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Kalman Cu-Mo-Au-Ag-Re Deposit 

 

PREAMBLE 

The Kalman deposit represents a polymetal-

lic mineral resource of copper, molybdenum, 

gold, silver and rhenium. Following a pro-

longed exploration history commencing with 

drilling in 1971, the mineral resource was de-

fined in 2010. 

Despite alteration and mineralisation assem-

blages somewhat similar to those elsewhere 

in the Eastern Fold Belt, the deposit type and 

age remains enigmatic. 

LOCATION 

Geological Domain 

Mary Kathleen Domain (Figs 15.1, 15.3).

Co-ordinates 

Lat: 21° 03’ 06” S   Long: 139° 57’ 50” E  

MGA Zone 54: 392,300 E, 7,671,700 N

 

NATURE OF MINES 

Mined Commodities 

Mining has not occurred at Kalman, howev-

er the published Mineral Resource includes 

the following metals: copper, molybdenum, 

gold, silver and rhenium. 

Mining Method & Depth of Mining 

The deposit does not have a published min-

ing study, however the mineral resource es-

timate release of 2016 (Hammer Metals, 

2016a) provides some commentary on po-

tential mining method, including a visualiza-

tion of a conceptual open pit shell (Figure 

15.2) and discussion of underground min-

ing.  

The mineral resource estimate envisages 

mining via an open pit method to 100RL 

(approximately 300m below surface) with 

underground mining (via an unspecified 

method) below this depth to the current limit 

of drilling where mineralisation has been in-

tersected to approximately –400RL 

(approximately 800m below surface). 

PRODUCTION AND RESOURCES 

Mineralised Bodies 

The Kalman deposit comprises a steeply dip-

ping, tabular, mineralised body.  

Dimensions 

The mineralised body consistently averages 

80-90m in width (Leahey et al, 2010)

comprising four thinner sub-vertical lenses of 

approximately 10-20m thickness each. In 

places the lenses pinch and swell, and in the 

northern end of the mineralized body 

(Section 2200N, Fig 15.4) the two central 

lenses coalesce to form a 70m thick mineral-

ized lens. 

Mineralisation has been drilled over approxi-

mately 1000m strike length, and down to ap-

proximately 800m depth, where the minerali-

sation appears to be open with depth at the 

southern end of the system (Section 1600N, 

Fig 15.4). 

View east across a steep gully at Kalman. Grey limestone in middle dis-
tance, breccia beyond, quartz vein on far ridge crest. Overhang Jaspillite 

on horizon. Image from GSQ (2012). 

Table 15.1:  Mineral Resource table 
for the Kalman deposit as of Septem-
ber 2016 (From Hammer Metals ASX 
press release dated 27 September 
2016). The copper equivalent equation 
is documented in that press release. 

Classification  Mining Method CuEq Cut-off  Tonnes (kt) CuEq (%)  Cu (%) Mo (%) Au (ppm) Ag (ppm) Re (ppm) 

Indicated  Open Pit  0.75% 7,100 1.5 0.48 0.12 0.27 1.4 2.9 

Inferred  Open Pit  0.75% 6,200 1.6 0.44 0.15 0.24 1.5 3.9 

Inferred  Underground  1.40% 7,000 2.4 0.89 0.16 0.5 2.9 4.5 

Total      20,000 1.8 0.61 0.14 0.34 1.9 3.7 
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Orientation of Mineralised Bodies 

In plan the mineralised body is oriented NNE 

(approximately 015°) and is sub-vertical. The 

mineralised zone is steeply west-dipping, 

however there are some local steep dip re-

versals to the east. The high grade zones 

have a subtle eastward dip within the miner-

alisation envelope (see section 2200N in Fig. 

15.4), and have a notable moderate plunge 

(~45°) to the SSW (see Long Section in 

Fig.15.4). 

Production 

There has been no production from the de-

posit. 

Mineral Resources 

As of September 2016, the combined mineral 

resources were documented as 20.0Mt @ 

0.61% Cu, 0.14% Mo, 0.34 g/t Au, 1.9 g/t Ag 

and 3.7 g/t Re (Table 15.1). These were esti-

mated for a combined open pit and under-

ground scenario. Material above 100m RL 

(approximately 300m below surface) was 

classified as open pittable, with the remain-

der classified as the underground resource. 

No Ore Reserve has been published for the 

deposit. 

