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GEOCHENISTilY OF HINE:? ... <'l.LIZED GRAlTITIC ROCFS OF 

NORTHEAST QUEE.:.-TSlu\ND 

. J .\01. Sheraton and L. P. Black 

ABSTRACT 

Tin-bearing granitic rocks of Northeast Q.ueensland range in age from 

Precambrian to Permian. 'They are high-level granites . or ada,,;'lellites enriched 
, 

in volatile elements, s~ch as Li, Be, B, and F. Tin contents are significru1tly 
, 

higher than those of non-$tanniferous granites, but lower than values reported 

for many tin granites elsewhere.A distribution of tin in which a high proportion 

of samples have tin contents significantly higher than background values, appears 

to be a useful criterion of potential tin mineralization. An uneven distribution 

of tin in the crust (or possibly the upper mantle) ",ould explain the difference 

in tin contents of granites associated \-lith tin mineralization, compared Hith 

grani tes from areas vrhich do not contain tin deposits. 

No correlation of granite geochemistry '-lith lead/zinc or copper 

mineralization ,,,as found. In particti.lar, erani tes associated ui th such 

mfneralization do not sho\'! anomalous abundances of Pb, Zn, or Cu. If 

mineralization is regarded as an independent b~r-product of magwa generation 

rather -Chan the result of differentiation processes, then this lack of co::'relc.ticn 

is explicc:.ble. 

Bureau of l'lineral .:teso";.ll'ces, Geology and Geophysics, Canberra , A. C. T., 

Australia. P-~lblished 'eli th permission of the Director. 
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Introduction 

. In 1970 the BUreau of Hineral Resources began a geochemical investigation 

of ·the acid igneous rocks of northeast Q.ueensland. The purpose of this .study 
,. 

\olas to investigate any correlation between the geochemistry of the granitic 

rocks and the type of associated mineralization in order to discover possible 

geochemical criteria of general use in delineating areas of potential mineralization. 

. The area chosen for the investigation includes a large part of northeast 

Queensland, covering the Georgetmm Inlier .-and much of the Hodgkinson Basin 

be~,.,een Coolctown in the north and Ingham in the south (Fig. 1). The general 

geology of the area has ,been described by de Keyser and Holff (1964), Hhi te 

(1965), de Keyser and Lucas (1968), and Blcili:e (1972). Intrusive and extrusive 

acid igneous rocks of many types are present, and associated \lith. them is a 

rather uide variety of economic mineralizat'ion, including gold, tin, copper, 

lead, zinc, silver, molybdenum, tungsten, bismuth, antimony, and minor uranium 

and tantalum. 

In the first part of the project about 600 acid igneous rocks ,.,ere 

analysed for a large number of major and trace elements, including Si, Ti, AI, 

Fe, ¥m, i''ig, Ca, Na, K, P, Rb, Sr, Pb, and Th (by X-ray fluorescence) and Li, Be, 

Cr, Co, Ni, Cu, Zn, and Sn (by atomic absorption 'spectroscopy). Ferrous iron, Hater, 

c: --,,'bon dioxide, and fluorine Here determined by the Australian Hineral Development 

Laboratories. In the next stage ferromagnesian minerals (mostly biotites) from 

both granitic rocks and mineral veins Hill be analysed. Only a summary of the 

chemical results \-Jill be presented here; complete listings of the analyses, 

together \-lith more detailed descriptions of the various rock units, Vlill be 

reported else\"here (Sheraton and Labonne, in prep.). 
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Geology of the Granitic rocks 

The acid igneous rocks of the area range in age from Precambrian 

to Permian. They intrude the · Precambrian metamorphics and sediments of the 

Georgeto\ro Inlier, as \O/ell as the iUddle Palaeozoic sediments . of the 

Hodgkinson Basin, a part of the Tasman Geosyncline. The approximate ages 

of the main granitic rocks are given i~ Table 1, which also lists the 
" ""'\ 

associated economic mineralization. 

The oldest'graniticrocks form part of the Forsayth Batholith, 

which occupies much of the central part of the Georgetmm Inlier. The 
1 
• 

Forsayth Granite includes a variety of rock types, ranging from granite to 

quartz diorite, which have not yet been mapped in detail. Some of these 

rocks could ,,,ell be as old as 1600 m.y., uhereas others may be only about 

400 m.y. old (Black, in prep.). Geochemically the Forsayt~ Granite forms 

an extremely heterogeneous group of granitic rocks and consequently \OTill not 

be considered in detail. 

