
Chapter 4
Stratigraphy, structure and geochemistry of the

northern Central Volcanic Complex

4.1 Introduction

Despite the enormous amount of exploration and research in the Mount Read Volcanics, the northern

Central Volcanic Complex has previously been treated as "undifferentiated volcanics". Poor exposure,

complex facies relationships, strong alteration and structural reorganisation of the volcanic succession

make subdivision difficult.

In this study, the integration of geological mapping, detailed facies analysis and structural

interpretation allows subdivision of the northern Central Volcanic Complex into four formations

(fable 4.1): the Hercules Pumice Formation (previously the Footwall Pyroclastics and Host Rocks),

the Kershaw Pumice Formation (previously part of the Mount Black Volcanics), the Mount Black

Formation (previously part of the Mount Black Volcanics), and the Sterling Valley Volcanics

(unchanged). The distribution of these subdivisions and structure of the northern Central Volcanic

Complex are described below. The primary compositions of least-altered lavas, sills and syn-eruptive

pumice breccia in the northern Central Volcanic Complex, which support this subdivision, are presented

and their magmatic and tectonic affinities considered. Primary compositions and facies characteristics

are compared within the Central Volcanic Complex and with other parts of the Mount Read Volcanics.

This new stratigraphic and structural interpretation of the northern Central Volcanic Complex

has important implications for models of the tectono-magmatic evolution of the Mount Read Volcanics
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Table 4.1: Proposed nomenclature and previous terminology for stratigraphic subdivisions in the
northern Central Volcnic Complex. This table depicts changes in nomenclature for the rocks in the
northern Central Volcanic Complex and is not equivalent to a stratigraphic column.
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and for regional VHMS exploration. In particular, the new interpretation implies that the highly

prospective host rocks to the Rosebery and Hercules ore deposits are repeated in the Mount Black

and Mount Read areas.

4.2 Stratigraphic problems in the northern Central Volcanic Complex
revisited

The northern Central Volcanic Complex has previously been divided into four informally named

units: the Rosebery-Hercules host seguence, Mount Black Volcanics, Sterling Valley Volcanics, and

the Hallway andesite (Campana and King, 1963, Brathwaite, 1974; McNeill and Corbett, 1989; Corbett

and Solomon, 1989; Allen, 1995 unpub.). The most recent published subdivision of rhe Rosebery

Hercules host sequence is: Footwall Pyroclastics, Host Rocks, black mudstone and Hangingwall

Volcaniclastics (Corbett, 1981; Green et al., 1981; Corbett and Lees, 1987). However, Allen (1991

unpuh., 1994a unpuh., 1995 unpub.) proposed thar the Hangingwall Volcaniclastics correlate with the

White Spur Formation at the base of the Dundas Group, and that the Mount Black Volcanics were

similar to the Footwall Pyroclastics (Table 4.1). The nature of contacts and correlations between these

units have previously been confusing, with considerable doubt about the stratigraphic position of the

Mount Black Volcanics (Chapter 2).

In this section, correlations between part of the Mount Black Volcanics and the Footwall

Pyroclastics, and between the Hangingwall Volcaniclastics and the White Spur Formation are considered

based on detailed facies (Chapter 3) and structural analysis (section 4.4) and lithogeochemical

comparisons (section 4.6).

4.2.1 Mount Black Volcanics and the Footwall Pyroclastics
Most previous workers have assumed that the Mount Black Volcanics are younger than the Foot\vall

Pyroclastics because they structurally overlie the Rosebery-Hercules hosr seguence (Brathwaite, 1969;

Lees, 1987). However, detailed facies analysis (Chaprer 3), and lithogeochcmical comparisons (section

4.6) suggest rhar rhe pumice breccias in the Mount Black Volcanics and Footwall Pyroclastics may be

stratigraphic eguivalents as proposed by Allen (1991 unpuh., 1994a unpub., 1995 unpub.).

This correlation is supported by:

(1) The Footwall Pyroclastics and the :Mount Black Volcanics both contain texturally and compositionally

similar facies associations including: pumice-rich facies associations, feldspar-phyrie rhyolitic and dacicic

sills and guartz-feldspar-ph)'ric rh),olitic sills.

(2) The pumice-rich facies associations in the Footwall Pyroclastics and cl,e Mount Black Volcanics contain

similar facies with identical components, lithofacies characteristics and textures. Pumice breccia) pumice

rich sandstone and shard-rich siltstone contain juvenile pumice clasts, shards, plagioclase crystal fragmenrs

and sparse lirhic clasts consistent with pyroclasts produced by felsic explosive eruptions. Pwnice breccia

units are typically massive or normally graded with lithic clast- and crystnl-rich bases and stratified shard

rich siltstone tops. These lithofacies characteristics are consistent with syn-eruptive facies deposited by

water-supported gravity flows in a below-wave-base submadne environment (Chapter 3).
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(3) In both the Footwall Pyroclastics and the Mount Black Volcanics, there is a change from rhyolitic

to dacitic composition rowards the top of the pumice-rich facies assodation (section 4.6.2).

(4) The pumice-rich facies associations in Footwall Pyroclastics and the Mount Black Volcanics, are

conformably overlain by laminated feldspar>guartz-phyric pumice-rich sandstone and shard-rich

siltstone of the Host Rocks and the texturally and mineralogically similar Jones Creek sediments (part

of rhe Mount Black Volcanics west of Mount Read).

(5) Both the Footwall Pyroclastics and the Mount Black Volcanics are conformably, at least in part,

overlain by guartz-phyric volcaniclastic facies of the Hangingwall Volcaniclastics and the White Spur

Formation (Dundas Group) respectively.

Lithological and compositional similarities between pumice-tich fades association in the Mounr

Black Volcanics and the Footwall Pyroclastics suggest that they may be correlates. This implies that the

pumice-rich facies association in the Mount Black Volcanics is a structural repetition of the Footwall

Pyroclastics. This is supported by the structutal interpretation that the Mount Black Fault and other thrust

faults repeat major fades associations in a seties of north-striking fault-bounded slices (section 4.4).

4.2.2 Hangingwall Volcaniclastics and the White Spur Formation
The Hangingwall Volcaniclastics and \'(!hite Spur Fotmation borh comprise thick successions of massive

to stratified, feldspar-guattz-phyric rhyolitic volcaniclastic facies intercalated with feldspar-phyric lava

and black mudstone (Chapter 2). Clasts in the volcaniclastic facies include: pumice, guartz- and!at

feldspar¥phyrie rhyolite, granite, siltstone, sandstone, schist, black mudstone and sparse massive sulfide

clasts (Lees, 1987; Corbett and Solomon, 1989; Pemberton and Corbett, 1992).

