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E1 Cu-Au Deposit

Plan view of the E1 North deposit grade
and fault model (Case et al, 2014)

PREAMBLE

PRODUCTION AND RESOURCES

The E1 deposit comprises three zones of
copper-gold mineralisation, one of which has
been mined via a small open pit. The ore was
transported to the process plant at the nearby
Ernest Henry mine. The project was mined
from 2012 to 2014.

Mineralised Bodies

LOCATION
Geological Domain
The Canobie Domain (Figs 12.1, 12.3).

Co-ordinates
Lat: 20° 26’ 31” S Long: 140° 47’ 10” E

The E1 group comprises three distinct orebodies: E1 North, E1 East and E1 South
(Fig 12.2). E1 North is the largest orebody
of the three (Lilly et al., 2017).
The three E1 pits, ogether with two additional small pits at the Monakoff project, approximately 20km south of E1, comprise the
Mount Margaret project.

Dimensions
At the 0.5% copper cut-off the orebody dimensions are:

MGA Zone 54: 477,650 E, 7,739,600 N

E1 North: 2 bodies (west and east dipping) each of approximately 150-300m
down-dip x 45-100m thick x 200-400m strike
length

NATURE OF MINES

E1 East: 150m down-dip x 50m thick x
250m strike length

Mined Commodities

E1 South: several lenses, which when
unfolded appear 100-300m down-dip, 1030m thick, and 100-300m strike length

Copper, gold and magnetite.

Mining Method & Depth of Mining
Ore was mined from one main open pit (E1
North), with partial pre-stripping at the E1
East and E1 South pits before operations
ceased. The mineralisation is located under a
20m to 50m package of transported cover
sediments.

Orientation of Mineralised Bodies
The three mineralised bodies have varying
geometries and orientations, although a NW
-trend, matching that of the shallowly plunging fold system in the area, is common (Fig
12.2).
E1 North: represents a northwest plunging antiformal-shaped body (Section B-B’,
Fig 12.12)
E1 East: (Section A-A’, Fig 12.12) Two sub
-vertical lenses trending NW with a shallow

NW-plunge
E1 South: represents a northwest plunging
synformal-shaped body (Section C-C’, Fig
12.12)

Historic Production
Xstrata Copper commenced mining of ore
from the E1 deposit (as part of the Mount
Margaret Mining operation) in August 2012,
following an approximate 4Mt pre-strip. The
Mount Margaret operation (which also included two small pits at the Monakoff deposit)
was planned to add an additional 20 million
tonnes of ore to Ernest Henry’s existing production profile throughout its five year life,
producing around 140,000 tonnes of copper,
83,000 ounces of gold and 560,000 tonnes of
magnetite in concentrate over that time
(Xstrata Copper, 2012).
Mining was terminated and the E1 mine was
placed into care and maintenance in March
2014, once mining was completed at the E1
North pit.

Recent Production
There has been no recent production since
entering care and maintenance in 2014.
Table12.1: Published Mineral Resource and Ore Reserve
for the E1 deposit.

Mineral Resource (EXCO, 2010)
Tonnes (Mt)
Cu (%)
Measured
9.17
0.87
Indicated
24.7
0.71
Inferred
14.2
0.64
TOTAL
48.1
0.72

Au (g/t)
0.25
0.21
0.2
0.21

Ore Reserve (Xstrata Copper, 2011).
Tonnes (Mt)
Cu (%)
Probable
26
0.8

Au (g/t)
0.2
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Figure 12.1: Location of the E1 deposit shown with respect to the Mount Isa Structural Domain Map from the
2010 NWQMEP GIS

of Proterozoic rocks in the deposit area,
which is unconformably overlain by 30-50m
of Mesozoic sedimentary rocks.
The host sequences are also strongly folded,
but detailed drilling has allowed reconstruction of a stratigraphic section (Fig 12.4) by
Case (2016), who correlates the host rocks
with the Corella Formation and Mount Fort
Constantine Volcanics (approx 1740Ma;
Page and Sun 1998).
The sequence comprises (from bottom to
top) the following:
Lower Mount Fort Constantine Volcanics:
dominantly amygdaloidal or massive metaandesite and meta-basaltic andesite (Fig
12.5 A). Phenocrysts, where present, are
dominantly plagioclase, although amphibole
is also rarely present. Samples from the volcanic units mostly plot in the volcanic arc-syn
-collisional region of the Nb-Y diagram (Case,
2016).
Corella Marble: highly folded marble intercalated with metapsammite and metatuff,
with a thickness ranging from 5m in fold limbs
to 50m near fold hinges (Fig 12.5 F,G). The
marble and metapsammite lare aminated to
thinly-layered, and whilst much of this current
layering is probably foliation some bedding is
preserved. The marbles commonly contain
amphibole and scapolite porphyroblasts. Thin
(<10m), discontinuous lenses of marble are
common within the metavolcanic rocks
throughout the E1 Group. Thin discontinuous
lenses of layered metatuff and metavolcanic
breccia are present in the marble unit.
Upper Mount Fort Constantine Volcanics:
similar to the Lower Mount Fort Constantine
Volcanics, but dominantly porphyritic (Fig
12.5 B,C) as opposed to amygdaloidal or

Mineral Resources & Ore Reserves
The E1 deposit had a pre-mining mineral resource (Table 12.1) of:


48.1Mt @ 0.72% Cu, 0.21 g/t Au
(EXCO Resources, 2010)

Following acquisition in 2011 Xstrata defined
an Ore Reserve of 26Mt @ 0.8% Cu, g/t Au.