The Esmeralda Granite and cOE1agmatic Croydon Volcanics, although 

originally correlated \.,ri th the Upper Palaeozoic acid igenous roclcs by Branch 

(1966), have nOH been dated at about 1475 m.y. ('debb, 1971; Black~ 1973). 

The Esmeralda Granite, "Thich forms several intrusion on the "/estern side of 

the Georgeto\-Tn Inlier (Fig. 1), is typically a grey medium to coarse-grained 

bioti te adaselli te, grading into granite. Tourmaline is a "lidespread 

accessory, and greisens are coa~on in SODe localities. The Esmeralda Granite 

is a high-level (epizonal) intrusion ';thich cL"Jstallizecl under a volcanic cover 

estimated by Branch (1966) to be cnly 300 - 600 ill thick. Associated economic 

mineralization includes Gold and tin, Hhich are restricted to the &-ranites 

and volcanics of the "lestern pa.rt of the area. A "little silver/lead and 

copper has also been Dined, but only Gold 11a.S been procluced in significant 

quantities (\-Jhite, 1965; :Sran.~h, 1966). 
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, ,Finlayson ' Grani te 

J.la.ree ba Granite 

Almaden Granite 

Herbert River Granite 

Elizabeth Creek Granite 

. . .. . . ..... ".:., :' . ' 

.- -. ' : 

,Table 1 • 

Approx.age (m.y.) 

~ -- .. -.. 

: .. : , :. ~ 262 

288 

300 
300 , 
320 _ , 

," 

" '~ 

'. . . 
Associated mineralisation 

Sn, 

Sn 

. ,. , , . 

Sn, W, Cu 

Cu, Pb, Ag,Zn 

(Cu, Pb, W) 

Ho, W, Pb, Cu (Au, 
Sp) 

Bit 

.. , 

Ag, 

Dumbano Granite : } 
Dido Granodiorite . i 400 - 420 no economic mineralization 

Esmeralda Granite 

Forsayth Granite 

. 
1475 

?400 - 1600 

" 

Au, 

Au 

Sn (Pb, Ag, Cu) 

(Fb, Ag, ( ... , Ta) 

Major granitic rocks of northeast Queensland, showing approximate ages 

and economic mineralization associated wit:l each unito Economic mineralization , ' 

of only minor importance is given in brackets. 

.. . . ~ . 

.:. ', ~"'. .- .... .' 

: . .. : ..... 
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The Dumbano Granite and Dido Granodiorite occur in the southern 

part of the Georgetovm Inlier (Fig. 1). Isotopic d2.ting has · indicated a 

Siluro-Devonian age for·both (Richards et al., 1966; Black,_ 1973). The 

Dumbano Granite is typicall~ a light grey to pink medium-grained biotite 

adamellite \-/i th pink feldspar phenocrysts ,al though leucogranite, gr2.11odiori te, 

biotite tron~~jemite, and quartz diorite also occur: The Dido Granodiorite 
-:::., 

. consists mainly of hornblende-biotite. tonalite and diorite. No economic 

mineralization is lrnO\Vll to be -associated Hi til either the Dumbano Granite or 

the Dido Granodiorite. 
"'" i . I 

The Upper' Palaeozoic acid igneous rocks . of the Georgetovm Inlier 

have been described in detail by Branch (1966). They 'Occupy a total area 

of about 30 000 kIn 
2 

vii thin the inlier and in the Hodgkinson Basin to the 

"north and east (Fig. 1) • . The intrusive rocks consi~t of adalilellite, 

subordinate granite and granodiorite, and minor diorite and gabbro. They 

are high-level intrusions, some of \"rhich crystallized under a cover estimated 

to be only 150 to 600ID thick (Branch, 1966). The extensive comagmatic 

volcanic rocks consist of rhyodacite Helded tuff sheets and flows, \-lith 

subordinate rhyolite, dacite, andesite, and basalt. They occur in eleven 

cauldron subsidence areas and five associated ring complexes Hithin, or 

adjacent to, the GeorGetown Inlier (Branch, 1966). 

