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A newly discovered major Proterozoic granite-alteration
system in the Mount Webb region, central Australia, and

implications for Cu—Au mineralisation
Lesley Wyborty Murray Hazelt, Rod Pagk Mart Idnurnt, & Shen-su Sun

The presence of a major granite- al. (1977: BMR Bulletin 197) suggestedhe granite system and the alteration are
related alteration system has been that the Mount Webb Granite and felsidéarge by Australian Proterozoic granite
confirmed in the western Arunta Block volcanics of the adjacent Pollock Hillsstandards.

— in the remote Mount Webb region Formation potentially had primary and

(WA/NT border; Fig. 1). According to Petrological data
' aa | Country rock

In the Webb Sheet area (Blake & Towner
1974: op. cit Blake 1977: Webb 1:250 000
- Geological Series —explanatory notes,
BMR/AGSO), the Mount Webb Granite
intrudes ‘unnamed Archaean?’ rocks
(mainly interbedded quartzite and mica
schist, and some amphibolite). Near the
inferred contact between granite and
amphibolite at the southernmost part of
one Archaean? outcrop at Pokali Hills
(20 km east of Mount Webb), quartz veins
L oge e < -4 and minor ironstones are prominent, and
| Helen  Springs | so too is an overprint (metasomatic?) of
12 e quartz, biotite, and magnetite replacing
eimazs gl the primary minerals. Away from the
Other Proterozoic granites inferred contact, constituents of_the
country rock in this outcrop are mainly
amphibole and plagioclase in the central
part, and chlorite, actinolite, and minor

Western Australia

Northern Territory

—20°

Wilson

I:I Proterozoic country rocks at greenschist grade or higher

- Mount Webb Suite greenish biotite in the north, suggesting
that the granite has both contact-
0 400 km metamorphosed and metasomatically

altered the country rock. The country rock
elsewhere in the Sheet area is dominated
by quartzite and mica schist; late-stage

new petrological, geochemical, and alteration characteristics similar toduartz and quartz—tourmaline veins are
bundant, and the rock is locally

geochronological data from the Mount granites of the metallogenically importan . ’

Webb Granite and its comagmatic Williams Batholith (eastern Mount Isa _recmated (Blake & Towner 1974: op.

felsic volcanics in the Pollock Hills Inlier) and Hiltaba Suite (Gawler Craton),c't')'

Formation, this magmatic system has both of which are closely associated witthvlount Webb Granite

many similarities to granites in other Cu—Au mineralisation (Wyborn 1994:1a Mount Webb Granite is hetero-

Australian Proterozoic regions where Centre for Ore Deposit & Exploration eneous, comprising several types of

hydrothermal Cu and or Au deposits Studies, University of Tasmania, MaSteEnaltered granite, sodic—calcic-altered

have been linked to magmatic sources of Economic Geology Course, Manual Z)granite, sericite-altered granite, and aplite.

(e.g., eastern Mount Isa Inlier, Gawler Reference to ‘... thicker quartz veinsost altered samples are from near the

Craton). Key criteria that establish this  cutting highly altered and brecciateqount Webb Shear Zone (Fig. 2). All

region as prospective are: granite west of Pollock Hills’ (Blake & samples are recrystallised, and most have

+ fractionation trends in the granite,Towner 1974: BMR Record 1974/53); istinct foliation, suggesting that the
clearly evident in the geochemicafurther heightened the intrigue. In Maygranite has been affected by a post-
data; 1996, AGSO staff visited the Mountjntrusion metamorphic event.

* magmatic alteration effects (includingWebb region to collect a suite of samples Essentiallyunaltered graniteranges
sodic—calcic, sericitic, and hematite{Fig. 2) for magma typing, agefom mafic diorite/tonalite through
K-feldspar) in the granite and countrydetermination, and alteration mappi”%ranodiorite, monzogranite (dominant),
rock; and _ and evaluation. _ and syenogranite, to aplite. Some late

+ evidence of metallogenically The results described here focus ofysic fractionated phases contain fluorite
significant hydrothermal interactionthe Webb 1:250 000 Sheet area, but thg,q nodules of tourmaline * quartz. These
with the country rock. granite system extends westward into thg)cks have a typical I-type mineralogy,
A preliminary interpretation of the Wilson Sheet area, and eastward into thg,q are composed of hornblende, biotite,

results of 12 analyses recorded in AGSOMlacdonald, Mount Rennie, and pOSSib|YT1agnetite, plagioclase, K-feldspar, and

