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below the eastern Gulf of Carpentaria (Wellman 1992a, 1992b).
The seismic data show at the northeastern end the Etheridge
Province rocks extending west beneath the Croydon Province,
which, on a larger crustal scale, is a relatively thin surface
assemblage of volcanic units. The sedimentary Millungera
Basin, just beneath the thin Mesozoic Carpentaria Basin,
without any surface exposure, is described below among the
sedimentary basins. The Kowanyama, Numil, Abingdon and
Agwamin seismic provinces that were identified as part of this
and earlier seismic surveys are not exposed at the surface and
so only their geophysical characteristics are diagnostic.
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Kowanyama Province: This province (Figure 2.80) contains the
uppercrust basement to the Carpentaria and Millungera basins
in the area between the Mount Isa and Etheridge provinces,
extending along the western side of Cape York to north of
12° S, and is of generally low magnetisation. The Claraville
Province of Wellman (1997) is included here and is represented
by the largely granitic uppermost layers as shown on the seismic
profile (Korsch et al. 2009b, 2011). Dating of basement cores
from this granite indicates that they are Middle Devonian (Carson
etal. 2011). Some variation in the gravity and magnetic features
of the province has allowed recognition of five distinctive
areas that have been interpreted as representing different rock
assemblages (Wellman 1997). Several drill holes penetrating
the Mesozoic cover reveal that rock types in the Kowanyama
Province include granites, metamorphics, and Carboniferous—
Permian volcanics and granites. Based on the geophysical
data and limited geochronology, this province is interpreted

Figure 2.80 Location map of northern Queensland showing Proterozoic
subsurface structural Keer Weer and Kowanyama provinces.

as having been cratonised during the Barramundi Orogeny, but
the Middle Devonian granite that has a thrust western margin
(Korsch et al. 2009b) indicates reactivation in the Phanerozoic.

Numil Seismic Province: This province is the lower crust
underlying the Kowanyama and Etheridge provinces in deep
seismic profile 07GA-1G1 (Henson et al. 2009; Korsch et al.
2009b). This province is highly reflective in contrast with the
less reflective Kowanyama and Etheridge provinces above.
A series of low-angle structures with an apparent dip of ~20°
to the southwest are interpreted as a series of linked faults
extending from the surface to the Moho. The upper fault of this
series leaves the surface at the western edge of the Etheridge
Province and extends as a remarkably planar structure to the
Moho. The upper boundary is truncated by shallow (5-20°)
northeast dipping faults generally showing thrust offsets, but
with an occasional extensional offset and soling onto the upper
southwest dipping fault.

Abingdon Seismic Province: This province is the highly reflective
lower crust underlying the Etheridge Province at the northeast
end of deep seismic profile 07GA-1G1, where itis separated from
the overlying Numil Seismic Province by a shallow southwest
dipping structure extending into the Moho and interpreted as a
fossil subduction zone (Henson et al. 2009; Korsch et al. 2009b).
This province extends beneath the Etheridge Province through

has strong reflectivity that terminates at the Moho. Its upper
boundary (~16-21 km deep) is virtually horizontal in the north
but dips to wedge out against the Moho in profile 07GA-GC1.

Agwamin Seismic Province: This province is highly reflective
lower crust in the southeastern part of deep seismic profile
07GA-GC1 (Withnall et al. 2009b; Korsch et al. in press)
extending beneath upper crust Greenvale Province and its
extension beneath the Camel Creek Subprovince and the
Charters Towers Province. There is little internal structure
in the province except for some broad antiforms as part of
a thrust duplex or antiformal stack and further southeast a
series of deep penetrating southeast dipping faults, some
of which transect the entire crust and apparently control the
location of Paleozoic basins. This province may represent the
Mesoproterozoic orogen inferred in this approximate position
by Fergusson et al. (2007b). This province is also identified in
deep seismic profile 07GA—A1 (Henderson et al. 2009; Korsch
et al. in press) northeast of Georgetown.

Keer Weer Province: Along the eastern margin of the Gulf of
Carpentariaisa 650 x 200 km area of strong gravity and magnetic
anomalies (the Keer Weer Geophysical Domain of Wellman
1992a, 1992b). The main features are a broad gravity low and
an almost coincident broad magnetic high along its length.