HOST ROCKS
Mine Stratigraphy
The E1 group of deposits are hosted within a
sequence of metasedimentary rocks
(marbles, psammites, pelites and carbonaceous metasiltstones) intercalated with intermediate volcanic rocks. There is no exposure

Figure 12.2: Northwest-looking oblique view over the three mineralised
bodies at the E1 deposit. The E1 North deposit is the largest and highest
grade. Drillhole traces and 0.5% copper grade shells from Case (2016).
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Figure 12.3: Location of the E1 deposit overlain on an
image of total magnetic intensity from the GADDS data for
the region.

massive.
Carbonaceous Metasiltstone and Schist:
this upper metasedmentary unit comprises
carbonaceous metasiltstone that transitions
upwards to carbonaceous schist (Fig 12.5
H,J). The metasiltstone is thinly-bedded and
interbedded with calcareous and pelitic layers.
At E1 South the mineralised metasiltstone interval is ~20m thick with the overlying metashale(schist) ~50m thick.

Major Host Rock
Most Cu-Au-Fe mineralisation is restricted to
laminated marble, metasiltstone, psammite,
and layered, matrix-supported metatuffs and
metavolcanic breccias (particularly at E1 East
and E1 South). At E1 North some strongly
sheared metavolcanic and clast-supported
metavolcanic breccias are also mineralised. In
general the coherent metavolcanic rocks are
generally barren.
Ore grades are generally the highest in thinlylayered or laminated protoliths with relatively
few clasts. At E1 North some of this layering
is interpreted to represent foliation (Case,
2016).

“Corella Breccias”
Case (2016) notes the presence of significant
discordant breccias in the E1 district, in particular on the northwestern margin of the E1
North orebody (Fig 12.12 plan and sections,
as well as drill core photo). These are noted
as similar to the regionally extensive “Corella
Breccias” in the Eastern Succession, and described by Ryburn et al (1988) and Marshall
(2003), and to the Ernest Henry ore breccia in
that they are polymictic with clasts of sedimentary rocks and porphyritic volcanic rocks
with K-feldspar, albite and hematite alteration.
However, Case (2016) notes that in contrast
to the Ernest Henry deposit the E1 Group
breccia contains only minor mineralisation.

INTRUSIVE ROCKS IN REGION

and Mount Margaret batholiths which cover
an age range from 1530Ma to 1500Ma
(Mark et al, 2006).

Mafic Intrusives

Granitoids
The Ernest Henry Diorite occurs approximately 4km to the west of the E1 deposit and
forms the structurally emplaced hangingwall
to the Ernest Henry deposit (Fig 12.7). The
diorite is dated at approximately 1660Ma
(Mark et al, 2006; Pollard and McNaughton,
1997). Metadiorite is also present within the
E1 deposit, and is composed of altered amphibole and plagioclase. Case et al (2018) interpret this diorite as likely related to the Ernest Henry Diorite suite.
The Mount Margaret Granite is 2km to the
east of the deposit, and is of Williams-Naraku
age, having been dated at 1530±8Ma (Page
and Sun, 1998).
Magnetic interpretation and drilling also show
the existence of additional granites (Fig. 12.7)
likely to be the time equivalent of the Naraku

Dolerites are present in the E1 deposit.
Case (2016) documents the presence of
xenoliths of discordant feldspar altered
breccia within one dolerite, but also notes
that at E1 North and E1 East the rock displays biotite alteration, so its timing is unclear.

METAMORPHISM
Metamorphic Grade
Regional metamorphism in the Ernest Henry/E1 area is interpreted to have reached
amphibolite facies during D2 of the Isan
Orogeny (Mark et al 2006).

STRUCTURAL CHARACTERISTICS
Structural Setting
The E1 orebodies are hosted within a tightly
folded sequence of metavolcanic and
metasedimentary rocks, with the folds shallowly NNE-plunging (Fig 12.12). The three
mineralised bodies appear to be located in
fold hinges with the mineralisation strongly
preferentially located in the metasedimentary
or breccia units. Case et al (2018) term the
deposits a “strata-bound IOCG”, and note
that the bodies typically occur as replacement bodies, rather than breccias as at Ernest Henry.
Case et al (2014) suggest the folds are of
regional D2 age with D3 causing a slight curvature of the F1 folds.
The district is bound to the east (200m east
of the E1 South deposit) by the district-scale
Mount Margaret Fault (Fig 12.12), which is
strongly delineated by the aeromagnetic data
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Figure 12.4: A simplified, idealised stratigraphic column of the E1
Group. Not to scale, but unit thicknesses are relative (from Case, 2016).
The Corella Marble is mineralised at the E1 North deposit, whilst the
carbonaceous Metasiltstone is mineralised at E1 South.

