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Some Rock Names Used Here 
 

Dunite is almost wholly olivine.  
Peridotite is predominantly olivine. 
Harzburgite is mainly olivine and orthopyroxene. 
Wehrlite is mainly olivine and clinopyroxene.  
Websterite is mainly orthopyroxene and clinopyroxene. 
Lherzolite contains plenty of olivine, orthopyroxene, and clinopyroxene. 
Norite is mainly orthopyroxene and plagioclase. 
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CNDD001A 

 
CNDD001A 497.5. Hornblende websterite. 
 
Off-cut photograph. Scale in mm, cm. 
 The dominant minerals are weakly prismatic to anhedral <3-mm 
orthopyroxene (35% brownish in the off-cut photograph) and clinopyroxene 
(50%, greenish). Hornblende (20%, dark grey in the off-cut photograph) forms 
<5-mm anhedral brown oikocrysts, <1-mm  anhedral olive grains and brown to 
olive intergrowths in clinopyroxene. Interstitial <1-mm intermediate plagioclase 
is quite rare. Very minor  small roughly octahedral chromite inclusions (<<1%) 
in some clinopyroxene grains are translucent brown on thin edges. 

0.1-(rarely) 1.5-mm pyrrhotite masses (3%) are evenly disseminated. Rare 
<0.1-mm chalcopyrite occurs within but at the margins of pyrrhotite.  

 
This is an orthopyroxene-clinopyroxene cumulate with intercumulus 

hornblende and plagioclase. The intergrowths of hornblende in clinopyroxene 
could have formed during cooling or during amphibolite-facies metamorphism 
that has had little other effect. 

The pyrrhotite is derived from cooled mss (monosulphide solid solution) 
dominated by Fe1-xS. The pure end member solidifies at 1191° (Craig & 
Kullerud, 1969), and it is possible that some of the sulphide crystallised from 
silicate liquid as a solid phase rather than forming a sulphide liquid. Fine-
grained pentlandite occurs rarely at its margins. 
 

 
CNDD001A 497.5m 
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CNDD001A 506.8. Lherzolite. 
 
Off-cut photograph. Scale in mm, cm. 
 20% of the rock is <3.5-mm anhedral olivine. Orthopyroxene occurs 
mainly as <5-mm oikocrysts (big anhedral grains enclosing small grains of 
clinopyroxene and olivine). The olivine is mostly fresh, but altered to serpentine 
and magnetite along grain-boundaries, fractures, and cleavages. The magnetite 
tends to blacken it in the off-cut photograph. A few small grains ort red-brown 
biotite occur with hornblende which is similar to that at 497.5 m.  
 Rare 1-mm subhedral ilmenite has magnetite along some margins. 
Pyrrhotite is similar to that at 497.5 mm. 
 

 
CNDD001A 506.8m 
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CNDD001A 514.5. Degraded, serpentinised olivine-rich lherzolite. 
 
Off-cut photograph. Scale in mm, cm. 
 Subround <4-mm olivine is wholly altered to mesh-textured lizardite, 
with prominent minor magnetite along grain-boundaries, fractures, and 
cleavages Subparallel magnetite-mineralised fractures run N-S in the off-cut 
photograph. Rare brownish relics in altered olivine are probably very late 
smectite alteration of olivine that survived serpentinisation. Partly smectite-
altered clinopyroxene, orthopyroxene, and hornblende are strongly interstitial 
to altered olivine. The pinkish-brown highly interstitial hornblende produces 
light grey reflections from extremely fine exsolution lamellae of ?ilmenite. The 
<15-mm iddingsitised orthopyroxene oikocrysts are motley yellow-green in the 
off-cut photograph. Very minor  <1-mm phlogopite is light red-brown in thin 
section. Roughly octahedral <0.3-mm magnetite is probably earlier than the 
fine-grained magnetite in serpentinised olivine, but I can’t see any pyrrhotite. 
The interval from 512 to 518 m is chemically similar to this sample and very 
low in S. 
 Iddingsite is mixed-layer chlorite-smectite formed by low-T groundwater 
reaction with olivine or orthopyroxene (Wilshire, 1958). 
 

