& associated technical memoranda



O Summary of the Halo Project - File Note 27th June, 1991, describing the Schematic Sections

Notes on Graphical Portrayal of the Ore system - File Note 29th March, 1991, describing the
methodolgy of section construction


Keith
Oval

Keith
Oval










































































S N R R R E U R EBEEREEBEREEREEEEREER R

M.L:M. . Exploration Pty. Ltd.

FILE NOTE

: PROJECT GEOLOGIST-TARGET GENERATION REFERENCE : KWH/5.4/EXP1.0
TO = PRINCIPAL GEOLOGIST-TARGET GENERATION DATE : June 27, 1991

TITLE - PICTORIAL REPRESENTATION OF THE MOUNT ISA CU-ORE HALQ
SUBJECT : SUMMARY OF THE HALO PROJECT

Introduction

This note presents the results, conclusions and brief discussion. where
appropriate, of the Halo Project. The project was initiated in, early 1890,
with the aim of producing a pictorial description of the textural,
mineralogic., chemical and geophysical attributes of the silica-dolomite and
its environs, for use in the search for more Mount Isa-style copper resources.

Results

The description takes the form of a series of manually and computer—generated,
semi-interpretative, cross-sections which depict the spatial relationships
between mineralogic, textural, rocktype, and, to some extent, chemical
features beyond areas of high-grade copper mineralisation.

Components of the description include:

(i) an idealised northern Mine cross section, at 1:2500. which is a
summarisation of sections. at 8 northings between 5800 and 7200mN.
compiled by Dave Hutton during 1990;

(11) a generalised cross section at 4200mN (% 200m) which corresponds,
approximately, to the higch-grade “centre” of the 1100 orebody;

(iii) a generalised cross section at 2500mN (% 500m) which corresponds to the
southern peripherv of the 1100 orebody:

(iv) two long sections through the northern Mine at 1400mE and 1800mE
(1:25007%;

(v) a 2D projection of an idealiszed 1100 orebody. with Cu contours, Fe-
sulphide halo and wvein intensities, at 3 scales corresponding to
resources of 5, 1.5 and 0.75 million tonnes of Cu at 2% cutoff; and

(vi) dolomite 5220 contours as overlays for the 4200mN and 2500mN sections

. {produced, in a preliminary format, by Chris Waring).

Incomplete, but “in progress” aspects of the project include:

(a) a geophysical/rock property depiction (e.g., magnetic susceptibility,
conductivity, density): and

(b) a depiction of lithochemical zonations (work on this may proceed later in
1991, also refer to Hannan, 15991a).
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Conclusions

The Mount Isa base-metal ore system seems to be surrounded by a2 large
“halo” of anomalous Fe-sulphide (coarse-grained opyrite at >1% and/or
pyrrhotite at »>1%). However, like anomzlouz Tl and K distributions, the
extent of, and contrels on. the Fe-sulvhide anomalv are not yet fully
understood.

Az a corollary to conclusion 1, anomalous Fe-sulphide, Tl., and K, and
ferroan dolomite, constitute a set of halo attributes which may be more
useful for the aszessment of poorly explored ground at a sub-basin to
basin scale rather than for the assessment of prospects within a
previously identified anomalous area.

There seems to be non-svstematic changes in the relative proportionsz of
coarse—grained pyrite and pyrrhotite. and non-systematic changes in the
absolute abundances of these sulphides. from south to north, in the
hangingwall of the ore system: this observation illustrates the schematic
nature of the halo depiction. the limitations of the database used to
construct the generalised cross sections. and therefore the limitations
of the model as a predictive tool.

As a corollary to conclusion 3. it is not possible to relate single
components of the halo. on the basis of variations in spatial distribution
at the Mine scale. to distinct features of the ore system (e.g.,
pyrrhotite distributions and abundances relative to the volume of silica-
dolomite; or volume of pyritic shale relative to silica-dolomite at a
given northing).
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Recommendations

There is a gap in the set of halo cross sections between 4200mN and 5700mN
which could be filled to provide more information about pvrrhctite, fine-
grained pyvrite and talc distributions and abundances throughout the Mine.
Sections at 5353mN (alreadv started) and about 4700mN are recommended. and
could be compiled by Mine geoclogists.