Figure 12.6: Geological legend (above) and map
(overleaf) from the 1:100,000 mapping from the Geological Survey of Queensland of the Ernest henry-E1

Figure 12.5: Examples of the E1 host rock units (and
some Ernest henry equivalents) from Case (2016).
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A.

Amygdaloidal metabasaltic- andesite. Amygdales infilled by quartz and Ca-Mn-carbonate.

B.

Plag-phyric meta-andesite of the Mount Fort
Constantine Volcanics, Ernest Henry locality.
Note red hue caused by light albite(-hematite)
alteration.

C.

Same lithology as in (B), but from E1 North
locality.

D.

Sericite-magnetite-biotite-altered (andesitic?)
metavolcanic breccia. The clasts and matrix are
mainly composed of albite and sericite. Small
(<5mm) albite xenocrysts present. Dark clasts
are magnetite-altered.

E.

Sericite-altered plag-phyric meta-andesite
breccia.

F.

Magnetite-biotite-pyrite- and chlorite-altered
porphyroblastic quartz-albite-bearing marble.
Porphyroblasts altered to chlorite and apatite,
probably after actinolite.

G.

Flaser cross-laminated feldspathic metapsammite. Cross-laminae defined by magnetite.

H.

Carbonaceous metasiltstone. Note pyrite-rich
layers (see text for interpretation). White minerals are quartz and minor carbonate.

I.

Equivalent lithology at Emest Henry locality.

J.

Carbonaceous schist, transitioning up-hole
from the metasiltstone (not shown).
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Figure 12.7: Geological interpretation map based on merged open file 50m-spaced aeromagnetic surveys, lithologies from open file drill data, and published maps from the
Ernest Henry (Lilly, 2014; O’Brien, 2016) and E1 areas (Case et al, 2017). Map Projection GDA94, MGA54.
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Figure 12.8: False Colour ASTER image (from QDEX Data).Version2 ASTER product created as part of CSIRO’s 3D mineral mapping Queensland, funded by the Geological Survey of Queensland. Image uses ASTER Band 3 = Red, Band 2 = Green, and Band 1 = Blue (Visible to Near Infrared). Vegetation is highlighted in red, emphasising riparian and
forest cover. The image also shows geological textures, outcrops, landforms, drainage, land use, and infrastructure. (from QDEX Data).
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(Fig 12.12). They suggest, on the basis of the orientation of ore-stage calcite veins in the E1 North pit near Fault
3 (dominantly subvertical and dipping
SE) that they represent extensional
vein structures formed under normal
sense movement of the E1 North
Shear Zone. The extensional movement is interpreted as the accommodation of sinistral movement of Faults
E and A in response to dextral movement along Fault 1 and the Mount
Margaret Fault casued by NE-SW
shortening. They note that F2 folds are
refolded, and the S2 foliation is crenulated by the S3 fabric.

(Figs 12.3, 12.26) and which drilling indicates
has a component of post Mesozoic throw (10
-20m down to the east). Case et al (2018)
interpret this as a D2 fault, and Blenkinsop et
al (2008) implied that it represents a northern
extension of the Cloncurry Fault structure.
The deposit area is dissected by a variety of
sub-vertical to steeply west-dipping faults,
dominantly oriented to the northwest or
northeast. Case et al (2014) indicate these
faults coincide with intense magnetite alteration (>28% Fe) suggesting they predate or
are synchronous with mineralisation.
In addition, a set of NE-trending moderately
SE-dipping faults dissect the E1 South deposit (Fig 12.10).

Structural History
The structural history of the rocks exposed in
the E1 mine and environs can be summarised as follows:


Deposition of the Mount Fort Constantine Volcanics and associated metasediments (possible Corella formation
equivalents) at approximately 1740Ma



Emplacement of the Ernest Henry diorite bodies, and interpreted equivalents
at E1, at approximately 1660Ma.



NNW-SSE shortening resulting in
thrusts and ENE-trending folds in rocks
exposed to the south of the Mount Fort
Constantine region. Some of the ENEtrending folds visible in the magnetics
within the metasedimentary package to
the south of Ernest Henry may be related to this event. Case et al (2018) recognised at E1 a foliation subparallel to
compositional layering preserved in
some pelitic metasiltstones and interpreted as an S1 fabric.



E-W shortening associated with the Isa
D2 deformation event, which is interpreted as producing the NNW-trending
folds recognised at E1 (Case et al
2014), and may be associated with the
N-S trending synform recognised by
Murphy et al (2017) in the hangingwall
of Ernest Henry. Case et al (2018) describe evidence of the D2 foliation as a
mica cleavage in pelites, flattening and
alignment of metavolcanic breccia
clasts and amygdules, and folding of
quartz veins into alignment with S2.
They suggest that S2 trends NNW-SSE
and is subvertical and typically parallel
to the axial surface of the parasitic
macrofolds observed in drill core. They
interpret that the D2 structures in the
deposit and environs most likely correspond to regional D2 and peak metamorphism.