Five groups of Upper Palaeozoic granitic rocks "'ill be considered 

in more detail. The Elizabeth Creek Gra.Yli te forms numerous batholiths and 

stocks, mostly in the northeastern part of the GeorgetOlm Inlier, but 

extending into the adjacent shelf zone of the Hodgldnson Basin. Isotopic 

dating suggests an age for most of the granite of about 320 m.y., although 

there is evidence that some is younger, such as the small stocks at Bamford 

Hill and \rlolfra:n Canp (about 50 kIn \'/est-south\'lest of Hareeba) \-li th which 

tungsten-molybdenum-bismuth mineralization is associated (Black and Richards, 

1972a; Black, in prep.). The most COllliJon variety is a pink leucocratic 

bioti te adarnelli te.· Fluorite is" a characteristic accessory, and greiscmization 

is cornman, particularly in areas Hhere the granite is mineralized. The most 
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important economic minerals associated \-lith the Elizabeth Creek Granite are 

those of tin, molybdenum, and tWlgsten, although copper, silve::-, lead, bismuth, 

zinc, antimony, and gold have also been mined. The Herberton Tinfieldis 

. .. economically the most important area, and up to 1968 had yielded over 

107000 ' tons of tin oxide, or 15 percent of Australia's total tin production 

(Blake and Smith, 1970; Blalce 1970). 
""\ 

.frimary deposits include greisen lodes 

in granite, chlorite-c?-ssiterite.lodes, :quartz-cassiterite lodes, and complex 

sulphide' lodes I 'Ti th cassi teri te (Blake, 1970, 1972). The ::lain source of 
I 

production at the present time is alluvial cassiterite in the l10Wlt Garnet 

area. Blake and Smith (1970) have related the mineral deposits of the 

Herberton area to four zones: . a tungsten zone is confined mainly 't-li thin the 

Elizabeth Creek Granj,te and passes outHards into tin, copper, and fin~lly 

lead zones. 

The Herbert River Granite crops out in the same general area as 

the Elizabeth Creek Granite but is rather YOWlger, uith a mean rubidium--

strontium age of about 300 m.y. (Black, in prep.). In the Herberton/Holmt 

Garnet area, a n~ilber of intrusions oriGinally mapped as Rerberton River 

Granite (Best, 1962; Branch, 1966) have since been shown to consist of 

separate, and. no';! separately named, TI2sses of slier.tly different ages 

(Blake, 1972). 'l'he Herbert Hi ver Grani te is ra t ller more heterogen.eous tl"J.an 

the Elizabeth Creek Granite, and ranges in conposition from biotite granite 

to hornblende-biotite g-.canodiorite, although grey biotite adawelli te prec1.oainates. 

AccordinG to Branch (1966), copper, lead, and tUl1gsten mineralization are 

associated '.:i t il contaminated varieties of the Herbert River Granite, although 

the deposits , ';[ i tn t he exception of those of t he C~,illagoe area (discussed 

below), are of little economic iiilportance. 
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The related Almaden Granite is typically a hornblende-biotite 

granodior~te, but also includes adamellite, quartz diorite,. and quartz 

gabbro. Branch (1966) considered that the Almaden Granite i'Tas derived 

from Herbert River magma by contamination ':Ti th basic magma; the 

strontium isotope data presented by Black and Richards (1972a) are 

consistent vrith such an interpretation. The copper and silver/lead 
~ 

mineralization of the Chillagoe···area appears, on field evidence, to 

be genetically·associat~d \'!i ththis granite. The deposits, vrhich also 

contain sphalei'~te, are contact-replacement lodes in limestone or along 
i . . 

contact faults (de Keyser and Halff, 1964). 

The Hareeba Granite comprises several large intrusions and a 

number of smaller stocks i'Thich intrude the Hiddle Palaeozoic sediments 

and metamorphics of the HodGkinson Basin bet\1een Innisfail in. the south 

and the Bloomfield River (about 50 lan south of Cooktovm) in the north 

(Fig, 1). ~~e most common rock types are grey, generally porphyritic 

biotite and biotite-muscovite adamellites, although leucogranites and 

granodiori tes al'so occur. Tourmaline is a COI!lIDon accessory, and 

greisens are fairly common. T'ne Hareeba Granite is significantly 

younger than the Herbert River Granite, rubiditw-strontium dating 

indicating an age of about 288 m.y. (Black in prep.). Tin, tungsten, 

and copper mineralization are associated \.,i th it. Hount Carbine, 

about 60 kIn north-north\'lest of Nareeba, has been an important producer 

of vrolfram, ranking Hi th 1Jolfraill Camp and Ba'llford Hill as one of the 

three main sources of tungsten in Queensland (&~OS CL~d de Keyser, 1964; 

de Keyser and Lucas, 1968). 
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The Finlayson Granite forms a number of intrusions in the Annan 