ROCKCHEM database and in Blake eMount Liebig Sheet areas (Fig. 1). BOt'i'quartz. Magnetite, generally with exsol-

Fig. 1. Location of the Mount Webb region, western Arunta Block.
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ution lamellae of ilmenite, is common in  Quartz veinscarrying sulphides are clasts and abundant spherulites in the
most samples, but is more abundant in treore prominent in the areas of sericitienatrix; the spherulites indicate that the
diorite/tonalite; sulphides are extremelalteration, where the granite also tends tmatrix comprises devitrified volcanic ash.
rare. Rimming of the magnetite by titanitde more brecciated and bears tourmalireapilli tuffs were observed at one locality.
is one of the tangible effects of alterationand fluorite. The sulphides are mainlyjFine-grained magnetite is scattered

Sodic—calcic alterationis char- pyrite, though galena was observed in orteroughout the groundmass, which is
acterised by the assemblage diopsidesample with 1800 ppm Pb, and anotherommonly recrystallised. Although, small
epidote * tremolite (only present in thesample has 145 ppm Mo. grains of pyrite/chalcopyrite occur in the
more deformed samples). This alteration Aplite veing common in the more spherulite-bearing volcanics, most of the
type is prominent in a linear shear zongelsic granite, are probably the products

trending 310° both to the northwest andf late-stage magmatic processes.  volcanics have rlnagnetite as tlhehqdominant
southeast of Mount Webb. Few quart . : opaque mineral, primary suliphides aré
veins bisect the rocks affected Sy thi?OHOCk Hills Formation rare, reflecting the high oxidation state of

observed. Most samples contain titanitd;0rmation consist mainly of black Hematite alterationin the volcanics

and have albite/oligoclase as their onl orphyritic dacite and rhyodacite overlairis possibly related to two events. Firstly,
feldspar. Neither sulphides nor anomalojéy .tuffaceous and non—tuffaceousas noted by Blake & Tow_ner (_1974: op.
concentrations of elements are appareﬁgdlmenta_ry rocks (Blake & Townercit.), hematite alteration is more
in the samples. 1974: op. cit). Alteration is less pervasiveprominent at the top of the volcanics, near
Sericite alterationis more restricted in the volcanics than in the Mount Webltheir contact with the sedimentary rocks
than the sodic—calcic alteration, and i€ranite, and two alteration types aref the Pollock Hills Formation. Red
usually associated with brecciated an@vident: hematite and epidote. Overalhematite-rich layers interspersed with
fractured granite cut by quartz veins wittgVen the least altered voIpamc sampl_&be_sg _sedlmentary roc_ks suggest that
open spaces. A higher modal abundandi@ve a markedly recrystallised texture ioxidising atmospheric conditions
of sulphides accompanies this type dhin section, suggesting that they arprevailed during sedimentation and
alteration. In thin section, the sericitanetamorphosed. extrusion, so the hematite may be related
consists mainly of fine grains concen- Theleast altered volcanicare mainly to meteoric fluids rather than to
trated in veins aligned parallel to thePorphyritic ignimbrites with phenocrystshydrothermal/magmatic processes. Some
foliation. Opaque phases are rare: sonf Plagioclase, magnetite, and quartz in . o
samples have magnetite or small pyritgecreasmg order of abundanceof this early hematitic alteration is also
grains; one has chalcopyrite. TWdDhenocrysts of ferror_nagnesmn 5|_I|c_ateut by late epidote altgratlon. ' .
weathered samples containing visibl@inerals (altered to epidote and/or biotite) Secondly, hematite alteration is
malachite have Cu concentrations of 348re rare. The ignimbrites comprise twevident in highly sheared volcanics
and 278 ppm: thin sections show that th oad types: those with abundant lithisampled away from the sediment/volcanic
consist mainly of goethite, which wa ragments and crys;als, and those .Wl'th |a_te_rface. At one Io_callt_y, northwest of
probably formed as a weathering produé?Wer_ crystal and lithic content. The lithic-Kiwirrkurra, a hematite-rich, K-feldspar-
of primary sulphides. poor ignimbrites contain flattened pumiceltered volcanic rock associated with an
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Fig. 2. Geology of the Mount Webb region (based on Blake 1977: op. cit.).
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ironstone cuts a chlorite/sericite-alterethis type of hematite alteration is due tof epidote + quartz. Mineralogically and
volcanic rock, and is therefore later in th@nother event, distinct from that formedhemically it closely resembles the sodic—
paragenesis. At another, an isolatedt the sediment/water interface early icalcic alteration of the Mount Webb