GEOLOGICAL SETTING 

The Kalman deposit lies within the southern 

part of the Palaeoproterozoic Mary Kathleen 

Fold Belt (MKFB—Fig. 15.1). The Mary Kath-

leen Fold Belt is dominated by the metamor-

phosed rocks of the Palaeoproterozoic Leich-

hardt Superbasin, including the Magna Lynn 

Metabaslt, felsic volcanic rocks of the Argylla 

Formation, arenites of the Ballara Quartzite 

and calcsilicate and pelitic rocks of the Corel-

la Formation (Forrestal et al, 1998). The Kal-

man deposit is hosted in the Corella For-

mation, which is dated at approximately 1750 

Ma (Page and Sun, 1998). 

The MKFB is centred on the long (80+ km) 

narrow Wonga Belt, a zone of strongly de-

formed felsic metavolcanic and metasedi-

mentary rocks intruded by the Wonga Gran-

ite, metagabbro, and metadolerite (Holcombe 

et al., 1992). High strain seen in the belt is 

attributed by Holcombe et al (1992) to an ap-

proximately 1750Ma mid-crustal (8-10km 

depth) sub horizontal detachment surface 

formed during north-south extension, and 

that was later folded by the D2 event.  

The Kalman deposit is located within the Pil-

grim Fault zone on the Kalman Fault (Whittle, 

2016).  The Pilgrim Fault forms the eastern 

margin of the Mary Kathleen Domain (Fig. 

15.1) and occupies a 500m-1000m zone in 

the vicinity of the deposit. It consists of sub-

parallel quartz breccia and quartz-

manganese veins within variably sheared 

Figure 15.1:  Location of the Kalman deposit shown with 
respect to the Mount Isa Structural Domain Map from the 
2010 NWQMEP GIS 

Figure 15.2:  Oblique 3D 
view of the 2016 mineral 
resource block model. 
From the Hammer Metals 
ASX press release dated 27 
September 2016.  
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metamorphic rocks to the west of the 

Mitakoodi Quartzite (Leahey et al, 2010).  

HOST ROCKS 

Mine Stratigraphy 

The Kalman deposit is hosted within a mixed 

sequence of Palaeoproterozoic Corella For-

mation rocks. The steeply west-dipping se-

quence (Fig 15.6) consists of (Leahey et al, 

2010): 

 a hanging wall sequence of meta-

volcanics comprised of both fine grained 

and porphyritic feldspar-

hornblende±magnetite rocks 

 a central (mineralised) zone of feldspar 

altered meta-sediments. This package 

also includes graphitic metasediments 

(Figs, 15.9,15.14). 

 a footwall zone of chloritic schists and 

variably textured meta-basic rocks (Fig 

15.14).  

INTRUSIVE ROCKS 

Granitoids 

The Wonga Suite Overlander Granite (Pgwo), 

of Palaeoproterozoic age (~1730Ma, GSQ, 

2019), intrudes the Corella Formation approxi-

mately 5-10 km to the west of the Kalman De-

posit. 

There is also a volumetrically smaller series of 

plutons (Pgwo/p—Fig 15.7) only 2km west to 

northwest of the Kalman deposit. 

The Kalman deposit hosts the “Kalman Dio-

rite” and microgranite and granite pegmatite 

dykes (Whittle, 2016) . Whittle (2016) reports 

that the formation of the heterolithic breccia is 

spatially (and probably genetically) associated 

with the Kalman Diorite. 

Mafic Intrusives 

Whilst mafic rocks are not shown on any of 

the sections or plans from the deposit, Leahey 

et al (2010) report density data collected from 

dolerite, and GSQ (2011) report the presence 

of amphibolite in the deposit.  

METAMORPHISM 

Gazley et al (2016) report the peak metamor-

phic conditions identified at Kalman are in the 

diopside zone of Foster & Rubenach (2006); 

wollastonite was identified in four samples in 

their study, and three metasediment samples 

contained metamorphic garnet which is con-

sistent with amphibolite facies conditions (e.g. 

Leahey, 2010). 

STRUCTURAL CHARACTERISTICS 

Structural Setting 

The Kalman deposit is located in the Kal-

man Fault zone, adjacent to the Pilgrim 

Fault Zone that is a major domain-bounding 

fault that demarcates the Mary Kathleen 

Domain from the Mitakoodi Domain and is 

interpreted as east-dipping and listric. 

The deposit is located within a slice of Co-

rella Formation rocks that sit between the 

Pilgrim Fault and the Green Creek Fault 

(Figs. 15.5, 15.7). 

The Pilgrim Fault has been interpreted by 

Leahey et al. (2010) as the eastern margin 

of a north trending wrench fault system that 

abuts the rigid Kalkadoon block in the west. 

