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SUMMARY 

The Koppany Prospect is located on EPM 14467 approximately 50km west of Cloncurry, and forms part of 
the Mt Frosty Joint Venture between Hammer Metals Limited and Mount Isa Mines Limited.  The project 
area sits within a highly deformed and metasomatized package of calc-silicates within the Mary Kathleen 
Domain. Previous drilling by Xstrata Copper in 2009 identified unexpected and significant rare earth 
element concentrations of up to 3.8% TREO relating to allanite and associated with skarn formation. 

In early 2020 Hammer Metals Limited on behalf of the Mt Frosty Joint Venture submitted a proposal as 
part of the Queensland Government Collaborative Exploration Initiative to drill two holes associated with 
the peak cerium and lanthanum soil anomaly adjacent to a strong VTEM response that was untested by 
the previous drilling. The department agreed to provide funding for 2x 250m diamond drill holes at the 
Koppany REE Prospect.  

The 2020 CEI drilling at Koppany intersected broad zones of visible REE mineralisation (Allanite) and 
multiple zones of stringer and semi-massive sulphide mineralisation. Observations from the drilling show 
that the rare earth bearing zones are associated with clinopyroxene-garnet skarns, which is cross-cut on its 
western side by a semi massive pyrrhotite – chalcopyrite zones that correspond to a series of strong VTEM 
responses occurring over a 5.6km strike length. The rare earth element response is dominated by the 
lighter elements, typically comprising greater than 98% of the total rare earth concentration. Individual 
maximum REE grades of 1.02% Ce2O3, 0.53% La2O3 and 0.11% Nd2O3 were noted within mineralised 
intervals. Based on the combination of recent downhole orientation information and previous Xstrata 
drilling, the outer envelope of the REE mineralisation is interpreted to be in excess of 90m in thickness. The 
exact orientation of the rare earth bearing zone is not known with certainty at this stage and is potentially 
open to the east of the CEI drilling area as indicated by previous Xstrata holes KOPD005, KOPD006 and 
KOPD007. 

1 - TARGET RATIONALE AND DEFINITION 

1.1 Background 
The CEI area is located approximately 60km east of Mount Isa (Figure 1) and 1km southeast of the Mary 
Kathleen Uranium Mine. Hammer Metals Limited maintains landholder conduct and compensation 
agreements with the landholders over the drilling area. The proposal area is within EPM 14467 held by 
Mulga Minerals Pty Ltd (51%) and Mount Isa Mines Limited (“MIM”) (49%) under the Mt Frosty Joint 
Venture. 

Previous exploration at the Koppany Project has focused on copper. The most recent copper exploration 
comprised VTEM, soil geochemistry, reverse circulation, and diamond drilling. The wide spaced diamond 
drilling completed by MIM in 2009 tested a series of VTEM targets over a 3-kilometer strike length. Multi-
element re-analysis of the drill core in several of the core holes returned strongly elevated REE’s but very 
low uranium, mostly in the footwall of the targeted conductive sulphide zones. Previously collected soil 
samples were subsequently re-analysed for cerium and lanthanum. These results defined a large REE 
anomaly over a 2km strike length. The peak of this anomaly lies in a 500m gap between two previous 
diamond drill holes that fortuitously intercepted significant REE’s. No further REE exploration was done. 
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The main factors making the Koppany area attractive to Hammer are: 

• None of the previous wide-spaced MIM drilling targeted rare earth elements, but nevertheless 
intercepted strongly elevated REE zones; 

• The peak REE soil anomaly has not been tested. The peak soil anomaly is located adjacent to and 
to the east of the peak VTEM trend; and 

• The VTEM anomaly indicates the presence of an ISCG system. 
 
Hammer Metals is interested in determining the potential of this zone to host a significant REE deposit 
and is proposing two diamond drill holes to test across the peak of the soil REE anomaly in the 500m 
gap between the previous drill holes with the most strongly elevated REE’s. This drilling should provide 
an effective initial test of the REE potential of the zone. It is also intended to conduct petrological and 
mineralogical studies on the drill core to determine the deportment of the REE mineral species. This 
will also allow comparison with the REE’s present in the Mary Kathleen tailings. 
 

 

Figure 1. Regional geology of the Mary Kathleen district and project area. 
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The area comprises a complex mix of metavolcanic, meta-sedimentary and meta-intrusive rocks Figure 2. 
Most metavolcanic and meta-sedimentary rocks belong either to the Argylla Formation, Ballara Quartz, 
Corella Formation or Mount Albert Group. Widespread skarn developed in calcareous rocks of the Corella 
Formation adjacent to some of the granitoids, most notably the Burstall Granite east of the Mary Kathleen 
Syncline. This granite has been interpreted to occur as a westward dipping, approximately 1km thick, slab 
beneath the Koppany prospect. The area was folded and metamorphosed to amphibolite facies, which has 
produced a pronounced steep north-south structural grain. 

 

Figure 2. Detailed geology of the Koppany Project area. 
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Late, post peak metamorphism faulting (post D2), dominated by northeast and northwest oriented faults, 
has disrupted the whole of the tenement area. Most northeast faults are sub-vertical strike slip faults with 
dextral movement sense. Three regional-scale northeast faults cut the area, these being the Fountain 
Range, Cameron, and Wonga Faults. The Fountain Range Fault has an apparent dextral offset of 
approximately 25km. Northwest faults appear mostly sub-vertical and have apparent dextral and sinistral 
offsets. 

Copper, gold, and uranium +/- REE occurrences are scattered throughout the entire area but are most 
strongly focused along the eastern edge and southern closure of the Rosebud Syncline. Mineralisation is 
clearly structurally controlled, with most occurrences localised within shear zones or faults adjacent to 
regional-scale faults. In the Mary Kathleen area skarn alteration associated with mineralisation is common 
(e.g. Elaine, Blue Caesar, and Mary Kathleen). It is also likely there is some form of stratigraphic control on 
mineralisation, in that a large proportion of documented occurrences straddle the Argylla Formation; 
Ballara Quartz; Corella Formation boundary. 

The Koppany prospect is underlain by rocks of the Corella Formation. The Burstall Granite crops out 2km 
to the east of the area. Many irregularly shaped rhyolite dykes and sills emanate from the Burstall Granite 
and intrude the Corella Formation rocks. Protolith chemistry is a strong determinant on skarn mineral 
assemblages. 

The contact metamorphosed part of the Corella Formation at Koppany strikes north-south and dips 
moderate to steeply westward with dip averaging 60º and ranging between 45º and 80º. The main 
structural elements of the area are the Mary Kathleen Syncline (MKS) and the Mary Kathleen Shear Zone 
(MKSZ). The MKS is a former D2 structure and is a tight doubly plunging synform with a half-wavelength of 
5km. The eastern limb of this north-south trending fold underlies the Koppany prospect. 

1.2 Previous Exploration 
After the discovery of Mary Kathleen in the 1950’s, exploration in the area up until the end of the 1970s, 
was dominated by the search for uranium to provide additional feed for the Mary Kathleen operations. 
Exploration for copper in the Rosebud area has a long history; however, to date only relatively small 
resources have been defined. The largest known copper resources within the area are Blockade, Mount 
Colin, Elaine, and Jubilee. A considerable number of other prospects have been drilled, some of which 
contain significant mineralised intersections. An example is the Pinnacle Prospect with several 
intersections in the order of 95m @ 0.4% copper and 0.09g/t gold. 1 

Exploration completed over the tenement by Xstrata Copper Exploration Pty Ltd focused on three prospect 
areas including Koppany, Koppany North and Upper Greens Creek. At Koppany and Koppany North -80# 
soil sampling was carried out in two phases between August and November 2007 defining significant 
copper in soil anomalies over both grids including a zone of +200ppm copper approximately 2.3km in 
length (not closed off to the south) and up to 600m wide at Koppany. A detailed VTEM and magnetics 
helicopter survey was conducted over the Koppany prospect (Koppany and Koppany North) in 2008. 
Several strong VTEM anomalies were detected over a strike length of about 3.7 km, which correlated well 
with the copper in soil anomalies. 

 
1 See HMX, ASX announcement dated 30/10/2018. 
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Koppany and Koppany North prospects were identified as large copper in soil anomalies coincident with 
late channel VTEM anomalies. Nine diamond drill holes for 2140m were drilled in 2009 targeting copper 
skarn mineralisation associated with the VTEM anomalies. Copper mineralisation was intercepted as minor 
chalcopyrite associated with pyrrhotite and appears to be spatially and temporally associated with thermal 
metamorphism and related metasomatism of carbonate-rich sedimentary rocks in a weak, ductile strain 
environment. Pyrrhotite was the dominant sulphide species identified in the drilling and is interpreted to 
account for the VTEM anomalies. 

Subsequently China Yunnan Copper (CYU2) conducted exploration under the Mt Frosty JV with MIM 
(previously Xstrata). CYU conducted RC drilling at the Jubilee copper prospect as well as some soil sampling 
over the Koppany area which was analysed using a portable XRF. CYU also conducted multi-element re-
analysis of parts of the MIM soil data, including analyzing for cerium and lanthanum. 

Mulga Minerals Pty Ltd (a subsidiary of Hammer Metals Limited) replaced CYU in the Mt Frosty JV in August 
20173. Exploration by Hammer Metals has focused on RC and diamond drilling at the Jubilee copper 
prospect. The maiden Jubilee Mineral Resource Estimate of 1.4 Mt at 1.4 % Cu and 0.62g/t Au was released 
to the ASX in December 2018. 

1.3 Targeting Criteria 
The targeting criteria is based directly on the projection of the best REE results of previous drilling, the 
strongest REE soil geochemical results for cerium and lanthanum, and geology. As the rock units mostly 
outcrop or sub-outcrop it is considered that the soil geochemistry will accurately reflect the location of the 
underlying near surface mineralisation. The peak soil REE anomaly occupies a distinct zone to the east of 
the peak VTEM anomaly. 

The peak of the strongest and broadest REE (La and Ce) soil geochemical anomaly is in the centre of a 500m 
gap between the previous drill holes (KOPD005 and KOPD006) that returned the most strongly elevated 
REE’s (Figure 3). Note that several soil samples exceeded the maximum limit of detection of 1000ppm for 
cerium and lanthanum in this area. 

2 – LOCATION, TENURE AND ACCESS 

The Koppany Project is located approximately 60km east of Mount Isa and 1.5km southeast the historic 
Mary Kathleen uranium mine, within the Mary Kathleen fold belt (Eastern Succession) of the Mount Isa 
Province in Northwest Queensland. The Project area is located within EPM14467 which is jointly held 51% 
by Mulga Mining Pty Ltd (100% subsidiary of Hammer Metals) and 49% by Mount Isa Mines (a subsidiary 
of Glencore) under the Mt Frosty joint venture agreement.  

 

 
2 Now AuKing Mining Limited 
3 See HMX ASX announcement dated 17 August 2017 
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Figure 3. Koppany Cerium Soil Geochemistry on VTEM Image – Channel 34 showing previous Xstrata drill holes (white) and the 
CEI0099 holes (yellow). 
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3 – 2020 DRILLING PROGRAM 

3.1 – Logistics and Processing 
All HMX crews were accommodated at Kalman Camp (operated by Hammer Metals) and drilling crews 
were accommodated in Cloncurry. All personal were required to undergo daily temperature checks and 
personnel operated under COVID-19 safety guidelines. The core was logged, handled, photographed cut 
and sampled at Kalman camp. Magnetic susceptibility and portable XRF readings were taken at half metre 
intervals. At the end of the program all core was freighted to Hammer’s shed in Mount Isa for storage. All 
coarse rejects and pulps will be retained and will be stored in Mount Isa. Water for drilling was trucked 
from the nearby Overlander bore with landholder permission. 

3.2 – Drilling and Costs 
The drilling was undertaken by Drill North, utilising their custom ‘Buggy’ rig capable of shallow angled holes 
(<45°) and consisted of single shifts. In total, 506.8m were drilled (diamond) for the program. Direct and 
indirect drilling costs excluding client accommodation and fuel totalled $105,768 or $208 per meter (Table 
1 and Figure 4). Equivalent budgeted costs for the drilling was $227/metre.  

Table 1. Summary of Koppany Drilling Invoices 

Class Amount 

Direct Diamond Drilling 
 

$70,465 

Consumables 
 

$3,029 

Drill Stand by 
 

$525 

Survey and orientation 
 

$1,800 

Travel 
 

$14,087 

Active Rate 
 

$15,862 

Total 
 

$105,768 

Drill cost/m 
 

$208 
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Figure 4. Summary of drilling costs associated with the 2020 Koppany drill program. 

 
3.3 – Access, Water and Site Establishment 
Access to preferred sites was challenging due to steep relief in the area and identifying sites was 
complicated by conflicting structural indicators at surface. Access issues related to steep vertical relief is 
related to differential weathering of the near vertical dipping stratigraphy and highly resistant skarn 
lithologies. Water for drilling and dust suppression was accessed from the nearby Elaine bore. Ultimately 
due to access issues the holes had to be sighted in slightly different positions to the original drill design 
locations. HMKPDD001 was sighted approximately 40m north of the original design, and HMKPDD002 was 
sighted approximately 17m southeast of the original design. 

3.4 – Downhole Surveys 
For the downhole surveys, a REFLEX north-seeking gyro was utilised in this program to capture all 
downhole survey data. The RELFEX EZ-GYRO uses aeronautical sensors to measure the rotation of the earth 
and calculates an azimuth relative to true north. This method is independent of any magnetic influence, 
and thus applicable for the Koppany program. Note that north-seeking instruments are subject to accuracy 
degradation at latitudes ± 60° and/or inclinations within ± 30° horizontal. 

The survey data indicates that both HMKPDD001 and HMKPDD002 showed minimal variation from the 
drill design. From surface HMKPDD001 dropped slightly at a rate of approximately -0.14°/30m and swung 
with rotation at a rate of approximately +0.71°/30m for the duration of the hole. HMKPDD002 swung with 
rotation slightly at a rate of +0.19°/30m (with rotation) and showed little variation in the down hole dip 
(+0.04°/30m). The minimal dip and swing indicated by the surveys is likely due to the highly competent 
core encountered in the drilling. 
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3.5 – Lab Analyses 
All samples were submitted to SGS Laboratory Townsville and analysed for major, minor and trace 
elements including the rare-earth suite determined by ICP-OES and ICP-MS. 

3.6 – Geophysics DHEM 
HMKPDD002 was cased with 50mm PVC (251.8m EOH) in anticipation for a future down-hole 
electromagnetic (DHEM) survey. The survey will test for sulphide mineralisation and/or conductive plates 
in the area likely related to massive pyrrhotite.  

3.7 – Rehabilitation 
All sites were cleaned up and rubbish removed at the completion of the program. Sumps from all holes 
drilled were backfilled., poly pipe was rolled up and removed on access tracks to mitigate against loss due 
to fire damage. Before and after pictures of the rehabilitation are recorded in Hammer’s rehabilitation 
register. 

4 – DETAILS FOR SAMPLING AND DATA CAPTURE 

Koppany drill holes were cut and sampled at 1m intervals. Standards were inserted at a rate of 2 pairs 
per 100 samples and 2 duplicate samples were taken for each hole (Table 2). All samples were submitted 
to SGS Townsville and analysed for major, minor and trace elements determined by ME-ICP (Table 3). 

Table 2. Sampling and QA/QC statistics for the Koppany Drill Holes 

Hole ID Core Samples 
(1m) 

Duplicates (core) S3 Standards Blank Standards 

HMKPDD001 253 2 6 6 

HMKPDD002 250 2 5 5 

Total 529 4 11 11 

 

Table 3. Analytical Details for the Koppany Drill Holes 

Hole ID Au 
FAS 

Multi element 
ICP-MS 

Multi Element 
ICP-OES 

HMKPDD001 267 267 267 

HMKPDD002 262 262 262 

Total 529 529 529 
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4.1 – QAQC 
The datasets were subject to a QAQC assessment by company geologist John Downing. The report can be 
found in Appendix F, with the major findings from his report below: 

Table 4. Summary of QAQC report. 

QC_Type STD Sample_ID Elements Notes 

CSTD OREAS 27b GENERAL   
Lab jobs TSV20-05312 and TSV20-05313 contain some outliers 
that suggest these batches may have been rushed. 

CSTD OREAS 27b GENERAL Au  
Au tracks below detection, except for 2 samples, which fall 
within the error range anticipated near the lower detection limit. 

CSTD OREAS 27b GENERAL Cu 

Cu is slightly elevated, but with the exception of 2 samples, 
deviation of this magnitude from the detection limit is 
anticipated. These samples consistently follow the high-Cu S3 
standard, so elevated Cu probably reflects the hygiene standards 
exercised by the lab. 

CSTD OREAS 27b GENERAL Fe Within range. No bias. 

CSTD OREAS 27b GENERAL Pb 
No clear bias. Exceeds 95% confidence limits, with slightly low 
outliers. 

CSTD OREAS 27b GENERAL Zn 
No clear bias. Exceeds 95% confidence limits, with slightly high 
outliers. 

CSTD OREAS 27b E61050 Au  

slightly elevated but within instrument anticipated error range.  
May be due to smearing from the previous high Cu S3 sample. 
Lab hygiene lapse suspected. 

CSTD OREAS 27b E61050 Cu 
Elevated. May be due to smearing from the previous high Cu S3 
sample. Lab hygiene lapse suspected. 

CSTD OREAS 27b E61000 Au slightly elevated but within anticipated instrument error range. 

CSTD OREAS 27b E60950 Cu 
Elevated. May be due to smearing from the previous high Cu S3 
sample. Lab hygiene lapse suspected. 

CSTD OREAS 27b E60950 Pb Low outlier. May be due to lapsing lab hygiene. 

CSTD S3 GENERAL Au Reports slightly low overall, No systematic time bias. 

CSTD S3 GENERAL Cu 
Reports slightly low overall, with the range greatly exceeding the 
95% confidence limits. No systematic time bias. 

CSTD S3 GENERAL Mo Within range, with no biases, except for 1 notable outlier. 

CSTD S3 GENERAL U Within range, with no biases, except for 1 notable outlier. 

CSTD S3 E60949 Mo 
Very low outlier. May reflect a digest or reading error. Sample 
designation appears to be correct. 

CSTD S3 E60949 U 
Very high outlier. May reflect a digest or reading error. Sample 
designation appears to be correct. 

DUP 
Field 
Duplicates GENERAL   

Field duplicates are small in number, so only give a general 
indication of trends. Base metals perform well (within 10% 
deviation), REE's less so. 
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5 – DRILL HOLE SUMMARIES 

The 2020 Koppany drill holes were designed to test beneath anomalous cerium and lanthanum soil 
anomalism located to the east of a previously modelled VTEM conductor. Hold location designed to test: 

• The strongest lanthanum and cerium response in surface soil sampling; and 
• The projection of elevated REE response in historic Xstrata drilling;  

The peak of the strongest and broadest REE (La and Ce) soil response is in the centre of a 500m gap 
between previous drill holes by Xstrata (KOPD005 and KOPD006) that returned the most strongly elevated 
REE mineralisation. 

 
5.1 – HMKPDD001 
This hole was designed to test the peak Ce plus La soil anomaly. The target depth of the anomaly was 
unknown, however it was assumed to be associated with a steep to moderate west dipping zone. The 
hole intersected broad zones of LREE mineralisation from surface down the entire hole, with 
mineralisation appearing to increase in grade spatially associated with rhyolite dykes even though the 
dykes themselves were devoid of mineralisation.  

The current understanding is the rhyolite dykes are Burstall aged (pre-mineralisation), which may have 
created a barrier to mineralised fluid flow relative to the regional skarn lithologies and potentially 
concentrating REE mineralisation. The hole potentially would also intersect the modelled VTEM plate 
(targeted in HMKPDD002) in the first 10m of the hole. It is interpreted that the likely expression of the 
modelled plate was a 2m zone of approximately 3% pyrrhotite from 8m. Notable intersections are: 

• 1m @ 0.73% LREO from 8m; 
• 5m @ 0.56% LREO from 70m, including 2m @ 1.04% LREO from 72m; 
• 106m @ 0.56% LREO from 88m, including 7m @ 0.74% LREO from 88m, & 1m @ 1.43% LREO 

from 117m; and 
• 23m @ 0.27% LREO from 226m, including 1m @ 0.98 % LREO from 246m. 

It is suspected that HMKPDD001 did not fully test the wide REE bearing zone as REE levels dropped 
only 5m from the end of the hole.  

5.2 – HMKPDD002 
The main objectives for HMKPDD002 was to test the interpreted down-dip extension of REE mineralisation 
in HMKPDD001 and also the western VTEM anomaly.  The VTEM anomaly was resolved as a moderately 
west dipping tabular body. It was predicted that HMKPDD002 would intercept this body at a depth of 
approximately 70m.  

The source of the modelled VTEM plate appears likely to be massive pyrrhotite between 128-129m, which 
also coincides with the best Cu grade in the hole (2.14%). HMKPDD002 intersected broad zones of LREE 
mineralisation from 58-153m, interpreted to be down-dip extensions to mineralisation intercepted in 
the first hole. Notable intersections are: 

• 42m @ 0.1% Cu from 34m, including 1m @ 0.74% Cu from 34m & 1m @ 0.6% Cu from 58m; 
• 4m @ 0.78% Cu from 126m, including 1m @ 2.14% Cu from 128m; 
• 7m @ 0.36% LREO from 80m, including 1m @ 1.22% LREO from 84m; and 
• 26m @ 0.38% LREO from 112m, including 1m @ 1.04% LREO from 116m & 3m @ 1.23% LREO 

from 126m 
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6 – DRILL HOLE GEOLOGY 

Three broad lithologies were intersected in the CEI holes - skarns, rhyolite, and dolerite dykes. Skarns were 
categorized by the relative abundance of garnet and clinopyroxene minerals. 

