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GEQCHEMISTRY OF IMINSRALIZED GRAINITIC RCCKS oF

NORTHEAST QUEENSLAND

J.M. Sheraton and L.P. Black - B

ABSTRACT

Tinybeaiing granitic rocks of Norfhggst Queensland range in age from
Precambrian to Permian.;:They are.high-iével granites or adamellites enricﬁed'
in volatile elements, sﬁch as Li, Be, B; and F. Tin contents are significantly
higher than those of non-stanniferous 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 significanfly higher than backgroupd values, appears
“to bé a useful criterion of potential tin mineralization. An uneven distribution
of tin in the crust (orvpossibly the upper mantle) would explain the difference
in tin contents of grapites associated witnh tin mineialization, cémparea with
granites from areas which do not contain tin deposits.

No correlation of gianite geéchemistry with lead/zinc or copper
mineralization was found. In particular, granites dssociated with such
mineralization do not show anomalous abundances_of Pb, Zn, or Cu. If

mineralization is regarded as an independent bi-product of magma generation

rather than the result of differentiation processes, then this lack of correlaticn

is explicable.

Bureau of Iineral Resources, Geology and Geophysics, Canberra, A.C.T.,

Australia. Fublished with permission of the Director.
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Introduction

In 1970 the Bureau. of ﬂlneral Resources began a geochemical 1nvest1gaulon

of the acid igneous rocks of noruheast ueensland. The purpose of thls ctudy

~was to investigate any correlation between the geochemlstry of the granitic

rocks and the type of associated mineralization_in drder to discover possible

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

- The area chosen for the investigation inclades a large part of northeast

Queensland, covering the Georgetown Inlier.and much of the Hodgkinson Basin

between Cooktown in the north'and'Ingham in the south (Fig. 1). The general'

-

geology of the area has been described by de Keyser and 'Jolff (1964), tVmite
(1965), de Keyser and Lucas (1968), and Blake (1972). Intrusive and extrusive
acid igneous rocks of many types are present, and associated with them is a
rather wide varlety of economic miner allzaflon, including gold, tin, copper,

lead z1nc, silver, molybdenum, tungsten, bismuth, antimony, and minor uraniunm

and tantalum.

In the first part of the project about 600 acid igneous rocks were

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

Fe, Mn, Mg, Ca, Na, X, P, Rb, Sr, Pb, and Th (by X-ray fluorescence) aﬁd Li, Be,

Cr; Co, Ni, Cu, Zn, and Sn (by atomic absdrption*speétroscopy). Ferrous iron, water,

¢ vbon dioxide, and fluorine were determined by the Australian IMineral Development:

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

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

chenmical results will be presented here; complete listings of the analyses,

together with more detailed descriptions of the various rock units, will be

reported elsewhere (Sheraton and Labonne, in prep.).



Geology of the -Granitic rocks

The acid igneous rocks of the aréa raﬁge in age from Prédambrian
to Permian, They intrude thé-Precambrian metamorphics aﬁd sediments of the
Georgetown Inlier, as well as the Middle'Palaeoéoig sediments. of thé
Hodgkinson Basin, a part of the Tasman Geosyncline, The apprbximate agés
of the’main granitic rq&ks are given ;EtTable 1, which.also lists the
aséociated_economic ﬁiner%lizétion.‘ d

| The oldest granitic- rocks fafm part of the Forsayth Batholith,
which occupies ﬁuch ?f the centralvpért of the Georgetown Inlier. Thg
Forsayth Granite inciudes a varietf of rock types, ranging from granite to
quartz diorite, which have nof yet been mapped in detail. Some of these
rocks could well be as old as 1600 m.y.; whereas othérs may be only about
400 m.y. old (Black, in prep.).. Geochemically tﬁe Porsayth Granite forms
an extremely neterogeneous group of grénitic rocks and conSeiuently will not

be considered in detail.