River Tiluield, south of Cooktown. The main rock types are medium to 

coarse-grained porph)Titicbiotite adamellite and granite, .frequently 

tourmaline-bearing. Pota~sium-argon dating has given a Permian age 

of 247 = 6 m.y. (Richards et al., 1966), or 262 m.y. if a 6% up",ards 

adjustment is used to attempt a illore meaningful comparison (see Black 
,~ 

and Richards, 1972a). The tin mineralization of the Annan River Tinfield, 

which includes both greisenand stahniferous quartz-tourmaline deposits, 

is associated Hith the Finlayson Granite. 
I , 

Geochemistry'of the Granitic Rocks 

The Esmeralda Granite, as \'1ell as the Croydon Volcanics, has a 

fairly restricted range of composition (Si0
2 

contents mostly lie bet\'I'een 

69 and 75~S). Variation diagrams show normal calc-alkaline trends for 

most major elements, although ISO and ,FeO (total) are high, and N~O a..'1d 

MgO relatively low (Sheraton and Labonne, in prep.). This leads to 

rather high Higgli k values and 10\01 mg values (Fig. 2a). Trace element· 

abundances are mostly close to average for fractionated granitic rocks -

Rb, and to some extent Li and Th, are relatively high, v1hereas Cr, Ni, 

Cu, and Sr are low (Table 2). K/Rb (average 143) and r·'lg/Li (average 44) 

ratios are low. Sn, Pb, and 2n contents are all rather higher than 

abunc1.ances given by Turekianand Uedepohl (1961) for average low-calcium 

granite, and by Taylor (1968) for average granite (Table 2; Figs 3, 4). 

Several lines of evidence suggest an origin for the Esraeralda 

Granite magma by anatexis of sialic crusta l rocks (Sheraton and La00nne, 

in prep.). Hany samples plot Vlithin the alkali feldspar field on a 

norr.mtive Or-Ab-An diagram, so th2.t ' a...'1 origin by differentiation of 

basic magma is unlikelY ( un less extensive contaninc:<.tion by K-ricl1 ril2. terial 

is involved). Tl~e trend on an AFl1 diagram lies outside the normal limits 

for calc-alkaline :rocks as Given by Best (1969), suggesting a SOi.l.I'ce material 

'th 11' " T.'Io/r-..J'\ ,..,. 11 h" . · c· 1 S 87/,",86 t· f \'a unusua y n~-gn ...'e ilc:,v. .clna y, .lgn lnl '~la I' ur ra lOS 0 

about 0.730 ,(Hebb, 1971) ::mi.;Gest a predominantly crustal origin for the 
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magmas (see review by Faure and Powell, 1972, pp. 43-54).

The Dumbano Granite and Dido Granodiorite form a chemically

rather heterogeneous group. Samples do not plot on smooth variation

curves, so at least two parent magmas were presumably involved in the

. formation of these rocks. Thus, the Dumbano trondhjemites do not appear

to be chemically related to the group which includes the granites,

adamellites, and granodiorites, as well as the Dido tonalites. The Dido

quartz diorites farm anothei' . chemically distinct group, and lie on a

fractionation trend which is characterized by relatively high K/Na

(Sheraton and Labonne, in prep.).

Abundances of most trace elements, including Sn, Pb, and Zn are

close to average values given by Turekian and Wedepohl (1961) and Taylor

(1968) for the 4propriate rock types (granite or granodiorite) although

Li, Ni, Cr, and possibly Th are relatively low. Cu is low in all except

the Dido quartz diorites, and is particularly low in the granodiorites

and tonalites. Sn is below the detection limit of 4 ppm in all but one

sa4le (Table 2; Figs 3, 4)-

The Upper Palaeozoic igneous rocks form a geochemically homogeneous

group. The intrusive and extrusive rocks exhibit similar variation trends

and abundances of both major and trace elements, supporting Branch's (1966)

hypothesis of their comagmatic nature. The volcanics have a greater range

of alkali ratios (K/Na), however, which is partly attributed to post-

consolidational metasomatism.