. the paragenetic history. Granite, and both are focused in shear
volcanic outcrop northwest of Mount  Epidote alterationis common in the zones trending ca 310°.
Webb, hematite alteration is also apparegbicanics. In thin section, it is pervasiv

in a sample of K-feldspar-bearing rockand texturally destructive. It progressivel aflc dykes _ _
containing anomalously high potassiumdestroys any original igneous texturedVlafic dykes with a prominent north-

Shearing at both localities suggests thaind produces an end-member assembldg@thwesterly trend are prominent in the
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Fig. 3. Geochemical variation diagrams for whole-rock geochemical data from the Mount Webb region.
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Table 1. Summary of new U-Pb SHRIMP and Sm—Nd results from the Mount Webb region

Sample no. Rock unit Rock type SI0  Age (Ma) Xenocrysts eNd Tpy (Ma)
96496035 Mount Webb Granite monzogranite 74wt% 1643 +4 1680-1690 Ma (4 grains), ~1775 M&.1 2327
(2 grains), 1860-1870 Ma (2 grains)
96496028A Mount Webb Granite granodiorite 68wt% 1639 +5 1690 Ma (1 grain) -2.0 2322
96496011 Mount Webb Granite sericite-altered granite 77 wt% 1639 +5 Complex with inheritance patterns at
~1680, ~1760, and 1830-1877 Ma
96496024  Pollock Hills Formation lithic-rich ignimbrite 68 wt % 1643 + 13 Complex populations 1680-1690, -1.5 2325
(NB: one 1862 + 4 (dominant), single grains at
grain only) 1966, 2590 Ma
96496009 unnamed dolerite dolerite 48 wt % 976 + 3 (zircon) ~1630 Ma 2.3
972 +8
(baddelyite)
area, particularly in the granite outcrop§seophysical data alteration. Although magnetite is gen-

drothermal alteratiorfrally absent from the sericite-altered
[reas, some high-susceptibility localities
are apparent there.

east of the Pollock Hills, but do NOtparts of the hy

intrude the Neoproterozoic and YOUNGELystem occur in the Webb and Wilso
sequences (Blake 1977: op. Cit.). In thigh e ot areas, for which no airborn
section, most appear to be p”St'negeophysicaI data are in the public domain. The country rock generally has low

consisting of plagioclase, clinopyroxeneys recorded ground magnetic obsejneasured susceptibilities, except amph-
and orthopyroxene; they also Contai(}ations on a Geoinstruments SUSi_bolite in the Pokali Hills area, where
sulphides (mostly pyrite, but SOME&gniibility meter (model JH_S)_susceptibilities are variable and range

chalcopyrite). A fe_vv of them eVinceSusceptibiIities range from 200 to 600 gfrom 200-5000 SI units X 19 Those
pronounced alteration effects, and arg.is x 105 for the (dominant) monzo- rocks with particularly high suscept-

probably older, but they all IaCkgranite and 2000-5000 S| units x-s0 iPilities had metasomatic biotite and

deformational and metamorphic effects thé tonalite/diorite, reflecting magnetite in thin section. The fresh mafic
suggesting that they are much yo“ng?ﬁcreasing modal abundan,ce of magneti kes, including the dated sample, have
than the granite. with decreasing SiDThe felsic volcanics igh susceptibilities (>4000 Sl units x99