Wellman (1997) divided the province into five discontinuous
north—south bands 20-50 km wide that are alternately gravity
highs and gravity lows. Most of the magnetic anomalies are due

magnetisation of the rocks, exceptionally strong gravity gradient
(400-600 mm-s~2) and strong magnetic and gravity anomalies
adjacent to the west, may have been thrust eastwards. The
high gravity gradient is most likely due to the western dip of
the boundary of the province at depth, the low magnetisation
inthe east due to thermal effects of overthrusting and the high
magnetisation due to higher deformation and metamorphism.

There is no direct evidence for the rock types and for an area
of this size a range of possibilities is likely. The relatively high
density and magnetisation may indicate metamorphic rock,
maficigneous rock, or carbonates in the east of the band, but
the elongate and circular shape of anomalies is most consistent
with maficigneous rocks. Thereis no directinformation on the
age of the Keer Weer Province. Wellman (1997b) suggested
possibly a similar age to the Mount Isa Province, based on
apparent continuity and similar normal magnetic anomalies.

2.5 Platform cover ¢ajen

Several sedimentary basins rest nonconformably on the
North Australian Craton in Queensland. The Neoproterozoic—
Ordovician Georgina Basin (Section 2.6) is the largest along
the Northern Territory border, with most of the basin in the
Northern Territory. This productive basin harbours major
exploitable phosphate, limestone, rare earth element and
potentially petroleum reserves. The other basins in this group

of the main metamorphism, as post-Ordovician K-Arages have
also been determined from the Anakie Metamorphic Group. Itis
possible thatthese basement rocks are a southern continuation
along the Nebine Ridge from the Anakie Metamorphic Group,
exposed 150-400 km to the north.

3.7.2 Southwestern and northern
Thomson Orogen

Murray (1994a) emphasised the remarkably uniform character
ofthe deep basement cores west of the Nebine Ridge, which are
mainly low-grade metasedimentary rocks with well-preserved
clastic textures in sandstones. The metasedimentary rocks are
dominantly quartzose siliciclastic sandstone and mudstone.
In southwestern Queensland adjacent to the South Australian
border, calcareous rocks are widespread, with sandstone
and mudstone containing large proportions of carbonate;
interbedded limestone is present in some cores. These rocks
are included in the Warburton Basin (Figure 3.77). Bedding is
typically moderately to steeply dipping and is folded in places.
Variably developed cleavage/foliation is either subparallel
to bedding or more steeply dipping. Most cores have lower
greenschist metamorphism; upper greenschist rocks containing
biotite are only found in a few widely distributed boreholes.
Murray (1994a) suggested that most metasedimentary rocks of
the southwestern Thomson Orogen were a probable eastward
extension of the Dullingari Group, which is now considered of
middle Cambrian to Middle Ordovician age (PIRSA 2007). He
noted that bedrock from three holes adjacent to the Warburton

In GSQ Maneroo 1, the Early Ordovician rhyolite of the basal
volcanic unit unconformably overlies low-grade sandstone
and mudstone (Figure 3.77; Draper 2006a). The discovery of
widespread Ordovician volcanics and granites in addition to the
unconformity in GSQ Maneroo 1 implies that the metamorphic
basement of the northern subsurface Thomson Orogen is
earliest Ordovician, or older, and may be similar to the age
of metamorphic basement in the Anakie and Charters Towers
provinces. These ages also raise doubts about the significance
of the metamorphic basement encountered in wells throughout
the southwestern Thomson Orogen and Warburton Basin.

3.7.3 Roma Shelf

Many deep wells are in the Roma region, and Murray (1994a,
1997a) was able to construct a map of the basement geology
(which is included in Figure 3.77). Three main units are
developed: the Devonian Timbury Hills Formation, the latest
Devonian - earliest Carboniferous Roma granites, and the late
Carboniferous — earliest Permian Combarngo Volcanics.

