Transactions of the Royal Society of Edinburgh: Earth Sciences, 83, 327-345, 1992

Jo Scdll)
with uompﬁmwds,

Kichao

The Cretaceous volcanic-plutonic province of the
central Queensland (Australia) coast—a rift related

‘calc-alkaline’ province
A. Ewart, R. W. Schon and B. W. Chappell

ABSTRACT: Silicic and minor intermediate and mafic pyroclastics, lavas, and dykes occupy a
NW-trending zone through the Whitsunday, Cumberland and Nerthumberland Island groups,
and locally areas on the adjacent mainiand, over a distance of more than 300 km along the
central Queenstand coast. K—Ar and Rb-Sr data indicate an age range of 95132 Ma, with the
main activity approximately between 105-120Ma; there is, however, evidence for easterly
increasing ages Comagmatic granites, some clearly intrusive into the volcanics, occur together
with two localised areas of Triassic potassic granites (229 Ma), that form the immediate
basement

The volcanics are dominantly rhyolitic to dacitic lithic ignimbrites, with intercalated surge and
bedded tuffs, accretionary lapilii tuffs, and lag deposits. Associated rock types inciude isolated
rhyolitic and dacitic domes, and volumetrically minor andesite and rare basalt flows. The
sequence is cut by abundant dykes, especially in the northern region and adjacent mainland,
ranging from dolerite through andesite, dacite and rhyolite. Dyke orientations show maxima
betweenn NW-NNE. Isotope data, similarities in petrography and mineralogy, and alteration
patterns all suggest dyke intrusion to be broadly contemporaneous with volcanism. The thickness
of the voleanics is unconstrained, although in the Whitsunday area, minimum thicknesses of
=1 km are inferred. Eruptive centres are believed to occur throughout the region, and include at
Jeast two areas of caldera-style collapse. The sequences are thus considered as predominantly
intracaldera.

The phenocryst mineralogy is similar to modern “orogenic” volcanics, Phases include
plagioclase, augite, hypersthene (uralitised), magnetite, ilmenite, with less common hornblende,
and even rarer quartz, sanidine, and biotite. Fe-enriched compositions only develop in some
high-silica rhyolites. The granites range from quartz diorite to granite s s, and some contain
spectacular concentrations of partially disappregated dioritic inclusions.

Chemically, the suite ranges continuously from basait to high-silica rhyolite, with calc-alkali to
high-K affinities, and geochemical signatures similar to modern subduction-related magmas.
Only the high-silica rhyolites and granites exhibit evidence of extensive fractional crystallisation
(e.g pronounced Eu anomalies). Variation within the suite can only satisfactorily be modelled in
terms of two component miing, with superimposed crystal fractionation. Nd and Sr isotope
compuositions are rtelatively coherent, with gug+2-2 to +7-3, and I {calculated at 110 and
115 Ma) 0-7031-0-7044. These are relatively primitive, and imply mantle and/or newly accreted
crustal magma sources

The two end-members proposed are within-plate tholeiitic melt, and Ziow-silica rhyolitic melts
generated by partial fusion of Permian (to ?Carboniferous) arc and arc basement. The arc-like
geochemistry is thus considered to be source inherited. The tectonic setting for Cretaceous
volcanism is correlated with updoming and basin rifting during the carly stages of continental
breakup, culminating in the opening of the Tasman Basin. Cretaceous volcanism is also
recognised in the Maryborough Basin (S Queensland), the Lord Howe Rise, and New
Caledonia, indicating the regional extent of volcanism associated with the complex breakup of
the eastern Australasian continent margin.

KEY WORDS: rifting, silicic volcanism, pyrochastics, isotopes, trace elements, Cretaceous,
crustal evolution, SW Pacific.

The Lower Cretaceous igneous provinces of the central
Queensland coast were first mapped by Clarke er al. (1971)
The southeasterly extension of the volcanics and intiusives
had been previously recorded by Jensen er al (1966), but
mapped as Tertiary in age Clarke et al (1971) divided the
volcanics into two units, the Whitsunday and Prosperpine
voleanics: the former were defined as the thick (>1000 m)
sequence of felsic to intermediate pyroclastics and minor

flows which form most of the off-shore islands in the
Proserpine map sheet area (Fig 1). These authors
considered their depositional environment to be sub-
aqueous, in a land-locked intramontane basin. The
Prosperine Volcanics were defined as the thick (>1000m)
sequence of rhyolite flows and minor pyroclastics and
andesite overlying Lower Permian volcanics (Airlie
Volcanics) on the mainiand coast, and regarded as the
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terrestrial equivalents of the off-shore sequences, deposited
on a relatively stable block of pre-existing volcanic
basement

This study has confirmed the southeasterly extension of
the Whitsunday volcanics to the Percy Islands (Fig. 1}, a
strike length of approximately 300km. Moreover, Early
Cretaceous intermediate-silicic volcanism is known further
south, most notably in the Maryborough region (Ellis &
Whitaker 1976) comprising the Grahams Creek Formation.
Further off-shore extensions of 7Late Cretaceous volcanism
are recorded in the wells of Wreck Is. and Capricorn 1A
(see Fig. 17; Davies & Marshall in press), and imply an
extensive off-shore zone of volcanism of at least 900km
length. Within the study areas, Clarke et al (1971}
recognised the existence of associated granites, presumed to
be coeval with the silicic volcanics, together with abundant
dykes ranging from malfic to silicic in compositions, that cut
most of the pgranites and volcanics alike (Figs 1, 2). This
study has confirmed the Cretaceous age of many of the
granites, but has shown some to be Triassic, most notably
those of the Shaw Is. and Knight Is. groups (Fig 1). A
further complication in the region is the extent of faulting
(Fig. 2), including the possible existence of 90 km of lateral
movement along the Cumberland fault

The main purpose of this paper is to present the first
petrological and geochemical data on the Whitsunday
Voleanics, a suite of dolerites, andesites, dacites and
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rhyolites, to interpret these data in terms of the
tectonomagmatic affinities of the magmas, and to consider
their significance in terms of the possible origin(s) of the
magmas.

1. Tectonic environment

The Cretaceous was a period of intense plate divergence of
East Gondwana which resulted in the isolation of the
Australian continent, and the development of its modern
outline (Veevers ef al. 1991} Rifting along the modern
eastern Australian coast is interpreted as commencing in the
late Cretaceous (96 Ma), with separation underway by
84 Ma; termination of spreading within the Tasman Sea
occurred by approximately 55 Ma (Veevers et al. 1991). The
zone of divergence, however, did not pass close to the
present castern Queensland coast, having diverted east-
wards along a transform fault, leaving the off-shore
Queensland and Marian plateaux. The Whitsunday volcanics
are situated along the western margin of the Marian Plateau
(Falvey & Mutter 1981). These authors, however, infer the
existence of a series of sediment-filled rift-valley sequences
around and through the plateaux from the Early
Cretaceous. Henderson (1980) and Smart and Senior (1980)
also drew attention to the necessity of having a
felsic-intermediate volcanic zone of considerable magnitude
as provenance to Cretaceous sediments in the Great
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Figure 1 Generalised location map of the central Queensland coast showing the distribution of the
Cretaceous volcanics (black) and the Triassic and Cretaccous pranites; insct shows the gencralised
distribution of dolerite dykes in the northern islands; fipures are K—Ar and Rb-5r dates {Table 1) for favas,
igmimbrites, and granites; location of islands referred 1o in text is shown
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Artesian Basin. They infer the site of volcanism to be
largely eroded and downfaulted on the present continental
shelf, only a small fraction of which is preserved in the
Whitsunday and Proserpine volcanics

A divergence of interpretation, however, concerns the
tectonic affiliation of the Cretaceous veleanics Veevers
(1984, e.g pp. 136, 137, 205; see also Menderson 1980)
congider the volcanics to be part of a magmatic arc
associated with a convergent plate boundary which existed
several hundred kilometres E of the present eastern
Australian coast (see also Veevers e al 1991} The
reasoning seems to be based on the petrographically-
determined calc-aikaline affinities of the volcanism, and thus
the inferred corrclation with modemn convergent plate
margin volcanism.