The Lsmeralda Granite and comagmatic Croydon Voléanics, although

originally correlated with the Upper'Palaeozoic acid igenous rociks by Branch
(1966), have now been dated at about 1475 m.y. (Webb, 1971; Black, 1973).
The Esmeraldé Granite, which forms several intrusion on the western side of
the Georgetown Inlier (Fig. 1), is typically a grey medium to coarse-grained
biotite adamellite, grading into granite. Tourmzline is a widespread
éccessory, and greisens are common in some localities. The Esmeralda Granite
is a high-level (epizonal) intrusion which crystéllized under a volcanic cover
estimated by Branch (1966) to be cnly 300 - 600 m thick. Associated economic
mineralization includes gold and tin, which are restricted to the granites -
and volcanics of the western part of the area. A little silver/lead and -
copper -has algo been mined; but only'gold has vpeen produced in significant

quantities (White, 1965; Branqh; 1966) .
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. .Table 1.

- Approx. age (m.y.)

Associated mineraligation

' FinlaysonfGranite ' fgﬁfzééf-; 'i'Sn ' :
Mareeba. Granite ,:;'é88 :,: ~'Sn, W, Cu
" Almaden Granite -;; 306_-4; ' . Cu, Pb, Ag, Zn
Herbert River Granite 300 . - (Cu, Pb, )
Elizabeth Creek Granite . 320 .. Sn, Mo, W, Pb, Cu (Au, Bi,. Ag,
g = : : | | Sb) i
D?mbano Gragitg; } - Loo - 420 no economic miﬁeralization
Dido Granodiorite. H . ¥ % ‘
Esmeralda Granite , ._.1475 Au, Sn (Pb, Ag, Cu)
Forsayth Granite " 2400 - 1600 Au (Pb, Ag, (i, Ta)

Major graﬁitic rocks of northeast Queensland, showing approximate ages

and economic mineralization associated wita each unit.. Economic mineralization

of only minor importance is given in brackets.




B o s et h st e s =

7

The Dumbano Granite and Dido Granodiorite occur in the: southern

part of the Georgetovm Inlier (Fig. 1). Isotopic dating has indicated a

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

Dumbano Granite is typically a light grey to pink‘medium-grained biotite

adamellite-with pink feldspé: phenocrysts, .although leucogranite, granodiorite,

biotite trondhjemite, and quartz diorite also occur. The Dido Granodiorite

-

. : ' " .
consists mainly of hornblende-biotite tonalite and diorite. o economic

mineralization is known to bg-associatéd with either the Dumbano Granite or
the Dido Granodiorite. : .

3 ™

4 . 7 )
The Upper Palaeozoic acid igneous rocks of the Georgetown Inlier

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

of about 30 000 km2 within the inlier and in the Hodgkinson Basin to the -

‘north and east (Fig. 1). The intrusive rocks consist of adamellite,

subordinate granite and granbdiorite, énd minor diorite and gabpro. They
are high—level iﬁtrusions, some of which crystallized under a cover estimated
to be only 150. to 600m thick (Branch, 1966). The extensive comagmatic
volcanic rocks consist of rhyodacite welded tuff sheets and.flows, with
subordinéte rhyolite, dacite; andesiter'and basalt. They occur in eleven
cauldron subsidénce areas.and five associated ring compléxes_within, or
adjacent to, the Georgetown Inlier (Branch, 1966).