_ also have high susceptibilities, generali!tered dykes have low susceptibilities.
Geochemistry results from 3000-5000 S1units x Wmirtoring ¢ ronology resuilts
Sixty samples were collected for analysidh€ abundant magnetite phenocrysts a
28 granites, nine aplites and quartz veind€ ubiquitous fine-grained magnetite ifPage et al(1976: BMR Journal of
18 volcanic rocks, and five dolerites. Th& € groundmass. _ Australian Geology & Geophysics, 1, 1—
alteration effects in the granites and Alteration zones in both the granitel3) obtained a combined Rb—Srisochron
volcanics are clearly shown in a plot nd thg volcamc_s_ _h_ave much lowegage of 1494 + 25 Ma (recalculated with
Na,0 vs KO (Fig. 3A). The sodic—calcic- magr!etlc suscept|b|I!t|es (generally .<40he. 1..42 X 161yr-1 cqnstant for RB) and
altered samples are depleted ipOK Sl units x 16), reflecting the destruction an initial SP7/Sreé ratio of 0.7114 + 0.004

whereas the more strongly sericite-alteredf Magnetite in the areas of sodic—calcitor the Pollock Hills Formation and

samples have lost Ma. In contrast, the

hematite-altered samples show a marked 120 @ ~1590 Ma 180°E °
enrichment in KO, similar to that in the Hiltaba Supersuite 1700 Ma L4
~1500-Ma granites in the Cloncurry] R Olympic Dam Weberra Granite
district (Wyborn in press: Australian 4 OP1,1
Journal of Earth Sciences). ~ (]

The plots for Rb and Rb/Sr show 27

exponentially increasing values with

increasing Sig(Figs. 3B and C). On the \ 650V
Fe,0,/FeO vs total Fe as FeO ploi\{ 1560 Ma o 1650 Ma Sybella
(Fig. 3D) of Champion & Heinemann Esmeralda S.suite, Alligator Rivers U. T ) \5@ Mt Isa Pb-Zn Suite
(AGSO Record 1994/11jnost samples @ 24X Misacu OP3,i3 °
lie in the oxidised field. The ASI values, & ~1500Ma ”
(mOIeCUIar AJOa/[K 20 + {CaO N 1/3505} ’}?l Igzgn;::pérrﬁg;tte Henry Cu-Au @ &mzt/vg)i Granite|
+ NaQ]) are <1.1, indicating that the .{. OP4.14 SHYC
samples are metaluminous to weakly OP2,12
peraluminous. All these features are o
characteristic of granites associated with T W
Cu—Au mineralisation in the Proterozoig g
(see also Wyborn 1994: Geologica = 2077343
Society of Australia, Abstracts, 37,471 @ Granite event OP  Magnetic overprint epoch @ Palacomagnetic pole
472-) R Mineral deposit | Inflection point
Fig. 4.