Other authors, however, clearly identify the Cretaceous
eastern Australian margin as a passive divergent margin
(e.g. Falvey & Middleton 1981; Falvey & Mutter 1981;
Symonds ef al 1984, 1988; Symonds & Willcox 1989), with a
detachment model being applied by Etheridge and Lister
(1987) and Lister ef al. (1988) to the margins of the Tasman
Sea These models imply no prior converpgent phase in the
late Jurassic-Early Cretaceous, and the Whitsunday
Volcanics are interpreted as erupting within  Lower
Cretaceous rift basins or troughs developed prior to the
actual rifting stage; in fact, it is possible that they occupy
early failed rift systems. Falvey and Middleton (1981)
suggest that basin subsidence may oceur as rift grabens and

half grabens flanking incipient continent-ocean boundary as
much as 50 Ma before breakup; volcanism is noted to occur
only close to the incipient boundary.

In conclusion, therefore, we see no compelling tectonic
evidence for the existence of a convergent plate boundary
association with the Whitsunday Volcanics. This s
considered a significant aspect in the interpretation of the
petrogenesis of the magmas.

2. Geochronology

Webb and McDougall (1968) established the Lower
Cretaceous ages of the Whitsunday and Proserpine volcanics
by means of an eight-point Rb-5r isochron of 11343 Ma
(corrected from 111 Ma using updated constants) for the
Proserpine voleanics, plus four K-Ar dates. This is now
supplemented by an additional nine K-Ar dates and 49
Rb-Sr data sets {Table 2) specifically on the Whitsunday
Volcanics, and an additional 15 Rb-Sr data sets for the
Proserpine  Volcanics. The latter provide an identical
isochron of 113Ma to that noted above A summary of
dates is presented in Table 1.

Combined K-Ar and Rb~S5r data on the granites show
the existence of both Triassic and Cretaccous granites. The
Rb--Sr isochron of the former gives an age of 2294+ 1-1 Ma
(MSWD) = 2-8), with initial *’Sr/*Sr of 0-70353 £ 0-00007.
These granites comprise the Shaw Is. and Knight Is. groups,
and the ages are confirmed by a K-Ar date from Knight Is,
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of 232 +3Ma The combined data for the Cretaceous
granites indicate three discrete age groupings, namely: (i)
Scawfell-Three Rocks (K-Ar 116-6 Ma), and the separate
Wigton—Calder Is. {K-Ar 116-1, assumed to also apply to
Calder Is ) groups; (i) Derwent Is. (K-Ar 94 8); (iii) the
Hayman-Dent-Noel Is. zone which define a single isochron
of 107 £ 2°5 Ma. Field relationships show the Dent, Hayman
and Noel-Digby granites to be intrusive into volcanics,
whereas dolerite dykes are recorded as cutting all but the
Derwent granite The remaining granites have no volcanic
contacts exposed.

The age range of the Cretaceous pranites suggests that
volcanics should also exhibit comparable age ranges. This is
certainly confirmed (Table 1), although complicated by
apparently varying age patierns between the ignimbrites,
lavas and dykes. The ignimbrites define two, and possibly
four age groupings, namely 132 Ma (the outlaying Penrith
Is.), and 115-117Ma {(the Hook-Whitsunday—Carlisle-
Pentecost-Goldsmith Is. group) A possible age grouping of
approximately 125Ma needs further confirmation for the
ignimbrites on islands occurring E of Whitsunday Is. (and
also E of a major tectonic, possibly coilapse structure, Fig.
2), while a younger K~Ar age of 98 and 108 Ma is reported

for alunite altered sample from Pentecost {(Webb &
McDougall 1968), the exact significance of which is
uncertain; it is noted, however, that this ignimbrite
possesses a distinctive mineralogy, and possibly represents a
younger eruptive phase

The rhyolitic to andesitic lavas post-date the ignimbrites,
consistent with field refations, with Rb-Sr ages of 105, 110
and 113 Ma, the youngest group interestingly belonging to
the southernmost group of islands. Only three K~Ar dyke
ages are available, ranging from 128Ma on Penrith Is.
(containing the oldest ignimbrites), to 107 and 100 Ma.
Dyke emplacement thus apparently occurred over an
extended time interval, largely coeval with volcanism and
granite emplacement. This is consistent with Rb-Sr dyke
data which fall to give a geologically meaningful isochron
{(nominally 126 Ma).

Although still incomplete, the data do suggest a systematic
age pattern (Fig 1), with ages broadly increasing towards
the E for the granites and ignimbrites. This pattern tends to
reverse on the adjacent mainland for granite emplacement
{coeval volcanics being absent). Moreover, within any one
zone in the volcanic belt, granite emplacement appears to
postdate associated volcanism by up to 8 Ma. In terms of the

Table 1 Summary of radiometric dating on Whitsunday and related islands

Rb-Sr

K-Ar

1 Granites

Basement (Shaw Is. group, Knight Is., Conway Peninsula)

229+ 1 1 (MSWD 2-8)
Hayman-Dent—-Noel 107+25 (MSWD 0- 1)

2 Ignimbrites

Hook-Carlisle~-Goldsmith—-Pentecost 116-5 £ 2.2 (MSWD 1-4)

Esk-Haslewood ~ 124 (2 points)

3 Lavas

Knight Is 232 3 (M)

Scawfell 116 621 3 (H)
Wigton 116 1 & 1-3(H)
Derwent 94-8 4 1 1(H)

Penrith 131-8 4 1-5 (H)

Esk 125 4 3 (H)

Cariisle 115+ 3 (H)

Whitsunday 115+ 2-5 (H}
Pentecost 98 and E08 4 3 (Alunite)

Shaw-L indeman—Cid-Hamilton-Ingot 1133 & 1 2 (MSWD 1 8)

S Molle-Long 110 £ 0-9 (MSWD 1-6)

Tinonce—Curiew-Keelan—Keswick 1054 & 1.7 (MSWD 17)

4. Dykes

5. Mainland
Conway Peninsula 1134 3 (MSWD 125, 23 points)

Penrith (Hornblende andesite) 128 4 41 4 (1)
Lindeman (Dacite) 100+ 3 (H)
S Molle (gabbro/doterite) 107 £ 2 (P)

Hatliday Bay 113 and 118 £ 3 (H}
(Separate granite phases)

Date sources: Clarke et al 1971; Webb & McDougall [968; Ewart & Schon, unpublished data. H = hornblende;

P = plagioclase; M = muscovite

Table 2 Frequency % occurrence of phenocryst phases in Whitsunday volcanics, compared to modern

southwestern Pacific rhyolite and dacite occurrences

Rhyolites and dacites

Rhyolites of Taupo

Southwestern Pacific Volcanic Zone

Whitsunday Is. dacites* (New Zealand)®
Plagioclase B4 100 97
Quariz 13 14 62
Augite 82 89 9
+ Augite -+ Hypersthene (82" 82 94
Horablende 15" 32 58
Biotite 8" 4 30
Samples 279 141 77

Notes: * After Ewart 1979, * Includes identifiable pseudomorphs after these phascs; ** Hypersthene is
altered throughout these volcanics, but is inferred to have been an originally common phase, based on

pscudomorphs
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rifting model, the age patterns can be interpreted in terms of
progressive rifting and volcanism above a linear heat source
;ipproximateiy coincident with the present central Queens-
land coastline, with net eastward movement of the rifted
crustal blocks The oldest date of 132 Ma (Penrith Is.) is
consistent with the lower Cretaceous age of the more
southerly Grahams Creck Formation (136 Ma), and ages of
136—145 Ma for asseciated intrusives (Green & Webb 1974;
see also Fig. 18). The total age range for intrusive and
extrusive activity is 37 Ma (95-132 Ma) for the Whitsunday
region.