Lithological similarities between the Hangingwall Volcaniclastics and the White Spur Formation

at the base of the Dundas Group, which disconformably overlies the northern Central Volcanic

Complex south of Hercu]es, led Allen (1994a unpub.) ro suggest that the Hangingwall Volcaniclastics

are correlates of the White SPUt Formation. The Hangingwall Volcaniclastics conformably to

disconformably overlies the Footwall Pyroclastics. Between Hercules and Mount Read, this relationship

is repeated by a series of east-dipping thrust faults, suggesting that the Hangingwall Volcaniclastics

ate the youngest exposed pottion of the Rosebery-Hercules host seguence stratigraphy. This is

consistent with the interpretation that the Hangingwall Volcaniclastics are correlares of the \Xlhite

Spur Formation.

As a result of these correlations, it is proposed that the Hangingwall Volcaniclastics should not

be included in the Central Volcanic Complex, but rathet, are patt of the Dundas Group.

4.3 Revised stratigraphy of the northern Central Volcanic Complex

The lack of regional stratigraphic subdivisions, inconsistent use of infotmallocal names, and recognition

of regionally mappable compositionally distinct lithologies have ptompted an attempt to define the

internal stratigraphy of the northern Central Volcanic Complex (Table 4.1). No formal stratigraphic

subdivision of the entite northern Centtal Volcanic Complex has previously been attempted.

89



The true stratigraphic thickness of the northern Central Volcanic Complex vaties from greater

than 3 km easr of Rosebery to more than 1.5 kn1 at Mount Read. The northern Central Volcanics

Complex is conformably and disconformably overlain by and in fault contact with the Dundas and

Mount Charter Groups, which are part of the 'XTestern volcano-sedimentary sequences. The lower

contact of the northern Central Volcanic Complex has not been recognised.

It is clear from this study that four regionally mappable, lithologically and compositionally

distinctive formations occur within the northern Central Volcanic Complex: the Sterling Valley

Volcanics, Mount Black Formation, Kershaw Pumice Formation, and Hercules Pumice Formation

(Figs. 4.1 and 4.2). The Sterling Valley Volcanics are essentially unchanged from the informal unit of

the same name. The Mount Black Formation refers to the rhyolitic to dacitic lava- and sill-dominated

part of the informal Mount Black Volcanics. The Kershaw Pumice Formation consists of pumice

rich fades associations and associated rhyolitic and dacitic sills that were previously assigned to the

Mount Black Volcanics. The Hercules Pumice Formation refers to the Footwall Pyroclastics and Host

Rocks in the Rosebery-HercuJes host seguence. It is proposed that the Kershaw Pumice Formation

and the Hercules Pumice Formation are equivalent. Formal definitions of these four formations

follo\\~

4.3.1 Sterling valley Volcanics
The Sterling Valley Volcanics are the oldest exposed part of the northern Central Volcanic Complex,

occurring at the eastern margin of the northern Central Volcanic Complex in the core of a regional

anticline. The base of the Sterling Valley Volcanics has been removed by the Henty Fault and is not

exposed. This formation consists of polymictic mafic b1"eccia, mafic sandstone and siltstone, and

dacitic to basaltic lavas and sills that have a gradational upper contact with felsic (dacitic to rhyolitic)

units of the Mount Black Formation (Fig. 4.1). This gradational and conformable contact is exposed

on the Murchison Highway east of Rosebery (Fig. 4.2; 5373 000 mN, 382 800 mE). The Sterling

Valley Volcanics have a minimum lateral extent of 7 km and true stratigraphic thickness of 1.5 km.

The Sterling Valley Volcanics comprise ten facies interpreted to be lavas, sills and resedimented syn

eruptive volcanic breccias of basaltic to dacitic composition (Chapter 3). The Sterling Valley Volcanics are

interpreted to represent the medial to proximal facies of a submarine basaltic volcanic centre.

Tholeiitic andesites and basalts dominate the Sterling Valley Volcanics but calc-alkaline dacites

are locally present (section 4.5.4). This indicates that tholeiitic and calc-alkaline volcanism were coeval

during early stages of formation of the northern Central Volcanic Complex.

The Sterling Valley Volcanics is exposed on the Murchison Highway between the Henty Fault

and the summit of Mount Black (Fig. 4.2; 5373 000 mN, 382 800 mE to 5374000,384050 mE). The

outcrop is strongly weathered and overgrown, and drill hole intersections (ie. drill holes STP 218 and

STP 234; Figs. 3.11 and 3.12) provide much better sections through the formation.

4.3.2 Mount Black Formati011

The Mount Black Formation (previously part of the Mount Black Volcanics) is exposed in a N

striking belt from Mount Read to Mount Block (Fig. 4.2). It is conformably overlain by pumice breccia
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and pumice-lithic clast-rich bteccia units of the Kershaw Pumice Formation (Fig. 4.1). This contact is

exposed between Mount Read and DalIwirz (Fig. 4.2; 5367 200 mN, 377 700 mE). The Mount Black

Formation has a minimum lateral extent of 20 km and a minimum srratigraphic thickness of 1.6 km.

The Mounr Black Formation is dominated by massive, flow-banded and autobrecciated lavas,

domes, cryptodomes and syn-vo1canic sills that are interpreted to represent the proximal facies of a

dacitic to rhyolitic, mainly effusive and intrusive volcanic complex (Chapter 3).

The calc-alkaline affinity and crustal isoropic signature of the Mount Black Formation conrrasts

with the underlying tholeiitic Sterling Valley Volcanics (section 4.5.4). The J\lount Black Formation

may reflect a change in magma source from mantle-derived, back-arc-type, tholeiitic melt to ca1c

alkaline magma produced by melting of lower crustal rocks.

A possible type section for the Mount Black Formation is on the summit and eaSrern flank of

Mount Read (Fig. 4.2; 5366 325 mN, 378 675 to 379 600 mE), where rhere are good exposures of

both intrusive and extrusive rhyolites and dacites.

4.3.3 Kershaw Pumice Formation
The Kershaw Pumice Formation includes pumice-rich facies associations previously assigned to the

Mount Black Volcanics (including theJones Creek sediments, Fig. 4.2). It occurs in a narrow (>800 m)

N-striking belt from Jones Creek to Mount Kershaw and then in NE-striking fault slices from Mount

Kershaw to north of Mount Block (Fig. 4.2). The Kershaw Pumice Formation has a minimum lateral

extent of 16 km and a maximum measured stratigraphic thickness of 800 m.

The lower contact is commonly the Mount Black Fault (section 4.6.3, Fig. 4.2), but where exposed

or intersected in drill corc, pumice breccia or pumice-lithic clast-rich breccia of the Kershaw Pumice

Formation conformably overlies rhyoliticlavas of the Mount Black Formation. The top of the Kershaw

Pumice Formation comprises a complex arrangement of laterally extensive and discontinuous

volcaniclastic facies and rhyolitic and dacitic lavas and sills (Fig 4.1). These include dacitic pumice

breccia or pumice-rich sandstone (drill holes EHP319, JCP211 and 118R), pumiceous hyaloclastire

(drill holes 78R and 80R) or pumiceous rhyolite (drill hole 120R). Quarrz-feldspar-phyric rhyolite sills

(exposed on Mount Read and in drill holes 56R and 113R) and dacitic sills (east of Rosebery) commonly

intrude the top of the Kershaw Pumice Formation. AtJones Creek and Dallwitz the upper conract is

conformable wirh overlying stratified guarrz-phyric sandstone, siltstone and black mudstone. At

Pinnacles and Burns Peak, the top of the Kershaw Pumice Formation is defined as the base of the

guartz-phyric volcaniclastic facies of the Dundas Group.

