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SV..MJVlARY 

Sedimentary, metamorphic p and igneous rocks of 
Precambrian and Palaeozoic age crop out in the Hall's 
Reward Copper Mine area, Northern Queenslsnd. Here the rocks 
form part of a major lineament which trends north-north-east 
between the t!Georgetown Massif" of Precambrian age and 
Palaeozoic rocks of the Tasman Geosyncline. This lineament 
has been the site of extensive faulting and intrusion of 
ultrabasic and baSic igneous rocks from Precambrian to Lower 
pevonian time. 

Precambrian metamorphics occupy most of the area. 
Their eastern margin is faulted against Silurian sediments p 

and their western margin against phyllite and quartzite of 
probable Proterozoic age. 

There are two ages of Precambrian metamorphics in 
the HaIrs Reward Mine area. The Archaean(?) metamorphics 
consist of amphibolite, mica schist, quartzite p and migmatite. 
These are tightly folded, faulted, and intruded by serpentinite p 

gabbro, and granitic rocks. The degree of metamorphism ranees 
from the top Qf theer)ito---opido :\:ic · 8:lJlphE1jli to ff'cies to ·thQ 
Jotte':! of tho e~nphlbolite f~c'ics. The p~:ytoroz()ic( 1) , 
':i1eta:nor)hl.~s . consist of phyllite and quartzite. 

Serpentinite and gabbro are the most abundant igneous 
rocks in the area. Two ages of intrusion have been recognized: 
the earlier intrusion probably took place towards the end of 
the Precambrian orogeny and the later intrusion during the early 
Lower Devonian orogeny. The later serpentinite intrUSion, 
which was the larger p has domed and fractured the Precambrian 
metamorphics. 

Copper is the most abundant mineral in the area. 
Since 1933 2,200 tons of copper have been produced from the 
Hall's Reward Mine (Ninety Mile). The copper lode at the 
Hall'E Reward Mine has an average width of eight feet and 
has been developed over a length of 630 feet and to a depth 
of about 190 feeto The lode is kaolinio, soapy, and 
siliceous. The copper is present as malachite, azurite, 
cuprite p tenorite p and native copper, with some chalcocite, 
covellite, and chalcopyrite in the deeper levels. 

Geochemical testing in . the area has shown the 
presence of small amounts of nickel in the serpentinite and 
the over-lying laterite. Deeper testing of the nickeliferous 
laterite deposit has been recommended. Chromium and manganese 
are also present in the serpentinite. 

,INTRODUCTION 

In 1957 a joint geological survey by the Geological 
Survey of Queensland and the Bureau of Mineral Resources was 
carried out on the Hall's Reward Copper Mine (formerly and 
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locally knovm as the Ninety Mile) and about thirty square 
miles of' the surrounding area. ThE) new workings of the mine 
were mapped at a scale of one ~nch to ten feet by chain and 
compa.ss, and the surr'ounding 2.rea at a scale ,of one inch to 
about 1,200 feet with the aid of' enlarged aerial photographs. 
Geochemical prospecting for copper was carried out in soils 
over the trend of lode in an attempt to definE) its limits. 
Other geochemical prospecting included testing the serpentin­
ites and overlying laterite of the area fo~ nickel. 

Previous geological mapping in the area has been 
carried out mainly by the Geological Survey of Queensland. 
Maitland (1891) was the first geologist to carry out a 
reconnaissance of the area; he showed a boundary between 
PrE)cambrian metamorphics and Palaeozoic sediments coinciding 
with the Burdekin River and trending south-west through the 
Hall's Reward Mineo Subsequent geological mapping has not 
greatly altered the pOSition of this boundary. Morton (1941 
and 1943), Denmead (1947), and other geologists of the 
Geological Survey of Queensland, dealt mainly with the old 
workings of the Hall's Reward Mine. A reconnaissance of 
the area was conducted in 1956 by the Geological Survey of 
Queensland and the Bureau of Mineral Resources (White and 
Hughes 9 1957)9 of which the 1957 detailed survey is a 
continuation. These surveys are part of a programme of 
geological mapping of the Etheridge Goldfields, that covers 
the Georgetown 9 Einasleigh, Clarke River, and Gilberton 
Four-mile Sheets of the Australian National Grid. The work 
will be completed in 1958 and will be published as a Bulletin 
of the Bureau of' Mineral Resources. 

The area is situated about ten miles to the east 
of the Great Dividing Range of NCH'thern Queensland, which 
here consists of an undulating plateau about 1,700 feet above 
sea level. The country is moderately dissected and consists of 
low hills, which rise to a maximwn height of about 200 feet 
above the surrounding country. Some of' the hills are mesas 
form4d by the dissection mr a flat-lying cover of Cainozoic 
basalt and sediments. 

The Burdekin River is the major river draining the 
dissected area; it generally flows all the year. The head­
wa ters of' the Burdekin River are some 50 miles to the nor th 
of the area. The main tributaries in the Hall's Reward area 
are Moores Creek 9 Copper Creek and Stenhouse Creek. These 
cre~ks flow east; they are generally dry or contain isolated 
pools through the winter months. 

The area lies near the boundary between the 
Precambrian ;tGeorgetown Massifll (Hill, 1951) and Palaeozoic 
rocks of' the Tasman Geosyncline. 

The rocks of the 'Georgetown Massif:! form Dart of 
the "Etheridge (Etheridgean) Series" (Jensen, 19201, the 
':Einasleigh Ser i es II (Bryan, 1925) and the "Einasleigh Gneiss;; 
(Whitehouse, 1930) and consist mainly of gneiss, schist 9 , .t\ 
quartzi te, and amphibolite. /\.1 ',. 

t "\ ·~ :~I 
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In the Hall's Reward Copper Mine area the sediments 
of the Tasman Geosyncline consists of shale, sandstone, and 
siltstone, which are part of the IIWail"'una Beds i l (Maitland, 
1891) • 

More recently White and Hughes (1957) recognized 
geosynclinal deposits in the "Georgetown Massif" and 
suggested that these deposi ts ';vere probably of Precambrian 
age, separated from the Palaeozoic succession near the Hall's 
neward area by a thrust zone, along which serpentinite and 
basic igneous rocks were emplaced. Amphibolite, quartzite, 
and mica schist of probable Precambrian age were described 
in the Mine area and correlated with a succession of actinolite 
schist, marble, quartzite, and mica schist tn the Lucky Creek 
and Paddys Creek areas about ten miles west of the mine. 

The 1957 survey suggests th8t the amphibolite and 
mica schist beds of the Hall's RewaudMine area are the 
oldest beds in the Precambrian, probably· of ArchaeAn age, since 
they are partly unconformably overlain by, and partly faulted 
against, a phyllite and quartzite succession, which itself is 
faulted against the Palaeozoic succession to the east of the 
area. Moreover, this phyllite and quartzite succession is 
similar in lithology and structure to the metamorphics of 
the Paddys Creek area, which a ro considered part of the 
Precambrian succession" 1)1'~:.)::;blY of Proterozoic age. 

Precambrian 

Archaean( ?) 

Metamorphics of probable Archaean age occupy most of 
the area. They are faulted to the east against Silurian 
sediments and to the west against a succession of probable 
Proterozoic( ?) age. The metamorphics are unconformably 
overlain on their southern margin by the Proterozoic(?) 
succession. 

