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Introduction 
Within the Herberton - Mount Garnet region, mineral exploration and mining activities have occurred, albeit 

somewhat intermittently, for around 135 years.  It all started when the discovery of lode tin ore at what became the 
Great Northern Mine, Herberton, triggered off a rush of prospectors to the area in 1880.  As documented by Blake 
(1972), from 1881 to 1895 the region consistently produced between one and two thousand tons of cassiterite per 
year, and after falling somewhat in the mid 1890’s (due to worldwide economic depression and an Australian 
banking ‘crash’), resurged to peak at just over four thousand tons in 1907 (see FIG. 1) .  Production stayed well over 
one thousand tons per annum until World War One when it plummeted to well below that level and stayed 
relatively low up until the middle of World War Two.  As a result of improved mining techniques, and especially the 
advent of alluvial dredges, production again rose well above one thousand tons a year, accounting for a third of 
Australia’s annual tin production from 1955 through to 1983.   

 

 
FIGURE 1: Tin concentrate production from the Herberton – Mount Garnet Tinfield to 1980, 

                  ~ excluding Sunnymount, Koorboora & Bamford (FROM Pollard, 1984). 
 

In the early 1980’s, however, the tin market faltered and crashed, causing tin production in the Herberton – Mt. 
Garnet region to plummet and virtually cease.  Since then it has been relatively low tin prices, rather than exhaustion 
of all potential resources, that has continually stymied attempts to rejuvenate tin exploration and mining in this 
region.  In fact, when the tin price started to rise significantly after the year 2006, companies such as Monto 
Minerals and MGT Resources did renew exploration efforts and locate new resources.   However, uncertainties 
regarding market demand (esp. in China) and supply (from mines in China, Burma & Indonesia) has virtually stalled 
further progress.  

Other metals extracted from the region have included tungsten, copper, lead, silver, as well as minor amounts of 
molybdenum, bismuth, zinc, antimony and gold.  Although the economic significance of these commodities was 
generally less than that of tin, their production was nonetheless important to the prosperity of this region up until 
just after World War Two.  Moreover, in recent times renewed interest in the mining of Zn, Cu, W, Mo, and Au led to 
further exploration (especially by Kagara Ltd.) and in some cases a period of renewed extraction of such metals.  

The documentation of mineral deposit occurrences and the mining of such in the Herberton – Mt. Garnet region 
dates back virtually to the advent of mining therein (Blake, 1972).  However, most of compilations focused on 
specific operating mines.  In addition, since the 1960’s there have been numerous publications briefly noting 
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significant minesites within this region in overviews on the production of particular metal commodities from a large 
(esp. northern) part of Queensland.  Such reviews include those by de Keyser & Lucas (1968), Gregory and associates 
(1980), Denaro and co-workers (2007, 2013).   

The first detailed overview of specific deposit locations and types within the region from around Emuford to 
Stannary Hills and Herberton in the north, down to Nymbool, Mt Garnet and Innot Hot Springs in the south was 
produced by Blake in 1972.  In terms of classification, the focus was very much on the principle metals actually 
extracted, and how the specific sites of production fitted into a perceived intricate array of zoning around a multi-
batholith designation of ‘Elizabeth Creek Granite’.  However, plots exhibiting individual sites of mineral deposition 
show there to be many distinct centers of mineralization, and significant areas of supposed mineralizing granite are 
quite devoid of ore-bodies (Taylor & Steveson, 1972).  Moreover, in many instances the ores mined were products of 
weathering and secondary enrichment, and the fact that mining usually stopped when a complex mixture of primary 
sulphides was encountered meant the resulting perception of actual metals involved, and their proportions in 
primary ore, was quite distorted.  A good example of the problem is the Mt. Garnet skarn deposit which according to 
pre-2002 metal production figures registered as a Cu-producing skarn, when in fact the proportions of primary 
sulphides (and Mn contents of skarn minerals) show it to be primarily a Zn-bearing skarn system (Hartley & 
Williamson, 1995). 

Using the district subdivisions outlined by Blake (op. cit.), Pollard and Taylor (1982) further assessed specific tin 
deposits in terms of their tonnage and grade characteristics, thereby highlighting the distribution and production 
potential of the various deposit types recognised therein.  More recently there has been a succession of assessments 
broadly relating deposits to their provincial tectono-igneous settings, including publications by Murray (1986), Ewers 
(1997), Draper (1998), along with Kositcin and associates (2009).  Moreover, Garrad and Bultitude (1999) have listed 
several of the deposits in the region of interest, both in terms of deposit type, and per commodity produced. 

So why compile yet another review of the deposits so far encountered in the Herberton – Mt. Garnet region?  The 
reasons are as follows:  

1) Most reviews post-1982 have given condensed descriptions of selected representative deposits for much 
broader areas of assessment, e.g. the whole of Queensland or a large segment of north Queensland; this review 
refocuses predominantly on deposits in the region outlined by Blake (1972), with a few others from just outside 
that region included to round out the range of deposits likely to be also found therein.  
 

2) Although Blake (1972) noted the various forms of alteration associated with specific ore types in the bulletin 
text, his maps recorded mine distributions in terms of principle metal commodity extracted only; the map 
produced for, and discussed in this review outlines distributions of deposits with regards their associated 
wallrock alteration types ~ see MAP 1 included below. 

 
3) Although reviews by authors such as Ewers (1997), Draper (1998), Kositcin and associates (2009) have 

mentioned the spatial affiliation of certain deposit types with late-stage highly fractionated intrusions within 
batholithic masses, none have actually illustrated this relationship on a map of the region; in the map produced 
for, and discussed in this review the occurrences of known examples of these intrusions have been outlined. 

 
4) At the James Cook University, the tertiary institution nearest to the Herberton – Mt. Garnet region, there has 

been a significant amount of research done on deposits in this region, but a considerable part of it has not been 
included in publications to date (most Honours and Masters students have sought company employment, rather 
than academic acclaim by publishing research results); this review sets out to briefly include results from such 
research material.  

 
5) A number of new deposit types and localities have been discovered since Blake compiled his detailed assessment 

(1972), while others (e.g. Baal Gammon, Mt Garnet skarn) have undergone reclassification ~ this review seeks to 
illuminate these changes.   
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MAP 1: Distribution of host-rock geology, and clusterings of various deposit types within the Herberton – Mt Garnet Mineral Field.  
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1. MINERALISED MICROGRANITES and AFFILATED DIFFERENTIATES 
 

(a) Mineralisation within Pegmatites, and affiliated Microgranites 

At several localities, particularly in the Emuford district, mineralisation appears to be intimately associated with the 
crystallization of fine-grained granite, and/or formation of associated pegmatites.  Wolframite and molybdenite 
crystals may occur within the quartz-rich portions of some pegmatites, while wolframite can also be discerned as 
interstitial accessory minerals or segregations (see FIG. 2) up to 10cm across, within microgranite dykes (Pollard, 
1984).  Moreover, within the fine-grained marginal zone of the late-stage Billings Granite spheroidal quartz-rich 
bodies (e.g. FIG. 3), that are sometimes rimmed by pegmatite, commonly contain minor wolframite, molybdenite 
and cassiterite (Pollard, 1984).  Microgranite dykes containing pegmatites with accessory molybdenite and pyrite 
have also been found in the vicinity of the Jumna Mine near Irvinebank (Milburn, 1980).  

Since these mineralized pegmatites and quartz pods are only up to half a metre across, and the somewhat lensoidal 
pegmatites seldom more than a couple of meters long, they are hardly likely to register as significant sources of 
mineralization.  Nonetheless, such configurations do give indications as to the links between the final stages of 
granite crystallization, and the development of hydrothermal mineralization. 

Scale Bar = 2cm 
FIGURE 2:  Wolframite-rich clots in fine-grained granite dyke (Black & white photo FROM Pollard, 1984) 

 

 



6 
 

FIGURE 3:  Spheroidal quartz-rich segregations in fine-grained marginal zone of the Billings Granite 
(Black & white photos FROM Pollard, 1984) 

(b) Mineralisation within Quartz Pipes Emanating from Microgranite 

Occasionally, mineralized quartz pipes are found to be rooted in relatively pristine microgranite.  Examples of such 
structures are evident in the Moomin area, north of Herberton (top right of Map 1).  Here, an extensive shallow 
dipping sill grades upwards from porphyritic fine-grained granite at its base, through aplitic saccharoidal 
microgranite, to miarolitic granophyre with pegmatites in apical prominences (see FIG. 4).  These textures, and 
associated geochemical trends, imply an accumulation of fluid-saturated magma occurred near the top of the sill 
(Gibbs, 1987; Clarke, 1990).  It is from this roof zone that occasional near-vertical pods / pipe-like structures of 
quartz up to a meter across, with variable amounts of topaz, albite, molybdenite +/- wolframite, have emanated (e.g. 
FIG. 5). 

Although sporadically rich in mineralization, such small scattered deposits have never been large-scale producers.  
However, such deposits do again give small-scale insights into likely relationships between mineralizing intrusions 
and larger scale development of mineralized pipe and vein clusters. 

 
FIGURE 4: Schematic, vertically-exaggerated representation of a shallow-dipping, zoned microgranite sill 

           ~ evident near the roof of the Cattle Camp Creek Granite Pluton (FROM Clarke, 1990).   
 

 

FIGURE 5:  Sample from sidewall of molybdenite-bearing quartz – albite – topaz pipe (right 2/3rds)  
                       and adjacent miarolitic granophyre (left 1/3rd) (FROM Clarke, 1990). 
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(c) Mineralisation within Topazite Affiliated with Topazitic Aplites 

Just 4 km north-west of Innot Hot Springs (centre bottom of Map 1) there outcrops an irregular pod-like body (< 3m 
across) of topazite known as the ‘Wilcox Silexite’.  

Unlike most mineralized quartz pipes in the area, this structure contains large inward radiating quartz and topaz 
crystals (FIG. 6) that are enclosed in fine-grained vughy rock composed of quartz, topaz, minor albite laths and 
muscovite shreds, plus a smattering of cassiterite (Johnston & Chappell, 1992).  Adjacent to this occurrence are the 
‘Gibson’s Gully Aplites’ ~ small-scale aplitic dykes and sills that commonly contain topaz, have selvedges and ‘clots’ of 
pegmatite, and are often albite/oligoclase –enriched (Donnellan, 1991).  

The metasediments immediately surrounding these aplites are markedly transformed by the development of biotite-
rich, and sometimes hornblende-rich, ‘hornfels’ which also contain topaz (Donnellan, 1991), fluorite, and accessory 
monazite (Johnston, 1984).  

 According to Donnellan (1991), compositional layering in these intrusions exhibit variation from two-feldspar aplites 
which can be equated to the ternary minima in F-rich water saturated haplogranite system, to extremely soda-rich 
(up to nearly 9% Na2O) plagioclase aplites which likely represent the results of fluorine-enhanced liquid fractionation 
from the associated two-feldspar aplites.  From various geochemical trends, both Johnston (1984) and Donnellan 
(1991) conjecture that a fluorine-rich fluid eventually escaped from the crystallising aplite, and was instrumental in 
the formation of topazites such as the ‘Wilcox Silexite’.  

Mine workings around these features are predominantly small pits and shafts, with the largest and most immediate 
excavation (the ‘Crystal’) progressing down only nine meters and producing 2 tons of SnO2 (Blake, 1972).  Clearly this 
does not constitute a major ore mass BUT: 

(i) It does indicate the degree to which fractional crystallization of a fluorine-bearing melt can produce a 
highly sodic residual which, at a bigger scale and with fluid release before magmatic albite precipitation, 
has the propensity to produce significant sodic alteration of either the parent intrusion or an enclosing / 
overlying host-rock; 

(ii) According to Johnston & Chappell (1992), there are other topazites within the Coolgarra Batholith, 
exhibiting the characteristics of pegmatites or possibly quartz pipes, and as such these may well be 
indicating the presence of an extreme magmatic differentiate somewhere below.    
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MINERALISATION IN PIPES WITHIN ROOF-ZONES OF GRANITE STOCKS 

Twenty kilometers NNW of Emuford, outside the designated confines of the Herberton -- Mt Garnet Mineral Field 
shown in the Review Map, an obvious example of this type of mineralization is exposed at Bamford Hill. 

The Bamford Hill W-Mo-Bi deposits are contained within the high-level, silica-rich Permian-aged Bamford Granite 
which has intruded the Carboniferous Featherbed Volcanics.  According to Blevin (1989), inward crystallization of the 
magma from the roof and sidewalls produced an accumulation, within the pluton, of late-stage crystal-melt 
fractionated residua which intermittently intruded up into the carapace.  This led to the emplacement of biotite-rich 
pegmatites and microgranites, and garnet-bearing microgranites up along the contacts of the near-crystalline 
carapace (see ‘texturally variable ‘facies’ in FIG.s 7(i) & (ii)).  Continued crystallization of anhydrous assemblages 
within the pluton caused a gradual buildup of volatiles and incompatible elements, in residual gaps contained within 
near-completely solidified granite such as miarolitic cavities wherein minerals that are hydrous / enriched in 
incompatible elements precipitated.  Infiltration of released fluid into the overlying crystallised granite initially 
produced a pervasive incipient form of potassic alteration, which was followed by widespread incipient, and more 
localised intense, greisenisation (FIG.s 7(i) & (iii)).  Within zones of extensive greisenisation, limited areas of intense 
silicification developed either along sheeted fractures, or around pipe-like structures infilled by quartz +/- ore.  

Although some mineralization (esp. molybdenite) is evident in sheeted veins and disseminated in greisenised 
granite, the bulk of the payable grade came from pipe-like orebodies asymmetrically infilled with quartz, wolframite, 
molybdenite, bismuth & bismuthinite.  All told, the mining of these structures delivered more than 2,000 tonnes of 
wolframite concentrate, 170 tonnes of molybdenite, and 20 tonnes of bismuth/bismuthinite (Pollard, 2013).   

These quartz ‘pipe’ structures actually occur intermittently over a lateral distance of 1300m, in an 80m wide zone of 
greisenised granite which skirts the upper eastern flank of the pluton (Gregory et.al. 1980).  As outlined by Blevin 
(1989), they exhibit a gross structural control consistent with contraction jointing in a cooling pluton, although the 
actual path taken by an individual ‘pipe’ can meander considerably within the plane of jointing (see FIG. 8).  
Individual pipes range in diameter from centimeters to several meters, and can extend for more than 200 meters.  
Although the pipes can change shape considerably over short distances and may branch and recombine, most are 
generally tabular in cross-section and upwardly thin and branch out into flat-lying poorly mineralized quartz veins 
just under the flat-lying pluton roof (Blevin, op cit.).  With progression downwards, they tend to eventually pass into 
silicified greisen (FIG. 9). 

Blevin (op cit.) further notes that subsequent propagation veining of conjugate vertical fracture sets has led to the 
replacement of wolframite by scheelite, biotite by chlorite, muscovite by sericite / kaolinite, plus the precipitation of 
iron- & base-metal sulphides, comb quartz, fluorite, calcite, chalcedony and finally laumontite.  According to the 
oxygen isotope and fluid inclusion data obtained for these later mineral products, the re-orientation of the fracturing 
system allowed ingress of substantial quantities of unexchanged (meteoric) waters into the endo-contact zone. 

The Bamford Granite is actually just one in a succession of early Permian stocks that have intruded along a major 
structural trend cutting in a NNE direction through the central part of the Carboniferous Featherbed Cauldron 
Subsidence Area.  Moreover, those granite intrusions to the NNE at Eight Mile Hill, Captain Morgan and Wolfram 
Camp also contain similar forms of mineralization (e.g. see Plimer, 1974).  Wolfram Camp, in particular, is reported 
to have 250 irregular branching pipes, some up to six meters wide,  in an area 3.2km long by 800m wide and 170m 
deep (Pollard, 2013).  The area has so far produced around 5,400 tonnes of wolframite concentrate, 1455 tonnes of 
mixed wolframite+bismuth, 135 tonnes molybdenite , and 80 tonnes of bismuthinite (Garrad, 1999), but still 
contains an additional indicated + inferred resource of 1.89 Mt at 0.37% tungsten, and 0.007% molybdenum 
(Wolfram Camp Mining, 2011).   

Locating similar mineralised granite systems still hidden beneath the surface most likely entails recognizing the 
alterational imprint they impart to the overlying hostrocks.  According to Blevin (op. cit.) the feldspars within rhyo-
dacite immediately overlying the Bamford Granite have been locally replaced by quartz-cordierite which has then 
been further altered to a quartz + andalusite + Mg- biotite + Zn-hercynite assemblage.  These zones of ‘exogreisen’ 
andalusite (FIG.s 7(i) & (iii)), with inherent vapour-filled fluid inclusions, are interpreted to represent areas affected 
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by the condensation of the acidic vapour released by the boiling of fluids in the granite greisen systems below.  
Further fluid interaction has then resulted in substantial muscovitisation, and subsequent development of late 
chlorite – carbonate – sulphide veining.  These are all hydrothermal features whose presence within areas of 
Featherbed Volcanics may signal the presence of a mineralized granite below.   

Plimer (1974) reports the thermally metamorphosed pelitic metasediment, adjacent to the mineralized granite at 
Wolfram Camp, is a fine-grained quartz-rich hornfels with lesser amounts of biotite, muscovite, chlorite, calcite, 
albite and likely magnetite.  Quartz forms granoblastic aggregates, and coarser grained veinlets with minute 
inclusions of biotite, muscovite and chlorite. Calcite and chlorite occur abundantly as transgressive narrow veinlets, 
as well as infill in cracks in and around coarser grained granoblastic quartz.  Albite is rare, occurring as small crystals 
in metasediment within a meter of the granite contact.  Nonetheless, according to Plimer (Plimer, 1974) it is not easy 
to distinguish a distinct mineralogical difference between regionally metamorphosed, and thermally + 
hydrothermally affected metasediment.    