Some attempt must be made to define the limits (or gradient) of the
interrreted Fe—sulphide halo. To this end, diamond drill core from betwsen
Lena and Crystallena in the south, and between Leichhardt King and Hilton
in the north, should be examined for Fe-sulphide abundances and
distributions, and perhaps other halec attributes (e.g., vein intensities,
fine-grained pyvrite, Tl and K abundances). The gquestion is whether the
problem should be tackled fulltime or piecemeal by Company personnel, or.
handed over to a post-graduate student as vart of a larger project to,
say, assess and integrate the findings of research projects in the last
ten years.
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(3) As a general comment. the Mine loggine system was satisfactory for the
Halo Project. It is recommended. however. that Mine geolcgists continue
to note carefully the abundances of the different Fe-sulphides outside
areas of silica-dolomite. It is also suggested that more use be made of
columns 88 and 89 (veins) of the logging sheets, particularly for core
distal to silica-dolomite. Weak. moderate, and strong veining (column 68).
for example, should be formally associated with definite intensities
(e.g., <Z/metre, 2-10/metre, >10/metre).

Discussion

Mine sequence rocks peripheral to the silica-dolomite system seem to contain
anomalous quantities of Fe-sulphide, either as coarse-grained pyrite (>1%)
and/or pyrrhotite (»1%). In detail. Fe-sulphide-anomalous rock occurs as
broadly stratabound, bifurcating and interdigitating lenses. Throughout the
Mine, the coarse-grained pyrite component of the sulphide halo generally
extends to the surface, as does the pyrrhotite component except in the
southern part of the Mine, where it terminates 100-250m below the surface
(2500mN section). s

The across-strike extent of the pyrrhotite and coarse-grained pyrite halo
components are almost identical and almost coincide with the outer limit of
the silica-dolomite mass (>1100m northern Mine and =750m southern Mine). Thus,
the Fe-sulphide halo appears to contract slightly in the southern part of the
Mine, althought it per=zists at proportionately larger volumes than silica-
dolomite at 2500umN.

In the southern part of the Mine, inferred anomalouz coarse-grained pyrite
(i.e., >1%) extends both to the east and west of the copper ore system, viz.,
the FKennedy-Spear Siltstone and Native Bee Siltstone, respectively. To ths
east, the Kennedy-Spear siltstone also features, in contrast to the Native Bee
Siltstone. considerable volumes of rock which has been defined as pyrrhotite-
anomalous (i.e., po>l%). There also seems to be variations in the size of the
oyrrhootite halo along strike. For example, the Hutton sections show a distinct
southward decrease in the volume of pyrrhotite-anomalous rock between 6500 and
8200mN. This decrease seems to coincide with a shrinking volume of Pb-Zn
mineralised rcck. However, the pyrrhotite abundances increase again further
south (refer 4200mN section).

Finally, it is stressed that the Fe-sulphide halo has not been “closed off~
in the north-south direction, particularly the coarse-grained pyrite
component, and that Urguhart Shale may be similarly sulphidised for
kilometres, along strike, bevond the ore system (see recommendations).

Fine- i (b d) pyrite
See also Hutton (1991), and note that fine-grained pvritic shale is treated
in this project as intervals of cored shale containing bands of visibly

massive fine-grained pyrite that constitute. by area, 2z20% of that interval.

The so-called “pyrite rib” extends well into the silica-dolomite mass and.
indeed, its siliceous core at 4200mN. That is, fine-grained pyritic shale
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and silica-dolomite are not mutuallv exclusive in space. This fact. znd the
abundant evidence of dolomitisation (i.e.. replacement) of pyritic shale
throughout the Mine., and also the presence of pvritic shale remnants in the
silicecus core contradicts the notion that the silica-dolomitisation process
somehow avoided, or left unaffected, earlier-formed pyritic shale “ribs”

Although the total volume of fine-grained pyritic shale decreases southward.
the decrease is vroportionately much less than the southward decrease in
silica-dolomite volumes (compare the 4200wN and 2500mN sections). That ie,

- there is not a simple proportionate correlation between presently observed

volumes of pyritic shale and silica-dolomite and, therefore, Cu
mineralisation.

ol ddingiin

The silica-dolomite system extends for up to 4 km along strike, as much as 1
km up-dip, and is.up to 1 km wide in placeu- It iz essentially a zoned-
replacement and vein-network system that consistz of a high-grade copper and
cilicecus core surrounded by grossly stratabound lobes of dolomite-replaced,
brecciated and veined Uraquhart Shale (see alsc Perkins, 1984).