6.1 – Skarns 
Banded garnet-clinopyroxene skarn (Figure 5) is the most abundant rock type within the Koppany 
drillholes. This unit occurs chiefly as a red-brown and dark green, fine-medium grained, rhythmically-
crudely banded garnet and clinopyroxene skarn. Approximately equal amounts of fine to very fine 
clinopyroxene and fine-grained garnet comprise most of the mutually interlocking, moderately well-
preserved crystalline fabric and banded structure. Distribution and grain size variations of the garnet and 
clinopyroxene define crude crustiform banding or irregularly shaped compositional domains. Bands range 
in thickness between laminations to medium bedded. Minor amounts of anhedral-subhedral apatite, 
granoblastic quartz and subhedral albite are interlocking with the garnet and clinopyroxene silicate 
framework. Previous petrological studies commissioned by Xstrata (Cootes, 2009) reported that subhedral-
euhedral garnet and clinopyroxene are observed to poikilitically enclose each other in many places. Garnet 
is sometimes seen concentrically zoned as defined by pale to medium red-brown and brown colour 
variations. Anhedral, ghosted humite poikilitically encloses euhedral grains of garnet and clinopyroxene in 
some places. Although banded structures are the most abundant, other local variants include mottled and 
semi-massive. 

  

Figure 5. HMKPDD001 54.5m Example of banded clinopyroxene and garnet skarn. 

Massive garnet skarn (Figure 6) mostly occurs as red-brown to brown and dark green, fine to medium 
grained, massive garnet skarn with weak-moderately abundant, irregular dark green clinopyroxene bands 
(<10mm). The garnet skarn displays a moderately well-preserved crystalline fabric dominated by fine to 
coarse grained, tabular, anhedral and subhedral red-brown, brown to pale brown garnet. Large garnet 
grains are sometimes concentrically zoned with medium red-brown cores and pale brown outer zones.  

 

Figure 6. HMKPDD001 50.8m Example of garnet skarn. 

Gt 
Cpx 
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Coarse-grained clinopyroxene skarn (Figure 7) mostly occurs as a dark green and patchy white-cream, fine-
medium grained, massive clinopyroxene skarn. Fine to medium grained, subhedral to anhedral 
clinopyroxene dominates the moderately well-preserved crystalline fabric of this unit. Previous petrology 
reveals minor amounts of anhedral to subhedral albite are interlocking with and interstitial to the 
clinopyroxene. Minor amounts of ghosted/pseudomorphed humite are interlocking with pyroxene and 
albite. Minor amounts of tabular, anhedral scapolite are intergrown with and occupying the same 
paragenetic position as albite and sometimes overgrowing sulphide minerals, and trace amounts of apatite 
and more abundant granular sphene are ubiquitous. 

 

Figure 7. HMKPDD001 113.5m Example of clinopyroxene dominant skarn. 

Widespread compositional banding is preserved in clinopyroxene dominant skarns (Figure 8). Banding is 
comprised of millimetre scale clinopyroxene and albite anastomosing layers and locally overprinted by fine 
grained garnet. It is interpreted that the mineral banding is related to an early phase of skarn development. 

 

Figure 8. HMKPDD001 131.6m Example of compositional mineral banding commonly observed in skarns at Koppany. 

 

6.2 – Dolerite 
Minor dolerite dykes are observed in both drill holes. Dolerite commonly has a porphyritic texture with 
phenocrysts of medium grained, euhedral, highly abundant, up to 4mm (avg. ~2mm) plagioclase in a dark 
green to black, microcrystalline groundmass likely dominated by clinopyroxene, and is cut by late skarn 
(scapolite?) veinlets (Figure 9). 
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Figure 9. HMKPDD001 114.5m Dolerite dyke example with relict plagioclase phenocrysts. 

6.3 – Rhyolite 
Grey-green rhyolite dyke/sills displaying a porphyritic texture with phenocrysts of transparent, euhedral, 
slightly embayed, often terminated, highly abundant, up to 3mm (avg. ~1mm) quartz crystals; euhedral-
subhedral, highly abundant, up to 6mm (avg. ~2mm) pink, alkali-feldspar and euhedral, moderate-weakly 
abundant, up to 4mm (avg. ~2mm) plagioclase in a light green-grey and spotty light pink, microcrystalline, 
siliceous groundmass (Figure 10). Flow banding textures were observed in the larger dykes and are 
interpreted to be orientated near-horizontal, likely sourced from the Burstall Granite further to the east. 
The unit does not exhibit a magnetic response and assays indicate no sulphide or REE association, however 
there is a consistent elevated scintillometer reading of approximately 75cps associated with the lithology. 

While initially referencing Xstrata’s 1:2500 scale geological mapping between Koppany and Koppany 
North, one noticeable geological feature was the overall geometric distribution of the rhyolite dykes and 
sills. In plan this distribution forms open fold structures of amplitude 200-300m, possibly relating to 
regional D2 folding, which have been subsequently segmented and offset. Oliver et al. (1999) interpret the 
dykes to have formed soon after the Burstall igneous event (~1730Ma) and locally show no signs of the D2 
event due regional block rotation of the skarn dominated syncline limb. They propose strain was 
partitioned regionally into the surrounding rocks in the form of foliated zones in the Burstall Granite, the 
axial zone and western limb of the Mary Kathleen Syncline, and the Mary Kathleen Shear Zone. 

 

Figure 10. HMKPDD001 86.8m Example of rhyolite dyke. 

7 – MINERALISATION 

7.1 – Allanite 
Previous petrology reports on mineralisation from Koppany commissioned by Xstrata (see Cootes, 2009) 
identified allanite as the dominate REE bearing mineral at the prospect. Based on the previous mineral and 

Pl 
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petrological descriptions by Xstrata it is thought that allanite mineralisation was intercepted and is the 
primary REE bearing mineral in the 2020 CEI drilling. The company plans additional petrology (see 
recommendations) to confirm the REE mineral assemblage at Koppany to confirm and augment previous 
REE mineral descriptions. 

The habit of allanite in the Koppany drilling is highly variable, and can occur as fine grained black 
intermittent clusters or infilling associated with intergranular clinopyroxenes and/or garnet, or massive 
fine grained black occurrences infilling between contrasting skarn compositions (Figure 12) or constrained 
by physiochemical barriers such as early rhyolite dykes or breccia zones (Figure 11). Allanite is ragged in 
appearance and is often seen intergrown with minor sulphides (pyrrhotite-chalcopyrite) but also crosscut 
by (later) sulfide dominant mineralisation (Figure 13). 

It can be observed that significant LREE intersections can be both coincident and spatially separate from 
the higher copper and associated iron (pyrrhotite related) intercepts. Although the rhyolite dykes show no 
signs of REE or copper mineralisation, there is a close spatial relationship between the dykes and significant 
REE mineralisation. This suggests that the dykes (associated with the Burstall igneous event) have locally 
influenced and focused REE bearing fluids. 

 

Figure 11. HMKPDD001 244.5m Allanite mineralisation (0.68% LREO over 1m) and associated with disseminated pyrrhotite cut by 
a late carbonate vein. 

 

Figure 12. HMKPDD001 247.3m Allanite mineralisation associated with minor pyrrhotite and chalcopyrite (0.67% LREE over 1m). 
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Figure 13. HMKPDD001 93.5m Allanite mineralisation overprinted by a late sulphide (pyrrhotite dominant) phase. 

 
7.2 –Skarn related LREE-Sulphides  
Minor skarn related allanite-pyrrhotite ± chalcopyrite-uranite mineralisation (Figure 14) is observed in 
HMKPDD001 and HMKPDD002. The mineralisation appears to represent a separate low-grade phase of 
skarn development associated with minor calcite (Figure 15). 

 

 

Figure 14. HMKPDD001 138.7m Calcite-garnet-pyrrhotite-allanite skarn mineralisation 
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Figure 15. HMKPDD001 140.8m Calcite-garnet-clinopyroxene-pyrrhotite-allanite-chalcopyrite skarn mineralisation 

7.3– Massive sulfide 
Multiple zones of massive pyrrhotite were observed in HMKPDD002. The pyrrhotite is commonly 
associated with peripheral chalcopyrite and anomalous gold (<0.2g/t) (Figures 16-19). The maximum width 
of the massive pyrrhotite zones observed was approximately 1.2m, however previous drilling by Xstrata 
reported thicknesses up to 14.7m. Massive pyrrhotite ± chalcopyrite occurs in HMKPDD002 coinciding 
broadly with the previously modelled VTEM plate and this style of mineralisation is likely to be the source 
of other untested EM anomalies in the district. 

 

Figure 16. HMKPDD002 109.2m Zone of massive pyrrhotite and minor chalcopyrite. 

 

Figure 17. HMKPDD002 128.7m Massive pyrrhotite zone with minor euhedral garnet. 
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Figure 18. HMKPDD002 128.1m Massive pyrrhotite with late chalcopyrite. 

 

Figure 19. HMKPDD002 128.3m Massive pyrrhotite with late chalcopyrite. 

7.4 – Late-stage sulfides  
Late stage pyrrhotite ± chalcopyrite mineralisation appear to be more confined to layer controlled selective 
replacement (Figures 20-23). Sha (2012) noted similar replacement of calcite and dissolution of andradite 
associated with sulphide mineralisation at Elaine. Previous petrological studies commissioned by Xstrata 
(Cootes, 2009) illustrates euhedral inclusions of chalcopyrite and pyrrhotite contained within garnet and 
clinopyroxene (common skarn minerals) indicate that some of these sulphide minerals occurred 
simultaneously with skarn formation. In some instances, sulphide mineralisation is observed cutting 
previous allanite zones, implying multiple mineralising episodes. A late stage of sulfide veining and minor 
ore remobilization was also documented by Spandler et al., (2016) at the Elaine deposit. 

 

Figure 20. HMKPDD001 9.3m Pyrrhotite, clinopyroxene and minor chalcopyrite replacing andradite. 
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Figure 21. HMKPDD001 15m Minor pyrrhotite replacing layer of calcite and garnet (likely andradite). 

 

Figure 22. HMKPDD002 86.9m Pyrrhotite cutting allanite-bearing compositional banding. 

 

Figure 23. HMKPDD002 84.1m Pyrrhotite garnet skarn cutting allanite-bearing compositional banding 

7.5 – Late hydrothermal breccias 
Late hydrothermal breccias are observed near the base of both HMKODD001 and HMKPDD002 and are 
interpreted to be the final stage of mineralisation (Figures 24-25). They contain clasts of garnet-
clinopyroxene wall rocks with a carbonate-quartz matrix, late pyrrhotite-chalcopyrite cement and minor 
cavities.  
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Figure 24. HMKPDD002 158.3 Brecciated skarn with carbonate-quartz (- fluorite?) matrix with pyrrhotite and chalcopyrite cement 
and minor cavities. 

 

Figure 25. HMKPDD002 158m Brecciated skarn with carbonate-quartz (- fluorite?) matrix with pyrrhotite and chalcopyrite cement 
and minor cavities. 

 

8 –PREVIOUS WORK, RESULTS, AND INTERPRETATION 

8.1 – Summary of Previous Xstrata Drilling 
The previous drilling by Xstrata has been summarized from the 2009 drilling completion report by Hawtin 
et al., 2010. The Koppany Prospect was originally identified as a copper target from a 2006 prospect review 
and compilation over the area. Historic drilling intercepts of massive pyrrhotite and disseminated 
chalcopyrite and skarn related mineralisation in the original Koppany Prospect area led to prospect-scale 
soil sampling and mapping.  A total of 344 samples were collected over the Koppany and Koppany North 
grids. Sampling was conducted along 250m spaced lines at 50m sample intervals. The 2007 soil surveys 
defined significant copper in soil anomalies over both grids including a zone of +200ppm copper 
approximately 2.3km in length (not closed off to the south) and up to 600m wide at Koppany. 

In 2008 following the encouraging soil results at Koppany, Xstrata commissioned Geotech Airborne Pty Ltd 
to conducted VTEM and magnetics helicopter survey over the area. Several VTEM anomalies were 
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detected over a strike length of about 3.7 kilometers, which correlated with the copper in soil anomalies. 
Detailed mapping was conducted over the VTEM anomalies, in conjunction with further infill soil sampling. 
In 2009 a total of 9 holes were drilled over the VTEM targets (Tables 4-5). 

The wide spaced diamond drilling completed by MIM in 2009 tested a series of VTEM targets over a 3-
kilometer strike length. Multi-element re-analysis of the drill core in several of the core holes returned 
strongly elevated REE’s but very low uranium, mostly in the footwall of the targeted conductive sulphide 
zones.  

Table 5. Copper and gold intercepts from the previous Koppany drilling by Xstrata.4 

Hole ID E_GDA94 
(1) 

N_GDA94 
(1) RL_AHD Dip Az_GDA TD   From To Width Cu % Co % Au g/t 

KOPD001 398379.4 7703964.9 472.2 -45 90 201.3 

  

2 3 1 0.25 0.03 0.01 

11 14 3 0.24 0.01 0.01 

43 47 4 0.21 0.01 0.01 

53 57 4 0.30 0.03 0.01 

  71 127 56 0.35 0.03 0.02 

incl. 114 115 1 1.00 0.03 0.03 

  

120 121 1 1.25 0.01 0.02 

147 149 2 0.24 0.01 0.01 

161 165 4 0.29 0.03 0.03 

KOPD002 398263.4 7703977.8 456.5 -45 90 300.3   

185 197 12 0.34 0.02 0.02 

204 205 1 0.49 0.00 0.01 

221 222 1 0.32 0.01 0.02 

231 237 6 0.29 0.01 0.01 

KOPD003 398531.4 7703565.9 504.9 -45 60 201.0   36 38 2 0.24 0.02 0.00 

KOPD004 398426.4 7703565.9 510.5 -45 75 278.9   

168 170 2 0.36 0.02 0.00 

222 224 2 0.23 0.02 0.00 

238 242 4 0.26 0.03 0.00 

KOPD005 398156.4 7704356.9 506.9 -60 90 246.5 

  14 34 20 0.27 0.07 0.03 

incl. 32 34 2 0.61 0.07 0.02 

  80 86 6 0.44 0.03 0.00 

incl. 82 84 2 0.77 0.02 0.03 

  234 236 2 0.22 0.01 0.06 

KOPD006 398139.4 7704845.9 470.8 -60 105 234.5   6 8 2 0.20 0.03 0.00 

KOPD007 397972.4 7704942.8 469.3 -45 90 276.1 

  48 50 2 0.24 0.01 0.05 

  162 179 17 0.25 0.02 0.02 

incl. 176 177 1 0.67 0.01 0.02 

  259 264 5 0.41 0.03 0.04 

incl. 263 265 2 0.75 0.01 0.05 

KOPD008 397858.4 7701981.9 468.2 -45 105 254.8   

111 113 2 0.24 0.00 0.06 

132 142 10 0.21 0.04 0.02 

152 154 2 0.39 0.00 0.03 

166 188 22 0.19 0.01 0.01 

KOPD009 397987.4 7708299.8 408.9 -45 105 146.9   No significant intercepts 

 

 
4 See HMX ASX announcement dated 3 July 2019 
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Table 6. LREO intercepts from the previous Koppany drilling by Xstrata.5 

Hole ID E_GDA94 
(1) 

N_GDA94 
(1) RL_AHD Dip Az_GDA TD   From To Width LREO 

% HREYO % TREYO 
% 

KOPD001 398379.4 7703964.9 472.2 -45 90 201.3   
12 13 1 0.60 0.01 0.61 

18 25 7 0.22 0.00 0.22 

KOPD002 398263.4 7703977.8 456.5 -45 90 300.3   

186 187 1 0.29 0.01 0.29 

196 197 1 0.32 0.01 0.32 

202 203 1 0.27 0.00 0.28 

KOPD003 398531.4 7703565.9 504.9 -45 60 201.0   No significant intercepts 

KOPD004 398426.4 7703565.9 510.5 -45 75 278.9   No significant intercepts 

KOPD005 398156.4 7704356.9 506.9 -60 90 246.5 

  
14 18 4 0.28 0.00 0.29 

58 60 2 0.34 0.01 0.34 

  76 234 158 0.39 0.01 0.39 

incl. 76 82 6 0.81 0.01 0.82 

incl. 76 78 2 1.61 0.01 1.62 

incl. 120 124 4 1.05 0.00 1.05 

& 156 168 12 2.02 0.00 2.03 

& 230 232 2 1.01 0.01 1.01 

KOPD006 398139.4 7704845.9 470.8 -60 105 234.5 

  

4 6 2 0.25 0.01 0.25 

16 20 4 0.28 0.01 0.29 

45 47 2 0.26 0.00 0.26 

54 56 2 0.27 0.01 0.28 

62 64 2 0.27 0.00 0.27 

68 70 2 0.32 0.01 0.33 

78 80 2 0.27 0.01 0.27 

90 92 2 0.26 0.01 0.26 

96 98 2 0.38 0.01 0.39 

  114 152 38 0.26 0.01 0.27 

incl. 148 150 2 0.69 0.01 0.70 

  164 220 56 0.28 0.01 0.29 

incl. 164 166 2 0.55 0.01 0.56 

& 182 184 2 1.02 0.01 1.03 

& 208 210 2 0.70 0.01 0.70 

& 218 220 2 0.89 0.00 0.89 

KOPD007 397972.4 7704942.8 469.3 -45 90 276.1 

  142 263 121 0.38 0.01 0.39 

incl. 152 174 22 0.79 0.00 0.80 

& 180 182 2 1.07 0.01 1.08 

& 188 190 2 0.55 0.01 0.55 

& 198 200 2 0.57 0.00 0.58 

& 211 214 3 0.98 0.00 0.98 

& 238 240 2 0.89 0.00 0.90 

& 255 257 2 0.64 0.00 0.64 

KOPD008 397858.4 7701981.9 468.2 -45 105 254.8   

113 115 2 0.30 0.00 0.31 

122 124 2 0.27 0.01 0.27 

166 168 2 0.27 0.01 0.27 

KOPD009 397987.4 7708299.8 408.9 -45 105 146.9   No significant intercepts 

 
5 See HMX ASX announcement dated 3 July 2019 
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8.2 – Prospect and Core Review 
Prior to the 2020 CEI drilling, Hammer conducted a prospect review over Koppany. It involved a review of 
LREE mineralisation from the previous Xstrata drillhole KOPD005 which previously returned grades up to 
1.7% Ce, 1.15% La, 0.26% Nd and 0.13% Pr. The company arranged an independent geological review from 
consultant geologist Mike Barr in March of 2020 (Barr, 2020a). Initial observations from the review of 
KOPD005 are shown below: 

• The hole is dominated by a composite assemblage of massive and banded clinopyroxene + garnet, 
garnet + clinopyroxene and clinopyroxene + albite - plagioclase predominant skarn with 
subordinate accessory scapolite + wollastonite + albite + apatite + quartz. 

• The common banded fabric of this calc-silicate skarn represents compositional changes 
associated with former bedding lamination within assumed calcareous or carbonate rich 
sedimentary rock. 

• A fine leucocratic felsic dyke namely, quartz + feldspar ± biotite (?) porphyritic rhyolite, was 
observed near the end of the hole between 238.7-242.4m. The radiometric signature within this 
intrusive is much higher than within the peripheral calc-silicate skarn as determined by handheld 
scintillometer. 

• Previous petrology work on drillholes KOPD001-003 commissioned by Xstrata determined that 
pyrrhotite and chalcopyrite mineralisation spanned the paragenetic mineral sequence from early 
peak thermal metamorphism through to later ‘secondary’ metasomatic overprint. 

• Inclusions of chalcopyrite and pyrrhotite contained within garnet and clinopyroxene indicate that 
some of these sulphide minerals formed simultaneously with primary garnet and clinopyroxene. 
However, some fracture and interstitial infill and replacement style chalcopyrite and pyrrhotite 
indicate precipitation during post peak metamorphism associated with secondary metasomatic 
fluids. 

• Earliest chalcopyrite appears as primary and pseudo secondary disseminations. Later cavity and 
fracture filling pyrrhotite and lesser chalcopyrite occur peripheral to massive and semi-massive 
pyrrhotite domains. 

• It can be observed that significant copper and associated iron (pyrrhotite related) intersections 
can be both coincident and spatially separate from the higher LREE intersects. The presence of 
copper is primarily coordinated with chalcopyrite with iron sulphide primarily as pyrrhotite. 

• Anomalously high scintillometer readings (assumed to be associated with allanite or porphyritic 
rhyolite) occurred either peripheral or spatially separate to massive pyrrhotite. 

• There are two primary modes of occurrence with what is presumed to be REE mineralisation. A) 
Mineralisation between 156m-168m is characterised by a composite of massive and banded teal 
green fine-medium grained intergranular clinopyroxene + andradite + fine grained creamy albite 
+ fine grained black allanite. The banding is compositional comprising alternating layers 
(millimetre scale) of clinopyroxene + albite – plagioclase (?) + fine black allanite ± brown garnet. 
As with separate downhole zones, the compositional banding here displays a common 75-80° 
attitude to the core axis. B) An additional spatially separate zone of varying texture was also 
observed as a swirly anastomosing microbreccia of predominant fine-grained black allanite 
forming as interstitial infill of both clinopyroxene and microbreccia matrix. The overall attitude of 
this allanite predominant zone was 5-10° to the core axis. The scintillometer readings increase to 
180-200cps within this zone. 

• Minor patchy and selective replacement pyrrhotite ± chalcopyrite appears to overprint the 
underlying clinopyroxene + allanite, by selectively consuming the allanite. In other zones the 
pyrrhotite ± chalcopyrite appears to consist dominantly of layer controlled selective replacement. 
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In conjunction with the review of previous drilling, a site visit and ground truthing exercise was also 
conducted over the Koppany prospect (Barr, 2020b). The review concentrated on the area immediately 
around the proposed CEI drill sites. A summary of the observations is shown below: 

• The most common fabric within the stratigraphic units is the compositional banding which is no 
doubt a reflection of the protolith bedding. Other than for a few localised perturbations, this 
seems regular throughout the traversed area. Within the area broadly bounded by drillhole 
KOPD005 and the proposed CEI drillholes, this compositional banding strikes between 340 – 350° 
magnetic and dips to the west between 45-60°. 

• Several narrow north-south striking shear zones were observed within the quartzite unit, however 
these did not have much mappable strike extent, and the zones appear semi-conformable to the 
host stratigraphy. 