One area of interest would be just to the west of the Bamford Granite where a scattering small deposits litter the 
host volcanics.  Moreover, follow the Tennyson Ring Dyke system around to an area about 24km WNW of Bamford 
Hill and there within metasediments and adjacent granite are the Scardon’s Top Camp, and Bottom Camp W and Mo 
deposits ~ where mineralized structures are quite likely rooted in yet another Bamford Hill type system that has 
partially escaped confinement within the parent granite.  However, these are well outside the area being reviewed. 

 

 
FIGURE 7:  

(i) Plan-view distributions of variably textured granite and alteration types in and around the Bamford Granite; 
(ii) Cross-sectional distributions of the ‘variably textured granite’ zone for successive exploration grid-lines through the 

Bamford Granite;   
(iii) Cross-sectional distribution of alteration types along part of grid-line 10400N (underlined in yellow). 
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(Combination of figures adapted FROM Blevin, 1989) 

 

 

 
FIGURE 8 ~ Left: Orientation data for three pipe systems (each dot denotes plunge of an individual 5m pipe segment) 
    ~ Right: Geometry of the ‘Golden Casket’ pipe system (Only the main pipe is shown ~ minor offshoots not excavated)   

(Both derived FROM thesis by Blevin, 1989) 
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FIGURE 9: Schematic representation of W-Mo-Bi mineralised pipes in the Bamford Granite (FROM Blevin, 1986(b)) 
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2. MINERALISATION HOSTED IN ALTERED BATHOLITHIC GRANITES 
 

(a) Feldspathic Alteration Types: 

Feldspathisation takes the form of albitisation or microclinisation wherein pre-existing feldspars are converted to 
secondary albite / microcline, with the alteration occurring both in pervasive and locally intense forms.  Where 
encountered in tinfields around the world, albitisation appears to be far more prevalent and extensive than 
microclinisation (Taylor, 1979). 

Granite hostrock adjacent to albitised zones usually appears much the same as distant unaltered examples of the 
same granite, except that biotite is completely altered to muscovite (Pollard, 1984).  Moreover, albitisation of the 
granite is marked by the conversion of original granite feldspars to albite, but the overall texture of the granite is 
generally preserved (see FIG. 10).  As a result, albite enrichment of this type can be difficult to recognize, particularly 
where felsic granites are only partially altered.  As noted by Taylor (1979), despite nearly a century of intermittently 
intense local prospecting in the Herberton – Mt Garnet mineral field, this deposit type was only fully recognized 
within this mineral field in 1976!  

Since then albitic alteration has been recognized at several mineralized sites, particularly in the Emuford district, 
(Pollard, 1984; Charoy & Pollard, 1989), the Upper Emu Creek – Mowbray Creek districts (Go Sam Granite: Witt, 
1985, 1987, 1988), and Gurrumba district (Odili, 1983).  In the areas affected, tin mineralization typically occurs as 
swarms of sub-parallel quartz-fluorite-cassiterite veinlets associated with zones of albitised granite and albite rock, 
which in themselves often contain patches of disseminated quartz, fluorite and cassiterite (Pollard, 1984).   

Within the Emuford district, most occurrences of such mineralization tend to occur in an ovoid area centered about 
1½ km SSW of Emuford (above centre left of Map 1). The limits of the area extend from the southern flank of the 
Sugar Bag Granite, down southwards past the ‘Royal Standard’ deposits, then westwards to include deposits just 
west of the Starlight Granite, turning northwards along the eastern margin of the Billings Granite and round to 
include deposits at the western end of the Sugar Bag Granite.  Another smaller group is clustered between the Black 
Diamond Granite and the north-western tip of the Cigarette Granite.  All granites just mentioned are geochemically 
quite fractionated, highlighting the observation made by Peter Pollard (1984) that such deposits are commonly 
spatially associated with the marginal zones of late-stage granites.  

In the Go Sam Granite area, Wally Witt (1985) mapped out recognizable areas of intermittent albitisation around the 
‘Elsie’, ‘Alf Rose’, and ‘Murphies Luck’/ ‘Mt Tin’/ ‘Mt Misery’ sites to the north, and a significant clustering of sites 
roughly within a 1½ km radius of ‘Great Divide’ minesite further south (centre right of Map 1).  In the Gurrumba area 
(centre left of Map 1), Odili (1983) recognized the presence of albitic alteration at the Adelaide minesite but did not 
map out its areal extent.  In areas where mineralised granites have not been mapped in detail, such as in the 
Stannary Hills, Dargo Range – Mt Nolan region, and mineral fields west of Mt Garnet, the possible presence of this 
deposit type has yet to be discerned.   

Within known examples of these deposits, three types of cassiterite mineralization may be evident (see FIG. 13).  
Lenticular zones of albitised granite and albite rock can in part contain considerable disseminated cassiterite (e.g. 
right side of FIG. 11), with grades often ranging from ~ 0.01% - 0.5% SnO2. (Handley, 1976).  The pods also contain 
cassiterite-rich microveinlet swarms consisting  of numerous subparallel quartz-fluorite-cassiterite veinlets (e.g. FIG. 
11) 0.1 – 5mm wide, spaced 0.1 – 20cm apart, with occasional samples containing more than 100 veinlets over 10cm 
(Pollard, 1984).  According to Handley (1976), the addition of these veinlet swarms can cause ore grades to range up 
over 3% SnO2.  In addition there may be also be later, less frequent but somewhat bigger veins present as well.  
Some may contain K-feldspar in addition to quartz, fluorite and cassiterite: these usually have narrow alteration 
selvedges (<2mm) where albite is converted to cloudy k-feldspar (Pollard, 1984).   

More commonly, there are occasional quartz + muscovite + cassiterite +/- fluorite veins (e.g. FIG. 12) of the greisen 
type pervading the areas.  These muscovite-bearing veins are usually associated with muscovite alteration of albite, 
and in some cases where this becomes intense, the previously albitised rocks are converted to greisens (Pollard, 
1984; Charoy & Pollard, 1989), thus masking the presence of the albitic style of mineralization.   
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In the Emuford district, the albitised zones are generally steeply dipping, tabular bodies approximately 5 to 40 
meters long and 0.5 to 5 meters wide, with an unknown depth extent (Pollard, 1984).  At the Mt Tin / Mt Misery 
prospect, within Go Sam Granite outcropping in the  Upper Emu Creek area, initial exploration outlined an ore zone 
some 150m long, 20m wide, and at least 40m thick (Handley, 1976).  This prospect was more extensively explored in 
the 1980’s  by Western Mining Corporation which identified a non-JORC Code compliant resource (assuming a cut-
off grade of 0.2%) of between 100 and 140 kilotonnes of mineable ore at a grade of 0.4% to 0.6% Sn to a depth of 
100m (Champion & McKay, 2012).  Given a more favourable tin price, it is prospects of this type that have the 
potential to become bulk low-grade open-cut mines.  

 
FIGURE 10: Gradation from host granite (creamy ~ at left) to strongly albitised granite (white with grey quartz ~ at right) 
                           ~ cross-cut by occasional veinlets of cassiterite (dark brown) and/or quartz (pale grey);  

 Sample FROM ~ Mt Tin/Misery prospect (slab is ~ 22cm long) 
 

 
FIGURE 11: Porphyritic fine-grained granite, partially weathered at left, albitised at right with speckling (black) of disseminated  
       cassiterite (below scale bar), all cross-cut by sheeted veinlets of quartz (pale grey), and cassiterite (dark brown);  
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Sample FROM ~ Dove Tin Deposit (?), Sugar Bag Granite, near Emuford 

 
FIGURE 12:  Sample of quartz (white / light grey) + cassiterite (black) + sericite (pale green → creamy ~ weathered to clay) vein 
                associated with greisenous alteration FROM the Morning Cloud Sn deposit, Mt Misery area (collected by Handley, 1976). 

(N.B. Central finger-like projection of cassiterite-encrusted quartz is ~ 5cm long). 
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(b) Sericite / ‘Greisen’ – type Deposits 

By far and away the most common form of alteration associated with mineral deposits in granites of the Herberton – 
Mt Garnet region is that designated as ‘greisen’.   

However, this designation can include development of obvious muscovite (e.g. FIG. 14) through to ultra-fine 
muscovitic or illitic material, and the alteration assemblage may also include various amounts of topaz, fluorite, 
apatite and tourmaline.  The category also includes a wide variety of structural features ~ from fractures with 
greisenised sidewalls and greisen-bordered veins, through to veinlet swarms or quartz pipes in greisenised granite, 
greisenised breccia zones, or irregular greisen patches of indeterminate structural affiliation (Pollard, 1984).  
Moreover, the associated ore can be of one or several minerals including wolframite, cassiterite, and various 
sulphides such as pyrite, arsenopyrite, chalcopyrite, and sphalerite.  Further subgrouping of greisen deposits is 
therefore required and has been done in terms of specific ore minerals, since it is the affiliations of these that are of 
most economic interest.  

(i) Tungsten Greisens 

As outlined by Blake (1972), the vast majority of tungsten lodes found and mined were steeply dipping greisen lodes 
located in ‘Elizabeth Creek’ type granite, although a few were discovered in the Hodgkinson Formation very close to 
granite contacts.   

 
FIGURE 14: Quartz-muscovite greisen associated with quartz and wolframite (black) breccia veining, from small lode in the  

Cattle Camp Granite, Herberton Range area east of Moomin (which is north of Herberton).  
 

Not all areas of granite originally designated to belong to the ‘Elizabeth Creek’ type have been subsequently mapped 
to distinguish individual intrusions, so the actual granitic affiliations of tungsten-bearing greisens near Robin Hood 
Hill in the Stannary Hills (centre top of Review Map), and in the Seven Mile Hill district west of Mt Garnet (bottom left 
of Review Map) cannot be discerned at present.  However, where greisen-type deposits can be viewed on a map in 
conjunction with the mapped outlines of specific granite intrusions, an association between certain tungsten-related 
greisen clusters and the occurrences of more fractionated granite intrusions soon becomes evident.   

Near Emuford (above centre left of Map 1), there are strings of small deposits affiliated with the northern spine of 
the Billings Granite, as well as mainly inboard along the eastern flank of that granite (Pollard, 1984).  Elsewhere in 
the Eastern Tate Batholith there are deposit clusters directly related to small late microgranites outlined by Witt 
(1985), including  the ‘Tricky’, ‘Brownville’, ‘Stingo’, ‘Glenlinedale’, ‘Disaster’ and ‘Rock-of-ages’ Granites (centre of 
Map 1).  Nearby in the Geebung Hill area there are clusters of tungsten greisen deposits within and encircling the 
‘Geebung’ Granite (Witt, 1985), while in the Glen district the topazitic ‘Boot Granite’ is mainly encircled with clusters 
of unusually flat-lying topaz greisen lodes, as well as outwardly projecting ore-bearing and barren greisen veins 
(Blake, 1972).  In the Coolgarra Batholith there is a band of intermittent deposit clusters broadly coincident with the 
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more fractionated ‘Phase 3’ (Johnston, 1984) of the Nettle Granite mass (bottom right of Map 1).  The affiliated 
deposits are mostly of tungsten greisens, with a smattering of tin greisens in places as well.  There seems to be a 
more direct link between a set of greisen vein tungsten deposits and the quite fractionated ‘Stinking Cornishman’ 
Granite (‘SC’ in Map 1) to the south-east, but other greisen veins and clusters in the vicinity appear to be unaffiliated 
except for being in the variously fractionated ‘Phase 1’ of the Nettle Granite body (Johnston, 1984).   

Greisen veins do occur in Phases 2 & 4 of the Nettle Granite Suite but these are often barren (dashed circlings on 
Map 1).  Likewise, there are areas of predominantly coarse-grained granite in the Tate Batholith that have several 
greisen veins but again they appear barren. In fact greisen veins can be traced for over 1 km along strike, and can 
show up prominently in air-photographs as lines of darker vegetation (Blake, 1972), but there is no way of telling, 
short of direct prospecting, mineralized from unmineralised occurrences. 

 According to Blake (1972), even the mineralised greisen veins are commonly zoned.  These zoned greisen veins have 
an outer zone of barren quartz + mica, an intermediate one of mostly coarse lithium-bearing mica (e.g. FIG. 14), and 
central core of quartz and fluorite with only minor mica.  Wolframite tended to be predominantly located in the core 
zone where it was extracted as small to large crystals (> 1cm across), often along with small amounts of 
molybdenite, and sometimes cassiterite, sulphides, monazite, beryl, tourmaline, and uranium minerals.   The 
prevalence of fluorite in these core zones can be gleaned from the fact that, while around 12 tons of wolframite 
were extracted from the Mystery Mine near Emuford (Blake,1972), the nearby Mistake Mine appears to have 
produced a somewhat similar amount of wolframite but then went on to produce approximately 1700 tons of 
fluorite (West, 1974; also see FIG. 15).   

 
FIGURE 15: Cut and ground sample from the Mistake Mine, Emuford district, exhibiting fragments of microgranite and creamy-grey 
silica, suspended in pale grey and white silica phases – both containing small laths of wolframite (black) – subsequently fractured 
and veined by several stages of fluorite (green and translucent buff grey), with the final fluorite-lined vein containing a central infill 
of white silica (~1cm wide) which is iron-stained orangey brown ~ top right; (Photo FROM Taylor, 2009).  

Of further significance is the fact that these two mines were considered to be amongst the larger producers of 
tungsten in the Herberton – Mt Garnet region.  As such, tungsten deposits may seem to be rather common in many 
parts of the region, but the quantities of tungsten mineral supposedly extracted from each deposit has generally 
been quite small.  Nonetheless, it should be born in mind that in the late 1800’s / early 1900’s, when most of the 
tungsten mining occurred, individual greisen vein systems or deposit clusters were usually mined as several small 
mining ventures rather than as one mining entity / syndicate, and that mining often didn’t proceed past the water 
table level, or a major constriction in an ore shoot.  Moreover, production records were often incomplete or non-
existent:- as far as the small-scale miners were concerned, if you could avoid revealing how much has been extracted 
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then why report such to the government when that gives government officials indications as to what tax revenue 
should be forthcoming!         
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(ii) Tin Greisens 

As noted by Blake (1972), most tin deposits within mineralized granites of the Herberton – Mt Garnet region are 
lenticular to pipe-like orebodies formed in narrow, generally steeply dipping bodies of ‘greisen’.  The greisenous 
alteration usually encloses cores of massive quartz (+/- muscovite) which contain sprinklings of fine- to coarse-
grained cassiterite, and possible accessory fluorite, topaz, wolframite, or sulphides such as pyrite and chalcopyrite 
(e.g. FIG 16). 

 
FIGURE 16: Cut-&-ground sample of mineralised greisen from the Happy Jack deposit via Herberton, exhibiting  crystals of 
cassiterite (black ~ 1 – 2mm across) & topaz (cream) suspended in quartz (bluey grey to white) infilling between greisenised 
fragments (speckly greenish grey) that are coated with infilling reflectant muscovite flakes.  (Sample from EGRU collection). 

To reiterate, not all areas of granite originally designated as being the ‘Elizabeth Creek’ type have been subsequently 
mapped to distinguish individual intrusions.  As a result, specific granitic affiliations of tin-bearing greisens just over 
2km south of Robin Hood Hill in the Stannary Hills (top centre top of Map 1), as well as those in the Jumna Granite, 
and others to the south, south-west and north-west of Nymbool (bottom left of Map 1), cannot be discerned at 
present.  However, where the occurrences of greisen-type deposits can be viewed on a map in conjunction with the 
mapped outlines of specific granite intrusions, an association between certain tin-related greisen clusters and the 
occurrences of quite highly fractionated granite intrusions becomes amply apparent.   

By far the biggest grouping of tin greisen deposits occur as clusters in and around the markedly fractionated Billings 
Granite, and its fine-grained affiliates.  When viewed in conjunction with co-habitant tungsten greisen lodes, they 
bespeckle a fault-halved ovoid area, the limit of which loops south from the Sugar Bag Granite section of the 
Emuford Fault, past the western ends of the Denford and Cigarette Granites, round to the south of the Black 
Diamond Granite and up to the N-W through the western end of the Billings Granite, and on to intersect the more 
westerly end of the Emuford Fault (see top left of Map 1).  Suffice to note, this area encapsulates and overprints the 
earlier defined cluster of deposits in albitised granite, and may in fact define an area underlain by late-stage granite 
that connects all the afore mentioned fingers of highly fractionated granite to the Billings Granite body.   

To the east of the Emuford district, the Giblets Peak cluster of greisenous tin lodes appears to have formed as an 
offshoot from the fractionated Panorama Granite.  Conversely, south of the Emuford grouping another ovoid 
smattering of greisen lodes in the Gurrumba district (centre left of Map 1) is partially encircled by several small 
outcroppings of late-stage microgranite such as the ‘Crossroads Granite’, ‘Reids Granite’, and ‘Tricky Granite’.  East-
north-east of Mt Garnet there are several tin greisen clusterings around lobes of the late-stage Mt Gibson Granite 
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(centre bottom of Map 1), while further E.N.E. there are others attached to the ‘Shady’ Granite, and ‘Stinking 
Cornishman’ Granite (bottom left of Map 1).  North of these in the Sailors Creek area, a microgranite outlier of the 
Go Sam Granite also bears a cluster of small tin greisen deposits.  Finally, in the far north-east (top right of Map 1) 
there is a definite clustering of often greisenous tin lodes in and around the Specimen Hill Pluton just west of 
Herberton, while to the east of that town another set of pipes cluster in and around Herberton Hill, which is 
variously intruded by fractionated, often granophyric / pegmatitic microgranite (Georgees, 1974).   