Five groups of Upper Palaeozoic granitic rocks will be conéidered

in more detail, The Blizabeth Creek Cranite forms numerous batholiths and

stocks, mostly in the northeastern part of the Georgetown Inlier, but
extending into the adjacent shelf zone of the Hodgkinson 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 Wolfram Camp (about 50 km west-southﬁest'of [Mareeba) with which

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

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

biotite adamellite. TFluorite is a characteristic accessory, and greisenization

is common, particularly in areas where the granite is mineralized. The most
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imporfant economic minerals associated with the Elizabeth.Creék Grgﬁife are
those of fin, molybdenum; and tungsten, although cofper, silve?, lead,‘ﬂismuth,
.ziﬁc, antiﬁony, and gold have also beenvminéd. The Herberton Tinfield'is‘
..econonically thé most important érea, and up to 1968 had yielded over
'107'000'tons-of tin oxide, or 15 percent of Australia's total tin production
(Blake and Smith, 1970; Bl#ke 1970). ;E;imary deposité include greisen lodés
in granite, chlorité-cassiteritg;lodes,:dﬁarti—caséiterite lodes, and complex
sulphide'lodes with cassiterite (Bléke, 1970, 1972). The main éourée of |
production at the pre§%nt‘time ié alluvigl cassiterite in the lMount Garnet
area. Blake and Smith (ﬁ970) have related the mineral deposits of the
Herberton area to four zones: - a tungsten zone is confined mainly within the
Elizabeth Creek Granite and pésses outwards into tin, copper, and fiﬁally

lead zones.

The Herbert River Granite crops out in the same general érea.as
the Elizabeth Creek Granite but is rather younger, with a mean rubidium-
strontium age of about 300 m.y. (Black, in pfep.). In the Herberton/liount
Garnet area, a number of intrusions originally mapped as Herverton River
Granite (Best, 1962; Branch, 1966) have since been shown to consist of
Eeparate, and now separately named, masses of sligttly different ages
(Blake, 1272). Thé Herbert River.Granite is rather more heterogeneous than

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

. to hornblende-biotite granodiorite, although grey biotite adamellite predominates.

According to Branch (1966), copper, lead, and tungsten mineralization are
associated with contaminated varieties of the Herbert River Graunite, although

the deposite, with the exception of those of the Chillagoe area (discussed

- below), are of little economic importance.
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The related Almaden Granite is typically a hornblende—bioﬁite |
granodiorite, 5ut also includes adamellite, quartz diorite, and qpa:tz
gabbro. Branch (1966) conéidered-that the Almaden Graﬁite.was derived
from Herbert Rivef mégma by.contamination with basic magma; the

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

consistent with such an interpretation. The copper and silver/lead

: =
nineralization of the Chillagoe-area appears, on field evidence, to

be genetically associated with“this granite. The deposits, which also
contain sphalerite, are contact-replacement lodes in limestone or along
’ ' .

contact faults (de Keyser and Wolff, 1964).

The lMareeba Granite comprises several large intrusions and a

number of smaller stocks which intrude the 1Middle Palaedzoic sediﬁents
and metamorphics of the Hodgkinson Basin between Innisfail in.the south
and the Bloomfield River (abéut 50 km south of Cooktown) in the north
(Fig. 1). The most common rock types are grey, generélly porphyritic
biotite andrbiotite-muscovite adamellites, although leucogranites and
granodiorites also occur. Tourmaline is a common accessory, and
greisens are fairly common., The liareeba Granite is significantly
younger than the Herbert River Granite; rubidium~-strontium dating
indicating an age of about 288 m.y; (Black in prep.). Tin, tungsten,
and copper mineralization>are associated with it. TmMount Carbine,

about 60 km north-northwest of lareeba, has been an important producer
of wolfram, ranking with Wolfram Camp and Bamford Hill as one of the
three main sources of tungsten in Queensland (Amos and de Keyser, 1964;

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

River Tinfield, soufh of Cooktown. The main rock types are medium to
coarse;grainéd porphyritic,biotite a@amellite and éranite,_frequently.
tdurmaline-bearing. Potéssium-argqn dating has éiveh'a Permian age

of 247 + 6_m.y.‘(Richérds et al., 1966), or 262>m.y. if a 6% upwaids
adjustment is used to attemnpt a more meaningful coﬁpafiéon (see Black

and Richards, 1972a). The tin mineégiization of the Annan Rivef Tinfield,
which includes both greisen and stanﬁiferéus quartz-tourmaline deposits,

is associated with the Finlayson Granite.
, .