The Kershaw Pumice Formation is mainly composed of pumice breccia, pumice-rich sandstone,

shard-rich silt.stone, with lesser proportions of pumice-lithic clast-dch breccia and sandstone, massive,

flow-banded and brecciared rhyolitic and dacitic lavas, cryptodomes and sills. The pumice breccias are

laterally extensive and interpreted to be sourced from an explosive eruption. Compositional similadties

bet\Veen the pumice breccia and rhyolites in the Kershaw Pumice Formation are consistent with the

explosive and effusive products of a single calc-alkaline felsic volcanic centre (section 4.5).
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There is a general decrease in Fe0total and Ti/Zr with increasing Si02 towards the top of the

Kershaw Pumice Formation stratigraphy (section 4.5). However, dacitic pumice breccia near the top

of the formation reverses this trend.

Immobile element variation in facies of the Mount Black Formation and the Kershaw Pumice

Formation are consistent with fractionation from a single parent magma. Rhyolitic and dacitic sills in

the I<ershaw Pumice Formation are texturally and compositionally similar to those in the Mount

Black Formation (section 4.5.4).

A thick dacitic sill with peperitic contacts in the Kershaw Formation east of Rosebery has been

dated at 494.9±4.3 Ma using U-Pb in zircon (perkins and Walshe, 1993). Peperitic contacts imply that

the sill was intruded into unconsolidated pumice breccia. This date is thus a good approximation of

the age of the Kershaw Pumice Formation. This date and another U-Pb in zircon date for the Comstock

Formation at the base of the Tyndall Group south of the Henty Fault (494.4±3.8 Ma), are younger

than other U-Pb in zircon and 40Ar/39Ar in hornblende ages in the Mount Read Volcanics, the older

ages have a mean of 500 Ma (Chapter 2) (perkins and Walshe, 1993; Everard and Villa, 1994). Although

the errors in these dates suggest that the Kershaw Pumice Formation, COD1Stock Formation and

other Mount Read rocks could all be contemporaneous, this study suggests that the Kershaw Pumice

Formation is the youngest part of the northern Central Volcanic Complex, not inconsistent with a

younger age than other parts of the Mount Read Volcanics, However, this date is inconsistent with

stratigraphic relationships south and east of the Henry Fault where the southern Central Volcanic

Complex is intruded by the Cambrian Darwin granire and is unconformably overlain by the Tyndall

Group.

A well exposed type section for the Kershaw Pumice Formation occurs on the flank of Mount

Kershaw along the Pieman Road (Fig. 4.2; 5378 800 mN, 377 750 mE to 5379 550 mN, 378 250 mE).

Excellent intersections also occur in drill hole 120R (Fig. 4.17).

4.3.4 Hercules Pumice Formation
The Hercules Pumice Formation refers to the Footwall Pyroclastics and Host Rocks in the Rosehery

Hercules host sequence, The Hercules Pumice Formation has a minimum stratigraphic thickness of

550 m (Allen, 1992b unpub.) and 12 km lateral extent. The base of the Hercules Pumice Formation is

the Rosebery Fault (Fig. 4.2). The Hercules Pumice Formation is disconformably overlain by the

White Spur Formation (formerly the Ha.ngingwall Volcaniclastics) (R.L. Allen, written communication,

2000). It comprises two informal members: the Footwall member (Footwall Pyroclastics) and the

Host-rock member (Host Rocks).

The Foorwall member is a thick (up ro 500 m), poorly stratified succession of pumice breccia

and rhyolitic and dacitic sills (Lees, 1987; Allen, 1990b unpub., 1994b unpub.). The Host-rock member

is a 5-60 m-thick, discontinuous layer of interbedded pumice-rich sandstone and siltstone at the top

of the Footwall member (Figs. 2.6 and 4.1) (Corbett and Solomon, 1989; Allen, 1991 unpub., 1994b

unpub.). The conract between the Footwall member and the Host-rock member is gradational from

massive, monomictic juvenile pumice breccia to stratified polymictic crystal-lithic clast-rich sandstone

and siltstone (Allen, 1993 unpub.). At Rosebery, a quartz-feldspar-phyric rhyolite sill intrudes the
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contact bet\veen the Foot\:vall member and the Host-rock member.

The Hercules Pumice Formation is interpreted to be the product of large felsic explosive

eruptions, with the Host-rock member reflecring local redeposition at the top of the Foorwall member

and the influx of quartz-bearing sediments (Allen, 1990b unpub., 1991 unpuh.; Large et al., in press

b).

4.4 Structure of the northern Central Volcanic Complex

In the northern Central Volcanic Complex, structures are difficult to identify because of the massive

and unbedded nature of the volcanic succession and the paucity of extensive marker beds. Structural

information Includes sparse bedding, flow-banding, the SI compaction foliation and the regional tectonic

foliation (SiJ. Open, shallowly plunging, N- to NNE-trending folds and brittle-ductile faults dominate

the structure and are parallel to folds and faults in the Dundas Group and equivalents (cf McNeill,

1986) (Fig. 2.5). The northern Central Volcanic Complex is segmented into a number of N-striking

thrust slices (Figs. 4.2 and 4.3).

In the Rosebery and Tullah area, 7 km total displacement is inferred to have occurred on the

major thrust faults causing thickening of the Central Volcanic Complex (Fig. 4.3).

4.4.1 Regionalfoliations
Three major regional planar fabrics are recognised in the northern Cenrral Volcanic Complex, bedding

(So), rhe compaction foliation (SI) and regional tecronic cleavage (SiJ.

Bedding: Sparse bedding (So) in the northern Central Volcanic Comple., generally strikes north;

however changes in strike, clip and younging direction define folds and faults.

COlJ/pactiollftliatioll:The earliest foliation (SI) is a bedding-parallel spaced stylolitic foliation defined

by the alignment of sericite or chlorite-sericite fiamrne and chlorite-sericite-hematite stylolites in the

pumice-rich facies and in originally glassy flow-banded rhyolites, and by hematite stylolites in the

carbonate facies (Fig. 4.4). The sericite or chlorite-sericite fiamme are elongate and ragged with delicate

fe<l.thery terminations and locally preserve flattened tube pumice textures, indicating that they are

altered compacted pumice clasts (Chapter 6). The high proportion of fiamme in pumice-rich facies

commonly results in a foliation which resembles eutaxitic texture in welded pyroclastic deposits (Allen,

1988). This eutaxitic texture is particularly prominent in pumice breccias and the pumiceous margins

of rhyolite lavas in the Hercules and Kershaw Pumice Formations at Rosebery and Hercules (Fig. 4.4).

SI is crenulated by the dominant pervasive axial planar cleavage (SiJ that is associated with

regional folds and shear zones (Fig. 4.4). In areas of strong deformation, fiamme are stretched and

transposed into rhe steeply dipping axial planar cleavage (SiJ and stylolites are crenulated by S2 (Fig.