3. Outline of volcanic geology

The volcanics are dominated by rhyolitic to dacitic
ignimbritic wnits (ranging from 10-100m in thickness)
throughout the volcanic zone, accompanied by surge and
bedded tuff deposits, lenticulitic and pumiceous zones and,
on most islands, containing lithic concentration zones and
more locally, coarse lag deposits. In fact, a characteristic
feature of the ignimbrites is their lithic-rich nature, the
fragments comprising volcanic types ranging from andesite
and basalt through to fluidal rhyolites, inferred to include
Cretaceous and Triassic basement volcanics. In addition to
the primary pyroclastics, local thick sequences of phreato-
magmatic deposits, and high energy coarse volcanic
sandstones are encountered Lavas are mainly rhyolitic with
minor andesites and dacites, and rarely basalts, occurring as
isolated flows, lava domes, and basaltic scoria cones.

Dykes are common and characteristic throughout the
region, ranging from dolerites to rhyolites, with widths from
0-5-100 m. The dolerites are most abundant in the northern
part of the region {Fig. 1), being particularly conspicuous as
swarms cutting the granites, and the volanics at the northern
end of Hook Is.; there are also some particularly thick (up
to 100 m) gabbroic dyke/sill complexes on S Molle Is. This
latter locality is especiaily significant as the geochemically
most “primitive” dykes are here. The intermediate to silicic
dykes are likewise widespread, locally up to 40m thick
(these thicker units inferred to be volcanic feeders), the
most intense concentration occurring again at the northern
end of Hook Is (Fig. 2). Dyke trends are dominantly
northerty for all types, with only local northwesterly and
southwesterly trends developed. Dolerites are noted to cut
rhyolitic dykes in the rare dyke intersections observed.

3.1. Volcanic environments

The volcanic sequences are interpreted as subaerially
deposited, with only localised shallow water deposits {cf.
Clarke et al. 1971) The deposits within the majority of
islands are interpreted as “intracaldera” facies. Supporting
evidence includes: (i) Estimated thicknesses of >1km for
the sequences on at least Hook, Whitsunday, and Lindeman
is ; the occurrence of massive ignimbritic units on other
islands likewise indicates total thicknesses greater than
typical of outflow facies; (i) pervasive low grade
hydrothermal alteration, (iii) the abundance of intermediate
to silicic dykes; dolerites seem most abundant either in the
granites, or close to inferred caldera collapse margins; {iv)
occurrences of very coarse lag deposits, some with clasts
3-6m in diameter.

Figure 2 shows the inferred distribution of the tectonic
boundaries and structures, based on limited available
aeromagnetic data, with other structural lineaments from
bathymetry, exposed basement-volcanic contact zones and
the distribution of inferred near-vent pyroclastic facies. One

major boundary lies along the eastern margin of Hook and
Whitsunday Is, swings westward to the northern end of
Hayman Is., with the southern margin passing through the
Shaw-Lindeman Is proups (Figs I, 2); this boundary is
believed to represent a volanic-collapse feature. The islands
E of Whitsunday tend to preserve less-altered pyroclastics
and are inferred to represent {vlder) outflow facies. This
structure is the only “caldera-like” collapse structure so far
recognised in the region, the southern volcanic centres being
far more fragmented, and perhaps graben-controlled.

The overall regional pattern of volcanicity is thus
interpreted as involving multiple vent eruptions, localised
within at least four centres of collapse, and aligned along a
complex volcano-tectonic rift depression, possibly of the
style seen in the Taupo Volcanic Zone of New Zealand,
although with much greater length

4. Petrography

4.1. Volcanics

4.1.1. Rhyolites and dacites. Based on phenocryst
assemblages, the following mineralogical groups are
recognised:

(i Plagioclase, augite, Ti-magnetite, = uralitised
orthopyroxene. This is the predominent mineralogical
assemblage throughout the region. Phenocryst abundances
range from <5% (commonly <2%) in lavas, to typically
between 5-15% (with local crystal-rich lithologies) occurring
within ignimbrites (eruptive crystal concentrations).

(i) Plagioclase, quartz, augite, and Fe-Ti oxides, with
5-20% total phenocrysts. This assemblage is found within
some ignimbrites of the central and southern islands, but is
generally uncommon.

(iii} Plagioclase, augite, hornblende, and Fe~Ti oxides,
with phenocryst abundances ranging from 5-25%, and
rarely containing biotite. This assemblage occurs in dykes
and commonly in ignimbrites from Hook, Esk, and
Haslewood Is. within the northern area, and Penrith and
Middle Percy in the southern area.

(iv) Plagiociase, quariz, hornblende, augite, and Fe-Ti
oxides, with phenocryst contents 15~30%. This assemblage
occurs rarely in dykes, being most characteristic of the
Carlisie and some Long Is. ignimbrites.

{v) Plagioclase, quartz, biotite, augite, and Fe-Ti oxides,
with phenocryst contents of 10-30%. This is found within
dykes and the Pentecost s, ignimbrites

(vi) Plagioclase, sanidine, quartz, biotite, & hornblende,
Fe~-Ti oxides; phenocryst contents 20--40% . This oceurs in
some dykes, and very rarely in high-silica rhyolitic
ignimbrites

4.1.2. Andesites, basalts and dolerites. Dolerite dykes
and the rare basalts are usually nearly aphyric, with sparse
augite and/or plagioctase phenocrysts Andesite dykes and
lavas characteristically contain phenocrystal plagioclase
(15-30%), augite (3-10%), uralitised orthopyroxene (3-
5%), and Ti-magnetite.

4.1.3. Discussion. Only relatively rare extrusive equiv-
alents of the dolerite dykes are found, most notably as local
basalt flows on S Molte and Lindeman Is Dykes, plugs, and
flows of andesite, however, occur sporadicaily throughout
the region. The rhyolitic lavas with very low phenocryst
abundances have no pyroclastic equivalents, although the
pyroxene and hornblende-bearing rhyolitic dykes have
equivalents among the ignimbrites. The sanidine-bearing
rhyolite dykes apparently have only extremely rare
ignimbritic equivalents. Relative dyke ages are poorly
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constrained, but dykes having assemblages (v) and (vi),
above, cut rhyolite domes and an andesite plug, both of the
latter inferred as among the youngest extrusive phases. The
youngest dyke dated (100 Ma; Table 1}, from Lindeman Is.,
has a type (iv) assemblage.

Comparison of the overall pattern of phenocryst
abundances with modern southwestern Pacific “orogenic”
silicic volanics (Table 2) shows the closest similarity with the
orogenic dacites, but even here, the Whitsunday volanics
apparently contain less common hornblende and biotite;
they are clearly predominantly pyroxene rhyolites and
dacites.

Secondary alteration. Low grade pervasive hydrothermal
alteration is a regional characteristic of the volcanics, usually
more extensively developed in the pyroclastics, but also
occurring as microveining in lavas. Secondary phases include
albite, chlorite, calcite, epidote, zoisite, sericite, actinolite,
quartz, and sphene, with localised developments of
prehnite, pyrite, laumontite, pyrophyllite and alunite.

4.2. Granites
These range from granite (ss) to quartz diorite, and
petrographically fall into natural groupings:

Perwent. Strongly porphyritic, with phenocrystal K-
feldspar + quartz + minor plagioclase + accessary Fe-horn-
blende, biotite, alianite, magnetite and rutile

Seawtell and Three Rocks. Perthite + quarz + plagiochase
(rimmed by K-feldspar) + accessory hornblende, biotite,
allanite, ilmenite + magnetite.

Digby and Noel. Porphyritic, with plagioclase + quartz +
perthite (interstitial to, and rims plagioclase) + accessary
hornblende (rare augite cores), biotite, sphene, + ilmenite

Dent. Porphyritic with plagioclase (K-feldspar rims)+
quartz + K-feldspar + accessary  pyroxenc, magnetite, -+
rutile.

Hayman, Wigton and Calder. These contain abundant but
irregularly distributed inclusions, and range from adamellite
to granodiorite. They contain plagioclase (K-feldspar
rims} + quartz + K-feldspar + accessary hornblende, biotite,
sphene, allanite, magnetite, ilmenite, & rutile. Hayman
granites also contain some remarkably cuhedrzl epidotes,
suggesting primary crystallisation (although not readily
reconciled with their shallow emplacement) The most
significant aspect of these granites is the presence of
abundant quartz diorite inclusions, locally forming spectacu-
lar zones of mingling. The inclusions are veined and injected
by granodiorite-adamellite melt, and all stages of disag-
gregation are present from 20m-long tabular “rafts” of
quartz diorite to small diffuse “clots” The inclusions are
fne to medium grained, consisting of plapioclase with
interstitial quartz, K-feldspar plus accessory horblende, &
augite, * biotite, magnetite and ilmenite.