As indicated in the Emuford district, there is also strong association between areas of albitised granite and 
subsequent greisenisation, and this is well illustrated in the northern part of the Coolgarra Batholith (centre right of 
Map 1).  In the Percy Granite, tin greisen deposits cluster in the Thompson Creek headwaters just as albitised areas 
in that granite do.  Likewise, in the adjacent Go Sam Granite clusters of tin greisens overlay areas of albitic lodes in 
the upper- and mid-regions of the Little Woolooma Creek, as well as the headwaters of the Kianna, Sailors, and 
Upper Nettle Creeks.  In fact, according to Pollard (1984) it is the overlay of greisen-type mineralization that brings 
feldspathic mineralization into the realms of potential mine feasibility.  

According to listings compiled by Blake (1972), the vast majority of greisen-lode tin mines in the region have been 
small high-grade producers, with most developments extending down less than 30m in depth, but with the average 
grade of ore mined ranging from over 10% SnO2 when mining first began, down to around 1.5% during the 1970’s.  
While a few do record the extraction of hundreds of tons of ore, only five individual greisen ore-shoot systems in 
granite (e.g. ‘Wild Irishman’ lode ~ see FIG. 17 below) are known to have produced well over 1,000 tons of tin 
concentrates (Blake, 1972; Georgees, 1974).  All five were located in Herberton Hill, and two are known to have 
extended more than 160m below the elevated hillside surface (Blake, 1972). 

 
FIGURE 17: Cross-sections through Wild Irishman Mine greisen pipe lode systems, Herberton Hill:  

~ Projection on N.E. – S. W. vertical plane (FROM Broadhurst, 1951). 
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Once again, however, it should be born in mind that in the late 1800’s / early 1900’s, when most of the tin mining 
occurred, individual greisenous vein systems or deposit clusters were usually mined as several small-scale mining 
ventures rather than as one mining entity / syndicate, and that mining often didn’t proceed past the water table 
level, or a major constriction / offset in an ore shoot.  Nonetheless, the perceived predominance of small deposits 
has tended to act as an exploration deterrent, with larger companies preferring to find and exploit one big deposit, 
rather than a group of smaller ones (Taylor, 1979).   

Of much greater interest for these companies are the more massive greisens with very fine-grained cassiterite in 
closely spaced, often criss-crossing or subparallel quartz veinlets, as well as disseminated through the greisen.  As 
such, these appear to be the greisen equivalents of mineralization occurring in albitised granite, and according to 
Pollard (1984) there can be in some places a gradation between the two.  Such deposits have been found and 
worked in the Gurrumba (e.g. ‘Boulder West’ mine), Emuford, and Mt Gibson areas (Blake, 1972).  Several were 
examined for the possibilities of large scale open pit development back in the late 1960’s / early 1970’s, and while 
many of these greisenised areas were found to be quite extensive, the distribution of cassiterite appeared to be 
rather patchy (Taylor, 1972).  One such prospect that may yet prove minable is the ‘Sailor’ sheeted greisen deposit, 
located 20 km north-east of Mt Garnet.  According to the Queensland Dept. of Natural Resources & Mines (2014), 
Monto Minerals conceives it to be an open-pit target of about 7 to 13 Mt, grading from 0.12% to 0.18% tin.           

Another bulk low-grade variant is the ‘greisen-breccia-clay’ type, shown to be present in the Herberton district by 
Williamson (1984).  He examined three areas of granite pervasively altered to quartz-sericite-tourmaline greisen, 60 
– 100 meters long by 12 – 70 wide, and found them to be intensely fractured, and therefore networked with 
numerous vughs and veins. In addition, these areas have in part been further ruptured by small chloritized and/or 
ferruginised pebbly intrusive breccias, and then partially argillised (see Fig.s 18 & 19).  As a result, the mineralization 
is scattered throughout the alteration zone, producing a bulk low grade deposit in a somewhat softened rockmass.   

 
FIGURE 18: Pit wall exposure at the Clyde Mine, displaying quartz-veined sericitised granite (right ¼ of photo) that has been 
brecciated and (chloritized →) haematised (left ¾ of photo), then cross-cut by clay veins (white to pale creamy yellow) 
(FROM thesis by Williamson, 1984); (N.B. Blurred matchbox feature just right of centre at bottom of photo is 3cm across). 

At the Evening Star Mine, several thousand tonnes of ore averaging 0.4% was open-cut from three benches, whereas 
at the Clyde 3,100 tons at an average grade of 0.2% Sn was extracted.  Arguably the best example encountered so far 
has been partially excavated at the Bosca Mine, as is shown in MAP 2 below.  At this mine ore material averaging 
0.32% Sn was intermittently stripped off using a bulldozer to maintain mill feed tonnages (Williamson, 1984), and as 
a result a total tonnage extraction figure is unavailable.  
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Further examples of this deposit type most likely exist elsewhere as well.  A ferruginised chlorite-altered pebbly 
breccia similar to that present in the Bosca is certainly present at the Arbouin Mine near the Stannary Hills.     

It should be pointed out that the search for, and sampling of, larger scale greisens has not been done systematically.  
Moreover, according to Chitrakar (1998) the ability to detect them can now be enhanced with the use of satellite 
imagery, particularly composite images using various TM bands. 

 
FIGURE 19: Sample, from the Bosca Mine, of intrusive breccia that has been chloritized →  ferruginised, and overprinted by  

clay alteration / weathering (FROM thesis by Clarke, 1990). 
 

 

MAP 2:  Composite geological map of the Bosca Mine area at Herberton, showing the discerned distributions of host-rocks, and 
associated alteration types (adapted from Williamson, 1984). 

(iii) Copper Greisens in Granite 
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In all areas except near Herberton, occurrences of predominantly sulphide-bearing greisens in granite are few and 
far between.  Even chlorite or quartz lodes with predominant sulphide mineralization are relatively uncommon in 
granite, but do occasionally occur.  In all such cases, tonnages excavated have generally been too small to be 
considered worth recording. 

The area of exception is the ‘Copper Firing Line’ deposit cluster north of Herberton (top right of Map 1).  Here the 
deposits occur in an elongate ovoid area that straddles the faulted contact between granite and Hodgkinson 
metasediments.  Mineralisation consists of pipes and veins generally less than a meter wide, containing an infilling of 
quartz +/- arsenopyrite, pyrite and chalcopyrite.  Immediately adjacent to the mineralized structures, wallrocks are 
invariably silicified, with clay mineral development haloing these siliceous cores in the metasedimentary hostrocks, 
whereas a friable ‘clay-sericite-quartz’ alteration assemblage has developed in enclosing granite hostrocks (Olatunji, 
1975; Olatunji etal. 1978).  Although of relatively high grade, the ores were typically small in tonnage: one of the 
largest was the ‘Yellow Jacket’ Mine from which 203 tons of Cu and 21,467 oz. of Ag were extracted at an average 
grade of 6% Cu (Blake, 1972).  Altogether, from 1930 to 1937 the ‘Copper Firing Line’ is reputed to have produced 
476 tons of Cu, and 47,245 oz of Ag from 7743 tons of ore (De Keyser & Lucas, 1968). 

(c) Chlorite-Quartz Lodes in Granite 

In most districts deposits haloed by chloritic alteration are usually located in metasediments, but in the Watsonville 
and Herberton districts (top right of Map 1) they are also common in granitic hostrocks.  In such instances, 
chloritisation encloses pipes and veins that are predominantly infilled with quartz and /or chlorite.  High cassiterite 
contents are usually associated with quartz-rich centers which may also contain lesser amounts of wolframite, 
fluorite, topaz, chalcopyrite and pyrite (Georgees, 1974).  In a few localities west of Herberton, however, the main 
ore extracted from chloritic lodes was actually chalcopyrite, particularly where adjacent to a silicified shear (Olatunji, 
1975). 

As with cassiterite-bearing greisen lodes, the vast majority of chlorite-lode tin / copper mines in granite have been 
small high-grade producers, with only two chlorite lode tin mines at Herberton Hill – the ‘Good Friday’ and ‘Old 
Monarch’ – producing over 1000 tons or ore mineral (Georgees, 1974).   

(Scale bar units = 1 cm) 
FIGURE 20: Cut sample from the Bosca Mine exhibiting quartz-sericite altered granite, somewhat crushed and partially altered to  

dark greenish grey chlorite ~ which in turn has been ferruginised where exposed to weathering (e.g. far right).  
(Photo FROM thesis by Williamson, 1984) 

Occasional cross-cutting relationships (e.g. FIG. 20) indicate that the development of chlorite lodes at Herberton may 
actually post-date the sericitic lodes (Georgees, 1974; Williamson, 1984).  In addition, there are instances where 
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there appears to be at least two generations of cassiterite ~ a predominant dark brown magnetic cassiterite, 
overprinted by an lighter brown non-magnetic form.  As a consequence, there may well be more than one 
generation of mineralization in Herberton Hill, which would go a long way in explaining the relatively high density of 
lodes in that small peak.  Considering the fact that over 64,000 tons of SnO2 have been extracted from that one hill 
(Georgees, 1974), it seems feasible to say that should such a mineralized feature be discovered today (well away 
from any township), then with present technology and a more buoyant tin price it would be possible to profitably 
extract much of the ore via a large open-cut mine.        
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3. DEPOSITS IN NON SKARN-FORMING METASEDIMENTS ADJACENT GRANITE CONTACTS 
 

(a) Outliers of Types Common in Granites 

It is worth noting that metasediments immediately adjacent to lode-bearing granites may also contain deposit types 
most commonly found in the granite domains.  This is most obvious where mineralisation straddles a faulted granite 
/ metasediment contact, as is the case for the ‘Copper Firing Line’ deposits west of Herberton.  It is also evident 
where a small mineralising granite pluton has emerged completely within metasediments, such as in the Sailor’s 
Creek area just east of the Go Sam Granite (lower centre left of Map 1). 

More often, small late-stage granite intrusions located around the margins of major batholiths can have a few of 
their affiliated greisen-type deposits of Cu, Sn and even W ores located along nearby granite / metasediment 
boundaries, or in metasediments immediately adjacent.  In the Eastern Tate Batholith, examples of such are evident 
adjacent to the ‘Geebung’, ‘Stingo’, ‘Rock-of-ages’, ‘Glenlinedale’ Granites along the south-east margin (lower central 
part of Map 1), and the ‘Panorama’ Granite to the north (central section of the Emuford Fault).   

Off to the west via Emuford, embayments of metasediment that are almost surrounded (and most likely underlain) 
by the Billings Granite have quite a few Sn- / W-bearing greisen lodes.  Most telling of all, however, is that at the 
Lahey’s Creek prospect, a major zone of albitisation and greisenisation, which is rooted in granite, extends upwards 
into the overlying metasediments for about 50 meters (Pollard, 1984; Charoy & Pollard, 1989). 

(a) Porphyry Dyke – ‘Greisen’ Associations 

In certain localities clusters of greisenous lodes appear to occur nearly a kilometer away from the closest exposed 
granite contact. One such cluster of Sn-bearing greisens is located to the north-west of Billings Granite.  Fieldwork 
done by Pollard (1984) revealed that these deposits are most often affiliated with dykes of either pegmatitic 
microgranite or much finer grained, quartz-feldspar porphyry.  Significantly, similar porphyry dykes are often found 
to be located close to other types of tin deposits present in metasediments such as the tourmalinised lodes that are 
north and north-west of Emuford (Pollard, 1984: see top left of Map 1). 

Another cluster of cassiterite deposits with a possible porphyry intrusion affiliation is located on Mt Garnet hill 
(centre bottom sector of Map 1) where tin lodes are listed by Blake (1972) as occurring in an isolated outcrop of acid 
lava and tuff of the ‘Nanyeta Volcanics’, and the surrounding Precambrian metamorphic rocks.  Since this cluster is 
located well over 4 km from obvious Permo-Carboniferous granite exposures, and no undeformed granitic material 
has as yet been identified in the immediate vicinity of this hill, there remains the possibility that within this outcrop 
of ‘volcanics’ lies a porphyry in disguise.   

Of much greater significance is the larger-scale sericitised poly-metallic deposit located in the Watsonville district, 
west of the Slaughter-yard Creek Volcanics. (near top right of Map 1).  Initially mined in the 1880’s as a cluster of 
small high-grade tin-bearing chloritic lodes, the deposits of what is now the Baal Gammon / U. N. A. lease area were 
found to grade down into complex sulphide lodes at depth (Blake, 1972).  Major mining operations ceased in 1929 
due the decline in grades and problems treating complex tin-copper ores, but only after 1,703 tonnes of tin 
concentrates, 292 tonnes of copper, and close to 630 kilograms of silver had been extracted solely from the Baal 
Gammon area (Marlow, 1967).  Company exploration involving geophysical surveys and comprehensive drilling in 
the 1960’s revealed the presence of a further indicated resource of 4 million tonnes grading close to 1% Cu, 40g/t Ag 
and 0.25% Sn that was amenable to bulk mining methods (Fraser, Taylor & Cuff, 1981).   

Mining ceased in 1983, but recommenced in 2011 after further drilling by Kagara encountered more ore and brought 
the indicated resource of unmined ore back up 2.77 Mt at 1% Cu, 40 g/t Ag, 0.2% Sn and 38 g/t In (Champion & 
McKay, 2012).  According to the Qld. Dept. of Natural Resources & Mines (2014), intermittent mining was 
subsequently suspended in April 2014 following heavy rainfall associated with Cyclone Ita, and mine placed on care-
and-maintainence.  Clearly, the more recent tonnage/grade figures show that this mineralized system is more than a 
cluster of small high-grade pipe- / vein- type lodes.  
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Drilling and mining revealed mineralization at Baal Gammon occurs within and adjacent to a mainly quartz-sericite 
altered quartz-feldspar porphyry sill (MAP 3).  This porphyry has intruded arenaceous metasediments, and is thought 
to be a late stage, highly fractionated offshoot of the nearby mineralizing (Jumna) Granite (Fraser, 1972).  According 
to Fraser and associates (1981), mineralisation predominantly consists of sulphides and cassiterite infilling a 
pervasive complex network of micro-fractures and vughs (see FIG. 21), but in places forms irregular, impersistent, 1 – 
12 meter long pods and lenses of semi-massive to massive coarse-grained sulphide-rich assemblages (e.g. FIG. 22).  
The dominant types of sulphide involved include pyrite, pyrrhotite, chalcopyrite and arsenopyrite.  In areas of 
elevated Sn values the main tin mineral is cassiterite, but where embedded in chalcopyrite this tin-oxide is most 
commonly rimmed / replaced by the Cu-Sn-Fe sulphide known as stannite.  

 
MAP 3: Geology map of (top), and cross-section through (bottom), the U.N.A. lease area, as discerned by Fraser, 1972. 

All forms of mineralization contain fragments of altered porphyry and metasediments variously replaced by fine-
grained sulphides (Fraser et al, 1981).  The mineralization is therefore considered to constitute breccia infill with 
affiliated sulphidic replacement, but details regarding origin and paragenesis remain sketchy.  The Baal Gammon 
deposit is therefore distinctly different from the earlier discovered quartz-cassiterite orebodies of the Watsonville 
area, and exhibits characteristics somewhat akin to porphyry-type tin systems, analogous to those evident at 
Ardlethan in NSW (Clarke, 1980), or tin systems in Bolivia (Kelley & Turneaure, 1970).   

 So far the Baal Gammon deposit has been considered to be one of a kind, but this assumption has not been 
seriously tested.  When assessed in terms of what was known about the Baal Gammon area pre-1960’s drilling, there 
are a number of other deposits that bear considerable resemblance.  Criteria worth assessing include presence of 
relatively high yielding (100’s tons SnO2) tin lodes (esp. where closely clustered) that grade down into complex (often 
stannite-bearing) sulphide lodes at depth, in metasediments with quartz-feldspar porphyry dykes in close proximity 
(≤ ½ km).  Sites that best fit such criteria include the ‘Stella’ Mine ~ S.S.E of Baal Gammon, the ‘Lancelot’ to the S.W. 
in the Silver Valley district (adjacent to a ‘Breccia Hill’), possibly the ‘Brass Bottle’ and ‘Consolidated’ lodes to the 
west near Hales Siding, and directly north of there at the ‘Ivanhoe’, ‘Eclipse’ – ‘Lass O’Gowrie’, ‘Great Eastern’ 
deposits in the Stannary Hills.  Of striking similarity is the Arbouin deposit, east of the Stannery Hills. Here a roof 
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pendant of altered metasediments has also been extensively brecciated in a couple of areas, and the breccias 
intruded by quartz porphyries (Thomas, 2006).  

 
FIGURE 21:  Section of the western Baal Gammon pit wall where oxidising sulphides (dark brown) indicate the locations of  
mineralised fracture networks (centre) and sulphidic breccia material (lower right) comprising the resident orebody (Author’s photo). 

FIGURE 22:  Cut-&-ground sample of Baal Gammon ore revealing the presence arsenopyrite (silvery grey) fragmented and 
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enclosed by pyrrhotite (bronze) which in turn is partially overprinted by chalcopyrite (yellow).  Both the pyrrhotite and the 
chalcopyrite have partially replaced clusterings of chloritized wall-rock fragments (dark greeny grey). (Sample is 16cm long). 
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4. CARBONATE-HOSTED DEPOSITS 

The predominant lithologies within the Hodgkinson Province are of sandstone, greywacke and siltstone.  However, 
along the province’s western margin pods of limestone from a few meters up to three-quarters of a kilometer across 
(e.g. Corallime area) can occur intercalated within the sedimentary sequence (Askins, 1976).  As a consequence, 
skarns are often evident where limestone strata have come into contact with granitic intrusions (e.g. MAP 4).  