4.4). SI is interpreted as a pre-tectonic, diagenetic compaction and dissolution fabric (Chapter 6)

(Allen, 1990a; Allen and Cas, 1990 unpub.). Mapping of the compaction foliation by Allen (1991

unpuh., 1994a unpub.) in the Rosebery and Hercules areas, and mapping in tbis study, has shown that

Sl is bedding-parallel and that it can be used to define the orientation of bedding in otherwise massive
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Figure 4.4: Foliations and structures in the northern Central Volcanic Complex. A. 51 defined by a
chlorite-sericite-hematite stylolitic foliation and parallel chlorite-rich fiamme in pumice-lithic breccia
(128R 141.3 m). Non-vesicular lithic clasts and pumice clasts ate variably altered to assemblages of
feldspar-quartz-sericite and cWorite-sericite. B. Photomicrograph (85R 848m ppl) of 51 foliation defined
by chlorite-sericite-hematite stylolites in pumice breccia. C. Photomicrograph (Ppl) of 51 defined by a
cWorite-sericite-hematite stylolitic fabric in feldspar-phyric pumice-lithic breccia (120R, 723 m). 51 is
crenulated by the regional cleavage (50. D. Photomicrograph (120R, 727 m xn) of the two fabrics in
pumice-rich breccias. 51 is a compaction foliation defined by chlorite-sericite-rich lenses (fiamme)
which are enclosed in feldspar-guartz-serieite-rich domains. The feldspar-rich domains preserve
uncompacted shards 52 is the regional cleavage defined by the alignment of sericite. E. Folded fiamme
with an axial planar regional cleavage (50 exposed on the eastern flank of Mount Read. F The east
dipping Rosebery Fault exposed between the Pieman Road and Bastyan Dam north of Rosebery.
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pumice breccia. Mapping of 51 has been crucial in the identification of folds and faults in the northern

Central Volcanic Complex (Fig. 4.5).

RtgiOJJoltectollic cleavage: Two regional tectonic cleavages have been recognised in strongly deformed

parts of the Central Volcanic Complex (Corbett and Lees, 1987; Aerden, 1993). The dominant cleavage

(SiJ is present throughout the Central Volcanic Complex. 52 is axial planar to the main folds (Fi), and

is parallel with the stretching lineation in rocks at Roseber)'. 52 strikes north, dips steeply (easterly to

sub-vertical dips) and yaries from a moderately intense, spaced cleavage to an intense, pervasive

anasromosing cleavage in the most strongly deformed rocks (Figs. 4.4 and 4.5). 52 becomes shallower

adjacent to major brittle-ductile faults (Rosebery Fault, Mount Black Fault and Henty Fault) and grades

with increasing intensity into shear zones. 52 is interpreted to be associated with regional Devonian

deformation (Brathwaite, 1974; Corbett and Lees, 1987; McNeill and Corbett, 1989).

Cl
B

F•

o +
+0 + +

0 •
00

•
+ ++

+
:t + +

A

LEGEND
• Poles to bedding (SO)

a Poles to compation foliation (8 1)

+ Poles to flow-banding

lIP F Poles to regional cleavage (82)

• Fold axis (F2)

Figure 4.5: Stereographic projections of the poles to foliations in the northern Central Volcanic
Complex. A. Poles to bedding (So), compaction foliation (S1) and flow-banding lie on a fan which
suggests that the compaction foliation and to a lesser extent the flow-banding, is parallel to bedding
and that they have been folded by N-plunging open folds. The fold axis plunges 31 ° toward 353°, B.
Poles to regional cleavage (5z) indicate steep, mainly easterly, dips.

4.4.2 Folds

One generation of folds (Fz) is recognised in the northern Central Volcanic Complex. It comprises

open, NNE-trending, upright folds with axial-planar, regionally pervasive 52 cleavage and steeply E

dipping axial surfaces (Fig. 4.5). Parasitic folds defined by rapid changes in younging directions in the

volcaniclastic units are associated with the limbs of F2 folds. F2 folds are disrupted by E-W-striking,

steeply dipping, strike-slip faults (F3)'

The Hercules Pumice Formation and White Spur Formation (formerly Hangingwall Pyroclastics)

occupy a 800 to 1700 m wide block between the Roseber)' and Mount Black Faults. They strike north,
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and young and dip steeply east (Fig. 4.2). The Kershaw Pumice Formation and Mount Black Formation

also dip and young east at their western margin; however towards the east they dip and young west,

The SterlingValley Volcanics dip and young west. These changes in structural orientation are interpreted

to indicate that the Hercules Pumice Formation, \Xfhite Spur Formation, Kersha\v Pumice Formation

and western portion of the Mount Black Formation form the eastern 1mb of an F2 antic1ne. This

NNE-trending, N-plunging regional anticline extends for 20 km from Hercules in the south, to Pinnacles

in the north (Fig. 4.2).

Open folds are present in the northern Central Volcanic Complex. In the Rosebery-Tullah area,

the Mount Black Formation is exposed in a regional sync1ne (Figs. 4.2 and 4.3). Changes in dip define

a number of N-plunging parasitic folds related ro this regional syncline. Across the 6 km-width of the

northern Central Volcanic Complex ar Pieman Road and in the Rosebery-Tullah area, folds and faults

repeat units in the Kershaw Pumice Formation and the Mount Black Formation at a similar stratigraphic

level (Fig. 4.3).

To the east, the Mount Black Formation and Sterling Valley Volcanics are exposed in the core

and on the wesrern limb of a regional N-plunging anticline (Figs. 4.2 and 4.3). This anticline extends

from north of Mount Block ro south of Tullah and is truncated by the Henry Fault (Corbett and

Solomon, 1989). The position of the Sterling Valley Volcanics in the core of the anticline implies that

they are the lowest exposed part of the northern Central Volcanic Complex, underlying the Mount

Black Formation.

4.4.3 Faults and shear zones

Faults and shear zones are common in the northern Central Volcanic Complex, and several generations

of movement have been recognised along major faults (Berry, 1989; Allen, 1991 unpub.).

Faults include N- and NNE-striking, steeply dipping faults, and E-W-striking faults (Fig. 4.2).

Three N-striking faults dominate the northern Central Volcanie Complex: these are the E-dipping

Rosebery Fault and Mount Black Fault, and the W-dipping Henry Fault. A NNE-striking fault is also

exposed along the Murchison Highway towards the rop of Mount Black. E-W-sttiking faults (F3)

offset the Roseber)' and Moum Black Faults (Fig. 4.2).

N-sttiking shear zones within the Mount Black Formation along the Pieman Road and Murchison

Highway are accompanied by intense hydrothermal alteration to assemblages of sericite-pyrite ± chlorite.

These steeply E-dipping shear zones have a reverse sense of movement and are parallel with the

regional Sz cleavage.

