"' -OS 0.6' , " ,-'" "

,,,
--'~~ " i, "~- "." WESTERWAV ...,

"" 58'00 "'''' "58S00 WACKER 15.4 V ""'0 cu., OGN NON CALCAREOUS ""'" - <' ,-" " 258 0.25 " 183 ." '" ,. - l~-~~"""" "'" W£STERWAV ..., "" 58300 3611725 """" WACKER" " " s» SANDV CLAY " FINE GRAmED SST "'",. ~, '-' , '" -{I.05 • O~! I:~S . g:~ "5852072 "'" WESTEAWAY ..., .... 58"" "",.. "58S00 WACI(ER 1.1 V " - c'-', u wo ""'" <S 10.4 "" '" -005 " ,os s,i
-~~ " " .. ",

5~13 "'" WESTERWAY "'" "" "'.. """ """" WACKER 0.8 v " ,» SANDV W LARGE Ol ClAST, POSS ORORITE AND FELDSPAR 5852013 <s "" " " -O.D5 " 148 --;-o;~ -{~~ " ,.
5852014 "'" WESTERWAY "'"

..., "'.. ""SO "58300 WACKER 13 V " so SANDV CLAY U '''' 51l5207~ <s 6.14 " '" -ODS ,.. '" '"
-~ '"5852015 "'" WES-r-ERWAY ..., "', "'00 """ """" WACKER 21 Y " so SANDY U wo """" <s 625 - .,

'" ~.os " '~2 2.12 ~~ -~~ '"~58:>207~ "'" WESTERWAY ...,
"'" "'.. """" "'"'00 W,",CKER ,.• , -

" § c'-', co DB """" <s 6.75 .. '" -0,05 " ~~~ -&~~ " .-4J!
58S2077 "'" WESTERWAV ..., "', 58300 368825 "58300 W,",CKER " ~=- ~'= ciAy

--~~~.l;_~LC.PaSS ROnED I!"ST -- : 58s2D11 ..-05 9.28 .,
'" -oD5 ,j 9.43 '-' " " "5652078~-~

WESTERWAV ..., ..SO 58300 " ..SO '''''"' WACKER . -is , So ',h SANDVClAV c--- -- ~58fD18 --o5~;9ii " 811 -0.05 " ~~ 5.09 055 '25 - i,

"585ro19 "'" WESlERWAY "'12 8815 58300 369875 s.:Js83Cll WACKER 'A ; So "" • SANDV CLAV BG 5852019 ..0.5 8:.1- '" '" -o.Os " 0." - - 4.62 ~ (i,55 ",-

" ,6



369500369100 369200 369300 369400
5356900-1----.-.-1.' --'L ....' ......'.-

369600
, '

369700, 369800, 369900, 370000 370100
.A-~- -L'__

370200 370300 370400 370500 370600 370700 370800
,--'-'----'--.-_..!.-~ ·..l-,------'"----.l.-----+5356900

5356700

5355300

53564001
i
I,
I

5356300!

I

5356200

5356500

5355900

-5356000

5356800

5356100

i I
~53556GOI
I

I
I

~35550ol,
I

i

~'''''OO

r5356600

I

I
~535~800!

I Ir:,355700

• 5852080
• 5852081

• 5852082
• 5852083

.5852084
• 5852085

• 5852086
• 5852087

• 5852088

• 5852089
• 5852090

• 5852091
• 5852092

• 5852093
• 5852094

• 5852095
.5852096

• 5852097
• 5852098

• 5852099
~ 58521 QG

• 585221,)1
• 5852202

,,5852203
, 5852204

• 5852205
• 5852206

• 5852207
.' 5852208

~ G.85.?209
(,5852210

• 5AS221i
,5852212

(> Si3S2213
,,585,0214

~ 68522t5
• '535221·6

<> 5852217
, 58522'18

,5852219
~ 5852220

() 5852.221
f' 5852222

• 5852223
• 5852224

.5852225
• 585;,226

• 5852227
• 5852228

• 5352229
• 5852230

I 585223'1
o 5952232

• 5352233
tj 5852234

• 5852235

• 5852298
• 5852299

• 5852300
• 5852401

• 5852402
• 5852403

.5852404
• 5852405

• 5852406
• 5852407

• 5852408
• 5852409

.5852410
.5852411

.5852412
.5852413

.5852414
.5852415

.5852416
• 5852297

• 5852296
• 5852295

• 5852294
• 5852293

• 5852292
• 5852291

• 5852290
• 5852289

• 5852288
• 5852287

.5852286
• 5852285

• 5852284
• 5852283

• 5852282
• 5852281

• 5852280
.5852279

• 5852278
.5852277

• 5852276
• 5852275

• 5852274
.5852273

• 5852272
• 5852271

• 5852270
• 5852269

• 5852268
• 5852267

.5852266
• 5852265

• 5852264
• 5852263

• 5852262
• 5852261

• 5852260
• 5852259

• 5852258
• 5852257

• 5652256

5355700

5356200

5355900

5356300

5355600

5356400

5355400

5355300

5356800

5355500

5356000

I
5356600~

5356700

5356100

15355800<

'5356500

I

5355000

5355200

5355100

~70700370600 ~ , I

L 45/92 Mi. Dundas

eRA Exploration Pty Urnited

Tom Creek

Sample Location Map

Wacker Bedrock Sampling

: S Russell Scale: 1:5000 Report:

n: S Russell Date: 13/6/96 Plan:
,. cl

370500

301132

E

370400

97-4009

370300

5cm

370200370100370000:369900

535520°1

I
I

["'" 001

[""'000
ANNUAL REPORT - EL 45/92 I

eRA - S TEARIS RUSSELL ~ 'I'

"'-,----.. -.-r.-- ---r-----r---'--r-- ~_--r V_OrL_2_0_F_2_ _,._---_,._---J 535490°1

3"0900 I369800369500369400369300

• 5852236
• 5852,'37

• 5852238
• 5852~~29

• 5852240
• 5852241

• 5852242
• 5852243

• 5852244
• 5852245

• 5852246
• 5852247

• 5852248
• 5852249

• 5852250
• 5852251

• 5852252
c 5852253

100m
L

-,-------,------r----r----.''/----'_,._-.-''
369600 369700359200

~
369100

I
!5354900
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

301133

Appendix X

Tom Creek • Wacker Bedrock Sampling: Geology and Assay Results
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Appendix XI

Pyramid - Wacker Bedrock Sampling: Geology and Assay Results
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Appendix XII

Mariposa. Wacker Bedrock Sampling: Geology and Assay Results
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Detailed Helimag Data
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1 . Introduction

Drillcore from the Gordon Limestone of the Zeehan area shows zinc mineralisation being related to
weakly magnetic siderite alteration. This alteration predominantly occurs at the base of the
Limestone just above its contact with the underlying Moina Sandstone. Siderite alteration can
occur at the limestone's upper contact with the overlying Crotty Quartzite eg at Blackjacks and
Myrtle whilst intense alteration is also associated with limestones in the middle of the Gordon
Limestone eg the Oceana Mine and the Grieves South area. The magnetic response of the siderite
is weak, in the range of 50-200 x 10-5 SI, but is deemed detectable by an airborne magnetic
survey. Forward modelling indicated that the siderite would give weak aeromagnetic anomalies (1­
5nT). Thus a helimag survey was commissioned to fly over all the Gordon limestone outcrops of
the Zeehan under licence to CRAE.

The aim of the survey was to identify mineral-related siderite zones for follow-up diamond
drill testing. The target is a stratabound zinc/lead orebody hosted by the Ordovician Gordon
Limestone with analogies to Irish-type ZnlPb orebodies.

A separate survey was flown over the Gordon Limestone of McLean Creek. This area is known to
have a large magnetic anomaly - attributed to a magnetite skarn - known as the Avebury target. In
addition the nickel target areas at Melba Flats were also flown.

This report provides technical details of the survey and processing as well as some geological
interpretations of the results. Locations of the prospects are shown in plan TvlO22.

The survey was flown in March 1995 by Universal Tracking Systems Pty. Ltd. with initial results
received in December 1995. Data processing and some interpretation was undertaken by Tony Doe
and John Tesselaar (CRAE - Orange).

Sub-divisions of the Gordon Limestone for drillhole logging purposes have been made on a
lithostratigraphic and lithologic basis and is included elsewhere in this report.

2 • Flight Survey and Data Processing Details

The flight line height was a nominal 30m with the line spacing approximately 60m with readings
taken every 4-5m. A total of 2400 line km was completed covering the following prospects :­
Sassafras, Blackjacks-Mariposa-Sunny Corner-Pyramid, Professor Range-Amber Creek-King
Billy-Leatherwood, Myrtle-Grieves-Baura-Firewood Siding-Rose Valley. New areas between
Leatherwood and Mariposa were also investigated and this included the Westerway and Tom
Creek areas. Flight line maps are shown in Appendix I.

The data from the helimag survey was obtained as an XYZ file of easting, northing and total
magnetic intensity. No terrain clearance data was provided with the original XYZ file.

Over each area of Gordon Limestone to be interpreted, a small «3km2) data subset was selected.
These areas were designed to include all of the Gordon Limestone but as linle as possible of the
surrounding rocks, particularly the Dundas Group which tended to 'swamp' the more subtle
magnetic data variations of the limestone. This data was then imaged.

....

July 1996 Helicopter-borne Magnetic Survey, Zeehan. Tasmania CRAE Rep. No. 22222 3



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

301144

The vertical derivative of the magnetic data was produced along the flight line using TRAKPAK.
This data was then imaged with the previously existing geology data superimposed. Some of the
small linear anomalies coincided with mapped siderite. Other lithological units were also mapped
eg the Moina Sandstone and the Crotty Quartzite.

Where applicable, magnetic inversion using MAGMOD was undertaken over the siderite-like
anomalies. In most cases, anomalies over InT were able to be successfully inverted. These
models should only be used as a guide as to the geometry of the source of the anomalies. This is
due to :-

• There is no account of terrain clearance;
• The anomalies have small amplitudes;
• Not all lines were perpendicular to strike;

• The problem of "non-uniqueness" in magnetic inversion.

3. Magnetic Interpretations

Initial raster images failed to highlight major zones of inferred siderite alteration (plan Tv 1026).
Removal of regional gradients and the selective use of sub-area vertical derivative data greatly
improved the resolution (plan Tv 1027). From the modelling it was impossible to distinguish
between siderite zones and other stratabound weakly magnetic units.

As a result of this work a much better understanding was gained of the geology of the Ordovician­
Silurian sequence in the Zeehan area.

The Gordon Limestone is relatively more magnetic than the surrounding clastic sequences whilst
the Siltstone Unit of the limestone is less magnetic than the limestone. The high magnetic
susceptibility of the surrounding Cambrian Dundas Group of sediments, volcaniclastics and basic
intrusions caused imaging problems. Major units which appeared as magnetic highs included the
Upper Dolomite Unit of the Gordon Limestone (possibly other dolomitic zones are relatively
magnetic but lack of geochemical surface control could not confirm them) and the Amber Slate of
the Silurian clastic sequence. Major structures are difficult to identify and follow. Interpreted
linears deemed to represent faults show a lack of continuity eg the Firewood Siding Fault and the
Little Henty Fault.

The Blackjacks-Mariposa-Sunny Comer-Pyramid area has reduced magnetic relief relative to other
areas. This may be due to the swamping effect in the imaging of the high amplitude Cambrian
sediments and the Silurian Amber Slate unit.

July 1996 Helicopter-borne Magnetic Survey I Zeehan. Tasmania CRAE Rep. No. 22222 4
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Comments on the interpretation of these sub-areas are :-

3.1 Blackjacks (plan Tv 1134)

• Two main zones of siderite alteration, recognised from drillcore and wacker
sampling, have a weak magnetic signature :-

• Immediately south of the proposed conformable contact between the
Gordon Limestone and the Moina Sandstone as seen in DD95DB II 0 and
DD96DB 112 - strike length of 600m (centred on 366950mE, 5360650mN).
This anomaly is the longest siderite related one in the Blackjacks-Mariposa­
Sunny Comer area.

• At and around the lower sandstone/limestone contact as seen in
DD95DB III - 366530mE, 5361500mN. A downhole magnetic profile of
DD95DB III is included; sampling intervals are every 1m (plan Tv 1135)
and every IOcm (plan Tv 1136).

• Between these two anomalies lies a small but more intense anomaly at the junction
between siderite and dolomite zones at the lower contact (366450mE,
5361200mN).

• Modelling of the anomalies indicates that the siderite bodies dip to the west
implying that the alteration is stratabound. Other potential siderite zones are too
small to model.

• There appears to be an anomaly associated with the siderite at the Upper Contact ­
visible in DD95DB 110 (366520mE,5360800mN).

• West of the upper contact of the Gordon Limestone, within the Crotty Quartzite,
lies significant linear magnetic anomalies. These anomalies should be checked in
field ego 366000mE, 53661200mN.

3.2 Mariposa (plan Tv 1137)

• The limestone of this area is magnetically bland.

• The main magnetic anomalies appear to lie in Moina SandstonelDundas Group
sediments just east of the lower limestone contact and apparently show the inferred
siderite alteration dipping to the west. However caution needs to be exercised as the
magnetic amplitudes are so low that the modelled body could be dipping to the east
eg.367750rrUE,5359100mN.

• Major linear magnetic anomalies lie futther to the east within the Dundas Group.

• Additional linear anomalies with siderite-like amplitudes occur in the Crotty
Quartzite in the west of the area (367100mE, 5359300mN).

• The main 3homaly within the limestone lines up with the siderite horizon identified
by the North Broken Hill and Amoco drilling (367350mE, 5359000mN).

July 1996 Helicopter-borne Magnetic Survey, Zeehan, Tasmania CRAE Rep. No. 22222 5
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Sunny Comer (plan Tv 1138)

• There are a few weak magnetic anomalies in the area.

• The strongest anomaly occurs in the NW of the area and is associated with siderite
and dolomite seen in aircore drilling and D0950S98. The anomaly appears to be
loosely stratabound (365800mE, 5357900mN).

• A second anomaly coincides with the siderite and ferroan dolomite intersected in
00950S97. The siderite alteration effect increases down dip and is offset to the
south by a major cross cutting E-W fault. South of the fault the anomaly has 200m
of strike length and is co-incident with mapped siderite alteration (bedrock wacker
sampling). The anomaly continues northwards extending beyond and underneath
the overthrusted Oevonian Bell Shale (3666550mE, 5357650mN).

• A third anomaly, possibly siderite, occurs stratigraphically one third down the
Gordon Limestone sequence above the inferred position for the Siltstone Unit. This
anomaly may relate to the 30m enhanced zinc unit in 00960SI00 (366300mE,
5357050mN).

• There is no evidence of siderite alteration at surface up dip from the 100m thick unit
intersected in 0096DS 10 I.

King Billy (plan Tv 1140)

• The southern margjn of the Gordon Limestone is marked out as a major anomalous
zone. In part, the anomalous horizon is coincident with the Oark Clay and Siderite
Units at the base of the Gordon Limestone which have elevated zinc values.
However, it is possible that the limestone is flat dipping with underlying
unconformable Cambrian sediments (?volcaniclastics locally) close to the surface
and thus causing an anomaly 'over-shoot' into the Gordon Limestone outcrop
(370000mE,5351500mN).

• The southern margjn anomaly is one order of magnitude greater than those
anomalies which have been used for other potential siderite modelling.

• There is a large magnetically elevated zone at the west end of the prospect which is
associated with an inferred cross fault, siderite and particularly dolomite alteration.
There is a facies thickness variation implying that this cross fault may be a re­
activated syn-sedimentary fault (369450mE, 5352000mN).

• A very high amplitude N-S striking linear magnetic anomaly lies Southwest of the
Gordon Limestone (2 orders of magnitude greater than any limestone anomaly).
This N-S anomaly is hosted by Cambrian sediments. An initial field inspection
suggests that the cause is a mafic breccia unit similar to the breccias seen at Tennant
Creek in the Northern Territory (368350mE. 5350800mN).

July 1996 Helicopter-borne Magnetic Survey. Zeehan, Tasmania CRAE Rep. No. 22222 6
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Tom Creek and Farrell (plans Tv 1145 and 1146)

• This is a very complex area magnetically.

• A large, relatively intense magnetic zone exists in the Northwest of the area and
includes the mafic sub-unit that bounds the west margin of the limestone at
Westerway further north(Dundas? Group).

• The Balstrup Fault is thought to be recognisable but about lIun further south than
currently mapped.

• Limestone and non-limestone areas from the wacker bedrock sampling cannot at
present be reconciled with the magnetic data.

General Geological Interpretation Summary

The Amber Slate is a non-calcareous slate of Silurian age which is recognised in the dataset
as a magnetic high.

The Crotty Quartzite appears on the vertical derivative map as a magnetic low.

The Gordon Limestone appears as a magnetic high except for the non-calcareous,
argillaceous Siltstone Unit eg King Billy, Amber Creek, Grieves, Myrtle, Baura and
Firewood Siding. The Siltstone Unit is not apparent in the magnetic data at Blackjacks,
Mariposa, Sunny Corner Tom Creek and Pyramid.

The Moina Sandstone is a magnetic low near the overlying Gordon Limestone. At Grieves
this low unit is 2oo-30Om thick before passing down sequence into a magnetic high. This
high unit may be part of the Owen Conglomerate..

The Owen Conglomerate is generally a magnetic high eg Professor Range and Pyramid.

Major, brittle faults are not readily identifiable, often disappearing along strike eg the
Balstrup Fault in the Pyramid and Tom Creek areas.

Parts of the Gordon Limestone display more continuously intense magnetic zones eg at
Grieves and Firewood Siding South. This may be a reflection on mineral fluids having
altered the limestone particularly via dolomitisation. Alternatively these highs may be a
reflection of powerful surface weathering producing surficial de-calcified clays. It is
possible to say that the rotting of variably composed limestone may give rise to differential
surface effects that have different magnetic susceptibilities.

The diamond drilling identified siderite zones at Blackjacks, Mariposa and Grieves can be
seen in the magnetic"data. However numerous anomalies of a similar intensity occur
elsewhere, generally in areas of the Gordon Limestone considered as non-prospective.

July 1996 Helicopter-borne Magnetic Survey. 2oehan. Tasmania CRAB Rep. No. 22222 7
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• There are several targets in the magnetic data that lie at the base of the Gordon Limestone
which require drill testing.

Simon Tear
John Tesselaar

...

July 1996 Helicopter-borne Magnetic Survey, Zeehan, Tasmania CRAE Rep. No. 22222 8
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Flight Line Maps
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ABSTRACT

The Gordon Group in the Zeehan area comprises 3 confonnable
formations; the Ugbrook, Myrtle (new) and Black Jacks (new). The Ugbrook Fm,
first defined in the Mole Creek area, was deposited in protected shallow subtidal
to low intertidal waters in an offshore bar to lagoonal to lagoonal-island
environment during the Early Caradoc.

The basal Ugbrook interdigitates with the siliciclastic Moina Fm and
suggests that the Early Caradoc shoreline was at or very close to Black Jacks. A
transgression shifted these environments northwards and eastwards during the
Caradoc and Ashgill.

The tidal nat complex of the Myrtle Fm developed throughout the area in the
mid-Caradoc and consists of fifteen 1m to 4m thick Punctuated Aggradational
Cycles (PACs) which can be correlated throughout the area. The Myrtle Fm is
similar lithologically, environmentally and chronostratigraphically to the Lower
Limestone Member of the Florentine Valley.

The Myrtle Fm is succeeded by mainly shallow to moderately deep subtidal
alternating micrites and shales with minor PACs, belonging to the Black Jacks Fm
which is similar to the Upper Limestone Member of the Florentine Valley. The
lack of PACs in the Upper Black Jacks and the very common occurrence of coarse
carbonates in the Myrtle stratigraphic drillcore suggests that the Myrtle area
might have been in a slightly deeper and more rapidly subsiding region. The
Lords Member of the Black Jacks Fm is present in several of the drillcores and, as
is normal elsewhere in the state, varies in thickness and lithology from
mudstones to coarse sandstones. Minor PACs and some faunal horizons help in
the correlation of the Black Jacks-
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At the request of CRA, 8 full days in October 1995 were spent logging core
through Ordovician sedimentary sequences from drillholes in the Zeehan area.
An extra four days were allocated to plotting, drafting, report preparation and the
examination of thin sections and fossils. Logging concentrated on the Gordon
Group carbonates but short sections of the underlying Denison Group (Moina
Fm) and overlying Eldon Group (Crotty Fm) siliciclastics were also examined.

The Gordon Group carbonates are deformed and the extent of stratigraphic
loss or repetition is difficult to establish from the numerous veined and crushed
intervals. In any sedimentary basin analysis it would be desirable to plot
isopachs in order to define the basin shape and its evolution through time.
Unfortunately, depending on the relation of bedding to the principal axis of the
strain ellipsoid, bedding thickness may be increased or decreased substantially.
Tectostylolites, which are pervasive in the Zeehan cores, will decrease
stratigraphic thickness. They preferentially affect more argillaceous sections and
the amount of section loss will (as with cleavage) depend on their angle of
incidence with bedding. This problem is soluble but not within the confines of
this study. A full palinspastic study would also need to remove, in map view,
the Devonian folding and the thrust faulting.

LITHOSTRATIGRAPHY

Several major lithostratigraphic units are recognisable in the Zeehan cores.
The Gordon 'Group comprises the Ugbrook Fm, the Myrtle Fm (new name) and
the Black Jacks Fm (new name). The Black Jacks Fm includes the Lords Siltstone
Member (Fig. I). The positions and suggested correlations of these units are
shown in Fig. 5 (large diagram in pocket). All thicknesses are uncorrected
downhole distances rather than dip-corrected stratigraphic thicknesses.

Denison Group, Moina Formation

The Moina Fm of the Denison Group underlies the Gordon Group in
northern and western Tasmania (Fig. 2). The boundary between the Moina Fm
and the Gordon Gp is everywhere marked by a siltstone-mudstone transitional
zone that may be a metre thick or 30m thick. This transition is 200m thick in the
Florentine Valley and is known as the Florentine Valley Fm. The separation
between the Denison Gp and the Gordon Group is based on the dominance of
siliciclastics (Denison Gp) and limestone (Gordon Gp). The siltstone-mudstone
transition is therefore historically and pragmatically regarded as the topmost part
of the Moina Fm and the base of the Gordon Gp is defined on the incoming of
carbonates. However, where there is an interdigitation of siliciclastics and
carbonates. as in DBIlI, or where the lowest limestones are replaced by siderIte or
are mineralised then the placement of the boundary may be arbitrary. In all
sections, delineation of the boundary has to regarded as a matter of taste. In most
sections I have taken the boundary to be the first obvious and definite limestone.

4



Fig.l Summary of Ordovician lithostratigraphy in the Zeehan region.
c.'uonostratigraphic units are based on the standard North American scherr,e and the standard
British scheme. Correlations are most easily made to the American scheme but the British scheme
is used in the text because of its greater familiarity,
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Plate I Typical PAC lithologies from ZG 410. Note darkening of limeslOne from shallow to deep.Core bet\\een
26.7m and 27m is typical subtidal alternation of argillaceous and micritic IimeslOne and tlUs lithology is typIC.I or
much of the Black Jacks Fm. but forms a small percentage of the Myrtle Fm. Boundary between Myrtle Fm and

Black Jacks Fm is at 27.5m.
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Ugbrook Formation (Burrett & Goede 1987, Burrett et al. 1989)

The siltstones of the upper part of the Moina Fm are succeeded by
alternating thin micrites and shales with, in some cores, siltstones and sands
(notably OB111). These centimetre-decimetre scale alternations are frequently
bioturbated and often nodular (due to sedimentary boudinage). Pelloids and
comminuted shells are very common. Asaphid trilobites are present but other
identifiable fossils are rare. Several sections have developments of biocalcarenites
and!or biosparites composed mainly of crinoidal debris. These sequences are
very similar to the Ugbrook Fm in Mole Creek (Burrett et ai. 1989; Appendix C)
and, rather than erect a new name, I will use that term. This lithology is only a
few metres thick in DB 110 (possibly 40m thick if a sideritised zone is included)
and thickens towards Myrtle which also has a thick development of the crinoidal
biospararenite member.