• Evidence of gentle folding is seen in the rhyolite dykes.  
• A combination of previous and recent mapping has located scattered narrow linear iron gossan 

+calcite lenses in this corridor that are semi-conformable with the strike trend of the stratigraphy. 
Gossans may be in part the surface expression of narrow bodies of massive sulphide. 

 

8.3 – 2020 CEI Significant Intercepts 
Intercepts from the recent Koppany drilling are shown below in Table 7 (see HMX ASX announcement 
dated 23/9/20). Significant intercepts include: 

• 106m at 0.25% TREOY from 88m including 7m at 0.74% TREOY and 1m at 1.43% TREO in 
HMKPDD001; 

• 23m at 0.28% TREOY from 226m in HMKPDD001; 
• 26m at 0.39% TREOY from 112m including 3m at 1.23% TREOY and 1m at 1.05% TREOY in 

HMKPDD002; 
• 4m at 0.78% Cu from 126m including 1m at 2.14% Cu in HMKPDD002; and 
• 42m at 0.10% Cu from 34m including 1m at 0.78% in HMKPDD002. 
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Table 7. Copper and gold intercepts from the 2020 CEI drilling program at Koppany6  

Hole E_GDA94 N_GDA94 RL TD Dip Az_GDA   From To Width 
Cu 
(%) 

Au 
(g/t) 

HMKPDD001 398173 7704649 456.9 255.3 -60 95 

  

9 10 1 0.10 0.02 

23 24 1 0.10 0.01 

59 60 1 0.20 0.03 

181 182 1 0.15 0.01 

190 191 1 0.15 0.01 

251 252 1 0.12 0.01 

HMKPDD002 398097 7704586 449.5 251.8 -60 90 

  34 76 42 0.10 0.08 

incl. 34 35 1 0.74 0.08 

& 58 59 1 0.60 0.13 

  126 130 4 0.78 0.06 

incl. 128 129 1 2.14 0.15 

  

152 153 1 0.10 0.02 

158 159 1 0.15 0.05 

178 179 1 0.16 0.05 

184 185 1 0.33 0.01 

230 231 1 0.10 0.01 

240 241 1 0.11 0.02 

 

Table 8. LREO intercepts from the 2020 CEI drilling program at Koppany7 

Hole E_GDA94 N_GDA9 RL TD Dip Az_GDA   From To Width 
LREO 
% 

HREYO 
% 

TREYO 
% 

HMKPDD001 398173 7704649 456.9 255.3 -60 95 

  0 12 12 0.31 0.00 0.31 

incl. 7 8 1 0.73 0.01 0.74 

  

31 32 1 0.47 0.01 0.48 

40 41 1 0.63 0.01 0.64 

70 75 5 0.56 0.01 0.57 

incl. 72 74 2 1.04 0.01 1.04 

  88 194 106 0.24 0.01 0.25 

incl. 88 95 7 0.74 0.01 0.74 

& 117 118 1 1.43 0.00 1.43 

  226 249 23 0.27 0.01 0.28 

incl. 246 247 1 0.98 0.02 1.00 

HMKPDD002 398097 7704586 449.5 251.8 -60 90 

  

58 59 1 0.38 0.01 0.39 

73 74 1 0.25 0.01 0.26 

80 87 7 0.36 0.01 0.37 

incl. 84 85 1 1.22 0.01 1.23 

  112 138 26 0.38 0.00 0.39 

incl. 116 117 1 1.04 0.01 1.05 

& 126 129 3 1.23 0.00 1.23 

  

152 154 2 0.25 0.01 0.26 

192 193 1 0.24 0.01 0.24 

238 239 1 0.22 0.01 0.22 

 
6  see HMX ASX announcement dated 23/9/20 
7 see HMX ASX announcement dated 23/9/20 
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8.4 – Structure 
Structural measurements consisted mostly of mineral compositional banding (clinopyroxene, albite and 
garnet bands) which are interpreted to be a product of early skarn formation (Figure 26). Structural 
measurements illustrate a dominant mineral banding orientation of 38°→269° (25 measurements) for 
HMKPDD001 and 43°→268° for HMKPDD002 (22 measurements). This is consistent with previous mineral 
banding measurements by Xstrata who reported a consistent orientation of 48°→263° (33 measurements). 
There is an obvious disruption to the orientation of the mineral banding in HMKPDD002 above the zone of 
massive sulphide, where the orientation becomes quite steeper 79°→263° (34 measurements). The 
disruption to the orientation of the compositional banding either side of the massive sulphide zone in 
HMKPDD002 illustrates late displacement associated with massive sulfides. Rhyolite dykes are orientated 
relatively flat lying when encountered in the holes. This observation supports that of Oliver et al. (1999) 
who documented east-west aligned dykes intruded into the Mary Kathleen Syncline originating from the 
Burstall Granite.    

 

Figure 26. Lower hemisphere steronet plot for mineral compositional banding at Koppany. A) for HMKPDD001. B) for HMKPDD002 
between surface and the zone of massive sulphides (128m). C) for HMKPDD002 below the zone of massive sulphides (128m), note 

the compatible orientation with HMKPDD001. 

A B 

C 
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8.5 – Modelled Cross Sections 
The drill results for Koppany have been plotted against the logged geology below for both the current CEI 
drilling (Figures 27-28), and the previous Xstrata drilling (Figures 29-33). Note that the regional stratigraphy 
is interpreted to be steeply west dipping. DHEM anomalies detected in previous Xstrata drilling correlate 
well with pyrrhotite intersections and reasonably well with modelled VTEM anomalies, with the VTEM and 
DHEM anomalies are interpreted to be responses from pyrrhotite with some contribution from 
chalcopyrite. Interpreted sections are shown in Figures 34 and 35. 
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Figure 27. Cross Section looking North of HMKPDD001 and HMKPDD002 (2020 CEI drilling) showing magnetic susceptibility, down hole Cu% (below trace) and LREO% (above trace). Soil geochemistry 
showing Ce ppm. 
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Figure 28. Cross Section looking North of HMKPDD001 and HMKPDD002 (2020 CEI drilling) showing orientation of compositional banding. Note the disruption of the compositional banding 
approximately 120m downhole of HMKPDD002 coinciding with a steeply west dipping zone of massive sulphides. 

HMKPDD001 0-255m 

HMKPDD001 125-252m 

HMKPDD002 0-125m 
Compositional Banding 

Compositional Banding 

Compositional Banding 
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Figure 29. Cross Section looking North of KOPD001 and KOPD002 (previous 2009 drilling) showing, magnetic susceptibility, down hole Cu% (below trace) and LREO% (above trace). Soil geochemistry 
showing Ce ppm. 
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Figure 30. Cross Section looking North of KOPD003 and KOPD004 (previous 2009 drilling) showing, magnetic susceptibility, down hole Cu% (below trace) and LREO% (above trace). Note no soil data 
available for this section. 



Collaborative Exploration Initiative – CEI0099 – Final Report 
 

Hammer Metals Limited   ABN 87 095 092 158 
 
Suite 1, 827 Beaufort Street, Mt Lawley, WA 6052 | Phone +61 8 6369 1195 | hammermetals.com.au  

 

Figure 31. Cross Section looking North of KOPD005 (previous 2009 drilling) showing, magnetic susceptibility, down hole Cu% (below trace) and LREO% (above trace). Soil geochemistry showing Ce ppm. 
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Figure 32. Cross Section looking North of KOPD006 (previous 2009 drilling) showing, magnetic susceptibility, down hole Cu% (below trace) and LREO% (above trace). Note no soil data available for this 
section. 
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Figure 33. Cross Section looking North of KOPD007 (previous 2009 drilling) showing, magnetic susceptibility, down hole Cu% (below trace) and LREO% (above trace). Soil geochemistry showing Ce ppm. 
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Figure 34. Cross Section looking North showing the broad west dipping REE zone and the steeper dipping ISCG target corridor 
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Figure 35. Interpretive cross section for the Koppany LREE mineralisation. Note displacement of the compositional banding associated with the massive sulphide/ISGC zone. Higher LREE grades may be spatially associated with pre-
existing Burstall aged rhyolite dykes. Note that the orientation of the compositional banding is disrupted by the ISCG zone.
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8.6 – Lithochemistry 
Ziggy Lubieniecki conducted a lithochemical analysis using ioGAS on assays from HMKPDD001 and 
HMKPDD002 (Figures 36-37). Some of the key points and general observations are: 

• There are four main rock units derived from multi-element analysis: rhyolite (Felsic), dolerite 
(Mafic,) pyroxene dominant skarn and garnet dominant skarn. There is only one sample with 
anomalous Cr which was called Ultramafic; 

• The rhyolite unit is characterised by high amount of SiO2, Na, Nb, Th, Y, and Zr and low amount of 
Sc, Ti/Zr, Ti, Ca, Fe, Mg, Mn, P and V. The rhyolite also exhibits Zr fractionation (moderate 
depletion) plots within A-type Granite field (Whalen et al., 1987); 

• The dolerite unit is elevated in Sc, Ti/Zr, Ti, and V; and  
• Skarns are variably elevated in Ca, Fe, Mg and Mn, and are the main host to Cu and REE 

mineralisation. 

 
8.7 – Correlation Coefficients  
Correlation matrices indicate there are three main elemental groupings: 

• Ce: LREE Suite La. (0.98), Nd (0.97), Pr (0.97), Sm (0.75), Gd (0.73), Tb (0.66), Ga (0.61), and Th 
(0.49). Note no correlation with U (0.11), Cu (0.21) and S (0.13); 

• Cu: S (0.85), Se (0.83), Co (0.77), Au (0.72), Ni (0.71), Te, (0.62), Bi (0.59), Fe (0.54), and Tl (0.51); 
and 

• Ca: Mn (0.72), Fe (0.71), Na (-0.79), Ta (-0.66) and Zr (-0.55). 

The strong correlation between cerium and the LREE suite is not surprising, however the moderate 
correlation with thorium is interesting.  Additionally, there is no apparent relationship between cerium 
(and associated LREE) and uranium, which is unexpected due to the proximity of the area to the Mary 
Kathleen deposit. 

Copper is strongly correlated with sulfur and elements associated with sulphide minerals. As indicated by 
the lithochemistry analysis copper and sulphur appear to be coordinated independent from, or a separate 
phase to, the LREE mineralisation. 

The common skarn forming elements Ca, Mn and Fe show a good correlation as expected. Note the strong 
negative correlation between Na (Ta-Zr) and the common skarn elements (Ca, Fe, Mn) is likely due to 
strong chemical contrasts between the rhyolite dykes and the metasomatized host rocks. 
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Figure 36. Koppany drilling downhole geochemistry and interpreted lithochemistry. 
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Figure 37. Koppany drilling downhole LREE concentrations versus thorium with the interpreted lithochemistry. 

9 –Discussion 
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Analysis of geochemical data sets from the recent Koppany drilling indicates some LREE mineralisation is 
associated with common skarn forming elements Ca, Fe, Mg and Mn, likely reflecting a direct relationship 
with the skarn formation mineralogy (Figure 38). This interpretation is also supported by the strong 
correlation between logged garnet and LREE mineralisation. Oliver et al. (1999) also noted for Mary 
Kathleen that host rocks are dominated by Fe2+-bearing clinopyroxene whereas ore is dominated by Fe3+-
rich garnet and allanite, indicating a possible redox control on U-REE mineralisation (below).  

Reduced cpx-rich skarn + oxidised U–REE bearing fluid 

→ oxidised garnet-rich skarn + U–REE ore + reduced fluid 

Evidence for a possible redox control is also seen in the drill core (Figure 39), where allanite associated with 
logged garnet overprints the previous skarn mineralogy (as previously hypothesized by Oliver et al. (1999)). 
Multi-stage metasomatism, skarn formation and hydrothermal activity has also been suggested for Elaine 
(Sha, 2012) and Mary Kathleen (Oliver et al. 1999). 

 

Figure 38. LREE vs Common skarn forming elements showing a correlation with higher grade mineralisation. 
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Figure 39. HMKPDD001 140.8m Calcite-garnet-clinopyroxene-pyrrhotite-allanite-chalcopyrite skarn mineralisation illustrating 
potential redox control on mineralisation. 

Petrology on core from the previous Xstrata drilling at Koppany (Cootes, 2009) shows euhedral inclusions 
of chalcopyrite and pyrrhotite contained within early garnet and clinopyroxene (Figure 41). This leads to 
the interpretation that some (or all?) of the sulphide mineralisation formed simultaneously with garnet 
and clinopyroxene and skarn development. This interpretation is also supported by geochemical trends 
which shows increasing copper grades have an affinity for common skarn forming elements Ca, Fe and Mn 
(Figure 40.   

 

Figure 40. Copper vs Common skarn forming elements showing a correlation with higher grade mineralisation. 
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Figure 41. Photomicrographs from previous Koppany drilling (Cootes, 2009) showing: a) Euhedral clinopyroxene enclosed by 
anhedral pyrrhotite (KOPP002, 223.72m). b) Euhedral garnet enclosed by anhedral pyrrhotite (KOPD002, 223.72m). c) chalcopyrite 
and pyrrhotite as primary inclusions in euhedral garnet overgrown by pyrrhotite (KOPP002, 223.72m). d) Chalcopyrite interlocking 

with interstitial garnet and clinopyroxene. 

Key observations on timing of the REE and sulphide mineralisation are: 
• Previous petrology has documented that the main allanite phase is intergrown with minor 

occurrences of pyrrhotite and chalcopyrite (Figure 43).  
• The major sulphide zones show no obvious mineralogical or geochemical affinity with higher LREE 

grades. This suggests that primary copper mineralisation (in the form of massive pyrrhotite ± 
chalcopyrite ± gold) appears to be an independent and separate mineralising episode from the 
LREE emplacement.  

• Lithochemistry and downhole geochemistry indicates that there are independent geochemical 
trends for Cu-S-Au (common sulphide element assemblage) and LREE mineralisation (Figure 42). 
This relationship is well illustrated in the original Xstrata KOPD001 and KOPD002 drill holes. 

 
It is interpreted that the massive sulphide emplacement postdates REE emplacement. Broad observations 
support this interpretation.  

• The zone of massive sulphide appears to truncate and offset the LREE mineralisation as evidenced 
by differences in the positions of peak the VTEM response and peak REE soil geochemistry.  

• The orientation of the mineral compositional banding either side of the massive sulphide zone is 
dislocated slightly. 
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Figure 42. LREE vs Cu, S and Au indicating the main LREE mineralising phase is independent from ISGC mineralisation. 

 

Figure 43. Photomicrographs from previous Koppany drilling showing (Cootes, 2009) showing: minor allanite and chalcopyrite 
filling fractures and interstitial to garnet (KOPP2 223.72m). 

The REE geochemical signatures of Koppany and Elaine are very similar and both areas display the negative 
Eu and positive Er anomalies (Figure 44) indicating a likely common REE source. The interpretation of a 
common source of LREE’s for the Mary Kathleen-Elaine trend supports previous suggestions such as 
transported and sourced locally from brines relating to the Corella Formation (Spandler et al., 2016) and/or 
possibly associated with fluorine-rich fluids related to a concealed A-type intrusion (Hammerli et al., 2014). 
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Figure 44. McDonough and Sun (1995) Chondrite normalized REE plot for mineralised samples from both the Elaine deposit and 
Koppany drilling comparing REE fields. Note the similarity in shape suggesting similar mineralising patterns. 

 

Spandler et al. (2016) suggest local sourcing of REE from the Corella Formation (and hence limited REE 
mobility), or possibly reflect mixing between components of Mary Kathleen type ore and unrecognised or 
unexposed Williams–Naraku intrusions. Similarly, Hammerli et al. (2014) propose a deep-seated A-type 
intrusion (possible equivalents of the William Naraku Batholith) which exsolve F-U-REE-base metal-rich 
fluids that flow into reactivated shear-zones.  

This hypothesis of a potentially concealed Williams-aged intrusion in the district is supported by work done 
by Hammer Metals who identified 1480 ± 17 Ma (207Pb/206Pb) granite dykes in their Mount Philp Project 
area 23km SSW of Mary Kathleen (Collerson, 2018), and also independently by recent work by the 
Geological Survey of Queensland  (Kositcin et al., 2019) who dated titanites from the matrix of the Mount 
Philp Breccia and returned  a weighted mean 207Pb/206Pb emplacement age of 1503 ± 7. The interpreted 
age for the Mount Philp Breccia suggest a temporal relationship between concealed intrusions and breccia 
formation, although there are no known Williams-aged plutons exposed in the district (Figure 45). 
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Figure 45. Synthesis of mineralisation, magmatism and skarn formation for the Mary Kathleen Domain.  
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10 –SUMMARY 

Rare earth elements possess unique chemical, magnetic and luminescent properties which have only 
recently been recognized as essential in the development and innovation of numerous modern 
technologies. The surge in exploration for rare earths is directly related to the increased demand for clean 
energy, high-tech applications, and strategic importance as critical drivers in the rare earth markets. 
Exploration for rare earth elements in the Mount Isa Inlier is still in its infancy and has only had a relatively 
small amount of applied research and execution of exploration strategies and models compared to that 
of base metals in the district. Further research is needed to understand the distribution of REE 
mineralisation, not only in the Mary Kathleen Domain, but also the Mount Isa Inlier. The results from the 
CEI drilling provide insights into the rare earth mineralisation at Koppany and will allow for detailed 
comparisons with other rare earth deposits (Mary Kathleen and Elaine) in the district which may lead to 
new discoveries.  

11–CONCLUSIONS 

o Drilling by Hammer Metals intersected large, low grade zones of dominantly light rare earth 
mineralisation. 

o There is a strong possibility that LREE mineralisation has not been fully tested on the eastern 
margin of the target zone as evidenced by open ended mineralisation observed in Hammer Metals 
hole HMKPDD001 and previous Xstrata holes KOPD005, KOPD006 and KOPD007. This is also 
supported by soil Ce and La responses and the regional thorium response. 

o Because of this there is still some uncertainty regarding the orientation of the REE mineralised 
zones. 

o Although they do not directly host mineralisation, early dykes (thought to be associated with the 
Burstall event) may have acted as an impermeable barrier an influenced the migration of LREE 
bearing fluids resulting in higher concentrations of allanite near margins.  

o LREE forms broad (>50m) mineralised zones at Koppany and are is associated with common skarn 
forming elements Ca, Fe, Mg and Mn, and likely reflecting a skarn mineralising style and gangue 
mineralogy associated with REE mineralisation.  

o LREE mineralisation is closely related with the logged down hole geology of garnet bearing skarns. 
Mineralised zones are dominated by garnet, indicating a possible redox control on LREE 
mineralisation. This has implications for remote sensing and determining prospectivity in the 
district.  

o Correlation coefficients indicates LREE mineralisation has a moderate correlation (0.49) with 
thorium. This is displayed in the downhole lithochemical plots (Figure 39) and is also seen in the 
regional soil data airborne radiometric response. This association has implications for detecting 
LREE via regional thorium response along the Koppany-Elaine trend.   

o Previous petrological studies commissioned by Xstrata (Cootes, 2009) illustrate euhedral 
inclusions of chalcopyrite and pyrrhotite contained within garnet and clinopyroxene (common 
skarn minerals) illustrating that a phase of sulphide minerals occurred simultaneously with a phase 
of skarn formation. This is also highlighted by the geochemistry shows increasing copper grades 
have an affinity for common skarn forming elements Ca, Fe and Mn. 

o The VTEM anomalies targeted by the drilling can be explained by the abundant sulphides 
(pyrrhotite>chalcopyrite). Massive sulphide zones are interpreted to have exploited similar 
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conduits to LREE-bearing fluids late in the structural history of the Koppany district, possibly 
influenced by the Mary Kathleen Shear Zone. 

o Primary copper mineralisation in the form of (pyrrhotite-chalcopyrite) appears independent, or at 
least a separate phase of mineralisation compared to the distribution of LREE. This is based on 
independent geochemical trends between LREE and Cu, S and Au, the offset seen at surface and 
down hole between modelled conductors (representing pyrrhotite-chalcopyrite mineralisation) 
and peak LREE mineralisation. 

o There is a growing body of evidence for a concealed intrusion(s) and possible equivalent to the 
Williams-Naraku Batholith in the Mary Kathleen Domain and surrounding areas. Geochemical and 
isotopic signatures compatible with magmatic derived fluids associated with mineralisation in the 
district, direct dating of ore forming events and the interpreted emplacement age for the Mount 
Philp Breccia all support an unrecognised or unexposed Williams–Naraku intrusion in the district. 

 

12 – RECOMMENDATIONDS 

o Conduct further drilling to define the eastern margin of the REE bearing zone and resolve 
uncertainties in the orientation of REE bearing mineralisation. 

o Examine Higher grade intersections to refine orientation data and timing relationship. 
o Conduct petrology on mineralised core to confirm the REE bearing mineralogy (currently 

presumed is allanite). 
o Select re-analysis of representative REE bearing intervals via alkaline infusion to determine if there 

is any uplift in grades. 
o Titanite U-Th LA-ICPMS dating of interpreted Burstall aged rhyolite dykes. 
o Investigate and sample the margins of rhyolite dykes at surface for LREE mineralisation within the 

Mary Kathleen-Koppany-Elaine mineralised trend.  
o Review recently acquired DHEM data and previous VTEM data from the Koppany area to ascertain 

the affects (if any?) of LREE mineralisation.   
o Research any possible associations between the Mary Kathleen-Koppany-Elaine trend and the 

Mount Colin Copper deposit and determine any possible genetic links or preferences for REE. For 
example, does the proximity of the Burstall Granite directly affect REE prospectivity? This will have 
direct implications for prospectivity in the Mary Kathleen Domain.  
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13 – APPENDICES 

 

 

A. Core Photos 
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B. Downhole Logs and Data Export (as CSV Files) 
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C. KOPD005 Drill Core Review. Hammer Metals unpublished report. 
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EPM14467 – MT FROSTY JV - KOPPANY PROSPECT 

A review of LREE mineralisation within NQ2 core hole KOPD005 

Stored at the Qld Government ‘John Campbell Miles’ drill core storage facility at Killara 
Crescent, Kalkadoon Industrial Estate, Mt Isa 

INTRODUCTION: 

In preparation for a brief field program of geological reconnaissance over the central portion of the 
Koppany Prospect by the author, an inspection of drill core hole KOPD005 stored at the Qld Govt 
core storage facility in Mt Isa, was organised. This was deemed a good precursor to familiarise with 
the texture, composition and overall paragenesis of the primary mineralisation. 