RtJsebeo' Fal/II: The Rosebery Fault separates the Dundas Group from the Central Volcanic

Complex north of Hercules and cuts across the Dundas Group south of Williamsford (Corhett,

1986). At Rosebery, the Rosehery Fault rlips 40° to the east (Fig. 4.4) (Corbett and Lees, 1987). This

thrust fault has a minimum down-dip rlisplacement of 1.5 km, a 1 m thick gouge-filled zone and a

zone, ten's of metres thick, of strongly developed slat)' cleavage (Corbett and Lees, 1987). North of

Williamsford mosr displacement at the western matgin of rhe Central Volcanic Complex is taken up

by one main fault, the Roseher)' Fault. South of Williamsford the Roseber)' Fault bifurcates into a
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series of fault splays (R.L. Allen, written communication, 2000). The fault is marked by quartz

tourmaline veins, minor fluorite, pyrJre, galena, chalcopyrite, calcite, gold and silver at Rosebery (Corbett,

1986; Corbett and Lees, 1987). The overlying Hercules Pumice Fotmation have been silicified adjacent

to the fault (Cotbett and Lees, 1987). The paragenesis of veins and hydrothermal alteration in the

fault zone implies that the Rosebery Fault had at least two phases of movement, one in the Middle to

Late Cambrian and a second during the Devonian (Corbett and Lees, 1987, Cotbett and Turner,

1989).

HeIID' Fal/It.- The Henty Fault obliquely bisects the Mount Read Volcanics. It extends for 30 km

from the Henry mine to Tullah and futther north to Mount Cripps whete it steps east on a transfer

fault (Corbett and Komyshan, 1989; Berry, 1989). The Henry Fault separates the northern Central

Volcanic Complex ftom the Farrell Slates (Nlount Charter Group) to the east. It is a major brittle

ductile reverse fault that dips west under the Stetling Valley Volcanics (Berry, 1993 unpub.). The fault

is slightly oblique to bedding in both map view and cross section (Figs. 4.2 and 4.3). In map view; this

discotdance is reflected in the southward truncation of both the Farrell Slates and Sterling Valley

Volcanics (Fig. 4.2). This structural discordance and change in facies eithet side of the fault indicate

major displacement along the Henty Fault.

The Henry Fault has a deformation zone of up to 1 km wide (Corbett and Lees, 1987). Near

Tullah, the fault zone comprises intensely broken, sheared, quartz-veined rock within a strong zone

of silicification (Allen, 1995 unpub.). Adjacent to the Henry Fault cleavage steepens to near vettical

and trends NNE, parallel to the fault (McNeill and Corbett, 1989; Berty, 1993 unpub.).

The Henty Fault has a complex history with at least five fault movement generations: two early

phases of reverse movement, sinistral wrench faulting, wrench faulting and normal faulting (Berry,

1989). The major movement on the fault post-dates Devonian folding (F;,) (Berry, 1989).

MOl/lit Black Falllt: The Mount Black Fault was fitst recognised by Purvis, (1989 unpub.) and

Allen (1990) and defined by Allen (1991 unpub.; 1992b unpub.). It is a thrust fault that juxtaposes the

guartz-phyrie units of the White Spur Formation at Rosebery with the feldspar-phyric Kershaw Pumice

Formation. The Mount Black Fault has been intetsected in drill core between Bastyan Dam and

Hercules. At the sutface, south of Rosebery Lodes, the Mount Black Fault juxtaposes the Kershaw

Pumice Formation and the Hercules Pumice Formation.

The Mount Black Fault is sub-parallel to rhe Rosebery Fault, dipping 28-40° to the east beneath

the Kershaw Pumice Fotmation and the Mount Black Formation. It strikes and dips at a low angle to

bedding and truncates units in the \X'hite Spur Formation, tl,e Kershaw Pumice Formation and basaltic

dykes of the Henry Dyke Swarm. At depth, in tl,e south end of the Rosebet)' mine, the Mount Black

Fault splays into a lower and uppet fault (Fig. 4.6). The lower ductile fault occurs at the White Spur

Formation-Kershaw Pumice Fotmation contact and is defined by a rapid change in lithofacies and a 1

m wide zone of intense sheating and fault gouge. A 1 111 thick zone of fault breccia and abundant

quartz-tourmaline-calcite veins in a 3-10 m wide zone marks the upper fault. These two splays of the

r-fount Black Fault enclose a wedge of plagioclase-ph),ric pumice breccia identical to pumice breccia

in both the Hercules and Kershaw Pumice Formations (Fig. 4.5). South of Roscbery, the Mounr Black
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Table 4.2: Number of whole-rock geochemistry samples analysed fDr the main facies in the
Sterling Valley VDlcanics, the MDunt Black FDrmation and the Kershaw Pumice Formation.

Volcanic facies

Coherent Ihyolite
1vfonomiet:ic myolite bxeccia
Coherent feldspar-phyric dacite
Coherent feldspar-hornblende
phyric dacite
Feldspar-phyric andesite and basalt
Aphyric andesite and basalt
11onoro1ctic mafic breccia

Pumice breccia
Pumice-lithic clast-rich bre.ccia

Crystal-rich sandstone

Polymictic mafic breccia

Quanz-feldspar-phyric rhyolite
I\.fassive basalt and dolerite

Interpretation

coherent facies oflavas and sills
autobreccia and hy2loclastite
coherent facies oflavas and sills
coherent facies oflava domes
and cryptodomes
coherent facies oflavas and sills
coherent facies oflavas and sills
autobreccia and hyaloclastite
sya-eruptive, juvenlle, pyroclastic
resedimented autobreccia,

hyaloclastite ± pyroclastic
post·eruptive, resedimented
sediment
resedimemed syn-eruptive
autobreccia , hyalocIasrite ±
pyroclastic
syn-volcanic sills or dykes
post-lithification dykes

Total number
of samples

30
9
47
8

4
o
o
22
17

6

10
10

Number ofleast
altered samples
11
4
27
6

3
o
o
16
8

6

7
7

used. Detection limits are listed in Appendix C.

CDmplete whole-rock analyses are presented in Appendix D accDrding to facies designatiDn

based on h2.ndspecimen and thinsection descriptions.

4.5.2 Element mobility

The chemical compositiDns Df vDlcanic rocks in rhe Sterling Valley Volcanics, Moum Black Formation

and Kershaw Pumice Formation vary widely, reflecting primary magmatic variation, and the combined

effects Df diagenesis, metamorphism and hydrothermal alteratiDn. AlthDugh, the major oxide and

trace element contents, including Na20, of the least-altered samples are consistent with those of

fresh, unaltered modern calc-alkaline and tholeiitic volcanics (Na20 3-5 wt %, Barrett er al., 1993;

Stolz et al., 1996a unpub.), altered samples have a much greater range, particularly in Na20 content (0

7.24wt %, Appendix D). Typically major elements used for the classificatiDn of fresh, modern VDlc""ic

rocks are mDbile during diagenesis, meramDrphism and hydrothermal alteration (MacLean and

I<:randidiotis, 1987; WhitfDrd et aI., 1989; RDllinson, 1993; McNeill and CDrbert, 1989; Lipman, 1965).