Myrtle Formation (new name)

The Myrtle Fm consists of between 40-170m of micrites, biomicrites,
dolomitised micrites and minor calcarenites and shales deposited as upwardly
shallowing tidal flat cycles known as Punctuated Aggradational Cycles (PACs).
These were first recognised and used as a correlation tool by Calver (1977).
Unfortunately, he did not publish and PACs have since been recognised
worldwide as a useful correlation and palaeoenvironmental tool. The PAC
concept is summarised in Appendix B and photographs of representative
lithologies are shown on the attached photographs (Plate 1). Calver (1977) used
PACs to correlate throughout the Florentine River Valley recognising 18 PACs
in the Lower Limestone Member of the Benjamin Limestone. In the Florentine
Valley, and in Zeehan, this correlateability is due to a basinwide or at least sub­
basinwide response to changing sea level. PAC boundaries may therefore be
regarded as essentially isochronous horizons. Fifteen PACs are recognised in the
Myrtle Fm. and each section has most of them. The extent of faulting in ZG 403
is clear as only the first PAC is present.

BlackJacks Formation (new name)

The Myrtle Fm is succeeded by the Black Jacks Fm which consists of
alternating micrites and shales with some biomicrites, calcarenites and
calcisiltites. Two PACs occur in the Lower Black Jacks but are not present in
every section. These are labelled BJl and BJ2 on Fig. 5. The Lords Member is a
thin (1m-15m) siltstone-shale-sometime sandstone unit that is surprisingly
variable on a kilometre scale for a unit that appears over most of western
Tasmania from Precipitous Bluff on the south coast to the Florentine Valley to
Zeehan to Mole Creek (Fig.2). The Lords Member equivalent at Mole Creek (the
Mole Creek Fm) is discontinuous (see p.7 of Appendix C ). A coarse, quartz
sandstone occurs at the appropriate stratigraphic level in ZF 37 (Firewood Siding).
The Lords Member is characterised, statewide, by a distinctive fauna consisting of
abundant Pliomerina trilobites, strophomenid brachiopods (Sowerbyites) and the
Tasmanian endemic ostracod Dominina.. The Lords Member lithology! fauna
does not appear suddenly but is preceded by a gradual deepening of both biofacies
and lithofacies.

6



PALAEOENVIRONMENTS

8

301169

987654321

<EY

NORTH

I
eRITISH

AMERICAN

SERies SU·Qes

I.llI"<lO".'"

Gam.cft.

A .Pl;ill 1II1cr""ono.

".y... III.

Ed.n.

S".'",an_

c;;uaOoC Klrll".IO.
"OelllanG.

IIlackrh.r,

Lland.1l0 CPl•• .,.

Llan .. lrn
WI'lllerOdl,

Most sections of the Gordon Group were deposited in predominantly very
shallow subtidal to peritidal conditions on a mini-platform. due to a marine
transgression from the south, west and east towards the Precambrian/Cambrian
islands of the Tyennan and Rocky Cape regions (Fig. 3 ). Thick siliciclastic
sandstone sequences, followed

Fig.2. Simpli£ied stratigraphic colwnns shOWing diachronous base of the Gordon Gp and of the
Moina Fm. l=Queenstown, 2=Vale of Belvoir, 3=lower Gordon River.4=Mole Creek, 5=Florentine
Valley, 6=Ida Bay, 7=PrecipiOOus Bluff, 8=Point Cecil, 9=Surprise Bay. (Burrett et al. 1984).

Where undolomitised, there is an abundant coral-stromatoporoid fauna,
some of which is correlated to the widespread 'Den fauna'. A diverse trilobite­
brachiopod-bryozoan fauna, which in previous studies has been called the
'Smelters fauna' (Zeehan Smelters fauna described by Pitt (1961) and mentioned
by Banks and Burrett (1980), occurs below an 'upper peritidal member '. This
'upper peritidal member' occurs in ZF 37, DS 98, DTM 84-6 and DB 110 but is not
obvious in ZM190.

The Upper Black Jacks Fm is completely dolomitised in some holes (ZR
104) and partially in others (DTM 84-6, DTB 84-1). Complete dolomitisation is
unusual in the Gordon Group and increased porosity, including vuggy porosity,
is evident in ZR 104 due to the 12% volume loss when calcite is replaced by
dolomite. As dolomitised limestones are important petroleum reservoirs (and
therefore porous for ore forming fluids) it might be useful to plot the distribution
of dolomitisation within the Gordon Group at Zeehan (see Appendix A ).
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by thick carbonate successions were gradually built up. This transgression started
in the Tremadoc (in the Florentine Valley) and continued up to the Late Caradoc
OT even Early Ashgill (Figs.2-3). Probably much of the Tyennan and Rocky Cape
regions were still emergent in the Late Ordovician (Ashgill). The timing of the
transgression is mainly determined from conodont dates on the lowest Gordon
Group carbonates with supplementary information from macrofossils in the
underlying Denison Group siliciclastics (Fig.2). In the north of the state, the
transgression moved towards the Tyennan and Rocky Cape regions from the
north and east possibly forming an east-west aligned gulf (Burrett 1978). In the
west, the transgression was from the south towards the west and north. Very thin
sequences of the Gordon Group are found at Duck Creek (just to the north of the
Heemskirk Granite) and at Heazlewood River. It is possible that a similar gulf to
the one in the northwest existed in the west of the state. The siliciclastic sands at
the Lords level in the Firewood Siding hole (ZF 37) also suggest proximity to
land. A solution to this palaeogeographic problem depends on studies on the
Ordovician around Queenstown, outcrops south of Grieves and the poor
limestone outcrops between Zeehan and the Vale of Belvoir and south of
Firewood Siding.

Fig.3. Generalised palaeogeography of the Tasmanian miniplatform in the Caradoc showing
inferred directions of transgression. Dotted link between Tyennan and Rocky Cape regions may be an
lSthmUS transgressed during Late Caradoc times.
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The Ugbrook Fm thins dramatically from DBll1 to DB 110 and there is no
suggestion that this is due to Devonian faulting. Unlike the other cores
examined, the Ugbrook in DB 111 has several coarse siliciclastic interbeds as well
as reddened tops to PACs in its basal part. The simplest explanation for this is that
the (irregular) shoreline was between DB111 and DB 110 in early Ugbrook time
(approximately mid-Caradoc or Blackriveran time) as shown in FigA, with clastic
debris being derived from the Tyennan region to the east. This date, or a slightly
younger one, also applies to the basal carbonates at Duck Creek and Heazlewood
River. The typical Ugbrook micrites and pelloidal bioturbated shales were
deposited in a lagoon formed behind (north of) a northerly or northeasterly
migrating offshore carbonate bar with the minor PAC carbonates formed on
intertidal islands within the lagoon (FigA). As the transgression continued, the
carbonate bar moved from Grieves towards Myrtle during late Ugbrook time.
Stabilisation occurred during Myrtle times (Upper Blackiveran) with the whole
Zeehan area covered with waxing and waning PACs. Probably by that time, the
shoreline (i.e. high supratidal limit) had moved north to Duck Creek and east
onto the Tyennan region.

Deepening occurred after Myrtle Fm times, probably due either to the
incapacity of the carbonate factory to keep-up with rising sea level or to an
increased rate of basinal subsidence. Open subtidal sediments were deposited
over the whole area with brief peritidal flat deposition (BJ 1 and BJ2) at Grieves,
Myrtle (ZM189) and at Black Jacks (DB110).

The Myrtle core, ZM189, is unusual in that coarse grained carbonates
including sparites, spararenites, calcarenites, biosparites are common through the
section. This is presumably the consequence of the production of large bioclasts
due to deposition further from the micrite producing tidal flats and due to the
preponderance of a good subtidal fauna such as crinoids.

The Lords event appears to be isochronous across the whole Tasmanian
miniplatform. It was a time of uplift in the Tyennan region leading to coarse
quartzite conglomerates being deposited within the middle of the Benjamin
Limestone Fm to the west of the Florentine Valley (in the Vale of Rasselas), a
deepening in most sections but a shallowing in the deepwater Surprise Bay
sequence (Burrett et al. 1984). The Lords event was clearly a significant but short
lived epeirogenic episode during the mid-Trentonian (Late Caradoc). Normal
shallow subtidal conditions resumed during the remainder of Black Jacks time
except for a widespread peritidal interlude in late Black Jacks time (Late
Trentonian/Early Ashgill). This upper peritidal interval is not found in the
Upper Black Jacks Fm at Myrtle (ZM190) which again may suggest that Myrtle
may have been in slightly deeper water. The upper peritidal member may
correlate to a similar shallowing interlude recognised in the Overrlow Creek Fm
at Mole Creek.

1 1
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CONCLUSIONS

The Gordon Group sequence at Zeehan, although starting later during the
earliest Blackriveran rather than in the Chazyan, is similar to that at Mole Creek
and dissimilar to that in the Florentine Valley. It lacks the oncolitic Standard Hill
Fm but the fauna, lithofacies and interdigitation of the Ugbrook with the Moina
is very similar. The Myrtle Fm has similarities with both the thicker Lower
Limestone Member in the Florentine Valley and the Sassafras Creek Fm at Mole
Creek. The generally subtidal Black Jacks Fm is, though, closer to that of the
Upper Limestone Member of the Florentine Valley than to the dominantly
peritidal Dogs Head and Overflow Creek Fms at Mole Creek.

Interdigitation of the Moina with the Ugbrook and a greatly thinned
Ugbrook sequence at Black Jacks suggests that the Blackriveran (Early Caradoc)
shoreline was at about the position of DB 110, moving eastwards onto the
Tyennan region and northwards towards Duck Creek by the Late Blackriveran.

Identification of PACs or shallowing-upward sequences in the Myrtle Fm
and in the Upper Black Jacks Fm allows correlation across the region.

There are several argillaceous horizons present in some sections and the
identification of the Lords Member is helped by the identification of its
characteristic fauna and by the lithofacies deepening prior to its deposition.

RECOMMENDATIONS

Chronostratigraphic correlations in the Zeehan area could be improved
substantially by employing conodonts. Conodonts are rare in peritidal sections
but this study has shown that there are sufficient subtidal intervals that would
yield sufficient useable conodont elements per kilogram of core. If this was
coupled with an intensive study of the macrofossils then very reliable
chronostratigraphic correlations are possible. Conodonts also record the
maximum temperature that they have experienced and, more importantly, are
pitted in a characteristic manner by hydrothermal fluids. Such a study could
define flowpaths of hydrothermal fluids.

There are sufficient drillholes to define the extent of any basin or basins by
the use of isopachs. However, a complete palinspastic study is recommended that
takes into account extension due to cleavage and stratigraphic loss due to
tectostylolites as well as removing the effects of Devonian folding and thrusting.

The extent of pervasive dolomitisation in the Black Jacks Fm should be
plotted. This might reveal a zone of enhanced porosity I permeability within the
Gordon Group into which hydrothermal fluids might have flowed (see
Appendix A).

"
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Appendix A

Dolomitization and its control on porosity and reservoirs in the Trenton
Limestone

(from North, 1985 p.198-199).

AppendixB

Peritidal Carbonates from Walker and James Eds 1992. Facies Models.
Geological Association of Cana'da.

AppendixC

Lithostratigraphy at Mole Creek, Burrett et al. 1989.
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Figure 13.52 Michigan Basin In Middle
Ordovician time. showing the Cincinnati
Arch bifurcating into two arches as it
crosses the basin from the south. The
Trenton Group carbonates are dolo­
mitlzed over the arches and along linear
fracture zones; oil accumuJalions are re­
stricted to the dolomitized ponions.

Dotted outlines on map delineate present
Lakes Michigan and Huron. £After K. K.
Landes. Petroleum geology of the United
51a1es, New Yon:.: WiIt.)1-lnterscience.
, 970; and G. V. Cohee. US Gee!. Survey
Preliminary Chan no. 9. 1945.1

~;.~, ..-:~;;

:':\:'-:~·~'~h:'

cating Cincinnati Arch. Updip, porosity disappears in
the unaltered limestone and only gas is recovered.
Among the fields providing case histories for this book is
the Jay field in Florida (Ch. 26), another example of
restriction of oil to the dolomitized part of a carbonate
formation. Up the dip, the undolomitized micritic lime­
stone lacks porosity and is barren of oil. Most carbonate
producing basins afford comparable examples.

An intriguing small example is provided by the Dover
field, at the southwestern extremity of Ontario in
Canada,like Lima-Indiana in the Ordovician Trenton
Group. During the 19205, articles on oil·bearing struc­
tures quoted Dover as an example of the rare synclinal
trap. The syncline is controlled by an elongate fracture
zone (Fig. 13.53) along which mig~ating waters have
been able to dolomitize a considerable thickness of
strata; the oil is restricted to the porous dolomite and
therefore to the "syncline." The Albion-Scipio
"trend", in Michigan's part of the same basin, is very
similar and produces from the same formation (Fig.
13.52). From outside the normal concern of petroleum
geologists comes the parallel case of Mississippi Valley­
type lead-zinc deposits, in some of which it is estab·
lished that the brines, derived from evaporite deposits,
that deliver the metals also bring about dolomitization.

The selective nature of dolomitization extends to its
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recrystallization, and most commonly of dolomitization.
About 80 percent of all hydrocarbon reserves contained
in carbonate reservoirs in North America are in essen­
tially pure dolomites. This percentage is by no means
representative of other regions of the world, and
unquestionably reflects the number of North American
carbonate reservoirs that are Paleozoic in age. In the
Persian Gulf Basin, with the most prolific carbonate
reservoirs in the world, the proportion of dolomite
reservoirs is no more than 20 percent.

The replacement of Caco, by dolomite involves a
loss of volume of about 12.3 percent, and a consequent
increase in porosity by that amount, if the replacement is
molecule for molecule. It may not always be so, because
volume for volume replacement is also possible. Yet it
remains the case that in many fields having parTially
dolomitized carbonate reservoirs the oil is restricted
entirely to the dolomitized portion. This portion is
favorable because of partial dolomitization, preferen­
tially of the finer-grained components of the limestone,
and later leaching of the remaining calcitic parts which
are more soluble. The most-quoted example of this
phenomenon is the sprawling Lima- Indiana field south
of the Great Lakes (Fig. 13.52). The oil is confined to
porous dolomitic zones in the Ordovician Trenton
Group where it passes over the axis of the broad, bifur-
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Figure 13.53 (al Structure contours on the Ordovician Trenton
Group (reservoir rock) in "the Dover field. between Lakes Erie and
Huron. southwestern Ontario. Canada. Contours at 20 m intervals
below sea level. Note apparent synclinal structure. (bl Cross section
along line A- B. to show dolomitized fracture zone creating a
"pseudo-svncline." (From 8. V. Sanford. Geol. Survey of Canada
Paper 60-26: Fig. 10. 1961.)

effects on skeletal remains. Aragonite is much moreI easily dolomitized than is calcite, so shells ofgastropods,
:ephalopads, and corals are dolomitized eartier than
,hose of brachiopods, ostracodes, or echinoids, Well

I sorted crinoidal or shelly limestones are less dolomitized
han surrounding rocks which contain less coarse
naterial and more cement. Calcareous algae are easily

I
dolomitized because high-magnesium calcite is depa­
-.i:ed on them during their tives, and the algae them­
;elves reduce sulfate which would otherwise inhibit

I 199

dolomitization (especially of calcite). The vast mats of
algae in the shallow epicontinental seas of the great
Paleozoic transgressions are undoubtedly a factor in the
prevalence of Paleozoic dolomites. There is very little
dolomite in the stratigraphic record since the early
Cretaceous, especially in the Northern Hemisphere.
This may be because the present oceans, originating at
that time, have a distribution and orientation different
from those of earlier oceans, and epicontinental seas in
low latitudes are highly restricted.
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Brian R. Pratt, Department of Geological Sciences, University of Saskatchewan,
Saskatoon, Saskatchewan S7N OWO

Noel P. James and Clinton A. Cowan, Department of Geological Sciences,
Queen's University, Kingston, Ontario K7L 3N6

Figure 1 Panorama of Cambrian shallow water limestones and dolostones. Dezaiko
Range. east-cenlraJ British Columbia. DistinctiVe ·stripy" bedding of lower unit. to the right of
the small ice field. is from peritidal facies of the Snake Indian Formation. The unit in the
middle of the pholograph is the Eldon Fonnation, consisting 01 Iocallydolomitized subtidal
limestones, and me left side comprises peritidaJ Iim~pnes of the Lynx Group.
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INTRODUCTION
Umestones and dolostones composed
of calcareous sediment deposited in
very shallow seawater and on muddy
tidal flats are probably the most con­
spicuous carbonate facies in the rock
record (Fig. 1). The tenn peritidal (from
the Greek peri, meaning around or
near. and tidal. relating to tides) was
coined in passing by Foik (1 973) and
has- proven a useful general name for
the spectrum of nearshore and shore­
line depositional environments and
facies.

What distinguishes these rocks is
their wide -variety of features that can
be compared directly with modern
anaiogues, making them both easy to
recognize in the field and important pa­
leobathymetric indicators. The facies
are generally arranged vertically in a
shallowing-upward sequence (James,
1984), now referred to as a sha/-

!ow;flg·upward succession. in which
marine sediments are overlain succes·
sively by mUddy carbonates depos~ed

in paleoenvironments subject' to
varying periods of exposure. This ver­
tical stacking of peritidal and related
facies is a valuable record of lhe dy­
namics of carbonate platfonn develop­
ment, on both large and small scales. It
hints at extrinsic factors such as rela­
live sea level change and climate, and
records the effect on periodically
exposed sediment of biotic evolution
through geologic time. Peritidal carbon­
ates are also economically important
because they host Pb and Zn deposits
and frequently fonn hydrocarbon reser­
voirs.

In this chapter, we first summarize
the tidal flat environment from a
Recent standpoint. We then discuss
how the record of carbonate tidal flats
may have changed through time in re-

sponse to biological evolution and
provide ancient examples of com~
manly encountered peritidal facies.
with evidence for their interpretation.
Finally, we outline how peritidal facies
are preserved In the stratigraphic
record, describe current hypotheses
used to explain stratigraphic repetition
and suggest how these facies can
best be ,used in $equence stratigraphic
analysis.

THE PERITIDAL ENVIRONMENT
The understanding of tidal fiat car­
bonate rocks underwent a dramatic
boost with the largely petroleum
company-funded research on Holo­
c~ne tidal flats during the 1950s and
1960s. This produced comprehensive
studies on shallow water sedimenta­
tion 01 south Rorida (Ginsburg, 1956;
Gebelein, 1977; Enos and Perkins,
1979), Andros Island of the north­
ern Bahamas (Hardie, 1977). Belize
(Wantland and Pusey, 1975). the Ara­
bian (Persian) Gulf (Purser, 1973), and
Shari< Bay. Westem Australia (Logan et
a/., 1970, 1974). Observations lrom
these areas were quickly applied to
ancient examples (e.g., Beales, 1958;
Roehl. 1967; Matter, 1967; Laporte,
1967; Ginsburg, 1975; Schwarz, 1975),
which ushered in the modern era of
carbonate sedimentological thinking.
These Holocene examples. togeth'er
with more recently studied flats in the
Calcos Islands (Wanless et al., 1988)
and southern Australia (Burne and
Coiwell, 1982; Belperio et al., 1988) are
fundamental reference points for the in­
terpretation of carbonate rocks and il­
lustrate the wide variety of potentially
preservable peritidal environments. The
carbonate tidal nat is an easily ace'as·
sible area and students are encouraged
to explore for themselves a modern
example.

Three bathymetric zones are recog­
nized in the nearshore setting: sub­
tidal, intertidal and supratidal (Fig. 2).

•
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Figure 2 Block diagram showing the main morphological elements of a carbonate tidal flat. Lett a hypersaline tidal flal with lew channels
bordering a desert and developing Bvaportte deposits (based on modem Persian [Arabianl Gulf). Right: normal-marine tidal flat with many
credks. or channels. and ponds in a humid to sub-humid setting (based on modem Bahamas)..,
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The subtidal zone is permanently sub­
rr,erged and ranges from low-energy,
lagoonal environments to higher
energy shoals. Semimonthly neap
tides may briefly expose the shal­
lowest portions. The intertidal, or lit­
toral, zone lies between normal low­
and high·tide levels and is therefore
submerged on a diurnal or semidiumal
basis. It is generally dissected by sub­
tidal creeks and dotted with brackish
or saline ponds. The supratidal zone is
above normal high tide, and is flooded
only during storms and semimonthly
spring tides. It may become evaporitic
in semianq and arid climates, and for
these supratidal flats the Arabic word
sabkha has been adopted by sedi­
mentologists (Chapter 19).

The three~fold environmental subdi­
vision is only an approximation, how­
ever, since tidal flats arB often geo­
graphically complex, and tidal range
can be modified by winds. While the
environments arB due to the variable
submergence and emergence brought
about by lunar tides, little sediment is
transported onto the flats by the daily
rise and fall in sea [eveI. It is storms,
which stir up the adjacent offshore
sediments and drive sediment-laden
waters up the tidal creeks and onto the
flats, that result in sediment deposi-
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tion. Even so, it is still the depositional
environments, which are generated by
daily lunar tides, that contain the dis­
tinctive sedimentary features that
allow us 10 pinpoint facies so precise­
ly. One approach to the analysis 01
environmental subdivision is to assign
a specific, quantitative wexposure
index R to lithologic features based on
Holocene examples (see Hardie,
1977), but few ancient deposits have
been described in this way (Smosna
and Warshauer, 1981).

Marine coastlines can be separated
into microtidal «2 m), mesotidal (2­
4 m) and macrotidal (>4 m) settings.
Tidal range depends on basin shape
and water depth. Strong tidal currents
are generated when water IS forced
through relatively narrow straits or
mouths of bays or over shallow shoals.
Modern peritidal carbonate envi­
ronments are exclusively microtidal.
There is as yet no satisfactory way of
judging ancient tidal range, but the
scarcity of sedimentary structures
formed by strong tidal currents sug­
gests that most ancient carbonate per·
itidal settings were also microtidal.

Where do they form?
Carbonate sediment, generated most­
ly in the subtidal zone (the carbonate
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factory), can be Subsequentl
y trans·

~orted and molded into tidal II. alS by
physical processes. In this sense t'
II . . . Ida!

ats are repositories of arlochtho. !lous
sediment, and aCcrete as wed

I h I
· g••

a ong sore Ines (e.g., Qalar. Sh.",
Bay, Spencer GUll). in the I.. I. 0
rocky Islands (e.g., northem Bahamas
Caices, Behze), SPitS (e.g., Flondal and
reefs and shoals (e.g., Truciai Coast),
and as discrete islands and banks in
shallow seas (Fig. 3). This last setting
is inferred from ancient examples
because modem shelves are compara­
tively narrow and not directly analo­
gous to the broad epeiric seas that
were common in the past.

For muddy tidal fla,s to form they
must be protected from open ocean
swells and such protection can be pro­
vided by a platform rim or in the case of
a ramp or unrimmed platform, by near.
shore carbonate sand shoals (Fig. 4).
Muddy tidal flats do not, therelore,
generally occur in the faCIes spectrum
of high-energy, unrimmed platforms, ex­
cept behind nearshore shoals or islands.

Holocene carbonate tidal flat
environments
Shallow subtidal and lower intertidal
The shallow seafloor oceanward of
modern tidal flats is generally a bio-

ELEVATED
SUPRATIOAL

TIDAL CREEK

BEACH RIOGE

CARBONATE
TIDAL FLATS
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Figure 4 Simplified map of modem tidal nat areas near Abu Dhabi. Ptmian (Arabian) Gulf;
based on Purser (1973).

Figure 3 Block diagram of a carbonate platform. with basinward to left and landward to
right, showing possible localions ot,tidaillals: in the lee at reefs and carbonale sand shoals,
as islands, and as shoreline deposits.