Case et al (2018) note the E1 North
Shear Zone (Section B-B’ in Fig 12.12)
and bounding faults represent a brittleductile D3 structure that cross-cuts the
E1 North Antiform formed during D2
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The NE-SW trending faults bounding
the E1 North Shear Zone were reactivated in oblique-slip movement with a
dominantly reverse-slip component
during D4. Faults 4-7 formed at this
time (Case et al, 2018).

Major Structural Styles
In contrast to the Ernest Henry deposit, the

bulk of the mineralisation at E1 is replacive
rather than brecciated. In addition the bulk of
the mineralisation is generally concordant
with stratigraphy, which is locally tightly folded, leading Case et al (2018) to term the deposit strata-bound.
The rocks in the deposit are locally strongly
foliated and sheared.

Structural Control on Mineralisation
The regional D2 folding was followed by local D3/regional D4 shortening, which formed
a dextral, transpressional Riedel brittle to
ductile system along the regional Mount Margaret Fault (Cloncurry Fault Zone?). Modelling suggests that much of the Cu–Au mineralisation is controlled by synthetic R structures associated with this Riedel system
(Case et al, 2018).

ALTERATION
The alteration paragenesis at the E1 deposit
has been subdivided into three stages (Fig
Figure 12.9: E1 deposit paragenesis (from Case, 2016)
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Figure 12.10: Oblique view image (looking to
the NNW) of the fault sets interpreted by Case
(2016) at the E1 deposit.

The broadly NS-trending Mount Margaret fault is
located only 200m east of the E1 South deposit
(yellow).
Steeply west-dipping to sub-vertical faults trending NW and NE are present (purple and dark
green), as are a set of south-east dipping faults
that dissect the E1 South deposit (turquoise).

Figure 12.11: Northward-looking oblique view of the E1 North deposit area (from Case et al, 2018). Refer to the discussion in the text regarding the deposit-scale structural controls on
the E1 North mineralisation as interpreted by Case et al (2018).
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E1 North
Shear Zone
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Figure 12.12: (this and facing page) Summary of
the geological setting of the E1 deposits (from
Case et al., 2014).
Geological legend (facing page) illustrating representative samples of the key rock types.
Summary plan of the Proterozoic geology at the
base of Mesozoic.
Three cross-sections covering the E1 East (A-A’),
E1 North (B-B’) and E1 South (C-C’) deposits.
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Figure 12.13: Approximate E-W oblique view cross-section through the E1 North deposit. Representative drill core samples shown, with rock descriptions from Case (2016) and Case et al (2014,
2018). Model and copper shells from Case (2016).

Pre-ore magnetite–apatite–carbonate alteration with pyrite and
minor chalcopyrite overprints. This stage is associated with abundant biotite+K-feldspar+quartz in other examples.

Dolerite with discordant breccia xenolith.

Corella Breccia—polymict matrix to clast supported, sub-angular
to well-rounded, clasts composed of metasediments, diorite,
metatuff, porphyry, 0.1-10m diameter

Sinistrally sheared metavolcanic breccia? or siliceous
metasedimentary rock. Groundmass is entirely pyrite–
magnetite–chalcopyrite–barite–albite–fluorite–altered.

Metavolcanic Breccia— composed of plag, muscovite/sericite,
biotite and quartz, intercalated with metatuff, locally contains
fragments of andesite-basalt porphyry

Plagioclase phyric meta-andesite in the metavolcanic rocks
above and below the marble unit. Note slight albite (-hematite)
alteration of phenocrysts.

E1 North Cross-section
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Figure 12.14: Approximate E-W oblique view cross-section through the E1 South deposit. View
is down the fold plunge at 37°344. Representative drill core samples shown, with rock descriptions from Case (2016) and Case et al (2014, 2018). Model and copper shells from Case (2016).

Amydaloidal meta-basaltic andesite brecciated in-situ by Stage 2c
carbonate

Graphitic metasiltstone, interbedded with cherty layers

E1 South Cross-Section

Asymmetrical sinistral boudinage of silica-rich layers in siliceous marble. Carbonate-fluorite-pyrite-chalcopyrite veins
forming boudin necks.

Carbonaceous metasiltstone with pyrite–
carbonate–quartz alteration and veining.
Note dilational fold microreefs infilled

Carbonaceous schist with pyrite–
carbonate–quartz alteration.

E1 Deposit
Chapter 12
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Figure 12.15: Drill core examples of the alteration and mineralisation phases
from E1. From Figure 2.7 of Case (2016) and Figure 7 of Case et al (2018).
A) Fine-grained layer-controlled magnetite alteration of marble.
B) Coarse-grained layer-controlled alteration of marble and psammitic layers. It
is not certain if the layering is primary or tectonic.
C) Fine-grained magnetite-pyrite chalcopyrite alteration of lathy porphyroblasts
in calcareous? metasediment. The original mineral is not preserved but presumably was an amphibole. Groundmass is mostly biotite and chlorite.
D) Carbonate-fluorite-barite chalcopyrite vein associated with laminated rock
completely altered by the same assemblage, plus earlier magnetite. Whole-rock
geochemistry indicates that barite content of the laminated domain is over 20
wt%.
E) Large, Stage 2a apatite crystals interstitial with magnetite and pyrite. Carbonate and chalcopyrite are Stage 2c and 3 overprints. The calcite vein in the
lower-right is Stage 3. The intensity of the apatite-magnetite is typically somewhat gradational, suggesting an alteration texture.