The Fountain Range Fault, and the other 

northeast trending structures that parallel it 

to the south (Overlander, Revenue, St An-

drews) are interpreted by Leahey et al 

(2010) as Riedel style faults within the 

north trending wrench fault. 

Structural History 

Mineralisation is located adjacent to, and 

near the intersection of a set of sub-parallel 

060° trending widely spaced fractures, and 

two northerly trending brittle-ductile defor-

mation zones that occur within and sub-

parallel to the regional-scale Pilgrim Fault 

Zone. (Leahey et al, 2010). 

At Kalman the mineralized zone is displaced 

150 m to the east by a 060° trending dextral 

fault with a surface trace in the vicinity of drill 

hole K-02 (Leahey et al, 2010). 

Extensive shearing has occurred along the 

Kalman Fault Zone with the most recent 

event being represented by an unmineral-

ised, multi-staged brecciated/annealed 

quartz vein which has transgressed the min-

eralized zone and forms a prominent ridge 

through the deposit (Leahey et al., 2010). 

Figure 15.3:  Location of the Kalman deposit overlain on 
an image of total magnetic intensity from the GADDS data 
for the region 
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Figure 15.5:  Oblique view to north of the structural 
setting of the Kalman deposit. The deposit sits in the 
immediate footwall of the east-dipping Pilgrim Fault. 
The deposit sits within a lice of Corella Formation 
rocks between the Pilgrima nd Green Creek Faults. 
The west-dipping Fountain Range Fault is further to 
the west. 

Figure 15.6:  Geological section 1600N from Leahey et al (2010). 

Major Structural Styles 

“Tri-modal” or heterolithic breccias  

One of the breccia types logged in the Kalman 

deposit is termed the “Tri-modal breccia” (Figs 

15.12D, 15.14). It comprises clasts of different 

rock types, for example metasediment and 

amphibolite, which are variably sub-rounded 

and altered to albite (and/or k-feldspar), within 

a matrix of epidote and calcite. Leahey et al 

(2010) suggest that these are of similar tex-

ture and compositional style to the Mount 

Philp Breccia (thought to be an explosive 

“fluidized” breccia related to the intrusion of 

the granites, Leahey et al, 2010). Whittle 

(2016) suggests the breccias are spatially, 

and potentially genetically, related to the Kal-

man Diorite. The breccias display similarities 

to the Corella Breccias that are seen through-

out the Eastern Fold Belt. 

Brittle Deformation 

Leahey et al (2010) note the abundance of 

graphite in the Kalman deposit, and suggest 

late stage formation of the graphite related to 

brittle deformation. The graphitic units are re-

portedly cut by late quartz and calcite veins 

but are not affected by earlier alteration or 

veining. 
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Figure 15.7:  Geological map (previous page) and 
stratigraphic legend (right)  from the 1:100,000 map-
ping from the Geological Survey of Queensland of the 
Kalman area. 
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Figure 15.8: Reduced-to-pole aeromagnetic image with 1st vertical derivative sharpening (dataset sourced from QDEX Data https://qdexdata.dnrme.qld.gov.au/GDP/Search ). 

https://qdexdata.dnrme.qld.gov.au/GDP/Search
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MINERALISATION 

General Characteristics 

Leahy et al (2010) report the mineralisation 

has occurred in three pulses, with the first 

two being CO2-rich, and the last being silica 

rich, as follows: 

 Pulse 1 introduced molybdenum and 

uranium mineralisation as dissemina-

tions and discontinuous veinlets into the 

core of the hydrothermal system within 

the pervasively altered albitites. This 

mineralisation is interstitial with calcite, 

chlorite, minor apatite and trace allanite. 

 Pulse 2 introduced chalcopy-

rite±pyrite±gold over the width of the al-

teration system. Copper mineralization 

occurs throughout the pervasively al-

tered core as well as within fracture con-

trolled veins of albite and K-feldspar al-

teration around the margins. Chalcopy-

rite and pyrite also feature in the partial-

ly altered banded metasediments, espe-

cially in the coarser grained bands and 

within graphitic zones. Chalcopyrite is 

also noted in some of the tri-modal brec-

cia veins. 

 Pulse 3 is represented by narrow 

quartz±calcite veins containing chalco-

pyrite±pyrite which transgress the other 

mineralisation styles. This style of min-

eralisation can be significant as repre-

sented by one drill hole intersection of 

7.65 m grading 23.4% Cu, 0.5 g/t Au, 

19.8 g/t silver (Ag) (Hole K-106A; 

581.65 m to 589.30 m). 

The mineralization generally occurs as fine 

grained disseminations and anastomosing 

discontinuous millimetre-wide veinlets of 

chalcopyrite and molybdenite. Pyrite aver-

ages <1% even in the most richly mineral-

ized areas. 