Ponds and creeks
Ponds containing brackish or hyper.
saline water are a common feature of
the intertidal zone (Fig. 6). espeCially
in more humid ctimates. These contain
a restricted biota of microbial mats.
foraminifera, gastropods. small bi·
valves. Shrimps. ostracodes, and ne­
matode and polychaete wormS that is
adapted to fluctuating salinity. This as­
semblage, liVing in a stressed environ­
ment, is typically one of high numbers
of individuals bul low species diversity.
different from the immediate offshore

Intertidal flats
Higher in the intertidal zone, microbial
mat cover is more permanent, and
forms thick, leathery carpelS that can
be locally shrunken, torn and folded_
over (Fig. 5). These exhibit various
s.urface features such as pustUles.
blisters, wrinkles, crenulations or
small. domica! stromatolites. These
mats are composed of a variety of fila­
mentous and coccoid cyanobacteria
("blue-green algae-) and bacteria. and
are responsible for the millimetre·scale
lamination exhibited by most of the
sediment beneath them. The taxa·
nomic makeup and surface appear·
ance of such mats varies with degree
of subaerial exposure and can be re~

fleeted in the microscopic nature of the
underlying lamination. This type of
lamination was called "algal" or
"cryptalgal" before geologists became
familiar with the detailed bIological
nature of the mats; "microbial" seems
now to be the preferred adjective.

ered during low tide with an ephemeral
microbial ("algal") slick that is the
source of food for grazing organisms
such as gastropods and worms.
Crabs, shrimps, worms and fish are re­
sponsible for the bioturbation in the
underlyIng sediment. Many low·energy
flats are fronted by beaches of bio­
clastic sand winnowed from creeks
and ponds or the adjacent sealloor
during storms. Beach sands can be
partially lithified by synsedimentary
cement composed of aragonite fibres
or bladed and micritic high-Mg calcite,
forming gently seaward-dipping iayers
of beachrock. Beachrock tends to be
crumbly and easily eroded, and suo'
ports a hard-substrate biota of en­
crusting and boring invertebrates,
plants and microbes.

CARBONATE
PLATFORM

SHORE.FRINGING
TICAL FLAT!:

IABU DHABI I
~

some higher-energy nearshore areas
where wave agitation is frequent.

In tranquil settings of normal salinIty.
the lowermost intertidal zone tends
also to be a thoroughly bioturbated
mixture of lime mud, pellets and bio­
clasts. ThIs sediment is usually CQV-

10 km

N

1:;::::::::3 beach & eolian dunes

l:~tt:?:j supratidal

_ Intertidal

o subtidal

o ,

turbated and pelletad lime mud vari­
ably rich in shelly material from
benthic oganisms, and commonly sup­
ports a cover of sediment-stabilizing
sea grasses (Chapter 15). Protective
low-relief banks of cross-stratified
oolitic or bioclastic sand are present in
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101118S: these '::He partially lithdied by
hlgh·Mg calclle cement and calcifica­
tion 01 organic substrates, and are in­
lerbedded with !hln-bedded. locally
blolurbated lime mud and bioclastic
ana pelolca! carbonaie sand deposited
dUring slorms Much ot the microbially
laminated sediment shows fenestral
fabriC. I_e., the presence of millimetre·

Figure 6 Oblique aerial phologra:J1"1 of :he lidal flats on the northeas, ccas~ o~ AndroS
Island. Bahamas, looking nonn. OHshore sUDlidal is (0 the lett, The while areas alon~ the
channel edges are supratidal levees. The :::lark oatches ,3re intertidal microbial !Iats belween

the levees and around me periphery of me malniy Suolloal pondS. The Ileid oi view IS about

3 km across

Figure 5 Upoer Intertidal microbial I:"",a: ,."alnly composed of filamentous ,:~·anob2cteria

(Mlcroc~le!...'sJ thaI has shrunken In;Q desicccliOr. poiygons Saca Jewiish Bonal;e: Irowel is
about 25 em long

PRAD. JAMES COWAN

·Landward ~arts 0 1 The supratic21
zone grade Ir;;o eolian depOSits. salls
or Ireshwaler marshes and lakes. or
on lap bedrock suriaces. depending or.
the region's geography ana cilrn2!e
Marshes and lakes '/Jhlch eXISI in the

more humid areas and have iluClu'
atinQ waler chemistry. are charaCier­
izea by microbial mats and siroma-
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Supratidal flats
Most of the sediment surface in the
upper intertidal and supratidal zones LS
covered by microbial mats that are
typIcally shrunken Into desiccation poly­
gons and commonly dislodged into
chips or intraclasts. The laminated sedi­
ment beneath these mats IS generally
fine grained with occasional coarser In·
tercalations that reflect deposition by
exceptional storms and, in some
regions, by winds blowrng off the neigh·
bouring land surface. Beds and nodules
of anhydrite precipitate tn" these sedi­
ments in arid settings (Chapter 19). In
many areas, the supratIdal zone is the
locus of widespread synsedimentary
cementation by microcrystalhne arago­
nite, high-Mg calcite, or dolomite. This
forms IIthlhed pavements a few cen­
timeues thick that are usually broken
into Intraclasts by forces exerted dunng
crystal growth, groundwater pore pres­
sure. or the roots of halophytic (salt-tal­
eranl) plants such as grasses and
mangroves. Evaporatlng sea spray can
be responslble in some arid areas for
fans and lsopachous layers of fibrous
aragonite thai encrust stable substrates
such as beachrock and shells, forming
objects termed conlatolites.

biOla Copses of mangroves are usually
presenl, except In the most arid areas.
Also characteristic of the intertidal
zone are permanently submerged tIdal
creeks or cnannels thaI are the con­
duits tor tiDal flooding and draining
(Fig. 6). Such lidal creeks (least com­
mon In arid settings) are up 10 several
metres deeD and lens of metres WIde.
and contain a basal Jag of semilithified
intraclasts eroded from the sur­
rounolng flats and flanking levees, and
bars 01 bioclastic sand winnowed from
the ponds. Supratidal levees protrude
above high-tide level and are micro·
blally iaminated. Creeks migrate later­
ally, as they do In siliciclastic hdal flats,
and leave behind a vertIcal· succession
of cross-stratified, intraclastic and bIO­

clastic sand overlain in tum by biotur­
bated bioclastic and pelOidal lime mud
and microoially laminated sediment.
The amount 01 lateral migration of
creeks and the proportIon of the inter­
nal faCies mosaic of intertidal flats that
is generated by such migration are not
well understood. but studies of modern
flats suggest that It may be conSider­
able (Hardie 1977).
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Figure 7 The supratidal flat at Fisherman Bay, Spencer Gulf, soulhern AUSir21ia. The
polygonal crusts are lithified and have been thrust into teepees by episodic groundwater
resurgence. Crusts in the foreground are roughly 30 cm across.

Figure 8 Outcrop of lenticular and wavy beds of wave-rippled peloidal grainstone (light
coloured) in argillaceous dolostone (dark coloured). probably deposited in the lower inteli.idal
Zone. Petit Jardin Formation (Upper Cambrian). Port-au·Port Peninsuia. western
Newfoundland: tens cap is 6 cm across.

exerted an important influer.ce on the
nature of carbonate tidal flats. This is
manifest in several ways, via 1) the in­
crease in diversity of carbonate-secret­
ing organisms and consequent change
in sediment type. 2) the evolution of
bioturbating and herbivorous inverte­
brates. and 3) the evolution of angio­
sperms.

The subtidal carbonate factory was
in Its infancy during Precambrran time,
when CaC03 was extracted from sea­
water by inorganic and microbIal pro­
cesses only. Peritidal strata during this
phase in Earth's history are composed
of ooids. intraclasts, stromatolites.
supratidal tu!as, and varrable amounts
of lime mud. Some subtidal units are
entirely siliciclastic. and large-scale
cyclicity of alternating calcareous and
noncalcareous facres (e.g., Gretzinger,
1986; Bertrand-Sanali and Moussine­
Pouchkine. 1988) may have involved
basin-wide. or greater. changes in car­
bonate saturation of seawater. The dra­
matic increase in skeleton-secreting
and sediment· ingesting invertebrates_
b-eginning in Cambrian time meant
that the carbonate factory changed in
character and increased its output
manyfold. New types of sedimentary
particles appeared, in the form of
abundant shells. fecal pellets, and
carbonate mud from the breakdown of
fragile skeletons and other biologically
influenced preciplfates. This no doubt
changed the nature of tidal flats by
causing increased mobility of the sub­
strate. making if less and less likely to
be cemented quickly or encrusted by
stromatolite· forming microbial mats
except in hypersaline areas (Pratt,
1982). It has been commonly heid
(Garrett. 1970) that grazing inverte­
brates such as gastropods caused in­
tertidal stromatolites to become scarce
after the Proterozoic, but the above
sedimentary reasons rather than eco­
logic pressure seem likely to have
been respolislble for thIS decline.

Proterozoic tidal flat carbonates are
distinctive too because. in comparison
with other Precambrian carbonate
facies and younger sediments, they
were the preferred sites of diagenetic
silica precipitation and formation of
chert nodules (Maliva et al.. 1989).
These cherts are important because
they host the bulk of the Precambrian
fossil record (Knoll et al.• 1991),

Bioturbation became a sediment·

(Kendall and Warren. 1987). These
also contain complex generations of in­
ternal sedIment and aragonite and
high-Mg calcite cements.

Geological evolution of
peritidal facies
Biological and envIronmental develop­
ments through geologic time have

10 centimetre-sized subhorizontal,
sheel-like pores formed as voids
bridged by microbial mats or as molds
of degraded mats. Decimetre-scale
tepee structures (Fig. 7), consisting of
disrupted and ovenhrust crusts of lilhi·
lied, tufa-like fenestral sediment giving
an Inverted V-shapea cross section,
form In areas of groundwater discharge
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Figure 9 Simplified oulcrop sketch 01 hypothetical channel or creek deposits cut into tidal
flat facies, based on examples from the Walerfowf Formation (Upper Cambrian, Rocky
Mountains, Alberta; Waters et at.. 1989) and Elbrook-Canococheague Formations (Middle
and Upper Camboan, Virginia; Koerschner and Read, 1989).

Figure 10 Thin section pholomicrograph of limeslone composed of loosely packed micrite,
mj~nte peloids, articulated ostracode valves. and calomicrobe (Girvana/la) filaments with
\)rga~ic·rich walls. Thjs sediment is inlerpreted 10 have been deposited in a tidal flat pond
because of the low~diversity biota and the calc!1icalion ot filamentous cyanobacterial thalli.
Table Point Formation (Middle OrdovicIan), Port-au-Port Peninsula. westem Newfoundland:
scala bar is 1 mm.

5cm

ICHANNEL' -

especially when they contain features
unequivocally of subaerial ongln.
However, some facies cannot be as­
signed confidently to a bathymetriC
position, and for these Walther's Law
must be invoked. Furthermore, tidal
processes involve such a variety of
energy regimes, sediment sizes and
chmates that there may be a limIt as to

1
m I

1 m

grainstone

microbial laminite with desiccation cracks

stromatolites

wavy-bedded caroonate with desiccation cracks

stromatolitic rudstone

E22J
~

Is"'l­§

look 50 much like siliciclastic counter­
parts from settings that lack significant
seagrass commumties.

Ancient peritidal carbonate facies
Environmental interpretation of peri·
tidal limestones and dolostones is
easily achieved in the broad sense,

modifying process in Late Proterozoic
time. DIversification of microbes, espe­
cially those involved In the breakdown
of organic material, must have oc­
curred in tandem with invertebrate di­
versification and the resulting ap­
pearance of new organic substances.
The organic content and therefore the
geotechnical properties of tidal flat
sediments surely changed In the ear1y
PaleozoIc. The effect of bioturbation
seems to have increased dramatically
after the late Paleozoic or earliest
Mesozoic (Thayer, 1983; Bottjer and
Ausich. 1986; Pratt, 1991). This was
heralded by the evolution of a more
diverse fauna including animals. such
as certain shrimps and crabs, capable
of burrowing as deeply as 1 m. Con­
sequently, tidal bedding that would
have been preserved in the Precam­
brian and early PaleozoIc was com­
monly destroyed by infaunal activity,
except in the upper intertidal and
supratidal zones. Furthermore, inter­
tidal to supratidal sedimentary and
organosedimentary structures that
escaped destruction were oHen subse­
quently bioturbated when buried by
subtidal or lower intertIdal sediments
with an active deeply burrowing
infauna. ~

Evolution of angiosperms since
Cretaceous time has meant that the
disruption of tidal flat sediments by
halophy1ic plants has become a char­
acteristic of Cenozoic deposits. In ad­
dition, shallow subtidal sea bottoms
are especially well stabilized by the
rhizomes (roots) of angiosperm sea
grasses (Thalassia, Posidonia, Cymo­
docea). Such grasses also suppOr1 a
prollfic encrusting biota that supplies
fine-grained carbonate sediment to
the factory. These carpets of sea
grasses, however, are disrupted only
by intense storms, causing Nblowouts"
(Wanless. 1981), and we suggest that
pre-Cenozoic subtidal sediments, es­
pecially sill- and sand-sized par1icles,
might have been more readily moved
onto tidal flats than they are now,
because they were not bound by these
grasses. This is analogous to the sug­
gestion that the post-Devonian pres­
ence of widespread terrestrial plant
cover, with its stabilizing, soil-forming
and weathering attributes, affected the
subaerial sedimentary system of the
Ear1h. It may par1ly explain why some
early Paleozoic intertidal carbonates
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Figure 12 A cross section 01 desiccation cracks in microbially laminared peritidal dolo­
stones; Providence Island Dolomile. Middle Ordovician. Lake Champlain, New York State.

Figure 11 A bedding plane of desiccalion-<:racked polygons in which the edges of each
polygon are curled up. probably because Ihe original microbial mats shrivelled upon expo­
sure. East Arm Formation. Upper Cambrian. Bonne Bay. western Newfoundland: hammer is
30 em long.

Intertidal flat facies
Wavy-. lenticular- and flaser-bedded
peloidal lime mudstone or grainstone
(calcisiltite) and dolomitized argilla­
ceous lime mudstone (sometimes in­
terbedded with small hemispheroidal
stromatolites), arising from the alterna­
tion between slack water and sedi­
ment transport by both unidirectional
currents and waves under lower flow
regime, are particularly distinctive of
Precambrian· and lower Paleozoic se­
quences (Fig. 8). This facies is directly
comparable to the tidal bedding in sili­
ciclastic peritidal deposits, including
those forming in many modern set­
tings (see Reineck and Singh. 1980).
The carbonate strata. however, com~

manly contain intraclastic horizons
which are absent in siliciclastic coun­
terparts. Phanerozoic intertidal facies ­
fr"quently have bioclastic layers. Well­
sorted coquinas were likely washed
in from the subtidal zone by storms,
whereas poorly sorted shelly deposits
containing a low-diversity assemblage
of gastropods or bivalves probably
represent the in situ intertidal fauna.
Laminae that appear laterally contin­
uous, undulating and uniform in thick­
ness. are typically intercalated in this
facies. and record periods of stabiliza­
tion or binding of the substrate by
a microbial mat. This tidal bedding
can be burrowed in Phanerozoic se­
quences, and in the lower Paleozoic
the trace fossil fauna is dominated by
a low-diversity assemblage of hpri­
zontal burrows and U-shaped forms
like Arenicolites and Dip{ocraten·on. As
with subtidal deposits. post-Paleozoic
intertidal sediments are likely to be
thoroughly churned: bioturbated,
poorly fossiliferous lime mudstone
units may be interpreted as intertidal if
other critena, such as vertically juxtae

posed beds with desiccation cracks,
are evident.

Tidal creek facies
Rocks speCifically interpreted as hav­
ing accumulated in tidal creeks or
channels piercing intertidal flats are
relatively uncommo(l. The reasons for
this are mainly 1) thE! rarity of laterally

carbonates ot Mesozoic and Cenozoic
age are commonly thick bedded and
totally bioturbated. reflecting the post­
Paleozoic increase in the diversity and
effect of the bioturbatlng fauna.

secreting organisms. Such subtIdal
facies lend to be vanably siliciclastic, or
frequently dolomitlzed lime mudstone
with local oolillc. peloidal or intradastic
beds. Nearshore limestones of Phan­
erOloic age are fossiliferous. com­
monly bIoturbated to some degree. and
may exhibit patch reefs and oolites.
Units 01 thlr"\ly interbedded bIoturbated
lime mudstone and wackestone and
ripple or dune cross-laminated grain­
stone that are overlain by rocks ex­
hibiting clearly supratidal tacles are
typical. Subtidal and lower Intertidal

ShaJlow subtidal and
lowermost intertidal facies
Precambrian subtidal rocks are the
most difficult to recognize, because the
carbonate was produced by inorganic
or microbially mediated preclpilalion,
and there were no distinctive skeleton-

how precise an interpretation one can
make. The present level at detail IS
generally at the scale of unIts decame­
tres to metres In thickness; few studies
have gone down to the scale of indi­
Vidual beds and lamInae.
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Figure 14 Thin section photomicrograph of peloidal and cloned micrite containing bioclasts
(mainly ostracodes and gastropods) and exhibiting feneslral fabric. Upper pans of the
laminoid fenestral pores have pendant fringes of fibrous calcite cement (grey coloured) suS"
gesting that this sediment was deposited in the upper intertidal zone and that the fibrous
calcite precipitated as marine or mixed waters percolated through the pores during low lides.
Table Point Formation (Middle Ordovician), western Newfoundland; scale bar is 1 mrn.
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extensive exposures that intersect the
possible margins of channels once
they stop migrating laterally, 2) the dif­
ficulty in distinguishing creek fills from
regressive packages with a basal,
higher-energy component that resulted
from tidal flat progradation, 3) the simi­
larity between bedforms and lateral­
accretion bedding from bar migration
in channels and inclined and tabular
cross stratification from migrating oH­
shore carbonate sand shoals. and 4)
the difficulty in separating creeks in
tidal flats from channels between adja­
cent offshore islands or shoals. The
presence of flat-pebble and blocky in­
traclasts derived from the surrounding
flats and levees, respectively, along
with bipolar (herringbone) cross strati­
fication typically exhibiting reactivation
surtaces and tidal bundles (couplets of
sandy and muddy laminae), seem to
be diagnostic of creek or channel de­
posits (e.g .. Pratt and James, 1986).
Grainstone beds with erosional bases
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Figure 13 Polished slab 01 clotted and
peloidal lime mudslone showing microbial
lamination and fenestral fabric 01 laminoid,
millimetre· 10 centimetre-sized, cement­
filled pores. ThIS distinctive fabric probably
formed in the upper intertidal or lower
supratidal zone. Eldon Formation (Middle
Cambrian), Exshaw, Albena; scale bar is
1 em.
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and containing stromatolite or throm­
bolite mounds in some Proterozoic
and Cambrian sequences are reason·
ably interpreted as channel deposits,
(Koerschner and Read, 1989; Wright
et al., 1990). Waters et al. (1989) and
Cloyd et al. (1990) have mapped
Cambrian channels at leasl 10m wide
and 1 m deep with erosional bases,
filled with lateral-accretion beds of
individually 9raded, locally bipolar
cross-laminated grainstone containing
desiccation·cracked lime mud drapes
and reactivation surfaces (Fig. 9).
Care must be taken in late Proterozoic
and early Paleozoic carbonates,
however, to differentiate subaerial
(desiccation) cracks and other cracks
of submarine origin (Knoll and Swett,
1990; Cowan and James, 1992).

Beach facies
Beaches, which also have not been
reported frequently from ancient tidal
flat sequences, are characterized by
seaward-dipping, low-angle laminae
and thin beds of grainstone, often with
hardgrounds exhibiting bored sur­
faces. This facies passes laterally to
subtidal deposits in the seaward direc­
tion and tidal-bedded strata in the
landward direction (e,g .. Inden and

Moore, 1983; Waters et aJ.. 1989)
Steeper shorelines. such as Tenia~

and Quaternary examples from the
Mediterranean and Red seas. are
often onlapped by gravelly beds 01
well-rounded pebbles and large Shells.

Pond facies
Recognition of schizohaline pond de­
posits on humid intertidal flats may be
Impossible in most rock sequences
unless the ponds were particularly
long-lived. In one example (Pratt,
1979). burrowed wackestone con­
taining ostracodes and horizontal
meshes of Girvanella filaments with
organic-rich walls (Fig, 10) are interca­
lated within burrowed and microbially
laminated lime mudstone and tidal­
bedded dolostone and lime mudstone.
The restricted biota of this deposit, the
well-preserved microbial remains, and
its lenticular geometry within a peritidal
sequence argue against a normal­
marine subtidal environment.

Supratidal facies
Microbially laminated limestone or
dolostone, usually with desiccatron
crac~s and coarser rippled layers, is a
common peritidal rock type (Figs. 11.
12); such rocks, however, may be
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Figure 15 A shallow pil excavated on the Holocene sabkha: Abu Dhabi. United Arab
Emirates. The roughly 1 m of secuon is composed of Iight·hued subtidal sediment at the
base. overlain in lurn by conspicuous black intertidal microbial mats wilh desiccation cracks
;:lnd light-eolaured. supratidal sedimenl and capped by eolian quartz·rich sands. Photo cour-
tesy P. Scholle. '~
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upper Intertidal or supratidal in origin.
In older Pilanerozoic sequences, a
supratidal setting might be inferred if
bioturbation is rare or absent, or there
is evidence for prolonged subaerial ex­
posure such as evapontes. karst hari·
zons or paleosols. Intercalated within
many microbially laminated racks are
intraclastic horizons, which are analo­
gous to pavements of microbial mat
chips or fragments of cemented crusts
in modern supratidal envIronments.
Fenestral lime mudstone and pelOIdal
grainstone (Fig. 13) are common
(Shinn, 1983b) and, by analogy with
tidal flats of Florida and the Bahamas,
were probably deposited in moist
supratidal "'algal marshes" or around
ponds. This facies sometimes exhibits
features. such as pendant fibrous
cement (Fig. 14), brecciated crusts
and tepees. pisolites and pores with
geopetal sediment floors. suggestive
of flushing by downward-percolating
seawater and rainwater and upward­
flushing by groundwaters in a subaerial
environment. Precambrian supratidal
deposits often contain digitate stroma­
tolites, millimetres to centimetres in di­
ameter. which have been interpreted as
supratidal. tufa-like aragonite precipi­
tates (e.g .. Grotzinger, 1986). Post­
depositional leaching of evaporites

causes collapse brecciation in supra­
tidal facies.

THE PERITIDAL SHALLOWING­
UPWARD SUCCESSION
Ancient peritidal carbonate lithofacies
are characteristically orgamzed strati­
graphically into metre- to decametre­
thick, shallowing-upward successions
(Fig. 15) each with a basal subtidal
unit. intermediate intertidal facies. and
an upper supratidal unit with or with·
out a terrestTlal horizon on the top
(James, 1984; Wright, 1984; Tucker
and Wright, 1990). Contacts between
the members are gradational Or sharp
and may show evidence of local
synsedimentary scour. Walther's Law
tells us that. if there are no major de·
positional breaks, we can reconstruct
the ancIent environmental mosaic by
dealing out each facies like a deck of
cards. There are departures from this
ideal pattern. however, and it is not
unusual to find the supratidal member
overlain by intertidal facies, or compo­
nents missmg because of nondeposi­
tion or erosion.

Characteristics
The lithologic nature of the subtidal ­
intertidal - supratidal succession is
variable, reflecting the broad spectrum

of intertidal and supratidal depositional
environments, the dictates of biotic
evolution and past changes in ocean
chemistry. Such peritidal shallowing­
upward successions can be subdi­
vided into two types, low energy (Figs_
16, 17) and high energy (beach; Fig.
18) , and both may show the effects of
climate. such as thin beds of evapor·
ites, especially anhydrite (Chapter
19).