The intrusive rocks have a rather restricted range of compositions

(94;') of the analysed samples contain more than 65% S102 ). Chemical variation

trends for most elements are similar to those for many other calc-alkaline

intrusive suites (e.g., Larsen, 1948; Bateman et al., 1963; Erikson, 1969).
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ma.gn;.as (see reVie\'1 by Faure and Pm/ell, 1972, pp. 43-54). 

The' Dumbano Gr~nite and Dido Gr~~odiorite form a chemically 

rather heterogeneous group. Samples do not plot onShloot~variation 

curves, so at least tHO parent lilagmas \'lere prestlJjlably involved in the' 

, formation of these rocks. Thus, the Dumbano trondhjemites do not appear 

to be cheUlically related to the group Hhich includes the granites, 
~ 

adamelli tes, and granodiorites, as ..... lell as the Dido tonali tes. The Dido 

quartz diorites fO'rm another- chem:tcally distinct group, and lie on a 

fractionation trend"'lhich is characterized by relatively high KINa 
I , 

(Sheraton and Labonne, in prep.). 

Abundances of most trace elements, including Sn, Pb, and Zn are 

close to average values given by Turekian and Hedepohl (196'1) and Taylor 

(1968) for the ,appropriate rock types (granite or granodiorite) although 

Li, Ni, Cr, and possibly Th are relatively low. Cu is 1m, in all except 

the Dido quartz diorites, and is particularly 10 ... 1 in the grci.nodiori tes 

... and tonali tes. Sn is belo\-l the detection limit of 4 ppm in all but one 

sample (Table 2; Flgs 3, 4). 

The Upper Palaeozoic igneous rocks form a geochemically homogeneous 

group. T'lle intrusive and extrusive rocks exhibit similar variation trends 

and abundances of both major and trace elements, supporting Branchls (1966) 

hypothesis of their comagmatic nature. The volcanics have a greater range 

of alkali ratios (KINa), however, Hhich is partly attributed to post-

consolidational metasomatism. 

The intrtlsive rocks have a rather restricted range of compositions 

(94?b of the analysed samples contain more than 655~ Si02). Chemical variation 

trends for most elements are similar to those for many other calc-alkaline 

intrusive suites (e.g., Larsen, 1948; Bateman et al., 1963; Erikson, 1969). 
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Ilost trace elements show nOrIilal variations ':lith fractionation, i.e., 

depletion in Sr, Cr, Co, Ni, Cu, and Zn and enrichment in Pb, Tb., U, Li, 

Be, and Rb. The most highly fractionated granites,including the Elizabeth 

Creek, Hareeba (in part), anq.. Fi111~son Gran'ites, are relatively low in Fe, 

Nn, Hg, Ca, Ti, Sr, Cr, Ni, Co, and Cu, and rich in Si, K, Pb, Li, Rb, and 

Th (Table 2) .K/Rb and 11g/Li ratios are 10\'1 in these' granites, whereas 
. ~ 

Niggli k values are fairly high, and nig tends to be lOVI (Fig. 2b). T"ne 

Elizabeth Creek Granite is par.t~cularly rich in Rb and Th, and the Finlayson 

and Hareeba Granites have very high Li contents. Zn and Be shm{ little 
I • 

systematic variation, although the former tends to be lower and the latter 

higher in the most fractionated rocks. The Almaden Granite is relatively 

low in Li, Rb, Pb, and Th, but the concentrations are near normal for 

granodiorites (Table 2). The Herbert River Granite has an average 

composition between those of the Almaden and Elizabeth Creek Granites, 

although there is considerable overlap of the compositional fields. Only 

the Elizabeth Creek, Mareeba, and Finlayson Granites have Clean Sn contents 

significantly greater than the detection limit of 4 ppm. T'ne Finlayson 

Granite is particularly rich in S11 (average 16 ppm) (Fig. 4). 

Preliminary isotopic data, although at present far from conclusive, 

suggest that the isotopic COElposi tion of the Precambrian metamorphics and 

Palaeozoic geosynclinal sediments (at the time of granite emplacement) Has 

generally higher than the rather uniform value for the initial ratio of about 

0.710 found for the majority of the intrusive rocks (Black, in prep.). 

Horeover, the evidence presented by Sheraton and Labonne (in prep.) does 

not favour an origin for the granites directly from upper crustal rocks. 