Classification of ancient volcanic rocks relies on the comparison of their immobile element

concentrations with those of modern examples from known tectonic settings (eg. Pearce and Cann,

1973; Winchester and Floyd, 1977; Rollinson, 1993; Barrett and MacLean, 1997).

Elements that are generally considered to be immobile during greenschist facies met~morphism

and hydrodlermal alteration associared with VHMS mineralisation are the high field strength (ie, Ti,

Zr, Hf, Y, Nb, Ta, Th, U) and rare earth elements (REE) (Winchestet and Floyd, 1977; Barrett and

MacLean, 1994). However, some Df these elements, particularly the REE may be mobile under certain

cDnditiDns (FinlDw-Bates and Stumpf!, 1981; Larson, 1984; Wynne and Strong, 1984).

103



rt Strike and dip of tectonic cleavage (S2) N

LEGEND
• Geochemistry sample location

-o78R Drill hole containing geochemistry sample/s

1 km

I

5380000 mN

5375000 mN

o
I

.... Mt Block

Anticlinal fold axis

Strike and dip of compaction foliation (S1)

Synclinal fold axis

Fault

Road

Facing

Coherent rhyolite

Coherent feldspar-phyric dacite

Coherent feldspar-hornblende-phyric dacite

Quartz-feldspar-phyric rhyolite

Monomictic rhyolite/dacitelfeldspar-hornblende
phync dacite breccia

Pumice breccia and pumice-rich sandstone

Strike and dip of bedding (SO)

Feldspar-phyric andesite and basalt

Aphyric andesite and basalt

Shard-rich siltstone

Pumice-lithic clast-nch breccia, sandstone
and siltstone

Crystal·rich sandstone

Polymictic mafic breCCia, mafic volcanic sandstone
and si Itstone

Monomictic mafic breccia

CJ
[L]
IT]

CJ
~
~

o

o
t·:;-':j......

o
V;- :~A..... ~ ...

o
o
G

~ Railway track

~ Mine or maior prospect

~5

)(eor
~45

Figure 4.7: Geology of the notthern Central Volcanic Complex east of the Mount Black Fault. This map shows the distribution of the samples
used for whole-rock geochemistry.



The immobility of elements in the Central Volcanic Complex samples was tested on a texturally

homogenous pumice breccia unit from the Hercules Pumice Formation, for which there are a rdatively

large number (85) of analyses. This pumice breccia unit can be traced laterally through the Rosebery

VHMS alteration zone. Analyses used in this test were carefully selected from the MRCHEM database

(produced on CD-ROM in conjunction with AMIRA project P439 final report, Blake, 1998 unpuh),

and are partly reproduced in Large and Allen (1997 unpub.). Scatter plots of TiOz, Alz0 3, PzOs, Zr,

Nb, V Sc and Y element pairs for least-altered and altered Hercules Pumice Formation pumice breccia

show linear trends, which regress to the origin (Fig. 4.8). This strong correlation of element pairs

implies that there has been no fractionation of these elements relative to each other during emplacement

of the pumice breccia facies or during altetation (cf. MacGeehan and MacLean, 1980). It does not

preclude the small possibility that they have been jointly and equally mobilised. The linear clistribution

of points can be attributed to mass gains and losses of the mobile elements during alteration (ef.

Barrett and MacLean, 1994). Ratios between Ti, Zr, Nb, Sc, ,~ Alz0 3 and PzO, are constant which

suggests that they were all relatively immobile during alteration and metamorphism. Y shows more

variation (Fig. 4.8) which mal' be due in part to primary variations in Y (Ewart, 1979), mobility of Y in

strongly altered rocks, or due to analytical precision of Y

4.5.3 Immobile element geochemistry
In the Sterling Valley Volcanics, Mount Black Formation and Kershaw Pumice Formation, immobile

element compositions of least-altered samples can be used to identify compositional groups. In this

section, only texturally homogeneous volcanic facies, such as the coherent facies of lavas and intrusions,

and syn-eruptive pumice breccias are considered) because these facies have undergone minimal

compositional changes during emplacement.

In the Sterling Valley Volcanics, Mount Black Formation and Kershaw Pumice Formation, least

altered samples show a negative correlation between 5i02contents and Ti/Zr) indicating that 5102 in these

samples has been relatively immobile during metamorphism (Fig. 4.9a). However, altered samples have

considerably more variation in SiOz relative to Ti/Zr, which precludes the use Si02 content to classify

altered rocks (Fig. 4.9b). For these, tl,e fractionation-dependent compatible-incompatible immobile ratio,

Ti/Zr, was used to estimate the primary magmatic composition (cf. Ben,' et aI., 1992; MacLean and

Barrett, 1993; Stolz, 1995). This ratio is dependent on the initial Ti/Zr ratio in the source (Ie. protolith) and

d1e degree of fractionation. Ranges in Ti/Zr for rhyolitic, daciric) andesitic and basaltic cOlnpasitians for

the Sterling Valley Volcanics, Mount Black Formation and Kershaw Pumice Formation were determined

using the SiOz values of the Jeast-altered samples compared with values for samples from unaltered modern

volcanics (Fig. 4.9a and Table 4.3). Altered and least-altered rocks have been dassified primarily on the

basis of their mineralogy and Ti/Zr values (fable 4.3).

Compositions in the Sterling Valley Volcanics, Mount Black Formation and Kershaw Pumice

Formation range from rhyolitic to basaltic (fable 4.4). The least-altered samples can be divided into

three broad compositional groups using plots of immobile elements (fiOz- Zr, TiOrNb, AlZOTZr,

AlP3-Nb, PzOs-SiOz, Ti0z-SiOz and Zr/Sc-SiOz, Fig. 4. 10).

Group]

Group I samples are rhyolites with very low TiOz «0.4 wt 0/<,), low Ti!Zr (4-9), low Alz0 3 (10-16 wt
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Figure 4.8: Plots of immobile element concentrations in altered and least-altered samples from a
homogeneous pumice breccia in the Hercules Pumice Formation (Foot\vall Pyroclastics). A. Zr versus
TiOz. B. Zr versus Y, Nb, V and Sc. C. Zr versus AlZ0 3 and PzOs. D. TiOz versus Y, Nb, V and Sc.
E. TiOz versus AlZ0 3 and PzOs. F. AlZ0 3 versus Y, V and Sc. G. AlZ0 3 versus Nb and PzOs. Linear
trends are due to mass gains and losses of mobile elements (d MacLean and Barrett, 1993) and imply
that Zr, Ti02, AlZ0 3, Nb and Sc were relatively immobile. The Y distribution is more scattered
possibly due to mobility during alteration, inherent primary variations or analytical precision.
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Figure 4.9: Plots of SiOz versus Ti/Zr for A. least-altered and B. altered and least-altered Sterling
Valley Volcanics, Mount Black Formation and Kershaw Pumice Formation. Compositions of least
altered rocks in the northern Central Volcanic Complex range from rhyolitic to basaltic. The negative
correlation between SiOz and Ti/Zr suggests that SiOz was relatively immobile in most samples,
however some altered samples are depleted or enriched in SiOz compared to the least-altered samples.
The plot of least-altered samples was used to determine Ti!Zr ratio ranges that correspond to rhyolitic,
dacitic, andesitic and basaltic compositions.