 
(Map obtained from Kwak, 1987) 

 

(a) Tin Skarns / Wrigglites 

According to Kwak (1987), the four most common proximal tin skarn assemblages are as follows: (i) magnetite with 
minor tin, (ii) andradite + wollastonite, (iii) magnetite + fluorite + vesuvianite, and (iv) forsterite + pyroxene +/- 
spinel.  Of these, the first and third types are evident in the western part of the Hodgkinson Province, where tin 
skarns have been identified in the Pinnacles, Ironstone, Munderra, Red Hill and Gillian areas (Kwak, 1987; see MAP 4, 
& bottom sector of Map 1). 

According to Taylor (1979), tin-rich magnetite skarns can be quite common, but tin contents are usually low and 
often associated with minerals other than cassiterite.  Moreover, there can be problems with treating the ore, 
particularly where gangue silicate minerals contain tin, and cassiterite grains contain magnetite inclusions.  In north-
east Queensland, a good example of a stanniferous (oxidized) magnetite skarn occurs in the ‘Gillian’ prospect, 5 km 
southwest of Mt Garnet.  This deposit has been known about for decades (e.g. Pollard & Taylor, 1982) but after 
further exploration work Consolidated Tin Mines Ltd announced in 2010 that it contained a JORC Code Measured 
Resource of 1.2 Mt at 0.82% Sn (Champion & McKay, 2012).  In 2014 this was revised to 2.53 Mt at 0.78% Sn (Ralph 
de Lacy, 2014).  

Where associated with strong fluorite precipitation, the magnetite-rich skarn can develop a ‘wrigglite’ structure (e.g. 
FIG.s 23 & 24), consisting of rhythmic finely crenulated layers made of magnetite lamellae (+ minor cassiterite) 
alternating with lamellae of fluorite + fluoro-vesuvianite (Kwak & Askins, 1981).  Wrigglite growth is thought to 
proceed out from fractures during intermittent periods of fluid overpressure and supersaturation →precipitation 
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→relative depletion of the fluorine component.  Such deposits have been viewed as the carbonate analogue of a 
greisen system (Taylor, 1979).   

In north-east Queensland, a good example of this type of deposit is the long explored the ‘Pinnacles’ prospect which, 
according to a 2013 announcement by Consolidated Tin Mines Ltd, has a total (Indicated + Inferred) Resource of 5.39 
Mt at 0.45% Sn equivalent, and 5.39 Mt at 6.6% F (at a 0.33% Sn equiv. cut-off: de Lacy, 2013).  Unfortunately, 
problems can arise when fluorite proves difficult to extract, and tin occurs not only in cassiterite but also in less 
amenable minerals such as stanniferous spinel, amphibole, phlogopite, and garnet (Gregory et.al., 1980). 

 
   (Photo obtained FROM thesis by Askins, 1975) 

 
FIGURE 24: Close-up of a typical example of a wrigglite skarn from the Pinnacles area, north of Mt Garnet  

(long axis ~ 15cm; Photo obtained FROM Taylor, 1979) 

 

(b) Base-metal Skarns  

A more conventional pyroxene + garnet + magnetite skarn with sulphide mineralisation has been mined 
intermittently just south of Mt Garnet (see MAP 4).  Mining at this site commenced in 1898 and ceased in 1902 when 
all the copper oxide and supergene ore had been extracted (Hartley & Williamson, 1995).  Sporadic attempts at 
mining the remaining ore exposures continued until 1926 when the last tons of lead-oxide ore were removed, and 
only zinc-dominant sulphides were available (Beaton, 2004).  According to Blake (1972) recorded production in 1901-
03 was 4415 tons of Cu and 948,651oz Ag, the recovery grade of ore mined being 4.9 % Cu and 10.7oz Ag per ton.  In 
addition, 1924 tons of unspecified ore in 1904, and 966 tons Ag-Pb ore in 1926 were sent to the Chillagoe smelters.  

Exploration drilling up to 1990 defined two underlying high grade shoots of massive Fe-rich sphalerite with minor 
chalcopyrite, indicating a resource of around 2M tonnes at 9.0% Zn, 0.5% Cu, 25 g/t Ag, using a 3% Zn + Cu cut-off 
(Hartley & Williamson, 1995).  Mining of the first stage open pit between May 2002 and May 2004 delivered 217,570 
tonnes of ore with average grades of 6.75% Zn, 0.42% Cu and 15 oz/t Ag (Hartley & Williamson, 1995).  The second 
stage pit is designed to mine a further 646,000 tonnes of ore grading 6.3% Zn, 0.5% Cu, and 20 g/t Ag (Morrison & 
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Beaton, 2015).  An underground minable reserve of 618,000 tonnes (mined, probable, indicated & inferred) at 9.5 – 
6.7% Zn, 0.5 – 0.3% Cu and 15 - 49 g/t Ag had also been outlined down to 120m depth (Morrison & Beaton, 2015). 

The actual deposit is enclosed in a steeply southward dipping garnet skarn (see FIG. 25), with a north-south strike 
length of around 800m, thickness of roughly 50m, and an undefined depth that goes beyond 120m (Hartley & 
Williamson, 1995).  According to Butera (2001) the original pod of sheared limestone has been almost totally 
replaced by grossular-andradite garnet and subsequent interstitial diopsidic pyroxene, followed by partial alteration 
of garnet to  

 
FIGURE 25:  Sequence of cross-sections through the Mt Garnet skarn deposit (FROM Hartley & Williamson, 1995).  

high-Fe vesuvianite.  These ‘prograde’ phases have then been cross-cut and partially replaced by magnetite which 
has in turn been veined and partially replaced by sulphides.  The sulphide assemblage produced included sphalerite, 
pyrrhotite, and chalcopyrite, with very minor galena and pyrite.  The associated alteration assemblage also includes 
ferro-actinolite, ferro-hastingsite and chlorite, while the latest hydrothermal events involve quartz-sphalerite-calcite 
veining, and alteration of garnets to epidote and clinozoisite (Butera, 2001).    

Possible affiliations between this more conventional sulphide-bearing skarn, and the mostly tin-bearing ‘wrigglite’ 
type discussed previously are difficult to discern.  Askins (1976) postulated the hydrothermal fluids responsible for 
skarn formation at Mt Garnet actually emanated from a completely different granitic source, that being the 
Hammonds Creek Granodiorite which outcrops just over three kilometers to the west of the Mt Garnet skarn.  
Conversely, holes drilled through the ‘Hole 16’ skarn deposit in the ‘Ironstone’ area about 10km south-west of Mt 
Garnet (see MAP 4)have revealed the presence of a thin body of garnet skarn immediately above an ‘Elizabeth 
Creek’ type granite but just below a wrigglite type skarn (Kwak, 1987).  Hence the possibility of there being linkages 
between wrigglite and Mt Garnet type skarns remains open to speculation.   
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(c) Potential Carbonate Replacement Deposit 

Given the presence of mineralizing plutons and limestone strata, it is surprising to learn there haven’t been any 
blatantly obvious forms of carbonate-replacement deposit discovered in the western part of the Hodgkinson 
Province.  Such deposits entail the direct replacement of carbonate strata by sulphide +/-cassiterite mineralisation, 
usually around 500 – 1500m away from F- or B-rich late-stage granite / felsic porphyry apophyses / dykes (Kitto, 
1998).  According to Kitto (1998), carbonate-replacement tin deposits represent the world’s largest exploration 
targets for primary tin mineralization, sometimes hosting more than 50 Mt of Sn-rich ore.  However, most known 
examples of such mineralization occur above the fluid-sourcing plutons, so given the rather small poddy forms of 
limestone and the pluton-level depth of erosion evident in areas north of Mt Garnet, it may well be too much to 
expect that mineralization of such magnitude remains hidden in that district. 

Nevertheless, there may also be a problem with regards exploration perception, as is exemplified by the words 
‘blatantly obvious’.  According to Blake (1972), the ‘Bald Hill’ deposit in the Nymbool district (bottom left of Map 1) 
consists of sphalerite, galena, and minor chalcopyrite + pyrite which have selectively replaced coarse calcareous 
conglomerate and limestone.  Although tonnages originally mined were too small to be worth recording, it is worth 
remembering this deposit has only been mined to shallow depths using small-scale 19th century techniques, and 
hasn’t subsequently been systematically investigated using modern exploration technologies. 

5. METABASALT-HOSTED DEPOSITS 

Along with a monotonous flysch succession of shale, siltstone, greywacke, and greywacke-type conglomerate, the 
Hodgkinson Formation also includes sporadic intercalated bands / lenses of mafic igneous rock and associated 
cherts.  The broad stratigraphic conformity of the mafic igneous bodies, and the intimate association with bedded 
cherts and flysch sediments indicate that these basic volcanics were submarine lava flows (Fawckner, 1975).  Despite 
being spilitised, original basaltic textures can still, in many instances, be recognized (Obiji, 1979; Buckland, 1981).  
According to Jovanoic (1973) the sequences seen can be regarded as overlapping volcanogenic–sedimentary lenses 
consisting of spilite capped by stratified chert.  Compared to the hot fluids emanating from fractionated felsic 
intrusives, the basaltic units are compositionally very different and therefore very reactive.  Moreover, the chemical 
and competency contrasts between the juxtaposed basaltic and cherty units provides plenty of potential for 
preferential dislocation of strata, focused fluid flow, and the destablisation of hydrothermal fluid chemistry. 

(a)  ‘Mafic’ Skarns 

At the ‘Magnum Bonum’ tin mine (centre right of Map 1) in the Silver Valley district, mineralization is centered in a 
highly brecciated and altered basalt intercalated with flysch-type metasediments.  According to Obiji (1979) the 
basaltic unit has been fragmented, veined and altered by an unusual succession of mineral stages, starting with 
pyroxene veins and alteration, followed by hornblende veining and alteration, actinolite veining, and quartz + K-
feldspar veining +/- biotite alteration (e.g. FIG. 26).  This was followed by major brecciation involving matrix 
alteration & infill by magnetite (now partially haematised) + quartz and cassiterite +/- fluorite, apatite and sericite, 
with some associated alteration of mafic fragments to chlorite (e.g. FIG. 26).  Wallrock veining by magnetite with 
various affiliates such as quartz, calcite, fluorite & cassiterite, is then followed by veining by pyrite (+/- chalcopyrite), 
and quartz / calcite +/- muscovitic alteration.  The resultant paragenetic sequence is typical of what would be 
expected for an iron-rich skarn system, except the main host rock in this case is a (spilitised?) mafic volcanic.  

According to Blake (op. Cit.) the Magnum Bonum mine was worked for tin from a small shaft and adit, and the 
recorded production from 1903 to 1924 was 40 tons of SnO2 from ore of 4.8% SnO2.  An article in ‘Cairns Morning 
Post’ dated the 13th of October 1904, stated production at time was 1,200 tons of tin stone for a return of 11 ½% 
black cassiterite. 

Close by to the east, and potentially beneath, is the highly mineralised Go Sam Granite, which is therefore most 
likely the source of heat and mineralizing fluids.  However, most alteration (albitisation, greisenisation) associated 
with this granite does not involve the influx of calcium.  A clue as to the source of that element is the presence, in 
one location, of a skarn composed predominantly of garnet (+/- apatite), fragmented and overprinted by a 
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magnetite + quartz stage with associated cassiterite (Obiji, 1979).  The existence of this garnetifierous skarn may 
indicate the original inclusion of a small to moderate sized wedge of carbonate hostrock in the affiliated strata, 
which is not an uncommon occurrence in the Silver Valley district (Blake, 1972).  The key point, however, is that the 
presence of likely skarn material does not always imply the original hostrock was purely limestone, and that the 
expected mineralisation in association should primarily be of sulphides.   

The close proximity of strata with both a mafic volcanic unit AND limestone, PLUS nearby intrusion of mineralizing 
granite is somewhat serendipitous, which may account for the rarity of this deposit form within the Herberton – Mt. 
Garnet mineral field.  Then again it should be noted that 6 km to the north of this minesite, in the vicinity of Mt. 
Ormonde, lies the ‘Zig-Zag’ deposit (upper centre right of Map 1) which is said to contain massive stanniferous 
sulphide ore, in metasediment altered to an assemblage containing garnet, magnetite, and ‘chlorite’.  According to 
petrography done by Monto Minerals (Allchurch, 2013), the garnet and magnetite signify the presence of a skarn 
system ~ it would be of interest to know if the chlorite has been derived from alteration of pyroxeneor amphiboles.  
Despite these surficial occurrences, however, a hole drilled to 373m beneath the historic Zig-Zag mine intercepted (i) 
an outer zone of discrete quartz veins with minor arsenical base-metal (Cu, Pb, Zn) mineralization, and (ii) an inner 
zone of intense silicification enclosing quartz veins with much lower base-metal contents, and elevated W, Bi, Te, 
and Au (up to 0.056g/t) values (Allchurch, 2013).  Obviously, much remains to be done to clarify exactly what type of 
mineralization is evident at this prospect. 

 
FIGURE 26:  Basaltic host rock initially micro-fractured and altered to diopside (pale creamy grey), then networked with veins of 
albite (near white) and supposed hornblende (dark green crystals lining sides of albite veins), overprinted by amphibole (very dark 
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green veinlets & assoc. dark greenish alteration), and veined by quartz (creamy orange ~ top left), all of which is overprinted in part 
by chlorite (smudgy brownish green ~ e.g. at photo centre) (Thesis sample  ~ 19cm across, collected by Obiji, 1979)  
 

 

(b) Progenitors of Chlorite – Garnet Lodes 

Pinkish red to reddish brown almandine garnets up to 5mm in diameter have been found to be present in a number 
of cassiterite-bearing chlorite lodes located in the metasediments.  Examples include the ‘Marianne’ mine in the 
Stella area, ‘Irish Girl’ & ‘Dillians Garnet Show’ mines in the Watsonville district, the ‘Reliance’, ‘Monte Carlo’, 
‘Vesuvius’, ‘Brown Beauty’, and ‘Bakers’ mines in the Bakerville district, ‘Jack-in-a-box’ and ‘Jumna’ mines around 
Irvinebank, and the ‘Tommy Burns’ mine well west of Emuford.  Quite a few of these lodes have been shown to 
occur in / adjacent to strongly altered metabasalt (e.g. ‘Jack-in-a-box’, & ‘Tommy Burns’ mines), or metasediments 
interbedded with metabasalts (e.g. ‘Jumna’ mine).   

Where such lodes have not been augmented by other forms of mineralization exploiting the same structural 
conduits (such as tourmalinitic lodes in the Irvinebank examples), production from such lodes has been quite 
meagre: 99 tons SnO2 from Bakers mine (1901 – 11), 53 tons SnO2 from the ‘Vesuvius’ (1935 -65), 18 tons 20 tons 
SnO2 from the ‘Reliance’ (post 1931), and 20 tons SnO2 from the ‘Irish Girl’ (1901 – 1950) (Blake, op. cit.).   

At the Jumna Mine (upper central part of Map 1) the disseminated cassiterite within the chlorite-garnet lodes 
seldom gave grades greater than 1% Sn, but the overprinting quartz-tourmaline zones tended to be considerably 
richer ~ up to 25% Sn (Milburn, 1980).  From 1896 to 1927, around 149 tons of SnO2 were extracted from the richest 
tourmalinitic lodes at this minesite (Blake, op. cit.), but in the late 1960’s mining development resumed to extract 
indicated ore reserves of 72,000 tons at an average grade of 0.77% Sn (Milburn, 1980).   

According to Milburn (1980) much of the chlorite appeared in places to have been derived from the alteration of a 
garnet-bearing biotite precursor rock.  Likewise, at the ‘Jack-in-a-box’ Mine in the Irvinebank area, much of the 
supposed ‘chlorite lode’ was eventually determined to be metabasalt replaced by biotite containing almandine 
garnet, hercynitic spinel and intermittent corundum, which had been partially chloritized where transected by lodes 
containing tourmaline, quartz and cassiterite (Moore, 1981; see FIG. 27).    Once again, the best grades occur where 
the overprinting lodes of cassiterite-rich quartz-tourmaline, and clay-tourmaline occur (Moore, 1981).   

 
FIGURE 27: Cut and ground sample form the Jack-in-a-box Mine (via Irvinebank), revealing the presence of strongly altered 
breccia, containing fragments of metabasalt altered to black biotite (partially chloritized) bespeckled with grains of garnet 
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(brownish), enclosed in clusters of garnet (pinkish to pale cream) and biotite which has been predominantly altered to chlorite 
(greenish grey) (Photo obtained FROM thesis by Moore, 1981)    
 

At the Tommy Burns Mine, located 17.5km WNW of Emuford (outboard of Review Map), hydrothermal fluids moving 
through a fault-related breccia zone caused extensive wallrock alteration in a mafic volcanic unit, and partial 
alteration of the adjacent metasediments (Pollard, 1978; see FIG. 28 - 30).  As a result, altered mafic rocks that 
consist of cordierite, anthophyllite, biotite and almandine garnet occur in close association with cassiterite-bearing 
cordierite-cummingtonite rocks of definite hydrothermal origin (Pollard, 1978 & 1981).  The cordierite and 
cummingtonite have subsequently been replaced by chlorite ~ almost completely in the lower levels of the main 
lode, but only partially in the upper levels (Goulevitch, 1990; also see FIG. 31).   