These authors postulate an oriGin by anatexis of either a mixture of mantle 

and crustal material or Rb':"poor deep crustal material alonG a subduction 

zone. Such an origin has been suegested for the granitic rocks of south1;Test 

England (Floyd, 1972) o..nd elseHhere (Hamilton, 1969; Gilluly, 1971; Jarnes, 

1971) . 

.. :-:--l 
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. Relationship of Geochemistr'J to Nineralization 

Tin. The tin~bearing Esmeralda·, Elizabeth Creek, Hareeba, and 

FinlCi\Yson Granites are fractionated granites or adame1lites in "'hich 

greisenization is common. NiggU k values are relatively high() 0.4), 

particularly in the Esmeralda Granite, 'I,hereas mg values tend to be lovi 

(generally less than 0.32) (Fig. 2). Heither of thes'e factors seems to be, 

by itself, a significant indicator ofp"atential tin mineralization, even 

in a single province, because high k values and low mg values are also found 

innon-stam1iferous granites (e.g., the Herbert River Granite and some pl1ases 

of the Dumbano 9:rani~). Trace elements \'Ihich be.come concentrated during 

magmatic differentiation (notably 1i, Ub, and, in the case of the Elizabeth 

Creek Granite, Th) are high, Hhereas K/Rb and I'Ig/Li ratios are low (Table 2) • 

. P~rticularly noteHorthy are the high concentrations of vola tile elements, 

suggested by the presence of fluorite and/or tourmaline. Fluorite is . 

common in the Elizabetll Creek Granite (the average fluorine content of 22 

samples is 2100 ppm) and tOllrulalir .. e is a characteristic accessory r:J.ineral 

in the Esmeralda, l'laree.ba, and Finlayson Granites. The tHO latter granites 

also have particularly high Li contents (Table 2; Fig. 3). The common 

association of tin deposits vTi th late-stage, leucocratic and generally 

potassic granites has been demonstrated by many authors (e.g., Gotman 
I I 

and Rub, 1961; Rattigan, 1963;K10minsky and Groves, 1970), and the 

importance of volatile elements has also been noted (Gotman and Rub, 1961; 

1yakhovich, 1965; Hosking, 1967; Rub, 1972; Tischendorf et al., 1972). 

Tauson et a1. (1968) have shown that a high level of volatiles is necessary 

for the enrichment of the apical parts of intrusions in rare elements such 

as 1i, Be, 8n, \1, Nb, and Ta. These authors considered that the highest 

potential for mineralization is shovlll by hypabyssal intrusions vTi th high 

volatile contents. 
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. Only the granite ' types associated Hi th tin mineralization have 

mean Sn contents significantly greater than the detection limit of 4 ppm 

(Fig. 4). Sixty-seven percent of the analysed samples of Esmeralda Gran~te 

contain 4 ppm or more Sn; corresponding 'fisures for the Elizabeth Creek, 

Mareeba, and Finlayson Granites are 60 percent, 69 percent, and 100 percent, 

respectively. ~le Esmeralda and Elizabeth Creek Granites have average Sn 

contents of about 5 ppm, vThich, al thougI1- significantly greater than values 

for the non-stanniferous grru1it:s of northeast Queensland, are considerably 

lower than values reported for many tin granites from elsevrhere (Rattigan, 

1963; Iva.nova, 1963;: Lyakohovich, 1965; I:Iull igan , 1966; Ivanov and 

Narnov, 1970; Cotelo Neiva, 1972). The 11areeba and Finlayson Granites 

have rather higher Sn contents (average 9 and 16 ppm,respectively). None 

of the investigated tin granites (except possibly the Finlayson Granite) is 

uniformly high in tin - individual samples may have relatively high or low 

concentrations. Similarly, Hosking (1971) found that granitic dykes (elvans) 

occurring in the vicinity of tin-bearing veins in Cornwall have variable tin 

contents, \.,rhereas dykes, not associated ,vi th tin veins are ahTays 1m! in tin. ' 

The sib~ificance of variable tin contents in tin-bearing granites, and the 

necessity of a statistical approach to sampling, have been emphasized by Beus 

and Sitnin (1968) and Bolotnikov and Kravchenko (1970). It is apparent tliat 

sampling must be reasonably extensive if the tin-bearing potential of an 

intrusion is to be realistically assessed. A non-uniform distribution of 

tin, vii th a high proportion of sat:lples baving tin COi.1tents significantly 

higher than backGround values, appears to be an important indicator of 

potential tin mineralization, although a uniformly high tin content \'Iould 

also, of course, be significant. 