F) Sheared metasedimentary? rock with close folds. Strongly altered to
magnetite, barite, fluorite and chalcopyrite.
G) Strongly-sheared, magnetite-sulfide-altered metavolcanic or
metasedimentary rocks.
H) Foliated metavolcanic breccia. In less-altered equivalents the clasts
and matrix are mostly sericite and albite. Here the clasts are magnetitealtered while the matrix is pyrite-chalcopyrite-rich. The light-colored haloes of the clasts are sericite-rich.
I) Anastomosing pyrite alteration in massive metavolcanic rocks immediately outside of the laminated orebody.
J) Less-common vein equivalents of alteration. Stage 2b albite vein overprinted by Stage 2c carbonate (yellow-white) and Stage 3 carbonatefluorite. The chalcopyrite associated with Stage 2c is probably an overprint related to Stage 3.

K) Amygdaloidal meta-basaltic andesite brecciated in-situ by Stage 2c
carbonate.
L) Coarse magnetite-chalcopyrite-pyrite alteration overprinting magnetite-rich laminae.
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per mineralisation, but also extending
into the surrounding barren volcanic
rocks.

12.9 - from Case, 2016) as follows:
Stage 1: Early Na-(Ca) alteration
Stage 2A: Pre-mineralisation Fe-K-P-Si alteration



Stage 2B: Intermediate Na(-Ti)
Stage 2C: Early carbonate (-Mg-Fe) flooding and mineralisation
Stage 3: Main Cu-Au-carbonate (-Fe-Mn)barite-fluorite-U-REE mineralisation.

Ore Zone

Minor phases include ilmenite, rutile, Kfeldspar, with trace monazite, bastnäsite,
coffinite, uraninite and cassiterite.
The E1 deposit contains far higher amounts
of barite and fluorite relative to the Ernest
Henry deposit (Case et al, 2014).

Sulfide Zonation
Chalcopyrite and pyrite occur in the ore
zones. Arsenopyrite and pyrrhotite typically
occur in the reduced metasiltstone and phyllite units.
Coleman (2015) notes that pyrite, pyrrhotite
and arsenopyrite display an increased abundance at the E1 South deposit.

Inner Halo
The inner halo (<150m from the copper orebody—Fig 12.16) is documented in a diagram from Case et al (2014) and comprises
the following (from inner to outer):




Barite-fluorite-magnetite alteration
(only in the tuffs and sediments) in
the lower orebody



Extensive biotite alteration (including
chlorite after biotite), interpreted as
mostly Stage 2A (Fe-K-P stage)



The E1 ore is characterised by an assemblage of variably abundant magnetite, barite,
fluorite, chalcopyrite, pyrite, carbonate (FeMg-Mn), chlorite, with lesser biotite, muscovite, quartz and albite (Case, 2016).

Magnetite alteration coincident with cop-

Sericite also present, locally coincident with copper mineralisation
(Stage 3—late mineralisation).

Early sodic alteration (albite) is common in the Corella Breccias to the
west of the E1 North deposit, overprinted by Stage 2A K-feldspar and
red hematite.

Outer Halo
The Outer Halo is most evident as an albite alteration halo (Stage 1 of the paragenesis), reported by Case (2016) as present over the entire mine lease (at least
2km from the orebody). The albite is locally
accompanied by quartz, actinolite and titanite, although the actinolite and titanite
are less common and are only abundant in
metadolerite, diorite and the discordant
breccia.

GEOCHEMISTRY
Inner Halo

Figure 12.16: Section B-B’ (for location see Fig. 12.12)
through the E1 North and E1 East deposits, highlighting
the alteration haloes and zonation of the deposits. (From
Case et al (2014).

tribution (from drill data, Case 2016) in the
immediate deposit environs (Fig 12.17).
The E1 mineralisation has anomalous bismuth (Fig 12.9), which also forms a thin 2040m halo around the copper mineralisation
(Lilly and Harvey, 2015).

Outer Halo
Phosphorus, lanthanum and iron are three
elements that extend to the southwest beyond the immediate deposit boundaries as
defined by the grade shells (Fig 12.17). This
extended anomalism (over approximately
200-300m from the deposit) correlates with
the presence of a zone of increased magnetite-apatite veining southwest of the E1
North orebody. This is also evident in the
aeromagnetic data, where the highest magnetic intensities are recorded over this zone
to the southwest of E1 North.

Magnetite Geochemistry
Coleman (2015) undertook trace element
analyses of both vein and stratabound magnetite from the E1 orebodies, with the conclusion that magnetite from both occurrence
modes are dominantly hydrothermal, although some detrital cores are present.
Coleman (2015) also notes possible elemental zonation in magnetite throughout the
E1 deposit environs. For example Al concentrations in magnetite decrease from E1
North to E1 East to E1 South.