 
CNDD001A 514.5m 
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CNDD001A 525.6.  Serpentinised olivine-rich wehrlite. 
 
Off-cut photograph. Scale in mm, cm. 
 This is a better preserved relative of the 514.5-m sample, with minor 
pyrrhotite. About 15% of the olivine is fresh.  Interstitial clinopyroxene is 
usually fresh and very minor  orthopyroxene only locally altered to talc and 
magnetite.  Minor interstitial brown hornblende and red-brown phlogopite are 
pale in transmitted light, as befits a magnesian composition. 
 Minor interstitial <1.5-mm pyrrhotite is cut by quite thick veinlets of 
magnetite dating from the serpentinisation. 
 

 
CNDD001A 525.6m 
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CNDD001A 546.25. Wehrlite with a pale green clinopyroxenite layer . 
 
Off-cut photograph. Scale in mm, cm. 
 This rock consists mainly of <2-mm anhedral olivine (45%) and 
clinopyroxene (50%), and rare 3.5-mm subhedral prismatic clinopyroxene. 
Some olivine is altered, probably along fractures to brown iddingsite-like 
material. Interstitial <1-mm pyrrhotite, ilmenite, and magnetite are all minor. 
Clinopyroxene has widespread tiny chromite inclusions 
 An 8 mm-thick layer or vein of  fairly coarse clinopyroxenite (lime yellow 
in the off-cut photograph)  is in contact with and parallel to  a  5-6 mm-thick 
vein of 30-micron to 1-mm locally rolled-up crystals of a soft, pale green possibly 
modulated layer-silicate (very dark green to black in the photograph). In a 10 
mm-thick zone outside these two bodies, the abundant olivine is darkened by 
alteration/weathering to iddingsite. 
 

 
CNDD001A 546.25m 
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CNDD001A 559.5. Olivine-rich lherzolite with prominent phlogopite.  
 
Off-cut photograph. Scale in mm, cm. 
 Anhedral <4-mm olivine (70%) is half-altered to dark green serpentine 
and subordinate magnetite. Interstitial <3-mm phlogopite (7%) is unusually 
abundant. Orthopyroxene and clinopyroxene are about 10% each. 
 Very minor  <1-mm interstitial pyrrhotite is veined with magnetite and 
locally altered to sooty microcrystalline pyrite. 
 A 1-mm veinlet consists of fibre-textured carbonate and another slightly 
wider one is no more than a zone of magnetite-depletion. 
 

 
CNDD001A 559.5m 
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CNDD001A 598.1. Olivine-rich harzburgite with prominent intercumulus 
hornblende and subordinate phlogopite.  
 
Off-cut photograph. Scale in mm, cm. 
 Subround stubby prismatic <3-mm olivine (50%) is altered along grain-
boundaries and fractures to serpentine and variable amounts of minor 
magnetite. In the dark brownish zones of the section the olivine is altered 
(probably by groundwater) to olive bowlingite-iddingsite. There are also dark 
grey zones where olivine is veined with magnetite in addition to serpentine, and 
paler zones where olivine is free of secondary magnetite. Intercumulus 
orthopyroxene (15%) has minor inclusions of olivine and of <0.2-mm roughly 
octahedral chrome-magnetite spinel. Orthopyroxene oikocrysts tend to protect 
included olivine from magnetite alteration.  

Intercumulus hornblende (15%) is pale pinkish brown to pale green in 
transmitted light and can be gradually  zoned from one colour to the other in a 
single grain, Very minor  intercumulus <0.5-mm phlogopite varies from 
colourless to pinkish brown. The pinkish brown colour of both hornblende and 
phlogopite is due to Ti, and is strongest where both have contacts with rare 
<0.3-mm rhombohedral ilmenite. Interstitial <2-mm pyrrhotite (3%) contains 
the odd small pentlandite grain. 