The Timbury Hills Formation consists of turbiditic quartzose
sandstone and mudstone deposited in a deep-marine
environment. They are generally steeply dipping with usually
asingle slaty cleavage and regional low-grade metamorphism.
Some rocks have higher metamorphic grade including garnet—
mica schist, butitis not clearifthese represent a different unit
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Figure 3.77 Geological map of Queensland showing the distribution and main rock types of basement cores in the Thomson Orogen along with
U-Pb zircon ages by Draper (2006a) from volcanics and granites. Column (top left) shows a stratigraphic log from the basal part of GSQ Maneroo 1.
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association, is separated as the Larramore Metabasalt Member.  typical spatial association with limestone, including local least locally, the similar rocks and deepwater environment of ~ from limestone bodies and limestone clasts in conglomerate 1440 145° 146° Table 6.3 Details of Kennedy Igneous Association magmatism in the Daintree Subprovince
It commonly shows greenschist facies metamorphism in the interbedding, suggests shallow-marine eruption. deposition suggest stratigraphic equivalence. Inthat case,the ~ suggestan age range forthe source rocks of late Silurian - Late Magmatic group/supersuite and Rock types Age, comments and references
chlorite and biotite zones (Bultitude et al. 1993). package may have been shielded in some way from D;. However, ~ Devonian. The distribution of biostratigraphically dated sites ®  Cities and towns distribution
Thin- to medium-bedded sandstone and mudstone in a small local development of a crenulation cleavage was documented  is shown on Figure 4.18. Mixed limestone clast ages from the o= o Subprovince boundary Daintree Subprovince S-types: Whypalla and Cooktown | Mostly intrusive S-types (-80%) and | 285-260 Ma, with the younger ages

cre s . . . . . . cLe . . .. . . . . . Occurs within the Hodgkinson supersuites, Mount Alto, Wangetti I-types (20%); volcanic rocks ~1% of in the northeast; minor older granites
Siliciclastic rocks of the Hodgkinson Formation are universally belt extending for ~5 km south of Mount Molloy, in the central within it by Gregory (1977). McNeich (2006) similarly recognised central part of the Palmer—Barron Subprovince imply a diversity Daintree volcanics Province, with the exception of the | and Tinaroo suites, Bellenden Ker exposed magmatism and volcanic rocks; Morgan (1965);
regarded as representing turbidite facies and having been part of the Palmer—Barron Subprovince, were assigned to the atwo-phase structural history, and along with Zucchetto (1999) of carbonate source rocks with the younger clasts derived from ¢ B 5artie Frere Supersuite southern and southwestern parts | Batholith (part Concentrated in a larger northwest deKeyser and Lucas (1968); Willmott
d R . R . . X L2 . . . p I- . Cape Melville. Pieter B ding belt and Il h etal. (1988); Champion (1991);

eposited in deep sea fans by gravity flow mechanisms in Molloy beds by Cranfield and Hegarty (1989), but had previously concluded that the Molloy beds are indistinguishable from a carbonate sequence no longer preserved in the region. ) Outcrop ~3100 km? types: Cape Melville, Pieter Botte, | trending belt and a smaller nort : : .