The shape of the zilica—dolomite mass is highly variable (comparse the northern
and 4200mN sections) and itz outer boundary with metasediment .can be sharp
(e.g.. footwall of the 3500 Cu orebody) or transitional. as it is in the
hangingwall of the 1100 orsbody where sporadic dolomitisation and low-grade

minsralisation occurs in the Kennedy-S paar Siltstone ( ol 4200mN

- B = —_— e -—
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in the search for Mount Isa-style Cu
ibly unmineralised and poorly veined metasediment
inTo massive hy “cun=-* 1 dolomite adjacent to high-grade Cu mineralisation,
transitional zone of low intensity dolomitisation,
or veining, and associated low-grade Cu mineralisation. Thus, the presence or
noT of anomalous Fe-sulphide (as coarse-grained pyrite and/or pyrrhotite) may
be z better halo discriminant than vein intensities for ground assessment in
nsw areas.

Copper contours

The 0.1% Cu contour often closely follows the outer boundary of the dolomitic
group of rocktypes of the silica-dolomite mass (see also Hutton, 1991).
However, 0.1-0.5% Cu grades are commonly encountersd outside the silica-
dolomite envelope, where chalcopyrite occurs in zporadic zones of dolomite
veining (see also Hannan. 1991b)** Therefore, persistent intersections along
a drill hole (7.e., hundreds of metres) of patchey. low-grade mineralisation,
in metasediment or massive hvdrothermal dolomite. should not be dismissed as
the expression of an “unfocussed” alteration system.

without passing through a

= =2l v FoSooiln

Persistent intersections of hvdrothermél dolomite with mcre than 0.5% Cu are
likely to be within 100m, across-strike or alcng-dip, of silica-dclomite
carrying >1% Cu.

** This sentence originally read. incorrectly. "However, some broadly stratabound lobes of dolomitic rocktypes
can extend 200-300m beyond the 0.1X contour in an up-dip direction; and 0.1-0.5% grades are commonly...."
(File Note to senior geological staff late June, 1991}, This incorrect statement was based oz a single cross-
section with complete drill hole logs but poor analytical coverage.
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On the =zcale of the Mine. and isnoring possible differences in talc chemistry
associated with the Pb-Zn and Cu orebodies. the proportion of tale to silica-
dolomite does not change svstematicallv along the Mount Isa base-metal are
svstem. For example, talc is present at Z500mN in approximataly the same
proportion to the total volume of siliceous and dolomitic rocktvpes as that
further north in the 1100 orebody. However. tale is clearly associated with
the 3000 and 3500 orebody silica-dolomite lobes and not the 500-850 lobes in
the northern Mine (see also Hutton, 1991): and there is a southward increase
in the wvolume of talec. coincident with increasing volumes of =iliceous
recktypes. in the 1100 orebody between 5500mN and 4000mN (Waring. 1990).

Although talc is spatially associated with the silica-dolomite mass, the
detailed nature of its relationship to dolomitic and siliceous rocktypes is
not clear from the Halo Project cross sections (e.g.. some tale “stringers’
geem to crosa-cut siliceous/dolomitic rocktype boundaries and also the outer
dolomitic rocktype boundary with shale.

In conclusion, the complex relationship of talc to the silica-dolomite mass,
and the apparent lack of gross systematic trends in ite distribution
throughout the Mine suggest that talc iz unlikely to be of much use as a halo
discriminant. s,
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2 DDH V334 study (Hannan, 1991b), and a brief review of Tl and K
S butions in the Mount Iza Mine area (Hannan, 199la) indicate that

dolomite Fe/Mn ratios, and Tl and X abundances are anomalously high for
1
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Waring's (and Downs’') sections detailed the distribution of;
collective siliceous rock types and coarse grained dolomitic
rock types, talc, total pyrite and pyrrhotite. All elements
were portrayed on the same section. A hierarchal scheme Tor
plotting the slements was used. Collective silica—dolomite rock
types were plotted first. Talc {when noted to be present) was
plotted next, which was followed by total pyrite content greater
than 15%. The final parameter plotted was pyrrhotite greater
than 1%.

While the system showed the distribution of mineralogy and rock
types, i1t gave a false impression of the distribution of
respective slements, especially if two were occurring in the
same location. In that case only one would be plotted.

6. LITHOLOBY SECTION CONSTRUCTION

a=i Elements Chosen .

For this study, Waring’'s categories were used, but with several
moditications. To overcome problems associated with the
nisrarchal system of depiction, this study adopted the format of
2 lithological base plot, with mineralogical plus mineralisation
overlays. This enables the depiction of other elements at a
later date.