Rhenium is present in significant amounts 

as inclusions within the molybdenite lattice; 

uranium occurs as discrete uraninite grains 

only within the molybdenum rich areas; mi-

nor bornite and chalcocite mineralization 

occur as regressive phases generally along 

grain boundaries; and although the gold 

and copper grades appear correlated the 

gold is thought to be held within the associ-

ated pyrite grains. 

The highest concentrations of visible sul-

phides (pyrite and chalcopyrite) are associ-

ated with the graphitic metasediment, al-

tered metasediments and amphibole units 

(GSQ, 2012). Disseminated and vein con-

trolled pyrite and chalcopyrite dominate, 

with minor chalcocite, bornite, and pyrrho-

tite also present. Chalcopyrite mineralisa-

tion is associated wth carbonate/calcite al-

teration and veining, as well as quartz vein-

ing. (Leahey et al, 2010). 

Molybdenite is observed in all lithologies 

aside from the graphitic shale, and is associ-

ated with calcite veining or disseminated cal-

cite alteration. 

Leahey et al (2010) report little correlation be-

tween copper and molybdenum grades sug-

gesting they are probably associated with 

separate mineralizing events. The molyb-

denum mineralization occupies the core of 

the alteration zone and is associated with the 

most pervasively altered rocks. The copper-

gold mineralization maps the extent of the al-

tered zone and can occur wherever alkali 

feldspar alteration occurs as well as in asso-

ciation with graphite. 

ALTERATION HALO 

General Characteristics 

According to Leahey et al (2010), Kalman 

represents an intrusion-related style of hydro-

thermal Mo-Re-Cu-Au mineralization hosted 

by calc-silicate rocks originally comprised 

dominantly of alkali feldspar with lesser trem-

olite, apatite, biotite and sphene. (Leahey et 

Figure 15.9:  Host rocks from the Kalman deposit: 

A. Laminated metasediments from hole K-53 (GSQ, 
2012). 

B. Dark grey shale from hole K-29, with calcite pre-
sent as cross-cutting veins (GSQ, 2012). 

C. Carbonaceous shale exposed in cut near ridge 
crest (GSQ, 2012) 

D. Fine=grained diorite with weak carbonate altera-
tion (K71—325m) (GSQ, 2011) 
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3. K-feldspar alteration; typically associat-

ed with fine apatite. 

4. Chalcopyrite mineralisation; includes 

magnetite growth either pre- or syn-Cu 

mineralisation. 

5. Chlorite alteration post-dates amphibole 

and probably post-dates the K-feldspar; 

chlorite is also texturally associated with 

the replacement of chalcopyrite by py-

rite. Mo-mineralisation is texturally inti-

mately associated with amphibole and 

chlorite and in many cases is entirely 

enclosed within these minerals. It is un-

clear from the available samples wheth-

er Mo is associated with the mobility of 

any other sulphides, or how many chlo-

rite alteration events there are. 

6. Quartz-veining in both barren and min-

eralised samples. 

7. Calcite veining ± coarse apatite in bar-

ren samples; this stage is entirely ab-

sent in Cu-mineralized samples, and is 

Figure 15.10:  Examples of mineralisation from the 
Kalman deposit 

A. Massive chalcopyrite lens (K-106A from 581m 
23.4% Cu, 0.5 g/t Au and 20 g/t Ag) (Kings Miner-
als Press release) 

B. Sulphide mineralisation as cross-cutting veins 
within a chlorite-phengite metasediment breccia 
(GSQ, 2011). 

C. A heavily altered rock (chlorite, hornblende, feld-
spar)  lso host irregular masses of chalcopyrite 
(left) and right sulphide mineralisation follows 
sedimentary laminae. (K-65, 484-488m) (GSQ, 
2012) 

D. Chalcopyrite in meso-scale veins within silicified, 
laminated metasediments (K-65 494m, 389m)
(GSQ, 2012) 

E. Molybdenite present as irregular masses or dis-
seminated in a heavily altered host rock of feld-
spar, chlorite and minor fracture associated 
hematite alteration. (K-23, 325-326m) (GSQ, 
2012) 

F. Molybdenite present as subhedral crystals (K-23, 
left) and as veins or breccia fill in a chlorite, horn-
blende, albite breccia (K-71, right) (GSQ, 2012) 

al, 2010). 

Sodic metasomatism of these calc-

silicates, possibly during the early onset of 

the hydrothermal cell, converted the alkali 

feldspar to principally albite with actinolite, 

calcite and chlorite. Fine hematite inclu-

sions within the albite (and lesser potash 

feldspar) provide the characteristic “red-

rock” alteration style (Leahey et al, 2010). 