X .. X ; . . . . . R . . [ Belienden Ker Batholith Yates, Bartle Frere supersuites trending belt; more scattered plutons | Bultitude and Champion (1992);
which turbidity flows were prominently represented. The been included in the Hodgkinson Formation by deKeyser and the Hodgkinson Formation on either lithological or structural ~ — ) Bellenden Ker Batholith (part) in the north. Champion and Bultitude (1994, in
more prominent development of amalgamated sandstone  Lucas (1968) and Gregory (1977). Deposition was interpreted grounds. The unit is therefore considered to be part of the A further age constraint for the formation is provided by a ‘a Pieter BO“‘_E S“persu'te_ preds;);l??lt(;tuae;gtgz;l.’v(‘l997la); ?za(;gag
beds in the west of the Hodgkinson Province suggests that by Cranfield and Hegarty (1989) to postdate the regional Late Hodgkinson Formation, until some more definitive evidence for 357 + 6 Ma date from the Mount Formartine Supersuite of Daintree I Cape Melville Supersuite and Sutitude i ureuov
its western parts were commonly more proximal in the deep ~ Devonian — early Carboniferous cleavage-forming event (D,) a difference in time of deposition becomes available. granitoids locally emplaced into the Hodgkinson Formation Subprovince > B vates Supersuite S-TYPE GRANITES
sea fan architecture and its eastern parts more distal. The affecting the subprovince, and on this basis the unit was inferred alongthe coast north of Cairns (Zucchetto etal. 1999; Section I Cooktown Supersuite Cooktown Supersuite Barrow Point Granite (and Suite); Highly porphyritic to even-grained, Mid-late(?) Permian; two U-Pb zircon
representation of sedimentary clasts, including limestone, in  to be early-middle Carboniferous. Age control forthe Hodgkinson Formation is poor. Late Devonian  4.2.4). A detrital zircon age spectrum determined for one sample Mount Alto Suite Outcrop ~250 km? g'ogoTlgﬁlnelGargiiferig';S (sau'}fe)s,”'te); g’:gﬁ{iﬁr‘;&rfc'zcltti_;ssrr?j:&?ne_ (Cs()%'f('t'\g\z’n"é\;ggrps_lm?(g%if;rNt";efor
conglomerates suggests shelf edge collapse, orin cases where — Mississippian Leptophloeum australe occurs in sandstones in of sandstone (Feature 4.1) contains a population of similar I Wangetti Suite Eastern belt of magmatism in the Collingwood Granite (and Suite), biotite granite; rare garnet, topaz, the Charlotte Granite; 275.9 = 4 Ma
basement clasts are also represented, active erosion as coarse ~ These strata are best exposed in cuttings along the main the western and central part of its distribution (deKeyser&Lucas  age. The locality from which this sample was obtained and B Whypalla Supersuite northeastern Hodgkinson Province | cooktown Suite (Charlotte, Cooktown | sillimanite, andalusite; gneissic for the Collingwood Granite); Rb-Sr
siliciclastics were channelled down seafloor gradients by grain ~ Mareeba—Cooktown road, as graded, upward fining cycles, 1968; Halfpenny, Donchak & Hegarty 1987; Cranfield & Hegarty  localities with clasts containing Late Devonian conodonts are Lo Tinaroo Suite | gﬂ?teF'("Nc‘zuBninirri?e';eé)rgm‘t’:”,&gﬁ:tley enclaves, miarolitic cavities fnrq'gls_lge(?:;rlzg Eigg%p;\zsg‘:ay
flow to form a minor part of fan systems. The framework grain each ~40 mthick (Cranfield 1990b). Beds are generally shallowly 1989) and poorly preserved brachiopods from a single location associated with a tract of Hodgkinson Formation central to B oty Carbonif , " Leswell Microgranite); Mount Poverty reflect resetting during the late
composition of sandstones and conglomerates is consistent  dipping (<15°) to subhorizontal away from the bounding faults, in provide a similar age constraint (Cranfield & Hegarty 1989).  the Palmer—Barron Subprovince characterised by a distinctive arly ~amontierous? granties ﬁﬁ'te (.F'.”laVS"”’.tM")”;t P°."er;)|’ el ge”"'a” ‘CTh”ass'.c H‘(‘lr‘;;’l‘)ngﬂ .

. . . T . . . . . . . . . i oeniclan granites); koarin e rogeny; ampion ; bultituae
with a cratonic source like that of the Yambo and Coen inliers ~ contrastto subvertical strata of the remainder of the Hodgkinson Corals (Hill cited in deKeyser & Lucas 1968) and conodonts (Jell ~ radiometric signature. Older conodont ages are from parts of Kennedy unnassigned Suite (Bourggamba and ChinagCamgp andgCh;'mpion 8992); Chevinion and
immediately west of the Hodgkinson Province. Formation. In describing drill core of Molloy beds from GSQ 1988; Bultitude et al. 1990, 1993; Cranfield & Hegarty 1989; the formation further to the east (Figure 4.18). This implies an Tate and Herberton volcanics microgranites, Roaring Meg Granite); Bultitude (1994, in press); Bultitude

Mossman 1, Cranfield (1990b) considered the sediments were Domagala, Robertson & Bultitude 1993; Donchak etal. 1992)  unresolved age structure in the Hodgkinson Formation. N fﬁ?ﬁ.ﬁ gnad"gﬁlii;‘dusnl;'ggnweageu’:ilsl (elt;;'g()l.ﬁzrag)aﬁf/r(’;goag‘)d Bultitude