 
FIGURE 28: A model proposed by Pollard (1978) for the formation of the Tommy Burns deposit, entailing several stages of block 
fault movement, resultant brecciation, and flow through of mineralizing hydrothermal fluids (FROM thesis by Pollard, 1978). 
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FIGURE 29: Breccia sample (~ 10cm across) from Sunnymount orebody, composed of chert fragments enclosed in both infill of, 

      and rock-flour matrix altered to, black biotite plus fine creamy specks of pyrite (Photo FROM thesis by Pollard, 1978)  
 

 
FIGURE 30: Sample (~ 10cm across) of recrystallised metasediment wallrock adjacent to garnet – chlorite lode (upper right), with 
garnet grains localized along minor fractures; (Photo obtained FROM thesis by Pollard, 1978) 
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FIGURE 31: Sample (~ 10cm across) of quartz (white), cassiterite and wolframite (black) segregations in chlorite (green) + garnet 

 (orangy to dark brown) lode overprinting predominantly biotite and almandine garnet alteration of a metabasalt  
(Photo obtained FROM thesis by Pollard, 1978) 

 
In addition, mineralisation also changes with depth, from cassiterite dominant in the upper part, through cassiterite 
+ wolframite, to cassiterite + wolframite + scheelite some 250m below the discovery outcrop (Goulevitch, 1990).   
Discovered in 1900 and worked until 1920, then again 1959-1985, total production for this mine is listed as 14,630 
tonnes cassiterite concentrate, 700 tonnes of scheelite concentrate, and 670 tonnes of wolframite concentrate 
(Murray, 1990).   

The main object lesson presented by this deposit is that where minerals such as cordierite, anthophyllite and 
cummingtonite are encountered in a confined area of mafic rock, it should not be assumed they are just local 
perturbations of regional metamorphism.  
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6. DEPOSITS in SILICICLASTIC METASEDIMENTS 
 

(a) Tourmalinised Metasediment Lodes 

Cassiterite-bearing quartz-tourmaline lodes are almost entirely confined to the metasediments of the Hodgkinson 
Formation.  Moreover, although they are conspicuous around Glenlinedale, northeast of Emuford, NNW of 
Bakerville, and especially north, south and east of Irvinebank, they are relatively rare in metasediments elsewhere 
within the Herberton – Mt Garnet region.      

Most lodes with associated tourmaline infill/alteration tend to occur in distinguishable clusters.  The small 
Glenlinedale group is sited just ¼ - ½ km east of the distinctly fractionated Glenlinedale Granite (central part, Map 1).  
The larger cluster around 3 ½ km NNW of Bakerville (upper central section of Map 1) forms a group around ½ - 1¼ 
km from a mineralizing granite.  To the southwest a lesser group occurs 2¼ km SSE of Hales Siding, out to 1km from 
the nearby Jumna granite.  In the Emuford district nearly all such lodes occur in an oval cluster ¼ - 1¼ km north of, 
and with long axis roughly subparallel to, the elongate western microgranite segment of the Sugar Bag Granite 
(centre left of Map 1).  Taking into account the presence of north-side-down faulting along the northern margin of 
this east-west orientated granite, Pollard (1984) suggested this tourmaline lode clustering may be related to an 
affiliated igneous body that has intruded to a shallower level.  This may well be indicated by the presence of pre-
mineralisation quartz-feldspar porphyry dykes in the same area. 

In the Irvinebank area (just north of Map 1 centre) the center of a large tourmaline lode cluster, up to 5 ½ km across, 
is 5km away from the nearest granite.  However, the district is wedged between granites which are reputed to dip 
shallowly beneath metasediments (Blake op. cit.), and is intermittently transected by felsic porphyry dykes (Milburn, 
(1980), as well as sub-domained by several likely intrusion-related ring-structures (Buckland, 1981; Moore, 1981). 

At least three tourmalinitic lode types have been recognized, often occurring together in the same lode system.  The 
earliest entails brecciation of the hostrocks and the formation of pods / pipes of cassiterite-bearing massive quartz 
with minor tourmaline, through to massive tourmaline with minor quartz (Moore, 1981; see FIG.s 32 & 37).  
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  More distinctive are the sheeted veins/veinlets designated ‘streaky ore’, made up of alternating bands of quartz, 
tourmaline and cassiterite that are mostly evident in association with major fractures in arenaceous units (Pollard & 
Taylor, 1982; see FIG.s 33 & 36).   

(Scale bar = 1cm) 
FIGURE 33:  Sheeted veins of quartz (white) + tourmaline (black) + cassiterite (dark brown), i.e. ‘streaky ore’, evident in  
  sandstones adjacent to the Jumna Footwall Lode (Photo FROM thesis by Milburn, 1980).  
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These ‘streaky ore’ structures bear some resemblance to the veinlet swarms often seen in albitised/greisenised 
lodes in granite, and may possibly be higher level roof-rock equivalents.  However, they can also form as several 
generations of criss-crossing veinlet swarms, giving rise to locally intense veinlet networks (see FIG. 34).  

 
FIGURE 34: Several generations of ‘streaky ore’ criss-crossing each other to produce a quart-tourmaline-cassiterite veinlet network  
            ~ from Streak Hill Tin deposit, via Irvinebank.  (Sample from EGRU collection). 

Both the massive and ‘streaky’ ore types are commonly accompanied by various degrees of wallrock silicification and 
tourmalinisation (Milburn, 1980; Buckland, 1981; Moore, 1981).  Subsequently, there is often further fracturing and 
an overprint of localized (FIG. 35) through to pervasive (FIG. 36) argillic alteration, with the resultant clay sometimes 
containing clusters of tourmaline and fragmented quartz (Buckland, 1981; Moore, 1981).   

(Scale bar = 1cm) 
FIGURE 35:  Early quartz +/- tourmaline veins (near vertical in photo) crosscut by tourmaline +/- quartz veins (near horizontal) 
which are haloed by sericitic (greenish grey) alteration, BOTH cross-cut by clay veinlets haloed by argillic (creamy orange) 
alteration.  (Photo FROM thesis by Milburn, 1980) 
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(Red line top right ~ 30cm long) 
FIGURE 36: Pit wall exposure at Streak Hill tin mine, via Irvinebank, exhibiting moderately steep tin-tourmaline ‘streaks’ / sheeted  

veins in sandstone that has subsequently been intensely argillised (Photo obtained FROM Buckland, 1981) 

At the Jumna mine Milburn (1980) discerned the late-stage clay alteration to be associated with quartz-pyrite-
kaolinite-carbonate veins, whereas Buckland (1981) at Streak Hill, and Moore (1981) at the ‘Jack-in-the-box’ Mine 
saw only clay-lined fractures and shears.  

Although the ‘streaky’ quartz-tourmaline-cassiterite lodes generally constitute the richest ores, they are usually 
quite limited in extent (Milburn, 1980; Moore, 1981).  As a consequence, deposits containing tourmaline lodes which 
have in the past been suitable for small company-based mining have been those with multiple mineralizing events 
(e.g. FIG. 38).  For example at the ‘Governor Norman’ Mine, where sheeted tourmaline lodes have been brecciated 
and further mineralized by a subsequent chloritizing event, the total combined historic production was 1,300 tons 
SnO2 concentrate from ore that averaged 1% tin (Proactive Investors, 14-5-2014), but Garrad & Bultitude (1999) list 
for this site a further unmined indicated resource of 17,000 tonnes at 1.7% Sn. 

At the Jumna Mine (72,000 tons of ore @ 0.77% Sn av.), the tourmaline lodes cross-cut garnet-biotite (→chlorite) 
lode material, and are subsequently cross-cut by tin-bearing chlorite, and an argillic overprints (Milburn, 1980).  

While the timing of the biotite-garnet lode event at the ‘Jack-in-the-box’ deposit is less well constrained, two forms 
of quartz-tourmaline-cassiterite mineralization have also been crosscut by tin-bearing chlorite, and an argillic 
overprint (Moore, op. cit., see FIG.s 37 & 38).   
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In all three cases an incremental (albeit late-stage) part of the evolving system is pervasive argillic alteration. With 
the appropriate satellite imagery (see Chitrakar, 1998), detection of such alteration haloes, and hence their affiliated 
lode systems, may conceivably prove feasible.     
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(b) Chloritised Metasediment Lodes 

Chlorite - quartz lodes are the most widespread form of mineralization within the metasediments of the Herberton – 
Mt Garnet Mineral Field.  They generally occur as pipes and veins localized in steeply dipping fracture/shear zones, 
and collectively account for more than half the total lode tin produced in this region, as well as a significant amount 
of the copper (Blake, 1972).  Most of these lodes tend to occur in clusters, although scattered individual deposits are 
also evident.   
 
In the Emuford district chloritic lode clusters overlap with, and arc around to the north of the tourmaline lodes 
cluster (centre left of Map 1).  Chlorite lodes within 1½ km of the northern (faulted) boundary of the Eastern Tate 
Batholith produced cassiterite and little else.  Between 1½ to 2km out cassiterite and minor copper ores (sulphides & 
secondaries) were obtained, whereas beyond 2km base-metal ores (esp. of Cu & Pb) with minor tin have been 
extracted from quartz-sulphide lodes weakly haloed by silicic +/- chloritic alteration.  For the elongate chlorite lode 
cluster north-west of Bakerville (upper central part of Map 1), the cutoff between tin-bearing lodes and those 
exploited for base-metals is around 2km out from the nearest mineralizing granite, whereas just west of Herberton it 
is the actual (faulted) contact. 

 In the Stannary Hills and Mt Nolans area (centre top of Map 1), chloritic lodes have typically been found within 1½ 
km of a nearby granite contact, and predominantly produced tin with only accessory base metals.  Clusters of 
chlorite lodes within the headwaters of Five Mile Creek (~ 8km NNE of Mt Garnet), along with occasional chlorite 
lodes around the northern margins of the Coolgarra batholith (centre to lower right of Map 1), typically contain 
cassiterite ore and occur within ½ km of the nearby granite.    

Confusingly, south of Hales Siding a cluster of chlorite lodes containing mainly cassiterite ore occurs within ¼ km of 
the unmineralised Hales Siding Granite (upper central part of Map 1). HOWEVER, a belt of intermittent tin-bearing 
chlorite lode clusters extends from Giblets Peak / Panorama Granite on the mid-northern boundary of the Eastern 
Tate Batholith, across to Irvinebank which is nearly 4km out from the nearest granite exposure, then arcs up to near 
Hales Siding (see central section of Map 1).  Moreover, in the Brownville - Coolgarra region chlorite lodes with Sn (+/- 
minor Cu) are scattered west to east from 1¼ km south of Geebung Granite’s southern tip, across 10½ km to the 
western edge of the Percy Granite, in a zone up to 4½ km wide at its widest ~ mid-spread (lower central section of 
Map 1).  Clearly there is much to be done to discern controls on chlorite lode distribution. 

Most of the tin-producing variants generally contained fine- to very fine-grained cassiterite, either disseminated in 
the chlorite, or in thin quartz veins emanating through the chlorite (Blake, op.cit.).  As with most greisen lodes, the 
vast majority of chlorite-lode tin mines in the region have been small, relatively high-grade producers, with most 
developments extending down less than 30m in depth, but with the average grade of ore mined ranging from over 
10% SnO2 when mining first began, down to around 1.5% during the 1970’s.   

Once again, however, it should be born in mind that the small-scale mining ventures often didn’t proceed past the 
water table level, or a major constriction / offset in an ore shoot.  A good example of a highly productive cassiterite-
bearing chlorite lode is the ‘Vulcan’ mine less than a half kilometer west of Irvinebank.  Discovered in 1889, this 
deposit was mined for 40 years to a depth of 447m below the initial exposure, and produced 13,712 tons of SnO2 
from 183,000 tons of ore, for much of the time at an average grade of 7.5% SnO2 concentrate (Levingston, 1980).  It 
should be noted, however, that this lode outcropped at the top of a prominent hill (minimizing drainage problems) 
and, with the exception of few minor offsets, was almost continuous in form (see FIG.s 39 & 40).  

Moreover as noted in the previous section, major chloritic-type deposits commonly exhibit more than one stage of 
mineralization.  For example, as the biggest producer of ore on the ‘A1 Line’ of lodes in the Emuford district, the ‘Ivy’ 
deposit contained veins of mainly quartz, arsenopyrite, cassiterite and pyrite which were crosscut by more veins 
infilled with quartz, arsenopyrite, carbonate, chalcopyrite and other base-metal sulphides plus cassiterite which was 
often rimmed by stannite (Pollard, 1984).  With the inclusion of a third stage of veins infilled with quartz and 
carbonate, the resultant vein complex mined was up to a meter wide.  
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Finally, it should be noted that larger bodies of more diffuse mineralization have also been found recently in 
chloritized metasediments.  For example at the Dalcouth prospect (lower central part of Map 1), located almost in 
the middle of the Brownville - Coolgarra ‘mega-cluster’ of chlorite lodes, fine anastomosing quartz-cassiterite veins 
and vein stockworks have been discovered permeating three strongly chloritized zones.  The main zone is over 350m 
in strike length, up to 130m wide, and continuous to at least 100m depth (MGT Resources, 19/4/2016 ~ see FIG. 41).  
Exploration drilling has also revealed there to be a rhyolitic intrusion spatially associated with the three mineralized 
zones.   

Although the miners in the first half of the last century were only able to extract 55 tons of SnO2 from this site (Blake, 
op. cit.), recent drilling has revealed the presence of a further resource comprising 495,000 tonnes at 0.31% Sn (MGT 
Resources, 19/4/2016).    
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FIGURE 41:  Computer block model of the Dalcouth resource projected within the local topography (Sn cut-off > 0.1%)  

(From MGT Resources, 19/4/2016 Progress Report) 

(c) Silicified Metasediment Lodes 

In addition to quartz + ore lodes enclosed with obvious alteration of either sericitic, tourmalinitic or choritic types, 
there are others where the associated alteration is either more difficult to discern or mainly just a form of 
silicification.  Mineralization associated with such lodes seems to vary considerably with regards distance from either 
source granite OR to margins of caldera subsidence.   

(i) Tungsten – Quartz Lodes 

Tungsten ores embedded in quartz with little in the way of distinctive associated hostrock alteration are occasionally 
evident in structures cutting hornfelsed metasediments close to or within contacts with mineralizing granites.  For 
example, a minor few are located in the contact between the Hodgkinson formation and the Geebung Granite (left 
of lower central part of Map 1).  Others occur close to the western, eastern and northern contacts of the Nettle Suite 
Stage 3 granite (right of lower central part of Map 1), although one elongate cluster in the Top Nettle metasediment 
roof pendant to the north actually contains mainly cassiterite.  

In addition to wolframite, associated minerals such as arsenopyrite, beryl, fluorite, topaz, cassiterite, molybdenite 
and pyrite may also be present, according to Blake (1972).  This author also lists the largest deposit of this type in the 
region as being at the Fingertown mine at Geebung Hill, where a quartz vein up to 6m wide existed in metasediment 
at the granite contact, and that 22 tons of wolframite was extracted from there between 1942 and 1955.  Drilling 
done by Overland Mining intercepted more ore at depth (Canberra Times, 5-2-1970), but this was just before the 
1970 oil crisis ~ no further development has been formally recorded. 

(ii) Tin – Quartz Lodes 

Tin ores embedded in quartz with little in the way of distinctive associated hostrock alteration are far more common.  
In many cases they are intermingled with lodes enclosed in distinguishable forms of alteration (sericitic, 
tourmalinitic, or chloritic) that cluster in metasediments adjacent to small-scale, late-stage, fractionated (micro-) 
granites dotted around the margins of a batholith.  Around the south-eastern margin of the Eastern Tate Batholith 
(lower left to central part of Map 1), for example, instances of cassiterite-bearing quartz lodes are evident in 
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metasediments nearby the ‘Stingo’, ‘Rock-of-ages’, and ‘Glenlinedale’ Granites.  There are others in a cluster around 
a small mineralising granite pluton within metasediments in the Sailor’s Creek area (lower central right of Map 1), 
just east of the Go Sam Granite. There are also occasional individual examples in metasediments adjacent to the Go-
Sam Granite itself, as well as a few more clustered with chloritic, sericitic and tourmalinitic lodes ¾ km out from, and 
sub-parallel to, the north-west contact of the Percy Granite (central part of Map 1).      

Away from granite exposures, such lodes tend to be intermingled with, or flank chlorite lode clusters.  For example, 
there are quite a few affiliated with chlorite lodes through the Brownville – Coolgarra region (lower central part of 
Map 1).  Moreover there are others within, and to the north of the intermittent band of chlorite lodes extending 
from Giblets Peak / Panorama Granite on the mid-northern boundary of the Eastern Tate Batholith, across to just 
west of Irvinebank then in an arc northwards towards Hales Siding (central part of Map 1).  The addition of these 
lode sites with those of the tin-bearing chlorite lodes tends to reinforce the portrayal of this overall trend.  In 
general, this association seems to indicate that the cassiterite-quartz lodes with minimal obvious wallrock alteration 
and the tin-bearing chlorite lodes are similarly derived except that at the level now exposed, the hydrothermal fluids 
in the former had lost the power to react with the wallrock, but not the propensity to precipitate mineralisation.  
This aligns with the statement made by Blake (op. cit.) that many of the quartz lodes grade imperceptibly into 
chlorite-quartz or quartz-tourmaline lodes at depth.   

Within these cassiterite-bearing quartz pipes and veins the quartz is reported to be quite coarse grained, often 
crystalline and vuggy, with the associated cassiterite occurring as euhedral crystals maybe 5mm or more in diameter, 
according to Blake (op.cit.).  This author also notes that small quantities of sulphide minerals are present in some 
instances.  Most instances of this lode form are recorded as having been quite small producers of bonanza-type ores. 