fairly restricted range of composition (8102 contents mostly lie between

Geochenistry of thé Granitic Rocks

The Lsmeralda Granite, as well as the Croydon Volcanics, haé a

'69 and 75%). Variation diagrams show normal calc-alkaline trends for

most major elemgnts, althoﬁgh KéO and FeO (total) are high, and NaQO and
Mg0 ielatively low (Sheraton and Labonne, in prep.). This leads to
rather high Wiggli k values and low mg values (Fig. 2a). Trace element;
abundances are mostly close to average for fractionated granitic rocks -
Rb, and to some exztent Li and Th, are rélatively high, whereas Cr, Wi,
Cu, and Sr are low (Table 2). K/Rb (averagé 143) and Mg/li (average 44)
ratios are low. ©Sn, Pb, and Z2n contents are all rather higher than
abundances given by Turekian and WVedepohl (1961) for average low-calcium
granite, and by Taylor (1968) for average granite (Table 2; TFigs 3, 4).
Several lines of evidence suggest an origin for the Esmeralda
Granite magma by anatexis of sialic crustal rocks (Shefaton and Labonne,
in prep.). Ilany samples plot within the alkali feldspar field on a
normative Or-Ab~An diagram, so that an origin by differentiation of
basic magma is unlikely (unless extienszive contamination by K~rich material
is involved). The trend.on an AFM diagram lies outside the normal limits
for calc-alkaline rocks as given bj Best (1969), suggesting a source material
with unusually high Pe0/Hg0. Finally, high initial 5587/3r86 ratios of

about 0,730 ﬂWebb, 1971) suggest a predoninantly crustal origin-for the
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Table 2. Average cosposition offortheast Quesnsiand granitic rocks compared to average granites.

1o 2 R .o 5, 6 1 8.. A 8 c
s10, B X} 7o B85 - 784 B B 78 1 &9 N2 n2.
o, 0 0.1% 058 0.0 L 0.55 03 . 0.5 0.57 0.40 0.20
noy 133 ne 1m0 124 134 A5 "a 13.3 15.7 w1 13.6
Fo,0y 0.9 0.0 - 1.88 0.2 0.4 145 0.28 0.35

T Fe0 1.9 0.89 2.9 0.5 12 B 1.1 1.36 R ERTLE 1.8
b0 _ 0,05 0.3 . 040 0.8 005 0,08 0.06 0.0 0.00 0.5 0,05
%0 0,29 0% EK- oM 042 M 0.4 0.4 1.57 055 021
€20 1,38 22 5.0 oM 18 AR 4 Com 36 0 220 0.
RUY R 8 "2 X Y X I 2.9 I T X a8
K0 5. .36 150 . AT KT U X T ¥ . T K a0 4.18 5.05
XX 0.14 0.03 0. 0.2 0.05 0.09 0.3 KT B X . 016 0.14
1o 42 - 05 om0 081 00 O 0.69
TonL 99,54 100,00 99,96 99.99 99,65 99.95 9956 . 99.54
u n 6 1 3 n 19 o ® W m ® W0
B ) 2.6 2.2 5.8 ) 2.0 T " 3
F ~1350 -~ 200 ' - ' :
e S~y 8. " - ~3 \ R S 3 0 - X
o : _ L .' ~3 ~1 ~11 s 4 10 - 2 1.0
" ~ ~3 i Q3 <y 9 <3 3 15 A AS
[ 7 3 % s 3 " 6 8 L] 10 10
n . 2 % n 3 45 50 % 39
fb 29 127 A5 21 23 146 356 389 110 145 170 .
Sr 0 N 812 % 101 196 ) 1) 40 285 100
S ~8 ~ &% 17 ~f Y <y 9 16 2 3 Cs
P L] 7} 8 ) 2 18 % L] 15 19
T 4 1) . L] 3 2 19 1% " © 10 17 17
K " 0 1650 a oow 750 B 30 10 W0
Rb/Sr 3.7 0.34 0.055 164 . 23 0.74 XN 94 0.25 0.51 1.7
K/Rb T 20 m ® .1 165 % 12 230 20 250
Cofsr ° 127 1) 52 195 13 180 114 128 58 50 L1l
KPb 820 1000 1560 1230 1330 10 1360 15% 1700 1160 210
g 0.15 0.3 0.42 0.42° 0.28 0.48 0.27 0.3 0.43 0.23 0.20 -
X 0.56 0.34 0.2 0T 0.43 0.4 0.47 0.2 0.35 0.4 0.49
No. of sanples %0 19 12 I 0 15 i b
1. Esmeralda Granite 5." Herbert River Granite # A. Average granodiorite (Taylor, 1968)
2. Oumbano Granite 6. "Alaaden Granite B. Aversge granite (Taylor, 1968)
3. Dido Granodiorite . 7. Wareeba Granite -+ €. Average loe-calciun granite (Turekian § Fedepohl, 1961}
4. Eltzabeth Creek Granite 8. Finlayson Granite
those fur 5