In the simplest case, and referring
only to the Phanerozoic, low-energy
shallowing-upward successions have
a burrow-mottled. variably argillaceous
lime mudstone to wackestone or pack­
stone lowest member, often with a
basal bioclastic and intraclastic grain­
stone or rudstone as a transgressive
lag on top of the pre-existing succes·
sian (Fig. 16). Patch reefs may be
present in the subtidal member. The
intertidal member exhibits thin·, lentic­
ular- and wavy-bedded, variably bio­
turbated lime mudstone and bioclastic,
peloidal and sometimes oolitic grain­
stone, locally with small domical stro-_
matolites. This grades upward to an
upper intertidal and supratidal member
that is usually a microbially lamineted,
locally desiccation-cracked, slightly
argillaceous lime mudstone frequently
exhibiting fenestral fabric, with thin in­
terbeds of intraclastic horizons and
laminae of peloidal or bioclastic grain­
stone. If the sediments were laid down
in an arid climate, nodular to wavy
beds of anhydrite may displace and
replace sediment of the intertidal and
supratidal members (Fig.16). Higher­
energy cycles (Fig. 18) also have a
bioturbated subtidal bioclastic basal
member. but the intertidal component
is made up of bioclastic and/or locally
oolitic grainstones representing beach
depOSits. These may exhibit inclined­
and crosspstratification and hard­
grounds. The upper intertidal and sup­
ratidal units are generally desiccation­
cracked microbial laminites.

Both kinds of shallowing-upward
successions can have a capping
horizon of marsh sediments, paleosol
or calcrete. Successions may be sepa­
rated from overlying units by a karst
surface caused by subaerial weath­
ering. or an erosion surface formed
during the environmental shift respon­
sible for the next succession. Supra­
tidal sediments may show the dia­
genetic eHects of groundwater dis-
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charge, such as tepees, cements and
leaching of evaporites.

A warning! Tidal creek or channel
fills can look suspiciously like shal­
lowing-upward successions produced
by tidal flat progradation (Fig. 18).
Predictably, they should be composed
of a basal intraclastic, peloidal and
bioclastic grainstone lag or bar facies.
overlain by thin-bedded and biotur­
bated lime mudstone and wackestone,
and capped by microbially laminated
lime mudstone. recording waning
energy conditions as the creek is aban­
doned (e.g.. Waters et a/.. 1989; Cloyd
el al.. 1990). Unless a channel margin
or lateral~accretionbedding is ex­
posed, or blocky intraclasts from
margin collapse are present, these de­
posits could easily be misunderstood.

Geometry
To in!erpret how any particular peri­
tidal shallowing-upward succession
may have developed there must

be firm {acaf and regional lateral con­
trol on the distribution of units; bed
or event correlation must be demon­
strable, Besides walking or tracing out
individual beds, the lithologic features
that may be widely correlatab!e in peri·
tidal successions are subaerial expo­
sure horizons (karst surlaces. collapse
breccias and paleosols), evaporite
beds and silicjclastic horizons resulting
from sea level fall. We recognize two
geometries. Laterally continuous
metre-scale successions are wide­
spread, possibly platform-wide, and
correlatable. Laterally discontinuous
metre-scale successions are local, in
extent and noncorrelatable and supra­
tidal facies can be traced laterally into
intertidal and/or subtidal facies over kilo­
metre-scale distances.

Origin
An aspect of carbonate sedimentology
that has become a maxim over the last
decade, for Phanerozoic rocks at

least, is that healthy carbonate plal­
forms, Le., those not stressed by envi.
ronmental conditions like cold water
hypersalinity, turbidity or nutrient POi~
soning that hinder organism growth,
can produce enough carbonate sedi­
ment to aggrade, and commonly a
surplUS, causing progradation, while
relative sea level rises (Schlager,
1981). Shallow water sediments thus
overlie deeper water facies. Each
shallowing·upward peritidal succes­
sion records the vertical and lateral ac.
cretion of a single tidai flat to a level
just exceeding high-tide mark; if there
was no subsidence or sea level
change. the thickness of the intertidal·
supratidal component might approxi·
mate the tidal range, but if there was
any relative sea level Change, the
thickness is no indication of this at all,

There are currently three models
used to explain how a shallowing­
upward succession lonms 1) as a pro­
grading wedge, 2) as a simultaneously

1 LOW ENERGY, PALEOZOIC LOW ENERGY, EVAPORITIC

SHALLOWING-UPWARD
SUCCESSIONS I

Figure 16 Hypothelical verticaJ profiles of individuallow-energy, metr&-scalo, peritidal shallowing·upward successions. Lett: from the lower
Paleozoic; upper Paleozoic examples might exhibit calcretes at the lop. Right an evaporitic example (Chapter 19). No scale is implied, but
each succession is typically 1-10 m thick.
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aggrading sheet or, 3) as a mosaic of
tidal flat islands (Fig, 19).

The prograding wedge
Holocene shallow-marine and peritidal
environments are dynamic in that they
shift geographically over geologically
short periods of time in response to
both local and regional changes in
climate, prevailing wind direction,
current pattem, and sediment supply.
A single coastline, for example, may
possess tidal flats that are accu­
mulating and prograding, and tidal
flats that are dormant or are eroding
(e.g.• Shinn et al., 1969; Strasser and
Davaud, 1986). Regardless, to gen­
erate a single, laterally extensive
wedge that has peritidai, shallowing­
upward attributes throughout, the tidal
flat must prograde laterally from a
nucleus. Such accretion can develop
seaward from land, outward from
islands, or shelfward from platform
margin buildups and/or shoals. It must

be slressed that deposition on the tidal
flat is a physical process. Sediment
generated on the platform is swept
onto the flats by storms producing the
gradually prograding tidal flat wedge.
As such, the size and dynamics of the
peritidal wedge are primarily a function
of the health and nature of the source
area (the subtidal carbonate factory)
and the way in which sediment is re­
distributed on the platform (i.e., how
much is transported to the flats, how
much stays in place. how much is
transported offshore into deep waterl.

The Holocene record of sea level
change is one of rapid rise between 11
ka and 6 ka, followed by decelerated
rise from 6 ka to the present. There
are, unfortunately, few tidal flats that
have been cored in enough detail to
provide a good three-dimensional
stratigraphic picture of deposition
during this period. As a result of this
small data base it is difficult to make
generalizations. Nevertheless, at pres-

ent there appear to be two styles of
progradation (Fig. 20), simple offlap
and staggered ofllap (Hardie and
Shinn, 1986). Simple offlap is typified
by the gradually prograding wedge
along the southern coast of the Persian
(Arabian) Gulf. Staggered offlap
is characterized by the northern
Bahamas tidal flats. In the latter case
the tidal flat does not seem to have
prograded but instead aggraded
behind a protecting beach ridge. The
vertical succession is mainly burrowed
sediment, reflecting deposition in a
variety of pond. channel and intertidal
flat environments, capped by laminated
upper intertidal to supratidal sedi·
ments. It is !hought that tidal flat sedi­
mentation began only when the off­
shore carbonate sand bar emerged lo
become a barrier. Once the flat ag­
graded to sea level, progradation took
piace by a series of jumps followed by
back filling (Hardie, 1986). Such suc­
cessions in the rock record should

I
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SHALLOWING-UPWARD
SUCCESSIONS II

Figure 17 Hypolhetical vertical profiles at indMduallow-energy, metre-scale. peritidal shallowing-upward successions from the Precambrian
(left) and Mesozoic (righl). A comparison or these with the Paleozoic example in Figure 16 shows some of the lithologic changes exerted by
biotic evol.ution through geologic time.
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SHALLOWING-UPWARD
SUCCESSIONS III

__
bioturbated bioclastic

wackestone

flooding and deposition of the nexl
overlying succession (Fig. 19). There
are no Holocene analogues for this
process; it is derived entirely from in­
terpretation of the rock record, and
therefore is poorly constrained. Plat­
form-wide peritidal exposure under
these circumstances cannot be inter.
Iidal per se, because it is unlikely thai
tides could operate across such a vast
horizontal distance all at once. In.
stead, alternating flooding and expo­
sure would have to be induced through
the movement of the sea surface by pe­
riodic storm surges or persistent winds.
Such a style of occasional exposure
and submergence may be difficult 10
distinguish in the rock record from true
intertidal conditions. This hypothesis
demands that at least some sediment
be produced on the flats when the
whole platform is in the intertidal­
supratidal environment Such accretion
could predictably produce platform­
wide, lalerally continuous, melre-thick
shallowing-upward successions, such

... ". -.- ; ..­
~-.4

....
w
~ r;;:z~:<~",!;;z":<"rl'",/" trough ... tabular
<Cl;: '.::.t _~ - ----cross-Iamlnated grainstone

G~
,.:::~~~~ bipolar-eroas-Iaminated -
//////~ grainstone
• ro:. ""- ....a.... t -i

.. ~ 00

_ :.... ~ .: _ ~ bioclastic + intraclaslic

/

grainstone

~~::;
~~

"HIGH" ENERGY (CHANNEL)

km parallel and perpendicular to depo­
sitional strike. Progradation at this
scale, however, would produce vast
areas of abandoned supratidal flats
behind the prograding shoreline, far
distant from the subtidal source of sed­
iment and exposed to protracted sub­
aerial diagenetic eflects. Since con­
stant and uniform subsidence would
inundate this supratidal surface, pro­
gradation must have taken place while
relative sea level was stationary or
gradually falling. If progradation was
simple offlap, then successions will
be laterally continuous. If progradation
was staggered offlap, successions will
be discontinuous and separated by
lenticular beach deposos.

Simultaneously aggrading sheet
In this situation, continuous in situ car­
bonate sediment production results in
aggradation of the seafloor steadiiy
to sea level. The entire platform be­
comes intertidal and then supratidal,
and can be complelely exposed before