5. Mineralogy

Plagiociase. Compositions are commonly modified by
albitisation, but remnant primary compositions are
sufficiently often preserved to determine original composi-
tional ranges. Within the dolerites (including basaltic
andesite dykes), plagioclase {mainly coarse groundmass, less
often phenocrystal) ranges from labradorite to bytownite,
although within the coarse doleritic dyke/sill complexes on §
Molle, plagioclases are zoned continuously through to
aligoclase, due to in-situ  fractionation. Phenocrystal
andesite piagioclases are labradorite to median bytownite,
whereas, in the dacitic ignimbrites, dominant compositions

are andesine, although it is common to find individual
crystals of labradorite—bytownite compositions. Low-silica
rhyolitic dykes and ignimbrites also exhibit divergent
piagioclase compositions (labradorite—andesine), suggesting
that these are not simply the result of eruptive entrainment
of andesitic lithic clasts into ignimbrites, and tend to point to
a pre-eruptive mixing process. High-silica rhyolites contain
oligoclase, in some examples coexisting with a sodic sanidine
phase, but again sporadic isolated more calcic plagioclase
occurs.

Pyroxene and amphiboles (Figs 3, 4). Only calcic
pyroxenes are preserved, although orthopyroxene is inferred
to have originally been a widespread phase in the andesitic
and rholitic volcanics. Reference to the pyroxene composi-
tional ranges shows that with the exception of high silica
rhyolites, there is little variation in Fe~-Mg-Ca ratios
throughout the dolerite to lowssilica rhyolite magma
compositions.  In fact, the general compositions  are
relatively magnesian, this being a common “orogenic”
characteristic, and is emphasised by the overlap of the
compositional ficlds with the respective modern Southwes-
tern Pacific “orogenic” pyroxenes (shown by the circled
fields in Fig. 3) Within the doleritic pyroxenes, the more
calcic pyroxene (and higher Al and Ti) compositions are
found within the ne- and of-normative dolerites, indicating
that the silica-undersaturated chemistry of these dolerites is
a primary magmatic feature. Fe-enriched compositions only
occur in the rhyolites, most notably the high-silica types, but
significantly, bimodal pyroxene compositions are found in
some low and high-silica rhyolites (Fig. 3, h-i). Evidence for
mixed pyroxene compositions, most notably in some
andesites, a trachyandesite, and dacites, also comes from
either bimodal Al solid solution abundances, or wider
ranges of Al than normally found in pyroxenes from such
rocks. The high-silica rhyolite pyroxenes exhibit very limited
Al solid solution ranges.

With the exception of rare Fe-rich hornblendes in
high-silica rhyolites, the phenocrystal volcanic hornblendes
are consistently relatively magnesian, and are again similar
to compositions within “orogenic” silicic volcanics (e g
Ewart 1982). In terms of major cation substitutions (Fig. 4),
the amphiboles range from actinolitic hornblende in the
rhyolites through hornblende in the rhyolites and dacites,
towards hastingsite in the andesites and some dacites. Relict
kaersutite is recorded in a single “mixed” andesite The
total data exhibit a very smooth trend through the
compositional range, but as with the pyroxenes, bimodal
compositional ranges are observed in dacites and low-silica
rhyolitic ignimbrites and dykes. Application of the
amphibole-plagioclase geothermometer (Blundy & Holland
1990) has not provided definitive temperature estimates, as
taking extremes of compositional ranges found within
relevant dacites and low-silica rhyolites gives an exaggerated
temperature range between 620-1170°C. This is suggested
to teflect disequilibrium among these compositions.

Amphibole compositions in the granites exhibit
differences from those in the volcanics (Figs 3, 4). Firstly,
there is a tendency for increasing Fe-enrichment, most
pronounced in the late-stage Derwent porphyritic granite.
Secondly, the compositions are offset towards more edenitic
compositions, especially pronounced in the Derwent
hornblendes. Other hornblendes, however, tend toward
more actinolitic compositions, and this is attributed to
solidus—subsolidus re-equilibration processes.

Fe-Ti oxides. Titaniferous magnetite is the dominant
oxide phenocryst phase in the andesites and dacites, in some
samples, coexisting with minor ilmenite Coexisting oxide
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phases occur in the rhyolites, often exhibiting marked Mn
enrichment. T°C and fq, estimates from a few available
relatively homogeneous compositions suggest rhyolitic
equilibration temperatures of 800-900°C, the hornblende-
bearing types lying above NNO buffer, and the pyroxene
rhyolites between NNO and FMQ

333
6. Chemistry

6.1. Major elements

The overall range, and continuity of compositions of the
volcanic and intrusive phases is readily apparent from the
total alkalis—silica plot {(Le Maitre 1989; Fig. 5). The bulk of

©-High Al
" -iow Al

C&M93i205 - 7 T 7 td 7 4 T
‘u
* - : D"
Dolerio ‘Mixed” andosite and
i~ trachyandnoite
. Mo ond 0 - Angosito dykes il dyko and flow
a Dulurll?.'sq&bt':;ru rarmative c and Hows d
-Molia} “* Q ~ pormotive
20 L . L 4 0 L A ] 20 i L £ 20 ) L ;
4 4 4 ¥
GaMgSI;»Oa 7 7 7 T 7 T 7 T 7 7 7 CGFBSEQQB
Sliicle ondeaite and
.@A dacite Jlows _.;é‘ (_jh',
AT and dykea Rl O
. Bactic igaimbrlics
sow-sllics rhyslitic dykoa
W e TR
e - f g -
20 ) i N rl 20 L ra i i rl 20 ra ' L i A
4 4 4
CaMgSix0g ; ; 7 7 T 7 Y CaFeSih,0
'\ 20g
NEIDR - Q - High-siticn thyolitic
— O ( 5 ignimbrite plus
gtanilic amphibeles
R RS- - S Y
P UE Low-sitica , G 1%""%- w o Ay
h =T rhyelitic ighimbriies | -~ T Eh
‘ . L ‘ £ : L 20 20 L L 4 L £ L L 20
¥ WigSI0, FeSiD; & ¥ MgSi0, FeSi0g\

Figure 3 Pyroxene and amphibole phenocryst compositions in the Whitsunday Volcanics and Cretaceous
granites {(i) only), expressed in terms of Ca, Mg, and Fe + Mn (atomic %Y, continuous circled ficlds are the
pyroxenc fields from southwestern Pacific “orogenic™ lavas of the cquivalent bulk rock compositions (after
Ewart 1979, 1982); data lying in the dotted fields are amphibole compositions; in (i), the crosses represent
granite amphiboles excluding Derwent Is., while the filled black dois represent Derwent Is. amphiboles

KEY

Hastingsite ¥ — Kigh ~ Si0g Rhyolita

40
® — Low - S5i0a RAhyoliic
O —Dbacile
0 — Andosile
X — Andeslte ~ koergutitic
as A — Granlte - Dorwent s,
+ ~Granites {other islandn}
o
O
Edenite
+ 30 - Hornblende
=
<
25 k-
20 i
&0 65 a0
Si+Na+ K
Figure 4 Amphibole phenocryst compositions in the Whitsunday volcanics and cocval granites



334 A EWART, R W SCHON AND B W CHAPPELL

the data plot within the basalt-basaltic andesite—andesite~
dacite-thyolite fields, with a relatively small percentage
classifying as “alkalic”, especially in the trachyandesite field.
In this respect, the Cretaceous suite contrasts strongly with
the alkaline eastern Australian Cainozoic intraplate
provinces (Ewart er al. 1988), but is comparable with the
overall calc-alkaline chemistry of many modern western
Pacific island arc regions {e.g. Ewart 1979, 1982) The

rhyolites are almost all peraluminous, averaging 1-2%
normative corundum; this compares with 0.8% for the
granites,