Metamorphism has a notable effect here. Interstitial <5-mm 
orthopyroxene shows patchy patterned “exsolution” of very minor  extremely 
fine bladed pale brown aluminous  spinel. It isn’t strictly exsolution because 
some olivine is needed to react with Tschermak’s molecule in the orthopyroxene 
to produce the spinel. 

 
CNDD001A 598.1m 
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CNDD001A 628.1. Olivine-rich harzburgite with prominent intercumulus 
hornblende.  
 
Off-cut photograph. Scale in mm, cm. 
 This a quite similar sample to the one from 598.1 m, but phlogopite is 
rare. Parallel fractures where serpentine and magnetite have grown in olivine 
have produced a distinct foliation. Very minor interstitial pyrrhotite is veined or 
partly replaced by magnetite. 
 Widespread very minor green spinel inclusions in pale blue-green 
hornblende are relics of amphibolite-facies metamorphism that has otherwise 
barely affected these rocks, which were probably not serpentinised until after 
the metamorphic peak. 
 

 
CNDD001A 628.1m  
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CNDD001A 634.8. Serpentinised olivine-rich wehrlite quite rich in 
disseminated interstitial pyrrhotite. 
 
Off-cut photograph. Scale in mm, cm. 

 Abundant subround stubby prismatic <3.5-mm olivine (70%) is 
completely altered to mesh-textured lizardite and much subordinate fine-
grained magnetite. In the off-cut photograph, olivine is dark with NNE-trending 
thin veinlets of magnetite. Interstitial clinopyroxene (olive coloured in the 
photograph has formed intergrowths with high-T brown hornblende. Anhedral 
<1-mm phlogopite associated with interstitial clinopyroxene forms about 7% of 
the rock. 
 Interstitial <2-mm (mostly <1-mm) pyrrhotite (7%) is locally pyritised and 
has very minor, marginal <0.5-mm  inclusions of pentlandite. It commonly has 
veinlets, inclusions, and partial rims of magnetite. 
 

The strong enrichment of this and the even more sulphide-rich rocks 
below in phlogopite suggests assimilation of muscovite-pyrite rich floor-rocks. 
 

 
CNDD001A 634.8m 
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CNDD001A 635.85. Clinopyroxenite with net-textured to semi-massive 
pyrrhotite. 
 
Off-cut photograph. Scale in mm, cm. 
  Pyrrhotite (35%) masses up to 8 mm across form a network filling 
interstices between 0.2-2 mm stubby prismatic to anhedral clinopyroxene 
grains. Anhedral <1-mm phlogopite (4%, brownish in the off-cut photograph) 
prefers contact with pyrrhotite. Very minor pentlandite and subordinate 
chalcopyrite form small inclusions in pyrrhotite masses, mostly near their 
margins. Minor c. 0.5-mm roughly octahedral magnetite included in pyrrhotite 
masses could possibly be a high-T phase that crystallised from sulphide liquid 
that contains minor oxygen. Very minor  <0.1-mm roughly octahedral chromian 
magnetite  (just translucent brown on thin edges) is included in clinopyroxene 
and phlogopite. 
 Clinopyroxene is stained brown with goethite at the left end of in off-cut 
photograph. 
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CNDD001A 636.45. Phlogopite-hornblende websterite, locally lherzolite, with 
network pyrrhotite, and a sulphide-poor phlogopite-hornblende rich patch. 
 
Off-cut photograph. Scale in mm, cm. 
 The sulphide network is similar to but somewhat sparser (20%) than the 
one at 635.85 m.  The silicates are more complex and partly retrograde. 
Orthopyroxene and clinopyroxene occur together in masses up to several mm 
across, moderately stained with goethite. Pyroxenes are locally altered 
completely to brown-stained serpentine. The commonest mineral is <1-mm 
somewhat kinked very pale green to very pale brown phlogopite (55%) in masses 
up to 20 mm where pyrrhotite is scarce, but usually dominating the non-
sulphides. Phlogopite is altered along grain margins to minor fine-grained green 
chlorite, which makes it very dark green to almost black in the off-cut 
photograph. The phlogopite texture is metamorphic rather than igneous. Very 
pale blue-green hornblende is the main silicate with pyrrhotite at the margin of 
the sulphide-bearing and sulphide-poor zone, which is quite possibly a vein of 
recrystallised phlogopite with a texture typical of phlogopite where it occurs 
abundantly with network sulphide. Anhedral <0.2-mm pentlandite and <0.1-
mm chalcopyrite are very minor compared with pyrrhotite. Chalcopyrite is very 
difficult to find in reflected light on the unpolished surface. 
 This amount of phlogopite would account for about 5-6% K2O, which is 
much more than the interval’s 1.82%. 
 