Chalcopyrite-molybdenite mineralization is 

accompanied by a hydrothermal alteration 

assemblage of calcite-chlorite-minor quartz 

without the development of intense or per-

vasive silicification and quartz veining. 

(Leahey et al, 2010). 

Based on textures observed in µXRF and 

TIMA mapping, Gazley et al (2016) sum-

marise the general paragenesis as follows: 

1. Regional metamorphism to diopside-

zone conditions (amphibolite facies). 

2. Albitisation; albite intergrowths with 

amphibole. 
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HYMAP DATA 

HyMap data was acquired in 2006-2007 

over the district as part of the Block F Pil-

grim Fault survey. Figure 15.16 to 15.20 

are representative images of the HyMap 

data, which covers the Kalman deposit. 

The spatial resolution of the HyMap sensor 

is 3-10m depending on flight height. 

The data was flown on behalf of the Geo-

logical Survey of Queensland and CSIRO, 

and is available at: https://

abundant in Mo-mineralised samples. 

 

 Inner Halo 

Alteration styles within the inner halo include: 

 hornblende-chlorite pervasive alteration 

and/or breccia matrix fill (Fig. 15.12) 

 Sulphide plus quartz alteration (Fig 

15.11c) 

 

Outer Halo 

The poly-metallic mineralized system is out-

lined by the 300 ppm copper grade boundary 

in fresh rock (Leahey et al 2010). 

The outer halo of the deposit comprises sev-

eral alteration types including: 

 albite+hematite (termed “red-rock alter-

ation—RRA” by GSQ, 2012).(Fig. 15.12 

e,f, 15.15) 

 Calcite veining (Fig 15.12c, 15.15) 

 “Bleaching” of metasediment (Fig 

15.12e) 

 Silica alteration (Fig 15.12a, 15.15) 

 

Lithogeochemistry 

Gazley et al (2016) completed a review of the 

multi-element drilling data, with the following 

conclusions: 

 Copper enrichment is associated with a 

depletion in Na, K and Ca, and probably 

due to Si-enrichment and thus dilution of 

other elements. 

 There is a positive correlation between 

Cu and both Mo and Re. However, 

there are also two distinct populations of 

Mo and Re-enriched samples. The de-

coupling of the anomalously rich Mo and 

Re samples from the general trend sug-

gests that there is a generation of mo-

lybdenite that is not associated with the 

Cu mineralising event. 

 Iron and S show a strong correlation 

with Cu, consistent with chalcopyrite as 

the main Cu species. 

 Arsenic shows a weak positive correla-

tion with increasing Cu concentration 

 Ni, Ag, Au and Co all have a strong cor-

relation with increasing Cu concentra-

tion 

 Some samples are anomalously en-

riched in U and Pb over and above the 

general positive trend of enrichment as-

sociated with increasing Cu concentra-

tion. These higher U and Pb analyses 

are not anomalous in other elements, 

and their relatively low Cu concentra-

tions (<1000 ppm) suggests that they 

represent a U-rich event that is also in-

dependent of at least some of the Cu 

mineralisation. 

 

Figure 15.11:  µXRF maps of selected copper rich core 
from the Kalman deposit (from Gazley et al, 2016).  

A. Sample KMN028 (K-106C, 720.4m) 
B. Sample KMN025 (K-106C, 713.1m) 
C. Sample KMN025 (K-106C, 713.1m) 
 
In the μXRF maps there is little textural evidence of K or 
Ca alteration associated with either the deposition of 
the chalcopyrite, or the replacement of chalcopyrite by 
pyrite. Accordingly, for the three samples, only Cu‐Fe‐S 
and Cu‐Si‐S maps are shown as these highlight the key 
minerals that are present in the rocks; namely chalcopy-
rite, pyrite, magnetite and quartz. (ccp=chalcopyrite, 
Mt=magnetite, pyr=pyrite, Qz=quartz). 

 
 

https://qdexdata.dnrme.qld.gov.au/gdp/search
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qdexdata.dnrme.qld.gov.au/gdp/search 

The principal reference for the program is 

Cudahy et al (2008).  

Figure 15.16 provides a false colour image. 

Figures 15.17 and 15.18 map white mica 

abundance and composition (muscovite/

paragonite versus phengite), respectively. 

The mica composition mapping is sensitive 

to the Al-content of the white mica that rang-

es from paragonite/muscovite (Al-rich) to 

phengite (Al-poor) and driven by coupled 

“Tschermak” substitution (Cudahy et al., 

2008). 