Two rock units have been recognized in the Archaean(?) 
region or the Hall's Reward Mine area: 

Stenhouse Amphibolite is well exposed in Stenhouse 
Creek, which drains the central part of the area and joins 
the Burdekin River at longitude 145 0 02'3. and latitude 180 57'E. 
The amphibolite is generally finely banded. and consists of 
hornblende and saussuritized plagioclase v6. th narrow bands or 
le·nses of diops ide, c linozoisi te, and epidote. rEhe hornblende 
occurs as well orientated needles. The rock is regionally 
metam.orphosed; t he mineral assemblage suggests that it 
belongs to the top of the albite-epidote amphibolite 
metamorphic facies (Turner and Verhoogen, 1951), or bottom 
of the amphibolite facies. In some places the amphibolite 
contains lenses of impure marble and other calcsilicate 
metamorphics. 

The Stenhouse Amphibolite crops out in a linear belt 
extending from the Hall's Reward Mine to about five miles 
south of the mine. In this area the amphibolite lenses out 
and interfingers with schist and quartzi te of the Hall's 
Reward Metamorphics. 

Hall r s Reward IVletamor£hics, consisting of quartz-mica 
schist, mica schist, garnet-mica schist, quartZite, and 
migmat i te, are well exposed in Moores C reek, which drains the 
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northern part of the area and joins the Burdeki:1 River at 
about longitude 145000'S. and latitude 18055'E~ They are 
intensely veined wi th quartz and pegmati tee Large areas of 
ptygmatically folded migmatite, interlayered with schist and 
quart,zite, crop out in the central -part of the area. 1111 

, gradations between sc hist and migmatite can be recognized. 

" The Hall.' s Reward Met$morphics ' crop out in a broad 
belt abou:t~.ight :niiles long and three miles wide in the 
Hall's Reward ,Mine area. ' The !ffi tamorpnics extend abou t three 
miles north of'.theB-tirdekin River, which is im.mediately to the 
north of the Brea Of outcrop shown on Plate 1. 

In the central and eastern parts of the area the 
Hall 1 s Rew~rd M~ta~orphics in part nverlie and in pa~t inter­
fingervvith the Stenhouse Creek Amphibolite. 

.: -:. 

, : Proter9zoic( ?) 

. A' sequence of quartz phyllite and ,quartzite with some 
, fine:-grained qua,rtz sandstone . and siltstone unconformably 
" overlies the Stenhouse Amphiboli te and the Hall's Re'ward 
MetamorRhics in the southern part of the area. , This sequence, 
the Paddys Format ion, is best exposed in Paddys Creek, abou t 
fi';'e""'miies to tne west of the area shown in Plate 1. Paddys 
Creek is a tributary of LUc~ creek, which joins the Burdekin 

, River at about longitude 144 52'S. and latitude 18055'E. 
. " . 

The age of the Paddys Formation is not precisely 
known. No fossils have been foundintt,le sequence, nor in 
the balcareous sediments which interfinger with the ~addys 
Fonnation about three miles to the west of the area shown in 

. Plate 1. However, since 1 t lies unconformably a,bove high 
' grade meta~orphics of Archaean( 1) age at its ··northern margin, 

the Paddys FOrinatii::m Is considered to be PT(1to:~.,)zoic in8ge 

Silurian 

A sequence of interbedded shale, thinly bedded impure 
quartz sandstone and quartz siltstone crops out along' the 

" eastern margia of the Halls Reward Mine area. Albng its 
, western boundary the sequence is faulted aga inst the Precambrian 
metamorphics. 

The sediments extend with little variation for about 
40 miles north-north-east of the Halls Reward Mine along the 
valley of the Burdekin River to Wairuna Station. Here 
Mait,land (1891) described similar sediments as the "Wairuna 
Beds". This unit is used here as the IIWairuna Pormation i' • 
Abqut 8 miles south of the Halls Reward Mine, the Wairuna 
Formatio,n conformably underlies a limestone containing corals 
of ' Lower Silurian age. 

Tertiary 

Laterite and lateritic soils ra:nging from a ··fe'lv feet 
to about 15 feet thick overlie serpentinite in the south­
west,ern part of the area. They cover an area of about .. l-! 
square miles and form a local divide between the Stenhouse 
Creek and Paddys Creek systems. 

. ' ... 

The texture' of the laterite'~aries' from Pisoi'itic 
to ~esicular. The pisolites ~oniist~ainlY ' bf iron ~nd range 

.. ... : .: 
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from Qbout 1/32 inch to ~ inch in diameter. They are embedded 
in a ferruginous or clayey matrix. The vesicular laterite 
contains encrusted irregular channels rrhich are partially 
filled with ferruginous and clayey material~ 

Geochemical testing has shown that the laterite 
and lateri tic soils in this area contain small amounts of 
nickel and cobalt. 

About 30 feet of shale and conglomerate of probable 
Tertiary age overlie the Paddys Formation in the western 
pa rt of the area. 

IGNEOUS HOCKS 

Igneous rocks~ consisting mainly of serpentinite, 
gabbro with some diorite, granite 9 and porphyry, intrude the 
Precambrian metamorphics of the Hall's Reward Mine area. 

Serpentinite 

Two ages of serpentinite intrusion have been 
recognised in the area. The first intrusion is pre-Silurian, 
probably Precambrian, and the second took place in the early 
Lowe r Devonian. 

Sandalwood Serpentinite. This is the elder of the 
two serpentinite intrusions. It consists mainly of lenses 
of serpentinite with small pods of talc and tremolite and 
some sheared and altered gabbro. 

The Sandalwood. Serpentini te crops out immediately 
east of the Hall's Reward Mine and trends south-south-west in 
a discontinuous belt about 20 miles long and up to 900 feet 
wide. 'fhis belt is known to continue for about 3'; miles north 
of the mine beyond the Sandalwood Homestead, after which the 
intrusion is named. The small lenses of serpentinite exposed 
in the central and northern part of the area about ~ of a mile 
west of the main belt are also COns ide red to be part of the 
Sandalwood Serpentinite. 

The serpentinite crops out as low rugged mounds. 
In. many places it is silicified with the formation of a silica 
boxwork. The serpentinite lenses are concordant 'Nith the 
general trend of the Precambrian metamorphics, but in detail 
they are commonly discordant to the metamorphic banding and 
nC'his tOB i ty. 

Thin sections of the serpentinite show partial or 
complete replacement of mesh texture and bastite serpentine 
by ant igo ri te( e. g. spec imens No.. 395a (co-ordinates 8000E" 
2130N), 2121 8000E, 2050N) 407a and b (8105E, 2155N). . 
Hess, Dengo and Smith (1952~ and VVilkinson (1953) have shown 
that this reaction takes place at the bottom of the albite­
epidote amphibolite metamorphic facies. In the southern part 
of the area, near 7970E, 1857N, the serpentinite commonly has 
a marginal phase consisting of a chlorite rock containing 
magnoti te porphyroblasts and accessory vesuviani teo Similar 
chlorite-rich rocks, derived from the serpentinite, contain 
epidote and tremolite-actinolite porphyroblasts. Massive 
and schistose talc and pods of coarse-grained acicular trem­
oli te are common in the Sandalwood Serpentinite. 

The gabbro in the Sandalwood Serpentinite is medium 
to coarse-grained, with a strong schistosity trending about 
north-north-east. A thin section of specimen 340 (8150E, 
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2250N) contains albite, (?)zoisite, tremolite-actinolite! 
chlorite, and rutile, with some secondary carbonate. Th~s 
mineral assemblage is consistent wi th the metamorphism to 
the top of the greenschist facies or bottom of the albite­
epidote amphibolite facies. 