Figure 6a—d illustrates the silica distribution in refation to
modes of occurrence. The ignimbrites and dykes exhibit
continuous ranges from dolerites to rhyolites (dykes) and
andesite to rhyolite (ipnimbrites). The dykes exhibit a
relatively constant frequency across the whole silica range
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figure 5 Total alkalis-silica plot of the Whitsunday volcanics and Cretaceous granites; lield boundaries are

after Le Maitre (1989).
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while the ignimbrites are dominantly dacitic to low-silica
rhyolites. In tontrast, the lavas tend to be trimodal, with
distinct basalt, andesite and high silica rhyolite types.
Harker diagrams (Fig. 7a—i) show the expected trends
with respect to silica, and are generally comparable to those
of the New England granites (Shaw & Flood 1981), although
differences exist with respect to MgO, CaO and FeO* The
Whitsunday data exhibit a wider scatter for the alkalis and
CaO, possibly reflecting alteration effects. The TiO; and
P,O; data also exhibit some divergence at the mafic end of
the range, almost certainly reflecting a range of doleritic
compositions from ne- to O-normative. As the majority of
mafic dykes are labradoerite-normative, they classify as alkali

altezation
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Fipure §  Normative Q-Ab-Or companents of the rhyolite lavas,
ignimbrites, and dykes, and the granites; boundary curves are: 1,
water saturated curves, H00 MPa for composition Any after James
and Hamilton (1969); curves 2 and 3 are the calculated 4-phase
surlfaces in the system Ab-An-Or-Q-H,O for a, = 10 and 02
respectively, at 200 MPa (after Nakvasil 1988); in {a)} to (¢}, the
main groups of data arc circled, excluding outlying points believed
to be modified by alteration.

olivine basalts to tholeiites, although the majority are
olivine to quartz tholeiites

In terms of normative Ab-Or-Q components (Fig. 8), the
silicic volcanics and granites are of sodic, rather than
potassic affinities The Triassic and Cretaceous granites are
compositionally distinct, and with one exception, the former
represent hypersolvus minimum-temperature melt granites
whose compositions project near the 100 MPa water-
saturated piercing point in the [Ab-Or-QlnAn, system
(James & Hamilton 1969). The Cretaceous granites, in
contrast, extend from near minimum-temperature melt
compositions (e g Scawfell-Derwent Is. group) to grano-
diorites, and cluster into distinct groupings usually reflecting
similar chemistry between pgeographically closely-spaced
istands. The trends of the data fields vary, with some
apparently controlied by a four-phase surface as defined in
the Ab-An-Or-Q-H.O system (Nekvasil 1988), while other
granite data fields are cross-cutting, possibly representing
dioritic mixing trends (i e. the inclusion-rich granites,
previously noted).

The rhyolitic volcanics (Fig 8a-c) define similar
compositional fields to the coeval granites, although with
variable trends The high-silica rhyolites project closest to
the minimum-temperature compositions, aithough phen-
ocrystal quartz and sanidine are uncommon. In the plots,
however, the quartz-bearing dykes and ignimbrites are
distinguished, and are seen to define distinct  fields.
Considered overall, the rhyolitic compositions are consistent
with magmas evolving under relatively low (<200 MPa)
pressures. One possible exception is the group of
phenocrystal quartz-bearing, low-silica rhyolitic to dacitic
ignimbrites (Carlisle and Long Is } which appear to have
equilibrated at higher pressures. The mineralogically
distinctive Pentecost Is. ignimbrites (plag—~qtz—biot-augite)
also define a unique compositional field, although the higher
normative QQ portion is alteration controlled. Apart from
these exceptions, the bulk of the rhyolitic data for the
dykes, lavas, and ignimbrites exhibit completely overlapping
compositional groupings, and unlike the granites, cannot be
divided into distinctive island proupings (ie. volcanic
centres).

6.2. Trace elements

6.2.1. Introduction. Data are based on XRF and neutron
activation analyses, and representative data are presented in
Table 3 In terms of general element behaviour, Rb and Th
are incompatible throughout the compositional range,
whereas Ba and Zr exhibit similar behaviour only up to the
high-silica rhyolite range, indicating late stage control by
feldspar and zircon fractionation, respectively. W, Ta, and
LREE are broadly incompatible, whereas Nb and Y exhibit
littte systematic variation throughout the whole composi-
tional range. Elements such as Sc, V, Ni, and Cr correlate
with FeO* and MgO, behaving compatibly. The important
overall point shown by the trace element data is again the
continuity of element abundance patterns

Mineralogical evidence suggests the possibility of mixing
as an important process in these magmas. Routine plotting
of many element ratio combinations has shown a number
that apparently follow mixing trends, ajthough not all can be
easily distinguished from fractional crystallisation trends.
One example is illustrated (Fig. 9), for Yb/Th—Ce/Th. Both
sets of data (<69% and >69% SiO.) lic along a linear
mixing curve, and the insets show attempts at modelling the
variation in terms of fractional crystallisation. These
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calculated curves, utilising basaltic andesite, granodiorite, variations of the whole volcanic suite, using fractional
and low-silica rhyolite starting compositions, suggest that crystallisation and AFC models, have generally been
neither the trends, nor more importantly, the extents of unsuccessful, even though satisfactory major element fits
fractionation, match the observed data trends. It is noted can be established by least squares method for fractional
here that attempts to model the overall trace element crystaliisation only models. As will be further shown, mixing

Table 3 Selected chemical analyses of Whitsunday volcanics and granites

SMI1t Li06 P01 EsOt Hs17 No02 Sch4 Samples
50 5007 59 38 60 6 6912 7410 6408 74-68 SM11—Dalerite dyke/sill (100 m thick), S Molle Is.
TiOy, 187 097 125 0-59 021 075 0-24 Li06—andesite lava, Lindeman Is.

Al O, 17-51 1681 1720 i576 13-55 1622 371 PrOl—Andesite dyke, Prudhoe Is
Fe.0, 158 1-13 1-08 0358 037 0-81 025 EsOI—Ignimbrite, Esk Is.

FeO 7-89 5-66 541 29 1-83 404 1-25 Hs17—Ignimbrite, Haslewood Is.
MnO a8 0-14 014 011 008 008 005 No(2—Granodiorite, Neel Is
MgO 746 314 209 087 (30 2:37 0-33 ScO4—Granite, Scawfell Is
Ca0 836 6-98 568 2-32 168 454 098
Na,O 3-81 3-15 419 4-11 412 337 3.85
K,O 0-81 198 1-80 346 4.38 353 4.54
P.0Oy 046 037 (-56 016 0a7 021 011
Lol 289y (266) (277 (318 (242)  (237)  (237)
Rb 20 60 47 97 134 115 143
Cs 14 20 14 35 26 31 46
Ba 197 416 393 366 Ti0 365 449
Sr 551 535 a0 336 121 435 125
Zr 199 167 231 278 319 218 130
Hf 37 39 52 -5 78 66 38
Y 31 25 34 36 44 23 24
Ta 073 14 12 15 20 23 17
Nb 11 8 10 10 il 6 9
Zn 109 92 g9 93 77 78 42
Cu b6 30 23 17 8 41 3
Ni 109 H 15 22 H 68 ¥7
Cr 289 50 8 13 7 56 1
v 183 172 132 38 9 131 13
Sc 256 220 18 12 91 4 31
Th 035 68 56 o1 130 190 175
La 14.2 200 270 270 330 255 255
Ce 367 480 66 65 79 62 53
Nd 236 267 390 355 420 325 215
Sm 56 55 83 72 &5 61 35
Eu 1-89 148 220 178 1-44 1-23 058
Gd 63 50 75 63 76 4-9 30
Th 092 (88 115 1-10 130 100 065
Ho 114 052 145 1-45 170 I-05 075
Yh 285 258 3-45 365 445 2:45 190
Lu 045 039 0-52 457 068 037 029
Yb/Th Yo/Th
? 11 T El ¥ T T El T G 8 T T
<69 Si0, >BA% Si0,
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Fipure 9 Yb/Th-Ce/Th plot for the Whitsunday volcanics and granites, divided into <69 and >69% S5i0,
groupings; inset in (a) represents the calculated fractional crystallisation curve for a basaltic andesite to
granodiorite (dacite), extending to F=05 (Plag 039, Cpx 0-12, Opx 0 20, Mag ¢ 06, Ilm 002, Ap 0 01);
inset in (b) represents calcolated [ractional crystallisation curves from granodiorite to low-silica rhyolite
(Curve 2; Plag 063, Cpx 016, Opx (14, Mag 0-02, lim 0 03, Ap 002) and low-silica to high-silica rhyolite
(Curve 1; Plag 0-83, Cpx 007, Mag 0-10).
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relationships have proved the most successful, although
superimposed  fractional crystallisation  has  certainly
occurred.