 
CNDD001A 636.45m 
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CNDD001A 636.7. Phlogopite-rich cumulate with disseminated pyrrhotite. 
 
Off-cut photograph. Scale in mm, cm. 
  This sample is fairly similar in composition to the sample 30 cm above. 
Phlogopite is coarser (less strongly recrystallised) and somewhat less abundant 
compared with altered pyroxenes. More abundant pyroxenes (45%) are leached 
or altered to  goethite-stained chlorite, or at their margins with pyrrhotite to 
unstained fine-grained (<20-micron) talc. 

This sample and the one from 636.45 m come from one of the most 
sulphide-rich and Ni-rich intervals in the hole. Pentlandite up to 0.6 mm is 
visible in reflected light. The calculated mass percentages for the interval, 
assuming pyrrhotite has no Ni,  are pyrrhotite 23%, pentlandite 2.4%, and 
chalcopyrite 0.65%. The calculated pyrrhotite wt% is low because the S assay 
method maxed out at 10%.  
 

 
CNDD001A 636.7m 
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CNDD001A 637.45. Sheared contact between serpentinised peridotite and 
heavily talc-altered pyroxenite, both rock types with quite abundant 
intercumulus pyrrhotite. 
 
Off-cut photograph. Scale in mm, cm. 

Both rock types contain phlogopite (2-3%) and quite  abundant interstitial 
network pyrrhotite. The serpentinised olivine is dark in the off-cut photograph, 
but the goethite-stained massive microcrystalline talc is mostly light yellowish 
brown. 
 At the contact, streaky concentrations of pyrrhotite at a high oblique 
angle to the core axis in both host-rock types are roughly parallel to the contact 
between pyroxenite and peridotite. This looks like an s-c fabric in the off-cut 
photograph. Pyrrhotite seems to be about 15% of both rock types. 
 

 
CNDD001A 637.45m 
 
 
 
CNDD001A 660.95  Not provided 
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CNDD001A 681.15.  Fairly fine-grained albitised granitoid. 
 
Off-cut photograph. Scale in mm, cm. 
 The commonest mineral is 0.1-2 mm subhedral blocky tabular to 
anhedral albitised, moderately sericite-carbonate altered plagioclase. The 
largest grains are quite minor, and qualify as phenocrysts. Minor <0.6-mm 
anhedral checker-twinned albite could be a replacement product of another 
mineral such as Kfeldspar.  Anhedral <0.8-mm quartz (20%) has quite common 
fluid inclusions, some hypersaline with halite and other small daughter 
crystals. Anhedral to roughly prismatic 0.1-1 mm hornblende (5%) has been 
altered epitaxially to pale green actinolite and very minor roughly tabular 
chlorite. Stubby prismatic <0.2-mm apatite is very minor. Rare subhedral <0.5-
mm ilmenite is partly altered to titanite. <0.5-mm masses and dense clusters 
of <0.2-mm anhedral-roughly sphenoidal titanite (1%) are quite possibly 
metamorphic alteration products of ilmenite. Roughly prismatic <0.1-mm 
zircon is easy to find and could possibly be used for dating.  
 Very minor  <0.15-mm cube-shaped to anhedral pyrite (<1%) is widely 
disseminated. 
 
 The assays suggest that rocks like this, and more mafic diorite and 
biotite-diorite seem to have taken out the cumulates from about 677 to 720 m. 
note especially the high Na. Hypersaline fluid seems to have followed this unit. 
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CNDD001A 791.6. Diorite with coarsened anhedral hornblende and very minor  
pyritised pyrrhotite. 
 