. Many serpentinite and basic rocks (specimens 407a, 
408, 233 and 340) are partly replaced by a carbonate, probably 
dolomite ·or magnesite. Whe e the serpentinite (specimens 408a 
and b at 8100E, 2100N) is intruded by granite the contact 
rocks have been partially or completely replaced by a caroonate 
Bnd a fine-~rained quartz mosaic with relict magnetite and 
c hlori teo 

The grade of metamorphism of the Sandalwood Serpentin­
ite is lower t~.n that of the Precambrian metamorphics. This 
suggests that the emplacement of the serpentinite took place 
after the maximum intensity of the regional metamorphism, but 
possibly during the waning phase. In this case the intrusions 
would have been under similar stress conditions, but at a lower 
temperature, resulting in metamorphism of a lower grade than 
that of the metamorphics, and in minor transgressions of the 
pre-existing metamorphic structures by the intrusions. 

The age of the intrusion is before Upper Silurian, 
and probably Precambrian or early Palaeozoic. It is 
displaced by faulting which accompanied later serpentinite 
intrusion of probable Lower Devonian age. The Sandalwood 
Se rpe nt i ni te extends: for 8.bout 15 miles to the south-lles t of 
the nrCi:t shown in Plate 1, . where it forms · pa.rt of the proven-
2:nce of' a Silu.re-Devonian · conglomer8.te. . 

Boiler Serpentinite. ThiS, together with the Bob 
west Gabbro crop out in a triangular mass three square mIles 
in area, in the Boiler Gully and Bob West Dam region. The 
serpentinite includes the linear serpentinite belts which 
trend north-north-eest from north-east and north-west corners 
of the triangular mass (Plate 1). 

The Boiler Serpentinite ~orms the core o~ the mass. 
Thin sections of some of th~ serpentinite (specimens Nos. 
2131, 2144a, b, c & d, 2141, 2135e, 2104) show that it was 
derived from ultrabasic rocks varying from dunite through 
enstatite olivinite to enstatolite. In these rocks pseudomorphs 
of bostite and mesh-texture serpentine after orthopyroxene and 
olivine are common, with chromite as an interstitial primary 
mineral. Interstitial magnetite, chlorite, and antigorite 
are probably secondary after rare interstitial clinopyroxene. 
Talc and chlorite rocks, antigorite serpentinite, and tremo­
l~tite are not present in the Boiler Serpentinite. 

Basic rocks form a mantling zona to the serpentinite 
core and consist of uralitized, saussuritized, and prehnitized 
gabbro. The gabbro is 'Nell exposed one mile east of Bob west 
Dam after which it is named. The gabbro is generally medium­
grained and is foliated owing to the aligmnent of saussuritized 
feldspar and amphibole. The foliation is parallel to the 
ma.rgin of the serpentini te core and dips outwards frmn it at 
about 55 dearees to the north and with 0 steeper dip on the 
eastern and western margins. The retrogressive mineral 
al~eration and the foliation of the gabbro probably took 
place during shearing due to the emplacement of the serpentinite 
core whilst the gabbro was in the late magmatic stage of cooling. 
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Diallagi te, some hornblende diori te and grano­
diorite are exposed in the structur~lly highest part of the 
intrusion. The relationship of these rocks to the Bob West 
Gabbro and Boiler Serpent ini te is not prec isely known. The 
diallage is partially altered to actinolite; it crops out 
in two small areas about 400 feet long and 400 feet wide. 
Its contact with the surrounding gabbro is not exposed. 

The structure of the Precambrian basement in this 
area has been determined largely by the intrusion of the 
Boiler Serpentini te and Bob West Gabbro. For example near 
7970E, 2160N the gabbro has domed t.he Archaean metamorphics 
and formed subcencordant gabbro layers 9 in amphibolite and 
mica schist, trending east and west and dipping at a low 
angle to the north. The intrusion of the serpentinite core is 
thought to have closely followed the gabbro intrusion with the 
formation of radial faults and the foliation within the 
mantling gabbro. The transcurrent fault immediately south of 
Stenhouse Creek is probably a part of the radial fault system 
and the major movement plane which made room for the 
serpentinite core. This fault appears to be contemporanc~us 
with Hall's Fault on the eastern mUrgin of the Precambrian 
basement. This, together with the fact tha~ the Boiler 
Serpentinite intrudes the Proterozoic(?) Paddys Formation and 
,is later than the Precambria~1 metamorphism, suggests that the 
emplacement of the Botler Serpentini te and Bob 'Nest Gabbro 
took place during the early ·Lower Devonian oroGeny • 

.Grani te 

Coarse-grained porphyritic muscovite granite 
,generally containing garnet intrqdes the Precambrian meta­
morphics in a number of places. Numerous pegmatite and 
quartz veins are associated with the granite. In the central 
part of the area similar granite intrudes the Sandalwood 
:Serpentinite. Its relationshi.p to the Boiler Serpentinite 
is not known. The restriction of the granite intrusion to 
the Precambrian basement suggests that it was emplaced during 
,t he late Precambrian. . 

Microdiorite 

A number of small dykes of microdiori te intrude the 
Precambrian and Palaeozoic sUGcessions. The dykes are 
porphyritic, consisting of quartz, feldspar 9 and chloritized 
pyroxene or hornblende phenoc rysts in a se ric i te, quartz 
and c hlori te rrIOundrnass" The mic rodiori te is massive and 
unsheared. 

Porphyry 

Several small quartz-feldspar porphyry masses intrude 
the Precambrian succession, generally along faults such as 
the Lucky Downs Fault and the transcurrent fault in the 
central part of the area. The porphyry is probably related 
to the Croydon "Felsi tes" (Honman, 1937) and other porphyries 
of Upper Palaeozoic age in Northern Queensland. 

Basalt 

In the southern part of the area two basalt dykes 
intrude the Precambrian metamorphics. The age of these dykes 
is not known, but they may be related to the Cainozoic basalt 
in the surrounding area. 

." ''' - '\. 
/ ,/ 
\.., /""' , 
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STRUCTURE 

The Hall's Reward Mine area forms part of a major 
lineament, which trends north-north-east and coincides with 
a pronounced change in the course of the Burdekin River. 
This lineament has been the site of several orogenies in 
the Precambrian and palaeozoic. 

The Halls Reward Metamorphics and the Stenhouse 
Amphibolite are considered to constitute the Precambrian 
basement. They occupy a rectangular area about 3* miles 
wide and 15 miles long, trending north-north-east. They are 
tightly folded, shenred, and bounded on the eastern and 
western margins by two steePly-dipping parallel faults~ 
here named Hall's Fault and Lucky Downs Paul.! (Plate 1). 

The Hall's Fault is well exposed in Copper Creek 
about 4,000 feet north-east of Hall's Reward Copper Mine, 
where it separates the Precambrian metamorphics from the 
Silurian sediments. Here the fault dips about 80 
degrees to the east; the beds are brecciated and sheared 
oveI' a 15-foot zone with the formation of dragfolds, shear 
cleavage planes and slickensides, indicating that the 
faulting took place under compression. The dragfolQs suggest 
that the movement was essentially vertical with the Precambrian 
bas6nent upthrovvn against the Palaeozoic block. This is 
also shown by the orientation of the quartz rods in the fault 
zone, which have their long axes horizontal and parallel to 
the dragfold axial lines i and perpendicular to the vertical 
or ~teeply plunging slickensides. 