This drillhole was one of nine core holes completed by Xtrata Exploration in 2009 targeting a linear 
zone of coincident anomalous soil copper and VTEM geophysical  response hosted in Corella 
Formation stratigraphy. Significant intersections of REE mineralisation were intersected within three 
of the central Koppany holes eg. KOPD005-007, even though REE mineralisation  was not the focus 
of this drill program. 

As part of the Qld Govt CEI grant, Hammer Metals specific  focus of attention is the anomalous REE 
mineralisation intersections best represented in drillhole KOPD005. 

DRILLHOLE DATA REVIEW: 

Core hole KOPD005 was completed by Xstrata Exploration in September 2009. The hole was collared 
at 398033E 7704181N (AGD84 Z54) and inclined at 60° towards 090°T. The hole was terminated at 
246.5 metres. 

The main target was to test a; ‘westward dipping VTEM plate modelled at approximately 71m’ (1). 
The source of the VTEM model appeared related to zones of massive to semi-massive pyrrhotite ± 
chalcopyrite mineralisation.  

Xstrata Ex drill log summary describe a downhole intersection of clinopyroxene predominant and 
sub-ordinate clinopyroxene-garnet skarns with thin interbeds of clinopyroxene altered siltstone 
more abundant downhole. 

Mineralisation was described as mostly weak and related to  pyrrhotite ± pyrite ± chalcopyrite 
mineralisation as breccia matrix fill, fracture infill and disseminations. Chalcopyrite was described as 
developing peripheral to massive pyrrhotite domains and semi-conformable  to bedding.  

In summary; ‘copper mineralisation appears to be spatially and temporally associated with thermal 
metamorphism and related metasomatism of sedimentary carbonate-rich rocks in a weak ductile 
strain environment. Chalcopyrite paragenesis spans the formation of early peak thermal 
metamorphic framework mineralogy through to the formation of interstitial, cavity-fill and discrete 
fracture filling assemblages of predominant metasomatic association. Earliest chalcopyrite occurs as 
primary and pseudo secondary disseminations. Cavity filling fracture/micro fracture-filling pyrrhotite 
and lesser chalcopyrite are enhanced on the peripheries of massive and smaller pyrrhotite dominated 
domains’ (1). 

Significant copper intersections reported included; 8m @0.2% Cu from 14m, 12m @0.32% Cu from 
24m and 10m @0.33% Cu  from 76m. 

Xstrata Ex recorded that KOPD005 returned some of the highest REE results from the drilling 
program including a maximum of; 1.7% Ce, 1.15% La, 0.26% Nd and 0.13% Pr.  

Additionally, it was stated that; ‘REE mineralisation is locally elevated but is noticeably high in 
KOPD005 160-162m. REE mineralisation is hosted within clinopyroxene skarn in this interval, small, 
black weakly radioactive minerals are presumed allanite’. 
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A data review by Hammer Metals of the REE potential of the Koppany Project and Hammer’s Mount 
Isa Project in general highlighted the potential of the Koppany Project for a significant REE deposit. 

Subsequent assessment of the drilling data from the diamond drill holes at Koppany returned 
intersections including 158m from 76m at 0.39% LREO including 12m from 156m at 2% LREO from 
KOPD005. Peak values over any one metre interval include 1.7% Cerium, 1.15% Lanthanum, 0.26% 
Neodymium and 0.13% Praseodymium (with low Uranium) (2).  It is important to note that REE’s 
were not targeted by the previous drilling. 

METHODOLOGY: 

Digital downhole geological logs and analytical data(sets) was acquired by the author directly from 
the Xstrata 2009 CEI report namely; Miscellaneous Report ISAMISREP.19 Exploration Permit for 
Minerals No 14467 ‘Mt Frosty’ ‘Koppany’, Queensland 2009 Drilling Completion Report (1). 

More recent LREE focus data was acquired directly from the Hammer Metals Ltd 2020 CEI report 
namely; Confidential – contains Collaborative Exploration Initiative (NWQ) Project Proposal 
EPM14467 Koppany REE Drilling Proposal (2). 

After a brief scan of the racked core trays from start to end with reference to the Xstrata drill log,  I 
then focussed attention on the best LREE intersection within KOPD005 of 12m from 156m @1.06% 
Ce, 0.72% La, 0.16% Nd & 0.08% Pr.  

Thin section petrology focussing on definition of copper mineralisation-paragenesis had only been 
performed by Xstrata on core from holes KOPD001-003. As no thin section identification of LREE 
minerals associated with ‘mineralisation’ had as yet been completed on Koppany drillcore, this 
became the principal focus of this drillhole evaluation.  

In order to initially narrow in on definitive zones of anomalous LREE mineralisation assumed to be 
associated with the weakly radioactive mineral ‘allanite’ or ‘orthite’, an Exploranium GR110 
Scintillometer was used to scan the core within the broader  anomalous LREE intersect to identify 
anomalous outlier readings (counts/sec x1) . This instrument was initialised by defining the 
background readings of the concrete slab away from the core. This background averaged 100-
115cps. 

Once anomalous ‘cps’ zones were identified, the Xstrata 2m downhole interval geochemical analyses 
tabulation was referenced  to select significant LREE% intersections coincident with the anomalous 
radioactivity. A total of three petrology samples were to be collected from within these respective 
zones that were deemed by the author to be representative of varying LREE mineral textural and 
compositional attributes.  

I was informed by the core storage facility storeman Mr Randal Thorpe that removal of any core 
required ‘Request to Sample Core & Cuttings’ documentation to be completed. This was eventually 
done and the document associated with the three ½ NQ2 samples to be removed were assigned ; 
‘Sampling Reference No. MI004’. 

OBSERVATIONS: 

I initially viewed the trayed core from start to end with reference to the Xstrata geology drill log and 
significant copper and LREE intersection data.  

A broad summary of the hole is that it is dominated by a composite assemblage of massive and 
banded clinopyroxene+garnet, garnet+clinopyroxene and clinopyroxene+albite-plagioclase 
predominant skarn with subordinate accessory scapolite+wollastonite+albite+apatite+quartz (3). 
The common banded fabric of this calc-silicate skarn represents compositional changes associated 
with former bedding lamination within assumed calcareous or carbonate rich sedimentary rock.  
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A fine leucocratic felsic ?sill  namely;  Quartz + feldspar ± ?biotite porphyritic rhyolite, was observed 
near the end of the hole between  238.7-242.4m. Note, the radiometric signature within this 
intrusive  is much higher than within the peripheral calc-silicate skarn. Refer to Scintillometer 
readings tabulation file; KOPD005_Scint Readings.xlsx. 

Xstrata petrology work on KOPD001-003 drill core (3) determined that pyrrhotite and chalcopyrite 
mineralisation spanned the paragenetic mineral sequence  from early peak thermal metamorphic 
through to later ‘secondary’ metasomatic  associated with intrusion of the nearby Burstall Granite . 

Inclusions of chalcopyrite and pyrrhotite contained within garnet and clinopyroxene indicate that 
some of these sulphide minerals formed simultaneously with primary garnet and clinopyroxene. 
However some fracture and interstitial infill and replacement style chalcopyrite and pyrrhotite 
indicate precipitation during post peak metamorphism associated with secondary metasomatic 
fluids.  

Earliest chalcopyrite appears as primary and pseudo secondary disseminations. Later cavity and 
fracture filling pyrrhotite and lesser chalcopyrite occur peripheral to massive and semi-massive 
pyrrhotite domains. 

It can be observed   that significant copper and associated iron (pyrrhotite related) intersections can 
be both coincident and spatially separate from the higher LREE intersects. However as indicated by 
the downhole analyses tabulation, wherever there was significant copper there was significant iron 
(assumed pyrrhotite) and sulphur (±pyrite).  

Note that anomalously high scintillometer readings (assumed to be associated with allanite or 
porphyritic rhyolite) occurred either peripheral or spatially separate to massive pyrrhotite. 

My subsequent attention focussed on the best LREE intersection within KOPD005 of 12m from 156m 
@1.06% Ce, 0.72% La, 0.16% Nd & 0.08% Pr. 

This zone is characterised by a composite of massive and banded teal green fine-medium grained 
intergranular clinopyroxene + green ?garnet + fine grained creamy albite + fine grained black 
?allanite. The banding is compositional comprising alternating ‘mm’ layers of clinopyroxene + albite-
?plagioclase + fine black ?allanite ± brown garnet . As with separate downhole zones, the 
compositional banding  here displays a common 75-80° attitude to the core axis. The radioactivity 
jumps to a range of 160-180cps within this ?allanite  zone. 

An additional spatially separate zone of varying texture was also observed as a swirly anastomosing 
‘microbreccia’ of predominant fine grained black ?allanite forming as interstitial infill of both 
clinopyroxene and microbreccia matrix. The overall attitude of this ?allanite predominant zone was 
5-10° to the core axis. The radioactivity jumps to 180-200cps within this ?allanite  zone. 

Minor patchy and selective ?replacement pyrrhotite ± chalcopyrite appears to overprint the 
underlying clinopyroxene + allanite, by selectively consuming the allanite. This can be seen in  core 
sample photo KOPD005_167.87-162.0m below where a patch of massive fine grained pyrrhotite  is 
overgrown on clinopyroxexe+allanite. In other zones the pyrrhotite ± chalcopyrite appears to be 
more ‘strataform’ and confined to layer controlled selective replacement.  

As can be seen in the trayed core photos covering the interval KOPD_155.1-173.8m, there is two 
predominant structural fabrics; 1/ the coplanar alternating ‘mm’ compositional banding possibly 
reflecting original bedding planes at a steep angle to the core axis, and 2/ a later disruptive ductile 
?shear or soft sediment flow centred around ~161-163m and characterised by quasi-microbreccia 
and small scale asymmetric slump fold textures that cross cut the 1/ structure at a shallow angle to 
the core axis. There appears to be a prominent input of ?allanite associated with this 2/ structural 
fabric as seen on sample photo KOPD005_167.87-162.0m below. 
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Three separate 2m downhole intersections of significant composite LREE analyses were selected for 
specific  focus in an endeavour to identify pertinent areas for polished thin section  petrological 
work. These intersections were; 

• 76-78m @ 0.72% Ce, 0.48% La, 12.1% Fe, 0.2% Cu
• 122-124m @ 0.55% Ce, 0.36% La, 2.1% Fe, 0.13% Cu
• 160-162m @ 1.7% Ce, 1.15% La, 12.3% Fe

Core Sample MB001 

This pending petrology sample was collected from within the 160-162m downhole assay interval. A 
section of ½ NQ2 core between 161.87-162m was selected as representative of  the swirly 
anastomosing  fine grained black ?allanite infilling clinopyroxene interstices and forming a quasi-
micobreccia texture (structural fabric 2/). A patch or bleb of fine grained pyrrhotite is seen to 
overprint (consume) the allanite.   

Refer to core sample photo KOPD005_167.87-162.0m below. 

In order to capture the nature of the country rock to this zone, core photos were taken of the trayed 
core for approximately 6m either side of this sample point. Refer to core photos; KOPD005_155.1-
159.7m_Tray36, KOPD005_159.7-164.5m_Tray37, KOPD005_164.5-169.0m_Tray38, and 
KOPD005_169.0-173.8m_Tray39 located  at Dropbox:\20200320 Koppany CEI 
Drilling\KOPD005_Core Review\Core Photos\.... 

Additionally, the core between 159.5m and 173m was spot scanned at 0.5m intervals with 
the scintillometer, and the readings tabulated in the file; KOPD005_Scint Readings.xlsx 
located at Dropbox:\20200320 Koppany CEI Drilling\KOPD005_Core Review\Scintillometer Scan\.... 

The readings were collected by removing the piece of core containing the 0.5m increment from the 
tray, moving away from the core racks then scanning the core directly for 30 secs and estimating an 
average. This appeared to eliminate the cumulative effect of the drillhole radioactivity. As can be 
seen from this tabulation there is an anomalous radiometric spike between 167- 168.5m. 

sulphide location indicates it postdates skarn minerals
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Core Sample MB002 

This pending petrology sample was collected from within the 76-78m downhole assay interval. A 
section of ½ NQ2 core between 77.45-77.61m was selected and represented by a patch of massive 
fine grained black ?allanite infilling (?consuming) an area between uphole massive intergranular 
green clinopyroxene + ?green garnet and massive downhole medium grained intergranular reddish-
brown garnet and creamy ?albite.  

As can be observed in the trayed core photos covering the interval KOPD_68.7-82.8m, this core 
sample is centred in an area where the common texture and composition is alternating massive 
zones of either fine grained brown garnet or fine grained teal green clinopyroxene 

As can be observed within the brown garnet domain in the upper right of this core sample, there is a 
later micro fracture controlled pyrrhotite ± chalcopyrite ± bornite ± ?sericite fracture infill phase 
with  associated marginal interstitial infill.  

An initial scintillometer scan of the core sample while still in the tray resulted in 180-210cps. 

Refer to core sample photo KOPD005_77.45-77.61m below. 

In order to capture the nature of the country rock to this zone, core photos were taken of the trayed 
core for approximately 3-5m either side of this sample point. Refer to core photos; KOPD005_68.7-
73.1m_Tray17, KOPD005_73.1-77.7m_Tray18, KOPD005_77.7-82.2m_Tray19 located  at 
Dropbox:\20200320 Koppany CEI Drilling\KOPD005_Core Review\Core Photos\.... 

Additionally, the core between 68.5m and 82m was spot scanned at 0.5m intervals with the 
scintillometer, and the readings tabulated in the file; KOPD005_Scint Readings.xlsx located 
at Dropbox:\20200320 Koppany CEI Drilling\KOPD005_Core Review\Scintillometer Scan\.... 

The readings were collected by removing the piece of core containing the 0.5m increment from the 
tray, moving away from the core racks then scanning the core directly for 30 secs and estimating an 
average. This appeared to eliminate the cumulative effect of the drillhole radioactivity. As can be 
seen from this tabulation there is an anomalous radiometric spike to 230cps at 77.5m.  

Core Sample MB003 

This pending petrology sample was collected from within the 122-124m downhole assay interval. A 
section of ½ NQ2 core between 122.48-122.61m was selected and is represented by a zone of 
composite massive and banded teal green fine-medium grained intergranular clinopyroxene + green 
?garnet and fine grained black ?allanite. There are intermittent clusters-patches of crystalline 
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reddish-brown garnet. The banding is compositional and comprises alternating ‘mm’ layers of 
clinopyroxene, fine black ?allanite and patches of brown garnet. The black ?allanite appears to be 
infilling between brown garnet interstices whilst consuming clinopyroxene. There is some fracture 
controlled pyrrhotite infill. This sample is however peripheral to a zone of massive pyrrhotite ± 
chalcopyrite as can be seen on core tray photo KOPD005_118.5-123.5m_Tray28. 

An initial scintillometer scan of this area while still in the tray resulted in 160-190cps. 

Refer to core sample photo KOPD005_122.48-122.61m below. 

In order to capture the nature of the country rock to this zone, core photos were taken of the trayed 
core for approximately 3m either side of this sample point. Refer to core photos; KOPD005_118.5-
123.5m_Tray28 and  KOPD005_123.5-127.5m_Tray29 located  at Dropbox:\20200320 Koppany CEI 
Drilling\KOPD005_Core Review\Core Photos\.... 

Additionally, the core between 118.5m and 127m was spot scanned at 0.5m intervals with 
the scintillometer, and the readings tabulated in the file; KOPD005_Scint Readings.xlsx 
located at Dropbox:\20200320 Koppany CEI Drilling\KOPD005_Core Review\Scintillometer Scan\.... 

The readings were collected by removing the piece of core containing the 0.5m increment from the 
tray, moving away from the core racks then scanning the core directly for 30 secs and estimating an 
average. This appeared to eliminate the cumulative effect of the drillhole radioactivity. As can be 
seen from this tabulation there is a weakly anomalous radiometric spike to 133cps at 122.5m. Note 
also the high mag sus readings at 122m (1066 Si) and 123m (846 Si).   

PETROLOGICAL WORK: 

I’ve marked a rectangle on the respective ½ NQ2 core samples where the core should be sliced and 
mounted. The three core samples have been removed from the trays, bagged and given to Mick 
Burnett to arrange for a veneer to be sliced off the respective core samples. The remaining core 
samples were  then to be returned to the core storage facility and placed back in the respective core 
tray intervals. 
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1/ INTRODUCTION 

Prior to commencement of a proposed two hole core drilling program at Koppany, a brief geological 
reconnaissance  mapping program was proposed  in order to ground check the location, host stratigraphy, 
structure and alteration characteristics and deposit model criteria associated with the historical 
exploration GIS data used to design the  REE mineral drill target(s). 

As a result of a successful Qld Govt CEI grant, Hammer Metals Limited proposed a two diamond drill hole 
program as a preliminary test of an anomalous REE target defined as a composite of; the best results of 
previous drilling, the strongest LREE soil geochemistry, favourable geology and coincident VTEM 
anomalism. 

The proposed drilling is designed to test the peak of a NW-SE trending linear combined Ce and La soil 
anomaly located between two highly mineralised drillholes KOPD005 and KOPD006  completed by Xstrata 
in 2009. These holes were originally designed to test anomalous soil geochemistry coincident with a VTEM 
anomaly, but not for REE mineralisation.  

The broader area encompassing the Koppany and Koppany North prospects was geological mapped by 
Xstrata Copper Exploration geologists in 2008 at 1:2500 scale. This was accomplished by mapping along 
the 250m N-S spaced soil sampling lines and following intrusive contacts in detail. Some later infill 
mapping was completed to aid in their subsequent interpretation. 

The focus area for the current proposed infill mapping is between holes KOPD005 and KOPD006 (490m N-
S separation) which encompasses a corridor of host Corella Formation stratigraphy of approximately 
300mE-W width.  

The topography within the area is highly dissected with elevation changes up to 70m, however there is 
relatively good outcrop coverage. 

Panorama view below looking E-ESE from a point nearby rehabilitated drillhole collar KOPD006 showing 
the dissected nature of the topography. 

2/ KOPPANY DATA REVIEW 

All historical exploration data encompassing the Koppany project within the Mt Frosty JV area was 
reviewed by Hammer Metal Limited, which resulted in identification of the potential for a significant REE 
deposit within the Koppany prospect. 

Successive historical exploration programs have included; 

• -80# soil sampling during 2007-08 by Xstrata Exploration over Koppany and Koppany North, the
results of which defined a significant copper anomaly of 2.3km in length and up to 600m wide
over Koppany.

• Geological mapping by Xstrata over the Koppany and Koppany North prospects which defined
calc-silicate skarns of the Corella Formation as host to the copper mineralisation.
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• Detailed VTEM and heli-mag survey over Koppany and Koppany North completed in 2008. Several
VTEM anomalies defined over 3.7km which coincided with the soil copper anomalies.

• Nine diamond core holes for 2140m drilled during 2009 (Xstrata Copper Exploration) targeting
skarn hosted copper mineralisation coincident with late channel VTEM anomalies.

• Commercial lab multi-element  re-analysis (Ionic Leach) of some parts of the Xstrata soil sample
?pulps by CYU, including analysis for cerium and lanthanum.

The author has reviewed the two main reports by Xstrata Copper Exploration  (Xstrata) detailing the initial 
results of the geological mapping, soil sampling, VTEM and airborne magnetics programs (1), and the 
subsequent results of the core drilling program(2).  

A review was also completed of the Hammer Metals ltd  (HMX) Koppany REE Drilling Proposal CEI 
submission report (3). 

A single soil geochemical sampling line was completed by HMX at Koppany during early 2020, to test the 
repeatability-accuracy of the REE soil anomaly sampling as originally collected by Xstrata in 2008. This soil 
line was centred on line 7704600N (GDA94) and comprised 10 soil sample sites at 50m E-W spacing. 

The located Ce and La analytical results from this recent program confer with the intensity and location of 
the LREE anomalism generated from the multi-element re-analysis of the original Xstrata soil sampling . 

The proposed location of the two holes of the pending HMX CEI funded drill program are; 

KOP1 - 398200E 7704610N (GDA94 Z54) 

KOP2 - 398075E 7704600N (GDA94 Z54) 

3/ METHODOLOGY 

Over a three day period in March 2020 the author completed multiple traverses up drainages, along ridge 
lines, across side slopes etc.  taking  point observation data via hardcopy notebook, i-phone photography , 
radiometric  readings with an Exploranium GR-110 scintillometer and position pickups with a Garmin 
60CSx GPS.  Additionally, crude perimeter outlines of particular outcrops or other notable features were 
collected via the polyline ‘tracks’ feature on the handheld GPS. 

Waypoint and track data was downloaded off the GPS and imported into MapInfo and along with the 
observation notes and scintillometer readings, the broad character of the stratigraphy hosting the copper 
and REE mineralisation in the 500mN-S x 300m E-W area between drillholes KOPD005 and KOPD006 was 
cumulatively built.  

Any structural data was collected with a handheld Silva compass-clinometer using the dip, dip direction 
convention with bearings measured and documented in degrees magnetic. 

In the field, broad reference was made to specific features on the Xstrata 1:2500 geological map (south 
sheet) from report (1). These features included; 

• The broad sub-divisions within and the associated nomenclature of, the north to northwest
trending Corella Formation stratigraphy and the approximate positions of these contacts, and

• The locations of the prominent rhyolite dykes and sills.

Xstrata had previously documented five mappable units within the Corella Formation in this area. These 
are from east to west; 

1. Calcareous meta-pelite
2. Meta-carbonate with some intercalated meta-pelite
3. Intercalated meta-carbonate and quartzite
4. Quartzite with lesser meta-carbonate interbeds
5. Meta-carbonate with phyllite and quartzite

With reference to these mappable units and with what I observed in the field, units 1-4 are represented 
within the bounds of the current Koppany mapping area. The interpretive boundaries of these units as 
shown on Xstrata mapping has been copied across onto FIGURES 1 and 3. According to stratigraphy 
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changes i observed in the field, these boundaries appear to locate in the approximate position on the 
ground. 