Blue colours represent the Al-rich mica 

(muscovite, paragonite), whilst red is Al-poor 

mica (~phengite). 

Figures 15.19 provides a relative abundance 

map of ferrous iron in silicates and car-

bonates, and Fig 15.20 is an image discrimi-

nating between chlorite (blue) and amphibole 

(red). 

PETROPHYSICAL PROPERTIES 

Density data from the Kalman deposit, for 

the purposes of the resource estimation, is 

reported in Leahey et al (2010) and summa-

rised in Table 15.2. 

The Kalman deposit was subjected to exten-

sive petrophysical testing by Gazley et al 

Figure 15.12 (right): Common alteration styles and 
assemblages at the Kalman deposit (all examples from 
GSQ, 2012). 

A. Silica alteration in dark grey graphitic shale (K-29, 
211m) 

B. Pale grey-green breccia matrix contains horn-
blende and muscovite. Albite altered clasts have 
a red hematite rim. (K-71, 429m). 

C. Brecciated metasediment with angular clasts and 
a calcite-rich matrix. (K-48, 222m) 

D. Tri-modal breccia”. It comprises clasts of differ-
ent rock types, for example metasediment and 
amphibolite, which are variably sub-rounded and 
altered to albite (and/or k-feldspar), within a 
matrix of epidote and calciteInterpreted D3 brec-
ciation 

E. Cross-cutting alteration in laminated dark grey 
carbonaceous metasediments comprises a nar-
row zone of red albite-hematite at the centre of 
a much wider zone of bleaching (quartz or mica? 
-  noisy spectra in the HyLogger data was not 
able to provide conclusive mineral identification. 
(K-53 210m) 

F. Red albite-hematite alteration occurs as selective 
replacement in deformed layered metasedi-
ments. (K-54 365m). 

Figure15.13: Plots of petrophysicsl properties from the 
Uncover Cloncurry project (Gazley et al, 2016). NRM= nat-
ural remanant magnetisation. 

https://qdexdata.dnrme.qld.gov.au/gdp/search
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Figure15.15 (below): Drill core examples of the alteration 
types at Kalman (from Whittle, 2016) 

Figure15.14(above): Examples of lithologies from Kalman 
(from Whittle, 2016) 
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Figure 15.16: HyMap false colour image (from QDEX Data). From Stage 1 (Pilgrim Block F) of the GSQ/CSIRO 2006-2008 Queensland mineral mapping exercise. 
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Figure 15.17: HyMap mica abundance image (from QDEX Data). From Stage 1 (Pilgrim Block F) of the GSQ/CSIRO 2006-2008 Queensland mineral mapping exercise. Blue col-
ours represent the lower muscovite abundance, whilst red is higher abundance. 
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Figure 15.18: HyMap mica composition image (from QDEX Data). From Stage 1 (Pilgrim Block F) of the GSQ/CSIRO 2006-2008 Queensland mineral mapping exercise. Blue 
colours represent the Al-rich mica (muscovite, paragonite), whilst red is Al-poor mica (~phengite). 
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Figure 15.19: HyMap ferrous iron image (from QDEX Data). From Stage 1 (Pilgrim Block F) of the GSQ/CSIRO 2006-2008 Queensland mineral mapping exercise. This pro-
cessing maps ferrous iron in silicates and carbonates. 
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Figure 15.20: HyMap amphibole-chlorite image (from QDEX Data). From Stage 1 (Pilgrim Block F) of the GSQ/CSIRO 2006-2008 Queensland mineral mapping exercise. The 
blue colours represent mapped chlorite and the red colours actinolite. 
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(2016), including measurement of magnetic 

susceptibility, and remanent magnetisation. 

The magnetic susceptibility values range 

from 0 to 0.12SI (maximum of approximately 

2-3% by volume magnetite). Weak magnetite 

enrichment is seen through the deposit with 

changes in magnetic susceptibility and densi-

ty (Fig 15.13). 

Natural Remanent Magnetisation (NRM) is 

generally weak, and low temperature demag-

netisation indicated that the magnetite carries 

a predominantly soft magnetisation (Gazley 

et al, 2016). 

GEOPHYSICAL EXPRESSION 

Gazley et al (2016) report that the Kalman 

mineralisation does not appear to be coinci-

dent with a strong magnetic signature. 

However it does sit to the east of a ~2km N-S 

elongate magnetic anomaly (Fig 15.21), 

which appears to be due to mafic volcanic 

rocks (Leahy, et al, 2010), and is also evi-

dent in the regional aeromagnetic image 

(Fig. 15.8).  