The ~3£~ ~owns Fault on the western margin of the 
Precambrian basement separates the Paddys FOI'mation from the 
Halls Reward Metamorphicso The direction and amount of 
displacement is not precisely known, although the intense 
vertical shearing indicates that the movement was essentially 
vertical. The fault consists of a shear zone up to half a 
mile wide in which the bedding planes are minutely crenulated 
and quartz grains have been strongly rolled out. 

The Hall's and LUcky Downs Paul ts are difficul t to 
trace to the south of the are::1, where the;y- pass into bl."'oad 
shear zones in the Paddys Formation. In this part of the area 
the basement is delineated by a structural and metamorphic 
unconformity between the Archaean and Proterozoic succflssions~ 
The unconfonnity has been folded and modified by the intrusion 
of serpentinite. In this region the Paddys Pormation appears 
to have behaved as a non-rigid plastic medium undergoing 
compression on a semi-rigid basement. This movement has 
imparted a near horizontal attitude to the Paddys Formation, 
steepening near the unconformity. Dome and basin micro­
folding without fracturing suggests that at the time of the 
folding the Proterozoic sediments were relatively unconsolid­
ated and under little cover. 

The main structure in the Archaean basement is 
a broad north-plunging syncline on the western edge, and a 
tight anticline on the e~stern edge. The broad syncline 
has been partly formed by the intrusion of the Boiler 
Serpentinite and Bob West Gabbro into tightly folded and 
sheared Archaean metamorphics. Dragfolds of vnrying size are 
associated with the folding and shearing. The general trend 
of the bedding and axial-plane foliation in the area is north­
north-east, with dips ranging from 40 to go degrees. 
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Along the axial line of the main syncline in the 
headwaters of Copper Creek, muscovite granite, pegmatite, 
and quartz have been injected along the foliation to form 
migmati teo 

In the central and western part of the area the 
.Archaean metamorphics have been domed and fractured by 
the emplacement of the Boiler Serpentinite. During this 
movement, probably in the Lower Devonian, the main transcurrent 
fault immediately south of Stenhouse Creek was formed, probably 
contemporaneous with the Hall's Fault. 

!HE HALL'S REWARD....Q.QPPER MINE 

!QCATION AND ACCESS 

T he Hall's Reward Copper Mi ne is s i tua ted nea l' the 
.Burdekin River about ten miles north-north-west of Greenvale 
Station (Plate 1). The mine is connected by a fair dry­
weather road of some 85 miles, to the noarest railhead at 
Einasleigh. The mine is Dlso accessible by a road of some 
210 miles from Hughenden, from where the ore is railed to 
Mt. · Isa. The mine can also be reached by good road of 
about 200 miles from Cairns via Mt. Garnet and Conjuboy 
Station. .A track of about 90 miles via Greenvale, Camel 
Creek, and Kangaroo Stations connects with Ingham on the 
coast but crosses the Burdekin RiVer near Greenvale, where 
it is impassable during, and for some time after, the wet 
season. 

HISTORY 

The first production from the mine was in 1933 when 
C. H. Adair and party forwDrded to Chillagoe 76 tons of ore 
from an open cut about 100 feet long, and from a few shallow 
shafts below it. Subseauently the mine lay idle till late 
in 1936 when it was taken up by J. H. Norcott and farnily. 
Since that time it has been a steady producer of copper ore. 

In 1941-1- the property was taken over by A. HD1I, 
H. D. and J.E. /Itkinson. The Atl{insons relinquished their 
interests in 1955, and the current tenure, M.L. apPlication 
No.288, is in the name of A. and J. Hall. 

Between 1936 and 1942 production came mostly from 
the stopes above the 50-foot and 89-foot levels in No.2 
shaft (Plate 4). During this period a new vertical shaft, 
the No.3 or "main ll shaft, had been sunk to facilitate 
development at greater depth and a level was opened up from 
it at a vertical depth of 150 feet. In 1943 this shaft wc.;::, 
sunk to its present depth of 193 feeto 

From 1943 to 1947 production came mainly from stopes 
above the 150-foot level. In the following three years these 
stopes were carried up to and above the 89-foot level. The 
years 1950-1954 saw the exploitation of the hangingwall 
section north of No.2 shaft, together with salvage of ore 
remaining in other parts of the mine. Since then activities 
have been concentrated on the development of a new, No.4, 
shaft. 

Ore was shipped to the Chillagoe Smelters until 
their closure in 1943 and subsequently to Mt. Morgan. Since 
1953 the ore has mainly been sent to Mt. Isa, which involves 
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~ saving in freight but a loss of payment for the gold and 
silver content" 

Up to the end of 1957 total production from the mine 
was 12,634e5339 tons of ore, tho motal content paid for being 
2,201.2089 tons of copper, 2050 (fine) oz. of gold, and 
9506 oz. of silver (seo Table 1 for annual production figures 
from 1933 to 1957, and Table II for tho average grades). 

WORKINGS OF THE MINE 

Until recent yoars the main workings consisted of 
three shafts, viz., Main or No.3 (193 feet vertical depth)~ 
No.1 South (40 feet), and No.2 North (150 feot), connected 
by three main levels as shown on the accompanying longitudinal 
projection (Plate 2). . 

These workings are now abandoned, and efforts are 
boing concentrated on sinking the new No.4 vortical shaft 
about 300 feet to the south of No.3 shaft. No.4 shaft is 
being sunk to test a possible southerly extension of the 
orebody suggested by tho promising copper values intersected 
at depths of about 80 feet and 160 feet respectively in two 
drill holes, D.D.5 and D.D.3 (Plate 2), selected and drilled 
during 1953/54 by the Geological Survey of Queensland. Most 
of the recent development has consisted of driving to the 
south, where the lode is wider and more consistent. The 
longest drive is on the 100-feot level, where the lode has 
been doveloped over a length of 30 feet and has an average 
width or 5 feet. 

At the end of October:1i 1957, the shaft had beEn sunk 
to a vertical depth of 125 feet, with levels at vertical 
depths of 50 feet, 75 feet, 100 feet, and 125 feet (Plate 2) . 
Each level consists of a westerly crosscut which intersects 
the lode at distances from the shaft of 9 feet 9 1 foot, 
3 feet and 10 feet respectively. 

On the 50-foot level the new workings are connected 
to the inaccessible old workings by a l15-foot north dr:Lve. 
At this point the level connects with a new ventilation shaft 
on the footwall of the lode. The 50, 75, 100 end l25-foot 
levels are connected by winzes sunk at about 35 feet along 
the south drives. The 75-foot and 100-foot levels are al~o 
connected by a winze at the end of the north drives on these 
levels. 

No stoping has yet been carried out in the nevI 
workings. 

GEOLOGY AND STRUCTURE OF THE LODE 

The lode in the old abandoned workin rts has been 
previously described by Morton (1941, 1943). Blanchard and 
Morton (1942), C onnah (1954), and Demnead (1947). Most of 
the characteristics of the lode described in these papers 
can be recognized in the present workings. 

The lode is located within a steeply dipping shear 
zone near the contact of the Stenhouse Amphibolite and the 
Halls Reward Metamorphics, and probably on an easterly limb 
of a major anticline. 

The hangingwall (east wall) of the lode consists of 
quartz-mica schist and the footwall of altered amphibolite 
in the northern part of the lode, and an extremely altered 
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sericitic and talcy(?) I'soapstone" in the southern part. 
The mica-schist wall-rock is weathered to 125 feet below 
the surface in the No~ 4 shaft and is generally altered 
to a chlorite and sericite schist close to the lode channel. 