Off-cut photograph. Scale in mm, cm. 
 Large areas of the sample consist of  0.3-3 mm (mostly coarse) anhedral 
to roughly tabular sericitised, mostly albitised plagioclase and <1.5-mm stubby 
prismatic clinopyroxene (olive green in the off-cut photograph). Not very 
common fresh parts of plagioclase always have fairly low extinction angles, 
suggesting a composition not much more than about An30. The very prominent 
black <20-mm patches are <10-mm anhedral brown igneous hornblende, with 
minor 0.1-1 mm inclusions of subhedral ilmenite, and <0.3-mm roughly 
octahedral  magnetite. Very minor  <1-mm roughly tabular red-brown fairly 
magnesian biotite is mostly included in hornblende. Rarely, ilmenite is altered 
to <0.7-mm anhedral titanite.   Very minor  <5-mm pockets of interstitial 
sulphide are now pyrite but may originally have been pyrrhotite.  
 The probably the early-crystallised clinopyroxene and plagioclase are 
fairly fine-grained, but coarsening suggests pegmatoid development when aH2O 
increased during the later stages of crystallisation favouring hornblende. 
 
 The relationship of pyrite here with sulphide in the main intrusion is not 
clear. Neither is the relationship of the whole rock with the mafic/ultramafic 
intrusion. The rock is a diorite rather than a gabbro if the plagioclase is more 
sodic than An50 (Streckeisen, 1976).  
 

 
CNDD001A 791.6m 
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CNDD001A 810.  Diorite with coarsened anhedral hornblende. 
 
Off-cut photograph. Scale in mm, cm. 
 This is a sulphide-poor near relative of the sample from 791.6 m. Brown 
hornblende (30%, almost black in the off-cut photograph) is mostly around 3-5 
mm. More of it engulfed and replaced much of the clinopyroxene (light green in 
the off-cut photograph), and this hornblende is paler here.  The sodic-
intermediate plagioclase (An32, white in the photograph) shows patchy 
alteration to sericite and <0.1-mm anhedral clinozoisite and prehnite. Locally it 
has been altered to <0.8-mm anhedral scapolite of intermediate composition 
(probably about 60% marialite, 3NaAlSi3O8.NaCl. It has orange interference 
colours and characteristic subgrain development. This classic alteration of 
intermediate and mafic rocks in the Mount Isa Eastern Succession is due to the 
ingress of hypersaline metamorphic fluid that has dissolved chloride from 
evaporites. 
 Rare <0.6-mm masses of fine-grained pyrite may have replaced 
pyrrhotite, which could have been very sparse, small droplets of magmatic 
sulphide. 
 
 I noted scapolite beneath the intrusion in TT004D and 561.96 m, and 
probably within the intrusion in TT005D at 449.35, 498.00 m and 508.35 m. 
(England, 1995).  
 The paler hornblende here than at 791.6 m may be due mainly to less Ti 
which is reflected in the assays of the relevant intervals, 0.75% TiO2 here, and 
1.15% at 791.6 m. 
 

 
CNDD001A 810m 
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CNDD001A 816.2. Heavily degraded gabbro or gabbronorite. 
 
Off-cut photograph. Scale in mm, cm. 
 Distinctly prismatic to locally anhedral <3-mm pyroxenes (45%) are 
altered to pale actinolite. Blocky to anhedral <1.5-mm plagioclase (55%, An51) 
is mostly altered to <20-micron sericite and <0.2-mm anhedral clinozoisite. 
Masses to 1.5-mm of <0.5-mm anhedral pyrite are quite rare, as is <0.3-mm 
red-brown biotite.  
 Minor <1 mm-thick stockwork veinlets consist mainly of <0.2-mm 
anhedral calcite and prehnite. A couple of 0.5-1 mm clusters of <0.1-mm 
anhedral chalcopyrite in the thickest veinlet and its wall are pretty clearly 
hydrothermal. 
 