Means for F, Cr and Co are based on fever gnalyses (hm[\o(hcr olements,

*Total tron as Fel,




magmras (see,réview 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.vériation

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

,formétion of these rocks. Thus, the Dumbano trondhjemitesldo not appear

to be chemically related to the groﬁb which includes the granites,
adamellites, and granodiorites, as well as the Dido tonalites. The Dido
quartz diorites form another chemiéally distinct group, and lie on a

fractionation treﬁd.which is characterized by relatively high K/Na

14 .
2

(Sheraton and Labonne, in prep.).

Abundanées of most trace elements, including Sn, Pb, and Zn are -~ .
close to average values given Ey Turekian and Wedepohl (1961) and Taylor
(1968) for the appropriate 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

sample (Table 2; Tigs 3, 4).

The Upper Palacozoic 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 restricfed range of compositions
(9455 of the analysed samples contain more than 6555 SiOz). 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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Most trace elements show normal variations wlth fractionatien,-i.e.,
d.epletion in Sr, Cr, cés, Ni,— Cu, and 2n and enrichment 1}1 P, T, Wy liy -
Be, and Rb. The most highly fraetionated grahitee;'ihclgding_the Elizabeth
Creek, Mareeba'(in part), ahd Finlayspn Granites,-aie relativel& low in Fe,
Mn, Mg, Ca, Ti, Sr, Cr, Ni, Co, end Cu, and rich lh Si, K, Pb, Li; Rb, and ‘
Th (Tabl_e 2). K/Rb and Mg/Li ratios are low in theseq granites, whereas

_ . . 2y ,
Niggli k values are fairly high, and mg tends to be low (Fig. 2b). The

Elizabeth Creek Granite is partlcularly rlch in Rb and Th and tne ﬂlnlayson

« Rt

‘and Mareeba Granlues have very high Li contentg. Zn and Be show llttle

I
sys»ematlc varlatlon, although the former tends to be lower and the latter

hlgher in the most fractionated rocks., The Almaden Granite is relatlvely

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

-granodlorltes (Table 2). The Herbert Rlver Granlte has an average

composmtlon 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 mean Sn contents

significantly greater than the detection limit of 4 ppm. The Finlayson

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

Preliminary isotopic data, although at present far from conclusive,
suggest that the isotopic composition of the Precambrian metamorphics and
Palaeozoic geosynclinal sediments (at the time of granite emplacement) wvas
éenerally 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.).
Moreover, the evidence presented by Sheraton and Labonne (in prep.) does
not favour an origin for the granites directly from upper crustal rocks.
These authors posiulate 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 oiigin has been_suggested for the granitic rocks of southwest
England (Floyd, 1972) and elsewhere (ﬁamilton, 1969; Gillely, 1971; Janes,