The I1s oapstone tl is generally massive, well jointed, 
soft, pale brown or pale green, and greasy to the touch. 
Relic structures of ferromagnesian minerals and feldspar are 
exposed in the footwall on the 100 and 125 foot levels. 
Petrographical examination of some thin sections of the "soap­
stone li from the 75 and 100 foot levels of the new workings 
has shown that it generally consists of fine-grained sericite 
and quartz. 

One specimen of the ifsoapstonell collected from 50 
feet south of the drive in the 100-foot level suggests 
that it may be a hydrothermally altered garnet-biotite 
granite similar to the garnetiferous granite elsewhere in 
the area. In thin section the rock contains about 35% of 
corroded skeletal or lath shaped biotite (0.5-2.5 mm. long) 
in a sericite matrix (45%) with irregular anhedral quartz 
(15%) and some apati teo The quartz is clear and unstreEsed. 
Sericite is very fine-grained and often shows a mesh 
structure, probably an alteration from an acid feldspar. 
The biotite flakes are generally deep brown with some 
corrosion in the altered parts. Colourless unaltered garnet 
and aPatite are present throughout the section. The 
original rock could have been a garnet-mica schist or a 
garnet-biotite granite, but the absence of schistosity and 
orientation of mica favours a granitic origin. A little 
magnesi te is exposed in the tlsoapstone 1t directly opposi te 
the shaft on the 75-foot level. 

The lode material is extremely altered and varies 
from kaolinic to siliceous. In places, in the northern part, 
the lode is soapy and resembles the "soapstone" wall in the 
southern part. The degree of alteration and extent of the 
kaolinic "soap" are closely pr ..... ·port ional to the d.egree of 
shearing within the lode channel, as is also the extent and 
grade of the ore. Detailed mapping of the southern portion 
of the lode suggests that the kaolinic and siliceous 
portions were originally mica schist and quartzite, now 
extremely altered, probably hydrothermally. Previous 
geologists including Morton (1941, 1943) have suggested 
that the kaolinised II soap" product in the northern part of 
the lode has been partly derived from the amphibolite wall 
rock. . 

The shearing between the hangingwall and footwall 
rocks trends north and has a ~eneral steep easterly dip. 
However, the dip is variable (Plate 3) from nearly vertical 
to as low as 50 degrees to the east or, locally, steeply 
to the west. In the new workings of the No. 4 shaft the 
dip of shearing ranges from abou~ 60 degrees to the east 
in the upper levels, though vertical in the 75-foot level, 
to about 75 degrees to the west in the 125-foot level. 
Owing to changes in its dip the pOSition of the shear, 
projected to the next lower level, is not closely 
predic table. 

The lode channel has a normal width of 8 to 12 feet 
and is well defined along a proved ore-bearing length of 
470 feet in the abandoned workings. Recent developments 
at No. 4 shaft suggest that this figure can be increased 
to 630 feet. 
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The lode pinches and swells along the strike as 
1Ivell as down the dip (Plate ,3). In the nevv workings the 
lode has been developed over a length of 160 feet and a 
width which ranges from 2 feet tolO feet. On the 125-foot 
level in the south drive a roll in the "soapstone ll footwall 
has increased the width to 12 feet. A further roll in this 
wall at the face of the drive has decreased the width of the 
lode to 3 feet. 

In the upper levels of the mine the lode dips about 
60 degrees to the east and in the lower levels the dip is 
reversed to about 60 degrees to the west. This reversal 
'may be due to faulting which has been observed in the southern 
~ace of the 150-foot level, at the bottom of No. 4 shaft and 
No. 3 shaft. These faults dip between 35 and 60 degrees to 
,the west. 

The shape of the orebody in the abandoned workings 
is essentially that of a central ore-shoot averaging 6 to 
B feet in width and about 470 feet in length, tapering at 
its northern and southern limits into narrow veins and copper­
stained lode material. The shoot has a vertioal plunge. 
The shape of the orebodY at No.4 shaft is lenticular (Plate 

,3), tapering towards the surface and probably below the 125-
foot level, with a maximum width of about 10 feet between the 
75 and 100-foot levels. 

Some branching of the lode has been observed in the 
northern part of the mine. The most important branch was 
that encountered in the hangingwall section north of No. 2 
shaft. Here a rich "make ll of ore was stoped over a maximum 
length of BO feet from 20 feet below the 9B-foot level up to 
the 50 foot level, where it merged with the original orebody. 
This is the only instance in which ore has been worked in the 
hangingwall. A rich "make" of ore has also been encountered 
in the footwall of the 50-foot level north of No. 2 shaft. 

A split in the lode is reported on the 150-foot 
north level 75 feet from the main shaft. The western section 
tapers out in slightly-weathered amphibolite and as far as is 
known the eastern section has not been investigated. 

The lode is not known to split in the southern part 
of the old workings, but Ii ttle crosscutting and lateral 
development have been done in this part of the mine. However, 
the lode on the 50-foot level of the new workings is continuous 
with the lode on the 45-foot level in the southern part of the 
old workings. The face of the lOS-foot level is reported to 
be still in ore, and it may prove to be continuous with the 
lode on the northern face of the 100-foot level. 

An unusual feature of the lode is the existence of a 
strongly-leached and iron-impregnated rock on the 150-foot 
south level beneath oxidised ore. It extends from the main 
No. 3 shaft to near the winze from the No. 1 south shaft. 
Negligible values were reported in this section except for 
a patch of good quality ore 20 feet long about 150 feet from 
the main shaft. Morton and Blanchard (1942) considered the 
rock to be a gossan representing the leached copper portions 
of another oresboot. However, Den.rnead (1947) states that 
the gossan is continuous with the ore on the No. 2 level. 
Diamond drilling in 1953-54 deSigned to test the lode below 
this gossan indicated very weak SUlphide mineralization at 
250 feet vertical depth. ' 
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MINERALIZATION -
The copper are exposed in the mine is mainly secondarY9 

malachi te being. the most abundant are rnineral. On the 100-
'foot, and in particular on the 125-fDot9 levels, cuprite and 
tenorite, with some native copper 9 are also present. Sooty 
chalcocite and covellite with some disseminated pyrite or 
chalcopyri te occur in stringers in the foot of the rise at 
the southern end of the 125-foot level. Pyrite has also been 
observed as small speckiassociate~ with the copper ore on 
the 89 and 150-foot levels and as s~amlet!3 assoc iated \"/i th 
jasper at No. 1 south shaft. Chalcbpyrite has also been 
recorded at the bottom of the Main No. 3 shaft and at 
~reater depths in bore cores. 

On the 125-foot level cuprite and tenorite generally 
occur in the kaol~~io lode as kernels up to three inches in 
diamet er surrounded by a diffused halo of malae hi te. Nc, '~::'::/c co~Jper 
is present as minute disseminations and on joint planes in 
the siliceous lode. 

Blanchard and Morton (lg~2) 00nside1'8C1 ':nost of the 
copper minerals as replacements ' of the kaolinized Ilsoapir 
varying from sparse impregnations to nearl;y- masstve ore. 
Malachite and chrysocolla are precipitated along I'shrinkage" 
cracks in the jasper. Blanchard and Morton (J-942) attribute 
the jasper to replacement of kaolinized cQuntpy rock9 first 
by silica and s ubsequently by iron c8~ried in the ground 
waters during oxidation and leaching of the ore. 