(iii) Base-metal – Quartz Lodes  

In broad perspective, along the outer flank of tin-bearing lodes in metasediments lie a smattering of metasediment-
hosted base-metal – quartz lodes.  In many instances the mineralisation below the water-table can be a complex mix 
of base-metal and arsenical sulphides, whereas what past miners sought were only the Cu, Pb, and Zn sulphides and 
their secondary enrichment derivatives, including secondary native silver (Blake, 1972).  As a result they tended to 
only mine what was available above the water-table, and stopped mining upon reaching the all-sulphides 
mineralisation below.     

In the Emuford district the boundary between mainly tin-bearing lodes (with obvious chlorite alteration haloes) and 
predominantly quartz – base-metals lodes (with very weak/indistinct alteration haloes) runs roughly parallel to, and 
around 2km north of, the (faulted) granite contact (dashed red line ~ centre left of Map 1).  However, just east of the 
Elizabeth Bluff Fault the boundary is within ¼km of the granite contact, indicating a likely dislocation of lode 
symmetries across that fault.  Moreover, with progression eastwards the boundary between predominantly quartz-
cassiterite lodes and quartz-sulphide lodes angles away from the granite contact to be over 6.5km north from the 
eastern exposed tip of the Eastern Tate Batholith (near upper central part of Map 1) .  Obviously the boundary is not 
symmetrically aligned with the presently exposed edge of that batholith.  

Conversely, within that same sector the boundary is consistently aligned 3 – 3½ km south from the southern margin 
of the Featherbed Volcanics.  This would suggest there is a greater affiliation between the exposed edge of the 
volcanics and the change in type of mineralisation encountered with progression away from it.  However, towards 
Hales Siding the boundary loses alignment and veers northwards to become very close to the volcanics, (just as it 
does back to the west in the vicinity of Elizabeth Bluffs) thereby negating the supposed symmetrical relationship.   

Ultimately, the unchanging dynamic is that base-metal – quartz lodes flank a belt of cassiterite-bearing quartzitic and 
chloritic lodes, which in turn flank and intermingle with a zone of tin-bearing tourmaline lodes.  Presumably these 
stanniferous tourmaline lodes, like those in other tin-fields such as Cornwall (e.g. Hosking, 1964, 1969), Erzgebirge 
(Tischendorf, 1973), and the Amur region (e.g. Chugaev et.al. 2012), emanate from one or more mineralising 
granites located at depth.   It is a pity there is no NW - SE seismic transect from Montalbion to the Silver Valley to 
verify this supposition. 
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On the eastern side of the Irvinebank area of tin-bearing tourmaline lodes, there is another (more dispersed) band of 
tin-bearing quartzitic and chloritic lodes, which in turn is flanked by the base-metal – quartz lodes of the Silver Valley 
district, along the western margin of the Glen Gordon Volcanics (centre right of Map 1).  Most of the latter actually 
occur in two relatively close clusters, rather than spread out in a belt, and may well emanate from another separate 
intrusion or two at depth ~ once again a seismic profile across the area would prove very revealing.  The recorded 
output for the Silver Valley district is 6100 tons of ore from which 580 tons of Cu, 60 tons of Pb, and 40,000 oz of Ag 
were extracted (De Keyser & Lucas, 1968), with most mining activity ceasing at, or just below the water-table (Blake, 
op. cit.).   

A singular example of sulphide-bearing siliceous lodes occurring in metasediments adjacent to tin- bearing lodes in 
sericitised / chloritized granite is located at the Isabel deposit just west of the Specimen Hill Granite near Herberton 
(top right section of Map 1).  According to Robinson (1983), the sulphides have mostly been deposited, in association 
with quartz, as infill in dilational segments of tectonic breccia wherein the metasediment fragments and sidewalls 
have been strongly silicified (see FIG. 42).  The sulphide assemblage mostly comprises arsenopyrite, pyrrhotite, 
chalcopyrite, galena, sphalerite and stannite, along with minor amounts of fine-grained cassiterite.    

A third band of base-metal – quartz lodes is intermittently scattered along, and within a kilometre of, the north-east 
boundary to the Nanyeta Volcanics (lower left of Map 1).  In this position, however, they also spread along the south-
west margin of Brownville – Coolgarra grouping of stanniferous chlorite, and quartz-type lodes.  Moreover, a couple 
of tin-bearing quartz lodes are located in their midst, and there are also base-metal lode clusters within the 
Brownville – Coolgarra grouping of tin deposits, so the overall layout is somewhat ambiguous.  Production figures 
are mostly conspicuous by their absence. 

Blake (1972) actually went into great detail delineating those deposits mined mainly for copper ores from others 
exploited for their lead and silver contents.  However, most of the ores extracted were secondary enrichment 
products from deposit weathering, and below the water-table level the primary ores for both sets of deposits were 
generally found to be a complex mixture of Fe, Cu, As, Pb (-Ag), Zn, and even Sn sulphides (Blake, 1972; Kelly, 1976; 
Woodward, 1976).   

The main ore features that change are the relative proportions of various sulphide minerals present, and the 
grainsizes and textures exhibited.  This can be demonstrated by comparing the unweathered sulphide assemblages 
from the ‘Siberia Lode’ fissure system close to the Eastern Tate Batholith, the Comeno deposit 1½ km out from the 
Featherbed Volcanics, and the Montalbion mine cluster ~ mostly within half a kilometre of those volcanics.    
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FIGURE 42: Lode mineralisation (upper left half), in the form of sphalerite (large black) and minor chalcopyrite (orangey yellow) 
infilling between (and partially replacing) crystalline quartz (growth zoned, pale grey to white), sidewalled (lower right half) by 
sandstone that has been altered to silica (grey) with patches of clay (pale cream) and fine sulphide spots (black).  Both lode and 
sidewall material have been cross-cut by veinlets of marcasite (e.g. steep-angled veinlet through the centre). 

(Sample ~ 14cm across, from Isabel Mine, west of Herberton, collected by R. G. Taylor). 

Just north of the Bloodwood and Panorama Granites, the Siberia Lode (left of centre on the Map 1) is an east-west 
fault-controlled fissure system which is over 2½ km long and where obviously breccia bound, several metres wide.  
According to Kelly (1976) all the sulphide material within the Siberia Lode deposit group is composed of coarse-
grained aggregates, with arsenopyrite and pyrite tending to form large euhedral grains, galena being mostly 
anhedral and intersititial, and all the other sulphides varying between these extremes.  In massive sulphide 
assemblages at depth arsenopyrite generally predominates, although localised pyrrhotite-dominant and galena-
dominant variants do occasionally occur.   

The enclosing rocks have been variously altered to quartz, from a couple to tens of centimetres out from mineralised 
structures.  Associated with this silicification are disseminated sulphide ‘specks, denoting a degree of affiliated 
sulphide alteration as well.  All told, recorded production tonnages for this lode system amounted to a bit less than 
1,000 tons, three-quarters of which was supergene ore containing 23% Cu, and 6 to 7 oz Ag per ton, with the 
remainder being slightly enriched primary ore containing 5 to 6% Cu and 5 to 9 oz Ag per ton (Morton, 1941). 

Situated around 5 km north-east of eastern end of the Siberia lodes set, the Comeno Mine is the only mine in the 
area to be briefly reopened in the 1970’s, thus providing access for the sampling of the sulphide ore.  According to 
Woodward (1976), the main orebody is a ‘pinch and swell’ type structure, widening in the more competent 
sandstones to as much as 40 cm, but narrowing to as little as 5cm in the thinly-bedded siltstone and shales.  This 
mineralised structure exhibits several episodes of fracturing, including the multiple reopening and infilling of fissure-
type veins that are narrowly haloed by silica +/- sericite alteration.   

An initial quartz-pyrite stage is fractured and veined by a galena-sphalerite-boulangerite mineralisation, deposited as 
crustiform bands involving the rhythmic deposition of alternate sphalerite-rich and galena- /chalcopyrite- rich layers, 
each 1 – 3 mm thick.  These are cross-cut by a more chalcopyrite-rich stage of similar disposition, followed by late-
stage quartz-marcasite-siderite veins (e.g. FIG. 43).  As noted by Woodward (1976), these are features more 
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commonly associated with deposition in a relatively high crustal level, or lower temperature / more distal region 
than is tin / tungsten mineralisation associated with granite intrusions.  They are in fact somewhat similar to 
mineralisation designated by Corbett (2002) as occurring in the quartz – base-metal sulphide zone beneath an 
epithermal system.  Actual production figures for Comeno don’t appear to exist, but a report on the results of 
exploration work done up to 1981 (CR22145) lists an indicated resource of 23,400 tonnes at 6.95% Zn, 1.9% Pb, 
0.45% Cu, 0.37% Sn, and 136.5ppm Ag (Garrad & Bultitude, 1999). 

 
FIGURE 43: Cut sample of ore from the Comeno deposit, exhibiting alternating crustiform bands sphalerite-rich (black) and 
chalcopyrite-rich (gold) layers, subsequently split open and infilled with late-stage quartz (white, to pale orange where iron-stained), 
marcasite (weathered browny grey laths), and siderite (orangey brown ~ near centre left); (Sample from EGRU collection). 

Unlike the fissure-fill Pb-Ag deposits of the Adventure Creek Area such as at Comeno, most deposits on Montalbion 
Hill (N-E of Comeno) are pipe-like in form, and are associated with breccias (e.g. FIG. 44).  According to Woodward 
(1976), all the principal mineralised Montalbion deposits occur within an irregular zone of ‘cherty’ silicification that 
pervades greywacke sandstones, siltstones and shales, and is networked by veins of fine quartz and chalcedony.  The 
breccias consist of mainly sub-angular to rounded silicified rock fragments, ranging in size from 1cm up to 1 meter 
across, mostly enclosed in a matrix of finely comminuted rockflour (e.g. FIG. 45).  Although Woodward (op. cit.) 
speculated on possible fragment rounding due to dissolution by a corrosive fluid, the abundance of undissolved 
rockflour coupled with the smoothness of rounding strongly indicates a process of intrusive brecciation has been 
involved.   

Affiliated with further fracturing and faulting, the mineralisation formed as disseminations in rockflour, veinlets in 
fractured fragments, and the infilling of fault breccia and rockflour-free voids between intrusive breccia fragments.  
An early quartz-pyrite +/- arsenopyrite stage with associated silica-sericite alteration is overprinted by quartz-
sphalerite-galena-tetrahedrite-chalcopyrite mineralisation, wherein sulphides again often form crustiform bands 
(e.g. FIG. 46).  In such cases, however, individual layers are more often less than 0.5mm thick.  This mineralisation is 
subsequently cross-cut by later veins of quartz-pyrite, followed by ferruginous carbonate.  In addition, the initial 
siliceous alteration is overprinted by a pervasive, and in parts intense, kaolinisation.  
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According to Blake (1972), between 1885 and 1895 the Montalbion area produced 1,583,693 oz of Ag from 39,170 
tons of ore (=> av. Grade 40 oz Ag per ton), whereas De Keyser and Lucas (1968) report that altogether 1,680,000 oz 
of Ag were produced from 42,190 tons of ore.   

 

 
FIGURE 44:  Well brecciated rocks with sub-rounded to sub-angular fragments, exposed in the western face of a trench at the  

Rio Tinto minesite, Montalbion area (Black-&-white photo obtained FROM thesis by Woodward, 1976).  

 
FIGURE 45:  Sample of a Montalbion breccia containing angular to rounded fragments of quartzite, sandstone and shale set in a  
  silicified matrix finely comminuted rockflour; (Black-&-white photo obtained FROM thesis by Woodward, 1976). 
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FIGURE 46:  Cut sample of ore from the Albion minesite, exhibiting crustiform banding (through centre) of galena-rich and 
sphalerite-rich layers encrusted on a quartzitic sandstone fragment (top), within breccia containing several elongate silicified clasts 
set in matrix of silicified rockflour; (Black-&-white photo obtained FROM thesis by Woodward, 1976). 

 The presence of chalcedonic silica in veins and alteration, then pervasive argillic alteration, plus the appearance of 
small intrusive breccia pipes, and the textures and fine grainsize exhibited by the sulphides (including a sulphosalt) 
all indicate deposition in an environment somewhat similar to the lower levels of an epithermal system (Corbett, 
2002).  Perhaps the proximity to fault-bound volcanics has facilitated the production of such features.  It certainly 
comes as no surprise that Taylor and Steveson (1972) suggested the Montalbion (& Orient Camp) lode clusters are 
separate systems unrelated to the tungsten, tin, and copper ore centers.  Nonetheless, it should be noted that 
somewhat similar distal forms of Ag-Pb-Zn mineralisation also occur in the major tin-fields of Freiberg (Baumann, 
1965), and Cornwall (Hosking, 1964; Stone & Exley, 1986; Cathro, 2006).  
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(iv) Antimony – Quartz Lodes 

As noted by Blake (1972) small quantities of antimony have been mined at several widely scattered localities in the 
Herberton – Mt Garnet region, from a diverse range of rock-types.  In all cases long bladed crystals of stibnite, 
partially oxidised to cervantite, were extracted from quartz veins that are associated with shear / fault zones.    

North-east of Herberton the Ellenvee group of lodes are sited in locally sericitised granite which has been dislocated 
by the Dividing Range Fault system (Clarke, 1990: top right of Map 1).  Just west of the Arbouin Mine there is 
another antimony lode cluster in granite adjacent to its (faulted?) contact with Hodgkinson metasediments.  North-
east of Emuford the ‘Antimony Reward’, supposedly the biggest antimony mine in the Herberton – Mt Garnet 
mineral field, is sited in the Featherbed Volcanics, on a structure that dips 350 NNE into the volcanic complex (Blake, 
op. cit.).  According to Garrad (1999), remaining resources listed for this site include 96,200 tonnes at 3-10% Sb, and 
another of 16,500 tonnes at 29-65% Sb.  

West of Emuford a few small antimony lodes are generally located in metasediments, although in one example near 
Laheys Creek prospect the parent structure actually cross-cuts the Billings Granite (Pollard, 1984).  A couple more, 
including the Scotts Mine, are located in the Top Nettle roof pendant of Hodgkinson Formation (lower right of centre 
in Map 1), not far from the contact of the Go Sam Granite.  Gregory and associates (1980) also noted a larger deposit 
is located just west of Mt Misery in the vicinity of the ‘Black Sparkle’ Mine (near centre of Map 1), where stibnite and 
cervantite (weathering product) occur through a wide zone of quartz ‘greisen’/silicification and quartz-veining in 
arenaceous metasediments.  

Another tin-field that contains quartz - antimony deposits distal to a major zone of tin mineralisation is the Bolivian 
Tin Belt.  Suffice to note, in that belt some stibnite veins, which contain gold in both the stibnite and quartz, change 
to predominantly gold-bearing quartz veins at depth (Ahlfeld, 1941).  Thus it should be noted, therefore, that 
according to Monto Minerals (Allchurch, 2013) antimony mineralisation (av. assay ~ 3.84%) in the ‘Black Sparkle’ 
Mine area is reported to contain anomalous gold, as well as somewhat elevated levels of arsenic (0.56%) and indium 
(89ppm).  

 

 

FIGURE 47 7(c)(vi):  Sample of breccia vein impregnated with stibnite, FROM Ellenvee deposit(?), North of Herberton  
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(v) Gold – Quartz Lodes  

Two clusters of abandoned gold mines are evident within the Herberton – Mt Garnet mineral field, in both of which 
the gold occurred in quartz veins that seem unaffiliated with any other form of mineralisation discussed so far.   

One gold mine cluster is located just north-east of Mt Garnet township (left of centre, bottom of Map 1), where 
mineralisation occurs in narrow quartz veins that cut through Precambrian schist and quartzite.  According to Blake 
(1972) the quartz veins in the main mine of the group, the ‘Golden Prospect’, contained gold, pyrite, and 
arsenopyrite, and were excavated down to 46 meters depth, although little gold was obtained below 27 meters.  
This mine is listed by Blake (op. cit.) as having produced 185 oz of Au and 217 oz of Ag from 247 tons of ore in the 
period 1932 to 1934. 

At Gurrumba there are a few gold-bearing quartz (+ galena) veins dotted along the margins of thin-bedded siltstones 
and sandstones of the Hodgkinson formation, adjacent to the net-veined granophyre of the Gurrumba Ring Complex 
(far left of lower central part of Map 1) centre left.  Here the main producer was the ‘Mount Luxton’ Mine which was 
mined to a depth of 12 meters, following down a fault that cross-cuts the ring complex.  As a whole this group is 
thought to have produced well under 200 oz of gold (Blake, op.cit.).  

In terms of geological association, the two gold producing groups have little in common, except they are both sited 
in close proximity to cauldron volcanics.  The Mt Garnet group is sited within ¼ km of the southern boundary to the 
Nanyeta Volcanics.  The Mt Luxton group is inside a ring-dyke of granophyre, gabbro and various intermediate hybrid 
rocks which enclose a block of Hodgkinson Formation, along with remnants of the Gurrumba Volcanics and a diorite 
intrusion.  