1971).
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‘Relationship of Geochemistry to Mineralization

Tin. The tin-bearing Esmeralda, Elizabeth Creek, lareeba, and
Finlayson Granites are fréctionated granites or adamellites in which
greisenization is co@mon; Niggli k salues arelreiativelf hig£'(> Dulk)s
pafticﬁlarly in‘the Esmeraldé'Granité, vwhereas mg values tend to be low
(generally less than 0,32) (Fig. 2). Heither of these factors seems to be,
by itself, a significaht indicator'ofiﬁétentiél tin mineralizétion, even

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

. 'in non-stanniferous granites (e.g., the Herbert River Granite and sé@é phéses'_

of the Dumbano Granité).' Trace elements which become concentrated during
magaatic differentiation (notably Li, Rb, and, in the case of the Elizabeth

Creek Granite, Th) are high, whereas K/Rb and Hg/Li ratios are low (Table 2).

Particularly noteworthy are the high concentrations of volatile elements,

suggested by the preséﬁée of fluorite>and/or tourmaline. .Fluorite is -
common in the Eliz;beth Creek Granite (the aveiage fluorine content of 22
samples is 2100 ppm) and tourmaline is a characteristic accessory mineral
in the Esmeraldé, Hareeba, and Finlayéon'Granites} The two latter granites

~

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

association of tin deposits with late-stage, leucocratic and generally

potassic granites has been demonstrated by many authofs (eege, Cotman

Iand Rub, 1961; Rattigan, 1963;  K1om£nsk§ and Groves, 1970), and the
importance of volatile eleménts has élso been noted (Gotﬁan and Rub, 1961;
Lyakhovich, 1965; ~Hosking, 1967; Rub, 1972; Tischendorf et al., 1972).
Tauson et al. (1968) have shpwn that a high level of volatiles is necessary
for the enrichment of the apical parts of intrusions in rare elements such
as Li, Be, Sn, W, Nb, and Ta. These authors considered that the highest
potential fgr mineralization is shown by hypabyssal intrusions with high

volatile éontents.
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" Only the granite'types associated with tin mineraliiation have

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

(Fig. 4). Sixty-seven percent of the analysed samples of Esmeralda Granlte

- contain 4 ppm or more Snj; ¢orresponding:figures.for the Elizabeth Creek,

Mareeba, and Fihléyson Crénites are 60 percent, 69 percent, and 100 percent,
respectively. The Esmeralda and Elizabeth Creek Granites have averaée SA
contents of about 5 ppm, which, althougﬁ*significantly greater than values
for the non—stanniferou; granit?s of nqrtheast Queensland, are considerably
lower than values reported for‘ many @in granites from elsewhere (Réttigan,
1963; Ivanova, 1963;7 ILyakohovich, 1965;A ffulligan, 1966; Ivanév and
Narnov, 1970; Cotelo Neiva, 1972). The Mareeba and Finlayson Granites

have rather higher Sn contents (average 9 and 16 ppm, respectively). HNone
of the investigated tin granites (except possibly -the Finlayson Granite) is
uniformly high in tinr-.individuai samples may haye relatively High or low
éoncentrations. Similarly, Hosking (1971) found that granitic dykes (elvans)
occurring in the vicinity of tin~bearing veins in Cornwall have variable tin
contentg, whereas dykes not associated with tin veins are always low in tin.
The signifipance of variable tin contents in tin—bearing granites, and the
necessity of.a sfatistical approach.to.samﬁling, have been emphasized by Beus
and Sitnin (1968)' and Boiotnil_cov and Kravchenko (1970). It is apparent that
sampling must be reasonably exténsive if the tin-bearing potential of an
intrusion is to be realistically assessed. A non-uniform distribution of
tin, with a high proportion of_samples having tin contents significantly
higher than background values, appears to be an important indicator of
potential tin mineralization, although a uniformlyvhigh tin content would