The E1 deposits display elemental
anomalism typical of IOCG deposits, including anomalism in the mineralised zone
and inner halo of Cu, Au, Co, Fe, S, U, Mo,
La and P. The correlation between these
elements is evident in the similarity in dis-
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Cobalt

Copper

Gold

Iron

Lanthanum

Molybdenum

Phosphorus

Sulphur

Uranium

E1 North
E1 East

Figure 12.17: Oblique view (to the NNW) images of the
elemental grade shells at E1, based on drill data. The
grey surface is the E1 open pit. Data and interpolations
from the LeapFrog models of Case (2016). Minimum
shell values as follows:
Cobalt - 148 ppm
Copper - 0.25%
Gold - 0.10 ppm
Iron - 15%
Lanthanum - 66 ppm

E1 South

Molybdenum - 25 ppm
Phosphorus - 2000 ppm
Sulphur - 2.8%
Uranium - 23 ppm
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Figure 12.18: Diagrams from Case (2014) highlighting the
zone of magnetite-apatite alteration to the southwest of
the E1 North deposit, and its distribution in the Fe and P
modelled drill data.
A) Plan view of the mine environs, showing the location of
the cross-section
B) cross-section showing the elevated copper and sulphur
zones in the pit, and the location of the elevated phosphorus (2000ppm and 6000ppm concentrations shown in
hatching) to the southwest, and to a lesser degree to the
northeast of the highest copper grade zones.
C) Photograph of drill core from hole EMMD033 where
massive metabaslt has been altered a magnetite-biotitealbite-apatite-pyrite-chalcopyrite assemblage.

thology (Fig 12.24). The E1 North deposit is
coincident with a weak chargeability signature (~15 mV/V), E1 East appears to have
no obvious anomalous chargeability, and the
E1 South deposit is coincident with strong
chargeability (+20 mV/V). However, these
signatures appear to be dominated by the
black shale (and potentially the strong magnetite-dominated system south-southwest of
E1), and the E1 North mineralisation may in
fact reduce the intensity of the IP anomaly in
its immediate environs.

Aeromagnetic Data
The E1 deposits (North, East, South) all
have associated positive magnetic
anomalism (Fig 12.25) of approximately
+2000nT, 1500nT, and 1000nT, respectively.
The magnetic data also delineates the NNWtrending stratigraphically-controlled magnetite alteration along the unit between E1
South and North, and the very high intensity
anomaly south of E1 North related to the
magnetite-apatite alteration system.
On a regional scale the E1 deposits sit on
the north and north-eastern margins of a
broader approximate 4km x 2km zone of
magnetic anomalism, which is clearly truncated to the east by the Mount Margaret
Fault (Fig 12.26).

Sub-Audio Magnetics (SAM)

PETROPHYSICS
Density and Magnetic Susceptibility
As a consequence of the high magnetite ±
hematite content, the E1 deposit ores record
very high magnetic susceptibilities (to +2.0
SI) and densities (to +4.0 t/m3) (Fig 12.20).
There is a strong correlation between copper, iron and magnetic susceptibility, evident
on the drill sections in Fig 12.21.

Remanent Magnetisation

ters in two orientations, one with moderate
to steep, upward orientated remanence in
the NW quadrant, and the second with
shallow to sub-horizontal remanence oriented towards the NE.
Austin et al (2016) interpret, based on the
NRM measured from the E1 North pit and
the apparent polar wander path, that many
of the poles at E1 North may represent Jurassic or Cretaceous ages.

GEOPHYSICAL SIGNATURE

The Natural Remanent Magnetisation (NRM)
of the E1 ores is highest in the magnetite
breccias (Fig 12.22), at approximately 10 A/
m. Analysis of the direction of the NRM
(Austin et al, 2016) indicates the NRM clus-

Induced Polarization
The Induced Polarisation data from the E1
district indicates that the chargeability signature is dominated by the black shale li-

Responses from a Sub-Audio Magnetic survey (SAM) undertaken at E1 were dominated
by the interpreted response from the black
shale unit located between E1 North and E1
South (Fig 12.23), and also delineated in the
IP chargeability data. Lilly and Harvey (2015)
suggest subtle anomalies over the E1 North
and East deposits could be associated with
supergene chalcocite.

Radiometric
Given the cover thickness over the E1 district, the radiometric data is dominated by
responses from the Tertiary and Quaternary
cover materials and is not included here.

Gravity
Publicly available gravity data over the E1
district is restricted to 500m-spaced stations
on 4500m-spaced East-west lines (Figs
12.27,12.28). At this resolution, and given
the deposit sits between lines, it is not immediately obvious in the data. It should however
be identifiable in more detailed data.
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Figure 12.19: Approximate east-west cross-section
through the E1 North and E1 East deposits, demonstrating
the anomalism of bismuth within the E1 ore zones and in a
thin shell (20-40m) around the mineralisation. From Lilly
and Harvey (2015).