---------------------hardgrounds

_-------Iow.angle bedding

_----- bioclastic grainstone

~ trough crag-laminated grainstone

~~~~~------==oncolllic grainstone
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~~.~ =-------- cross-laminated grain.,tone

HIGH ENERGY (BEACH)

contain remnants of these barriers.
The Abu Dhabi sabkha is reported to
have buried barriers (Warren and
Kendall, 1985) and may have also de­
veloped, in part, throU9h staggered
offlap.

For a wedge of tidal f1al sediment to
prograde from the strandline across an
entire platform, accumulation of sedi­
ment must occur under relatively stable
hydrographic conditions (i.e.. sea level
and climate) for the length of time rep­
resented by progradation. A rapid rtse
in sea level would flood the broad
supratidal flal and halt progradation,
whereas any fall in sea level would
strand the tidal flat before transplatform
progradation was complete.

This style of accumulation has been
proposed to explain the extensive
Cambro-Ordovician peritidal strata of
the southern Appalachians (Hardie,
1986). Metre-scale perttidal shallowing­
upward successions of this epeiric plat­
form have been correlated (but not
traced) for distances greater than 100
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Figure 18 Hypothetical verticat profiles of individuaJ high-energy, metre-scale, peritidal shallowing-upward successions. from a setting char­
acterized by beach development (left) and a tidal flat penetrated by channels or creeks (right).
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PROGRADING TIDAL FLAT WEDGE

Figure 19 Diagrams illustrating various ways in which a metre-scale, peritidal. shaJlowing­
upward succession can form. A prograding wedge is generated by sediment transported
onto the tidal flat from [he offshore carbonate factory. A simultaneously aggrading sheet ac­
aetes vertically to sea level and the whole platform becomes sequentiany intertidal and then
supratidal. Tidal ftat i:s!ands nudeate and accrete by aggradation and progradation and shift
in response 10 hydrographic forces.

Asymmetry
Why is a metre-scale. peritidal shallow­
ing-upward. succession asymmetric?
The characteristic asymmetry of a
typical shallowing-upward succession,
i.e .. subtidal (A), intertidal (B) and
s~pratidal (C) stacked ',n ABC - ABC
hemicycles (Figs. 16. 17, 18), as op­
posed to full CBABC cycles, is gener­
ally attributed to problems with the
source area during platform inundation.
If the flooding which begins a succes­
sion w~re gradual, then the seafloor
during initial submergence is thought to
have been too wave swept and/or too
shallow or restricted to produce much
carbonate sediment. Thus there is a
"lag time" or 1ag depth" (Hardie, 1986)
before the seafloor becomes deep
enough to actively produce sediment
that is subsequently moved onto the
tidal flats. In some successions this time
interval is represented by a coarse­
grained "transgressive" facies at ·the
base. whereas in others there is no
obvious record of this hiatus in deposi­
tion. Alternatively, ~ Hooding was rapid,
then supratidal facies (C) would be
rapidly drowned and intertidal facies (B)
would not have time to accumulate.

PERITIDAL CYCLOSTRATIGRAPHY
The stratigraphie record of ancient
peritidal carbonates tends to be one
of persistent repetition of the basic
metre-scale, shallowing-upward suc­
cession, imparting a characteristic
cyclic or, more appropriately. rhythmic
appearance to the strata. While Holo­
ene tidal flats sometirr.~s provide an
analogue for the generation of one

range of local and regional hydro­
graphic conditions. Such islands are
developed today in Florida Bay and il­
lustrate two modes of Holocene accu­
mulation, 1) physically deposited mud
bankS capped by prograding intertidai
and supratidal sediments, and 2) en­
tirely supratidal deposition of a coastal
mud flat, later dissected by erosion
(Enos and Perkins, 1979; Wanless
and Tagett, 1989). These islands, how­
ever, have not migrated much during
the relatively short period of Holocene
flooding. If viable, this tidal flat island
model severely limits the architectural
predictability of ancient platforms. as
the constituent facies, particulariy the
supratidal caps, are of inherently
limned regional extent.

:t-- _ _ _I

and James, 1986). In this tidal flat
island model deposition is envisioned
as taking place on a platlorm dolled by
a mosaic of exposed low-relief islands
and intertidal banks separated by sub­
tidal source areas (Fig. 19), with the
whole complex shifting laterally and
vertically through time in response to a
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Tidal flat·lslands
An alternative model has been postu­
lated to explain shallOWing-upward
peritidal successions that are demon­
strably laterally discontinuous (Pratt
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as those inferred from Cambrian strata
by Koerschner and Read (1989).
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tions of platform-wide progradation in
ancient examples are usually based
on correlation of strata assumed to be
diachronous, not on continuous strati­
graphic exposure.

Under conditions of platform-wide
aggradation it is thought that, once
flooded, a shallow platfonn could gen­
erate enough sediment in situ that the
whole seafioor would inexorably build
to sea level (Fig. 19). Fundamental to
this hypothesis is the ability of the "in­
tertidal" and "supratidal" environments
to produce sediment. The next cycle
would accrete once relative sea level
rise had submerged the platform in
water deep enough for subtidal sedi­
mentation to begin again. Critics of
this hypothesis argue that, in order for
the sediment surface to intersect the
air/water interlace on a platform-wide
scale, there must be a sea level fall
(albeit minor - a metre or less?), be­
cause it is unlikely that the seafloor
would everywhere build right up to sea
level of its own accord. This model is
based on examples where shal1owing­
upward successions are correlated on
a regional scale and assumed to be
synchronous deposits.

Tidal flat islands are in part aggra­
dational and in part progradational and
their location is thought to shift through
time in response to changing hydro­
graphic conditions (Fig. 19). During in­
tervals of prolonged static sea level, or
slow sea ievel rise, they would, like the

CONTINUOUS PROGRADATION

1f'UIUEO &. ABANOONED
nDAl. FlATS

BACK·BARRIER SUBTIDAl.

SUPFlATlOAl.

STAGGERED OFFLAP

Figure 20 A diagram depicting two styles of tidal flat progradation envisioned from Holocene
tidal flats. Simple ofllap takes place by continuous progradation. Staggered ottJap takBS place
by 'ormation at an onshore bar which creates a Ie6ward, protected selling in which lidaI flat
aggradation ocam'. Once the flat builds to sea level nbecomes dormanl until aoother bar
forms seaward and the process of bacldilling begins again. Adapted from Hardie (1986).

SIMPLE OFFLAP

for tidal flat aggradation to sea level or
progradation of many tens to perhaps
hundreds of kilometres under essen­
tially static sea level conditions on a
gradient which experienced typical
passiveamargin rates of subsidence
(see also Hardie and Shinn, 1986).

Progradalion is inherently limited by
the sediment bUdget of the carbonate
platfonn. For example, in a model first
proposed by Ginsburg (1971; see
Bosellini and Hardie, 1973; Mossop,
1979), a tidal flat wedge is envisioned
as prograding across a gently inciined,
gradually subsiding platform under
static or slowly changing sea level
(Fig. 19). As progradation covers the
platform, the subtidal source area for
tidal flat sediments becomes increas­
ingly smaller (and deeper). Eventually
the Source area is too small or too
deep to provide sediment for the tidal
flat. so sedimentation stops. If relative
sea level continues to rise, however,
soon the whole platform will once
again be subtidal and, after a iag
period, the carbonate factory will be
robust enough for sediment produc­
tion, and the cycle will begin again.

The meagre areal coverage of
present-day tidal flats makes it difficult
to envision a platform literally choking
itself off through hundreds of kiiome­
tres worth of tidal flat progradation
under steady-state sea level and sub­
sidence conditions. Furthermore, it
should be emphasized that interprela-
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Autocycliclty
The driving force behind autocyclicity
is the dynamics of sedimentation on
the platfonn. Assuming optimum ccn­
ditions, production rates for shallow a

marine carbonate detritus could
potentially provide enough sediment
over a period of 10-100 k.y. to account

shallowing-upward succession, the
cause of stratigraphic repetition must
be derived from the rock record. The
Pleistocene history of climate and sea
level change, although the most de­
tailed and best understood of past
epochs, has lett a stratigraphic record
of limited usefulness because sea
level fluctuations were so large that
they did not result in stacked metre­
scale shallowing-upward successions.
Consequently, there is currently much
discussion as to what causes the rhyth·
mic stacking into thick stratigraphic
packages of ancient shallowing-upward
successions. Debate has centred
around the question of whether the
new space made available for each
successive shallowing·upward succes­
sion is the result of 1) recurring sea
level changes (perhaps eustatic) at the
same scale and temporal rhythm as
the lithologic packaging; or 2) a high­
frequency packaging mechanism in~

trinsic to processes of carbonate
sedimentation which are superim·
posed on a low-frequency or irregular
sea level rise. These are the aI/acyclic
and autacyclic mechanisms, respec­
tively, (see also Wilkinson, 1982). The
two stacking mechanisms are not nec­
essarily mutually exclusive, and it is
uncertain at the moment whether or
not evidence for either mechanism can
be isolated in the rock record (Hardie
etal.,1991; Read etal., 1991).

There is good evidence that a
typical shallowing-upward succession
was deposited within a time span of
10-100 k.y. (Algeo and Wilkinson,
1988). This is a scale of resoiution
beyond that provided by biostrati­
graphic methods. Much of the time
represented by stacked shaliowing­
upward successions, however, is aCa
ccunled for by hiatuses. Thus the time
of deposition for a given tidal flat suc­
cession may be only a small fraction of
the total apparent stratigraphic time:
Wilkinson et a/. (1991) have sug­
gested as little as 3-30 per cent for
some successions.
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Figure 21 A diagram illustrating the relationship between f1uc1uating sea level and stacked
metre-scale, peritidal. shallowing-upward successions. Sea level rise p(ovides a window of
oppol1uniry for the succession 10 acaele as a prograding wedge. as a simultaneously ag­
g(ading sheet or as tidal flat islands. Sea level fall terminates accretion and results in sub·
aerial exposure.
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faulting is common (e.g., Cisne, 1986;
Hardie et al., 1991), the importance of
subsidence rate changes as a conlrol
on stratigraphic rhythmicity in peritidal
shallowing-upward successions is
unclear. Sudden base level drops have
nol been observed in modern passive
margin platforms, and ancient epeiric
settings, where much of the peritidal
record is found, seem unlikely to have
experienced melre-scale, high-fre­
quency spasms of subsidence. Be­
cause there is currently no known
frequency to such tectonism. it is difficult
to use, and as yet impossible to model
this mechanism as a universal control of
stratigraphic rhythmicity. Nevertheless,
the mechanism should not be dismissed
as a potenti'li control, especially in tec­
tonically active regimes (e.g.. Fischer,
1964; Knight et al.. 1991).

In the eariy to mid-1970s studies of
DSDP sediment cores and relict coral
reef terraces demonstrated that the
Pleistocene record of eustatic change
is one of superimposed orders of sea
level variation (orders, in the sense of
both magnitude and frequency; Chap­
ler 2). Deep sea sediments were ana­
lyzed for oxygen isotopes (as proxy to
glacial ice volume) and revealed a
iong-term (100 k.y.). 100 m-scale,
asymmetric sea level oscillation.
Pleistocene fossii reef data suggested
that a .shorter term (20 k.y.) sea level
oscillation was superimposed on the
longer term fiuctuation. These various
orders of eustatic change have been
correlated to those predicted for ice­
house glaciation driven by celestial me­
chanics, Le., the Milankovitch rhythm
(e.g.. Fischer, 1986). it has been p0stu­
lated that the stratigraphic rhythmicity
apparent in ancient peritidal carbon­
ates reflects a similar composite
eustasy (Goldhammer et al., 1987),
both icehouse and greenhouse, of ce·
lestial origin. If astronomically forced
composite eustasy is indeed the
primary driver in the packaging 01 shal­
lowing-upward successions, then pre­
sumably modulation of various orders
of superimposed eustatic cycles could
have provided potentially limitless
rhythms to the stratigraphic record
(Bova and Read, 1987; Koerschner
and Read, 1989: Read et al.. 1991).

The common challenge 10 allo­
cyclicity is that extrinsic controls on
peritidal sedimentation are neither
demonstrable in, nor theoretically re-
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tion space, for the generation of a
single shallowing-upward succession
(Fig. 21). Deposition occurs while sea
level is rising and at its apex, and is ar­
rested by sea level fall.

Formation 01 the shallowing-upward
succession in this window is envisioned
In different ways by different workers.
Ail three styles of accretion presented
above are viable within this scheme
(prograding wedge, Grotzinger, 1986;
aggradation, Koerschner and Read,
1989; and tidal flat islands, Strasser,
1988). Extrinsically controlled metre­
scale successions of many kinds. in­
cluding peritidal, have also been called
punctuated aggradational cycles
(PACs; Goodwin et al., 1986) or more
recently metre-scale allocycles
(Anderson and Goodwin, 1990). Such
cycles are metre-scale units, bounded
by surfaces of abrupt change to deeper
or disjunct facies and comprising a
suite of contemporaneous facies, all of
which shallow upward. The peritidal
portions of such cycles are thought to
be aggradational, but there is no
reason why they could not be prograda·
tional (either wedges or islands).

The most commonly postulated ex­
ternal controls to drive, or at least reset,
the system at Ihe end of each shal­
lowing-upward succession are rhythmic
eustatic change or jerky subsidence.
While spasmodic subsidence with the
reqUired short frequency has been doc­
umented from seismically aC1ive areas
and for passive margins where listric

~

TIMELOW

EUSTASY

ACCRETION .....
WINDOW

~

Aflocyclicity
The extrinsic factors of subsidence and
eustacy, which cause relative sea level
change, have long been assumed to
exert strong control on large-scale peri­
tidal stratal patterns. High-frequency.
low-amplitude sea level changes, the
fourth- and fifth-order fluctuations of
sequence stratigraphy (Chapter 2), are
commonly invoked to drive the pack­
aging of metre-scale, shaliowlng-up'
ward peritidal successions (Gro~nger,

1986; Koerschner and Read, 1989;
Read et al.. 1991). In this situation, a
metre-scale rise in relative sea level
provides a window of opportunity, in
the sense of both time and accumula-

HIGH

PERITIDAL
ALLOCYCLICITY

prograding wedge. gradually choke off
local source areas, eventually be ..
coming dormant. For sedimentation to
begin again after a period of local
stasis and probably protracted expo­
sure of supratidal flats, there must be
creation of !'lew accumulation space.
Under conditions of more rapid long­
lann sea level rise, and continually re­
newed accumulation space, the is­
lands would form a series of lateraliy
discontinuous peritidal units.

These autocyclic models express a
basic premise that pervades current
thinking about peritidal carbonates.
Persistent and ubiquitous stratigraphic
repetition of the basic shaliowing-up­
ward succession seems to indicate
that these systems are, at least in part.
intrinsically self-governing.
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quired to generale metre-scale shal­
lowing-upward successions. It is hard,
however, to imagine sea level remain­
ing static for a long period of time, and
therefore difficult, if not impossible, to
dismiss some extrinsic control on suc­
cession deveiopment Allocyclic, plat­
form-wide event stratigraphy should
not be underestimated, bUf its deter­
ministic role in peritidal cyclostratig­
raphy is still uncertain.

The search for controls and
rhythms·
Significant effort has recently been
devoted to unravelling the meaning of
possible stratigraphic rhythms in
stacked shallowing-upward succes­
sions by numerical analysis. Because
peritidal carbonates are so sensitive to
changes in climate and sea level. it
was widely suspected (hoped?) that
this rhythmicity might retain a causa­
tive signal of ancient climate and sea
level fluctuations. If allocyclic eustatic
control on stratal packaging is assumed,
then reconstruction of the strata­
generating sea level culVe can be used
as a tool to correlate and explain tem­
porally correlative strata (Read and
Goidhammer, 1988).

At the current level of understanding
and data base, it is not possible. to
isolate unequivocal evidence in the
rock record for e~her allocyclic or auto­
cyciic control on most peritidal stratal
patterns. Reasonable-looking, syn­
thetic, one-dimensional stratigraphic
sections can, however, be generated
by varying the critical input parameters
of .cycle ampl~ude, duration and asym­
metry. bathymetry for each facies, lag
time (depth), type of sediment, sedi­
mentation rate, regional "and local sub­
sidence,. isostatic compensation, wave
damping, tidal range, and platform
slope and dimension (Grotzinger,
1986; Read et aI., 1986; Goldhammer
et al., 1987; Spencer and Demicco,
1989). These sections can then be
compared to actual examples and
eventually a match may be achieved.
When similar modelling techniques
are used to simulate two-dimensional
(multisection) architecture it is often
found that the time needed for a peri­
tidal wedge to prograde across the
platform is longer than that predicted
by Milankovitch rhythms, and the
wedges become stranded.

Techniques. such as relative time

PRATT, JAMES, COWAN

series analysis and Fischer plotting,
which made a good case for aJlocyclic
forcing of some examples of platform
carbonate rhythmic::ity. i.e., stratigra·
phic patterns attributabie to rhyth­
mic Milankovitch composite eustasy
(Goldhammer et al.. 1987, 1990), can­
not be used for the an8lysis of metre­
scale peritidal shallowing-upward
successions. Relative time senes anal­
ysis to reveal the rhythms of sedimen­
tation are invalid for progradational
wedges, either local or platform·wide
in extent, because such deposits are
by nature diachronous, and thick­
nesses of resultant shallowing-upward
successions vary with position on the
regionai gradient andlor platform to­
pography. Fischer (1964) presented a
graphic means of plotting time versus
cumuiative thickness for iaterally con­
tinuous, stacked, peritidal shailowing­
upward successions. Fischer plots
have often been used in recent studies
of cyclic strata because they are de­
signed to reveal changes in accumula­
tion space which deviate from that
space generated solely by subsidence;
these deviations are postulated to re­
sult from changes in sea level. How­
ever, interpretations of Fischer plots
are essentially model driven. For them
to be viable two assumptions must be
satisfied: 1) each peritidal succession
must have been deposited in the same
amount of time as every other succes~

sian in the chain, and 2) there must be
few, if any, missing tidal flat succes­
sions. The use of Fischer plots is there­
fore dubious .for any peritidal suc­
cessions which formed as prograding
wedge-shaped tidal flats. It is likely that
variations in both the tempo and mag­
nitude of changes in accumulation
space, however they are caused,
account for stacks of shallowing­
upward successions which vary in
thickness. Whereas demonstration of
alio- or autocyclic control of stratal pat­
terns in stacked shallowing-upward
successions appears out of reach at
this time, more sophisticated models,
particularty those which integrate peri­
tidal rhythms wh coeval subtidal and
perhaps offplatform stratal patterns,
hold promise.

PERrnOALSEQUENCE
STRATIGRAPHY
The concepts of sequence stratig­
raphy were developed in terrigenous
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clastic successions and carbonates
have only recentiy been analyzed in
this fashion (Chapter 14). Systematic
packaging of the basic metre-scale
shallowing-upward succession is less
common and seems less straightfor·
ward, or less well developed in car­
bonates compared to siliciclastics.
This difference likely reflects the fun­
damen~a\ diUerences between car·
bonate and siliciclastic sediments gen­
erally. We have, therefore, avoided the
term parasequencein this treatment of
carbonate tidal flat depos~.

Peritidal deposits are not indicative of
any particular systems tract because
the controls on tidal flat development,
such as climate, platform circulation,
wind patterns and tidal range. vary with
each platform's unique history and con­
figuration. Nevertheless, tidal flat de­
posits are potentialiy useful in delineat­
ing sequences and their component
systems tracts in two ways, 1) gecgra:
phic pos~ion of the tidal flat on the plat­
form may track long~term changes in
sea levei, and 2) changes in large-scale
accumulation space, and thus se­
quences, can be recognized through
analysis of stacking pattems (packag­
ing) of shaliowing-upward successions.

Tracking sea level
Tidai flats can be the first facies over­
lying a sequence boundary, deposited
as the rate of reiative sea level fall de­
creases and the sea slOWly floods
back across the platform. As third­
order sea level fluctuates in response
to long-term, large-amplitude driving
forces, the location of the strandline on
the platfonn will change. If conditions
are favourable for their development,
land-fringing tidal flat deposits will
mark the position of coastal onlap
through the third-order eustatic cycle ~

(i.e., the ·onlap-offlap· geometry of
Hardie, 1986; Fig. 22). Sarg (1988)
documented the utility of tidal flats at
the outcrop scale in a sequence strati­
graphic context for the Permian 01
New Mexico, where a sequence bound­
ary and shelf-margin wedge systems
tract were recognized in part by the
downdip, besinward postlion of oniap­
ping tidal flat depos~.

Stacking .....
The stratigraphic patterns of laterally
continuous, metre--scale, shallowing·
upward successions generated by pro-
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grading tidal fiat wedges, can be envis­
aged in the framework of long-term
changes in relative sea level. Third­
order sea level changes am thought to
'modulate' the higher-frequency,
fourth- and fiIth-<)rder sea level cycles
represented by the tidal flat succes­
sions. This has two consequences.

Long-term, thiJ'd-<)rder fiuc!Uations in
sea level should carry the window of
opportunity in which each individual
metre-scale succession is formed
back and forth across the platform.
Depending upon the balance between
different rates of subsidence, eustasy
and sedimentation, the window will be
geo'graphically repositioned during
each consecutive fourth or filth-order
change in relative sea level to result in
backstepping, olllapping or stacking of
peritidal shallowing-upward succes­
sions. Figure 22 illustrates, in a con­
ceptual way, how this might work on
an inclined shen. If the rate of change
of long-term relative sea level is low,
the geographic position of successive
windows should remain roughly the
same. Thus, peritidal successions in
lowstand (position 1) and early high­
stand (position 3) systems tracts will
probably be stacked in one place and
will be relatively thin because the rate
of addition of new accumulation space

is low. If the rate of change is high, the
window should be forced backward
and forward across the shelf. This will
likely result in either relatively thick,
backstepped tidal flat successions {p0­
sition 2 - transgressive systems tract}
or relatively thin successions which
olllap in a shingled fashion (position 4
- late highstand or early lowstand
systems tracts). It must.be stressed
that the distance of progradation in
each case will be specific to each perl­
tidal package on each shelf.

Long-term sea level rise should ac·
centuate short-term rises and sup­
press short-term falls; long-term falls in
sea level will have the opposite effect.
The relative proportions of subtidal, in­
tertidal and supratidal facies in suc­
cessive shallowing-upward succes­
sions may change systematically in re­
sponse to this long-term modulation of
short-term changes in accumulation
space. This relationship is as yet
hypothetical, and interpretations of
such controls in ancient strata are nec­
essarlly model driven.

SUMMARY
Peritidal limestones and dolostones
exhibit a large number of easily recog­
nized sedimentary and biosedimentary
structures. While some of these are in-

dividually equivocal bathymetrlc indi­
cators (stromatolites or wave-rippled
beds. for example. can form in subtidal
areas), in most cases the features can
be used collectively to make a firm en­
vironmental conclusion. A OOon- to in­
terpreting ancient peritidal facies is the
wealth of knowledge gained from
modem settings. Very olten a one-to­
one lithologic comparison can be
made, leading to a refined under­
standing of paleoenvironments and
paleoclimates in individual cases. A
hierarchy of models has been formu­
lated that deals with successive levels
of interpretation of peritidal carbonate
strata.

These kinds of rocks fall into two
main depositional systems, low-energy
tidal flats and higher-energy beaches.
The facies associations are fairly dis­
tinctive for each setting: this is the first
tier of models to guide basic interpre­
tations.

The vertical record of peritidal facies
commonly shows a trend from subtidal
limestone through intertidal sediments
to supratidal deposits, at a metre ­
scale, as tidal flats aggrade to sea
level and prograde laterally. Peritidal
models are therefore shown as shal­
lowing-upward successions as a re­
minder of these dynamic processes.

'0.

FIgure 22 A diagram illustrating the hypothetical stratigraphy of melre-scale. peritidal, successions between two sequence boundaries.
Each succession fanned by progradation which took place in the window of opportunity produced by short·tenn fourth· and fitth-order Iluclua~

tlons in relative sea level during a long·lerm, lhird--order rise and fall 01 sea level. Slow. third--order, sea tevel-eontrolled movement ot the
strandline will dictale where tidal fiats develop on the shelf. The balance between sea level changes, sedimentalion, and subsidence will
diclale how successive tidal fIats will stack, backslap or offlap,
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These models, as predictors, point to
departures from the norm and other ir­
regularities that might have important
implications regarding intrinsic or ex­
trinsic controls on deposition. They
also provide a framework wrthin which
the diagenesis of the sediment can be
tracked.

Peritidal carbonates occur repeti­
tively in stratigraphic sequences,
often in a seemingly regular, or cyclic,
fashion. There is much debate about
whether these metre-scale, shallowing­
upward successions are platlorm-wide
responses to allogenic forces such as
spasmodic subsidence or episodic
eustasy, or whether they represent lo­
calized fidal flat shorelines and islands
shaped by autogenic, i.e., hydrogra­
phic, controls. Sedimentologists have
their work cut out for them by these
models; we are now charged with the
job of deciding, if possible, which one
best explains our own successions, or
~ a new approach is necessary. It is an
exciting field of research, one that
weds careful and precise field observa­
tions with increasingly sophisticated
numerical modelling.
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Appendix XV

Zinc Mineralisation in the Gordon Limestone
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Zinc Mineralisation of the Gordon Limestone

CRAE's exploration and research activities directed at locating carbonate-hosted Zn-Pb
mineralisation within Gordon Limestone at Zeehan have led to a number of mineralisation styles
being recognised. The following discussion is a synthesis of CRAE's current level of knowledge,
grained from work throughout the Zeehan area.

CRAE's exploration activities in the Zeehan area have indicated that Zn-Pb mineralisation within
the Gordon Limestone may be pre-Devonian in age, and therefore unrelated to the Tabberabberan
Orogeny. On this basis, it is possible that carbonate-hosted Zn-Pb mineralisation may be more
widespread than that presently under evaluation at Zeehan.

The Gordon Limestone originally occupied a large area, deposited at the close of a major period of
tectonic activity that produced the metal-rich Mount Read Volcanics. During and immediately
before carbonate deposition the tectonic regime was still unstable, evidenced by rapid changes in
stratigraphic thickness of Ordovician strata. Hydrothermal systems may have continued to emit
metals into this system, focused by basement irregularities and syn-sedimentary faults. Basin­
bounding syn-sedimentary faults in the Zeehan area are WNW-trending, and include the Firewood
Siding Fault on the SW side, and Professor Range and Balstrup Faults on the NE side.

The present Gordon Limestone exposure is a vestige of Devonian deformation. Ordovician
mineralisation may have a distribution totally independent of the well-documented Devonian
systems.

Five targets are recognised for the carbonate-hosted Zn mineralisation in Gordon Limestone at
Zeehan, subdivided by the stratigraphic interval in which they are hosted (Figure):-

stratabound at the lower limestone-sandstone contact
stratabound at the upper limestone-quartzite contact
stratabound within a sub-unit in the middle of the limestone sequence
structurally controlled discordant mineralisation
surficial "clay-hosted" accumulations developed above primary mineralisation.

Srratabround at the lower limestone-sandstone contact
Mineralisation at Grieves and Mariposa falls into this category. Alteration located at Blackjacks,
Pyramid and Professor Range may also belong to this deposit type.

This position is characterised by carbonaceous and/or ferruginous clays resting on the Moina
Sandstone, in turn overlain by a massive siderite zone. The siderite zones passes stratigraphically
upward either gradationally or abruptly into unaltered and unmineralised limestone. The clay layer
may be up to SOm thick and the siderite zone up to 25m thick. Both may contain Zn mineralisation
up to several percent. The clay and siderite zone are laterally quite uniform and it may be that the
mineralisation is actually stratiform.

Mineralisation of this style has an alteration halo that is both visually and geochemically distinct.
This halo, characterised by vughy, broken or massive recrystallised Fe-carbonate and Fe-rich
clays, may extend laterally hundreds of metres beyond the main Zn mineralisation, and thus
present a considerably larger target than the mineralised core. Lateral alteration geochemistry is
reflected by Fe-Mn-As-Zn. Stratigraphy above the mineralised core is a weaker halo of elevated

Zn (± As).
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Ore mineralogy, based on work at Grieves, is complex with a mixture of zincian siderite and
minor sphalerite in the siderite ~ne, and a Zn-clay with minor to moderate amounts of sphalerite
in the siderite zone, and a Zn-clay with minor to moderate amounts of sphalerite in the clay zone.
It is not known whether this is a regional characteristic of this position. It could be possible that
the complex clay mineralogy is a supergene weathering process acting on an original sphalerite­
pyrite mineralised black shale. The siderite may be capping the sulphide systems, preserved in its
primary fonn due to its low porosity and permeability.

The stratifonn character, replacive style of alteration/mineralisation, intense Fe-Mn alteration, and
reasonably predictable geometry suggest similarities to Navan or Reocin.

Stratabound at the upper limestone-quartzite contact
Low-grade but widely anomalous zones from Firewood Siding, Grieves, Professor Range,
Sunny Corner, and Mariposa are examples of this type.

Upper zone mineralisation occurs near the contact between the limestone and overlying Crotty
Quartzite. Mineralisation is not closely bound to the upper quartzite contact, but may "wander" up
to 100m stratigraphically below the contact.

Mineralisation appears characterised by widespread but low-level Zn in the 0.1 % to 2% Zn range.
None of the prospects tested has revealed a higher-grade core, although given the limited drilling it
is entirely possible high-grade cores may exist. Limited mineralogy suggests all Zn to be as
sphalerite.

Aircore drilling shows the mineralised zones to be comprised of clays and decomposed carbonate.
Rare fresher material is usually a granular recrystallised dolomite, and can be ferroan. Intense

siderite alteration is absent. A detailed geochemical study of the alteration has not been completed.

The upper zone style may be occurring within karstic structures formed by Ordovician weathering
before deposition of the Crotty Quartzite. This setting is analogous to Bleiberg or Cracow-Silesia.

Stratabround in a middle sub-unit ofthe limestone sequence
Currently two occurrences fall into this grouping, Grieves middle zone, and Oceana. Apart from
their stratigraphic concurrence, these two deposits may not share many other similarities.

The mineralised middle sub-unit is equidistant from the upper and lower contacts, although facies
variations may affect the location at other prospects. Mineralisation is breccia hosted, and in the
case of Grieves has a linear aspect. For Grieves there is very little indication of proximity to
mineralisation as there is virtually no alteration outside the breccia zone itself.

Mineralogy at Grieves is a mixture of zincian siderite and sphalerite. Oceana is dominated by
galena with subordinate (?) sphalerite. There is also intense siderite alteration at Oceana,
presumably containing Zn?

Zinc grades at both prospects are high, locally forming massive sulphide.

There has been insufficient work completed at Grieves middle zone to suggest any controlling
mechanisms.

Structurally controlled discordant mineralisation
Most mineralisation in the Zeehan area is structurally controlled. Mineralisation at the historic
Mariposa mine, and at Myrtle belong to this type. Possibly some of the mineralisation at Oceana
is also structurally controlled.
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Structurally controlled mine"alisation may occur at any stratigraphic level. It appears to be late­
stage filling of brinle fractures. Alteration of wall-rocks is absent, and the gangue to
mineralisation may be pure calcite. Mineralisation within the structures is patchily distributed.
Ore minerals are coarse-grained sulphides.

Devonian deformation is the likely cause of the fracturing and mineralisation. Potential deposit
size is small, although the presence of discordant mineralisation may indicate a nearby stratabound
source. Late-stage structurally controlled deposits per se are not currently considered a valid
CRAE target.

Surficial "clay-hosted" accumulations developed above primary mineralisation
Surficial Zn accumulations within decomposed carbonate was CRAE's original target for
carbonate exploration in Zeehan. All currently tested prospects were selected due to the presence
of known surficial mineralisation.

It has now been conclusively demonstrated that the surficial mineralisation occupies the surface
trace of underlying stratabound mineralisation. Geometry of the surficial deposits are therefore
dependent on the shape and extent of this underlying mineralisation. Depth extent of the Zn-rich
clays and decomposed carbonates averages 10m to 20m, but have been reported to be over 100m
at Oceana.

A thin layer of decomposed carbonate exists over large areas of limestone, but this layer only
thickens and becomes substantially Zn-rich as "basement" mineralisation is approached. Areas of
+0.1 % Zn in the clay layer are regionally extensive, indicating substantial dispersions from the
primary zone. Clay thickness and Zn grade may be useful vectors toward primary zones.
Geochemically inert peat and gravels up to Sm thick obscure the clays and limestone over virtually
the entire trace of the Gordon Limestone.

Zinc ore mineralogy is dominantly to exclusively sphalerite.

Because of their restriction to the surface zone, the potential size of the surficial deposit is
somewhat limited. They are probably unlikely to be a CRA target in themselves. Their main
attraction is their usefulness as an indicator of the underlying primary mineralisation. If a large
primary deposit suitable to CRAE's requirements can be identified, then the surficial deposits
would possible be an easy way to generate short-term cash-flow whilst the major deposit was
being developed.

Zinc-rich day deposits overlying primary carbonate mineralisation have been described at Tynagh
and Silverrnines.

R.G.Parkinson
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Appendix XVI

"Zonation within Mineralisation. Phases Around the Heemskirk Granite,
Zeehan Tasmania" by Kim Ely (Honours Project)
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ABSTRACf

The Zeehan lead-zinc mineral field has been cited as being -zoned around the Heemskirk

Granite. lbis zonation is primarily manifested in the change of gangue mineralogy, from

pyrite to siderite dominated. However, the relationship of limestone-hosted deposits

distal to the granite has been disputed. Several authors have suggested that the deposits

of the Gordon Limestone have their origins in an Ordovician mineralisation event, and

therefore are not part of the zoned mineral field. Siderite occurs in three main positions

within the stratigraphy of the Gordon Limestone, but is not restricted to these zones.

The position of siderite appears to be fault controlled. Four types of siderite are

recognised in the limestone-hosted deposits. However, all types of siderite are

chemically and paragenetically very similar. Galena and sphalerite post-dates the

siderite. The variation of the chemistry of siderite sampled from nine locations

illustrates a zonation to the south-east of the Heemskirk Granite. This zonation,

reflected in both elemental and isotopic composition, overprints regional folding. Siderite

crystallisation post-dates Tabberabberan deformation and since mineralisation post-dates

siderite, it is therefore younger than Middle Devonian. Thus siderite, and associated

mineralisation in the Gordon Limestone, near Zeehan, does not have an Ordovician

origin. The limestone-hosted lead-zinc deposits are part of the siderite zone ofthe zoned

mineral field. Mineralisation is most likely related to the intrusion of the Heemskirk

Granite in the Late Devonian to Early Carboniferous.

ii
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Around the tum of the century, Zeehan was a boom town on the west coast of

Tasmania. Around fifty mines of various size and prosperity were worked for lead,

zinc, silver and tin. A total production of 200,000 tons oflead, 27,000,000 ounces of

silver and 2,700 tons of zinc were extracted (Both & Williams, 1968a). Sporadic

workings continued until 1960, when the Oceana Mine closed.

1. INTRODUCfION

301210

Figure 1.

1,1 Overview oftbe Zeehan mineral field

Mineralisation is contained within folded and faulted Proterozoic to Devonian

sediments east of the Heemsk:irk Granite, and occurs as both fissure veins and

replacement of carbonate (King & Blissett, 1968). Classification ofthe ore types and

paragenesis of the mineral deposits culminated in a description of mineral zoning in

the Zeehan field by Both and Williams (1968b). The area was modelled as a

hydrothermal mineral field zoned around the cassiterite-bearing Heemskirk Granite

(Figure I).
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This west to east zoning is characterised by changes in gangue mineralogy, from

pyrite to siderite dominated.

Carbonate-hosted deposits distal to the granite, such as the Oceana Mine, are

included in the siderite zone described Both and Williams (1968b). However, it was

concluded by Taylor and Mathison (1990), that the Oceana deposit is not a member

of the zoned mineral field. Their preferred model of genesis for the Oceana deposit

was that of a stratiform deposit formed by syndiagenetic replacement of carbonate

mud, therefore indicating a period of mineralisation during the Ordovician, prior to

the intrusion of the Heernskirk granite. Taylor (1989) also reported syngenetic

mineralisation at other sites within the Gordon limestone. Peace (1995) concluded

that the syngenetic model of mineralisation of the Oceana deposit is not supported

and that its formation was related to the intrusion of the Heernskirk Granite in the

Late Devonian to Early Carboniferous.

1.2 Aims

The major objective of this project is to document the characteristics of siderite from

several locations in the Gordon limestone. The geographic relationship of the

siderite at these locations will be studied in order to determine if the mineralisation in

the Gordon Limestone is related to the zoned Zeehan mineral field or has its origins in

an Ordovician mineralisation event. The aims are:

• to define a stratigraphy of the Gordon limestone near Zeehan;

• to document the characteristics of mineralisation and siderite phases, including

their relationships to the stratigraphy;

• to compare the characteristics of siderite from a variety of locations within the

Gordon limestone and document their relationships, and;

• to contribute to the understanding of the origin of the mineralisation and its

relationship to the zoned Zeehan mineral field.

2



1.3 Field work

These aims will be achieved by:
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This study is based on logs and samples of diamond drill core held by CRA

Exploration in Zeehan, and Pasminco Exploration in Tullah. Core from the Mariposa,

Blackjacks, Austral and Oceana prospects, from within the Gordon Limestone, was

logged and sampled. In addition, siderite was sampled from five other prospects

(Figure 2).

3

Drill holes sampled Holes indicated by • were logged.Figure 2.

LocALITY DRll..L HOLE NAME AMG (ZONE 55)

COORDINATES

Mariposa DTM84-2* 673591

DTM84-9* 674588

Blackjacks DD95DBI10* 665605

DD95DBlll* 666606

DD96DB112* 661605

Austral OP5* 602591

OP6* 603590

Oceana OP2* 601572

Grieves Siding DD95ZG405 648498

DD95ZG410 642490

DD96ZG416 646494

SunnvComer DD96DS101 633570

Stonehen~e DD95ZS31 598594

Baura DD95ZB1 627475

DD95ZB2 627474

Kin~ Billy DD96ZK123 712519

• logging ofdrill core ofthe Gordon Limestone;

• documentation ofthe characteristics of the Mariposa deposit, including

paragenesis and the relationships ofsiderite with other ore phase minerals and the

host rock;

• examination ofthe petrology of siderite from several prospects;

• analysis of oxygen and carbon isotopic composition of siderite samples, and;

• analysis ofmajor and trace elements in siderite.

I
I
I
I
I
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These prospects are located between 1.5 and 13.5 km from Zeehan, with most sites

to the south and east (Figure 3). Samples were assigned numbers consisting of a

three digit abbreviation of the drill hole name, followed by the depth ofthe base ofthe

sample in metres, to one decimal place.

Drill core was logged to establish the stratigraphy, and the nature of siderite and

mineralisation. Core was logged at a scale of 1:500, using the classification of

Dunham (1962). Limestone was classified as mudstone, wackestone, packstone or

grainstone. The presence of fossils, lamination, veining, mineralisation, siderite

alteration and core condition were all noted. The presence ofdolomite was detected

by etching the core with 10% HCl In drafting of the logs, the bedding to core axis

angles were used to calculate true bedding thickness.

Figure 3. Location ofstudy sites. The geology of the boxed area, with specific drill hole locations, is

illustrated in Figure 5.

In the Zeehan area, the Gordon Limestone is situated in valleys between ridges of

sandstone and quartzite. It is deeply weathered and is often covered with gravels.

Outcrop is rare, ofpoor quality and oflittle value to the current study.
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2. GEOLOGY OF THE ZEEHAN AREA

The geology of the Zeehan district is dominated by folded and faulted marine

sediments of upper Proterozoic and Palaeozoic age, and a Late Devonian granite

intrusion, which is known as the Heemskirk granite. The sediments are found within

the Zeehan-Mt Pearce Synclinorium (Both & Williams, 1968a after Solomon, 1965).

The granite was emplaced in a parallel anticline structure to the west (Both &

Williams, 1968a).

2.1 Stratigraphy

Oonah Formation

The late Precambrian Donah Formation, a clastic unit of variable compoSItIon

(Turner, 1989), forms the base of the sedimentary sequence seen in the Zeehan area

(Figure 4). The lower section of the Donah Formation consists ofmuscovitic quartz

sandstone interbedded with quartz wacke and mudstone, and is interpreted as a distal

turbidite facies (Turner, 1989). This is overlain by carbonate, sandstone,

conglomerate and volcaniclastic lithic wacke interbedded with laminated siltstone and

mudstone. Basaltic lavas are also present in the upper part of the sequence.

Mineralisation in the Donah Formation is hosted within dolomicrite, sideritised

evaporite, chert and pyritic shale (Anderson, 1989).

Success Creek Group and Crimson Creek Formation

The overlying Success Creek Group consists of basaltic lavas and thin beds of

dolomitic limestone interbedded with similar sediments to those of the Oonah

Formation. Deposited in the early Cambrian, this group has a comformable, but

transitional boundary with the Donah Formation (Both & Williams, 1968a). The

Cambrian Crimson Creek Formation comformably overlies the Success Creek phase,

although the relationship is not certain due to poor outcrop and the similarities

between the two units (Both & Williams, 1968a). The Crimson Creek Formation

consists of a grey mudstone turbidite sequence with basalt flows (Corbett & Turner,

1989).

5



Figure 4. Stratigraphic sequence at Zeehan (after Brown et al., 1994).
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Dundas Group

The Dundas Group crops out to the east of the field area (Figure 5). The group

consists of an interbedded sequence of quartz sandstones and pebble to boulder

conglomerates deposited in the Cambrian.

• Zeehan

"----',, .. '.--

Quatemary
Devonian­
Silurian

Ordovician

Cambrian
Precambrian

[
Alluvium
Eldon Group
Gordon Limestone
Moina Sandstone
Mt. Zeehan Conglomerate
Dundas Group
Oonah Formation

•

geological boundary

fault

drill hole location

Figure 5. Geology of major study sites (after Brown ef al., 1994), with drill hole locations.
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Mt Zeehan Conglomerate

Ordovician sediments have been brought into contact with the Cambrian sequence by

faulting (Both & Williams, 1968a). The Ordovician Mt. Zeehan Conglomerate is

thought to represent abrupt environment change in the area resulting from the late

Cambrian Jukesian Orogeny (Both & Williams, 1968a). It consists of a massive to

bedded purple conglomerate with minor interbedded sandstone and siltstone.

Moina Sandstone

Conformably overlying the Mt. Zeehan Conglomerate, the Moina Sandstone fines up

from a pebbly base. The Moina Sandstone consists of pale grey to pink sandstone

and contains tubicular trace fossils towards the top of the sequence. The Gordon

Limestone conformably overlies the Moina Sandstone (Both & Williams, 1968a).

In the Blackjacks area, the Moina sandstone varies from pale grey to white quartzite.

The quartzite is ofvarying coarseness and moderate sorting and forms a well bedded

sequence that fines upward. The nature of the contact with the overlying Gordon

Limestone is uncertain as it is not well preserved in drill core. Poor core recovery

and the presence of clays at the contact may indicate that the contact of the Moina

Sandstone with the Gordon Limestone is locally faulted.

Gordon Limestone

The Gordon Limestone is a thinly bedded series of nodular micrite, biomicrite and

calcareous mudstone. It is dominantly dark grey in colour, with some lighter micritic

and fossiliferous intervals. The Gordon Limestone represents high intertidal to

subtidal environments of deposition (Taylor & Mathison, 1990). The Gordon

Limestone is the focus of this field study, and its characteristics are descnlJed and

discussed in more detail in Chapter 3.
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Eldon Group

The Ordovician sequence is succeeded by the Silurian to Lower Devonian Eldon

Group. The Silurian sequences consist of the Crotty Quartzite, Amber Slate, Keel

Quartzite and Austral Creek Siltstone. This is succeeded by the Lower Devonian

Florence Quartzite and Bell Shale (Both & Williams, 1968a).

In the Oceana and Austral areas, the Crotty Quartzite is white to pale grey, fine

grained and well sorted. At Oceana, there is also an interval ofa fine conglomerate of

grit and pebbles.

Sedimentation ceased with onset of the middle Devonian Tabberabberan Orogeny,

which resulted in the major fold and fault structures observed in the Zeehan area

(Both & Wi11iams, 1968a).

Heemskirk Granite

The intrusion of the Heemskirk Granite postdated the Tabberabberan Orogeny

(Williams, 1974) and has been dated at 354 Ma (Heier & Brooks, 1966). The

Heemskirk granite body consists of two granite types, referred to as the red and white

granites (Heier & Brooks, 1966). Both granites are comprised ofquartz, K-fe1dspar,

plagioclase, biotite and tourmaline. The red granite includes accessory hornblende,

magnetite, sphene and allanite, while the white granite contains monazite, cassiterite

and muscovite (McClenaghan, 1989). The white granite forms the dominant part of

the outcrop. Tin mineralisation in the southern area of the granite is related to

emplacement of the white granite (Green, 1990). Cassiterite is concentrated in

greisen veins and areas of irregular alteration located in fracture zones within the red

granite (Collins et al. 1989).

Permian tillites occur in the Zeehan region, overlying a Permian unconformity surface.

Further faulting is attnlJuted to post-Permian block faulting (Both & Williams,

1968a).

9
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2.2 Mineralisation

Mineralisation generally occurs in fissure veins that are steeply dipping and have been

identified as two sets, generally striking north north-west or north north-east. Ore

bodies are commonly lenticular or irregular in shape. The strike length of veins is up

to a few hundred metres and their depth is usually constrained to a maximum of 100­

150 metres (Williams et al., 1989). Veins may be up to five metres wide, but are

generally less than 30 cm in width. Within the Gordon Limestone, stratiform

mineralisation has also been described (eg. Taylor & Mathison, 1990). Ore consists

of galena and sphalerite, with minor chalcopyrite, arsenopyrite, pyrrhotite and

tetrabedrite. Gangue minerals include pyrite, siderite and quartz.

2.3 Mineral zonation

The variation between deposits occurs within the assemblages of ore and gangue

minerals, and their chemistry. Waller (1904) first recognised three different ore types

in the field; the Pyritic Formation, the Sideritic Formation and the Stannite Formation.

Ore types intermediate between Pyritic and Sideritic types were also noted. Further

work by Twelvetrees and Ward (1910) resulted in the recognition of a geographic

zoning of ore types around the Heemskirk Granite. The zoning and paragenetic

relationships of the ore minerals were modified and further defined by Both and

Williams (1968b).

Both and Williams (1968b) defined a sequence offour zones from west to east based

largely on gangue mineralogy. A cassiterite rich zone is adjacent to, and within the

granite. The remaining three zones show a transition from pyrite to siderite rich

assemblages. The four zones are;

1) Cassiterite Zone - includes tin mineralisation within and adjacent to the Heemskirk

granite;

2) Pyritic Zone· pyrite is the dominant gangue mineral, siderite is rare or absent;

3) Intermediate (Sidero-pyritic) Zone - siderite increases to similar abundance as

pyrite in this zone. Lead sulphosalt minerals are present, and high silver

grades have been related to the presence oftetrabedrite;

10
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4) Sideritic Zone - siderite increases in abundance to become the dominant gangue

mineral Pyrite becomes rare.

Ahhough these zones have been defined, it is stressed that the changes are

transitional, and boundaries of zones quite arbitrary. Mineralogical and chemical

changes that occur across the zones from west to east include;

• a decrease in the abundance ofpyrite;

• an increase in siderite abundance, from rare or absent near the granite contact in

the west, to dominant in eastern deposits;

• an increase in the abundance ofgalena;

• a decrease in the amount ofsphalerite;

• a decrease in the FeS content of sphalerite, and;

• a rapid decrease in the concentration ofMnS in sphalerite towards the east.

The zones are thought to be a result of progressive changes in the physical and

chemical environment ofore deposition as fluids migrated upward and outward away

from the granite (Both & Williams, 1968b). A 300·C isotherm defined by the

transition from manganiferous to non-manganiferous sphalerite lies just within the

pyrite zone boundary (Williams, 1974). With the appearance of siderite, an abrupt

decrease in MnS content of sphalerite occurs, this is thought to be due to the MnS

preferentia1Iy partitioning into siderite rather than sphalerite. A general decrease in

the FeS content of sphalerite occurs away from the granite.

It was first suggested by Both et uf. (1969) that the increase in the abundance of

siderite in the eastern part ofthe Zeehan mineral field could be partly due to the fluids

passing through limestone or dolomite in the eastern area. Solomon and Groves

(1994) reasoned that the increase in siderite abundance could be due to increased
fC02 of the ore fluid due to dissolution of limestone, or by the mixing of ore fluids

with C02 rich groundwater. The outer parts of the field are likely to have been

mineralised through the action of separate groundwater circulation systems heated by

the intrusion, rather than the original magmatic fluids (Solomon & Groves, 1994).

11
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3. STRATIGRAPHY OF THE GORDON LIMESTONE

3.1 General stratigraphy

During core logging, carbonates were classed as one of six lithologies; mudstone,

dolomite-rich mudstone, wackestone, packstone, grainstone and laminated mudstone.

Other classifications used were dolomite, siderite and breccia. Descriptions of these

units from field observations follow, in Sections 3.2 and 3.4. The stratigraphy of the

logged drill core was correlated using the broad stratigraphic sequence, smaller

packages of units and specific marker beds (e.g. an onkoid rich layer). The logs and

correlation are illustrated in Enclosure 1. The correlation resulted in the compilation

of a complete stratigraphic section through the Gordon Limestone, from the Crotty

Quartzite through to the Moina Sandstone, of approximately 400 m (Figure 6).

The base of the Gordon Limestone consists of mudstone through to grainstone

interbedded with laminated mudstone units containing fenestrae. Thin layers of

rounded quartz grains also occur. The sequence fines up and the upper half of the

stratigraphy is dominated by mudstone with thin wackestone and packstone layers.

Near the upper contact with the Crotty Quartzite the limestone has been extensively

dolomitised. Siderite alteration tends to occur most commonly in three zones,

although intervals of siderite do occur throughout the sequence. The three main

siderite zones are positioned near the contacts of the limestone with the Moina

Sandstone and Crotty Quartzite, and in a central zone associated with quartz rich

beds.

12
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Figure 6. Generalised stratigraphy of the Gordon Limestone near Zeehan.
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3.2 Lithologies within the Gordon Limestone

The upper section of the Gordon Limestone is dominated by fine-grained cubooate

modstone. The high content ofclay and organic matter in the mudstone bas resuhed

in a dark grey colour being dominant The mudstone is often nodular or has bands or

blotches ofclay or dolomite-rich material The nodules or bands often have stylolites

forming their margins. Extensive bioturbation bas occorred and burrows are evident.

Sections may lighten up sequence from dark to medium grey. Fossils are scattered

throughout the rock. Fossils include brachiopods and gastropods (up to 40 rom),

onkoids (10 rom), bryozoa fragments (up to 8 rom) and corals, including tabulate

coral colonies (up to 15 em in diameter). Shelly debris and ooids are also connnoo

Fme fussils and fragments are concentrated in nmddy bands or solution seams. The

mudstone is interbedded with wackestone and packstone layers up to 4 em thick.

Bmrows and fossil moulds are sometimes fiRed with sparry calcite cement. Calcite

veining occurs throughout, varying from rare to common.

The dolomite-rich mudstone is a medium to dark grey micritic limestone with no

bioclasts. Dolomite-rich modstone is mottled with irregular dolomitised patches and

bedding paralld dolomitisatioo (FtgUl'e 7). Anastomosing mod seams and limestone

nodules with interstitial dolomite also occur. Fme calcite veining is common.

Wackestone units consist of interbedded fussiliferous, burrowed and moddy layers

(Figure 8). The fauna includes corals up to 11 em in diameter, onkoids, gastropods,

brachiopods, bryozoa and fine shelly debris (less than 3 mm). Porosity within fussils

is often fiRed with sparry calcite cement. The matrix is composed of medium-dark

grey, fine grained micrite and often has • mottled appearance. Concentrations offine

fussil fragments occur with organic matter and clay in irregular seams.

14
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Figure 7.

Figure 8.

Mudstone with patchy and bedding parallel dolomitisation. Scale is in centimetres.

DDHDB110.

o 1 2 3 4 Scm

I~~~!iiiiiiiiii;;;;;;;\~~51iiiiiiiiii_'~~1

Wackestone of bryozoa and brachiopods in dark grey micritic matrix. Scale bar is

in centimetres. Sample 1104066.
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This lithology is comprised of closely packed fossils in • micrite matrix. Clasts

inchtde corals (up to 8 em), gastropods (up to 4 em), nautiloid and brachiopod fossils,

ooids, onkoids md fossil fragments. Calcite fossil moulds md burrowing also occur.

Shelly filuna is often poorly presenred. Patchy dolomitisation md dolomite bmds are

present. The matrix is pale grey, clean micrite.

Graillstone

Grainstone varies from single to mixed fossil assemblages and often inclndes fine,

moderately sorted md rounded quartz grains. The fauna inclndes corals up to 20 em

in diameter, onkoids up to IS mm, ooids and fossil fragments. Grainstone units are

generally about 2 metres thick, but may be up to 2S metres. Grainstone occurs in the

lower and central part of the stratigraphy. In the lower section, grainstone beds are

often associated with sequences that inclnde laminated nmdstone layers.

lAmilfatdmudstofle

I aminated mndstone consists ofclean, light grey micrite. Laminations are formed by

S mm graded units or fine seams of clay-rich limestone. lAminated mudstone may

grade to massive, pale grey micrite. Fossils are not present, but lamination may be

distmbed byburrowing.

T.aminated mndstone may contain horizontal layers of funestral porosity. The

funestrae are filled with sparry calcite cement (Figure 9). This unit often forms the

top of lightening upwards cycles with • transitional boundary from dark grey

modstone. The upper contacts are often sharply defined and may be scoured. Both

horizontal and vertical fenestrae may also occur in poorly laminated or massive light

grey micrite.
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Figure 9. Laminated mudstone, fenestrae in massive micrite and fine laminated fenestrae.

Scale in millimetres. DDH DB 110.

5cm

3.3 Environments of deposition

The sequence ofGordon Limestone in the Zeehan area was deposited in a low energy,

shallow marine environment, that became deeper towards the top ofthe sequence.

Cyclic lithological relationships are seen in the lower section of the limestone. These

2-5 metre thick cycles commonly consist ot; from base to top, intraclastic packstone,

bioclastic grainstone, clay-rich mudstone, ooid grainstone, burrowed mudstone and

laminated mudstone with fenestral fabrics (Figure 10). These cycles are similar to the

peritidal, shallowing upwards succession described by Pratt et al. (1992), and provide

convincing evidence for a shallow water origin.

The pale grey laminated mudstone units with fenestrae represent the development of

algal mats. Fenestral fabrics most commonly indicate shallow intertidal or supratidal

conditions (Pratt et al. 1992). The cycles may represent small variations in depth

17
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from intertidal to very shallow intertidal or supratidal in low energy conditions (Pratt

et ai. 1992).

~I!!!'I'!UU!UIU~U laminated mudstone~.---- with fenestrae
~~~~