Th= collective siliceous and coarse grained dolomitic,
lithological assemblages used by Waring weres retained.
Coll=sctive silicepus rock types comprised the Isa mine rock
Types of brecciaed siliceous shale and siliceous shale. The
coarss grained dolomite rock types comprised the Isa mine rock
Tyoes oT recrystallised dolomitic shale, irregularly brecciaed
anc recrystallised shale and crystalline dolomite.

Copper mineralisation was contoured at 0.1%, 0.5% and 1.0% in an
2TTort to examine the peripheral coper halo and its relationship
to other factors.

The mineralogiss depicted where; talc, pyrrhotite, coarse and
Tine-grained pyrite. Talc was plotted wherever i1t was present
in the log data. Pyrrbhotite greater than 1% was plotted. Coarse
grained pyrite greater than 1% was plotted along with fine
grained pyrite greater than 20%.



&2 Construction Methods

6.2.1 Lithologies

Manual plotting of collective siliceocus and coarse grain
dolomite rock types was initially done at 1:500. Isa mine 1:300
croscs—sections were interpreted and then resesaled to 1:2500.
Additional plotting and interpretation was also carried out at
1:2500 scale.

The transition into Urguhart Shale from silica—-dolomite
alteration is often a gradual one, characterised by a lessening
in vein intensity. The plotting of the actual boundary between
silica—dolomite and Urguhart Shale is often open to
interpretation when using the Isa mine log data.

For example, the logged "major" rock type may change Tfrom
recrystallised shale (R) to shale (S) but the logged "minor"
rock type may remain "R" for several splits;

MIJR RT MNR RT

o954 = EB7T RI (irreg.) &
P R i 2 RS g
= S R RR
537 = Sl SR
541 - 342 SR
242 = 343 S5

In this example, the coarse grained dolomite—shale contact would
be put around the 541 - 54Zm interval. IT strong silica-
dolomite veining was recorded for several splits past the
contact then the boundary may bave to be moved to accommadate
some degree of strong wveining. However, velining densities or
occurrences, generally were not depicted as that was bevond the
scope of the project.

£.2.2 Copper Contouring

Raw data was obtained by computer extracting production copper
2ssay results on a 40 metre wide search width, 20 metres either
side of the section. The search width allowed fTor drill holes
—hat went a long way off section (below 2500mRL ) and
completeness of data in the upper levels.

Extracted data was composited into 10 metre splits before
plotting. The program starts compositing data at the top/start
o7 =a2ch hole until it reaches the end of the hole. If less than
10 metres of data is left over but more than the specified

(3 metres specified) then a final split is given. If

overlookead.
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Composited data was plotted for each section northing at 1:23500
scale and manually contoured for 0.1%, 0.5% and 1.0%Z copper.

6.2.3 Mineralogy and Sulphides

Raw data for the talc, pyrrhotite, coarse and Tine grained
pyrite was obtained from computer extractions of logged data.
Search widths were a total of 10 metres wide, although on most
sections 1t was necessary to increase the search width to
accommodate deep holes below 2300mRL that had gone off-section.
The narrower search width enables a better resolution for the
mineralogical elements.

Pyrrhotite content greater than 1% was extracted although it was
necessary to extract at greater than 2% in order to obtain a
clearer account of pyrrhotite distribution. 1% pyrrhotite tends
to be a default value for traces of pyrrhotite during production
core logging. The higher values of >1%Z and >2%Z gave a less
clouded account of pyrrhotite distribution.

Talc whenever noted logging was extracted. Coarse grained
tha

pyrite content grea n 1% was extracted, however like
pyrrhotite, “"deftaulit"®” values poi 1% also proved a problem, so it
was necessary o increase tThe =2xtraction level to greater than
2.

rinea grained py ; : —nan 204 was sxtracted by computer.
in =ddition 1 on 1:300 sections and plans was
inTerorstzT=d 1:23500.

All raw cata plois at 1:2300 scale were interpreted using Isa
mins 1:2500 cross—sections as geological bases. When
Interprating; splits less than and up to 2-4 metres were not
transterred.

Systematic recording of pyrrhotite, coarse and fine grained
pyrite corresponded with the adoption of the currently-used
logging system. Computer extraction of earlier data is
haphazard and unreliable so for all sections it was necessary to
manually plot data from old Imperial log data. Pyrrhotite in
particular may not be systematically logged in the upper old
parts of the mine.

Coarse grained pyrite was rarely recognised in the older data,
theresfore all coarse grain pyrite sections are very data-poor
above 13/L.
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