Prior to commencement of traversing each day the scintillometer was tuned next to the 4wd parked 
approximately 130m SW from the old creek weir wall & the audio set to low at this point. Background 
values at this site averaged 190-220cps.  

Note. Within the centre of the Koppany prospect the cumulative effect of the inherent radiometric 
anomalism within some stratigraphic units produced higher absolute values than if the same rocks were 
scanned off the prospect within a low background environment.  

4/ OBSERVATIONS 

My initial geological traverses were based more on a find and locate scoping exercise. The locations of the 
rhyolite dykes and sills had been well defined by Xstrata so I initially used those units as position markers 
before subsequent extension into host stratigraphic units. Similarly, creek bed traverses provided good 
outcrop exposure, but provided definitive geographic control once the GPS tracks (creek polylines) were 
downloaded and imported into MapInfo. 

In retrospect I’ve broadly grouped my respective geological traverse observation data documented below, 
into four of the mappable stratigraphic units defined by Xstrata. All observation site data locations are 
shown on FIG1. 

Access into the target area is via the main NE-SW trending drainage which ultimately dissects across four 
of the mappable stratigraphy units of the Corella Formation and provides excellent outcrop exposure.  

Unit 4 - Quartzite 

The stratigraphy exposure observed as you first enter this gorge from the SW, about 50m downstream 
from the old Weir wall, is mappable Unit 4 – Quartzite with lesser meta-carbonate. This unit consists of 
finely bedded but dominant fine to medium grained quartzite with minor thin intercalations of 
clinopyroxene + hornblende skarn.   

An initial scintillometer traverse was done up this drainage in transit to the centre of the Koppany 
prospect. Refer to location of reading points and resultant values on FIG2. This Unit 4 - quartzite is 
exposed for some 180m upstream before there is any significant lithological change indicative of 
transition into Unit3. 

Scintillometer readings from banded quartzite ranged 181-357cps with higher readings returned from 
from narrow interbeds of green ‘calc-silicate’ skarn. An anomalous reading of 567cps was returned from a 
massive dark green calc-silicate skarn boulder float that may have been derived from nearby  scree slopes. 

No further traversing investigation was completed outside of the drainage gorge within this stratigraphic 
unit.  

Refer to FIG 3 for interpretive geology. 

Unit 3 - Intercalated Meta-carbonate and Quartzite 

Transition into this stratigraphy unit occurs approximately 180-220m upstream from the old Weir wall. 
This unit has a more massive coherent greyish green appearance and is not as finely bedded and fissile 
like unit 4. 

There is a predominance of meta-carbonate or calc-silicate skarn with sub-ordinate quartzite interbeds. 
Individual interbeds of skarn and quartzite vary from a few centimetres to a few metres in thickness. Refer 
to photo site MB010 below. 

The calc-silicate skarn mineral assemblage consists of varying amounts of intergranular garnet and 
clinopyroxene with a varying composite of accessory minerals, as described in earlier petrology samples 
(4), including;  diopside, quartz, plagioclase, scapolite, wollastonite, zoisite/clinozoisite and apatite . 
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Within the main creek exposure centred on 398025E 7704540N there is a component of coarse grained to 
crystalline calcite intercalated within the calc-silicate skarn. An interbed area of massive coarse grained to 
crystalline calcite outcrops in the creek bed a further 180m upstream at 398075E 7704641N. This ?meta-
carbonate is in direct contact with a prominent outcrop of leucocratic porphyritic rhyolite forming a dyke 
wall cutting across the creek. The lower unconformable contact of this dyke against meta-carbonate is 
low angle at 30° to 010°M.  

The western end of this rhyolite dyke is bounded, cut off and offset by a 2m wide ?shear zone  trending 
325°M with a steep dip to the east. This zone comprises fragmented interbedded calc-silcate skarn and 
quartzite in a coarse grained calcite matrix displaying some penetrative shear fabric. This structure 
occupies the contact margin between the massive calcite interbed to the east and calc-silicate skarn-
quartzite interbeds to the west. Refer to photo MB003 below. 

A scintillometer scan of this outcrop produced readings ≥500cps. 

At location 398056E 7704540N a narrow (0.3m) linear sub-crop of iron gossan trending 350°M was 
located. Similarly, another narrow (0.2m) linear sub-crop of iron gossan was located a further 70m 
upslope to the east (Refer to FIG3). The immediate county rock to these iron gossans is coarse grained 
light grey calcite, in places displaying a penetrative shear fabric. At this site calcite appears to be a 
wallrock alteration product accessory with the original infill to the iron gossan relic. Refer to photo site 
MB021 below. 

Again at a position some 200m upslope to the north (398063E 7704742N) there is an area of iron gossan 
subcrop and float intercalated within calcite rich country rock displaying some penetrative shear fabric. 

Photo site MB003 
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This broader area is located on a 
ridgeline saddle approximating the 
boundary contact position between 
Unit3 and Unit2. Some recessive 
greenish ?clinopyroxene rich subcrop 
in this area returned scintillometer 
readings between 750-820cps.  

Interestingly, Xstrata’s 1:2500 scale 
mapping similarly defined small 
linear outcrops of iron gossan in 
similar positions which in 
conjunction with my locations define 
a NNW trending linear corridor some 
600m long and 50-80m wide 
spanning the approximate position 
of the boundary between mappable 
Units3 and 2. This corridor 
encompassing the linear iron gossans 
and trends from a point 
approximately 150m south of 
drillhole KOPD005 to a point on a 
ridge saddle approximately 150m 
north of proposed hole KOP2. Most 
of this gossan and carbonate 
predominant wallrock forms 
recessive subcrop  (silicate poor), 

and is located along  a steep SW facing slope covered  in scree . 

As was documented in Xstrata’s 2009 Annual Report (1); ‘These gossans may be in part the surface 
expression of narrow bodies of massive sulphide similar to that described in the diamond drill hole as 
reported above’. This certainly appears to be applicable in relation to the position of the KOPD005 
drillhole trace. 

Photo Site MB010. View looking due south. 

Photo Site MB021 
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Refer to photo site MB010 above of typical massive green granular clinopyroxene ± brown garnet skarn 
with sub-metre interbeds of whitish-pink quartzite. Scintillometer readings of 180-200cps were returned 
from quartzite and 300-400cps in calc-silicate skarn. Compositional banding measured 50° to 260°M. 

Unit 2 - Meta-carbonate with some intercalated Meta-pelite 

This mappable unit as defined by Xstrata mapping comprises distinct skarn mineral assemblages 
such as; predominant brown-red garnet with accessory clinopyroxene + quartz + amphibole, and 
equigranular garnet + clinopyroxene with accessory wollastonite ± scapolite ± plagioclase ± apatite. 
This later assemblage was referred to as occupying the upper third of this unit. 

Unit 2 contains or hosts the greater part of the  channel 29 VTEM geophysical anomaly with the NNW 
trending boundary contact between Unit3 and Unit2 approximating  the western margin of this anomaly. 

Similarly, the 600m long x 50-80m wide NNW trending corridor encompassing the narrow bodies of 
gossan near the eastern margin of Unit3 are coincident with the western boundary of the VTEM anomaly. 
The Xstrata soil copper geochemistry also shows strong anomalism coincident with this corridor. 

Similarly, the Lanthanum and Cerium soil geochemistry from the same program also defines strong 
anomalism contained within Unit2, but as an easterly transition away from the copper anomaly. 

Xstrata’s drillholes KOPD001-006 tested these coincident geophysical and soil copper anomalies wholly 
within this host stratigraphy. Highly anomalous LREE mineralisation was intersected in holes KOPD005, 
KOPD006 and KOPD007, even though LREE was not the focus of their attention.  

Based on these coincident anomalous signatures this unit would appear to be the target host stratigraphy 
for combined iron-copper-REE mineralisation. 

Initial traverses within this unit were to the north in the vicinity of drillhole KOPD006. The ridge line on 
which KOPD006 was collared comprises abundant outcrop of composite massive  teal green fine-medium 
grained clinopyroxene ± garnet skarn, and medium-coarse grained brown garnet skarn with ‘mm’ 
interbeds of fine grained teal green clinopyroxene. The compositional banding was measured as 45° to 
245°M. 

Scintillometer readings varied between 250-500cps. The higher cps reading was within the clinopyroxene 
dominant domains. 
No obvious 
sulphides were 
observed. 

Traversing  to the 
south in the vicinity 
of drillhole 
KOPD005 with the 
scintillometer, 
alerted me to an 
abrupt change to 
anomalously high 
radiometric values 
associated with 
transition into the 
Unit2 lithology-
alteration package.  

Outcrop at 
observation sites 
MB011 and MB012 
consistently 
produced values in 
the range 400-Photo Site MB012. View looking 280°M. 

MarkW
Highlight
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600cps from massive to banded dark green clinopyroxene +?albite ± scapolite (prismatic)  ± brown garnet 
skarn (See FIG1 and photo site MB012 above). The compositional banding was measured as 50° to 260°M. 

Similar rock characteristics were observed in outcrop at observation site MB014 some 70m to the north. 
This outcrop forms a prominent  linear ridgeline trending 340°M back down slope through observation 
site MB015 to sites MB019 and MB020 (See FIGS1 and 3). 

Outcrop at observation site MB015 (Refer to site photos MB015 below) consistently produced values 
≥350cps from massive to banded green-cream ± mottled pink clinopyroxene +?albite ± brown-red garnet 
skarn. The compositional banding was measured as 50° to 265°M. A narrower domain towards the centre-
west margin of this linear outcrop produced peaks >700cps within equigranular clinopyroxene +?albite + 
reddish-brown garnet skarn. However, no obvious black mineral infill such as?allanite or in fact sulphides 
were observed.  

Refer to site photo MB015 below- View looking NNW over site MB015. 

This photo panorama shows the prominent ridgeline outcrop of Unit2 massive equigranular clinopyroxene 
+ albite + garnet skarn in the foreground. The main creek dissects this stratigraphy in the middle ground. 

Proposed hole KOP2 is just off photo centre left. 

Continuation of this stratigraphy is shown on the eastern side slope on the opposite ridgeline. 

The collar of drillhole KOPD006 is on the ridgeline saddle behind the ridge peak in the middle right 
background. Outcrop continuity continues down slope to the NNW through observation sites MB019 and 
MB020 which continued to produce radiometric values ≥400cps from banded green-cream clinopyroxene 
+?albite ± brown-red garnet skarn. Site MB020 on the northern end of this linear outcrop adjacent to a 
prominent dyke of porphyritic rhyolite, produced a spike of 580-610cps. The compositional banding here 
was measured as 40° to 245°M. 

Photo Site MB015 
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The panorama photo MB018-019 below shows features depicted on FIG3. The segmented and 
folded rhyolite dyke forms a ridgeline spur running up the ridge in the photo centre to right of centre 
background. The approximate boundary contact between Unit3 and Unit2 runs up the west facing 
side slope between the rhyolite spur and gossan located in the saddle at photo left of centre 
background. 

Photo Site MB015. View looking NNW over site MB015. 

KOPD006
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Other observation sites within Unit2 include MB016 (Refer to FIGS1 and 3), which is a prominent 
320°M trending outcrop of ‘striped’ alternating ‘mm’ bands of clinopyroxene +?albite + quartz ± 
disseminated red-brown garnet skarn. This rock produced radiometric values in the range 250-
300cps. 

Site MB033 is a bit different in that it lies 
within a zone of flexure within the calc-
silicate skarn immediately below a folded 
segment of porphyritic rhyolite (Refer to 
Porphyritic Rhyolite section below). There 
was a notable spike in the radiometric 
readings to 450-500cps across this zone of 
‘stripey’ laminated  clinopyroxene +?albite + 
quartz ± disseminated red-brown garnet 
skarn. The compositional banding as shown 
in site photo MB033 below was measured at 
40° to 260°M. 

Sites MB035 and MB036 are located on an 
east facing slide slope as shown on photo 
site MB018-019 below (Refer to locations on 
FIG1). This stratigraphy appears to be a 
continuation of the main ridgeline outcrop 
described in observation sites MB014-
MB020, albeit with minor ‘mm’ interbeds of 
quartzite/meta-pelite. 

Photo Site MB018-019. View looking NNW. 

Photo site 
MB036 

Rhyolite 

Gossan 

Photo Site MB033 
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Photo site MB036 shown below is of predominantly massive to banded clinopyroxene + albite + 
quartz ± garnet skarn alternating with interbedded zones of ‘mm’ laminations of quartzite/meta-
pelite. Radiometric readings ranged 400-600cps with the higher values returned from the darker 
green clinopyroxene skarn areas. Compositional banding measured 40° to 270°. 

Unit 1 - Calcareous Meta-pelite 

This mappable unit as defined by Xstrata mapping comprises; ‘finely interbedded (cm scale) pale 
grey, pink and cream siliceous cherty meta-pelite and meta-calcareous sediments with minor 
quartzite. The calcareous interbeds have been contact metamorphosed to feldspar ± scapolite ± light 
green clinopyroxene ± light brown garnet ± wollastonite  ± epidote. No mineralisation was observed 
in this unit in the field’. (1). 

Traverses up the main creek to the north some 100-110m east of drillhole KOPD006 collar 
encountered this type of rock sequence (Refer to FIG1 and FIG3).  Observation site MB023 consisted 
of a prominent rock bar striking across the creek bed and comprised hard ‘stripey’ interlayered 
white-pinkish pegmatitic  quartz+feldspar rock, creamy chert rock, quartzite, lesser light green fine 
grained clinopyroxene ± garnet skarn. The compositional banding was measured as 50° to 275°M. 
Radiometric readings averaged around 350cps with higher counts ≥400cps within the leucocratic ex-
pegmatite bands. See photo site MB023 below. 

Photo Site MB036 

MarkW
Highlight
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Observation site MB024 is within a 
similar stratigraphic sequence except 
for the presence of 1.0-1.5m wide 
shear zone semi-conformable to the 
compositional banding. See photo site 
MB024A+B left & below. 

The right side of the photo shows the 
shear zone with a slightly different 
apparent dip to the compositional 
banding on the left hand side. The 
sheared rock comprises lozenge 
shaped rock fragments including green 
calc-silicate skarn, cream meta-pelite, 
and minor sulphide (chalcopyrite) with 
malachite oxidisation rims. There 
appears to be some calcite matrix infill. 

There is some lesser shear re-
mobilisation along compositional 
contacts 2m further out into the 
country rock on left hand side. 

Photo Site MB023 

Photo Site MB024A. 
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The radiometric levels spiked to 700-800cps within this shear whereas the surrounding country rock 
returned a range of 500-600cps. 

A zig zag scintillometer traverse along the west facing scree slope some 60m south of site MB024 
(Refer to FIGS1 and 2), intersected a significant radiometric spike of 1500-1700cps. Intermittent 
outcrop/subcrop surrounding this area is similar to the stratigraphic sequence depicted in MB023 
and MB024. However, the radiometric spike was within a recessive, partially weathered, fragmented 
-?sheared fine-medium grained intergranular clinopyroxene ± garnet skarn with a component of 
black ?allanite interstitial infill. It was hard to determine orientation of any penetrative shear fabric 
due to scree float, but it may have linkage with the shearing shown on photo site MB024 above. 

The last lot of traversing focussed on the country rock underlying the anomalous LREE soil 
geochemical line completed along line 7704600N by HMX in February 2020.  

Observation site MB026 is located towards the eastern end of this soil line adjacent to soil sample 
site E82051. The prominent outcrop at this site is characterised by fine alternating ‘mm’ interbeds of 
medium grained reddish-brown garnet  ± clinopyroxene skarn and white-light grey fine grained 
?meta-pelite and/or quartzite. Radiometric readings ranged 250-280cps. Compositional banding 
measured at 35° to 260°M. See photo site MB026 below. 

Photo Site MB024B. Closeup. 

MarkW
Highlight

MarkW
Highlight



18 

Observation site MB027 is located approximately 10m downslope from soil sample site E82050 
which returned 1590ppm La+Ce. The prominent outcrop at this site is of similar character to 
previous site MB026. Radiometric readings ranged a constant 200-260cps. See photo site MB027 
below. 

Continued  scintillometer traversing to the west along this north facing side slope picked up an 
anomalous spike in the radiometric readings to ~800cps at observation site MB028, approximately 
15m west of previous observation site MB027.  

Photo Site MB026. View looking towards 320°M. 

Photo Site MB027. View looking towards 320°M. 
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The rock producing this spike  forms a 0.3-0.4mwide recessive subcrop  interbed of weathered green 
clinopyroxene with minor sub-ordinate  red-brown garnet.  There didn’t appear to be any 
penetrative shear fabric either in this rock or surrounding country rock. See photo site MB028 
below. 

Photo Site MB028 

Photo Site MB028 closeup 
Photo Site MB028 Rock specimen macro 
zoom 
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Observation site MB029 is located a further 80m to the west on a prominent ridgeline outcrop. This 
site is some 30m north of soil sample site E82048 which returned 714 ppm La+Ce. The outcrop in 
this area is characterised by fine alternating ‘mm’ interbeds of medium grained reddish-brown 
garnet  ± clinopyroxene skarn and white-light grey fine grained ?meta-pelite and/or quartzite. 
Radiometric readings ranged 200-250cps. Compositional banding measured at 40° to 250°M. 

Notably, the calc-silcate skarn interbeds are softer and appear to weather away to leave elongate 
cavities between more competent meta-pelite layers. 

A panorama photo taken from this site looking towards 250°M is an approximate reciprocal azimuth 
line  to that of the planned trace of proposed drillhole KOP1.  

Porphyritic Rhyolite 

While initially referencing Xstrata’s 1:2500 scale geological mapping between Koppany and Koppany 
North, one noticeable geological feature I observed was the overall geometric distribution of the 
rhyolite dykes and sills. In plan this distribution forms open fold structures of amplitude 200-300m 
which have been subsequently segmented and offset. How this plays out on the ground remained to 
be seen. 

Xstrata  described these intrusives as; ‘A large number of generally irregularly shaped felsic bodies 
intrude the contact metamorphosed lithologies to the east of the quartzite unit4 in the central to 
northern part of the area. The felsic intrusives consist of varying proportions of K-feldspar, 
plagioclase and quartz phenocrysts in an aphanitic groundmass. Endoskarn development is not 
uncommon, but is not strong, with generally only very small amounts of clinopyroxene ‘. 

Inorder to zone into the main area of focus within Koppany my initial traverse focussed on location 
of the rhyolite dykes/sills, as they formed prominent positive topographical and colour contrast 

Photo Site MB029. View looking 250°M towards proposed drillhole site KOP1 within 
the drainage photo centre left. 

KOP1 
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features, which could be used as a good position marker. As I discovered, they also return a constant 
anomalously high radiometric count of ≥500cps. 

Initial observation site MB001 is located on a prominent dyke wall of felsic creamy white quartz + 
plagioclast ± ?biotite porphyritic rhyolite  that strikes across the main creek at 398066E 7704652N. 
The lower dyke margin forms a planar unconformable contact against the underlying Unit3 
intercalated meta-carbonate and quartzite neasured at 30° to 010°M. The rhyolite mass is jointed 
but I observed no inherent penetrative shear fabric. Radiometric readings were constantly ≥600cps. 

As can be seen on FIG3, a section from the western margin of this prominent rhyolite dyke outcrop 
has been truncated and offset 10-15m to the north. As was mentioned above at observation site 
MB003 (Refer to photo site MB003 above), a shear zone was located in this position with an 
orientation of 70° to 080°M. This structure may approximate the boundary contact between Unit3 
and Unit2. 

A continuation of this rhyolite dyke to the Nth/NW through observation sites MB004 and MB005 
show that this section is disconformable with Corella Formation stratigraphy.  Radiometric readings 
were constantly  ≥500cps. 

Traversing within the ‘target’ Unit2  meta-carbonate and intercalated meta-pelite, located numerous 
prominent linear rhyolite outcrops that appear semi-conformable to the host stratigraphy (Refer to 
FIG3). Observation sites MB013 and MB032 again typify the textural and compositional character of 
these dykes/sills.  

As mentioned earlier that these dykes/sills reflect a folding event, this is confirmed in the panoramic 
view of site MB032 from photo sites MB030 and MB031 below. The upper margin of the rhyolite is 
defined by the white dashed line. 

Another perspective view of the same folded rhyolite structure is shown in photo site MB031 below. 
It would appear that some of the calc-silicate skarn beds within the western ‘limb’ of this fold display 
parasitic folding as highlighted with the purple dashed lines. Observation site MB033 documented 
above lies within the inter-limb area of this fold.   

The lower planar margin of the rhyolite dyke has a low angle undulating geometry and displays a 50-
80mm crystalline porphyritic ‘cooled’ margin, where an enclosed 200mm xenolith of calc-silicate 
skarn was observed. No internal penetrative shear fabric was observed. However, the calc-silicate 

Photo site MB030. View looking 220°M towards folded rhyolite dyke. 

Rhyolite dyke 
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skarn immediately underlying  this unconformable contact is fragmented or ?sheared within a ~0.5m 
thick zone. Refer to photo site MB034B below. 

Photo site MB031. View looking sth into apex of fold structure. 

Photo site MB034A. Low angle lower contact of rhyolite dyke with underlying rubbly  
green calc-silicate skarn. 

Porphyritic rhyolite 

Rubbly calc-silicate skarn 
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Another structural feature mentioned here, as it is spatially associated with the folded porhyritic 
dyke, is the prominent co-planar low angle cleavage through all rock types measuring 15-20° to 
000°N. Refer to photo site MB034 below. This is the only site where I’ve observed this tight fracture 
cleavage. 

I did not observe any surface mineralisation or alteration effects that appeared related to this 
folding or fracturing, however the approximate  NNW-SSSE trend to the apical trace of this fold is 
somewhat coincident with the overall  stratigraphic control to the Fe-Cu-LREE mineralisation as we 
currently understand it. 

5/ RADIOMETRICS 

All observation site radiometric readings are displayed on FIG2 with individual site readings and geological 
descriptions for respective sites documented above within the four mappable units. 