.:::::~:::::, ::::::::::::;::,::::::::-~:::::::::=;:;~~m;:::;:::~:::::;;:::::::::::

lil\lfllllll\llfjl! ~.---- burrowed mudstone

~.-- ooid grainstone

....f----- clay-rich mudstone

.... (,. ~ ( .. mixed bioclastic

.. ( ~"'\ \IF grainstone

\ ",,\ - \"}_\ - intraclastic packestone

--- scoured base

Figure 10. Schematic representation ofa shallowing upwards cycle as seen in the lower

section of the Gordon Limestone. Cycles may be 2-5 metres thick.

The upper part of the Gordon Limestone is dominated by mudstone with minor

interbedded wackestone and packstone. The mudstone is dark in colour and contains

a large amount of clay and organic matter. The fine grained nature of this sequence

indicates deposition in a low energy environment (Greensmith, 1989). The lack of

intertidal features, such as fenestrae, in the upper part of the Gordon Limestone may

indicate a deepening water depth towards the top ofthe sequence.
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3.4 Alteration

Change due to diagenetic and deformational processes has occurred in the Gordon

Limestone since deposition. Dolomitisation, precipitation of siderite and brecciation

are some ofthe major processes that have occurred.

Dolomite

Much of the mudstone throughout the sequence is partially dolomitised. The upper­

most section of the Gordon Limestone is extensively dolomitised, up to 100 m below

the contact with the Crotty Quartzite. Complete dolomitisation occurs near the upper

contact with the Crotty Quartzite. The dolomitised limestone is medium grey to black

in colour and may have a massive or crystalline appearance. Dolomite veins 1-40 mm

thick are common throughout dolomitised limestone. Partial dolomitisation of

mudstone has resulted in dolomitised bedding parallel bands or irregular blotches

(Figure 7). Complete dolomitisation of grainstone has occurred with preservation of

original textures (Figure 11). Vughs containing quartz and pyrite crystals, and rare

interstitial pyrite are associated with complete dolomitisation.

o 1 2 3 4 5cm
1~~~1_1iiiiIiil1~~!__!~~1

Figure II. Completely dolomitised onkoid grainstone. Scale bar is in centimetres. Sample

8420772.
Scm
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Siderite is the major gangue mineral associated with galena and sphalerite

mineralisation at Mariposa, Oceana and Austral. Siderite occurs, with or without

mineralisation, at all of the study prospects. Siderite occurs as cements or as massive

replacement of limestone. In drill core, siderite zones are often weathered and

preserved only as small (10 em) remnant pieces within extensive clays, poorly

recovered core and dolomitised limestone chips. In well preserved mineralised

sections from the Oceana deposit, siderite forms an alteration halo around sulphide

mineralisation. At Oceana, the contacts of the siderite with the host limestone are

distinct, showing cross cutting relationships with diagenetic features (peace, 1995).

Siderite zones are up to ten metres thick.

Replacement siderite

Replacement siderite is fine-medium crystalline and massive. Fresh surfaces are dark

bronze-grey. More weathered siderite may be dark brown, bronze grey or orange

brown. Siderite commonly contains cracks and irregular cavities. It is generally

massive, but may have a roughly laminated or brecciated appearance (Figure 12).

Figure 12. Samples of replacement siderite from the Blackjacks and Oceana prospects. Scale

bar is in centimetres.

Scm
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The brecciated type of siderite usually has irregular clasts of less thm 10 mm and is

matrix supported. On close inspection, the edges of clasts are often gradational md

not wen defined.. Examination ofthin sections indicates that this type of "breccia" is

aetoally a resuh ofpatchy dolomitisation. Zones ofreplacement siderite oecor within

partially doll"Tritised nmdstone or grainstone, however contacts with the host rock are

not preserved.. The associated grainstone is often rich in quartz clasts.

Sitkrite cemen1s

Fme to coarsely crystalline siderite cements oocur in veins, cavities md as cements in

breccias. The cement is cream coloured on fresh surfitces and weathers to bright

orange. Siderite zones are associated with extensive calcite veining in both the

siderite zones and host rock.

Minor sections ofbreccia with varying characteristics are present within the sequence.

Brecciation is often associated with dolomitisation and calcite veining. Clast and

matrix composition varies, often within • small distance. Breccia may consist of

sobrounded calcite clasts in dolomite matrix, angular to rmmded dolomite clasts in

calcite cement or clasts supported in a network offine calcite veining. Mineralisation

is present within some breccias. Clasts in the mineralised breccias inclode host

cubonate, vein calcite, sphalerite md galena. Clasts are angular and their size varies

from U111limetres to several centimetres. The mineralised breccias may be cement

supported with calcite being the major cement type, or have • matrix of fine calcite

and siderite (FJgUI'C 13).
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Figure 13. Mineralised breccia The dominant clast type is calcite (cc), with some galena

(gal) and sphalerite (sph) clasts. The matrix consists affine siderite and calcite.

Scale bar is in centimetres. Sample 8421367.

5cm

3.5 Correlation and faulting

The somewhat monotonous nature of the Gordon Limestone made correlation

difficult. Few beds had distinctive characteristics that enabled them to be traced

between localities. This resulted in the stratigraphy being correlated using the general

stratigraphic sequence, rather than using individual marker beds, with only a few

exceptions. Siderite zones were not correlated in the field as this would have involved

the assumption that they are of stratiform nature.

Extensive veining and slickenside striations throughout the sections logged suggest

that faulting has occurred in the Gordon Limestone. Furthermore, faulting was also

observed in Moina Sandstone outcrop adjacent to the contact with the Gordon

Limestone. Therefore, it is likely that extensive faulting has occurred in the Gordon

Limestone, resulting in loss and repetition of stratigraphy. Combined with deep
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weathering and sections of poorly preserved, broken core and clay (Figure 14), the

effects offaulting contributed to problems in correlation.

However, by logging drill holes containing the upper and lower contacts of the

Gordon Limestone and correlation of several marker beds and sequence packages, the

stratigraphy ofthe Gordon Limestone in the Zeehan area was able to be constrained.

Figure 14. Example of poor preservation ofdrill core. Clipboard, for scale, is 34 ern long.

Scm
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4. MINERAL PHAsEs

4.1 Siderite

Siderite has been identified IS the major gangue mineral of the plena and sphalerite

deposits within the siderite zone (Both md Williams, 1968a), including limestooe­

hosted deposits, such IS Oceana (Peace, 1995). The OCCllITellCe of siderite varies

from finely crystaIIine replacement to coarsely crystalline cements. Several different

types of siderite are distinguimed in thin section. The five different types are

di&tingoished by variations in texture, grainsiu aod colour. However, a chemical.

variation between the types cannot be distinguished. Siderite chemistry is more

charaeterislic oflocation, rather thm ofdiffetent siderite types.

Type 1

Type 1 siderite is very finely crystalline « 0.1 mm) md yenow-brown. It has a
granular or n~&ke texture (Figure IS). This type of siderite replaces the host

rock, destroying most original textures. Quartz clasts md small dolomite CJ)'Sla1s may

be presetVed. The small dolomite crystals among a matrix offinely crystal6ne siderite

may be due to the siderite having preferentiaBy replaced calcite over dolomite.