Gold and silver mineralization has also been reported 
in the old workings. Some indicattons of the 11 u/Cu and Ag/Cu 
ratios throughout the mine is shown in 'l'able II. DeD.r.1cad 
(1947) noted a decrease in the Au/Cu rat:!..os j.n the ore shipped 
from the stapes between the 89 and lSO-foot levelsa An 
increase in the ratios is evident fl.'lom 1945-50 9 when the 
stopes were carrted up to the 89-foot level to the nor~h 
of the main shaft, and ab07e that level to the south. 
Subsequent prodUction, mainly from the hangif'.gwall section 
north of No, 2 shaft, shoy.rs a marked decline in Ag/Cu ratio 
but little variation in t he Au/Cu I'stio. These ratios 
suggest a reSidual gold enrichment in the lodeo 

DUoMOND DIgLLING 

During 1953-54 the Geological Survey of Queensland 
selected and drilled five holes on the Hall's Reward Mine 
(Plate 2). All holes were depressed at 50 degrees westa 
D.D.l was cored from the surface; non-coring bits were used 
in the upper portions of the remaining holeso 

D.D.l and D.D.2 we r e dr:!..llod to test the lod~ below 
the workings Rt a' vertical depth of about 250 feet. They 
intersected only very weak sulphide mi:1e raliz~tion. C,ore 
recovery in these sections was ~ather low 9 but close scrutiny 
of the cores and assays of ~ludges indj.cated negligible copper 
and gold values. 

D.D.3 and D.D.4 were then drilled to test the lode 
at a vertical depth of about 150 feet at posi tions oppOSite 
cupriferous jasper outcrops to the south of the wcrkings~ 
Both holes intersected oxidized copper ore containing cuprite, 
tenorite, and native copper. D.D.3 encountered about 20 
feet of mineralization, and D.D. h about 12 feet. The inter­
section in D.D.3 was considered suffi~iently encouraging to 
warrant a further hole, D.D.5, 60 feet west of D.D.3 9 to 
test the lode at a shallow dePth; D.D.S intersected about 
13 feet of similar mineralization vvith hj.gher values than 
the other holes. 

. ........... _ . .. 
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FUTURE PR~1:ECrLQLTHE MINE 

The ore reserves of the old workings are apparently 
exhausted.. What happens to the lode channel immediatelY 
.below the 150-foot sonth level is not known, as the No. 3 
main shaft is close-timbered and no exploratory winze was 
ever sunk. Beyond the southern limits of the gossan on 
the 150-foot level, the lode channel is only one foot wide, 
and though copper stained, it is devoid of gossan. North 
of the main shaft the only working below the 150-foot level 
is a small underhand stope some 20 feet north of the shaft • 

Evidence from No.3 shaft and from D.D.l and D.D.2 
suggests that there is no prospect of appreciable reserves, 
either of enriched secondary ore belo'N the 150-foot level, 
or af primary ore at greater depth below these workings. 
Since the lode is not split in the southern part of the old 
workings it appears that it is continuous with the lode in 
the No.4 shaft, where it is expected to pass into dissemin­
ated chalcopyrite at about 250 feet~ 

It is apparent that a zone of secondary enrichment 
commences at about the 125-foot level on the new workings, 
and this zone could be expected to extend another 75 feet 
to the water table. 

Detailed surface mapping to the north of the mine 
has shown that the amphibolite and quartz-mica schist boundary 
is displaced about 250 feet to the east by a fault before it 
passes under the alluvium of the Burdekin River. Geochemical 
soil sampling in this area did not reveal any promising 
copper values. 

There is some prospect for an increase in the length 
of the lode to the south of the mine beyond that proved by 
the diamond drilling. 

The shear zone between the amphibolite and the quartz­
mica schist which contains the copper lode is parallel to the 
Hall's Fault about 2,000 feet to the east of the mine. The 
southward extent of this shear zone is not precisely known, 
as outcrop is poor here. However, Quartz rubble suggests 
that the shear continues to the south for about another 
1,000 feet. Geochemical soil sampling in this area revealed 
copper values of about 50 parts per million, which continued 
for about 1,250 feet south of No o 4 shaft. Higher copper 
values from 300 p.p.m. to 1,900 p.p.m. were obtained about 
100 feet to the west of the trend of too lode. The signific­
ance of these values is not precisely known, but they may 
represent concentration of copper down the slope by surface 
waters or soil creep. 

The geological and geochemical evidence together with 
the lode intersection obt a ined in D.D.4 are sufficiently 
encouraging to warrant a drill hole about 150 feet south of 
D.D.4 to test the extension of the lode to the south and at 
a vertical depth of 150 feet. 
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ANNUAL PRODUCT~ON FIGURES 
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l!ALL'S REWARD COPPER MINE 

The following table has been prepared from official 
figures supplied 1::17 the Mines Worden. Since 1950 returns 
for the Hall's Reward Mine have been included in the Ingham 
Warden's District: 

~ Ore Treated F Gold Silver Copper 
Tons Fino Oz. Fine Oz. !QM 

1933 76.1910 22.1729 86.1394 12.3865 

1937 44205912 98.2458 559.0000 92.1030 

1938 495.5296 139.2892 681.0000 106.8804 

1939 635.2733 170.2460 823.5626 133.9512 

1940 918.5467 215.3719 948.9117 192.3563 

1941 635.2842 157.2552 831. 3375 116.1993 

1942 1011. 0224 213.7755 1121.5000 145.5580 

1943 606.7000 171.0000 469.0000 94.2800 

1944 711. 7000 110.9900 280.9700 128.6800 

1945 1002.7805 152.1300 642.1391 178.8443 

1946 879.4046 103.1343 411. 5043 127.6025 

1947 726.9773 64.6283 247.2655 114.0180 

1948 845.3004 130.2448 1065.4440 142.2209 

1949 749.8233 142.4348 680.1515 125.3246 

1950 48308171 95.6882 475 ., 8392 89.0721 

1951 263.1289 52 . 9319 22.9993 48.7947 

1952 421.9551 71.0121 135.4087 82.4029 

1953~l! 261. 7749 3905281 24.5705 46.5010 

~ 114 .. 2131 19.2731 

19541t' 394.5208 - 72.8140 

1955~ 276.6397 48.5674 

1956 313.9925 42.3500 

1957R 341. 7628 36.9944 

f1.f1. 26.3384 ~.0343 

12,634.5339 2150.0790 9506.7733 2201.2089 
• 

~~ Shipments to Mount Morgan 

P. Shipments to Mount Ise 
/V'v\ 

(0 ./ 
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Year 

1933 

1937 

1938 

1939 

1940 
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1943 

1944 

1945 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 
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THE YIELD PER TON FOR ORE TREATED FROM THE 

HiILL'S REWARD COPPER MINE 
--:~. ~~~=--=~~==~ 

Au (dwt/ton) 

5.82 

4.44 

5062 

5.36 

4.69 

4.95 

4.23 

5.64 

3.04 

2,34 

1. 80 

3.1 

3.8 

4.0 

4.0 

3: 4 

.300 

Ag (dwt/ton) 

1.13 

1. 26 

1.37 

1. 29 

1. 03 

1.31 

22.18 

15.46 

7.89 

12.82 

9.36 

6.80 

25.2 

18.1 

19.7 

1.8 

6.4 

1.9 

l',verage 

Cu (%) 

16.26 

20.81 

21.57 

21.09 

20.94 

18.29 

14.40 

15.54 

18.08 

17.84 

14.51 

15.70 

16.8 

16.7 

18.4 

18.5 

19.5 

17.8 

16.9 

18.6 

17.7 

13.5 

11.1 

17.41 

u Excluding shipments to Mount Isa • 
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I ' : : 
/ 

I \ 
.1 

. 'f~. /. 