The scintillometer was operating the whole time I was in the field with outliers to the low audio tone 
setting easily detectable. As the LREE mineralisation and alteration as determined by my initial review of 
the KOPD005 drill core, is difficult to recognise visually in the field, there was a particular bias towards 
picking it up with the scintillometer audio. With cumulative recognition via a combined rock texture, 
composition and radiometric signature evaluation procedure, areas –zones of LREE anomalism were 
defined.   

The overall radiometric signature of the various stratigraphic units developed via traverse coverage, can 
be summarised as  

Background 190-220cps 

Unit 4 Quartzite 200-350cps  

Unit 3 Intercalated meta-carbonate and quartzite 250-400cps (peaks ≥400cps in 
calc-silcate SKN interbeds) 

Photo site MB034. View looking sth into prominent low angle fracture cleavage 
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Unit 2 Meta-carbonate & intercalated meta-pelite 350-550cps (peaks ≥600cps in 
cpx±grnt SKN interbeds) 

Unit 1 Calcareous meta-pelite 200-350cps (meta-pelite/quartzite interbeds) 
≥500  (select cpx±grnt SKN interbeds) 

Porphyritic Rhyolite ≥500cps 

6/ STRUCTURE 

The most common fabric within all of the four stratigraphic units represented within Koppany 
Central is the compositional banding which is no doubt a derivation of bedding. Other than for a few 
localised perturbations, this seems fairly regular throughout the traversed area. 

Within the area broadly bounded by drillhole KOPD005 and proposed drillholes KOP1 and KOP2, this 
compositional banding strikes between 340 – 350°M and dips to the west  between 45-60°. This 
appears to confer with Xstrata’s mapping in the Koppany area, namely ; Units 1 to 3 strike 
approximately 350º and dip generally between 40 and 60º to the west’ (1).  

However, this strike appears to swing a little more to the north (360°M) across the main creek gorge 
and up slope towards KOPD006 with somewhat of a shallower dip around 40-50°. This is similarly 
shown on FIG3 via the traversing covering the northern section of Unit1 . 

I would interpret that there is some form of flexure centred about the main porphyritic rhyolite dyke 
wall located at 398088E 7704642N within the main creek, with a NE axial plane running up stream in 
alignment with the main creek bed. This alignment coincides with the location of one of Xstrata’s 
interpretive  fault planes. However Xstrata documented that; ‘Very little evidence of faulting was 
seen within the contact metamorphosed lithologies, with no faults mapped as offsetting lithological 
or skarn assemblage boundaries’ (1).  

Xstrata did however document that; ‘Several narrow north-south striking shear zones were observed 
within the quartzite unit, these did not have much mappable strike extent’(1).   

Similarly, i observed narrow zones of shearing at three separate sites hosted within predominantly 
calc-silcate skarn . eg. observation sites MB001, MB024 and MB025 (Refer to FIGS1 and 3). These 
zones appear semi-conformable to the host stratigraphy, except for site MB001 where the dip was 
70° to the east (Refer to photo site MB001). In all cases, the radiometric signature within this 
shearing is anomalously higher than in the wallrocks. 

In the few sites where open joints/fracture were measured the strike was between 050-075°M with 
dips to the SE between 50-80°. This maybe indicative of some NE-SW fault structural control. 

As was mentioned above, the overall distribution of the porphyritic rhyolite dykes/sills infers some 
folding and later fault offsets, eventhough Xstrata documented that; ‘Evidence of minor folding was 
only very rarely seen. As previously mentioned, foliation was only observed in some thin schist 
intercalations within the quartzite unit’ (1).  

Evidence of folding is depicted with reference to the folded section of rhyolite shown in photo sites 
MB030-031 above. At two sites the lower margin contact of the rhyolite forms a low angle 
unconformity with the underlying  calc-silicate skarn stratigraphy. Eg. MB001 strike of 100°M with 
dip of 30° north, which is similar to photo site MB034A above where this undulating contact 
approximates a strike of 090° with a dip of 15-20° north. 

In photo site MB034A above, the cpx ± grnt skarn immediately beneath this low angle contact 
appears fragmented and rubbly, however no strong penetrative shear fabric was noticed in this rock 
or the overlying porphyritic rhyolite.  

As shown in photo site MB024, there is strong development of a fine coplanar fracture cleavage 
(?slatey cleavage) within the underlying interbedded calc-silcate skarn and meta-pelite, with a strike 
of 090-270° and a dip of 15-20° to the north. This cleavage does not appear to run into the overlying 
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rhyolite. If this cleavage is in fact axial planar, this would suggest that any fold orientation would be 
recumbent.  

As shown on photo site MB024 centre and front centre-right , the co-planar compositional banding 
can still be seen with a strike around NNW-SSE with a steep dip to the west.  

This is the only area in which I observed this well-developed low angle fracture or ‘slatey’ cleavage. 

7/ CONCLUSIONS 

For this conclusion I’ve compiled FIG4 which based on all of the above, groups areas into prospective 
target domains. These domains as shown in red and numbered 1 to 4 are; 

• Target Domain 1

This is a 600m long x 50-80m linear corridor located along the eastern margin of Unit3 but
potentially spans the boundary contact between Unit3 and Unit2 (Refer to domain 1 on FIG4). A
combination of Xstrata’s and my mapping has located scattered narrow linear iron gossan +
calcite lenses in this corridor that are semi-conformable with the strike  trend of the stratigraphy.

As documented by Xstrata; ‘These gossans may be in part the surface expression of narrow bodies
of massive sulphide similar to that described in the diamond drill hole’(1). This was especially the
case downhole KOPD005 which intersected zones of massive to semi-massive pyrrhotite  ±
chalcopyrite.

Note that the approximate western margin of the VTEM Channel 29 anomaly coincides with this
linear corridor. The linear gossans (ex-pyrrhotite) within this corridor may be associated with
some structural control focussing along the Unit3 - Unit2 contact.

Note that the collar of proposed hole KOP2 is centred within this corridor. I recommend moving
the collar position westward down slope nearer the creek bank and shallowing out the inclination
to 50°. This would give around 160m horizontal coverage to at least terminate vertically under
proposed hole collar KOP1. This would provide a good test for; 1/ primary sulphide lenses and
?associated VTEM model anomalism in the upper to mid section  of the hole, and  2/ LREE
mineralisation in the ?footwall of this upper electromagnetic  zone in the lower section of the
hole .

• Target Domain 2

As shown on FIG4 this domain is located within Unit2 close to the inferred boundary contact with
Unit3. Mapping in this area by the author identified highly anomalous radiometric outcrop
characterised by clinopyroxene ± scapolite± albite ± garnet skarn. As can be seen by the total
Ce+La soil geochemistry data, there is also coincident LREE soil anomalism.

This domain was tested by drillhole KOPD005 which we know intersected massive pyrrhotite
breccia between 18-33m with narrow zones of massive to semi-massive  pyrrhotite further
downhole. The significant LREE intersection of 158m from 76m of 0.39% LREO was beneath and
east of this nearer surface  domain.
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• Target Domain 3A

As shown on FIG4 this domain is located within Unit2 and forms a prominent ridge spur outcrop
downslope to the NW. Scintillometer traverses across this outcrop by the author defined
generally high radiometric anomalism (≥350cps), but there is an internal domain (See dashed red
line) that is conformable within the compositional banding, is highly anomalous eg. peak to
1050cps and is characterised by massive to banded equigranular clinopyroxene +?albite +
reddish-brown garnet skarn (Refer to observation site MB015).

As can be seen by the total Ce+La soil geochemistry, there is also coincident LREE soil anomalism
which diminishes further downslope towards the main creek gorge where the prominent outcrop
dissipates. However, at this point there is a prominent VTEM circular anomaly which will be
subject to testing by proposed hole KOP2.

• Target Domain 3B

As shown on FIG4 this domain is more or less a continuation of domain 3A across the main creek
gorge to the north towards drillhole KOPD006. I propose that it has similar attributes to domain
3A. This domain is not subject to testing with the proposed CEI funded program. However,
previous drillhole KOPD006 to the north effectively tested across this domain with an intersection
of 56m from 164m of 0.28 LREO%.

• Target Domain 4A-B-C

As shown on FIG4 this domain is defined by three separate zones where highly anomalous
radiometric readings were observed to be associated with sheared, recessive calc-silcate skarn
interbeds within Unit1 (Refer to observation sites MB024, MB025 and MB028).

These small domains are contained with a block of Unit1 comprising  interbedded calcareous
meta-pelite and calc-silcate skarn. With reference to the total Ce+La soil geochemistry, both the
Xstrata and HMX soil sampling programs show anomalous LREE geochemistry within the unit.

Scintillometer traversing along the HMX soil sampling line however only defined a narrow
?sheared 0.3-0.5m clinopyroxene ± garnet predominant calc-silicate skarn interbed to contain the
source of any radiometric anomalism. The well bedded-laminated metapelite member of this
stratigraphic unit, generally has a lower tenor radiometric signature between 200-280cps.

Proposed hole KOP1 will sufficiently test this unit beneath the anomalous surface Ce+La soil
geochemistry sample sites.

The site for this hole is located within a tributary drainage, with the surrounding topography
limiting easterly or westerly re-positioning choices. However, if a shallower inclination of 50° is
used the horizontal coverage will at least test beneath the small 4A target domain.
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E. Lithochemical Analysis 
 
  



Koppany Diamond Drilling Multi-element analysis 

Rock Types 

There are four main rock units derived from multi-element analysis: Felsic (rhyolite), Mafic, Felsic 
Skarn and Intermediate Skarn. There is only one sample with anomalous Cr which was called 
Ultramafic.  

Felsic unit is characterised by high amount of SiO2, Na, Nb, Th, Y, and Zr and low amount of Sc, Ti/Zr, 
Ti, Ca, Fe, Mg, Mn, P and V. Mafic unit is elevated in Sc, Ti/Zr, Ti, and V. 

Skarns are elevated in Ca, Fe, Mg and Mn.  Ternary Siliciclastic-Limestone-Dolostone diagram below 
illustrates wild range their compositions. 

 



 

 

 

 

 



 

 

 

 

 

 



 

 

 



 

 

 



 

Zr Fractionation (moderate depletion) process is clearly displayed by Felsic unit. Felsic unit shows a 
strong Eu depletion on spider REE diagram. It displays characteristics of rock type that has VMS 
potential to be associated with VMS style of mineralisation (in Rhyolite Fertility Classification 
diagram plots in FII and FIII). It is anomalous in Zn and Pb. Zn and Pb have strong linear relationship 
with Ag, Bi, Cs and Y. Zn-Pb anomaly is located at the bottom of hole HMKPDD001. 

 

 



 

 

 



 



Copper show moderate to strong linear relationship with Co, Fe, K, Ni, S and Te. Mineralisation is 
narrow with better grades in hole HMKPDD002. Skarns are the main host to Cu mineralisation.  

 

 

Diagram indicates that perhaps Cu mineralised fall within mineralised field on Selwyn Deposit Fe 
Stone Classification, though most of samples fall within Barren Fe Field.  

  



 



 



Elevated Light Rare Earths were intersected by both diamond holes. The main host to elevated Light 
Rare Earths are Skarns. Light Rare Earths show skinny mineralisation.  

 

 

 

 

 

 

 

 



Th shows moderate linear relationship with Light Rare Earths while Y is displaying very strong linear 
relationship with Heavy Rare Earths. 

 

  

 

 

 



 



 



Alteration of Cu anomalous samples fit Ca-Fe-Mn alteration fields.  

  

Epidote-Carbonate is the main trend associated with Cu. Felsic unit displays strong Na alteration. 

 



Felsic unit plots within A-type Granite field.  
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F. QAQC Summary (as Excel file) 
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G. Correlation Matrix 
 

 



Au ppb Ag ppm Al pct As ppm Ba ppm Be ppm Bi ppm Ca pct Cd ppm Ce ppm Co ppm Cr ppm Cs ppm Cu ppm Dy ppm Er ppm Eu ppm Fe pct Ga ppm Gd ppm Hf ppm Ho ppm In ppm K pct La ppm Li ppm Lu ppm Mg ppm Mg pct Mn ppm Mo ppm Na pct Nb ppm Nd ppm Ni ppm P ppm Pb ppm Pr ppm Rb ppm S pct Sb ppm Sc ppm Se ppm Sm ppm Sn ppm Sr ppm Ta ppm Tb ppm Te ppm Th ppm Ti pct Tl ppm Tm ppm U ppm V ppm W ppm Y ppm Yb ppm Zn ppm Zr ppm