The deposit does not appear to provide any 

appreciable radiometric signature in air-

borne datasets (Figs, 15.22-24), although a 

small slice of Overhang Jaspilite (Pj) in the 

hangingwall to the east-dipping Pilgrim 

Fault close to the Kalman deposit exhibits 

anomalous uranium content (Fig. 15.24). 

 EXPLORATION GEOCHEMISTRY 

Stream Sediment Geochemistry 

Drainages on either side of the Kalman de-

posit flow north (Fig 15.25). Plots of the re-

gional stream sediment geochemical sam-

ples are provided in Figs 15.25-28 and do 

not show obviously anomalous geochemis-

try downstream from the deposit, although 

Whittle (2016) notes that Australian Selec-

tion identified the Overlander, Scalper, Kal-

man West and Kalman occurrences in a 

regional stream sediment sampling pro-

gram in the 1960’s. 

 

Soil Geochemistry 

Maps of soil geochemical data (Fig 15.29) for 

gold and base metals from Hammer Metals 

(2015) show the Kalman deposit has a nota-

ble gold (+20 ppb over 600m) and copper 

(+200 ppm over 1.3km) anomaly in soil 

(Whittle, 2016). The deposit does not have 

anomalous lead or zinc in soils.  

TIMING OF MINERALIZATION 

Relative Timing 

On the basis of available information, relative 

timing constraints on mineralisation at Kal-

man are poor. The mineralisation is post-

deposition of the host Corella formation, and 

presumably post-formation of the Pilgrim 

Fault Zone, which it broadly parallels. 

Whittle (2016) reports that the mineralisation 

post-dates the bulk of the Na-Ca metasoma-

tism. 

There is no folding of the mineralised zone, 

so it may post-date the dominant folding 

event in the Mount Isa Inlier (F2), however 

local D2 strain may have been accommodat-

ed by movement on the Pilgrim Fault rather 

than folding of the host rocks. 

 

Absolute Age 

Re–Os dates were obtained from molybde-

nite samples from three drill holes (K-71, K-

23, and K-53, Table 15.3). Ages of ~1475 Ma 

were determined in all three drill holes, with 

K-71 also providing an age of 1560 Ma from 

further downhole below the location of the 

~1475Ma date (GSQ, 2012). 

GENETIC MODEL 

Leahey et al. (2010) suggest the Kalman de-

posit represents an intrusion-related style of 

hydrothermal molybdenum-rhenium-copper-

gold (Mo-Re-Cu-Au) deposit. However, sub-

sequently acquired dates from molybdenite 

Re-Os geochronology (1560 Ma, 1475 Ma, 

GSQ 2012) and the Overlander Granite 

(1730Ma preliminary date, GSQ 2019) sug-

gest there are timing issues with this model 

with regard to the nearby outcropping gran-

ites. 

GSQ (2012) briefly discuss the potential for a 

mantle plume-related genesis (together with 

the Re-Mo mineralisation in the Selwyn ar-

ea), postulating a hotspot producing fluids 

that were able to take advantage of the deep 

crustal features in the Mount Isa Inlier 

(including the Pilgrim Fault and the Mount 

Dore Shear Zone). 

Rock Type   
No. of Sam-

ples Average Density Minimum Maximum 

Tri-modal breccia (TMB)  134 2.86 2.56 3.92 

Scapolitic calc-silicate (SCS)  65 2.89 2.62 3.39 

Red rock chlorite (RRC)  158 2.79 2.56 4.57 

Red rock (RR)  166 2.76 2.54 3.61 

Quartz (QTZ)  126 2.71 2.27 3.46 

Quartz red rock (QRR)  41 2.72 2.56 2.96 

Quartz chlorite (QC)  26 2.88 2.66 3.31 

Mica schist (MSH)  167 2.8 2.37 4.58 

Feldspar hornblende magnetite (FHM)  490 2.9 2.24 4.54 

Meta-sediment (MS)  316 2.77 2.42 4.3 

Graphitic meta-sediment (GMS)  367 2.69 1.89 5.15 

Feldspar hornblende (FH)  48 2.89 2.52 3.42 

Fault FLT)  57 2.76 2.45 3.43 

Feldspar chlorite (FC)  141 2.77 2.54 3.37 

Diorite DIOR)  4 2.96 2.65 3.29 

Chloritic schist CSH)  490 2.83 2.56 4.8 

Calc-silicate (CS)  185 2.73 2.53 3.11 

Chloritic meta-sediment (CMS)  127 2.74 1.75 3.33 

Chlorite (CHL)  24 2.79 2.55 3.11 

Breccia (BX)  173 2.74 2.4 3.74 

Altered meta-sediment (AMS)  634 2.76 1.76 3.7 

Amphibolite (AMP)  73 2.85 2.62 3.54 

Albite (ALB)  131 2.77 2.52 4.29 

Altered feldspar hornblende (AFM)  398 2.88 1.76 4.3 

Calcite (CAL)  12 2.69 2.63 2.78 

Dolerite (DOL)  10 2.82 2.73 2.96 

Meta-volcanic (MV)   9 2.76 2.66 2.99 

Table 15.2: Density data from the Kalman deposit (from 
Leahey et al, 2020) 