"" 

'--
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Copper. Severa.l authors (e.g., Brovmlovi et a1., 1967; - Brabec arid 

vThite, 1971) have found little or no correlation bet\·reen the Cu content of 

acid igneous rocks and copper mineralization. Hmlever, some authors have 

reported that areas of copper mineralization are reflected in anomalously 
. -

high Cu contents of either rocks or, more particularly, biotites from 

.associated plutonic bodies (Putman and Burrilia.m, 1963; Lovering et a1., 
"\ 

1970; Al-Hashimi and Br01vnloH, 1970). 

There is no apparent relationship bet\-reen Cu content and mineralization 

for the northeast Queensland granitic rocks. The variation i n copper in the 
I , 

various intrusive rocks is that expected for normal differentiation trends -

the most frc,ctionated rocks contain less copper (Fig. 3). Copper mineralization 

does not show any preferential association \"lith particular granitic rock types 

granodiori te, adamellite or granite - but may occur ':Ii th any of these. ' Only 

minor copper mineralization is as sociated '.lith the Esmeralda Granite, and eu 

contents are-close to those of average lo\-! calchun granite of Tuxekian and 

I· Wedepohl (1961) (Table 2). The Dwnbano Granite and Dido Granodiorite are 

uniforffily ' low in copper, except for three samples of quartz diorite from the 

1 Dido Granodio~ite "'hich have relatively high Cu contents, but no lmONn acsocia.ted 

I· 
f'conomic mineralization. Some copper mineralization appears to be genetically 

related to the Elizabeth Creek and . Herbert River Granites, but these granites 

I are also very 10\,1 in copper. Copper mineraliza tion is associated 'Iri tll the 

Hareeba Granite near Hount Holloy (about 35 km north of Nareeba), but, although 

I the mean Cu content is slightly higher than th2,t of the Elizabeth Creek Granite, 

it is close to the average 10\-1 calcium &,-ranite of Turekian and Uedepohl (1961). 

The 1\1 maden Granite, "Thich appears on field evidence to have been 

I. responsible for the most important copper mineralization in the area - the 

contact replacer.ent -deposi ts around Chillagoe - tends to have a rather ImTer 

I Cu content than the ave-raB"e csranodiori te ('I'able 2). 

I 

. . ' . 
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·Lead and zinc. A number of authors (e.g., Barsukov, 1967; Taus on , 

1967; Blaxland, ' 1971), have noted the absence of any systematic relationships 

bett'leen lead/zinc deposits and . the lead and zinc contents of as~ociated granitic 

rocks. Bradshaw (1967), hOYlever, found that the lead contents of rnuscovi tes, 

bioti tes, 'and feldspars from the mineralized granites of southi'Test England .. rere 

significantly higher than those of non-mineralized granites from Scotland. 
-:::.. 

Only the feldspars from the granites of 'South~lest England Here higher in zinc. 

Hinor lead and zinc depo.si ts are related to the Elizabeth Creek, 

Herbert River, and Esmeralda Granites; .' the major lead/zinc mineralization of 
I 
I 

the Chillagoe area is spatially associated .!i th the Almaden Granite. Isotopic 

data for the contact metasomatic deposits of the Chillagoe area preclude a 

direct relationship bet\-leen the Almad.en Granite and the nearby lead deposits, 

however (Black and Richards, 1972b). Zn contents of the various granites shoy/ 

li ttle systematic variation, although they tend to be 10yIer in the more 

fractionated granites (Elizabeth Creek, Herbert River ) compared "Ii th the 

granodiorites (Almaden, Dido) (Fig. 3). The Esmeralda Granite is relatively 

high in zinc compared Hith the average granite of Taylor (1968) (Table 2). 

Lead varies more systematically, being higher in the more acid rocks (e.g., 

Elizabeth Creek Granite) (Fig. 3). The Esmeralda Granite is relatively rich 

in lead compa:red 'dith the Devonian and Upper Palaeozoic granitic rocks and 

the average granite of Taylor (1968). 

All these distribution-patterns may be related to magmatic differentiation 

trends, and there is no evidence for either significru1t enriCPBent or depletion 

of lead or zinc in the mineralized, as compared I'i i th the non-mineralized, 

granitic rocks. 
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I Discussion arid Conclusions 

I 
There is a notable lack of cOl;'relation beti"een the geochemistry of 

the granitic rocks of northeast Queensland and lead/zinc or copper mineralization. 