 This is a cumulate that had solidified before the melt had become 
saturated in any Fe-Ti oxide. TiO2 in the analysed interval is only 0.27%, mg# 
is 0.73, and Cu is not enriched. Its relationship with the main mafic/ultramafic 
intrusion is a little doubtful but its molar Mg/(Mg+Fe) value plots on the main 
trend. 
  

 
CNDD001A 816.2m 
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CNDD001A 880.4. Coarse-grained clinopyroxene-rich pegmatoid gabbro 
cumulate with albitised plagioclase. 
 
Off-cut photograph. Scale in mm, cm. 
  The commonest mineral is <10-mm anhedral clinopyroxene.  What was 
probably tabular to blocky <5-mm cumulus plagioclase is altered to masses of 
<2-mm anhedral checker albite. In a corner of the section clinopyroxene is 
replaced by <5-mm anhedral actinolite with minor islands of relict 
clinopyroxene and the odd small inclusion of carbonate. 
 Broad patchy disseminations of  <0.1-mm chrome magnetite (<1%) form 
a few percent of the clinopyroxene. Traces of <0.4-mm anhedral-subhedral 
hard, strongly brown pleochroic allanite occur near the borders of albite. The 
allanite is free from any obvious radiation damage 
 A <1 mm-thick stringer  of <1-mm anhedral quartz cuts across one corner 
of the section. 
  
 I’m not sure how much of the analysed interval is taken up by this 
pegmatoid, but the assay is magnesian (mg# = 0.75). If it was a small part of 
the interval, this rock may be less magnesian. The checker albite indicates sodic 
alteration, probably at low T. The allanite is consistent with the analyses, which 
are anomalously high in La (and no doubt other REE) from 878 to 887 m. 
Undetected U and Th are consistent with the lack or radiation damage in the 
allanite. 10 m of the core have been affected by REE-enriched magma or fluid. 
The pegmatoid may be a dyke, of which there may be several. 
 

 
CNDD001A 880.4m 
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CNDD001A 883.3. Contact between foliated, albitised fine-grained granitoid 
and foliated, albitised very felsic granitoid. 
 
Off-cut photograph. Scale in mm, cm. 
 The rocks are probably more felsic relatives of the rock from 681.15 m. 
In the less felsic rock on the left in the off-cut photograph, <2-mm plagioclase 
is mostly anhedral and checker twinned but it is easy to pick out subhedral 1-
2 mm tablets with igneous-derived albite twinning, aligned at a fairly high angle 
to the core axis. Quartz grains also tend to be flat parallel in the same 
orientation. The mafic mineral in the less felsic granitoid is <1-mm roughly 
prismatic actinolitic hornblende weakly aligned in the foliation. There is very  
minor <0.2-mm ilmenite (3%) but this is rimmed by titanite, <0.3-mm anhedral 
grains of which are by far the dominant Ti mineral (2%).  

In the felsic granitoid at the right in the off-cut photograph, the anhedral 
plagioclase is as coarse as 5 mm, quartz to 3-mm, mafic minerals are scarce, 
and the foliation (quartz flattening or elongation is weaker. Checker-twinned 
plagioclase is ubiquitous in the felsic granitoid. Apart from rare patches of late 
chlorite, there are no mafic minerals in this part of the core. Titanite persists 
strongly here despite the lack of mafic minerals, an indication of a Ti rich 
composition. The titanite is strongly coloured (pink) and pleochroic. 

The albite-titanite mineral assemblage and checker albite texture indicate 
sodic-calcic alteration, which is common in the Mount Isa Eastern Succession, 
probably during the waning stages of metamorphism, where cooler salty fluid 
is percolating through hot rocks. 

Rocks probably unrelated to the main intrusion with lower molar 
Mg/(Mg+Fe) values than the main trend occur from 881-887 m. It would be 
interesting to look at the contacts between them and the main intrusion. 
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CNDD001A 883.3m 
 
 

GENERAL COMMENTS 
 
 
 The geochemical data for CNDD001A and CNDD002 was reviewed in this 
investigation. 
 
Too much sulphide liquid rules out the main body of the intrusion as a 
source of ore-grade sulphides.  
 