• 

- 17 -

COPPER 

Soils were tested for copper along the northern 
and southern ends of the lode of the Hall's Reward Copper 
Mine and in the surrounding area. Samples were taken at 
a depth of four feet wjere possible by hand auger. They 
were crushed and treated with h6t concentrated sulphuric 
acid to bring the copper into solution. In each case one 
gram of soil was used for acid treatment, so that, using 
dithizone of known str9ngth, a direct reading in parts per 
million was obtained from the millilitres of dithizone 
reagent requirec"l to forr l1 the complex. 

In area itA" (?late 1) to the north of the mine, 
28 samples were taken at intervals of 100 feet over a length 
and widt h of 500 feet, so as to try to locate copper mineral­
ization along the amphibolite and mica schist boundary, which 
here is displaced about 250 feet to the east of the main 
trend of the copper lode. The highest copper value was 60 
p.p.m e , but most of the samples averaged about 5 p.p.m. 
Further testing Was abun00ned in the area. 

Results obtained over the southern end of the copper 
lode (llrea 'Bn in Plate 1) liiTere more encouraging. Here 42 
samples were taken on a 30-foot by 20-foot grid, over a length 
of 150 feet and a width of 120 feet starting about 100 
feet to the south of No. 4 shaft. The copper values obtained 
show that peak values up to 1,900 p.p.m. are distributed along 
a line trending 15 degrees west of south, roughly parallel to 
the lode lino, but displaced about 40 feet to the west. These 
copper values decreased more abruptly to the east than to 
the west. The 40-foot displacement to the west may be due 
to soil creep, the slope of the land being in that direction. 
Further samplinu was carried out for sbout 1,000 feet to the 
south of this grid, where copper values decreased and ranged 
between 20 and 45 p.p.m. 

samples were also taken along the amphibolite and 
mica schist boundaFy oet'Neen areas "e:.;..l1 and '''C::3'' (Plate 1) 
about ~ of a mile south-south-west of the Hall's Reward Mine. 
Here 122 samples were taken over a length of 2,700 feet and 
0. width of 450 feet, A value of 2,000 p. p.m. of' copper was 
obtained in the southern part of this area at point "C3'" 
but copper values decreased to 200 p.p.m. within 30 feet, 
and to 350 p. p.m. at a depth of 8 feet below "C3 i1 • 

Whether the 2,000 p.p.m. anomaly is related to 
mineralization at depth is not known. It may be significant 
that the mica schist along this contact near the anomaly is 
altered to a chlorite schist, which is characteristic of the 
footwall schist near the copper lode in the Hall's Reward 
Mine. Moreover, the 2,000 p.pofi. of copper compares 
favourably with the results obtained over the southern part 
of the lode. 

The northern part of the Sandalwood Serpentinite 
between the Hall's Reward Mine and Stenhouse Creek was 
tested for nickel. Qualitative tests were conducted in the 
field, and samples giving positive results were later 
submitted to the laboratory for quantitative analysis • 

. ,,' 
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The hj.ghest nickel value was 2.55%, associated with 
manganese and chromium obtained in a lenticular serpentinite 
mass about 75 feet long and 25 feet wide situated one mile 
south of the mill ') (Plate 1). ':ehe average nickel value in 
the sercentinite between the mine and Stenhouse Creek is 
'0.2%, and immediately south of the creek the nickel values 
decreased to O.Oq'an 

Part of the Tertiary laterite overlying the 
serpentinite of the Boiler Gully Complex in the south-western 
part of the area was sampled and tested for nickel and cobalt 
in an attempt to find a zone of enrichment in the lateritic 
profile. The areas sampled ("D" to IIJII) are shown on Plate 1. 

Summary of the results is as follows: 

Av. % Ni Av. % 
of serpen- Ni 

Area in No. of Av. % Max. % 
Local- square Samples Ni. at Ni at 
ity feet Tested surface surface tinite at depth 

Max % 
Ni at 
4 ft. 

D 0.01 x 10 6 

E 

F 

G 

H 

I 

J 

1 x 10 

r 
0.09 x 10° 

3 

12 

9 

6 

16 

8 

10 

0.07 

0.07 

0.08 

0.10 

0.23 

0.19 

0.08 

0.08 

0.12 

0.18 

0.27 

near area of 4 ft. 

0.1 

0.1 

0.2 

Not known 

Not knovffi 

" 

" 
0.34 Not known 0.25 0.33 
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The cobalt values in these areas were generally very 
low, ranging from 8 trac (, to 0.2% with an average of 0.05%. 

The nicl::3l values from areas "H", "I" and "J" were 
considered sufficiently encouraging to warrant further testing 
at deeper levels. Accord.'lngly a further series of test holes 
ranging in depth from 6 ft. to 14 ft. were bored at the sites 
L1, and 13 to L10 shown on Plate I. In ~ddition a series of 
samples were taken each at a depth of 2 ft. down the scarp 
of a deep erosion gutter starting from the site of 11. This 
gave an effective vertical depth of approximately 33 ft. All 
samples were test ed in the field for cobalt and nickel by 
paper chroma togrs,ohic .sepa }:8 t ion of the c obal t and nickel 
after fusion of the sample with potassium bisu1phate. The 
chromatograms were developed with rubeanic acid and values 
estimated by vis ual comparison with a series of standards, 
following the procedure of The Imperial College of Science & 
Technology, Geochemical Prospecting Research Centre modified 
from Hunt, North and Wells (1955). 

The results for nickel are sU!l1marised below: 
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Localit;z:: Max. deEth 
in reet 

J~v~rrre 
o Ni. 

Max % Ni. Remarks 

Ll 14 '0.85 1.2 at 8-10 ft ferruginous Jrione 
Ll 33 2.4 ' 7 3 at 30-33 II II " ...... 
L3 6 0.47 0.6 at 4 ft. 11 II 

L4 14 0.43 0~5 at 10-12 II 
II " 

L5 4 0.05 0.06 at surface mottled zone 
L6 6 0.55 0.7 at 4 ft ferrug:inous rubble 

L7 10 0.40 0.5 at 0-4 ft " zone 
L8 G 0.10 0.2 at 4 ft 4 in. ferrugin-

ous gravel at 4' 
overlain by 
recent alluvial 
claYs 

L9 6 0.10 no maximum mottled zone 

LIO 6 0.15 0.3 at surface " " 

The values for cobalt were very similar to those 
obtained in the first sampling being generally 0.05% or less 
with some profiles showing a maximum of 0.1-0.2% at the 
surface and decreasing with depth. 

The greatest thtckness of ferruginous zone is found 
on the eastern side of the laterite area, being approximately 
50 feet as shown by dissection, while on the western side the 
ferruginous zone is less than 6 feet with some deeper 
alluvial areas. Although mottled zone material was found 
no true pallid zone was observed in any of the holes. 
Buckshot and ironstone concretions are common throughout 
the area but the typical laterite is only found on the 
higher eastern portion • 

The nickel values follow the anticipated pattern of 
close associ2tion with the ferruginous zone, in all cases 
decreasing rapidly on entering the mottled zone. There is no 
correlation between nickel content and the amount of buckshot 
or ironstone gravel. 