6.2.2. Rare earth clements. Selected patterns are iflustr-
ated in Figure 10, for the major bulk rock volcanic
groupings and granites. The overal] data indicate that: (i)
the dolerites, basaltic andesites, and andesites exhibit
similar patterns, with Lan/Yby, ratios between 3 2-5-4 (one
sample 67), the majority between 4-0-5-4. A positive
correlation is apparent between La, and Lay/Yby, while
very smail negative Eu anomalies are present in a few
patterns; (i) the rhyolite patterns entirely overlap those of
the andesites, with generally slightly bigher LREE
compared to dolerites and basaltic andesites. Lan/Yby
ratios lie between 3-6-60, with the highest ratio extending
to 89. The rhyolites are thus not strongly fractionated in
terms of their REE abindances or LREE fractionation.
Negative Eu anomalies are most strongly developed in the
higher-silica rhyolites; (iii) the Cretaceous granites are
intermediate between the low- and high-silica rhyolites.

As the FEu anomalies are indicative of feldspar
fractionation, it is relevant to relate Eu/Eu* with Ba and Sr
abundances (Fig 1la, b). The Sr abundances show a
systematic decrease with increasing Eu depletion, explicable

in terms of plagioclase-dominated fractionation. Ba-Eu/Ea®
relations are more complex, showing initially increasing Ba
with decreasing Eu/Eu*, followed by limited Ba depletion
with further Eu depletion {i.e at Eu/Eu* <0-6) This again
is consistent with feldspar fractionation, allowing for the
changing value of Ky within increasingly siliceous magmas,
but the more extreme late state Ba depletion seems to
require the presence of sanidine in the fractionating
assemblage in the high-silica rhyolites, a phase not
commonly observed. Calculated mixing curves (not shown)
do not duplicate these observed data trends.

7. Tectonomagmatic affinities

The association of dolerites, through andesites and
rhyolites, and coeval granites, is a common association in
modern subduction-related volcanic provinces (e g Ewart
1982). As previously discussed, however, the Whitsunday
volcanics appear more feasibly related to rifting and crustal
thinning, rather than a convergent tectonic environment,
The existence of a possible subduction-signature is
explored in Figures 12-14. The Ba/Nb-La/Nb data {Fig.
12a, b) show a complete gradation from “intraplate” (as
exemplified by the eastern Australian Cainozoic provinces),
to arclike (as exemplified by the Southwestern Pacific
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¢ data divided into <69 and >69% Si0,, and granite

groupings; calculated fractional crystallisation paths are shown for: 1, basaltic andesite to granodiorite
{dacite; Plag 059, Cpx 012, Opx 020, Mag 0 06, Ilm 002, Ap 001} 2 and 3, low-silica rhyolite (two
different starting compositions) to high-silica rhyolite; curve 3 incorporates sanidine into the fractionating
assemblage (Plag 0-83, Cpx 007, Mag 010 and Plag 060, San 032, Cpx 0-01, Mag 007, respectively);
high-silica rhyolite partition cocfficients used in curves 2 and 3.
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andesites, and the Taupo Yolcanic Zone rhyolites). In fact, explicable as 2 mixing array, as shown by the calculated
the Whitsunday data appear to be in part transitional. The mixing lines Fractional crystallisation certainly cannot give
( data trends are not readily explained in terms of fractional cise to such an array. The mafic end of the spectrum is also
crystaflisation, especially as the fields for the lower silica informative, projecting in the E-type MORB and within-
(<69% Si0O;) and higher silica volcanics and granites aimost plate tholeiitic fields, whereas the silicic volcanics and
completely coincide. This suggests that these somewhat granites  plot predominantly  within the calc-alkaline

variable and transitional geochemical characteristics are “destructive margin’’ volcanic field.
source related. Significantly, many of the dolerites plot Further confirmation of the previous data trends is
within the eastern Australian Cainozoic intra-plate fields obtained in Figure 14, the data again defining an array
Further comparisons between possible arc-like and consistent with a two-component mixing process. One end
within-plate signatures for the Whitsunday volcanics and of the array, defined by dolerite and basaltic andesite dykes,
granites are presented in terms of the ternary Hi-Th-Ta lies in the mantle array (near average E-type MORB),
abundances {after Wood 1980; Fig. 13) and Th{Yb-Ta/¥Yb whereas the main body of the data lie in the region defined
‘ ratios (after Pearce 1983; Fig, 14). In Figure 13, the data by Pearce (1983) as characterising calc-alkaline to
plot as a remarkably linear array which is most readily shoshonitic active continental margins, and atkaline oceanic
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arcs. The Whitsunday array again contrasts markedly with
both the castern Australian basalt array and high-silica
rhyolite field.
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Figure 14 Th/Yb-Ta/Yb for the Whitsunday volcantes and coeval
granites, based on plot by Pearce (1983); sources of comparative
data as in Figure 12

Caingzole
Centrat - Southern
Queensland
basaltic lava tields

Array for
2| Central Quecnsland
granulite inclusions

KEY
-2 Whaitaundny Province

Ahycliea and Dacitos
Dolntitan ond Andeaites
Granitge  (Cretoceous}

O+ e

Possible Benpment
it {7 Shibonliarous and
Tilnanic Andasiten

E Queensland
Cainozcic rhyolites

8. Isotope geochemistry

Figure 15 plots the Nd and Sr isotopic data for the volcanics
and granites The data are corrected to 115Ma, except
where specific K-Ar or Rb-S5r dates are available {Table 4).
Also plotted are comparative fields for the southern New
England (Australia) granites, the Cainozoic southern-central
Queensiand lava field basalts, and the granulite inclusions
ocenrring in these lavas, together with limited data for
Carboniferous and Triassic andesites from southern
Queensland Comparison  of these data indicates the
following points:

(i) The Whitsunday volcanics comprise a coherent data set
with guy from +7-3 to +2 2 and initial Sr isotopic ratios
from 0-70312-0-70436. The S Molle Is. dolerite, identified
as the most primitive sample from trace eclement data, is
among the most isotopically primitive of the data set. The
rhyolites lie between &g from +22 to +537 and Ig
0-70332-0-70406. The remaining data, however, exhibit
overlap between isotopic compositions of the andesites,
dacites and rhyolites.

(i) The Cretaceous granites have &yg +65 to +3-4, and
initial ¥Sr/®Sr from 0-70312~0-70436, completely overlap-
ping the volcanics, and confirming their comagmatic
relationships. The most primitive sample is characterised by
extremely abundant dioritic inclusions.