 Carbonaceous, pyritic rocks in the Tea-Tree holes appear to have formed 
the floor of the intrusion, and could well have been the wall rocks of the 
intrusion’s feeder. When the intrusion was emplaced before the metamorphism, 
they would have been in an immature state, and would have released large 
amounts of methane, H2S, and Fe-sulphide into the intrusion. Their  reducing 
effect on the silicate melt would destabilise most of its dissolved S (which in the 
melt is coordinated by oxygens in SO4 tetrahedra). The reduced S would come 
out of solution in the melt and formed of sulphide liquid. When the silicate 
liquid first became saturated in sulphide liquid, the R factor (see below for a 
discussion of R factor) was ∞, and the sulphide liquid was rich in Cu and Ni. 
But as more and more sulphide liquid formed, the R factor fell, and the sulphide 
liquid became more Fe rich.  Some of the oxygen-coordinated S would have 
escaped the intrusion in CO2-rich vapour, mainly as SO2 with the left-over 
oxygen mainly forming magnetite. Some of the reduced S would also have 
escaped as H2S in the vapour. Some of the silicate liquid has crystallised.  These 
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complexities tend to undermine the calculation, but it is probably  worth doing, 
even if it provides only order-of-magnitude accuracy. The wt% of S is about 
0.4% of both holes. If we take the sulphide liquid to be of roughly pyrrhotite 
composition, that is equivalent to nearly 1% sulphide liquid in the intrusion. 
The average Cu content of the two holes is close to 100 ppm, which is probably 
close to the Cu content of the intrusion. If all the Cu and S ended up in sulphide 
liquid, Cu would make up only about 1% of it. There is therefore too much S in 
the intrusion for the magmatic sulphides to contain ore-grade Cu.  
 The average Ni content of the two holes is 450 ppm, but we don’t know 
how this is distributed between olivine and sulphide liquid, or once crystallised 
and cooled, how Ni is distributed between the abundant pyrrhotite and scarce 
pentlandite.  If all Ni was distributed into sulphide liquid, sulphides might 
contain 4.5% Ni . The interval CNDD002, 661.6-662.2 m, with the most 
abundant sulphides (Fe = 38%), probably more than half pyrrhotite, still 
contains only 1% Ni.  
 

Addition of reduced crustal S and carbon is generally necessary for 
magmatic Cu-Ni sulphide deposits to form, but the Cu and Ni tenor will be too 
low if too much C and S are available. 
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Too low an R factor: another way of saying too much sulphide liquid 
  

R factor (the mass ratio of silicate liquid to sulphide liquid) is the most 
useful parameter with which to express the mass-balance relationships of 
components distributed between the two phases.  An R factor calculated from 
the average S content (0.4%) of the drill holes is about 100. For a Nernst 
distribution coefficient of Cu between sulphide melt and silicate melt of 1334 
(Barnes et al., 2013), the Cu content of the sulphide liquid plots at 1% in Fig. 
1, which is taken from the accompanying spreadsheet (RfactorCuSulpSil.xlsx).  
For R greater than about 4500 (that is, <1/45 of the amount of S actually 
present in the intrusion) the Cu content of the sulphides would have been 
>10%. Low R factor is just another way of saying excessively high S.  Fig. 1 
shows how the sulphide liquid is enriched in Cu with increasing R factor (top), 
and the silicate liquid is depleted (bottom). It indicates that for an R factor of 
about 100, Cu in the silicate liquid should be depleted from a starting value of 
100 ppm down to a final value of about 10 ppm. most of the Cu ends up in the 
sulphide liquid. There are values as low as 10 ppm in some meter-samples of 
the drill-core but they generally don’t go that low. That is probably because very 
few metre-samples were both free of sulphide liquid and did not pick up a little 
Cu in the form of hydrothermal chalcopyrite.  
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Fig. 1. An R-factor calculation for Cu from the accompanying spreadsheet. R = mass ratio of silicate liquid 
to sulphide liquid. Y = final Cu content of sulphide liquid. Xf = final Cu content of silicate liquid.  
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What does this mean for sulphides in the feeder? 
 