The occurrence of laterite oVerlying serpentinite 
in this area of Northern Queensland is similar to the 
nickeliferous laterites of Cuba and Dutch New Guinea. In 
one of the Cuban Deposits enrichment of 0.8% Ni. at the 
surface increasing to 1.$% Ni at depth has been found in 
the ferruginous zone derived from serpentinite containing 0.1-
0.2% Ni. However in the laterite of the Hall's Reward area 
significant enrichment appears to be confined to a small 
area on the south eastern boundary of the laterite. 

MINERALIZ1~TION IN THE ARE....h, 

COPPER 

Copper is the most abundant mineral in the area. 
Seven small copper prospects were located (Plate 1); they 
generally consist of one or two pits about 10 feet deep 
sunk on a malachite and azurite-stained ferruginous quartz 
vein or a small shear. The deepest workings apart from the 
Hall's Reward Mine are situated on the north-central margin 
of the area, where a siliceous vein in the Hall's Reward 
Metamorphics has been worked to a vertical depth of about 
70 feet. In one pr6~pect, near the central western margin, 
sulphides (c halcopyri te and pyrite) we re recognized. ' 
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In places ferruginous gossans are exposed. The 
longest of these crops out in the southern part of the area 
(Plate 1), over a length of about 150 feet and a width of 
6 feet. Several pits have been sunk on the gossan to a depth 
of 10 feet, exposing malachite and azurite. 

OTHER METALS 

Nickel occurs in serpentinite and overlying laterites. 
No definite nickel mineral has been identified, but it probably 
occurs as one or more of the hydrated nickel silicates such as 
garnierite. 

Nickel values averaging about 0.2% Ni were obtained 
in the northern part of the Sandalwood Serpentinite, near the 
Hall's Reward Mine. Higher nickel values (2.55%~ occur with 
manganese (24.75%) and chromium (0.19,%) in a lens of the 
serpentinite about 75 f~long and 25 feet wide, one mile . 
south of the Hall's Reward Mine (Plate 1). 

Chromium is also found as massive chromite in small 
patches on the eastern margin of the Boiler Serpentinite 
(Plate 1). These deposits rarely exceed a few feet in length 
and width. No analysis was made of the chromite, but from 
comparison with the chromite deposit in Gray Creek about 15 
miles to the south, it would probably average 3CY% Cr203' 

'rhe writers wish to thank If.l'' •. I .• K. Denmead, Chief 
Govermoent Geologist, Geological Survey of Queensland, for 
his assistance in all stages in the progress of the survey, 
and in particular for providing a Surnmary Report of the Hall's 
Reward Copper Mine, which su.rnmarized all reports by the 
Geological Survey of Queensland up to 1956. 

/,lso grateful acknowledgment is made to Mr. 11. Hall, 
part owner of the Hall's Reward Copper Mine, for his co­
operation during the mapping of the mine. 
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Ml!:ill.RhilliSPHIC INVES'rIGATION OF ORES FRQM HALL'S REWARD MINE 

by 

'N.M.B. Roberts • 

The specimens examined came from the zone of 
secondary onrichment and from the oxidized zone of the orebody. 

Those from the zone of secondary enrichment are 
breccias and some sulphide-rich shattered vein Quartz. 

The breccia is a compact 9 reddish-brown rock 
containing a large quantity of sulphide. It consists of 
angular bodies of fine-grained calcite, which has completely 
replaced the original fragments of the rock. 

These bodies range up to 0.15 mm. in size, and 
are set in a matrix of hydrated iron oxide. The rock is 
cut by calcite veins, some of which exhibit a comb-structure 
and, with the exception of a few interconnecting veinlets, 
have a parallel disposition, imparting to the rock a schistose 
texture. Some quartz is distributed randomly throughout the 
specimon as irregular areas and subhedral crystals. It is 
not fractured and shows no evidence of any stress subsequent 
to deposi tiona 

The ore minerals are pyrite, blue chalcocite, 
covelli te and chalcopyrite. Pyrite 9 tho principal opaque 
mineral, forms small, strongly fractured masses which have 
been recemented by blue chalcocite. The mineral has a 
st.rong anomalous anisotropism. It contains large irregular 
grains of marcasite up to 0.6 mm. across. It also forms 
sub-parallel veins up to 1. 5 mm. thick. Associated with 
thoso veins and the fractured masses is a mineral having a 
slightly lower relief and reflectivity, and is somewhat grey­
ish oompared with pyrite. At extremely high magnification 
this was shown to be a severely crushed mineral, the grain­
Size of which is Shout 0.001 mm. These small grains aro 
recemented into what appears as a single mineral at lower 
magnification but which by X-ray diffraction was shown to be 
pyrite recemented by blue chalcocite. 

Covellite and blue chalcocite are widely dissem­
inated as small irregular blebs in calcite; chalcocite also 
forms large veins up to 1.0 mm. wide, parts of which have been 
altered to covellite. Chalcopyrite occurs very sporadically 
as small irregular remnants in blue chalcocite. 

The specimen of shattered vein quartz is 
recemented mainly by blUe chalcocite. It contains a small 
quantity of calcite, covellite and pyrite. 

Chalcocite, the principal opaque mineral, as 
well as recementing tho quartz, forms irregular patc hes 
intimately associated with calci te, and has altered extensively 
bo .oovellite. These patches contain small m8~se6 of chalco­
pyrite, whiCh are possibly unal'tereCl residuals of what was 
once all chalcopyrite. 

Pyrite forms irregular masses and euhedral crystals 
ranging up to 0.5 mm. across; these have been extensively 
fractured and partly altered to hydrated iron OXide. 
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The two specimens from the oxidized zone differ 
considerably in mineral composition. One is a friable, fine­
grained rock consisting mainly of a pinkish, very fine-grained 
mineral, probably a clay, containing quartz grains, and small 
grains of native copper up to 1.0 mm. in diameter. 

The only other opaque mineral is hydrated iron 
oxide, which forms large irregular veins and lenses lying more 
or less parallel. In places well developed cubic pseudomorphs 
consisting of t his mineral are formed, probably from original 
pyrite. 

The other specimen from this zone is a chlorite 
rock, containing quartz and a mineral resembling sericite, 
but which could be talc. The quartz occurs both as strongly 
fractured aggregates and as large fine-grained recrystallized 
masses. 

Cuprite is the principal ore mineral, forming 
large veins which have altered extensively to malachite, and 
which contain thread-like veinlets of native copper. These 
veins are composed of coarsely crystalline granular material 
and are bordered by colloform tenorite. 

Discussion 

Very little of the history of the deposit can be 
gained from the few specimens examined, but it is evident 
that pyrite is the earliest deposited of the sulphide minerals. 
Two generations could be observed; the first was probably 
emplaced before the first period of deformation, and is now 
represented by the extremely finely ground material identified 
by X-ray diffraction. The aecond genl-ration is represented 
by the numerous veins and irregular masses cutting across 
the finely ground material. These veins and masses have in 
turn been extensively fractured and recemented by copper 
sulphide. The time relationship of:' the copper sulphides is 
rather obscure, and examination of specimens from the primary 
zone would give a clearer picture. Chalcocite and calcite 
appear to be related, but whether the chalcoci te is primary 
can only be determined from examination of specimens from the 
primary zone. 

The residuals of chalcopyrite in blue chalcocite 
recementing shattered pyrite suggest a secondary origin for 
at least some of this mineral. 

Quartz has been introduced some time before 
calcite, as the veining of quartz masses by calcite shows. 
Marcas,i te is probably of the same age as the second generation 
pyrite. Assuming tha t the blue chalcoci to recementing the 
second generation pyrite is an alteration product of chalco­
pyrite, then chalcopyrite follows the deposition and 
fracturing of this mineral • 
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