Chert intervals represent accumulation of biogenic pelagic most probably deposited in a deepwater environment by turbidity - ¥ (Mrs Watsons Bay Microgranite, Lizard '
sediment. Limestone was mainly of shallow-marine origin and currents and that they are very similar to the finer turbidites of ‘}‘. Island and Mount Finnigan granites)
ranges from an allochthonous relationship with enclosing deep- the Hodgkinson Formation. n Cooktown Whypalla Supersuite Cannibal Creek Granite (and Suite), Highly porphyritic to even-grained, Early-mid Permian U—Pb zircon
marine siliciclastics to an autochthonous relationship with the Feature 4.1 ? @ Outcrop ~1800 km? [C)Lérs;aifll;ch:arlTyssu:i?n(girc:?g,gehn:\)locrfe'od wil:jsecs%\’rlet:;k:coctét:sirr?/ngl;i;et (sz'QEL“gZ’sLQ:cyzLﬁ“gsi} Rbo6rand
enveloping siliciclastics (e.g. Melody Rocks, 27 km southwest Although the structural attitude and deformation history of . . . . Jardln_e ? Wet;tef” bf“ °f5't‘{Pel madgmat:;m Nangee andiNorthedge granites), | and tourmaline; rare sillimanite, K=Ar (mineral) ages apparently reset
of Cooktown; Donchak et al. 1992). The context of maficrocks,  this unit (Cranfield & Hegarty 1989; Cranfield 1990b) appear Detrital zircons from the Hod gkl nson Formation: Subprovince u‘odgekvivnessosrg;ocveiﬁcf andsouthern ?ar’;—‘,‘*basGTf"'(tMeéa”?csur'g?)' Mount g[(”;ﬂ%\’smxe"e; ’f'ag':‘:'fa(se '"°%“V gﬁ””g !"“”(tfgr‘g?)"""Be'Ig“:fe”‘/a

. . . . . . . . . . . . . arbine Suite unt Carbine an -feldspar; enclaves of (garne ampion ; Bultitude an
apart from submarine eruption, is generally unresolved. Their  to be different to that of the adjacent Hodgkinson Formation, at constraints on its maximum depOS|t|0nal age and provenance ShllizeonzraniteciinnaredisranitaMlIbiotiieanaiseimicrad oriten Champion (1992); Championiand
PTEYIRG Mount Pike Suite (Bullhead and ‘microgranite’, quartz, and locally Bultitude (1994, in press); Bultitude

W : A Mount Pike granites), Whypalla Suite | derived metasedimentary rocks et al. (1997a); Davis et al. (2002a,