The bottom plot in Fig. 1 shows that although a large proportion of low-
tenor sulphide liquid (low R-factor) will deplete the silicate liquid in Cu, a 
smaller proportion of Cu-rich sulphide (a high R-factor, say >4500 producing 
ore with >10% Cu) depletes the silicate liquid only slightly from a starting Cu 
content of 100 ppm to about 80 ppm. The difference is within the normal 
variation of Cu contents for such mafic magmas. Therefore a high R-factor, 
high-grade deposit in the feeder,  is not easily detectable because of the small 
depletion of  Cu it produces  in main body of the intrusion. 100 ppm is a healthy 
amount of Cu for a mafic magma, but it doesn’t mean that there is no orebody 
in the conduit. 
 If the upper part of the feeder is the region where assimilated reducing,  
S-rich wall rocks are being added to the mafic magma, the problem of too much 
sulphide liquid would apply where magma débouches into the chamber .  

Also, assimilation is not the only way of getting S into the mafic magma.  
Another source of over-abundant S might be the floor of the intrusion where it 
overlies the now graphite-pyrrhotite rich unit, which before metamorphism was 
probably  rich in H as well as C. Heating by the overlying intrusion would have 
caused reactions like:  

 
2FeS2 + CH4   =  2FeSin pyrrhotite + C + 2H2S. 
 

H2S-rich vapour bubbling up from the floor may well have added S by 
reacting with melt and Fe-bearing silicates to form sulphide liquid. If much of 
the S has been contributed from the floor rocks in this way, the feeder may be 
adding sulphide-undersaturated silicate magma to the intrusion producing a 
high R-factor environment in the main body of the intrusion near the feeder. 
  A more typical feeder-hosted orebody would be possible if pyrrhotite-
graphite rich walls of the upper part of the feeder are contributing large 
amounts of S and reducing species to the mafic magma via assimilation. 
Somewhere towards the bottom of, or not far below the sulphide-rich unit would 
be a Goldilocks zone where the rising magma was constantly receiving sulphide 
liquid settling from above. A suitable niche or kink in the feeder in the 
Goldilocks zone would collect ore. 
 Exploration should therefore concentrate on finding the feeder zone, and 
focussing close to the feeder in the main body if the feeder contains little 
sulphide, or if it does and they are low-tenor sulphides, in the feeder where it 
enters the graphitic/sulphidic sedimentary unit from below.  A prospective 
feeder zone could be closer to the early Tea Tree holes. Graphite in the 
mafic/ultramafic rocks in the Tea Tree holes seems to be sourced from below.  
 
 
PGE 
 
 The magma is probably a continental flood basalt type, undersaturated 
in S as it entered the crust, quite possibly with around 10 ppb each of Pt and 
Pd. PGE are likely to come out early in the magma’s passage through the crust, 
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when sulphide saturation is first achieved. An encounter with a small amount 
of S-bearing wall-rock would deplete PGE in the silicate liquid. If we enter 100 
ppm (x = 1.00E-04) and D = 1334 for Cu, in the attached spreadsheet, and then 
10 ppb (x = 1.00E-08) and, D = 1.00E+05  for Pt we see that an R factor of 104 
would strip very little of the Cu from the silicate liquid, but bring its Pt down 
from 10 ppb to 1 ppb.  
 
 
 
Molar Mg/(Mg+Fe) trends for the CNDD001A and CNDD002 
 

Molar Mg/(Mg+Fe) trends with depth (Fig. 2) suggest that the layering is 
upside-down for the CNDD001A and the right way up for CNDD002. That is 
highly unlikely, given that these two holes have the same azimuth and are only 
500 m apart. I don’t have a plausible explanation for this and any suggestions 
are welcome. 
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Fig. 2. Molar Mg/(Mg+Fe) vs depth for CNDD001A and CNDD002, taken from the attached spreadsheet of 
geochemical data. Normally, molar Mg/(Mg+Fe) increases towards the bottom of an intrusion. 
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