Figure 12.20: Plot of density vs. magnetic susceptibility
highlighting general proportional relationship, except for
leached or oxidised portions of the deposit. From Austin et
al (2016).

Magnetotellurics (MT)
A 2km station spacing MT survey was
completed by Geoscience Australia in
2016 over the Cloncurry district. The 3D
inversion results (Wang et al., 2018) provide a resistivity map to a depth of approximately 25km. One of the low resistivity
zones is evident immediately below the
Ernest Henry deposit (Fig 12.29). A less

continuous zone of low resistivity also occurs immediately to the northwest of E1.

EXPLORATION GEOCHEMISTRY
Regolith
The E1 deposits lie beneath approximately
15m to 45m of unconsolidated Mesozoic
and Cenozoic sedimentary cover, locally
overlain by variably developed black soil in
recent alluvial gravel and sand (Fig 12.30).

Soil Survey (MMI & Aqua Regia)
In 2011 Xstrata Copper Exploration completed a soil geochemical survey on an approximate 100m grid, with some local infill, over
the E1 district (Figs 12.31,12.32). The pit
had not commenced mining at this stage,
but there was locally significant drill spoil,
particularly over the three known mineralised areas.
The soil was sampled from approximately
15cm depth and sieved through a –5mm
mesh. It was analysed via an aqua regia/
ICP-OES method (after pulverisation), and
via a Mobile Metal Ion (MMI) method on the
original –5mm field sample.
Hannan et al (2018) document and analyse
this program, with the following conclusions:
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Evidence for a surface geochemical
signal related to the blind E1 IOCG
lodes is strongest in the Cu by MMI extraction and Cu by aqua regia digestion
results.



Though of modest amplitude, the Cu
anomalies are located within and near
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Figure 12.21: East-west sections demonstrating the strong correlation between iron (20% Fe shell in pale brown), copper (0.5% Cu shell in green) and magnetic susceptibility (pink drill
hole plots with maximum of 1 SI). Data from Case (2016) and Austin et al (2016).
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to the projected outlines of the blind E1
lodes, suggesting direct and vertical
dispersion of Cu from bedrock mineralisation to the surface. However, the extracted levels by MMI of the pathfinder
metals, including Ag, Au, Mo, U, are
very low and inconclusive.



MMI reagent is not entirely effective for
strongly developed smectitic regolith,
except perhaps for Cu and where the
substrate is comparatively sandy.



In addition, Hannan et al (2018) provide the
following recommendations for geochemical
exploration for similar deposits in the eastern
Mount Isa Inlier, as follows:



As shown for Ernest Henry, a better
sample medium for MMI, and stronger leachants such as Regoleach, is
available at the horizon of Fe-oxide
accumulation at a depth of 2–3 m,
beneath the eluviated (bleached)
zone of smectite development.
More alkaline and/or oxidative reagents, such as Enzyme Leach or
Ionic Leach, may produce more definitive results in surface samples at
E1, as arguably demonstrated at
Ernest Henry.
The more logistically demanding soil
-in-gas methods, such as those
trialled with encouraging results at

Figure 12.22: Magnetic properties of samples from the
E1 North pit, from Austin et al (2016). The magnetite
breccias host the strongest natural remanent magnetisation (at approximately 10 A/m). Koenigsberger ratio (Q) is
the ratio of the remanent to induced magnetisation in a
material, with high Q indicating a material will tend to
maintain significant remanent magnetisation.

Eloise and Osborne, may be appropriate for the E1 and Ernest Henry setting,
which apply to large areas with 10–70
m of unconsolidated cover north of
Cloncurry.

TIMING OF MINERALISATION
Relative Timing
Case et al (2014) report the following timing
relationships from the E1 deposit:
1.

Deposition of Corella Fm./eruption of
MFC Volcanics

2.

Intrusion of (Ernest Henry?) diorite

3.

Corella-style hydrothermal brecciation and Na(-Si)-Ca alteration

4.

Intrusion of dolerite dikes

5.

Mineralisation

Absolute Age
Case (2016) produced a U-Pb monazite age
for the E1 Group of 1456±44 Ma. The sample
came from a zone of abundant magnetiteapatite alteration approximately 250m southwest of the E1 North orebody (DDH
EMMD033—79.5m). The monazite was present in carbonate ± chalcopyrite veins, interpreted by Case (2016) as part of the Stage 3
paragenesis (Fig 12.9).
The protolith was obscured by hydrothermal
alteration but is interpreted as a metavolcanic
rock of the Lower Mount Fort Constantine
Volcanics.

Figure 12.23: Data from a Sub-Audio Magnetic (SAM) survey over the E1 deposits. From Lilly and Harvey (2015).
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GENETIC MODEL
The E1 deposits are hydrothermal deposits,
and generally considered to have a similar
origin to the Ernest Henry deposit. The key
aspects of debate are those typical of the
broader IOCG group, including the type of
fluid/s involved, whether felsic intrusive activity contributes fluid or is merely a source of
heat, which fluid provides which elements
(most importantly Cu, Fe, S), and what type
of structural control has acted to focus deposition.
Points relevant to the genesis raised by various workers include:


The presence of abundant fluorite and
barite is indicative of fluid mixing due to
the insolubility of barite and fluorite and
thus Ba and S, and Ca and F must
have been introduced via different fluids (Williams et al, 2015).