(iii) The Triassic granites are compositionally distinct,
with Eng+ 15 to +4-2 and initial ¥Sr/*Sr 07116-0-894
(one value at 0-70461), calculated to 115 Ma. These isotopic
data thus preclude the Triassic granites as a possible source
for the Cretaceous silicic magmas.
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Figure 15 gy initial 87Gr/#Sr ratios for the Whitsunday volcanics; lavas are corrected 1o 115 Ma, except
where specific dates available; inset shows histopram of Nd T, model ages; comparative datz fields
presented for modern MORB glasses: Carboniferous and Trisssic andesites (Ewart ef ! 1988, and Table 3,
corrected to 115 Ma); granulite inclusion areay, (Bwart er al 1988; O'Reilly & al. 1988; corrected to 115 Ma),
intraplate silicic volcanics and basaltic tava fields (Ewart er al 1988), New England granites (Hensel e/ al

1985; corrected to 115 Ma}
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(iv) The Cretaceous isotopic compasitions overlap the
fields of the Carboniferous—Triassic andesites, the Cainozoic
basalts, and the granulite xenolith array. O'Reilly e/ al
(1988) interpret these inclusions in general as frozen melts,
or re-equilibrated cumulates, at the crust~mantle boundary,
although inferring that the eastern-central Queensland
inclusions reflect interaction between basalt and an older
mafic crust with time-integrated Rb and LREE depletion
The critical point with regard to the Cretaccous magmas is
that their source(s) are isotopically very similar to the lower
crust-lithosphere sources of the Cainozoic basalts and the
Carboniferous- Triassic andesites.

The southern New England Batholith granites arce
generally more radiogenic in Sr than the Cretaceous
magmas, implying a different and more evolved source.
Palaeozoic-Mesozoic upper crustal sediments are also
isotopically precluded as contributing to the Cretaceous
magma evolution, noting the Cainozoic silicic magma data
feld in which such sediments are inferred to have been
involved through AFC process (Ewart et al 1988).

Figure 16 further compares the initial Sr isotopic
compositions of the southern New England Batholith, the
Triassic silicic volcanic provinces of southern Queensland
(Stephens 1991), and the Cretaceous suite Even the least
radiogenic of the New England granites (also the least
potassic, Shaw & Flood 1981) are mostly more radiogenic
than the other two suites. The major significant point,
however, is the close correspondence between the Triassic
and Cretaceous initial Sr ratios, with the peak of the latter
being slightly more radiogenic, possibly reflecting a slight
isotopic composition change during the Triassic to
Cretaceous interval in a common, or related magma source.
If so, then a source Rb/Sr of 0:04-0-08 is implied
{consistent with an andesitic source; see below). gy, of the
Triassic suite ranges from 5-5-2-7, a very similar range to
the Cretaceous suite.

The isotopic data thus point to relatively primitive and/or
newly accreted, unfractionated source for both the Triassic
and Cretaceous magma suites. Stephens (1991) has
proposed that the Triassic silicic volcanics originate from

Table 4 Sr and Nd isotopic analyses of the Whitsunday volcanics and granitaids

Island Measured Initial Rb Sr Rock (Anhydrous)
Sample**  location FING/YING Y sy Sm/ NG PSS B15r /5050 {ppm) (ppm) type 8i0,%
Bo(3 Border 0-512768 & 14 352 0130 (705989 £ 7 0 70378 88 188 D 7003
Call Carliste 0512776 + 14 389 0-115" 6704769 £ 10 070386 69 s 1 6878
Cdo3 Calder 0512924 £ 15 652 0132 o705000 6 070312 58 40 G 7013
Ci0t Cid 0552766 % 14 141 0135 0704167 +£ 10 070382 (113) 47 623 L 63062
Cubs Curlew 0:512839 4 12 500 0-123 070375948 070364 (105} 24 842 L 64-34
Deil2 Dent 0-512809 & 10 4-45 0121 0706177 £ 14 0-70371 (107) 100 178 G 69 41
Dwli  Derwent 0512866+ 16 551 0-10% 0-705947 4+ 10 (70388 (95) 104 67 G 75-29
Es01 Esk 0512732412 2-8% 0-125* 0-705407 £ 8 0-70:392 (125) 97 336 1 av 12
Gol5s Goldsmith 0312791 + 18 4-496 0-123* 07098202 070094 158 127 1 7533
Hal4 Hayman o — mm 0705912+ 24 070371 (107} 75 150 G 6870
Ha03 Hayman —_ — — 0709788 £38 070374 (107) 88 64 G 7575
Hmf2  Hamilton 0512970 + 10 730 0141 0703692+ 12 070346 45 899 D 5514
Hm{7  Hamilton 0512785 10 395 0123 0716415%34 070401 (113) 136 5t L 78 38
He03 Hook 0512757+ 20 335 127 0 705461 :: 14 070383 99 287 1 70-78
Hol3 Hook 0-512757 + 16 326 0132 0 706863+ 13 070390 101 161 I 6826
Hol9/1 Hook 0-512756 & 12 324 01327 0708009 £ 12 070385 80 91 I 7469
Ho29 Hook 0512811 8 4-32 0133 0-704710 412 0-70386 70 387 I 62-53
Ho34 Hook 0512832 14 4-72 0-133* 0704594 27 0-70366 67 33 D 6307
Ho3% Hook (-512790 & 18 393 0131 0705696 £ 20  0-70367 17 1 6479
Hsl7 Hastewood 0-512696 + 10 Z221 0-123* 0709572+ 8 0 70387 (125) 134 121 I 7410
in02/2  Ingot 0-512818 £ 10 4.48 0131 0704987 £ 8 070403 (113) 141 684 L 7142
Keel Keelan 0512863 + 12 369 0108 0-711605:+ 9 (- 70370 (105) 119 65 L. 7674
Kes8 Keswick -512865 £ 10 545 g127" 07051018 (070378 (105) 82 W68 L 7183
Li06 Lindeman 05127394 16 288 0135 0704351 £29 070387 (113) 60 539 L 5938
Loll Long 0512805+ 14 426 0128 0704475 £ 10 070337 (110) 83 3¢ L 6292
Mplb Middle Percy 0-512840 + 10 500 0-124 070553747 070440 57 235 D 60 57
Nof2 Noel 0-512831 4 14 499 0-113* 0704913+ 10 0-70375 (107) 115 435 G 64 08
Pelt Penitecost 0512695 + 18 23 g115* 0704580 £ 11 070393 53 356 I 7160
Pr(}t Prudhoe 0 512859 + 10 528 0131 0703888+ 16 070352 47 610 D 6060
SmO8 South Molle 0512791 % 12 413 0119 073051221 70332 (100} 162 7L 7533
Smi0 South Molle 0512858 £ 16 519 0135 0706731 £ 18 070355 (110} 83 118 L 7192
Smil South Molle 0512929 & 14 6 44 0145 0703287 £36 0 70312 (110} 20 551 D 5007
Sc4 Scawfell 0-512808 £ 14 470 1 0708775 £ 11 070429 (117) 143 125 G 7468
Shog Shaw 0-512798 £ 12 413 0-126 0706791 £ 48 070382 (113) 122 191 L 7293
5hi)9 Shaw 0512744 & 14 309 0127 (705289 £ 10 070386 83 24 D 7132
Sh10 Shaw 0-512731 £ 16 319 0109 0705907 £59 0 70375 83 182 D 7655
Sh25 Shaw 0512741 + 1B 319 0116 0709328 £ 14 070381 (113) 183 154 L 7350
TPO1 Tinonee Peak  0-512857 +20 557 0108 0 7053194: 1 0 70384 (105) 53 160 L 411
TPO7 Tinonee Peak 05128554 18 553 (0108} 0706453+ 10 0 70382 (105) 86 41 L 7158
Te01 Three Rocks (512882 % 18 614 (0103} 07099734 11 070436 (117) 37 17 G 7599
Wgll Wigton G-512760 + 14 338 0120% 6705202 4 8 070380 (116} 83 w2 G 6837
Triassic Andesites (Neara Voleanics)
37958 0512775 % 11 388 0-115 0-703705 & 11 070334 79 1042
37967 512935 & 14 661 0145 0703621 £23 070349 24 754
38645 0-512803 & 16 431 0112 0704771 £12 070394 89 552

Notes: ** quoted uncertainties arc #2sc; analyses performed at Sirotope, C S TR O., North Ryde 'Sm/'*'Nd calculated from isotope
dilution data, except samples with * (neutron activation), and figures in brackets (inferred), * calculated for 115 Ma except where indicated
otherwise (see Table 1) D e dykes; G = granites; I = ignimbrites; L =java flows **See Section 11 for University of Queensiand rock

coliection numbers
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partial melting of an andesitic crust of early Triassic (or
older) age. It is proposed here that a plausible source may
be partial melting of mixed igneous and sediment
components of the Permo-Triassic arc crust. The geo-
graphic plausibility of this is illustrated in Figure 17, in
which the zones of both Permian and Triassic volcanism and
plutonism are seen to run obliquely to the present coast, and
are thus intersected by the zone of Cretaceous rifting. It is
therefore expected that remelting of the older Mesozoic
crust should contribute to Cretaceous magma genesis. The
relatively primitive isotopic compositions of the Triassic and
Cretaceous voicanics in the central Queensland region also
implies an absence of an older, more geochemically evolved
crust being present bemeath the Permo-Triassic arcs, and
strengthens the view for the progressive lateral accretion of
the eastern Queensland crust by arc migration, at least to
the early Mesozoic (e.g Veevers ef al 1991). The
involvement of Mesozoic to Palaeozoic crust in the
Cretaceous magma genesis also recejves support from the
Nd model Ty apes (inset, Fig. 15), most of which lie
between 250-600 Ma.