also, of course, be significant.
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:'Copger. Several authors (e.g., Brownlow et al., 1967;' Brabec and
Vhite, 1971)'havé found little or no correlation between the éuAcontent of
acid igneous rocks and copper_mineralizatibn. Howevéf, some authors have-
'réported thatkéreas of copper mineralization aré refiected in anomalously
high Cu'coﬁtents of either rocks or, more particularly,‘bidtites from
.associated plutonic bodies (Pptman and Bugpham, 1963; Lovering et al.,

1970; Al-Hashimi and Brownlow, 1970).

There is no appérent rela%ionship between Cu content and mineralization .

for the northeast Queensland granitic rocks. The variation in copper in the
: b}

“various intrusive rocks is that expected for normal differentiation trends -

the most fractionated rocks contain less copper (Fig. 3). Copper mineralization
does not show any preferential éssociation with particular granific rock types =~
gfanodiorite, adamellite or granite -~ but may occur with any of these., Cnly
minor copper mineralizatipn is associated with the Bsmeralda Gfanite, and Cu

contents are.close to those of average low calciuvm granite of Turekian and

-Wedepohl (1961) (Table 2). The Dumbano Granite and Dido Granodiorite are

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

Dido Granodiorite which have relatively high Cu contents, but no known associated

econonic mineralization. Some copper mineralization appears to be genetically
related to the #lizabeth Creek and Herbert River Granites, but these granites
are also very low in copper. Copper mineralization is associated with the
Hareeba Granite near ilount HMolloy (about 35 km north of_Hareeba), but, although
the mean Cu content is slightly higher than thet of the Elizabeth Creek Granite,
it is ciose to the avefage low calcium granite of Turekian and Wedepohl (1961).
The Alﬁaden Granite, which appears on field evidence to have been
respoinsible for the most important copper mineralization in the area - the
contaét réplacement'depoéits around Chillagoe - ténds to have a rather lower

Cu content than the average granodiorite (Table 2).
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-Lead and wiue, & halbey OF SEium (e.g., Barsukov, 1967; Tauson,
1967; Blaxland,'1971)’have noted the absence of any systematic rélationshibs'
between lead/ziﬁc depésits and . the iead and'zing contents of associated granitic
rocks. Bradshaw (1967), howeQer, found that the lead éontents of'muscévites,

biotites, énd feldspars from the mineralized granites of southwest England were

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

. = :
Only the feldspars from the granites of southwest England were higher in zinc.

Minor lead and zinc depogits areffélatéd to the Elizabeth Creek,

Herbert River, and Esmeralda Granifes; - the maior lea&/zinc mineralization of
/

the Chillagoe area is épatially associated with the Almaden Granite. Isotopic
data for the contact metasomatic deposits of the Chillagoe area preclude a
direct relationship between the Almeden Granite and the nearby lead deposits,
however (Black and Richards, 1972b). Zn contents of the various'granites show
little systematic va;iation, although they tend to be lower in the more
ffactionated granites (Elizabeth Creek, Igrbert Ri#er) compared with the
granodiorites (Almaden, Dido) (Pig. 3). The Esmeralda Granite is relatively
high in zinc comparea with the average granite of Taylor (1968) (Table 2).