Drill hole Depth (m)   Re (ppm)  
Re error, abs 

(ppm) 187Os (ppb) 

187Os error, abs 
(ppb) Age (Ma) 

K-23 327.96–328.03 436.5 0.26 6825 5.5 1475±5 

K-53 217.33–217.43 431.7 0.67 6757 5.4 1476±5 

K-71 414.11–414.21 1655.5 1.2 25859 21 1474±5 

K-71 472.04–472.15 823.3 0.56 13632 11 1561±5 

Table 15.3: Re-Os age determinations from Kalman core 
samples (GSQ, 2012). 
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POST-FORMATION MODIFICATION 

The deposit appears to have undergone mini-

mal post-formation modification. Beyond the 

presence of minor oxide pits, no significant 

oxide zone is noted in the available docu-

ments, so it appears weathering has been 

minimal. 

The main mineralised body remains coherent 

so minimal faulting or deformation (beyond 

the 060° faults mentioned above) appears to 

have disrupted the deposit. 

EXPLORATION 

Discovery Method 

Although secondary copper mineralisation 

was first identified in the area by prospectors 

in the 1940s, modern exploration com-

menced in the 1960’s with stream sediment 

sampling and ground EM by Australian Se-

lection (Whittle, 2016). Drilling of exploration 

holes did not commence until 1971, and, alt-

hough narrow high grade intersections of Cu, 

Mo and Au were encountered in shallow 

(<100 m) holes indicating it was a significant 

system, the Kalman deposit was not discov-

ered until 2005 by Kings Minerals NL 

(Leahey, 2009). 
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Figure 15.21: Map of ground magnetic data rela-
tive to selected drill holes at Kalman (from Jones et 
al, 2011). The north trending magnetic anomaly is 
interpreted by Gazley et al (2016) as related to 
mafic volcanic rocks to the west of the deposit. 
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Figure 15.22: Potassium image (from QDEX Data). The high zones are dominated by the Overlander Granite (Pgwo), parts of the Argylla Formati on (Pva), the Mitakoodi 
Quartzite (Pnm), and the Corella Formation (Pkc/a). 
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Figure 15.23: Thorium image (from QDEX Data). The high zones are dominated by the Overlander Granite (Pgwo), parts of the Argylla Formation  (Pva) and the Corella For-
mation (Pkc/a), as well as the Wimberu Granite (and overlying alluvial material-TQr) in the southeast (Pgim). 
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Figure 15.24: Uranium image (from QDEX Data). The high uranium zones comprise the Overlander Granite (Pgwo), parts of the Argylla Formation  (Pva), and a small slice of 
Overhang Jaspilite (Pj) in the hangingwall to the east-dipping Pilgrim Fault close to the Kalman deposit. 
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Figure 15.25: Plot of gold values from the open file stream sediment data in the Kalman district (from QDEX Data —East Isa collection). The data has not been levelled for 
mesh size used for collection, but a majority of samples utilised an approximate –2mm fraction and the analysis was via a bulk leach. 
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Figure 15.26: Plot of copper values from the open file stream sediment data in the Kalman district (from QDEX Data —East Isa collection). The data has not been levelled for 
mesh size, but the majority of data utilised utilized a –80# fraction. 
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Figure 15.27: Plot of lead values from the open file stream sediment data in the Kalman district (from QDEX Data —East Isa collection). The data has not been levelled for 
mesh size, but the majority of data utilised utilized a –80# fraction. 
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Figure 15.28: Plot of zinc values from the open file stream sediment data in the Kalman district (from QDEX Data —East Isa collection). The data has not been levelled for 
mesh size, but the majority of data utilised utilized a –80# fraction. 
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Figure 15.29: Plots of gold and base metals from soils in the Kalman area. The outline of the proposed pit is shown in white. The Kalman de posit has a notable copper and 
gold anomaly in sols, but no appreciable lead or zinc anomalism. Images from Hammer Metals (2015). 