W faly (CJ Adams, R Wormald and RA Henderson) (Koobaba, Lang Creek and Whypalla widespread and locally common 2002b); Davis, Henderson and
granites, Mount Windsor granite) Wysoczanski (1998); Davis and
. . . R Henderson (1999); Garrad and
Detrital zircon age patterns from six samples of Hodgkinson i Bultitude (1999); Murgulov (2006)
Formation sandstones provide insights into its provenance. Bellenden Ker Batholith (part) Several informal (e.g. Clamshell Even-grained to porphyritic, Early Permian(?); Bultitude et al.
They were collected from sites spread across the Palmer— Total outcrop (including I-types) | 8ranite) and unnamed units (t°“r.'t"a(“"_f?1m“SC""“e;bi"J}te (1997a); Garrad and Bultitude (1999)
Barron Subprovince (Figure 4F1.1). Fourof the samples were ~460 km? glrfenr'ez cvg'rdigfi$7g)arne and/or
studied by Adams to identify detrital zircon provenances of . 9 Between Cairns and Innisfail,
brachiopod Permian—Cretaceous sandstones in the accretionary wedge wometes southern Hodgkinson Province
| o conodont fauna fth 1 f land 'bly gl Other Permian S-type suites/ Mount Alto Granite (and Suite) Slightly to moderately porphyritic, Early(?) Permian; U-Pb zircon
of the Torlesse Terrane of New Zealand, possibly partly . granites ~9 km?2 (biotite) garnet-tourmaline— (SHRIMP) ages of 269 + 8 Ma and
coral fauna derived from northern Queensland (Adams, Cluzel & Griffin NS st oUiicem <5905 [t muscovite and (garnet) tourmaline= | 271 + 5 Ma; Willmott et al. (1988);
) .- . 1 Forms several stocks and pods, muscovite—biotite granite Champion (1991); Bultitude and
plant fossil 2009). Two additional samples were studied by Wormald. \: Port Douglas central Hodgkinson Province Champion (1992); Champion and
radiolarian Bultitude (1994, in press); Bultitude
We consider the Hodgkinson Formation to represent an etal. (1997?; Davis, Igendedrsor:jand
accretionary complex as suggested by Henderson et al. * \Q’L‘lﬁﬁﬁinag'g(lg?%)’ arradan
(2011) ?nd K.or.sch etal. (in press),. althOUgh. Some workers » Wangetti Granite (and Suite) Even-grained to highly porphyritic, Early(?) Permian; ages poorly
regard it as infill of a backarc basin (Vos, Bierlien & Webb AN N ~3 km? tourmaline-muscovite and constrained; Rb-Sr isotopic data and
2006; see Section 3.6 for discussion). Its facies suite reflects \ ' (tourmaline) muscovite—biotite very high Rb/Srratios suggest
d - d . f ) ltitud | N\, Herberton AN . Small roughly concentric plutons or granite; miarolitic cavities common ~290-270 Ma; Champion (1991);
eposition as deep sea fan systems (Bultitude et al. 1990, . - ] ] ) L RN zones, north of Cairns Bultitude and Champion (1992);
1993; Zucchetto 1999) and palaeocurrent directions are Figure 4F1.1 Sample locations in the Hodgkinson Province. Subprovmce \ A  MoVeehi Champion and Bultitude (1994, in press)
mainly towards the east-northeast or meridional along o | k ' ) 7] Tinaroo Granite (and Suite) Slightly to moderately porphyritic, Early(?) Permian; ages poorly
the trend of the subprovince (Domagala 1997). Based on  Age control forthe Hodgkinson Formation is poor, and based late ~305 km? biotite granite, traces of late garnet ;‘r’]zs\};?\'/“:ig?hf{kbb‘/ssrr';‘ﬁg?':udngst
petrographic analysis of sandstone framework grains, Arnold  on rare macrofossils and a few conodont age determinations Subprovince m Chillagoe Lamb Range, southwest of Cairns granites are ~290—270 Ma; Champion
and Fawkner (1980) thought that provenance was likely to mostly from limestone lenses and conglomerate clasts. (1991); ?ﬁltitUde anddCBhalrr]pign
be from basement rocks of the Georgetown, Yambo and  Leptophloeum stem moulds are known from scattered N . ggg?’in ;2‘5‘;0" and Bultitude
. . . . . g . . . . . er e on ?
Coen |nl|.ers to the west and similarrocks now hlddfan under locall.tles inthe centralaljd wgstern part of its distribution u Almaden Eiin, N\, Wakooka Granite Wity perEiie, (museavies) | iy Ramam@) Buiuee ame
Mesozoic cover. Subsequent petrographic studies have  (Section 4.2.3). The detrital zircon ages set a younger age 0 50 100 K‘angar}o 1 km? biotite granite, minor altered Champion (1992); Bultitude et al.
: Figure 4.18 Enhanced radiometric image of the western and central confirmed that a cratonic source is dominant with a minor  limit for Hodgkinson Formation sandstones as well as | | | | | \Hills \.\ estles el e Bioviics, con fHOJ‘:'Ci’\;}tee‘“r’:n’?t’:“”e‘b'o“te‘ (19979)
Figure 4.17 Interbedded sandstone and mudstone, typical Hodgkinson Palmer—Barron Subprovince. Also shown are locations for which age component derived from recycled magmatic arcand orogenic  contributing new information on their provenance. Kilometres N ! Subprovince * ? |\F Innisfail of Cape Melville ¢
Formation turbidites, in the Kitoba Member of the western Palmer— control is available. S = Silurian, D = Devonian, E = early, M = middle sources (Bhatia 1981; Domagala 1998; Zucchetto 1999). - * -
Barron Subprovince. and L = late. ’ ’ Figure 6.3 Distribution of granite supersuites in the Daintree Subprovince of the Kennedy Igneous Association. The Daintree Subprovince is (continued)
distinguished from the other subprovinces by the predominance of S-type granites.
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