%), low PzOs «0.1 wt %), high Nb (11-20 ppm) and high Si02 (69-82 wt %). Group 1 includes

plagioc1ase-phyric rhyolitic sills, lavas, pumice breccias and some quartz-feldspar-phyric rhyolitic sills

of the Mount Black Formation and the Kershaw Pumice Formation.

Grmp2

Group 2 samples are dacites characterised by moderate TiOz (0.4-0.8 wt %), moderate Ti/Zr (10-19),

moderate A1Z0 3 (14-17 wt %), moderate PzOs (0.07-0.16 wt %), moderate Nb (8-14 ppm) and high

SiOz (64-72 wt %). Group 2 includes plagioclase-phyric dacitic lavas and sills, plagioclase-hornblende

phyric dacitic lavas, some quartz-feldspar-phyric rhyolite sills and sparse dacitic pumice breccias of

the Sterling Valley Volcanics, Mount Black Formation and Kershaw Pumice Formation.

Group 3

Group 3 samples are andesites and basalts and are characterised by generally high TiOz (004-2 wt %),

variable but high Ti/Zr (26-158), moderate Alz0 3 (8-23 wt %), moderate PzOs (0.05-0.25 wt %), low

Nb «6 ppm) and low SiOz (42-59 wt %). These samples are predominantly basalt or dolerite dykes

of the Henty Dyke Swarm, but also include aphyric and feldspar-phyric basaltic lavas and sills in the

Sterling Valley Volcanics.
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Table 4.3: A. Phenocryst mineralogy and Ti/Zr for different composluom in the Sterling
Valley Voleanics, Mount Black FOrolation and Kershaw Pumice FOrolation, including altered
and least-altered samples. These compositional ranges 2.1"e consistent \Vith the values of Large et
al. (1986 unpub.) for the Central Voleanic Complex. B. Si02 contems for different
compositions of least-altered samples in ciae Sterling Valley Voleanics, Mount Black Formation
and K.ershaw Pumice Formation. These compositional ranges are consistent ~~th the values of
Crawfotd et al. (1992) for the Centtal Voleanic Compiex and for modem subduction-related
volcanics (Ewart, 1979 and 1982).

A

Rhyolite
Dacite
Andesite
Basalt

B

Phenocryst mineralogy

plagioclase ± quartz
plagioclase ± hornblende

plagioclase
plagioclase ± pyroxene ±

hornblende

Ti/Zr
(this study)

4-10
10-20
20-60

60-157

TijZr
(Large et a1., 19B6 unpub.)

4-12
12-20
20-60

60-120+

Rhyolite
Dacite
Andesite
Basalt

SiO,
(this study)

>69 wl %
64-72 wt %
52-59 'wt %

<52 v..1: °/0

SiO,
(Crawford et al., 1992)

>68wt%
64-68 wt %
53-64 wt%

<53 wt%

SiO,
Ewart (1982)

>69wt%

63-69 ""' %
52-63 wt %

<52 wt 0/0

Group 3 can be subdivided into two compositional subgroups (a and b) based on TijZr and Nb

content (Fig. 4.11). Group 3a samples are andesites and basalts and are characterised by generally 111gh

Ti02 (0.5-2 \vt %), Ti/Zr from 26 to 101, l11ghAl20 3 (15-23 wt %), moderate P20S (0.05-0.25 wt %),

low Nb (1-6 ppm) and low SiD, (49-59 wt %). Group 3a is compositionally diverse and includes two

petrographically and texturally distinctive facies: (i) aphyric or weakly plagioclase-phyric basalts and

dolerites, and (ii) coarsely porphyritic, plagioclase ± clinopyroxene ± hornblende-phyric andesites and

basalts. The coarsely porphyrltic rocks plat as a discrete field widUn Group 3a and h2ve low MgO

values (3.5-5 wt %), low SiOz (51-52.5 wr %) 2IJd high Cr (60-107 ppm) and Ni (31-53 ppm) coments

compared with other Group 3a rocks (Fig. 4.11).

Group 3b samples are dolerite dykes characterised by high TiOz (0.4-1 wt %), Ti/Zr from 96 ro

158, moderate AlZ0 3 (12-19 wt %), moderate PzOs (0.06-0.15 wt %), very low Nb « 0.5 ppm) and

low SiOz (42-50 wt %). The Nb abundances are below the detection limit (1 ppm), and although

inaccurate appear to be discinct from the les5 depleted Group 3a. Group 3b is also characterised by

high Cr (53-1326 ppm), Ni (52-266 ppm) and low V (195-245 ppm).

4.5.4 Magmatic affinities and tectonic implicatiollS
A plot of Zr/TIOz versus Nb/Y (Fig. 4.12) distinguishes subduction-related magmas from intraplate or

rift-related alkaline magmas (Winchester and Floyd, 1977). It also discinguishes the various rock groups

within tbese associations thatwouJd normally be determined on Si02 and alkali contents in the absence of

alteration. For the northern Central Volcanic Complex, dUs plot shows that the samples are domin2IJtly

rbyolites and dacires that define a group with a restricted range in Nb/Y 2IJd a broad range in Zr!TiOz

(Fig 4.12). There is a good correlation between the compositional fields in Pigure 4.12 and compositions

based on mineralogy and Ti!Zr (Fig. 4.9 2nd Table 4.3). Feldspar-phyric rb)'olires and quartAeldspar-
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Table 4.4: Average composition of lCHst--nltcrcd volcanic facies in tbe Sterling Valley Volcanics, Mount Black Formation and Kershaw Pwuice Formation. Averages
determined from analyses recalculated to 100% on an anhydrous basis (AppendL'C D).

Pumice-riel, Quartz- Coherent
Monornictic Pumice-lilhic Rhyolilic sandstone Dacilic Feldspar- Coherent feldspar- Massive

Cahalenl thyolite clast·rich pumice and shnrd· pumice phyric feldspar· hornblende· Feldspar- basal! and PQlymictic Crystal·rich
rhyolile breccia breccia breccia rich siltstone breccia rhyolite phyric dacite pllyrlc dacite phyrlc basall dolerite malic breccia sandslone

n=11 0=4 n=S n~10 n=4 n-1 n-7 n=27 n-6 n-4 n-7 n-6 n-1
Major elements (wi %)
Si02 74.47 76.30 74.79 73.39 77.00 66.63 74.21 67.62 68.42 51.59 50.98 62.31 72.18
TiQ2 0.27 0.24 0.24 0.30 0.2.1 \JAB 0.33- 0.57 0.55 0.97 0.95 0.74 0.83
Al203 13.44 13.33 13.41 14.40 12.60 15.93 14.13 15.19 15.29 19.37 17.05 15.44 13.05
Fe203{lolal) 2.83 2.10 2.35 2.99 2.42 5.89 2.87 5.24 4.72 10.71 11.71 7.09 5.97