Type 1 siderite occurs at the Baura, Blackjacks, Grieves Siding aod Smmy Comer

prospects.

1)pe2

The second type of siderite is buff brown and has poorly defined crystal boundaries

(FJgUre 16). Under high magnification, Il\'\ieeping extinction is evident in IlIhedral to

sobhedrlll crystals. Crystals (0.1-0.3 mm) may be outlined by dark brown or black.

fine-grained organic matter. These outlines may contain finer (less thm 0.1 mm),
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Figure 15. Photomicrograph of fine grained replacement siderite (type 1). PPL (plane

polarised light). Width of view is 3 mm. Sample ZBI0202.

Figure 16. Photomicrograph of type 2 siderite (sid) with quartz grains (qtz). PPL. Width of

view is 4 mm. Sample 1230833.

Scm
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recrystaIIised siderite or the centre of the crystals may be weathered out. Type 2

siderite is also often associated with quartz grains, having replaced the SIUI'01D1ding

limestone. It may have gradational contacts with type 1 siderite. In cleaved samples,

patches ofsiderite may truncate the cleavage. This type ofsiderite occurs at the King

Billy, Blackjacks, Grieves Siding and Mariposa prospects.

Type 3

Type 3 siderite is colourless to yeDow, with clear, inclusion-free crystals. Crystals are

blocky and vary in size from less than 0.1 to 0.2 mm. Type 3 siderite occurs in veins,

patches and associated with quartz grains. Crystals often have sweeping extinction.

Veins containing type 3 siderite cements terminate to points at both ends and are thin

(0.2-1.0 mmwide). They may be up to 10 mm long. The veins coutain fine (0.05-0.1

mm) crystalline siderite. Veins may not be completely filled with siderite. The

presence of porosity in the centre of the veins and the lensoidal shape of the veins

indicates that they may be the result ofshrinkage. Aggregates ofthis siderite are also

associated with the veins. Very fine siderite veins also occur in cleavage plane cracks

in dolomite crystals.

CIystaIs ofreplaoemmt siderite up to 0.2 mm across occur around quartz grains and
in cracks within the grains (Figure 17). Type 3 siderite occurs at the Blackjacks,

Grieves Siding and Sunny Corner prospects.

Coarsely crystaIIine, colourless siderite cements are associated with galena and

sphalerite. This siderite, and mineralisation, maybe hosted within cavities or breccias.

Type 4 siderite occurs at the Mariposa prospect.

Subhedral to euhedraI crystals of clear siderite with few inclusions grow into cavities.
The centres ofthese cavities contain sphalerite, galena or ankerite. These cavities are

often elongate and have fonned within bofftype 2 siderite (FJ.gUre 18).
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Figure 17. Photomicrograph of type 3 siderite (sid) within and around a fractured quartz grain

(qtz). Width of view is 8 nun. Sample 1100635.

Figure 18. Photomicrograph of type 4 siderite in cavities within type 2 siderite. Sphalerite

and galena are in the centre ofcavities. Irregular pyrite (PY) vein cross cuts

cavities. PPL. Width of view is 8.5 nun. Sample 8421325 .

27
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Strongly zoned, cUIVed siderite crystals are found growing around clasts in breccias

(Figure 19). These long crystals often have very strong sweeping extinction.

. . .
.., , ""

...

Figure 19. Photomicrograph ofcurved siderite crystals (sid) in a breccia Clasts are cemented

by calcite (cc). PPL. Width ofview is 2 mm. Sample 8421503.

Type 5
I"

5cm

Siderite from the Stonehenge prospect is hosted within a fine-grained, quartz-rich

rock. The siderite is different to all of the limestone-hosted siderite. The Stonehenge

siderite is colourless and forms large (up to 4 mm) tabular crystals.
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4.1 Dolomite

Extensive dolomitisation has occurred throughout the sequence. Much of the

nmdstone, and matrix of packstone and wackestone has sma1I (0.1 unn), buff to

colourless eohedral dolomite rhombs scattered throughout. Under

cathodoluminescence, these thombs have distinctive red luminescent cores with non­

luminescent rims. Areas containing this kind of dolomite are often bounded by

stylolites. Where cleavage exists, individual dolomite thombs may be tnmcated by the

cleavage. This type ofdolomite also occurs in the siderite zones.

In the upper part ofthe stratigraphy, It the Mariposa and Austral prospects, complete

do1omitisation oflimestone has occurred. Dolomite that has replaced micrite is fine­

grained (0.1-0.2 mm), whereas dolomite that has replaced bioclasts is coarser (0.2-0.5

unn). The crystals are anhedral and colourless, but inclusions in the more finely

czysta1Iine dolomite may give it a brown colour. Complete dolomitisation most

counnonly resuhs in massive, textureless dolostone, but depositional fabric has been

preserved in some sections (FJ.gUre 11). Coarsely crystalline (up to 2 mm), subhedral

to eohedral, zoned cements in between clasts indicate crystallisation during boria1

diagenesis (FJ.gUre 20).

4.3 Ankerite

Ankerite occurs as final stage cavity fiR associated with galena and spha1erite.

Colomless crystals are large and fiR the mnaining cavity space (up to I unn).

Ankerite also occurs in thin cross-cutting fractures. These 0.5-1 unn wide veins

contain very fine-grained fault gouge and broken crystals.
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Figure 20.

4.4 Pyrite

Photomicrograph of coarse zoned dolomite cements and pyrite (PY) within

dolomitised grainstone. PPL. Width of view is 8.5 mm. Sample 8420772.

Scm

Pyrite occurs in several different forms. Clusters of subhedral to euhedral pyrite up to

1 rom. across are scattered throughout dolomite cements (Figure 20). Clusters of

pyrite and quartz also line cavities in completely dolomitised rock.

Pyrite also occurs as highly irregular veins that cross cut siderite and cavity-fill

sulphides. The pyrite invades cavities and follows fine fractures (Figure 21).
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Figure 21. Photomicrograph of pyrite filled fracture and cavity (PY) within siderite (sid). PPL.

Width of view is 4.8 rnm. Sample 8421325.

I"
5cm

4.5 Base metal sulphide minerals

Galena and sphalerite mineralisation occurs at the Mariposa prospect. The zones of

mineralisation are hosted in siderite zones up to 10 m thick, or as discrete faults.

Mineralisation may be hosted within breccias or cavities in siderite (as described in

Section 5.1, see Figure 18).

Galena

Small amounts of galena occur within siderite in cavities and within siderite or calcite

in breccias. The galena crystals are small, with a maximum size of 1.5 mm. Galena is

often closely associated with sphalerite.
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Sphalerite

Sphalerite occurs as cavity-fill and disseminated within breccias. The sphalerite is

olive-green in thin section. In breccias, sphalerite may be intergrown with siderite or

have grown around rounded clasts of calcite and fault gouge. Sphalerite blebs

measure up to 0.5 mm across and sphalerite intergrowths are up to 3 mm across.

Mineralised breccias

At Mariposa, mineralisation is contained within breccias. Clasts include sphalerite and

galena, dolomitised host limestone, calcite crystal fragments and siderite crystal

clusters. The clasts are poorly sorted and vary in size up to 10 mm, in thin section.

The clasts occur as angular crystal fragments or rounded aggregates of intergrown

minerals (Figure 22). Breccias may be cemented by coarsely crystalline calcite or

have a fine brown matrix of calcite and siderite. This matrix may include graded

internal sediments. Calcite crystal fragments are the dominant clast type in matrix

supported breccias. Areas oftwinned vein calcite contain fault gouge.

Figure 22. Photomicrograph of clast of sphalerite (sph) intergrown with siderite (sid) within

breccia at Mariposa. Also note calcite clasts (cc) within fault gouge (upper left­

hand corner). PPL. Width of view is 8.5 mm. Sample 8421367.
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5. ANALYTICAL TEcHNIQUES AND RESULTS

5.1 Thin sectlons

Twenty nine thin sections were made bythe author for petrographic study. Twenty of

these sections were polished for reflected light work and electron microprobe analysis.

Refer to Appendix A for descriptions ofthin sections.

5.2 X -ray diffraction

X-ray diflIaction (XRD) was used to identifY the mineralogy of selected samples. A

smarr ammmt ofpowdered sample was obtained using a dentists drill, spread onto a

glass slide with water and dried. The samples were analysed in the School of Earth

Sciences, University ofMelboume, using the Siemens X-ray Diffiactometer. Results

are presented in Appendix B.

5.3 Stable Isotopes

Siderite from each sampling 10caIity and from the upper, eentraI and lower zones was

analysed for oxygen and cubon isotopic composition. Finely powdered samples were

coBected using a dentists drill or a small mortar and pe&tIe for analysis in the School

ofEarth Sciences, Monash University. Siderite samples of7-9 mg were reacted with

103% HaPO. at 50"C for 18 hoors in sealed vessels, a modification ofthe technique of

McCrea (1950). Isotopic ratios of the exsolved C(h gas were measured on a

Fmni88" MAT 252 mass spectrometer. Values ofli"O and oUC are reported relative
to Standard Mean Ocean Water (SMOW) and Pee Dee Belemnite (PDD) respectively.

Oxygen values were corrected using a fractionation factor of 10.46'K.o (Rosenbaum &.

Sheppard, 1986). Oxygen values were oonverted from SMOW to PDB by the

equation
01'0POB = 0110 SMOW X 0.97002 - 29.98

to enable resuhs to be plotted against each other. Data is presented in Appendix C.
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The oxygen isotopic composition of siderite varies from 15.94 to 28.85 %0 SMOW.

The carbon isotopic composition of the samples is also quite variable, from -12.85 to

1.09960 PDB. A weak inverse correlation exists between li l80 and li13e (Figure 23).
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Figure 23. The oxygen and carbon isotopic composition of siderite samples. Data for Oceana

and Austral prospects from Peace (1995).

The variation between prospects of oxygen isotopic composition of siderite can be

illustrated by plotting average values on a plan map (Figure 24). The Ii180 values

become less negative to the south-east of the sampling area. The Ii13e values also

become less negative to the south-east, however the variation is less consistent than

that seen in Ii180 .
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Variability in the chemical composition of siderite can be quite large. Siderite

(endmember FeC<h) forms complete solid solutions between rhodochrosite (MnCo.,)

lUld magnesite (MgCo.,) through the substitution of Mn2
+ or Mg2+ for Fe2

+.

Substitutions ofup to 15% calcium have also been reported (Deer et al., 1992). The

The chemical compositions of carbonate phases were analysed using the Csmeca SX­

50 electron microprobe under standard operating conditions, in the School of Earth

Sciences, University of Melbourne. Twelve thin sections were carbon coated in

preparation for analysis. Samples were analysed for Ca, Mg, Mn, Fe, Sr, Zn, Ph and

Ba. Results are presented as weight percent carbonates in Appendix D. Siderite

samples from all prospects, including from the upper, central and lower siderite zones

were analysed to establish chemical variation of different siderite types, and variation

between geographic position. Dolomite and ankerite phases from several prospects

were also analysed.

5.4 Electron microprobe
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Figure 25. Siderite chemistry with respect to Fe, Mg and MD.
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chemistry of siderite from the prospects studied exhibits a large range of

compositions. In the Gordon Limestone hosted samples, the composition varies from

57-95 wt% FeC03, with substitutions of manganese and minor calcium. Most

samples contain less than 7% Ca, but several samples from Grieves Siding contain up

to 20% Ca. Siderite from Mariposa is particularly manganese-rich, containing 24-32

wt% MnC03, and thus may be classed as mangano-siderite. Siderite from the

Stonehenge prospect, which is hosted within Proterozoic sediments, is of the

magnesium-rich variety, pistomesite (Chang et al., 1996), and contains up to 33 wt%

MgC03•

50% 50%

~~ M~

2+
Fe

Siderite chemistry is generally quite constant at any particular prospect, but varies

markedly between prospects. The variation in siderite chemistry can be illustrated on

a Fe-Mg-Mn triangle diagram (Figure 25).
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The variation of siderite compositions across the field can be illustrated with the

change in average wt% FeC03 between locations (Figure 26).
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Figure 26. Variation ofwl% FeC~ contained in siderite. Data from currenl study and

Peace (1995).
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Most siderite samples have a low zinc content (less than 0.25 wt% ZnC03).

However, there are exceptions, with over I wt% ZnC03 in several siderite samples.

Dolomite and ankerite phases have elevated zinc, relative to most siderite samples,

containing up to 0,7 wt% ZnC03.

I
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6. PARAGENETIC SEQUENCE

The Gordon Limestone in the Zeehan area underwent deformation, resulting in

folding and faulting, dwing the mid-Devonian Tabberabberan Orogeny. With the

exception of minor post-Permian block faulting, this is the only major period of

deformation that has been experienced by the Gordon Limestone (Both & Williams,

1968a). Structures that resulted from the Tabberabberan Orogeny are therefore

useful markers in detennining paragenetic sequence. Events that have resulted in

textural or mineralogical changes in the Gordon Limestone are classified in the

following sections as pre-Tabberabberan, Tabberabberan or post-Tabberabberan

features.

6.1 Pre-Tabberabberan features

Pre-Tabberabberan events may have occurred from deposition of the Gordon

Limestone in the Ordovician, until the onset of the Tabberabberan Orogeny. Burial

diagenesis processes were dominant dwing that time, resulting in dolomitisation and

the formation ofstylolites and solution seams.

Primary porosity within fossils, such as gastropods, is often filled with calcite cement.

No siderite or base metal sulphide minerals were observed to exist in primary

porosity.

Partial dolomitisation has resulted in smaI1 dolomite rhomhs occurring in bedding

parallel bands and irregular patches, often in mndstone. These areas ofdolomitisation

are often bounded by stylolites, and therefore pre-date some stylolites. The extensive

dolomitisation at the top ofthe sequence is likely to be due to burial diagenesis. This

is indicated by coarsely crystalline dolomite cements, which are typical of burial

dolomitisation, and the broad regional extent ofthe dolomitisation.

Concentrations of dark, fine-grained insoluble material form stylolites and solution

seams that are subparallel to bedding. Stylolites are thin (1-2 nun), have sutured

boundaries and amplitudes up to 3 eta Solution seams up to 3 cm thick have smooth,

sometimes wispy boundaries. Solution seams may contain concentrations of fine

fossil fragments, commonly bryozoa.
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6.2 Tabberabberan features

The Tabberabberan Orogeny resulted in folding and faulting of the Gordon Limestone

(Both & Williams, 1968a). Throughout the sections sampled, the extent of effects

due to defonnation varies.

Cleavage has developed to varying degrees and is not present in all samples.

Cleavage is best developed in clay-rich lithologies. Solution cleavage has developed

as thin, parallel solution seams ofdark insoluble material and may fonn thin parallel or

anastomosing planes or be concentrated in wider seams. These seams may cross cut

diagenetic solution seams, stylolites and dolomite. Flattening of bioclasts in

grainstone is also observed.

Quartz grains within the limestone often have fibrous calcite strain shadows

(Figure 27). These strain shadows fonn parallel to the surrounding solution cleavage,

with the fibrous calcite crystals also oriented parallel to the cleavage. Fibrous calcite

is also present in cracks within the more elongate (less well rounded) quartz grains.

These partings within the quartz grains are pelpendicular to the cleavage and appear

to be microboudinage-type structures. Both of these structures are intelpreted as

being the result of Tabberabberan deformation. The fibrous calcite is not oVeIprinted

by the small dolomite mombs in the matrix, supporting the inteIpretation that the

dolomite is pre-Tabberabberan.

6.3 Post-Tabberabberan features

Clear, yellow siderite (type 3) is also associated with quartz. Siderite occurs both

within cracks in large quaru: grains and in shadows around the grains, occupying

zones in the same position, relative to cleavage, as the calcite strain shadows (Figure

28). However, unlike the calcite strain shadows, this siderite is blocky, not fibrous,

and crystals display no preferred orientation. This suggests that the siderite shadows

are not a deformational feature, but that the siderite has replaced the fibrous calcite

crystallised during the Tabberabberan deformation. This strongly suggests that

precipitation of siderite was post-deformational, therefore, post-Tabberabberan.
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Photomicrograph of calcite strain shadows (cc) around quartz clast (qtz). Small

dolomite crystals (dol) are in the surrounding matrix. PPL. Width ofview is

Figure 28. Photomicrograph of replacement siderite (sid) in strain shadow around quartz

(qtz). PPL. Width of view is 1.5 mm. Sample 1100635.
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Type 3 siderite is also seen in thin, lense-shaped veins. These veins cross cut

diagenetic dolomite and solution cleavage, again indicating post-Tabberabberan

crystallisation ofsiderite (Figure 29).

Figure 29. Photomicrograph of siderite (sid) filled fracture cross cutting solution cleavage.

Remaining porosity in the centre of the fracture has been filled with glue. PPL.

Width ofview is 5.5 nun. Sample 1013664. 5 em
I- ~I

The matrix surrounding the quartz grains consists of fine-grained siderite (type 1).

The lack of difference in chemistry between different siderite types within the one

sample indicates that they have precipitated from fluids of the same chemistry, most

likely at the same time. The form that siderite adopts is a function of the material it is

replacing, rather than the types of siderite being indicative of separate events. The

existence ofpre-Tabberabberan dolomite within this fine siderite matrix suggests that

the siderite may have preferentially replaced calcite over dolomite. Textures

suggesting this relationship are seen within the replacement type siderites (type 1 and

type 2).

Siderite also occurs as cements within cavities and breccias. Siderite cements (type 4)

occur in cavities within type 2 replacement siderite, indicating that the cements were
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precipitated later than the replacement siderite. However, the similarities in chemistry

between the two phases suggests that the timing difference between the two may be

marginal.

Both galena and sphalerite are found in the centre of siderite lined cavities, therefore

these phases post-date the siderite (Figure 18). Sphalerite and galena appear to be

contemporaneous phases within both cavities and breccias. Although the timing

relationship between cavity fill and breccia mineralisation is not known, there is no

evidence to suggest two separate phases ofmineralisation. Sphalerite from both types

of mineralisation is very similar in appearance. Therefore it is suggested that

sphalerite and galena were precipitated simultaneously in cavities and breccias.

Ankerite occurs in the centre ofcavities within siderite and as fine cross cutting veins.

Both of these modes of occurrence suggest that ankerite is a paragenetically late

mineral phase, pOSSIbly contemporaneous with galena and sphalerite. The calcite that

cements breccias containing galena and sphalerite is the latest recognised mineral

phase.

6.4 Summary

Features within the Gordon Limestone strongly suggest that crystallisation of siderite

and base metal sulphide minerals occurred after the Mid-Devonian Tabberabberan

Orogeny. The replacement of strain shadows around quartz grains by siderite is one

the features that supports this timing (Figure 30).
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Sketch of the development of siderite shadmw around quartz grains.
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Pre-Tabberabberan
Rounded quartz grains
and diagenetic dolomite in
clay-rich micritic matrix.

Pigure 30.

,
Post-Tabberabberan
Calcite replaced by siderite.
Coarsely crystalline siderite forms
around quartz grains. Fine siderite
has replaced micrite matrix.
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Chemical zonation

7.1 Zonation

SilO versus vA"1o FeeD, of siderite. Data from current study and Peace (1995).Figure 31.

7. DISCUSSION

301253

The positive correlation of these parameters indicates that the siderite at each of the

separate sites is chemically related. This suggests that the precipitation of siderite at

each site was not independent.

The variation in the isotopic composition of siderite from different localities illustrates

a zonation away from the Heemskirk Granite. When average isotopic compositions

of siderites are plotted in plan section, a trend of heavier values to the south east is

evident (Figure 24).

The variation of chemical composition of siderite also reflects this zonation, with

siderite becoming increasingly iron-rich further south-east of the granite. The

relationship hetween the oxygen isotopic composition and the chemical composition

of siderites from the outer part of the Zeehan mineral field correlates well (Figure 31).

When FeC03 is plotted against 0180 for each locality a linear relationship is seen.
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It could be argued that the distnlJUtion of siderite compositions falls into two groups,

rather than being a linear trend. However, the distribution of sample locations must

be taken into account (Figure 3). Sample sites are limited by the location of available

diamond drill core, and these locations are not distributed evenly with respect to

distance from the Heemskirk Granite.

Crystal Size Zonation

The crystal size of siderite appears to decrease to the south-east. This can be

illustrated with the occurrence ofcoarse cement and replacement siderite at Mariposa

(Figure 18) compared to very fine-grained replacement at Baura (Figure 15).

However, sampling from all localities was not sufficiently extensive to statistically

verifY this trend.

7.2 Development ofzonation

Williams (1974) proposed that the decreasing FeS content of sphalerite to the east of

the Heemskirk Granite was due to the decreasing temperature of crystallisation.

Collins and Williams (1986) also supported that the west to east zoning was due to

the thermal environment. An isotherm defined by the transition from manganiferous

to non-manganiferous sphalerite lies just within the pyrite zone, parallelling the

zonation (Williams, 1974). The chemical and crystal size zonation of the limestone­

hosted deposits distal to the granite could also be the result ofdecreasing temperature

away from the granite. Alternatively, the zonation may have resulted from the

chemical development of mineralising fluids as they moved away from the granite.

Solomon and Groves (1994) suggested siderite precipitation was due to an increase in

fC02 of the mineralising fluids. This change in chemistry of mineralising fluids

resulted from the dissolution of limestone or mixing of fluids with CO2-rich

groundwater.

The outer deposits of the Zeehan mineral field may be the result of circulating heated

groundwater, rather than primary magmatic fluids (Solomon & Groves, 1994). Given

the size of the area studied, it seems very unlikely that the more distal deposits, such

as the Baura prospect (located 14 km south-east of the granite), are the result of
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fluids exsolved from the Heemskirk Granite. Therefore, it seems most likely that the

zonation is the resuh of the decreasing temperature influence, rather than the

development of a magmatic fluid as it moved away from the granite intrusion.

Both and Williams (1968b) proposed that the zonation developed to the east of the

Heemskirk Granite. However, when this zonation model is extended further from the

granite, to include more deposits of the Gordon Limestone, the zonation takes on a

south-east trend. Although this trend may the product of the location of the sampling

sites of this study, the south-east trend is supported by the subsurface position of the

Heemskirk Granite. Based on their interpretation ofgravity and magnetic geophysical

data, Leaman and Richardson (1989), propose that the Heemskirk Granite has an

underground expression trending east north-east. This inferred shape is consistent

with the proposed zonation to the south-east ofthe granite outcrop.

It is proposed that the chemical zonation seen in siderite from within the Gordon

Limestone is consistent with the zonation in gangne mineralogy seen closer to the

Heemskirk Granite. The zonation illustrated by the variation of siderite chemistry

includes a siderite sample from the Stonehenge prospect, which is located within the

sidero-pyritic zone descnoed by Both and Williams (1968b). This serves to illustrate

the continuity of the zonation across the lithology change from clastic sediment to

limestone. The zonation and chemical relationships between localities in the outer

part of the Zeehan mineral field illustrate that siderites from the different prospects

have a related chemistry, thus a related genesis. The overprinting of Tabberabberan

defonnation features, including regional folding and faulting, by this chemical

zonation suggests that the crystallisation of the siderite post-dates the defonnation.

This overprinting indicates that pre-Tabberabberan mineralisation of the carbonate­

hosted deposits ofthe Zeehan mineral field is unlikely.
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7.3 Stratigraphic and fault control

The presence of mineralisation in fault breccias from Mariposa indicates the

association of mineralisation with faulting. The mineralisation at Mariposa does not

appear to be stratabound.

Siderite occurs at the upper and lower contacts of the limestone with sandstone.

These contacts, which may be locally faulted, provide both a permeability barrier and

conduit for fluids within the Gordon Limestone. The contacts seem to be controlling

structures ofthe upper and lower zones. The middle zone may be :favourable because

of increased porosity in grainstone and quartz rich rocks when compared to the

surrounding limestone. This may indicate that the stratigraphic position of siderite is

influenced by host rock permeability. Alternatively, the quartz-rich carbonates may

have behaved in a more brittle manner during deformation, resulting in more intense

faulting and fracturing, hence a preferred zone for mineralisation. Jack (1961)

interpreted the mineralisation of the Oceana deposit, which is situated in the central

siderite zone, to be occupying a zone ofintense shearing. It was concluded that these

structures were pre-ore, and had acted as favourable conduits for the mineralising

fluids (Jack, 1961).