To this meagre listing of mined gold orebodies, however, there should be added an array of more recently 
discovered but as yet unmined deposits, all located in the lower left quadrant of Map 1.  Just 4 km W.N.W. of Mt 
Garnet, the ‘Triple Crown Prospect’ is an auriferous silicified breccia, enclosed by quartz-sericite-pyrite alteration, 
and associated with a small intrusive body of microgranite / quartz feldspar porphyry (Gallo, 1995; Transocean 
Group, 2011 ~ see FIG. 48).  Vuggy quartz vein networks bespeckled with various base-metal sulphides, sulphosalts 
and ultra-fine grained gold rim the breccia body ~ especially round the southern part where it forms an arcuate zone 
of mineralisation roughly 200m long, and between 25 to 50m wide (Gallo, 1995).  According to an investor 
presentation by New South Resources (2011), drilling has revealed there to be an estimated JORC indicated mineral 
resource of 69,000 oz of gold and 627,000 oz of silver, contained within 2.1 million tonnes of ore grading 1.03 g/t Au 
and 9.4 g/t. Ag at a cut-off grade of 0.3 g/t Au. 

Seven kilometres N.W. of the ‘Triple Crown’ is the Nymbool Gold Prospect.  According to an MGT Prospectus report 
(2012) mineralisation in this case is associated with a complex of felsic porphyry bodies that have intruded the 
contact zone between two granitoids.  It noted that the igneous hostrocks are cut by N-W trending fractures with 
attendant greisen zones and veins, which in turn are cut by north-trending shears with sheeted quartz veins, 
gossanous partings, and narrow quartz-filled breccias.  Prospect drilling above an I.P. anomaly has revealed the 
presence of approximately 2.4 Mt of oxidised mineralisation containing around 0.3 – 1.0g/t Au (av. ~ 0.7g/t) easily 
extractable via heap leaching, with the better grades being associated with intense quartz veining and extensive 
silicification (MGT Prospectus, 2012).   

Four kilometres to the south at the Ambrose Gully Prospect, rock chip samples of gold-bearing rock assaying at 0.95 
g/t have been collected from quartz ‘greisen’ along the top contact of a porphyritic biotite granite which has 
intruded metasediments (Diatreme Resources Ltd., 2003).  Both this prospect and the Nymbool Gold Prospect lie 
adjacent to areas of known tin mineralisation, leading to speculation as to whether or not the gold and tin deposits 
share a common derivation.  Before such a notion is summarily dismissed, it should be noted that flotation test work 
done on mine dump samples of sulphide ore from the bottom of the nearby Smiths Creek Tin Mine produced a 
concentrate containing 25% Cu and 500 g/t Au.  It should also be noted that according to Thompson and associates 



57 
 

(1999), it is not uncommon for intrusion-related gold deposits to occur within magmatic provinces best known for 
tungsten and/or tin mineralisation. 

In addition, 2 ½ km WSW of the Nymbool Gold Prospect, a large altered porphyry intrusion with pyrite-chalcopyrite 
vein-stockwork and ‘disseminations’ has been encountered in Hodgkinson Formation metasediments at the ‘Cerro 
Colorado’ Prospect.  Drilling has revealed a resource of 2.3 to 2.5 Mt at 0.6 – 0.8% Cu and 0.2 – 1.0 g/t Au in the 
overlying oxidised zone (MGT Prospectus, 2012).  Clearly there is potential for more gold mineralisation to be 
discovered in this region, particularly when it is remembered that most previous assessments were done by 
prospectors who discounted the possibilities of gold mineralisation being present if gold particles were not visible to 
the naked eye.   

 

FIGURE 48: Stylised map of the ‘Triple Crown Prospect’ ~ an auriferous silicified breccia deposit, enclosed by quartz-sericite-pyrite 
alteration, and associated with a small intrusive body of quartz feldspar porphyry (Transocean Group, 2011). 
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7. DEPOSITS IN Late Carboniferous VOLCANICS 

As well as occurring in Hodgkinson formation metasediments adjacent to the southern flank of the Featherbed 
Volcanics, some silver-lead deposits are actually sited within the volcanics themselves.  These deposits occur as two 
clusters of lodes in the Mt Weinert – Orient Camp district (top central quadrant of the Map 1). 

According to Blake (1972), the lodes seemed to be associated with shallow to steeply dipping shear zones within 
porphyritic felsic pyroclastics.  Below the water-table the lodes consist of argentiferous galena intermingled with 
various other base-metal sulphides.  Above the water-table most associated sulphides had oxidized, and the 
argentiferous galena had partially oxidized to lead carbonates with affiliated native silver.  As a result, most lodes 
were mined down to ground water level and then abandoned.  The deepest level of mining was around 36 meters at 
the ‘East Orient’ (Blake, 1972), so clearly there is still unmined primary mineralization in existence at these sites.  The 
recorded output for the area is at least 700 tons of lead, and 79,800 oz of silver from 3,000 tons of ore, but the 
figures are known to be far from complete (De Keyser & Lucas, 1968).  Garrad (1999), noted there is a further 
indicated resource of 229,000 tonnes at 5.1% Zn, 2.9% Pb, and 180 g/t Ag recorded for Orient Camp West.  

According to an announcement from Monto Minerals (2013), Orient Camp produced silver at 1.43 kilograms per 
tonne of lead ore which was extracted at grades of 40%.  In addition, the very same announcement reported that 
soil sampling north of the Orient Camp group of workings outlined a strong Sn-Pb-Zn-As-Ag anomaly over a strike 
length of 2.2 kilometers and 600 meters width within the felsic volcanics.  Moreover, further west in similar volcanics 
within the Antimony Reward prospect (see Section 6(c)(iv)), Kangaroo Metals has identified a base-metal gossan at 
the base of Featherbed volcanic complex (Teale, 2008).  Thus there appears to be further potential for the discovery 
of minable argentiferous base-metal mineralization within the Featherbed Volcanics. 

 

8. SYNTHESIS 

 

a) Mineralising Granites:   

One major advance since Blake (1972) compiled geological maps of the Herberton – Mt Garnet region has been the 
detailed mapping, sampling and petrological analysis of several so-called ‘Elizabeth Creek’ type masses of granite.  In 
the vanguard of that mapping and research were Ph.D. students from James Cook University who produced a 
number of theses (e.g. Pollard, 1984; Johnston, 1984; Witt, 1985; Blevin, 1989; Clarke, 1990) and publications (e.g. 
Pollard, 1988; Johnston & Black, 1986; Clarke, 1995) that variously outline the distributions and petrological 
characteristics of the granitic units mapped and analysed.  Subsequently, the geochemical data for these units were 
assessed in conjunction with that of others in North Queensland, resulting in the identification of several granitic 
supersuites (Champion, 1991; Champion & Chappell, 1992; Bain & Draper, 1997) which have since been more 
definitively categorised (Champion & Bultitude, 2003 & 2013).   

According to the supersuite classification, all the granites previously coded as ‘Elizabeth Creek Granite’ on the 
Herberton and Mt Garnet map sheets are now categorised as belonging to the O’Briens Creek Supersuite (mid to late 
Carboniferous) whereas the younger granodiorites, along with granite stocks between Bamford Hill and Wolfram 
Camp (off map), are classed as members of the Ootann Supersuite (latest Carboniferous).  Both these supersuites 
are designated ‘I-types’, and the larger scale least-fractionated units of both are generally not mineralized.  However, 
the mineralised Ootann Supersuite granites tend to be distinctly fractionated and weakly to moderately ‘oxidized’ in 
composition, and as such contain W + Mo + Bi +/- Au mineralization.  Conversely, mineralized O’Briens Creek 
Supersuite granites are usually strongly fractionated reduced types, with associated Sn &/or W mineralization 
(Morrison & Beams, 1995; Mackenzie et al. 1996; Champion & Bultitude, 2013).  This is very much in keeping with 
granite – mineralization associations encountered elsewhere in eastern Australia (Blevin & Chappell, 1992; Blevin, 
Chappell & Allen, 1996; Blevin, 2003).  Note that, regardless of suite, the mineralization is most typically associated 
with the late-stage, more highly fractionated granite intrusions, as is also shown by the map included herein. 
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Yet despite all of the sophisticated techniques now available for categorizing granites, one of the most effective for 
assessing the likelihood that a particular granite is prospective with regards rare-metal mineralization is all too often 
overlooked.  The basic requirements are to have (polished) thin-sections made from the freshest samples available, 
and then carefully examine them under the microscope.  As noted in Section 2, Blevin (1989) reported that in the 
Ootann-type mineralized granite at Bamford Hill, fluids released during the final stages of granite crystallization 
infiltrated into the overlying granite carapace and proceeded to produce a pervasive incipient form of potassic (esp. 
microcline) alteration, followed by widespread incipient, as well as locally intense, greisenisation.  These are all 
features best identified in thin-section.  Likewise, granites associated with Sn +/- W mineralization in the Herberton –  
Mt. Garnet region exhibit a succession of pervasive inter- & intra- granular alteration textures comprising potassic 
(microcline, secondary biotite), sodic (albite, myrmekite), and hydrolytic (muscovite/sericite, chlorite) stages of 
development (Pollard, Milburn, Taylor & Cuff, 1983; Taylor & Pollard, 1985; Pollard & Taylor, 1986; Witt, 1985, & 
1988; Clarke, 1990, & 1995).  Again, these are all features best discerned and assessed by examining thin-sections.   

The petrographic features discerned are by no means unique to north Queensland granites.  Combinations of them 
have also been recognised in the tin-mineralized granites of Russia (e.g. Serebryakov, 1961; Bens & Zalashkova, 
1964; Smirnov, 1976), central Europe (e.g. Stemprok & Sulcek, 1969; Wasternock et al., 1974), Nigeria (e.g. Martin & 
Bowden, 1981; Imeokparia, 1982, & 1983; Badejoko, 1984; Kimnaird et al., 1985) and Canada (e.g. Abdel Rahman & 
Martin, 1987; Tweedale et al., 2015).  Intermittent attempts have also been made to systematically designate (re- 
weak/moderate/strong) the inherent development of pervasive alteration features in granites (e.g. Pijpekamp, 1982; 
Tweedale et al., 2015) but they tend to be limited by the variations and complexities encountered when comparing 
granites of differing provenances.  From personal experience, the best (though most tedious) way to semi-quantify 
the types and prevalences of microscopic alteration features is to point-count representative wide thin-sections 
(Clarke, 1990).   

As can be gleaned from the brief summary given above, there is a lot more that can be reported about the utility and 
limitations of granite petrography and derivative petrology for this region, but that would entail another sizable 
review just on that topic alone!    

 
b) Mineralisation in Granites: 

 
(i) Tungsten Mineralisation 

Tungsten mineralization typically manifests as crystalline wolframite, in places partially replaced by scheelite, 
intergrown with infill quartz in either pegmatites/pipes associated with microgranites, OR in vein/pipe-like structures 
enclosed in siliceous to micaceous greisen within coarser grained granite.  Where evident in Ootann Supersuite 
granites, the tungsten minerals are typically associated with Mo and Bi minerals within quartz pipes in the apical 
portions of a granite intrusion.  Where affiliated with O’Brien Supersuite granites, the tungsten minerals are more 
likely to be associated with fluorite, cassiterite, and minor sulphide minerals (including molybdenite).  Within the 
Eastern Tate Batholith, mineralized features with this type of assemblage most commonly occur within, or as 
satellite clusters encircling later-stage, more fractionated, small-scale granite intrusions.  Within the Coolgarra 
Batholith, they tend to occur within the more fractionated fringing phases of the Nettle granite intrusion suite, as is 
noted by Johnston (1984). 

(ii) Tin Mineralisation 

Within the O’Brien Supersuite batholiths cassiterite, commonly in conjunction with quartz +/- fluorite, can occur in 
pipe-like structures, veins, veinlet swarms, breccia zones, or irregular patches of disseminated mineralisation.   

Immediately south of the Emuford Fault within the Emuford district, tin deposits affiliated with patches of albitic 
alteration are overprinted and encircled by clusters of tin lodes haloed by greisen.  Within and around the edge of 
this field of deposits are several small, highly fractionated granite lobes that seem to be eroded fingers of intrusion 
emanating from an underlying ‘palm' of mineralizing granite that likely connects back to the larger Billings Granite 
mass.  Further south in the Gurrumba district greisenous tin lodes are again encompassed by eroded spires of late-
stage granite, somewhat reminiscent in form to porphyry ‘pipes’ (Cooke et al., 2007) or ‘pencil-like’ porphyries (Li et 
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al., 2010) encountered in some porphyry copper districts.  Elsewhere in the Eastern Tate Batholith, more greisenous 
tin lodes are dotted in and around small-scale late-stage granites such as the ‘Panorama’ and ‘Glenlinedale’ Granites. 

In the northern part of the Percy Granophyre and throughout the highly fractionated Go Sam Granite, both of which 
are in the Coolgarra Batholith, areas with tin deposits enclosed in albitic alteration are again overprinted by tin lodes 
nested in areas of greisenisation.  If it is assumed the ‘Top Nettle’ Porphyry represents a remnant of a congealed 
carapace that once covered these two plutons then the diverse array of alteration types and areas now exposed may 
actually represent the effects of successive emanations of exsolving fluid ponding beneath that capping rind.  In the 
southern part of the Coolgarra Batholith, greisenous tin lodes either occur associated with tungsten lodes along vein 
structures within the more fractionated fringing phases of the Nettle granite intrusion suite, or are clustered around 
small-scale highly fractionated intrusions such as the ‘Gibson’ and ‘Shady’ Granites. 

To the west of Herberton, greisenous tin deposits cluster in and around the late-stage highly fractionated ‘Specimen 
Hill’ pluton, whereas to the east they occur in an area of coarse-grained granite that has been intruded by small 
bodies of often granophyric +/- pegmatitic microgranite.  In both these localities the greisen-type tin deposits are 
joined / cross-cut by additional cassiterite-bearing pipes and intrusive breccias with affiliated chlorite alteration.   

The key association in all these areas is the presence of late-stage highly fractionated granite differentiates within / 
around areas of tin-bearing albitisation and/or greisenisation.  Presumably, future detailed mapping and sampling 
will also reveal similar associations for areas of mineralization in the granite masses presently designated as ‘Jumna’ 
Granite and ‘Lass O’Gowrie’ Granite as well.  

 

c) Mineralisation in Adjacent Metasediments: 

Within Hodgkinson Formation metasediments that enclose the granite batholiths, the types of deposit and 
associated mineralization relate definitively to the distance from granitic source, and rocktypes encountered by the 
mineralizing fluids.  Along with those within granitic hosts, these associations have been summarized in TABLE 1 (see 
below), and are briefly outlined in the following sub-sections. 

(i) Deposits hosted in Limestones 

Pods of limestone often occur intercalated with the usual siliciclastic sedimentary sequences, particularly along the 
province’s western margin (Askins, 1976).  In close proximity to a mineralizing granite, carbonate-hosted skarn 
deposits can be expected, as is amply apparent in the Mt. Garnet district.  Close to highly fractionated O’Brien 
Supersuite granites, the skarns are likely to be of cassiterite-bearing wrigglite , and tin-rich magnetite types (see 
Section 5(a)).  In addition, base-metal skarns, with a major sphalerite component, are also evident, perhaps 
produced by fluids that emanated from a granitoid of Ootann Supersuite derivation. 

At much greater distance from a source pluton, mineralizing fluids are more likely to produce a carbonate 
replacement type deposits.  Deposits of this type have yet to be proven to exist in the Herberton – Mt. Garnet 
mineral field, possibly due to erosion having removed all vestiges of carbonate strata overlying granite plutons.  Then 
again, there may be a perception problem ~ a case of not finding what you don’t look for.  Key features to recognize 
would be gossanous bands in finely marbilised carbonate. 

(ii) Deposits hosted in Metabasalts 

Within the otherwise monotonous flysch succession of Hodgkinson Formation, there are also sporadic intercalated 
bands / lenses of mafic igneous rock and affiliated cherts.  In close proximity to a mineralizing granite, metabasalt-
hosted mafic skarn deposits can be expected, as is evident at the now abandoned Magnum Bonum Mine in the Silver 
Valley district.  Another possible example is the Zig Zag deposit located around 6 km further north. 

Somewhat further away from the mineralizing granite and thus at slightly lower temperatures (4000 – 5000C: Pollard, 
1978), the mafic units may be altered to rocks that consist of cordierite, anthophyllite, biotite and almandine garnet.  
So far such an alteration assemblage has only been identified at the Tommy Burns Mine located 17.5km WNW of 
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Emuford, but there is no obvious reason why this form of alteration should not occur in various parts of the 
Herberton – Mt. Garnet region.  Alternatively, replacement of mafic units by biotite containing almandine, hercynite 
and intermittent corundum has certainly been identified in the region, although discernable mineralization is usually 
only evident where the biotite has subsequently been chloritised. 
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At considerable distance from a mineralizing granite, altered metabasalts are more likely to be altered to chlorite 
(Lagat, 2009).  Likewise, all three higher temperature forms of alteration mentioned above are likely to be altered to 
chlorite + garnet by later cooler stages of fluid ingress, which is in fact the case at the Magnum Bonum (Obiji, 1979), 
Tommy Burns (Pollard, 1978), Jumna (Milburn, 1980), and Jack-in-a-box (Moore, 1981) mines.  It is quite likely to be 
the case for minesites near Watsonville and Bakerville as well, although this remains to be confirmed via detailed 
mapping and petrography.  

(iii) Deposits in Siliciclastic Metasediments 

According to Pirajno (2010), there are many cases where country rocks surrounding greisenised granite cupolas have 
undergone some degree of tourmalinisation, with tourmaline tending to be particularly abundant in zones of 
fracturing.  Fluid inclusion data for samples from tourmaline breccia pipes associated with vein-type tin deposits 
indicate that hydrothermal tourmaline commonly forms at depths from between 1 and 3 km, and at temperatures in 
excess of 3000c from highly saline fluids (Kirwin, 1985).   Such conditions are comparable to those that were required 
to form albitisation in granites of the Herberton – Mt. Garnet region (Witt, 1988).   