The REE geochemistry of fluorite is
characterised by a distinct positive Eu
anomaly, interpreted to indicate oxidising conditions at the time of high temperature ore deposition (Williams et al,
2015).



As such, Williams et al (2015) interpret
that an oxidised fluid containing F, Ba,
REE, U and base metals, mixed with a
reduced S-bearing fluid in a zone of dilation in the host shear zone that acted
as a conduit for fluid flow during D3 deformation. Further to this, they suggest
that the source of the F and metal-rich
fluid is the Williams-Naraku batholith,
probably the Malakoff granite.



Case et al (2018) agree that the deposit was formed post-peak metamorphism, in a Riedal brittle to ductile system associated with the Mount Margaret Fault.

Figure 12.24: IP-chargeability map from the E1
district. From Lilly and Harvey (2015)

Figure 12.25: Reduced to Pole (RTP) aeromagnetic data from the 2018 Cloncurry North airborne survey (50m line-spacing). Contour interval
is 250 nT, and the 0.5% Cu grade shells are
shown. The survey was flown post-mining at E1
North, so the magnetic intensity is reduced over
the pit area relative to the pre-mining state.
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Figure 12.26: Cloncurry North and Cloncurry South aeromagnetic survey data images. RTP colour with RTP-1VD sharpening. Data from DNRME Geoscience Data Portal ( https://
qdexdata.dnrme.qld.gov.au/GDP/Search ).
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Figure 12.27: Regional gravity data from the Ernest Henry-E1 district. Contour intervals are 20 µm/s2 (2 mGal) of the Infinite Slab Bouguer Anomaly, and the points represent station locations. Data from DNRME Geoscience Data Portal ( https://qdexdata.dnrme.qld.gov.au/GDP/Search ).
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Figure 12.28: (above) Location of the Ernest Henry (0.5%
CuEq shells) and E1 deposits (E1 pit outline and 0.5% Cu
shells) overlain on the gravity image from Fig 12.X), sharpened with the aeromagnetic RTP-1VD image. The magnetic
complex of approximately 4-5km length, on the northern
margin of which the E1 deposits are located, potentially
provides a subtly elevated gravity field, but the mineralised
centres are not visible at this scale and data density.
Figure 12.29: (below) Log10(1 ohm.m) isosurface shell (in
green) from the regional Cloncurry MT survey (2km station
spacing) in the Ernest Henry-E1 district. Survey documented in Wang et al (2018), and data from the DNRME Geoscience Data Portal.
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Figure 12.30: (above) Exposed regolith and cover profile within the E1 North Pit. From Lilly & Harvey (2015).

POST-FORMATION MODIFICATION
The E1 deposits have had little postformation modification.
A set of NE-trending moderately SE-dipping
faults (Faults 5,6,7 of Case et al, 2018) with
between 10m to +30m reverse slip movement (variable strike-slip sense) have dissected the E1 South deposit (Fig 12.10).
Weathering occurred at the Proterozoic unconformity, with development of a ‘blanket’
of supergene mineralisation that straddled
the base of oxidation and extended outward
for up to 100m with thicknesses of 15 to
65m (Case, 2016; Hannan et al, 2018).

EXPLORATION
Discovery Method
The E1 deposit was discovered by Western
Mining Corporation (WMC) in 1995 and is
documented by Craske (1995). The area
was previously explored by Savage Resources for magnetite in the mid 1970’s and
by BHP for Au and Cu in 1984-1986.
In 1989 WMC visited the Starra deposit and
formulated a Starra-style Au-Cu deposit/
exploration model. The key geological elements included:


Second order pull apart or rift basin



Eastern Succession Stavely Formation / Upper Soldiers Cap Group or
Cover Sequence 2 correlatives



Late fractionated syn to post tectonic
1600-1500Ma I-type granites



Connecting structures between granite and host.

Given the style of mineralisation and cover
sequence, geophysical characteristics featured prominently in the exploration model
and exploration was strongly focused on
magnetic and electromagnetic signatures
and methods. A number of magnetic
anomalies were identified and drilled
(including Ernest Henry in 1991), and mineralisation was intersected at the E1 target
in the first hole (ELZD001) in 1995
(Hannan et al, 2018).
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Figure 12.31: Plot of results of selected elements from a Mobile Metal Ion (MMI) soil geochemical sampling program completed over the E1 de posit. The pale grey outlines represent the surface projection of the 0.5% copper shells. See Chapter 6 of Hannan et al (2018) for details. Report and data available on the DNRME Geoscience Data Portal.
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Figure 12.32: Plot of results of selected elements from an aqua regia soil geochemical sampling program completed over the E1 deposit. The pale grey outlines represent the
surface projection of the 0.5% copper shells. See Chapter 6 of Hannan et al (2018) for details. Report and data available on the DNRME Geoscience Data Portal.
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