1- Grani tes associated. '.!i th such mineralization do not show any systematic enrichment 

or depletion in Cu, Pb, or Zn. Granitic rocks associated \-lith tin mineralization, 

1 however, have fairly well-defined geochernica,l characteristics. -Like tin granites 

1 
from many other parts of the Horld, they arE! . high-level, stronely fractionated 

.. ' .. 

- granites or adamelli tes, enriched in volatile elements such as B, Be, Li,and F. 

I They are characterized by' tl.n contents which are significantly higher tha.'1 those .. 
of the non-starmiferous granites, although average tin concentrations are lovler 

than values reported for many tin granites elseuhere. A distribution of tin in 

1 
",hich a high proportion of samples have tin contents significantly higher than 

background values appears to be a characteristic feature of granites associated 

·1 vii th tin lilineraliza tio:l. 

The occurrence in the same area of tHO groups of tin-bearing granites, 

I of widely different ages and appareiltly different origins, is noteHorthy. T..<1e 

I 
Preca:nbrian Esmeralda Granite Has probably derived by anatexis of sialic crustal 

rocks Hhich may uell have been the source of the tin and other ore metals. 

I· HCiever, isotopic evidence suggests that the Upper Palaeozoic tin-bearing and 

other granitic rocks, i'Ti th t heir associated ore r..1etals, may be of deeper origin. 

I I1agma Generation associated Hi th a SUbduction zone (Hi tcllell and Garson, 1972; 

1 
Sillitoe, 1972; \1right and HcCurry, 1973) is considered to be the most likely 

mechanism in this case. According to these authors, metals such as Cu, Pb, and 

1 Zn v/ere probably derived frou subtlucted oceanic crust, I:lhereas i-roble (1970), 

investigating the distribution of metal provinces in the i-Testern United States, 

1.- concluded that these metals have a illantle origin. -noble considered the role of 

I 
igneous intrusion in mineralization to be merely one of strUctural con'trol rather 

, than a source of ore metals. If mineralization is regarded as an independent 

1 by-product of ma{;llla generation rather than a direct result of differentiation 
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associated vii th them should have anomalous abundances of these metals. The 

general lack of correlation bet"/een the contents of Cu, Pb, and Zn in 

intrusive bodies and their association vii th economic. deposits of these metals 

is thus explicable. Supporting evidence for this concept has come from the 

isotopic studies ' of Blacl~ and Richards (1972b), "'ho found that .lead deposits 

which are spatially associated with the Almaden Granite are not directly 

related to it. 

Schuiling (1967).has argued that .the restriction of the economic tin 

deposits of the Vlorld to . Hell-defined "tin provinces" suggests an inhomogeneous 

i . 
distribution of this metal in the crust, and that the crust may be the main 

source 'of tin. I'[right and HcCurry( 1973) have proposed that "geochemical 

culminations" may exist in the deep crust or upper mantle, and the importance 

of . source rock composition in the formation of tin grani tes has been ' emphasized 

by Flinter (1971) and Hesp (1971). T'ne existence of geocheuical iriliomogenei ties, 

either in the crust or the upper mantle, Hould explain the presence of tin 

granites \-lith ages covering a period of over 1000 m.y. in northeast Queensland. 

Such a conc.ept \-rould aleo explain the hiGher tin contents of granites associated 

vri th tin mineralization compared '.d th granites from areas \-Thich do not contain 

tin deposits. Not all granitic rocks (or even fractionated granites) \·rithin a 

tin province have associated tin mineralization, hO\.ever, and it is apparent 

that a combination of factors, including tin-rich source rocks, "rell advanced 

magmatic differentiation, and the presence of volatiles, are necessary if econowic 

deposits of tin are to be fonned. 
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Figure Captions 
.. 

Locali ty map, shol'ring distribution of the major 
groups of acid intrusive rocks, together w'ith their 
associated extrusives. No distinction could be made 
between the various Upper Palaeozoic grapitic rocks 
on this ' scale. 

Plots of Niggli 1c againstmgo (a) Precambrian and 
Siluro-Devonian granitic rocks, (b) Permo-Carbon­
iferous granitic rocks. 

,. , 
Frequency distributions of lithium, copper, zinc and 
lead in the main granitic rocks. 

Frequency distribution of tin in the main granitic 
rocks. 
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