It is therefore highly relevant to note that in the Emuford district, tin deposits immediately to the south of the 
Emuford Fault occur in granite that has been albitised and/or greisenised, whereas those immediately north of that 
fault occur in siliciclastic metasediments that have undergone some degree of tourmalinisation.  It is difficult to 
comprehend how these adjacent forms of tin mineralisation would have developed, side by side, from two separate 
mineralizing systems that have not in some way overlapped or interfered with each other.  More likely is the 
supposition that north-side-down relative movement on the Emuford Fault has offset two parts of the same 
mineralizing system, so that what is now seen on the down-set northern side was once also present on the southern 
side but has since been eroded away to reveal the underlying granitic roots of the system. More importantly, what is 
now seen on the northern side of the Emuford Fault is most likely underlain by granite-related deposits similar to 
those seen on the southern side, as is shown in FIGURE 49.   

South of Emuford, tourmaline is actually an accessory mineral in the highly fractionated Denford Granite, occurs in 
pegmatite at the margins of the Billings Granite, and is also present in a couple of the local greisen-style deposits 
(Pollard, 1984).  The fact that tourmaline is not more prevalent in the Emuford granites may well relate to the 
volatility at high temperatures of its fundamental constituent boron (Menard et al., 2013).  This would also explain 
the resultant appearance of tourmaline in what would have been cooler overlying metasediments, such as those 
outcropping immediately north of Emuford.  If this assumption is correct then the multitude of tourmalinised 
metasediment lodes around Irvinebank, along with lesser clusters south and north-east of Hales Siding plus just east 
of the Glenlinedale Granite, should also be perched immediately above stanniferous granite intrusions.  

Near Emuford, chloritic lodes generally arc around to the north of the tourmalinitic lodes, i.e. on the side opposite to 
the exposed granites.  Near Irvinebank, chloritic lode clusters mostly lie along the western flank of the area 
bespeckled with tourmalinitic lodes, although occasional examples do occur along the eastern side as well.  Minor 
tourmalinitic clusters south and north-east of Hales Siding are also somewhat encircled by occasional chloritic lodes.  
All told, these flanking chloritic lodes most likely developed further away from the intrusions that exsolved 
mineralizing fluids, and thus formed at somewhat lower temperatures (Lagat, 2009).  If this is correct then the 
intrusion(s) responsible for tin mineralization associated with chloritic lodes through the Brownville – Coolgarra area 
must be located at greater depth than those beneath the tourmalinitic deposits.   

Further afield, lodes nested in silicified metasediments most likely formed at even lower temperatures, particularly 
along the outer reaches where the silica tends to be chalcedonic, and the main ore components are of sphalerite and 
argentiferous galena deposited as relatively fine-grained crustiform bands (Corbett, 2002).    

In general, this inner to outer progression in deposit alteration type (e.g. FIG. 9) is quite similar to that seen in 
tinfields elsewhere in the world, such as in Bolivia (Lehmann, 1990), and Cornwall (Guilbert & Park, 1986). Within 
Cornwall in particular, the main gangue minerals change from tourmaline close to the mineralizing granites, through 
chlorite dominated assemblages to those involving mainly quartz and / or carbonate (Le Boultier, 2008).  This 
arrangement is generally interpreted as being due to changes in fluid reactivity with decreasing temperature and 
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pressure, with the solution producing minerals in reverse order of their solubilities.  Likewise, the changes evident in 
alteration type with successive lode overprints (e.g. tourmalinisation, followed by chloritisation then clay-alteration) 
may also be attributed to declining temperatures and pressures. 

 

 

(iv) Broadscale Metal Zonation 

In tandem with the transition from one wallrock alteration type to the next with progression away from the 
perceived location of a mineralizing intrusion, there is also gradual change in ore minerals to be seen.  Tungsten 
orebodies are virtually absent from metasediments, although tungsten minerals are often present in predominantly 
Sn and Cu deposits.  Cassiterite is the main ore mineral in tourmalinitic deposits, although minor wolframite and 
sulphides of Fe +/- As & Cu may also be present.   

Closer to mineralising granites and sites of tourmalinised metasediment, chlorite and quartzitic lodes are most likely 
to contain cassiterite with minor wolframite and sulphides of Fe, As &/or Cu.  With increasing distance, however, the 
relative proportion of tin mineralization decreases, with some of the tin occurring as stannite, while sulphides 
become more significant, and complex ~ including Pb and Zn forms as well.  Eventually, sulphides come to 
predominate.  

With further progression outwards, the range of sulphides present continues unchanged, but the relative 
proportions change considerably: arsenopyrite and chalcopyrite become far less dominant, while sphalerite and 
argentiferous galena become much more significant within outer zone siliceous orebodies.  Thus there is a zoning 
pattern but the zones are transitional rather than discrete bands.       

Again, this zonation pattern is similar to that seen in major tinfields elsewhere in the world, such as in Freiberg 
(Baumann, 1965), and Cornwall (Hosking, 1964; Guilbert & Park, 1986).  Just as with the progression in alteration, 
this metal zonation pattern can be interpreted as being due to changes in fluid reactivity with decreasing 
temperature and pressure, with the solution producing minerals in reverse order of their solubilities.  HOWEVER, as 
noted by Blake (op. cit.) several deposits appear to exhibit reversed zoning, with cassiterite mineralisation giving way 
to complex mixtures of sulphides at depth!  It should be amply apparent, from the descriptions given for many of the 
orebodies described in Sections 2 to 7, that deposits are made up of several episodes of mineralisation, with 
successive stages having limits to their extents.  In most cases, the minerals produced in successive stages can 
usually be attributed, at least in part, to successively lower temperatures of formation.  

(v) Broader-scale Breccia Systems with Porphyry Dykes 
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By far and away the majority of ‘greisen’ deposits are located within granites, but occasionally clusters of greisenous 
lodes appear to occur nearly a kilometer away from the closest exposed granite contact.  Where mapped in detail, 
such as in the Emuford district, these greisen deposit clusters in metasediment are most often found to be affiliated 
with dykes of either microgranite or quartz-feldspar porphyry (Pollard, 1984).  Moreover, in the Baal Gammon area a 
cluster of small intermittent high-grade tin-bearing chloritic to sericitic lodes were initially found clustered between 
porphyry dykes, less than a kilometer out from granite.  Subsequent drilling and mining has shown they were but 
crowning projections off a much larger tin + sulphides orebody deposited in a sericitised breccia mass that emanates 
through an older shallow dipping porphyry dyke, but is then cross-cut by later near-vertical dykes (Fraser et al., 
1981) .  Similarly, east of the Stannary Hills at the Arbouin Mine a roof pendant of sericitised metasediment has also, 
in places, been extensively brecciated and the breccia zones intruded by quartz porphyries.  

Tourmalinitic lodes are often associated with zones of brecciation (e.g. Moore, 1981) ~ most of which are assumed 
to be products of faulting and fracturing.  However, such brecciation has seldom been subjected to detailed breccia 
analysis to distinguish possible stockwork or intrusive breccia types.  Conversely, several geologists have reported 
the presence of porphyry dykes in close proximity to such lodes (e.g. Pollard, 1984). 

Located almost in the middle of the Brownville - Coolgarra ‘mega-cluster’ of chlorite lodes, the Dalcouth prospect 
has been extensively drilled to reveal the presence of tin-bearing stockwork systems affiliated with extensive 
chloritisation.   Exploration drilling has also revealed there to be a rhyolitic intrusion spatially associated with the 
three major mineralized zones.  Further exploration in areas of tightly clustered lodes is likely to reveal several more 
such deposits. 

At several sites in the Nymbool district, gold mineralization has been found affiliated with siliceous breccia systems 
that are typically spatially associated with intrusions of felsic porphyry / porphyritic microgranite.  Finally, in close 
proximity to the Featherbed Caldera Complex of volcanics and associated porphyry dykes, the Montalbion Ag-
bearing base-metal deposits are obviously centered in siliceous breccia systems.    

The key point in each case is that in addition to pipes and veins, mineralised stockwork / breccia zones do exist in 
this mineral field, and they are commonly associated with felsic porphyry dykes.  This association seems somewhat 
similar to the close association between mineralised stockwork / breccia zones and porphyry dykes / spires in many 
porphyry copper systems, where both have formed in particular sites of crustal weakness, and are sourced from a 
large, sequentially crystallised parent magma chamber below (Sillitoe, 2010; Li et al., 2010).   Perhaps, on a smaller 
scale, the Herberton – Mt. Garnet Mineral Field exhibits the felsic igneous equivalent, with the petrology of the 
porphyry dykes giving indications as to physio-chemical developments that occurred in the parent magma chamber 
below, and the siting of several such porphyries giving indication as to where stockwork-/breccia-related bulk low 
grade deposits may lie.  Testing this supposition would require more attention being paid to locating and assessing 
the porphyry dykes within this region.  

 

d) Reasons for Reassessing the Potential of the Herberton – Mt Garnet Region: 

 

(i) Limited Past Perceptions of Deposit Geology   

It should be emphasized that in the late 1800’s / early 1900’s, when most of the known deposits were discovered, 
the prospectors involved chiefly sought lodes of obvious bonanza-type mineralization.  Moreover, where extensive 
vein systems or deposit clusters occurred, they were usually mined by several small separate mining ventures, rather 
than by one mining entity / group.  As a result, exploration thinking (and expenditure) has tended to be straight-
jacketed by the assumption that small-scale bonanza-type deposits are the only ore types to be found.  Where 
perspectives have changed, exploration has revealed the presence of broader-scale bulk low-grade deposits as well.  
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The Baal Gammon deposit is a case in point ~ a close cluster of small intermittent high-grade tin-bearing chloritic to 
sericitic lodes have been found, with more extensive and systematic drilling, to be the upper parts of a much larger, 
more complexly mineralised breccia system.  Similarly, the South Dalcouth lode which initially yielded just 55 tons of 
SnO2 via pits and shafts (1897 – 1954), has now been found to be a locally enriched section of a much more 
extensive zone (> 4 million m3) containing generally low grade (~ 0.31% Sn) stockwork mineralization.  A re-tabling of 
deposit examples in terms of commodity type versus the range of structural settings is given below in TABLE 2. 
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(ii) Limited Extent of Past Mine Development 

Small-scale mining operations with limited financial resources commonly ceased mining when faced with a 
significant impediment, such as water problems or complex ore beneath the water table level, a major constriction / 
truncation in an ore shoot, or indeed a tragic accident.  As a result, there remains considerable potential for locating 
more extractable ore, either as extensions of the lodes mined, or as haloing areas of lower grade ore.   

Smiths Creek Tin Mine is a good example.  Discovered in 1901 and mined from 1903 to 1909, this mine was 
developed on a 6 - 10m wide quartz-tourmaline pipe which was worked to 152m depth, thereby producing 1,561 
tons of SnO2 (Blake, 1972).  According to an MGT Resources Prospectus (Pyper, 2012), the average grade was 4% Sn, 
though in parts it was up to 15% Sn.  The miners struck copper-sulphide ore but worked on to 167m depth, at which 
point mining stopped and the mine was abandoned due to a major accident.  An additional 23,773 tons of ore with 
an average grade of ~ 0.7% Sn was also extracted from an adjacent open-cut pit (Pyper, 2012).  The full extent of 
low-grade ore has not been fully assessed, nor have other surface tin anomalies (e.g. open pit) been traced to 
significant depths, and underground mining is known to have stopped in high-grade Cu + Sn ore.  Exploration drilling 
done by MGT in 2013 has revealed the presence of a further inferred resource of 200,000 tons at an average grade 
of 1.68% Sn.   If ever there is a case of ‘unfinished business’ it is this one, but this is just one of many in the region! 

Moreover, prior to the 1990s the Queensland Government had reserved considerable areas, particularly around the 
Mt Garnet district, for development by only small-scale miners.  Since then such restrictions have mostly been 
removed, so that it is now feasible for companies with substantial capital and high level of expertise to apply for and 
obtain large EPMs (Pyper, 2012).  As a result, large areas of relatively low grade can be sought and developed, or 
conversely several smaller deposits within a broad area can be developed sequentially to maintain ongoing 
production from a decent sized mill.  Such a model of development seems to have motivated MGT Resources to take 
up several extensive EPMs in the region, and refurbish the Mt Veteran tin processing plant (MGT Resources, 2013, 
2016).  

   

(iii) Limited Past Perceptions of Inherent Commodities   

Most initial discoveries of mineralisation were done by prospectors who assessed potential lodes in terms of visible 
mineral extracts.  Today there are a range of precious and rare metals that can be present in minable concentrations 
yet not be visible to the human eye.  As yet, a systematic survey for such commodities has not been done on 
deposits in the Herberton – Mt Garnet region, even though associations demonstrated elsewhere in the world, and 
analyses done at specific sites in the region indicates their presence is to be expected. 

According to Thompson and associates (1999), it is not uncommon for intrusion-related gold deposits to occur within 
magmatic provinces best known for tungsten and/or tin mineralisation.  In this respect, the Smiths Creek Tin Mine 
once again springs to mind.  As noted previously, flotation test work done on mine dump samples of sulphide ore 
from the bottom of this mine produced a concentrate containing 500 g/t Au.  There are in fact several such ‘reversed 
zoned’ tin mines in the region that were abandoned upon reaching ‘complex sulphide’ ore (Blake’s terminology, 
1972).  These include not only the Baal Gammon but also the ‘Bloodwood’ deposit east of Emuford, the ‘Ivanhoe’, 
‘Eclipse’ – ‘Lass O’Gowrie’, and ‘Great Eastern’ deposits in the Stannary Hills, the ‘Brass Bottle’ and ‘Consolidated’ 
lodes near Hales Siding, ‘Gordon’ deposit near Irvinebank, ‘Lancelot’ in the Silver Valley, and the ‘Stella’ Mine in the 
similarly named district.  Many of these, especially in the northern half, may contain anomalous silver instead of gold 
as in the case of Baal Gammon, but key point is that hardly any of these have recently been tested for potential gold 
OR silver content! 

Gold is not the only highly valued commodity now found to be affiliated with magmatic provinces best known for 
tungsten and/or tin mineralisation.  A newly prized metal that is most notably used in the semiconductor industry, in 
low-melting-point metal alloys such as solders, soft-metal high-vacuum seals, and in the production of transparent 
conductive coatings on glass (e.g. for touch screens) is indium.  In 2006 Seifert and Sandmann suggested the 
renowned Freiberg tin-polymetallic mineral field in Germany is amongst the largest indium-enriched ore provinces 

https://en.wikipedia.org/wiki/Semiconductor
https://en.wikipedia.org/wiki/Alloys
https://en.wikipedia.org/wiki/Solder#Alloying_element_roles
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known worldwide.  Indium mineralisation has also been discovered in the tinfields of Cornwall (O’Callaghan, 2011), 
the tin – tungsten – base-metal deposits of the Canadian Appalachians (Geoddeke et al., 2015), and the Gejiu tin – 
polymetallic deposit in Yunnan, China (Li et al. 2015).  In each case the main indium-bearing mineral is sphalerite, 
although in the Pinguino deposit in Argentina indium has also been found in association with tin minerals such as 
cassiterite and ferrokesterite (Jovic et al., 2016). 

 The earliest known listing of indium contents in ore minerals of the Herberton – Mt Garnet tinfield was compiled by 
Graham Greaves for a seminar presentation at James Cook University in 1975.  According to his results, very dark 
coloured (often magnetic) cassiterite generally contained very minor amounts of In (<50ppm) but various paler 
coloured types could contain over 100ppm, and reddish coloured versions from some disseminated greisen deposits 
have up to 300ppm In.  The Baal Gammon deposit near Watsonville is already listed as a potential source of indium 
(see Section 4(b)), but once again there are all the other ‘complex sulphide’ ore deposits of potential interest, 
including the ‘Gilmore’, ‘Brass Bottle’, ‘Consolidated’ and ‘Eclipse’ deposits which Greaves (1975) lists as having ores 
with ~ 300ppm In.  Close to Herberton there is the Isabel base-metal deposit wherein the gossanous material yielded 
~ 450ppm In, although the unweathered sphalerite contained ~ 130ppm In (Greaves, op. cit.).  Finally, there are all 
the sphalerite-bearing ores from the more distal margins of the mineral field for which there is virtually no analytical 
data available.  A reconnaissance sampling survey of residual ores on rock dumps at abandoned mines that once 
produced base-metal sulphides would surely gain considerable attention from mineral exploration companies.  

 

(iv) Newly Discovered Deposit Types 

Since 1990 several new deposits, not previously identified by the early prospectors, have been discovered in the 
Herberton – Mt Garnet mineral field.  These have the potential to be used as templates for further exploration in the 
region. 

Firstly, there are the apparent intrusion-related gold deposits located west of Mt Garnet.  Much about them remains 
somewhat of a mystery.  What exactly is the spatial layout of these deposits, and their auriferous mineralisation?  
What are the defining characteristics (textural, mineralogical, geochemical) of the associated intrusions?  Do these 
systems relate in any way to those of Kidston, and the Chillagoe district?!?  Only further analytical work will reveal 
their relevance. 

Secondly, there is the reported metalliferous anomaly located in the Featherbed Volcanics.  So far, this is even more 
of a mystery.  The assumption would be that it signals the presence of a deposit similar to those of Orient Camp ~ 
but even those have not been properly documented and analysed in any detail either.  Moreover, the list of 
anomalous metals includes tin ~ something that obviously requires further evaluation.   

Clearly there is much that can be done, and many possibilities for discovering even more mineralisation in the 
Herberton – Mt Garnet region. 
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