The Proterozoic APWP for Australia showing the locations of palaeomagnetic poles. Major granite
and ore deposit events are also shown (based on Loutit et al. 1994: op. cit.).
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Mount Webb Granite. Such a high initiadolerite dyke. They recorded Neoproj\ineral potentia| of the
ratio for an I-type granite suggests thaerozoic ages of 976 £ 3and 972+ 8 M :
the Rb—Sr data have been reset, sespectively, dispelling the notion of an)ﬁ/Iount Webb region
samples (five) were selected for SHRIMRonnection between the dykes and thlthough the present results are
U—Pb zircon dating (Table 1). Mount Webb Granite. These dykes arpreliminary, the primary and alteration
The three granite samples yield agesonsiderably younger than the Stuart Pagsochemistry of the felsic magmas of the
of 1643 + 4, 1639 + 5, and 1639 + 5 MaDolerite, which is abundant throughouMount Webb region resemble those of
indicating that they all belong to the on¢he Arunta Inlier and has a well-definedther Proterozoic Cu—-Au mineralised
magmatic system. Inherited zircorSm-Nd mineral isochron age of 1076 areas. There is evidence of extensive
populations include 1680-1690, 177533 Ma (Zhao & McCulloch 1993: magmatic alteration (sodic—calcic and
1769, and 1830-1877 Ma. A corollary taChemical Geology, 109, 341-354).  sericitic) at some localities, particularly
these results is that the anomalously young . . within the more felsic varieties of the
Rb—Sr age might reflect the ubiquitoudnplications of the 1640-Ma granite. Within the sericite-altered
late metamorphic overprint of both theage for the Mount Webb granites, fluorite, tourmaline, and
volcanics and granite. Granite sulphides are common accessories, and
No satisfactory igneous crystallisation some of the samples have anomalous F,
age was obtained for the volcanics of th&€he new age for the Mount Webb Granit€u, and S. Cross-cutting veins also have
Pollock Hills Formation, as the zirconis similar to the 1640 + 7-Ma age of tuffsslevated Mo and Pb values. There is also
populations in the sample studied ar#® the HYC orebody at McArthur River evidence of metasomatic alteration of the
exceedingly complex. This sample i§Page & Sweet in press: Australiamdjacent country rock.
dominated by inherited ~1860-Ma zircondournal of Earth Sciences). Although the Recent exploration results have
a population at ~1680—1690 Ma is alséimilarity may be purely coincidental (notconfirmed that this truly ‘greenfield’ area
prominent; older inheritance at ~1970 M&ll tuffs in the north Australian may have some economic significance.
and 2590 Ma is also apparent. Thedgroterozoic sequences have know8emicontinuous rock-chip sampling
populations are distinctly older than thos@ustralian sources), it does raise theeturned results of 9.1% Cu, 3 g/t Ag, and
of the granite; only one grain analyse@ossibility that the HYC tuffs were 0.38 g/t Au over a true width of 4 m, and
from the volcanic sample was close to theerived from the Mount Webb region,0.3% Cu and 8 g/t Ag over a true width
age of the granite (~1640 Ma). The date@specially considering the size of thef 10 m. An aircore-drilling program has
sample has abundant lithic fragments, argtrusive event. confirmed the presence of three Cu-Au—
is likely to have xenocrystic zircon Itis interesting to note that Loutit etAg anomalous areas, of which the largest
populations derived from these fragment&l. (1994:Australasian Institute of Mining returned peak values of 0.21 ppm Au and
Jagodzinski (1992: AGSO Record 1992/9% Metallurgy, Publication Series, 5/94,896 ppm Cu on three adjacent 800-m-
see also pp. 23-25 in this newsletter) hd23-128) observed that most majospaced grid lines (Aurora Gold Ltd,
reported a similar case in the Coronatiogiranite and major ore-forming eventguarterly report, December 1997).
Hill region (NT), where an ignimbrite correspond to major inflections in the
dominated by lithic fragments yieldedAustralian apparent polar-wander patAcknowIedgments
mainly xenocrystic zircon populations(APWP; Fig. 4). However, no major|_esley Wyborn and Murray Hazell thank
and only a few magmatic grains. granite event was then known tQyyrora Gold for facilitating their trip to
Nd isotopic data from the samples og¢orrespond to the major hairpin bend ahe remote Mount Webb region. The
the Mount Webb Granite and volcanics 1640 Ma. The new data from the Mounyaluable assistance of Lorna Fitzgerald
gaveeNd values of —1.5 to —2.1 andWebb Granite provide evidence for suchng pean Butler of Aurora Gold, and
single-stage Jy model ages of ~2320 Maan event. Loutit et al. (1994: op. Cit-Bobby West and other members of the
(Table 1), similar to those obtainedasserted that APWP inflectionxjwirrkurra community during the
elsewhere in the Arunta Block (Sun et akorrespond to changes in the direction @fampling program is gratefully
1995: Precambrian Research, 71, 30Xtustal plate movement and, thereforgycknowledged.
314). They indicate that the felsic magmaghanges in the stress field within the plate.
were derived from a pre-existing crustabuch changes in stress could allow Minerals Division, Australian Geological Survey

source. granitic melts to ascend from the lower ;)é%ir_usatlcé? G'i% lBgXGng’ &aS”Qbe”?'Lx?T
Both magmatic zircon and baddelyitecrust, explaining the formation of major g1 5’6249 9375 (MH), +61 2 6249 4261 (RP),
were dated from an unmetamorphoseegtholiths at these times. +61 2 6249 9314 (M), +61 2 6249 9484 (S-SS):
fax +61 2 6249 9983; e-mail lwyborn@agso.gov.
au, mhazell@agso.gov.au, rpage@agso.gov.au,
midnurm@agso.gov.au, ssun@agso.gov.au.