Au ppb 1.000
Ag ppm 0.060 1.000
Al pct -0.179 0.010 1.000
As ppm 0.348 0.034 -0.120 1.000 >0.7
Ba ppm -0.082 -0.011 0.321 0.063 1.000 0.5 to 0.7
Be ppm -0.060 0.057 0.263 -0.112 0.060 1.000
Bi ppm 0.469 0.364 -0.224 0.534 -0.041 -0.207 1.000 -0.5 to -0.7
Ca pct 0.078 -0.177 -0.137 0.195 -0.132 -0.377 0.149 1.000 <-0.7
Cd ppm -0.044 0.559 -0.021 -0.030 -0.015 0.055 0.282 -0.025 1.000
Ce ppm 0.098 0.100 -0.076 0.306 -0.130 0.049 0.094 0.158 0.089 1.000
Co ppm 0.563 0.152 -0.272 0.314 -0.104 -0.192 0.605 0.153 0.023 0.173 1.000
Cr ppm -0.075 -0.070 0.207 0.041 0.129 -0.040 -0.066 0.155 -0.042 -0.026 -0.020 1.000
Cs ppm -0.032 0.113 0.169 0.197 0.418 0.025 0.061 -0.036 0.021 -0.059 -0.046 0.117 1.000
Cu ppm 0.719 0.185 -0.237 0.322 -0.068 -0.156 0.543 0.069 -0.016 0.212 0.778 -0.067 -0.038 1.000
Dy ppm 0.021 0.475 0.019 0.284 -0.128 -0.114 0.227 0.060 0.218 0.453 0.068 -0.093 -0.010 0.095 1.000
Er ppm -0.009 0.494 0.060 0.189 -0.092 -0.035 0.171 -0.109 0.226 0.272 0.001 -0.118 0.016 0.043 0.943 1.000
Eu ppm 0.114 0.075 0.011 0.393 -0.091 -0.337 0.193 0.667 -0.018 0.480 0.200 0.106 0.034 0.158 0.552 0.384 1.000
Fe pct 0.396 -0.095 -0.397 0.308 -0.167 -0.351 0.452 0.717 -0.090 0.203 0.681 0.065 -0.086 0.547 0.045 -0.101 0.522 1.000
Ga ppm -0.054 0.219 0.205 0.162 -0.151 -0.052 0.009 0.127 0.067 0.611 0.027 -0.007 -0.010 0.022 0.705 0.600 0.659 0.047 1.000
Gd ppm 0.084 0.353 -0.068 0.386 -0.163 -0.139 0.236 0.268 0.197 0.737 0.150 -0.055 -0.028 0.174 0.893 0.730 0.728 0.236 0.773 1.000
Hf ppm -0.124 0.443 -0.033 -0.073 -0.018 0.120 0.028 -0.637 0.208 -0.132 -0.173 -0.214 -0.011 -0.129 0.407 0.557 -0.340 -0.522 0.072 0.107 1.000
Ho ppm -0.044 0.520 0.100 0.097 -0.069 -0.025 0.157 -0.161 0.239 0.069 -0.060 -0.132 0.046 -0.016 0.878 0.958 0.246 -0.178 0.482 0.593 0.617 1.000
In ppm 0.120 -0.060 -0.224 0.158 -0.118 -0.304 0.211 0.511 0.037 0.163 0.250 0.043 -0.010 0.126 0.145 0.043 0.443 0.517 0.147 0.245 -0.229 0.001 1.000
K pct -0.079 0.217 0.280 0.021 0.700 0.024 0.087 -0.198 0.168 -0.146 -0.081 0.015 0.283 -0.068 0.000 0.081 -0.210 -0.249 -0.250 -0.111 0.297 0.125 -0.160 1.000
La ppm 0.077 0.096 -0.062 0.285 -0.124 0.059 0.071 0.161 0.099 0.981 0.148 -0.029 -0.051 0.173 0.447 0.276 0.496 0.186 0.630 0.732 -0.150 0.066 0.149 -0.146 1.000
Li ppm -0.073 0.227 0.143 0.036 0.151 0.131 0.001 0.097 0.150 0.136 0.031 0.058 0.167 -0.060 0.169 0.145 0.015 0.065 0.009 0.150 -0.072 0.141 0.143 0.185 0.149 1.000
Lu ppm -0.053 0.488 0.078 0.033 -0.058 0.124 0.082 -0.294 0.244 0.031 -0.059 -0.137 0.051 -0.030 0.750 0.909 0.109 -0.249 0.385 0.454 0.683 0.917 -0.058 0.163 0.032 0.126 1.000
Mg ppm -0.052 -0.337 -0.171 0.039 0.030 0.132 -0.130 0.277 -0.042 0.242 0.013 0.101 0.049 -0.080 -0.403 -0.487 -0.143 0.230 -0.325 -0.181 -0.461 -0.535 0.106 -0.013 0.252 0.413 -0.497 1.000
Mg pct -0.052 -0.337 -0.171 0.039 0.030 0.132 -0.130 0.277 -0.042 0.242 0.013 0.101 0.049 -0.080 -0.403 -0.487 -0.143 0.230 -0.325 -0.181 -0.461 -0.535 0.106 -0.013 0.252 0.413 -0.497 1.000 1.000
Mn ppm 0.017 -0.246 -0.422 0.041 -0.135 -0.121 -0.011 0.727 -0.054 0.094 0.141 0.095 -0.087 0.033 -0.208 -0.336 0.291 0.703 -0.184 0.006 -0.566 -0.381 0.452 -0.257 0.085 0.094 -0.402 0.530 0.530 1.000
Mo ppm 0.003 -0.001 -0.218 -0.087 -0.063 0.148 -0.023 0.044 0.086 -0.078 0.018 -0.023 -0.059 -0.030 -0.169 -0.158 -0.173 0.084 -0.257 -0.154 -0.070 -0.145 -0.008 -0.046 -0.081 0.080 -0.088 0.256 0.256 0.269 1.000
Na pct -0.225 -0.027 0.454 -0.244 0.106 0.389 -0.334 -0.796 -0.057 -0.228 -0.340 0.002 0.004 -0.257 -0.214 -0.076 -0.620 -0.759 -0.151 -0.389 0.432 -0.006 -0.550 0.102 -0.240 -0.216 0.092 -0.220 -0.220 -0.647 -0.108 1.000
Nb ppm -0.074 0.519 0.169 -0.055 -0.004 0.231 0.045 -0.658 0.215 -0.030 -0.162 -0.211 0.015 -0.098 0.493 0.635 -0.236 -0.580 0.238 0.211 0.896 0.687 -0.325 0.276 -0.036 -0.006 0.731 -0.519 -0.519 -0.708 -0.108 0.444 1.000
Nd ppm 0.062 0.120 -0.075 0.324 -0.126 0.039 0.088 0.177 0.112 0.974 0.122 -0.025 -0.052 0.132 0.513 0.332 0.528 0.176 0.653 0.789 -0.111 0.127 0.170 -0.135 0.984 0.170 0.077 0.226 0.226 0.087 -0.085 -0.260 -0.004 1.000
Ni ppm 0.520 0.143 -0.177 0.354 -0.060 -0.151 0.583 0.119 0.059 0.173 0.815 0.292 0.013 0.715 0.065 0.015 0.206 0.593 0.059 0.146 -0.194 -0.041 0.056 -0.069 0.162 -0.011 -0.049 -0.002 -0.002 0.049 -0.028 -0.279 -0.142 0.128 1.000
P ppm 0.084 -0.148 0.471 0.154 0.057 0.084 -0.029 0.350 -0.101 0.206 0.000 0.105 0.059 -0.032 -0.035 -0.125 0.434 0.145 0.214 0.119 -0.483 -0.175 0.128 -0.035 0.253 0.173 -0.256 0.171 0.171 0.068 -0.113 -0.162 -0.267 0.222 0.069 1.000
Pb ppm -0.031 0.259 -0.031 0.000 -0.035 0.084 0.076 0.022 0.802 0.147 0.067 0.049 -0.001 0.007 0.113 0.110 0.080 -0.002 0.144 0.173 0.007 0.067 0.041 0.001 0.166 0.055 0.125 -0.015 -0.015 0.034 -0.009 -0.065 0.020 0.164 0.152 -0.005 1.000
Pr ppm 0.053 0.102 -0.063 0.305 -0.125 0.067 0.078 0.162 0.115 0.972 0.117 -0.026 -0.048 0.120 0.474 0.299 0.492 0.164 0.636 0.752 -0.127 0.098 0.158 -0.138 0.989 0.179 0.055 0.259 0.259 0.085 -0.078 -0.240 -0.014 0.994 0.129 0.242 0.171 1.000
Rb ppm -0.077 0.379 0.218 0.079 0.664 -0.021 0.152 -0.131 0.229 -0.097 -0.079 0.033 0.489 -0.060 0.138 0.209 -0.105 -0.202 -0.137 0.011 0.300 0.254 -0.121 0.876 -0.093 0.300 0.262 -0.048 -0.048 -0.214 -0.057 -0.015 0.307 -0.075 -0.044 -0.084 0.031 -0.083 1.000
S pct 0.643 0.156 -0.273 0.329 -0.107 -0.216 0.678 0.119 -0.013 0.138 0.908 -0.066 -0.061 0.856 0.079 0.029 0.193 0.675 0.033 0.147 -0.153 -0.020 0.162 -0.080 0.113 -0.074 -0.038 -0.107 -0.107 0.060 -0.020 -0.335 -0.116 0.080 0.860 -0.002 0.018 0.073 -0.079 1.000
Sb ppm 0.094 0.067 0.167 0.429 0.242 -0.019 0.175 0.031 -0.031 0.065 0.113 0.195 0.508 0.088 -0.027 -0.039 0.102 0.027 0.053 0.018 -0.131 -0.080 -0.041 0.149 0.079 0.183 -0.119 0.202 0.202 -0.050 -0.023 -0.026 -0.099 0.075 0.178 0.164 -0.007 0.071 0.286 0.072 1.000
Sc ppm -0.116 -0.133 0.666 0.089 0.335 0.046 -0.161 0.199 -0.078 0.007 -0.126 0.366 0.285 -0.131 -0.126 -0.163 0.198 -0.039 0.158 -0.063 -0.440 -0.175 -0.052 0.094 0.026 0.251 -0.227 0.198 0.198 -0.014 -0.134 0.070 -0.309 0.019 0.029 0.437 0.030 0.025 0.121 -0.151 0.392 1.000
Se ppm 0.590 0.280 -0.165 0.217 -0.061 -0.128 0.590 -0.035 0.093 0.132 0.823 -0.069 -0.022 0.835 0.082 0.063 0.037 0.497 0.001 0.104 -0.028 0.040 0.018 0.011 0.101 -0.033 0.033 -0.117 -0.117 -0.059 -0.014 -0.163 0.018 0.055 0.782 -0.088 0.055 0.052 0.033 0.901 0.088 -0.133 1.000
Sm ppm 0.064 0.288 -0.059 0.390 -0.161 -0.134 0.200 0.326 0.136 0.758 0.134 -0.021 -0.043 0.127 0.831 0.650 0.755 0.262 0.788 0.974 0.032 0.511 0.259 -0.131 0.751 0.150 0.373 -0.112 -0.112 0.063 -0.151 -0.411 0.146 0.817 0.126 0.172 0.126 0.780 -0.008 0.119 0.026 -0.026 0.059 1.000
Sn ppm 0.037 0.165 0.063 0.120 -0.101 -0.345 0.141 0.561 0.017 0.030 0.170 0.105 0.019 0.096 0.450 0.368 0.728 0.436 0.440 0.448 -0.214 0.346 0.500 -0.192 0.035 0.073 0.238 -0.336 -0.336 0.231 -0.097 -0.514 -0.151 0.075 0.090 0.216 0.045 0.045 -0.105 0.152 -0.041 0.111 0.018 0.447 1.000
Sr ppm -0.030 -0.169 0.696 0.017 0.337 0.264 -0.140 -0.087 -0.080 0.050 -0.151 0.161 0.298 -0.110 -0.204 -0.196 -0.019 -0.283 0.085 -0.156 -0.292 -0.192 -0.185 0.219 0.083 0.148 -0.221 0.198 0.198 -0.302 -0.125 0.245 -0.058 0.042 -0.018 0.581 -0.024 0.067 0.159 -0.143 0.388 0.687 -0.090 -0.125 -0.189 1.000
Ta ppm -0.120 0.513 0.145 -0.134 -0.009 0.245 0.014 -0.669 0.249 -0.060 -0.184 -0.218 0.001 -0.127 0.468 0.618 -0.309 -0.588 0.190 0.174 0.892 0.684 -0.316 0.275 -0.066 0.020 0.734 -0.498 -0.498 -0.667 -0.092 0.459 0.958 -0.035 -0.179 -0.376 0.039 -0.044 0.327 -0.155 -0.133 -0.331 0.007 0.103 -0.186 -0.121 1.000
Tb ppm 0.027 0.466 -0.023 0.313 -0.135 -0.058 0.208 0.102 0.268 0.662 0.086 -0.084 -0.001 0.117 0.944 0.834 0.600 0.084 0.758 0.966 0.269 0.728 0.108 -0.041 0.665 0.185 0.603 -0.251 -0.251 -0.128 -0.154 -0.259 0.383 0.720 0.110 0.036 0.203 0.688 0.098 0.090 0.010 -0.088 0.097 0.919 0.354 -0.144 0.358 1.000
Te ppm 0.488 0.090 -0.265 0.329 -0.113 -0.203 0.718 0.120 -0.004 0.044 0.771 -0.054 -0.057 0.626 0.062 0.022 0.142 0.566 -0.013 0.090 -0.094 0.001 0.350 -0.075 0.027 -0.011 -0.017 -0.062 -0.062 0.079 0.030 -0.316 -0.099 0.019 0.651 0.013 0.009 0.020 -0.077 0.785 0.051 -0.164 0.622 0.071 0.196 -0.172 -0.127 0.024 1.000
Th ppm -0.062 0.547 -0.014 0.106 -0.081 0.175 0.141 -0.284 0.440 0.497 0.017 -0.129 -0.036 0.021 0.712 0.684 0.103 -0.207 0.467 0.655 0.533 0.622 -0.084 0.129 0.495 0.262 0.596 -0.176 -0.176 -0.283 -0.004 0.057 0.587 0.542 0.010 -0.202 0.311 0.526 0.235 -0.022 -0.024 -0.203 0.091 0.587 -0.031 -0.176 0.622 0.762 -0.031 1.000
Ti pct -0.098 -0.154 0.756 0.112 0.337 0.054 -0.171 0.197 -0.105 -0.001 -0.122 0.330 0.297 -0.142 -0.174 -0.208 0.218 -0.065 0.107 -0.101 -0.423 -0.215 -0.053 0.148 0.021 0.222 -0.268 0.200 0.200 -0.069 -0.151 0.131 -0.268 -0.001 0.005 0.654 -0.011 0.011 0.126 -0.155 0.423 0.886 -0.137 -0.056 0.117 0.746 -0.334 -0.140 -0.162 -0.288 1.000
Tl ppm 0.295 0.503 -0.025 0.133 0.092 0.110 0.313 -0.050 0.223 0.114 0.413 -0.054 0.223 0.513 0.220 0.268 0.000 0.188 0.027 0.159 0.151 0.277 -0.015 0.219 0.097 0.212 0.314 -0.030 -0.030 -0.071 0.118 -0.134 0.194 0.063 0.393 -0.109 0.077 0.059 0.368 0.438 0.273 -0.068 0.553 0.104 0.040 -0.031 0.215 0.217 0.245 0.262 -0.061 1.000
Tm ppm -0.040 0.473 0.096 0.049 -0.057 0.067 0.109 -0.257 0.227 -0.008 -0.081 -0.144 0.061 -0.033 0.769 0.924 0.130 -0.240 0.388 0.456 0.668 0.957 -0.023 0.151 -0.007 0.116 0.980 -0.528 -0.528 -0.414 -0.118 0.073 0.721 0.041 -0.060 -0.220 0.086 0.020 0.257 -0.040 -0.099 -0.211 0.027 0.371 0.269 -0.193 0.721 0.605 -0.005 0.559 -0.245 0.296 1.000
U ppm 0.065 0.131 0.004 0.041 -0.022 -0.136 0.166 0.279 0.122 0.109 0.140 -0.004 -0.076 0.036 0.296 0.231 0.259 0.246 0.250 0.287 0.033 0.222 0.429 0.022 0.095 0.214 0.145 -0.051 -0.051 0.147 0.033 -0.333 0.029 0.137 0.025 0.053 0.052 0.121 0.069 0.116 -0.035 0.015 0.072 0.296 0.329 -0.114 0.036 0.258 0.177 0.232 -0.057 0.061 0.166 1.000
V ppm 0.057 -0.163 0.549 0.270 0.211 -0.043 0.009 0.361 -0.103 0.116 0.040 0.258 0.271 0.015 0.008 -0.062 0.439 0.157 0.240 0.104 -0.508 -0.101 0.074 0.024 0.144 0.248 -0.185 0.205 0.205 0.031 -0.122 -0.160 -0.332 0.125 0.187 0.711 0.012 0.131 0.053 0.028 0.427 0.819 -0.025 0.140 0.241 0.690 -0.404 0.041 -0.008 -0.221 0.867 -0.008 -0.157 -0.004 1.000
W ppm 0.056 -0.022 -0.025 0.205 -0.020 -0.077 0.164 0.113 -0.014 -0.021 0.084 -0.025 -0.018 0.080 0.056 0.037 0.123 0.120 0.056 0.066 -0.056 0.034 0.015 -0.032 -0.023 -0.066 0.001 -0.086 -0.086 0.018 -0.012 -0.095 -0.023 -0.015 0.080 -0.009 -0.005 -0.023 -0.027 0.111 -0.008 -0.038 0.046 0.072 0.118 -0.034 -0.052 0.049 0.024 -0.043 -0.033 -0.009 0.011 -0.013 0.015 1.000
Y ppm -0.033 0.503 0.069 0.143 -0.071 -0.036 0.191 -0.144 0.228 0.052 -0.043 -0.133 0.032 -0.007 0.877 0.954 0.249 -0.150 0.454 0.590 0.611 0.989 -0.002 0.125 0.047 0.145 0.904 -0.534 -0.534 -0.363 -0.139 -0.016 0.666 0.114 -0.033 -0.191 0.052 0.084 0.247 -0.005 -0.073 -0.200 0.045 0.508 0.356 -0.231 0.663 0.719 0.007 0.614 -0.240 0.268 0.944 0.235 -0.123 0.055 1.000
Yb ppm -0.059 0.488 0.112 0.020 -0.044 0.105 0.074 -0.292 0.221 -0.011 -0.083 -0.129 0.055 -0.042 0.748 0.915 0.116 -0.264 0.390 0.436 0.663 0.934 -0.086 0.162 -0.005 0.125 0.990 -0.525 -0.525 -0.426 -0.104 0.099 0.727 0.039 -0.056 -0.227 0.099 0.017 0.268 -0.047 -0.079 -0.193 0.024 0.355 0.251 -0.178 0.728 0.592 -0.029 0.563 -0.232 0.299 0.989 0.131 -0.150 0.006 0.921 1.000
Zn ppm -0.038 0.503 -0.015 -0.014 -0.017 0.075 0.229 -0.027 0.980 0.130 0.023 -0.031 0.014 -0.008 0.224 0.235 0.019 -0.078 0.110 0.220 0.175 0.231 0.006 0.131 0.145 0.125 0.242 -0.045 -0.045 -0.046 0.007 -0.055 0.199 0.153 0.089 -0.071 0.855 0.156 0.197 -0.007 -0.017 -0.046 0.090 0.161 0.004 -0.051 0.232 0.290 -0.018 0.442 -0.082 0.202 0.223 0.089 -0.066 -0.013 0.216 0.222 1.000
Zr ppm -0.159 0.379 0.023 -0.052 0.081 0.051 -0.004 -0.552 0.169 -0.205 -0.187 -0.114 0.021 -0.161 0.279 0.419 -0.334 -0.466 -0.041 0.003 0.927 0.476 -0.220 0.385 -0.225 -0.088 0.544 -0.372 -0.372 -0.459 -0.084 0.438 0.751 -0.186 -0.206 -0.415 -0.016 -0.203 0.340 -0.181 -0.063 -0.320 -0.068 -0.059 -0.207 -0.273 0.731 0.142 -0.119 0.377 -0.267 0.101 0.526 0.018 -0.431 -0.057 0.480 0.525 0.130 1.000
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Au ppb 1.000
Ag ppm 0.217 1.000
Al pct -0.234 -0.058 1.000
As ppm 0.513 0.076 -0.184 1.000
Ba ppm 0.008 0.136 0.240 0.187 1.000
Be ppm -0.100 0.217 0.354 0.031 0.045 1.000
Bi ppm 0.626 0.267 -0.346 0.645 0.016 -0.178 1.000
Ca pct -0.110 -0.273 -0.213 -0.020 -0.233 -0.412 -0.082 1.000
Cd ppm -0.063 0.450 -0.080 -0.014 -0.027 0.162 0.020 -0.027 1.000
Ce ppm 0.085 0.058 -0.238 0.220 -0.168 0.132 0.021 -0.045 0.102 1.000
Co ppm 0.640 0.336 -0.402 0.297 -0.092 -0.199 0.753 -0.112 0.050 0.073 1.000
Cr ppm -0.096 -0.046 -0.059 -0.021 0.034 -0.049 -0.062 0.052 0.006 -0.141 -0.064 1.000
Cs ppm 0.013 0.077 0.212 0.237 0.495 0.024 0.059 -0.139 -0.008 -0.147 -0.060 0.068 1.000
Cu ppm 0.851 0.352 -0.351 0.336 -0.046 -0.177 0.660 -0.158 -0.014 0.184 0.838 -0.086 -0.041 1.000
Dy ppm -0.014 0.480 -0.131 0.267 -0.021 0.044 0.117 0.174 0.221 0.466 0.042 -0.111 -0.085 0.047 1.000
Er ppm -0.046 0.533 -0.074 0.212 0.056 0.060 0.075 0.170 0.268 0.280 0.012 -0.090 -0.045 0.014 0.940 1.000
Eu ppm 0.081 0.006 -0.050 0.241 -0.031 -0.268 0.053 0.584 0.048 0.350 0.029 -0.071 -0.071 0.031 0.517 0.493 1.000
Fe pct 0.519 0.180 -0.590 0.249 -0.195 -0.379 0.681 0.285 -0.028 0.095 0.835 -0.030 -0.164 0.740 0.115 0.085 0.205 1.000
Ga ppm -0.201 0.129 0.054 -0.004 -0.088 0.045 -0.188 0.168 0.193 0.659 -0.126 -0.166 -0.060 -0.104 0.621 0.530 0.590 -0.062 1.000
Gd ppm 0.064 0.356 -0.250 0.313 -0.109 0.035 0.120 0.192 0.240 0.736 0.057 -0.139 -0.122 0.111 0.909 0.767 0.594 0.141 0.721 1.000
Hf ppm -0.234 0.551 0.056 0.054 0.224 0.145 -0.035 -0.207 0.166 -0.033 -0.225 0.069 0.049 -0.224 0.553 0.582 -0.113 -0.228 0.097 0.339 1.000
Ho ppm -0.090 0.563 0.073 0.128 0.095 0.127 0.069 0.114 0.231 0.002 -0.033 -0.069 0.040 -0.064 0.831 0.916 0.276 0.006 0.345 0.558 0.684 1.000
In ppm 0.020 -0.039 -0.269 0.069 -0.075 -0.269 0.117 0.347 0.051 0.086 0.112 -0.044 -0.035 0.051 0.107 0.068 0.273 0.289 0.064 0.137 0.009 0.027 1.000
K pct 0.091 0.203 0.378 0.233 0.813 0.160 0.071 -0.370 -0.024 -0.174 -0.130 -0.023 0.436 -0.065 0.049 0.102 -0.091 -0.348 -0.138 -0.055 0.333 0.191 -0.156 1.000
La ppm 0.045 0.038 -0.217 0.180 -0.140 0.161 -0.027 -0.070 0.123 0.967 0.028 -0.157 -0.142 0.128 0.445 0.281 0.358 0.034 0.690 0.716 -0.081 -0.014 0.043 -0.143 1.000
Li ppm -0.154 0.549 0.229 0.073 0.267 0.405 -0.016 -0.300 0.219 0.021 -0.102 -0.054 0.192 -0.126 0.395 0.443 -0.184 -0.192 0.048 0.225 0.578 0.523 -0.086 0.417 0.038 1.000
Lu ppm -0.125 0.572 0.032 0.060 0.124 0.210 -0.013 0.094 0.354 -0.044 -0.023 -0.009 0.046 -0.062 0.692 0.860 0.247 0.011 0.288 0.427 0.598 0.903 -0.002 0.154 -0.044 0.489 1.000
Mg ppm -0.229 -0.211 -0.156 -0.001 -0.025 0.356 -0.233 -0.190 -0.007 0.352 -0.199 0.016 0.035 -0.219 -0.149 -0.223 -0.370 -0.207 -0.050 -0.016 -0.071 -0.258 -0.077 0.001 0.379 0.298 -0.222 1.000
Mg pct -0.229 -0.211 -0.156 -0.001 -0.025 0.356 -0.233 -0.190 -0.007 0.352 -0.199 0.016 0.035 -0.219 -0.149 -0.223 -0.370 -0.207 -0.050 -0.016 -0.071 -0.258 -0.077 0.001 0.379 0.298 -0.222 1.000 1.000
Mn ppm -0.275 -0.085 -0.592 -0.159 -0.255 -0.162 -0.148 0.537 0.108 0.040 -0.046 0.095 -0.200 -0.147 0.078 0.062 0.075 0.351 -0.025 0.101 0.032 0.012 0.368 -0.502 -0.007 -0.081 0.096 0.202 0.202 1.000
Mo ppm -0.048 0.165 -0.128 -0.020 -0.058 0.237 -0.018 0.106 0.082 -0.097 -0.007 0.076 -0.044 -0.022 -0.018 0.012 -0.113 0.086 -0.173 -0.038 0.012 0.036 -0.027 -0.129 -0.105 0.191 0.093 0.147 0.147 0.290 1.000
Na pct -0.222 -0.179 0.581 -0.216 0.100 0.376 -0.333 -0.654 -0.107 -0.100 -0.323 0.044 0.082 -0.275 -0.381 -0.392 -0.547 -0.597 -0.166 -0.401 0.091 -0.259 -0.449 0.215 -0.110 0.023 -0.233 0.187 0.187 -0.468 -0.147 1.000
Nb ppm -0.015 0.577 0.464 0.104 0.231 0.443 0.029 -0.377 0.154 0.030 -0.164 -0.091 0.075 -0.107 0.450 0.466 -0.024 -0.359 0.171 0.296 0.659 0.580 -0.264 0.458 0.026 0.579 0.452 -0.102 -0.102 -0.467 -0.038 0.249 1.000
Nd ppm 0.023 0.054 -0.258 0.236 -0.139 0.147 -0.012 -0.012 0.134 0.957 -0.017 -0.148 -0.148 0.065 0.528 0.349 0.399 0.011 0.706 0.790 0.013 0.063 0.071 -0.122 0.973 0.083 0.007 0.371 0.371 0.042 -0.089 -0.158 0.072 1.000