7.4 Siderite chemistry

Siderite chemistry does not vary significantly between the upper, central and lower

zones. The range ofcompositions, represented by weight percentage FeC03, for each

zone is illustrated in Figure 32. The central and central-lower zones are each

represented by only one sample, limiting the range of compositions.

The lack ofdistinction between the chemistry of the three siderite zones indicates that

their formation is likely to be due to the same event. Consistent chemistry ofdifferent

siderite types within a sample indicates that all of the siderite in that sample is of the

same generation, i e. both coarse and finely crystalline siderite. The chemical

homogeneity across siderite types suggests that only one event of siderite

crystallisation has occurred.
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7.5 Paragenesis

It may be concluded from paragenetic studies that siderite post-dates Tabberabberan

cleavage development. This is demonstrated by replacement of calcite strain fringes

by siderite, lack of preservation of cleavage in massive siderite and siderite veins

cross-cutting cleavage. The occurrence of type 4 siderite in cavities within type 2

siderite indicates that type 4 appears to be marginally later, paragenetically. However,

no cross-cutting or overprinting relationships that would imply more than one event

of siderite crystallisation are seen between siderite types. This suggests that

precipitation of siderite, both replacement and coarser forms, post-dates cleavage

formation during the Tabberabberan Orogeny. The presence of galena and sphalerite

in the centre of cavities within siderite implies that the base metal sulphides post-date

the siderite. Therefore, mineralisation also post-dates the Tabberabberan Orogeny.

301257
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8. CONCLUSIONS

As a result ofhandspecimen and thin section study, major and trace element chemical

analysis and stable isotope analysis, the following conclusions can be made from this

study.

• The stratigraphy ofthe Gordon Limestone has been defined. However, the effects

offaulting prevents detailed correlation on a single bed scale. Three main siderite

zones are recognised in the stratigraphy. However, siderite is not entirely

restricted to these zones. The position of the siderite zones appears to be

associated with the contacts of the limestone with quartzite and to faulting within
the limestone.

• Five types of siderite have been recognised, based on texture, gramSlZe and

colour. However, chemical variation does not occur between the siderite types

occurring at a single locality. Physical relationships between the siderite types

suggest that all ofthe siderite types are paragenetically similar.

• Both the elemental and isotopic chemistries of siderite display systematic variation

to the south-east, away from the Heemskirk Granite. This trend is illustrated in

both siderite from the Stonehenge prospect, which is located within the sidero­

pyritic zone, and limestone-hosted siderite samples from the siderite zone. The

zonation may be the result of decreased temperature away from the Heemskirk

Granite.

• Galena and sphalerite from Mariposa are hosted within breccias or small siderite­

lined cavities. Mineralisation does not appear to be stratabound.

• Siderite post-dates Tabberabberan deformation features. Mineralisation post­

dates siderite, and therefore the mineralisation is younger than Middle Devonian.

In summary, the zonation, timing and apparent structural control of siderite within the

Gordon Limestone suggests that the siderite and associated mineralisation is related to

the intrusion ofthe Heemskirk Granite in the Late Devonian-Early Carboniferous, and

does not have its origins in an Ordovician mineralisation event.
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--------------------
Appendix A: Abbreviations used

Thin section descriptions qtz - quartz; dol - dolomite; py - pyrite; xtal - crystal; a.m. - organic matter

var. - variable; v. - very; conc. - concentrated; xcutting - cross cutting

Sample Location
Number AMG (Zone 65) DDH Depth(m) Description
9685/... coordinates

1100635 Blackjacks DB110 63.5 siderite - laminated, red-brown, cleaved, clear subhedral siderite overgrowing yellow subhedral
665605 siderite in uncleaved zones; siderite filled cavities and veins crosscutting cleavage; qtz - < 0.2

mm rounded grains with siderite veining
1100905 Blackjacks DB110 90.5 siderite - finely crystalline, yellow-brown; weak foliation defined by fine, dark solution cleavage

665605 planes; colourless, finely crystalline veins, 1-2 mm, no preferred orientation; vein -large « 1
mm), blocky calcite cement, overgrowing yellow siderite

1102568a Blackjacks DB110 256.8 grainstone ofassorted fossil fragments with large areas of calcite cement fines up to wackstone;
665605 -10% qtz grains

1102568b Blackjacks DB110 256.8 wackestone has sharp contact with mudstone; mudstone - cleaved, dolomite overgrowing
665605 cleavage; sharp stylolite contact with lighter mudstone, increased dolomite up hole to complete

recrystallisation
1103114 Blackjacks DB110 311.4 grainstone - 4 mm brachiopods, 15 mm corals; mudstone, cleaved, dolomite overgrowing

665605 cleavage; gradual boundary, no dolomite in grainstone
1103580 Blackjacks DB110 358.0 qtz sandstone; qtz - moderately sorted, 0.1-{).5 mm, larger grains rounded, smaller grains

665605 subangular; matrix - micrite; rextallised dol. rhombs; sparry calcite cement, forms pressure
shadows on qtz grains; interstitial a.m.; rare rounded micrite clasts

1103665 Blackjacks DB110 366.5 interbedded wackestone and dolomitic mudstone; wackestone - fossil moulds (up to 10 mm) of
665605 sparry calcite cement, micrite matrix; zones of fine (0.1 mm) dolomite bounded by stylolites

1103829 Blackjacks DB110 382.9 quartz sandstone - grains 0.1-{).3 mm, subrounded to angular, black organic matter matrix,
665605 calcite cement; transitional contact with peloidal limestone, 0.4 mm clasts, long axes aligned with

foliation; elongate, wispy clasts ofmudstone, 8 mm long
1104347 Blackjacks DB110 434.7 quartz sandstone with matrix of micrite, sparry calcite cement and later, brown dolomite,

665605 euhedral rhombs; quartz - rounded to irregUlar, 2 mm, undulose extinction, pressure shadows
1104770 Blackjacks DB110 477.0 clear, fine siderite laths in brown v. v. fine groundmass; very porous; quartz (chalcedony) grains

665605 with radiating extinction



--------------------
1110186 Blackjacks OB111 18.6 packstone - fossil moulds up to 5 mm filled with sparry calcite cement, ooid matrix; mudstone -

666606 extensive dol. replacement overprinting cleavage; extent of dol. bounded by stylolites; qtz cone.
in stylolites, rounded to sUbangular, poorly sorled, 0.1-1 mm

1111651 Blackjacks OB111 165.1 quartz sandstone - quartz rounded, generally O. 1-C.2 mm, up to 4 mm, with calcite strain
666606 shadows; matrix - fine FeD, opaques, calcite cement; vein - 15mm, coarse, blocky calcite, cross

cutting
1111934 Blackjacks OB111 193.4 siderite - pale yellow-brown, v. finely crystalline, pale cavity fill with interconnecting veins

666606 (shrinkage features?); siderite fill shrinkage crackslveins across rextallised dol clast, small sub-
anhedral dol xtals, some with fine siderite veins

1112263 Blackjacks OB111 226.3 siderite - yellow, sub-anhedraf, var. xtal size, o.m. xta/outlines; dolomite - -80%, sub-euhedral
666606 rhomb, 0.2 mm, patches of almost complete dol overgrowth with v. fine siderite veining in dol

cleavage planes; siderite filled shrinkage crack
8420772 Mariposa DTM84-2 77.2 Onkoid grainstone, completely doIomitised; dol. brown, cement xtals up to 2 mm; onkoids up to

673591 15 mm diameter; abundant interstitial, subhedral py, up to 1 mm;
8421126 Mariposa OTM84-2 112.6 ooid grainstone overgrown by euhedral brown dolomite, concentrated o.m. around areas of

673591 dolomite, large twinned calcite xtal containing clasts of grainstone replaced by dol rhombs; two
generations of dol veining, second with small py cubes in centre

8421325 Mariposa OTM84-2 132.5 siderite - finely xtalline, brown, with poor xtal definition surrounding pale cavity fill with sweeping
673591 extinction; cavities offen parallel and elongate; sphalerite and galena in centre of cavities, py in

cavities and as cross cutting veins
8421367 Mariposa OTM84-2 136.7 breccia of calcite, siderite, sphalerite and galena in fine, brown matrix and sparry calcite cement;

673591 siderite - grey-brown, small xta/s, poor extinction; stylolites
8421503 Mariposa OTM84-2 150.3 Interlocking, subhedral, twinned calcite infilling between finer xtalline siderite with galena «1

673591 mm) and sphalerite «1 mm) blebs; surrounded by cavity fill siderite, clear, zoned, curved xtals
with sweeping extinction; some clasts of dol. mudstone

8490850 Mariposa OTM84-9 85.0 wackestone ofcorals and bryozoa in dolomite matrix; 15 mm seams ofdark organic matter with
674588 some dolomite crystals (0.1 mm); cross cutting styolites

8491658 Mariposa OTM84-9 165.8 packstone with styolite bounded dark dolomite rich zones with rare fossils; foliation strong in dark
674588 bands; corals (20 mm); onkoids (8 mm); dense concentrations of thin solution seams around

some fossils
OP23558 Oceana OP2 355.8 qtz sandstone - rounded to irregular grains, poorly sorled, sparry calcite cement; some coral

601572 fragments < 6 mm with stylolite edges; brown dol vein with stylolites along margins



--------------------
S311254 stonehenge ZS31 125.4 siderite - clear anhedral xla/s growing among remnants of fine grained, qtz rich host rock; large

598594 laths (up to 5 mm); irregular py clusters, late siderite and ankerite veins
1013664 Sunny Comer 101 366.4 fine pale buff-grey siderite, cleaved; later O. 1 mm euhedral dolomite overgrowing, -50%;

633570 dolomitised areas bounded by stylolites/cleavage planes; late stage shrinkage cracks with pale
siderite cross-cutting cleavage

1230833 King Billy 123 83.3 siderite - sub-anhedral xlals, less distinct xlal shape in dark areas, zones of different xlal size,
712519 occurs as fine veins through qtz; qtz - rounded or being overgrown, < 0.5 mm

4050527 Grieves Siding 405 52.7 siderite - pale grey-brown , subhedral with organic matter xlal outlines, 0.2 mm, in areas of cavity
648498 fill and interconnecting veins xla/s < 1 mm, seam of dark organic matter with rounded clusters of

siderite; rare 0.1 mm qtz grains; porous
4101774 Grieves Siding 410 177.4 siderite - pale grey-brown, organic matter outlines 0.01-0.02 mm, finely recrystalline inside

642490 outline; porous
ZB10202 Baura 627475 ZB1 20.2 siderite - massive, v. fine grained, < 10llm, yellow-brown; qtz, 10 11m, -5%
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Oxygen and Carbon Isotope Data

Depth (m) 018 0 SMOW 018 0 PDB 013 C PDS
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Append/xC:

Sample
number Location
96851...
1100635 Blackjacks
1102375 Blackjacks
1103525 Blackjacks
1104691 Blackjacks
1111057 Blackjacks
1111934 Blackjacks
1112420 Blackjacks
1112592 Blackjacks
8421325 Mariposa
8421411 Mariposa
8421707 Mariposa
8490296 Mariposa
8490392 Mariposa
8491016 Mariposa
4050527 Grieves Siding
4101774 Grieves Siding
1013664 Sunny Corner
S311254 Stonehenge
ZB10202 Baura
1230833 King Billy

63.5
237.5
352.5
469.1
57.0

193.4
242.0
259.2
132.5
141.1
170.7
29.6
39.2

101.6
52.7

177.4
366.4
125.4
20.2
83.3

18.97
19.21
24.49
29.93
26.09
27.75
21.99
21.82
15.94
17.11
16.43
18.73
17.73
19.27
28.2

26.49
27.38
16.17
28.85
26.23

-11.58
-11.35

-6.22
-0.95
-4.67
-3.06
-8.65
-8.81

-14.52
-13.38
-14.04
-11.81
-12.78
-11.29

-2.63
-4.28
-3.42

-14.29
-1.99
-4.54

-8.68
1.09

-0.89
-3.53
-9.44
-3.37
-5.14
-6.26
-3.12
-2.75
-0.18
-0.75
-3.48
0.54

-11.54
-7.66
-10.9
-3.49

-10.88
-12.85
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--------------------
Sample Number weight % as carbonate
9683/... Location Phase Mg Sr Ca Mn Fe Zn Pb Total
1104770 Blackjacks SIDERITE 0.29 0 3.64 3.16 90.26 0 0.03 97.38
1104770 Blackjacks SIDERITE 0.32 0.02 3.36 2.7 91.98 0.01 0.02 98.42
1104770 Blackjacks SIDERITE 0.36 0.03 3.63 2.66 91.06 0 0 97.75
1104770 Blackjacks SIDERITE 0.69 0 7.22 6.45 81.63 0 0.02 96.01
1104770 Blackjacks SIDERITE 0.64 0 5.43 4.72 86.08 0.24 0 97.1
1111934 Blackjacks SIDERITE 0.49 0 2.63 3.02 92.1 0.21 0.19 98.65
1111934 Blackjacks SIDERITE 0.57 0 2.76 3.03 92.4 0.21 0.04 99
1111934 Blackjacks Fe DOLOMITE 36.12 0 56.45 1.46 3.9 0.71 0.08 98.72
1111934 Blackjacks Fe DOLOMITE 35.61 0 55.96 1.21 4.37 0.78 0.02 97.96
1111934 Blackjacks SIDERITE 0.32 0 4.28 3.22 90.02 0 0 97.85
1111934 Blackjacks SIDERITE 0.71 0 6.95 3.28 86.65 0.07 0.03 97.7
1111934 Blackjacks SIDERITE 0.85 0 5.52 3.88 86.64 0.26 0.1 97.25
1112263 Blackjacks SIDERITE 0.81 0.01 5.34 1.91 86.81 0.06 0.09 95.02
1112263 Blackjacks SIDERITE 0.61 0 5.18 2.26 88.97 0 0 97.02
1112263 Blackjacks DOLOMITE 38.89 0.08 60.68 0.06 0.14 0.14 0 99.99
1112263 Blackjacks DOLOMITE 39.32 0.13 60.58 0.03 0.44 0.07 0 100.56
1112263 Blackjacks SIDERITE 0.71 0 4.21 3.21 88.74 0.15 0.04 97.05
1112263 Blackjacks SIDERITE 0.91 0 5.85 3.23 86.17 0.12 0 96.27
1112263 Blackjacks SIDERITE 0.64 0 5 2.1 86.83 0 0.05 94.62
1112263 Blackjacks SIDERITE 0.85 0.04 6.8 3.5 85.33 0 0.04 96.56
1112263 Blackjacks SIDERITE 0.97 0.05 7.56 3.61 85.07 0.15 0.04 97.45
8421325 Mariposa ANKERITE 18.95 0 57.53 5.19 17.32 0.63 0 99.63
8421325 Mariposa CALCITE 0.53 0.04 95.02 3.17 1.54 0.13 0 100.43
8421325 Mariposa MnSIDERITE 4.12 0.06 2.26 27.95 65.11 0.12 0.01 99.62
8421325 Mariposa MnSIDERITE 3.86 0 2.87 29.85 63.84 0.06 0.02 100.5
8421325 Mariposa Mn SIDERITE 5.29 0.01 2.41 28.81 63.55 0 0.01 100.07
8421325 Mariposa ANKERITE 17.34 0.03 56.7 8.31 18.39 0.52 0.05 101.34 ~

8421325 Mariposa Mn SIDERITE 6.23 0.01 2.1 29.05 61.7 0.07 0.05 99.21 0
'-'-
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--------------------
Sample Number weight % as carbonate
9683/... Location Phase Mg Sr Ca Mn Fe Zn Pb Total

8421325 Mariposa Mn SIDERITE 7.17 0 3.03 32.22 57.15 0.17 0.01 99.74

8421325 Mariposa Mn SIDERITE 7.19 0 2.42 31.72 57.83 0 0.12 99.27

8421325 Mariposa DOLOMITE 41.67 0.01 56.11 0.12 1.07 0 0 98.98

8421325 Mariposa DOLOMITE 39.85 0.05 57.28 0.61 1.47 0.04 0 99.3

8421325 Mariposa Mn SIDERITE 7.17 0.02 3.11 28.36 60.16 0.35 0 99.18

8421325 Mariposa ANKERITE 17.58 0.03 58.3 6.7 17.55 0.22 0.02 100.4

8421325 Mariposa MnSIDERITE 5.34 0.02 1.9 24.4 66.82 0.14 0 98.61

8421325 Mariposa Mn SIDERITE 5.45 0.11 2.24 27.44 63.88 0.14 0.12 99.37

S311254 Stonehenge Mg SIDERITE 33.22 0 1.54 3.93 60.18 0 0 98.87

S311254 Stonehenge Mg SIDERITE 32.04 0.02 1.35 3.66 63.05 0.03 0.07 100.2

S311254 Stonehenge ANKERITE 30 0 51.6 3.82 14.22 0.08 0 99.72

S311254 Stonehenge ANKERITE 29.88 0 41.71 5.88 20.85 0.06 0 98.38

S311254 Stonehenge MgSIDERITE 32.77 0 1.37 3.47 62.02 0 0.04 99.67

5311254 Stonehenge MgSIDERITE 31.13 0 1.29 3.76 62.32 0.03 0 98.53

S311254 Stonehenge MgSIDERITE 32.24 0 0.82 3.6 62.3 0.06 0 99.01

S311254 Stonehenge Mg SIDERITE 30.68 0 0.94 3.83 64.21 0 0 99.66

1013664 Sunny Corner DOLOMITE 35.7 0.05 62.99 0 0.28 0 0.02 99.04

1013664 Sunny Corner DOLOMITE 36.99 0.05 61.58 0.08 0.55 0.04 0.03 99.33

1013664 Sunny Corner SIDERITE 0.54 0 5.43 7.18 83.74 0.11 0.03 97.03

1013664 Sunny Corner SIDERITE 1.96 0 9.44 5.34 78.77 0 0.04 95.55

1013664 Sunny Corner SIDERITE 0.49 0.05 4.1 6.92 87.5 0 0 99.07

1013664 Sunny Corner SIDERITE 0.51 0 3.71 6.73 87.44 0 0 98.4

1013664 Sunny Corner DOLOMITE 34.42 0 58.34 0.1 5.72 0.09 0.03 98.71

1013664 Sunny Corner SIDERITE 0.49 0.04 6.41 5.51 84.66 0.02 0.01 97.13

1013664 Sunny Corner SIDERITE 0.42 0 4.82 6.62 85.95 0.19 0 98

1013664 Sunny Corner SIDERITE 0.51 0 6.04 5.95 87.55 0 0.02 100.07

4050527 Grieves Siding Ca SIDERITE 10.56 0 15.71 1.16 69.03 0.08 0 96.53

4050527 Grieves Siding Ca SIDERITE 6.46 0 9.65 0.83 80.62 0 0 97.55 W
0
~

~

...;}

OJ



--------------------
Sample Number weight % as carbonate
9683/.•. Location Phase Mg Sr Ca Mn Fe Zn Pb Total
4050527 Grieves Siding Ca SIDERITE 13.5 0 20.02 0.72 63.02 0 0 97.26
4050527 Grieves Siding SIDERITE 0.5 0 3.4 1.46 95.49 0.07 0.02 100.95
4050527 Grieves Siding Mn SIDERITE 3.21 0 8.45 24.14 62 2.41 0.15 100.37
4050527 Grieves Siding MnSIDERITE 1.36 0 8.8 6.32 82.46 0 0.1 99.03
ZB10202 Baura SIDERITE 0.56 0 2.47 1.94 92.48 0 0 97.45
ZBlO202 Baura SIDERITE 0.47 0 2.62 2.12 91.17 0 0.04 96.41
ZBlO202 Bauro SIDERITE 0.46 0 4.11 1.99 92.14 0 0.02 98.72
ZB10202 Baura SIDERITE 0.85 0 2.21 2.49 94.03 0 0.09 99.67

Mg Sr Pb Ca Sa Mn Fe Zn Total
1100635 Blackjacks SIDERITE 0.58 0.06 0 5.19 0,02 3.97 88.98 0 98.8
1100635 Blackjacks SIDERITE 0.52 0 0.04 6 0 3.5 88.51 0 98.57
1100635 Blackjacks DOLOMITE 36.91 0.26 0 62.53 0.22 0.1 1.62 0 101.65
1100635 Blackjacks DOLOMITE 36.61 0.17 0.05 59.71 0.D7 0 3.01 0 99.62
1100635 Blackjacks Ca SIDERITE 0.6 0.01 0.04 6.19 0.05 2.87 86.97 0.48 97.22
1100635 Blackjacks SIDERITE 0.84 0 0.05 7.04 0.22 3.81 88 0.12 1oo.D7
1100635 Blackjacks SIDERITE 0.59 0 0.09 6.58 0 3.58 88.03 0 98.87
1100635 Blackjacks SIDERITE 0.53 0 0.09 4.61 0 4.58 90.17 0.09 1oo.D7
1100635 Blackjacks SIDERITE 0.43 0 0.04 5.7 0 4.11 89.48 0 99.76
1100635 Blackjacks SIDERITE 0.7 0 0.01 5.18 0 3.16 87.55 1.03 97.62
1100635 Blackjacks SIDERITE 0.66 0 0.03 6.33 0 2.36 86.69 1.18 97.24
8421126 Mariposa ANKERITE 28.01 0.07 0 54.8 0.02 0.29 14.76 0 97.95
8421126 Mariposa ANKERITE 28.53 0 0 55.42 0 0.31 15.15 0.03 99.45
8421126 Mariposa DOLOMITE 40.49 0 0 56.08 0 0.07 1.24 0.01 97.88
8421126 Mariposa DOLOMITE 40.48 0.04 0 57.7 0.09 0.05 0.54 0.09 98.99
8421126 Mariposa ANKERITE 26.02 om 0 54.19 0.1 1.09 17.96 0 99.37
8421126 Mariposa ANKERITE 24.22 0.05 0.14 56.33 0 1.23 18.38 0.01 100.36

,~

8421126 Mariposa DOLOMITE 40.98 0.03 0 57.63 0.01 0.06 0.64 0.1 99.46 0
8421126 Mariposa ANKERITE 30.01 0.04 0 56.76 0.02 0.61 11.08 0.01 98.53 ......

t>:l
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--------------------
Sample Number weight %as carbonate
9683/•.. Location Phase Mg Sr Pb Ca Ba Mn Fe Zn Total
1230833 King Billy SIDERITE 0.26 0 om 1.64 0 2.91 95.14 0 100.02
1230833 King Billy SIDERITE 0.33 0.03 0.02 1.76 0 2.63 94.2 0.02 98.98
1230833 King Billy SIDERITE 0.59 0 0 3.79 0 4.67 89.18 0 98.23
1230833 King Billy SIDERITE 0.25 0 om 4.24 0 2.88 93.14 0 100.59
1230833 King Billy SIDERITE 0.41 0 0.04 2.46 0.05 2.63 94.81 0 100.41
1230833 King Billy SIDERITE 3.59 0.06 0.02 7.29 0 3.52 85.97 0.15 100.62
4101774 Grieves Siding SIDERITE 0.84 0 0 2.09 0.05 3.35 94.48 0 100.81
4101774 Grieves Siding SIDERITE 0.88 0 0 1.93 0.09 3.48 94.59 0 100.97
4101774 Grieves Siding SIDERITE 1.15 0 0.08 1.2 0.08 2.82 95.79 0 101.12
4101774 Grieves Siding SIDERITE 1.82 0 0.05 2.38 0.12 2.98 92.88 0.22 100.45
4101774 Grieves Siding SIDERITE 1.23 0 0.01 1.34 0 2.83 94.47 0.15 l00.Q4
4101774 Grieves Siding SIDERITE 1.66 0.02 0.03 1.81 0 3.59 92.01 0.01 99.13
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