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

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

in lead compared with the Devonian and Upper Palaeozoic granitic rocks and

the average granite of Taylor (1968).

i‘"’

A1l these distribution-patterns may be related to magmatic differentiation

trends, and there is no evidence for either significant enrichment or depletion
of lead or zinc in the mineralized, as compared with the non-mineralized,

granitic rocks.
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Discussioﬁ and'Conclﬁéions

There is ajnotable lack of correlation between the géochemistry of
" the granltlc rocks of northeast Queensland and lead/zlnc or copper mineralization.
Granites aus001ated with such mineralization do not show any systematlc enrlchment
pr depletion in Cu, Pb, or Zn. Granltlc rocks associated w1th tin mlnerallzatlon,
however, have fairly well—defined géochemical characteristics. 'Liké tin granites
from many other parts of the world, they are high-level, strongly fractionated

- granites or adanellltes, enrlcped in volatlle elements such as B, Be, Li, and ¥
They are characterized byytin contents which are significantly higher than those
of the non-stanniferous granites, although average tin concentrations are lower
than values reported for many tip g?aﬁites elsevhere, A distribution of tin in
which a Lkigh proportion of samples have tin contents significantlylhigher than
bagkground values appeafs to be a characteristic feature of graniies aszociated
with tin mineralizatio%.
| The occurrence in the same area of two'groups of tin-bearing granites,
of widely different ages and appareutly different origins, is noteworthy. The
Precamorlan msmeralda Granite was probably derived by anatexis of sialic crustal
.rocks which may well have been the source of the tin and other ore metals.
'HCJever, isotopic evidence suggests that the Upper Palaeozoic tin-bearing and
other granitic rocks, with their associated ore metals, may be of deeper origin.
Magma generation associated with a subduction zone (Mitchell and Garson, 1972;
Sillitoe, 1972; Wright and McCurry, 1973) is considered to be the most likely
mechanism in this case. According to these authors, metals such as Cu, Pb, and
Zn were probably derived from subducted oceanic crust, whereas ioble (1970),
investigating the distribution of metal provinces in the western United States,
concluded that these metals have a mantle origin. loble considered the role of
igneous intrusion in mineralization to be merely one of structural control rather
~than a source of ore metals. If mineralization is regarded as an independent
by-product of magma generation rather than a direct result of differentiation

processes, as has also been suggested by Wright and MeCurry (1973), there is no

-

Teason why acid intrusives which have lead, zinc, or copper mineralization
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associated yith them should have_anoﬁalous abundances of these metals. The
‘general lack of correlation betveen the contents of Cu, Fb, and Zn in |
" intrusive bodies and their association with ecohomic;deﬁosits of these metals
is thﬁs explicable. Supporting_evidenée for this cbndept has Eome from the

isotopic studies of Black and Richards (1972b), who found that lead deposits

- which are spatially associated with the Almaden Granite are not directly

-~

related to it. -

Schuiling (1967);hgs argugd that the restriction of the economip>tin_
"deposits of the world fo.well—defined‘"tih provinces" éﬁggests an inhomégeneous
distribution of this metdl in the crust, and that the crust may be the main
éource'of tin. UWright and ﬁcCurry (1973) have proposed that "geochemical
culminations" may exist in the deep crust or upper mantle, and the importance
ofAsburce rock composition in the formatipn“of tin graniﬁes hgs.been'emphasized
.by Flinter (1971) and Hesp (1971). Thé existence of geochemical inhomogeneities,
eithér in the crust or;the upper mantle, would explain the presence of tin
granites with ages covering a period of over 1000 m,y. in northeast Queensland.
.Such a.coﬁéept vould alco explain the higher tin céntents of granites associated
with tin mineralization compared with granites from areés which do not contain
tin deposits. Not all granitic rocks (or even fractionated granites) within a
tin province have assoéiated tin mineralization, however, and it is apparent

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

magmatic differentiation, and the presence of vdlaiiles, are necessary if econonic

deposits of tin are to be formed.
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Figure Captions

Locality map, showing distribution ofﬂthe major
groups of acid intrusive rocks, together with their
associated extrusives. No distinction could be made
between the various Upper Palaeozoic granitic rocks
TS
Plots of Niggli k against'mgo _(a)‘Precambrian and
Siluro-Devonian granitic rocks, (b) Permo-Carbon-

iferous granitic rocks.
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lead in the main granitic rocks.

Frequency distribution of tin in the main granitic
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