Ni ppm 0.605 0.301 -0.349 0.312 -0.062 -0.144 0.716 -0.130 0.127 0.053 0.859 0.320 0.000 0.776 -0.020 -0.034 0.010 0.743 -0.137 0.010 -0.234 -0.076 -0.030 -0.107 0.027 -0.129 -0.041 -0.185 -0.185 -0.097 0.006 -0.251 -0.131 -0.032 1.000
P ppm 0.070 -0.150 0.622 0.040 0.018 0.373 -0.076 -0.066 -0.060 -0.005 -0.163 -0.152 0.025 -0.132 -0.148 -0.150 0.199 -0.318 0.077 -0.103 -0.322 -0.129 -0.127 0.194 0.058 0.061 -0.185 -0.026 -0.026 -0.519 -0.074 0.155 0.319 0.007 -0.094 1.000
Pb ppm -0.048 0.290 -0.076 -0.029 -0.065 0.149 -0.009 -0.004 0.925 0.108 0.063 0.056 -0.018 -0.004 0.100 0.139 0.078 -0.014 0.184 0.165 -0.023 0.067 0.043 -0.075 0.134 0.048 0.235 -0.038 -0.038 0.107 -0.006 -0.077 -0.023 0.129 0.166 -0.028 1.000
Pr ppm 0.003 0.030 -0.230 0.212 -0.143 0.193 -0.023 -0.061 0.144 0.951 -0.028 -0.154 -0.140 0.049 0.477 0.304 0.330 -0.016 0.689 0.740 -0.014 0.034 0.052 -0.122 0.980 0.097 -0.016 0.423 0.423 0.017 -0.088 -0.106 0.071 0.991 -0.032 0.038 0.140 1.000
Rb ppm -0.004 0.269 0.244 0.268 0.835 0.013 0.075 -0.255 0.023 -0.164 -0.081 0.068 0.699 -0.056 0.115 0.173 -0.058 -0.213 -0.050 -0.004 0.348 0.240 -0.107 0.817 -0.147 0.459 0.231 0.008 0.008 -0.283 -0.055 0.060 0.333 -0.122 -0.034 -0.036 -0.030 -0.133 1.000
S pct 0.737 0.315 -0.384 0.328 -0.090 -0.214 0.802 -0.139 -0.005 0.063 0.943 -0.092 -0.062 0.915 -0.005 -0.028 0.017 0.848 -0.147 0.028 -0.238 -0.068 0.067 -0.121 0.018 -0.163 -0.075 -0.274 -0.274 -0.113 -0.022 -0.308 -0.130 -0.040 0.873 -0.121 0.007 -0.049 -0.097 1.000
Sb ppm 0.216 0.128 0.115 0.538 0.343 0.026 0.303 -0.148 -0.011 -0.025 0.145 0.070 0.609 0.136 0.037 0.070 0.050 0.002 -0.007 0.022 -0.004 0.047 -0.107 0.384 -0.005 0.185 0.003 0.085 0.085 -0.299 0.017 -0.046 0.076 -0.009 0.202 0.057 -0.018 -0.023 0.586 0.136 1.000
Sc ppm -0.322 -0.083 0.596 -0.085 0.367 0.033 -0.346 -0.070 0.047 -0.269 -0.376 0.103 0.476 -0.344 -0.148 -0.054 -0.003 -0.450 0.075 -0.246 -0.008 -0.017 -0.235 0.281 -0.232 0.181 0.071 -0.111 -0.111 -0.269 -0.039 0.328 0.066 -0.239 -0.285 0.154 0.095 -0.235 0.450 -0.398 0.351 1.000
Se ppm 0.715 0.384 -0.301 0.253 -0.093 -0.161 0.716 -0.221 0.033 0.100 0.903 -0.078 -0.032 0.928 0.010 -0.014 -0.048 0.773 -0.107 0.040 -0.202 -0.039 -0.007 -0.113 0.054 -0.089 -0.055 -0.226 -0.226 -0.162 -0.012 -0.211 -0.079 -0.018 0.840 -0.136 0.033 -0.022 -0.075 0.959 0.147 -0.328 1.000
Sm ppm 0.028 0.202 -0.233 0.307 -0.111 0.062 0.060 0.224 0.143 0.742 -0.004 -0.124 -0.142 0.028 0.836 0.667 0.594 0.093 0.761 0.956 0.275 0.475 0.109 -0.068 0.717 0.144 0.337 0.048 0.048 0.105 -0.063 -0.331 0.254 0.813 -0.049 -0.069 0.090 0.761 -0.037 -0.038 -0.012 -0.259 -0.040 1.000
Sn ppm -0.045 0.252 -0.011 -0.016 -0.062 -0.245 0.028 0.564 0.104 -0.247 0.077 -0.016 0.001 -0.015 0.363 0.470 0.517 0.257 0.164 0.188 0.169 0.503 0.403 -0.135 -0.268 0.028 0.538 -0.522 -0.522 0.271 0.132 -0.497 -0.002 -0.217 -0.030 -0.112 0.071 -0.260 -0.011 0.016 -0.061 0.076 -0.035 0.130 ####
Sr ppm 0.054 -0.190 0.684 0.060 0.328 0.313 -0.121 -0.294 -0.079 -0.028 -0.194 -0.111 0.361 -0.131 -0.246 -0.229 0.006 -0.446 0.043 -0.212 -0.274 -0.179 -0.178 0.489 0.036 0.067 -0.235 0.112 0.112 -0.673 -0.187 0.360 0.274 -0.032 -0.124 0.765 -0.045 0.007 0.311 -0.161 0.376 0.390 -0.120 -0.177 #### ####
Ta ppm -0.192 0.659 0.334 -0.043 0.214 0.390 -0.076 -0.397 0.234 0.029 -0.189 -0.080 0.058 -0.175 0.555 0.578 -0.162 -0.347 0.223 0.350 0.831 0.708 -0.221 0.395 0.023 0.708 0.602 -0.034 -0.034 -0.267 0.034 0.246 0.879 0.080 -0.202 -0.021 0.037 0.080 0.359 -0.203 0.023 0.089 -0.117 0.288 #### #### ####
Tb ppm -0.010 0.477 -0.177 0.248 -0.055 0.108 0.083 0.089 0.313 0.658 0.024 -0.127 -0.085 0.057 0.942 0.839 0.507 0.058 0.722 0.970 0.450 0.672 0.027 0.023 0.658 0.353 0.552 -0.016 -0.016 0.041 -0.029 -0.329 0.421 0.726 -0.003 -0.107 0.209 0.686 0.078 -0.012 0.039 -0.178 0.023 0.907 #### #### #### ####
Te ppm 0.578 0.205 -0.388 0.407 -0.065 -0.218 0.867 -0.122 -0.003 -0.068 0.828 -0.081 -0.051 0.687 -0.055 -0.080 -0.048 0.737 -0.256 -0.054 -0.152 -0.069 0.230 -0.050 -0.107 -0.134 -0.104 -0.225 -0.225 -0.072 -0.002 -0.282 -0.136 -0.127 0.734 -0.110 0.000 -0.129 -0.073 0.849 0.142 -0.398 0.759 -0.103 #### #### #### #### ####
Th ppm -0.092 0.541 -0.149 0.128 -0.049 0.196 0.058 -0.104 0.468 0.522 0.034 -0.061 -0.081 0.024 0.737 0.640 0.200 0.014 0.529 0.750 0.470 0.510 -0.043 0.014 0.520 0.519 0.433 0.112 0.112 0.114 0.107 -0.187 0.355 0.585 0.020 -0.173 0.362 0.565 0.101 -0.033 0.047 -0.005 0.030 0.651 #### #### #### #### #### ####
Ti pct -0.122 -0.142 0.854 -0.024 0.302 0.239 -0.252 -0.097 -0.061 -0.254 -0.326 -0.006 0.390 -0.270 -0.281 -0.201 0.071 -0.487 -0.015 -0.332 -0.171 -0.108 -0.235 0.378 -0.218 0.086 -0.087 -0.103 -0.103 -0.550 -0.111 0.403 0.308 -0.272 -0.216 0.685 -0.018 -0.250 0.337 -0.295 0.346 0.691 -0.251 -0.315 #### #### #### #### #### #### ####
Tl ppm 0.479 0.605 -0.129 0.186 0.121 0.232 0.383 -0.222 0.121 0.096 0.588 -0.045 0.177 0.667 0.100 0.152 -0.082 0.487 -0.029 0.064 0.048 0.151 -0.015 0.067 0.067 0.214 0.247 -0.023 -0.023 -0.067 0.191 -0.171 0.107 -0.006 0.557 -0.131 0.049 -0.007 0.192 0.617 0.322 -0.121 0.664 -0.029 #### #### #### #### #### #### #### ####
Tm ppm -0.093 0.536 0.106 0.086 0.140 0.198 0.030 0.112 0.291 -0.111 -0.043 -0.036 0.082 -0.072 0.674 0.849 0.224 -0.002 0.234 0.383 0.610 0.942 0.041 0.198 -0.115 0.502 0.967 -0.248 -0.248 0.038 0.076 -0.229 0.505 -0.060 -0.066 -0.111 0.149 -0.077 0.240 -0.075 0.045 0.049 -0.056 0.295 #### #### #### #### #### #### #### #### ####
U ppm -0.079 0.341 -0.171 0.024 -0.105 -0.093 0.124 0.169 0.201 0.143 0.067 -0.078 -0.124 -0.013 0.435 0.357 0.147 0.150 0.210 0.399 0.401 0.357 0.480 -0.037 0.104 0.392 0.210 0.017 0.017 0.216 0.250 -0.364 0.194 0.189 -0.053 -0.128 0.076 0.166 0.014 0.010 -0.046 -0.150 0.009 0.337 #### #### #### #### #### #### #### #### #### ####
V ppm 0.069 -0.130 0.635 0.147 0.222 0.154 -0.034 0.079 -0.046 -0.147 -0.103 -0.069 0.331 -0.069 -0.054 0.020 0.315 -0.196 0.104 -0.114 -0.313 0.048 -0.176 0.283 -0.103 0.095 0.053 -0.159 -0.159 -0.459 -0.065 0.043 0.185 -0.154 -0.007 0.748 0.006 -0.144 0.273 -0.074 0.386 0.547 -0.069 -0.111 #### #### #### #### #### #### #### #### #### #### ####
W ppm 0.540 0.005 -0.058 0.362 0.225 0.027 0.156 0.046 -0.026 -0.006 0.043 -0.007 0.100 0.232 -0.005 -0.030 0.174 -0.011 -0.151 0.065 -0.055 -0.059 0.078 0.365 -0.010 -0.045 -0.067 -0.069 -0.069 -0.201 -0.057 -0.082 0.076 0.042 0.053 0.129 -0.018 0.013 0.174 0.091 0.135 -0.085 0.044 0.100 #### #### #### #### #### #### #### #### #### #### #### ####
Y ppm -0.068 0.535 0.044 0.195 0.084 0.135 0.118 0.122 0.200 -0.010 -0.011 -0.056 0.016 -0.051 0.829 0.907 0.257 0.042 0.299 0.553 0.686 0.983 0.008 0.183 -0.026 0.549 0.878 -0.229 -0.229 0.035 0.064 -0.272 0.565 0.062 -0.057 -0.151 0.037 0.033 0.228 -0.049 0.065 -0.030 -0.031 0.474 #### #### #### #### #### #### #### #### #### #### #### #### ###
Yb ppm -0.124 0.550 0.101 0.039 0.158 0.191 -0.021 0.086 0.302 -0.130 -0.048 -0.015 0.059 -0.083 0.657 0.848 0.239 -0.026 0.257 0.363 0.584 0.917 -0.042 0.201 -0.121 0.483 0.982 -0.270 -0.270 0.027 0.083 -0.217 0.483 -0.072 -0.061 -0.128 0.180 -0.094 0.255 -0.087 0.056 0.101 -0.067 0.277 #### #### #### #### #### #### #### #### #### #### #### #### ### ###
Zn ppm -0.054 0.395 -0.073 -0.015 -0.023 0.152 0.006 -0.029 0.993 0.124 0.051 0.011 -0.017 -0.009 0.189 0.235 0.070 -0.028 0.211 0.226 0.102 0.177 0.031 -0.035 0.152 0.168 0.309 -0.006 -0.006 0.096 0.020 -0.096 0.113 0.154 0.138 -0.035 0.938 0.165 0.008 -0.002 -0.006 0.065 0.033 0.137 #### #### #### #### #### #### #### #### #### #### #### #### ### ### ###
Zr ppm -0.297 0.417 0.082 -0.006 0.267 0.027 -0.090 -0.192 0.089 -0.191 -0.281 0.179 0.076 -0.301 0.324 0.382 -0.152 -0.286 -0.021 0.119 0.925 0.487 -0.033 0.339 -0.231 0.412 0.450 -0.149 -0.149 0.019 -0.049 0.172 0.533 -0.145 -0.255 -0.355 -0.057 -0.175 0.359 -0.291 -0.005 0.088 -0.268 0.079 #### #### #### #### #### #### #### #### #### #### #### #### ### ### ### ###
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	Hammer Metals Limited - CEI0099 - Final Report Appendix A HMKPDD001 Core Photos.pdf
	HMKPDD001 0 - 7.4 Tray 1 and  Tray 2 Wet
	HMKPDD001 0 - 7.4 Tray 1 and Tray 2 Dry
	HMKPDD001 7.4 - 15.4 Tray 3 and  Tray 4 Wet
	HMKPDD001 7.4 - 15.4 Tray 3 and Tray 4 Dry
	HMKPDD001 9.3m Pyrrhotite and minor chalcopyrite associated with garnet skarn
	HMKPDD001 9.3m Unlown black mineral
	HMKPDD001 15m Minor pyrrhotite associated with garnet layer
	HMKPDD001 15.4 - 23.8 Tray 5 and  Tray 6 Wet
	HMKPDD001 15.4 - 23.8 Tray 5 and Tray 6 Dry
	HMKPDD001 23.8 - 31.8 Tray 7 and  Tray 8 Wet
	HMKPDD001 23.8 - 31.8 Tray 7 and Tray 8 Dry
	HMKPDD001 31.6 Possible allanite
	HMKPDD001 31.8 - 39.7 Tray 9 and  Tray 10 Wet
	HMKPDD001 31.8 - 39.7 Tray 9 and Tray 10 Dry
	HMKPDD001 33m Quartzite
	HMKPDD001 39.7 - 47.9 Tray 11 and  Tray 12 Wet
	HMKPDD001 39.7 - 47.9 Tray 11 and Tray 12 Dry
	HMKPDD001 40.8 Possible allanite
	HMKPDD001 47.9 - 55.8 Tray 13 and  Tray 14 Wet
	HMKPDD001 47.9 - 55.8 Tray 13 and Tray 14 Dry
	HMKPDD001 54.5 Example of Pyroxene Garnet skarn
	HMKPDD001 55.8 - 63.1 Tray 15 and  Tray 16 Wet
	HMKPDD001 55.8 - 63.1 Tray 15 and Tray 16 Dry
	HMKPDD001 63.1 - 72.3 Tray 17 and  Tray 18 Wet
	HMKPDD001 63.1 - 72.3 Tray 17 and Tray 18 Dry
	HMKPDD001 71.7m Compositional banding in the Skarn
	HMKPDD001 72.3 - 80.4 Tray 19 and  Tray 20 Wet
	HMKPDD001 72.3 - 80.4 Tray 19 and Tray 20 Dry
	HMKPDD001 78.1 Altered quartzite
	HMKPDD001 79.6m Porphyritic Rhyolite (Qtz-Fld phenocrysts)
	HMKPDD001 80.4 - 88.5 Tray 21 and  Tray 22 Wet
	HMKPDD001 80.4 - 88.5 Tray 21 and Tray 22 Dry
	HMKPDD001 80.8 Flow banding in porphyritic Rhyolite
	HMKPDD001 88.5 - 96.9 Tray 23 and  Tray 24 Wet
	HMKPDD001 88.5 - 96.9 Tray 23 and Tray 24 Dry
	HMKPDD001 93.9 Possible allanite
	HMKPDD001 96.9 - 105.3 Tray 25 and  Tray 26 Wet
	HMKPDD001 96.9 - 105.3 Tray 25 and Tray 26 Dry
	HMKPDD001 100.2 Possible allanite
	HMKPDD001 105.3 - 113.5 Tray 27 and  Tray 28 Wet
	HMKPDD001 105.3 - 113.5 Tray 27 and Tray 28 Dry
	HMKPDD001 106 Dolerite
	HMKPDD001 113.5 - 121.2 Tray 29 and  Tray 30 Wet
	HMKPDD001 113.5 - 121.2 Tray 29 and Tray 30 Dry
	HMKPDD001 121.2 - 129.3 Tray 31 and  Tray 32 Wet
	HMKPDD001 121.2 - 129.3 Tray 31 and Tray 32 Dry
	HMKPDD001 129.3 - 137.6 Tray 33 and  Tray 34 Wet
	HMKPDD001 129.3 - 137.6 Tray 33 and Tray 34 Dry
	HMKPDD001 137.6 - 145.6 Tray 35 and  Tray 36 Wet
	HMKPDD001 137.6 - 145.6 Tray 35 and Tray 36 Dry
	HMKPDD001 145.6 - 153.8 Tray 37 and  Tray 38 Wet
	HMKPDD001 145.6 - 153.8 Tray 37 and Tray 38 Dry
	HMKPDD001 153.8 - 162 Tray 39 and  Tray 40 Wet
	HMKPDD001 153.8 - 162 Tray 39 and Tray 40 Dry
	HMKPDD001 155.5m Possible allanite SCINT 70-90CPS
	HMKPDD001 162 - 170.3 Tray 41 and  Tray 42 Wet
	HMKPDD001 162 - 170.3 Tray 41 and Tray 42 Dry
	HMKPDD001 170.3 - 178.5 Tray 43 and  Tray 44 Wet
	HMKPDD001 170.3 - 178.5 Tray 43 and Tray 44 Dry
	HMKPDD001 178.5 - 186.6 Tray 45 and  Tray 46 Wet
	HMKPDD001 178.5 - 186.6 Tray 45 and Tray 46 Dry
	HMKPDD001 186.6 - 195 Tray 47 and  Tray 48 Wet
	HMKPDD001 186.6 - 195 Tray 47 and Tray 48 Dry
	HMKPDD001 195 - 203 Tray 49 and  Tray 50 Wet
	HMKPDD001 195 - 203 Tray 49 and Tray 50 Dry
	HMKPDD001 203 - 210.4 Tray 51 and  Tray 52 Wet
	HMKPDD001 203 - 210.4 Tray 51 and Tray 52 Dry
	HMKPDD001 204.5m Base of Breccia at Rhyolite contact SCINT 95-115CPS
	HMKPDD001 210.4 - 218.6 Tray 53 and  Tray 54 Wet
	HMKPDD001 210.4 - 218.6 Tray 53 and Tray 54 Dry
	HMKPDD001 218.6 - 226.3 Tray 55 and  Tray 56 Wet
	HMKPDD001 218.6 - 226.3 Tray 55 and Tray 56 Dry
	HMKPDD001 226.3 - 234.6 Tray 57 and  Tray 58 Wet
	HMKPDD001 226.3 - 234.6 Tray 57 and Tray 58 Dry
	HMKPDD001 234.6 - 242.2 Tray 59 and  Tray 60 Wet
	HMKPDD001 234.6 - 242.2 Tray 59 and Tray 60 Dry
	HMKPDD001 237.1m Multiphase Fault SCINT 100-120CPS
	HMKPDD001 242.2 - 249.6 Tray 61 and  Tray 62 Wet
	HMKPDD001 242.2 - 249.6 Tray 61 and Tray 62 Dry
	HMKPDD001 244.5m within Fault Zone Breccia SCINT 110-146CPS
	HMKPDD001 249.6 - 255 Tray 63 and  Tray 64 Wet
	HMKPDD001 249.6 - 255 Tray 63 and Tray 64 Dry
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	HMKPDD002 0 - 7.1 Tray 1 and  Tray 2 Wet
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	HMKPDD002 7.1 - 13.4 Tray 3 and  Tray 4 Wet
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	HMKPDD002 21.8 - 30.1 Tray 7 and  Tray 8 Wet
	HMKPDD002 21.8 - 30.1 Tray 7 and Tray 8 Dry
	HMKPDD002 30.1 - 38.4 Tray 9 and  Tray 10 Wet
	HMKPDD002 30.1 - 38.4 Tray 9 and Tray 10 Dry
	HMKPDD002 34.2m 15cm Pyrrhotite-Quartz-Carbonate-Chalcopyrite vein
	HMKPDD002 38.4 - 46.5 Tray 11 and  Tray 12 Wet
	HMKPDD002 38.4 - 46.5 Tray 11 and Tray 12 Dry
	HMKPDD002 46.5 - 54.9 Tray 13 and  Tray 14 Wet
	HMKPDD002 46.5 - 54.9 Tray 13 and Tray 14 Dry
	HMKPDD002 54.9 - 63.2 Tray 15 and  Tray 16 Wet
	HMKPDD002 54.9 - 63.2 Tray 15 and Tray 16 Dry
	HMKPDD002 63.2 - 71.5 Tray 17 and  Tray 18 Wet
	HMKPDD002 63.2 - 71.5 Tray 17 and Tray 18 Dry
	HMKPDD002 71.5 - 79.8 Tray 19 and  Tray 20 Wet
	HMKPDD002 71.5 - 79.8 Tray 19 and Tray 20 Dry
	HMKPDD002 74.4m
	HMKPDD002 79.8 - 87.9 Tray 21 and  Tray 22 Wet
	HMKPDD002 79.8 - 87.9 Tray 21 and Tray 22 Dry
	HMKPDD002 80.7 Pyrrhotite Qtz Calcite vein with Gt Alb alteration
	HMKPDD002 84.1 Pyrrhotite Garnet cutting compositional banding
	HMKPDD002 84.5m Possible Allanite (dark mineral concentrated left of centre-below centre, and centre of the image) SCINT 70-90CPS
	HMKPDD002 86.9 Pyrrhotite and associated black mineral cutting compositional banding
	HMKPDD002 87.9 - 96 Tray 23 and  Tray 24 Wet
	HMKPDD002 87.9 - 96 Tray 23 and Tray 24 Dry
	HMKPDD002 93.1 Po Cpy Qtz Cal mineralisation
	HMKPDD002 96 - 104.1 Tray 25 and  Tray 26 Wet
	HMKPDD002 96 - 104.1 Tray 25 and Tray 26 Dry
	HMKPDD002 104.1 - 111.9 Tray 27 and  Tray 28 Wet
	HMKPDD002 104.1 - 111.9 Tray 27 and Tray 28 Dry
	HMKPDD002 109.2 Coarse Po and minro Cpy associated with albite brx
	HMKPDD002 111.9 - 119.6 Tray 29 and Tray 30 Dry
	HMKPDD002 111.9 - 119.6 Tray 29 and Tray 30 Wet
	HMKPDD002 119.6 - 128 Tray 31 and Tray 32 Dry
	HMKPDD002 119.6 - 128 Tray 31 and Tray 32 Wet
	HMKPDD002 128 - 136 Tray 33 and Tray 34 Dry
	HMKPDD002 128 - 136 Tray 33 and Tray 34 Wet
	HMKPDD002 128.1 Po and Cpy brittle infill
	HMKPDD002 128.1m Chalcopyrite (5-10%) associated with pyrrhotite (picture does not do it justice)
	HMKPDD002 128.3 Po and Cpy brittle infill
	HMKPDD002 128.3m_No1 Copy
	HMKPDD002 128.3m_No2
	HMKPDD002 128.3_No3
	HMKPDD002 128.7 Massive Pyrrhotite
	HMKPDD002 128.9m
	HMKPDD002 129.2 Coarse Pyrrhotite with Cpy margin
	HMKPDD002 136 - 144 Tray 35 and Tray 36 Dry
	HMKPDD002 136 - 144 Tray 35 and Tray 36 Wet
	HMKPDD002 144 - 152 Tray 37 and Tray 38 Dry
	HMKPDD002 144 - 152 Tray 37 and Tray 38 Wet
	HMKPDD002 152 - 160.4 Tray 39 and Tray 40 Dry
	HMKPDD002 152 - 160.4 Tray 39 and Tray 40 Wet
	HMKPDD002 158 Qtz Cal brx with cavities and euhedral qtz with Po Cpy cement and possible flourite
	HMKPDD002 158.2m Breccia
	HMKPDD002 158.3 Qtz Cal brx with cavities and euhedral qtz with Po Cpy cement and possible flourite
	HMKPDD002 158.9 Qtz Cal brx with cavities and euhedral qtz with Po Cpy cement and possible flourite
	HMKPDD002 160.4 - 168.5 Tray 41 and Tray 42 Dry
	HMKPDD002 160.4 - 168.5 Tray 41 and Tray 42 Wet
	HMKPDD002 168.5 - 176.5 Tray 43 and Tray 44 Dry
	HMKPDD002 168.5 - 176.5 Tray 43 and Tray 44 Wet
	HMKPDD002 176.5 - 184.7 Tray 45 and Tray 46 Dry
	HMKPDD002 176.5 - 184.7 Tray 45 and Tray 46 Wet
	HMKPDD002 184.7 - 192.8 Tray 47 and Tray 48 Dry
	HMKPDD002 184.7 - 192.8 Tray 47 and Tray 48 Wet
	HMKPDD002 192.8 - 200.6 Tray 49 and Tray 50 Dry
	HMKPDD002 192.8 - 200.6 Tray 49 and Tray 50 Wet
	HMKPDD002 200.6 - 209 Tray 51 and Tray 52 Dry
	HMKPDD002 200.6 - 209 Tray 51 and Tray 52 Wet
	HMKPDD002 209 - 216.5 Tray 53 and Tray 54 Dry
	HMKPDD002 209 - 216.5 Tray 53 and Tray 54 Wet
	HMKPDD002 216.5 - 225 Tray 55 and Tray 56 Dry
	HMKPDD002 216.5 - 225 Tray 55 and Tray 56 Wet
	HMKPDD002 225 - 233.3 Tray 57 and Tray 58 Dry
	HMKPDD002 225 - 233.3 Tray 57 and Tray 58 Wet
	HMKPDD002 233.3 - 241.5 Tray 59 and Tray 60 Dry
	HMKPDD002 233.3 - 241.5 Tray 59 and Tray 60 Wet
	HMKPDD002 241.5 - 249.7 Tray 61 and Tray 62 Dry
	HMKPDD002 241.5 - 249.7 Tray 61 and Tray 62 Wet
	HMKPDD002 249.7 - 251.8 Tray 63 Dry
	HMKPDD002 249.7 - 251.8 Tray 63 Wet
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