9. Discussion

The trace element data point toward two main processes
operating in the evolution of the Whitsunday magmas: (i)
Two component mixing, one end-member inferred to be a
within-plate tholeiitic magma (near E-type MORB), the
second a silicic magma inferred to be rhyolitic, presumably
low-silica rhyolite. {ii) Fractional crystallisation superim-
posed on the mixing trends, being especially pronounced in
the high-silica rhyolites. These processes are interpreted (o
have produced the overall continuity of magma composi-
tions from mafic to felsic. The trace element data also reveal
the Cretaceous granites to be geochemically indistinguish-
able from the silicic volcanics
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fipure 16 Histograms comparing the initial Sr isotope ratios of the
southern New England Batholith (Shaw & Flood 1981}, the central
Queensland  Triassic silicic voleanic centres (Gayndah region;
Stephens 1991), and the Whitsunday Volcanics and granites (this
paper)

The isotopic data clearly imply the involvement of a
juvenile crust and lithosphere, the former being interpreted
as most plausibly Permo-Triassic arc crust Partial refusion
of this crust is here inferred to have produced low-silica
rhyolites, the remelting process developing in response to
basaltic magma injection from upwelling lithosphere and
asthenosphere. In fact, such remelting may also involve in
part remelting of restite developed during the Triassic phase
of volcanism, as Triassic granites are locally present
underlying the Whitsunday volcanic region, as described.
Triassic rhyolites also occur on the adjacent mainland
{Conway Peninsula, Fig. 1). A plausible tectonic model is
passive continental margin cxtension by detachment faulting
(e.g. Lister & Etheridge 1989)

It is therefore proposed that the Whitsunday magmatism
represents a calc-alkaline to high-K magma suite produced
as a consequence of a divergent, rather than convergent
plate margin. The development of intermediate magma
compositions is interpreted to result largely from mixing
processes, with superimposed fractionai crystallisation. The
“arc-like” signatures identified within the suite, especially in
the intermediate to silicic compositions, are interpreted to
be inherited from the Mesozoic arc source, through the
production of rhyolitic magmas. Mixing of these magmas

N Zone of Cretaceous
silicic pyrociastic
v volcanism
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Figure 17 Map illustrating the generalised distribution in central
and southern Quecpsiand of Permian and Triassic voleanic and
voleaniclastic units, and Permo-Triassic granites, in relation to the
inferred distribution of the Cretaceous voleanie rift zone {see also
Clarke et al 1971); geological boundaries after Day et af (1983}
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with lithosphere-derived tholeiites has allowed these “‘arc”
signatures to  be transferred  through much of the
Whitsunday magma suite. Mixing is interpreted to
dominantly involve magma mixing The data of Frost and
Mahood (1987) indicate that efficient mixing is only likely if
either compositional differences petween host and injected
mafic magma are less than 109 Si0,, or if the mass fraction
of mafic magma exceeds approximately 03 The resulting
mixed magmas correspond to tonalites to mafic granodior-
ites, i.¢ corresponding to the compositions of the inclusions
within some of the Cretaceous granites The more silicic
compositions are thus likely to represent localised magma
mingling and assimilation with superimposed fractional
crystaliisation.  The latter has demaonstrably occurred,
especially in the high silica rhyolites 1t is also significant to
recall the more complete continuity of rock compositions
within the dykes (Fig. 6), perhaps refiecting more efficient
mechanical stirring during dyke emplacement.

On a regional scale, as previously noted, Cretaceous
volcanism was almost certainly originally more widespread
along the ecastern Awustralian coast, possibly now down-
faulted along the continental shelf In the context of the
southwestern Pacific, Cretaccous volcanism occurs in New
Zealand, the Lord Howe Rise, and New Caledonia {Fig.
18) In New Zealand, volcanic products of similar age
(89 Ma) to the Whitsundays are found only in the Mt
Somers region {Barley 1987). They range from basaltic
andesite to high-silica rhyolite, with medium to high-K
affinities. The rhyolites are perafuminous, and are
interpreted by Barley (1987) to be partial melts of the
quartzo-feldspathic Torlesse sediments (ie. a more “'ma-
ture” and more radiogenic source than that of the
Whitsunday magmas). The intermediate composition is
explained by AFC processes involving mantle derived
tholeiites. Volcanicity is correlated with a change from
compressional to extensional tectonic regimes after the
Rangitata orogeny.

Cretaceous rhyolitic pyroclastics and lavas are present on
the southern part of the Lord Howe Rise, recovered at the
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Figure 18 Map of southwestern Pacific illustrating the generalised
distribution of contincnts and continental shelves, islands, and
submarine ridges {based on 2060m pathymetsic contour), and
showing the general distribution of inferred, drifled, and exposed
Cretaceous voleanic and intrusive provinces

base of the DSDP Hole 207 (Burns ef al. 1973; McDougall
& van der Lingen 1974} Bimodal Cretaceous volcanism
occurs extensively along the length of New Caledonia, part
of the Norfolk Ridge {Paris 1981), and includes abundant
rhyolitic and rhyodacitic tuffs interbedded in thick sediment
sequences in the Noumea and Diahot basins (65-75 Ma).
These widespread, aithough apparently localised, oceur-
rences of Cretaceous silicic volcanism are thus of
considerable significance in terms of the Cretaceous
fragmentation of the eastern Australasian continent; the
submarine Lord Howe and Norfolk ridges are regarded as
rifted fragmenis of the former continent (e.g. Kroenke
1984) Of particular further interest is the recent recovery of
pre-Upper Eocene rhyolites (exact age not yet known) in
the lower 210m of ODP Hole 841 on the Tonga forearc
(ODFP Leg 135 Seientific Party 1991), raising speculation
that the Tonga and Lau ridges may also represent the
easternmost rifted fragments of the former continental
margin

It is thus possible that rhyolitic volcanism accompanying
the Cretaceous regional fragmentation was originally
widespread in the southwestern Pacific, but is now largely
buried in the off-shore ridges, and on the continental
shelves If so, the rhyolites will have sampled, by partial
melting, segments of the former eastern Australasian
continental margin of various ages and in various stages of
evolution.
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11. Note added in proof

The following are the University of Queensind official
departmental museum numbers for the samples included in
Table 4. UQ number is in parenthesis after sample.

Bo03 (49247), Call (49269), Cd03 (49274), Ci01 (49275),
Cu05 (49300), Del2 (49312), DwO1 (49331), Es01 (49332),
Go05 (49342), Hab4 (49346), Hal3 (49347), Hm02 (49356),
Hm07 (49361), Ho03 (49378), Hol5 (49391), Hol9/1
(49396), Ho29 (49407), Ho34 (49412), Ho39 (49419}, Hsl7
(49477), In02/2 (49418), Keel (49484), Kes8 (49496), Li06
(49525), Loll (49553), Mpl6 (49571), Nol2Z (49575), Pell
(49576), Pro1 (49597), Sm08 (49619), Smi0 (49621), Smll
(49622), Sc04 (49640), ShO8 (49650), Sh09 (49651), Shl0
(49652), Sh25 (49667), TPO1 (49702), TPO7 (49708), Tr01
(49709), Wgh1 (49726}
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