"'" 2.55 1.89 2.12 2.69 2.18 5.30 2.58 4.72 4_25 9.64 10.54 6.38 5.37
w.-c 0.07 0.00 0.07 0.07 0.13 0.34 0.07 0,17 0,07 0.18 0.28 0,14 0.10
MgO 0.60 0.48 0.59 0.81 0.64 1.44 0.71 1.95 1.44 4.27 6.56 2.94 2.54
CD 1.26 1.21 1.93 1.15 1.24 2.57 0.51 2.83 2.36 8.62 7.39 5.81 0.61
Na20 3.43 3.53 3.20 3.32 2.84 3.60 3.50 3.13 3.79 '2..65 2.95 3.21 2.66
K20 3.56 2.71 3.37 3.52 2.88 3.00 3.60 3.18 3.23 1.32 2.01 2.20 1.92
PZ05 0.05 0,03 0.04 0.05 0.04 0.12 0.06 0.12 0.13 0.13 0.12 0.12 0.12
Total
Trace elements (ppm)
Sa 887 669 944 965 711 902 1035 797 827 513 386 587 484
ee 120 74 83 84 62 84 112 74 72 28 34 54 41
e, 2 2 2 3 2 16 4 22 7 90 215 42 234
Cs{tCPj 2.0 2.1 1.3 1.3 0.6 0 2A 1.1 0.7 1.0 3.6 OA 1.3

'" 5 3 11 8 65 5 8 8 6 141 72 52 3
La 61 37 37 38 29 40 66 34 35 11 16 23 22
Mo(ICP) 1.9 1.0 1A 0.5 0.9 0 0.0 0.3 0.7 0.5 2.0 0.2 1.9
Nb 15 16 16 16 14 15 13 12 12 3 3 9 11
Nd 50 33 36 35 25 38 52 32 32 15 17 25 18
Ni 1 1 1 1 2 11 2 5 2 46 69 12 44
Ph 4 6 4 3 5 3 7 13 7 19 15 14 10
Rb 118 112 122 160 139 106 118 153 91 64 107 148 71
SbiICr) 0.6 1.4 0.6 0.6 0.3 0 0.8 0.6 OA 0.8 1.5 0.6 0.9
Sc 4 , 5 5 3 10 6 13 10 32 38 22 '0
5' 117 '5 10' 100 67 105 123 186 186 351 285 240 114
Th(lep) 10.84 17.55 9.28 8.04 5.77 0 10.73 7.79 10.07 3.41 5.43 4.56 9.05
U(ICP) 4.85 4.86 2.74 2.74 2.51 0 4.42 1.96 2.56 1.05 0.87 1.16 2.02
V 8 5 4 11 7 64 26 94 73 285 287 175 151
y 38 3. 40 39 31 27 36 33 33 25 27 32 20
Zn 27 21 23 38 44 117 59 103 45 106 153 86 152
Z, 258 268 258 268 210 261 220 226 213 97 67 171 187
Ti 1627 146\ 1467 1806 1287 2905 2000 3424 3282 5806 5709 4437 4941

~ Ti/Zr 6.3 SA 5.6 6.7 6.1 11.15 9.3 15.2 15.4 62.9 89.7 31.0 26.4a
'0
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Figure 4.10: Discrimination cliagrams for the three compositional groups of least-altered lavas, sills,
dykes and pumice breccias in the Sterling Valley Volcanics, Mount Black Formation and Kershaw
Pumice Formation. A. Immobile incompatible clement pair TiOz versus Zr. B. Ti02 versus Nb. C.
Ah03 versus Zr. D. AlZ0 3 versus Nb. E. PzOs versus SiOz. F. Zr/Sc versus Si02. Group 3 includes a
subset of plagioclase ± pyroxene ± hornblende-phyric basaltic lavas of the Sterling Valley Volcanics
(dashed line). See Figure 4.9 for key to symbols.

phyric rhyolites plot as rhyolites and rhyodacites. Aphyric and feldspar-phyric andesites and basalts plot as

basaltic andesites. The northern Central Volcanic Complex has low Nb/Yvalues characteristic of subduction

related subalkallne volcanic suites (c£ Winchester and Floyd, 1977).

Groups 1 and 2 rhyolites and dacites are volumetrically abundant (~89 vol %) within the Central

Volcanic Complex. These rhyolites and dacites have similar incompatible element ratios (Zr-Y and Zr

Nb) and negative correlations between compatible elements, incompatible-compatible ratios and Si02

(Figs. 4.1 0, 4.11 and 4.13). This is consistent with Groups 1 and 2 resulting from fractionation of a

single parent magma or separate essentially compositionally identical parent magmas. Petrographically,

the least-evolved rocks in these groups are the feldspar-hornblende-phyric dacites.
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Subalkaline volcanic suites can be elivided into tholeiitic and calc-alkaline associations (Irvine

and Baragar, 1971). Calc-alkaline affinity is commonly defined by a progressive decrease in FeO,otol

and Ti02 with increasing fractionation (increasing Si02 and decreasing MgO), whereas tholelitic suites

show increases in FeO,otol and Ti02 at the mafic end of the spectrum. Tholeiitic and calc-alkaline

associations can also be elistinguished using the incompatible element pair Zr-Y (Lesher et al., 1986;

MacLean and Barrett, 1993). On a Zr-Y scatrer plot, samples from elifferent parental magmas plot as

separate linear fractionation trends that regress to the origin. MacLean and Barrett (1993) assigned

samples with Zr/Y <5 as tholeiitic, Zr/Y =' 7-30 as calc-alkaline, and values between 5-7 as transitional.

The higher Zr/Y of calc-alkaline magmas is interpreted to reflect the compatible behaviour of Y in

calc-alkaline magmas and decreasing Y concentration in the magma during fractionation of hornblende

(pearce, 1982). Groups 1 and 2 are calc-alkaline and transitional, with decreasing FeOtotol as Si02

increases and Zr/Y values between 6-30 (Fig. 4.13). They typically have 2-5 wt % K20, suggesting

affinities with meelium to high-K calc-alkaline series (Fig. 4.13).

Group 3 andesites and basalts are compositionally elistinct from Groups 1 and 2, having different

Zr/Y and Zr/Nb values and plotting on separate trends on P20s/Y-PzOs/Zr and Al20 3/Ti02

AlZ0 3/Zr eliagrams (Figs. 4.11 and 4.13). This indicates that Group 3 samples were derived from

elifferent parental magmas than Groups 1 and 2. The considerable variation in Ti02 and Zr over a

limited SiOz range within Group 3 suggests that although Group 3 samples were probably derived

from similar parental magmas they were not all identical. Group 3 is tholeiitic, with increasing FeO\otal

as MgO decreases and Zr/Y values less than 5 (Fig. 4.13).

A variety of eliscrimination eliagrams using high-field-strengrh elements (HFSE, such as, Ti, Zr,

Y, Nb, P and Th) have been used to constrain rhe tectonic serting of Group 3 basalts (Fig. 4.14; Pearce

and Cann, 1973; Pearce and Norray, 1975; Rollinson, 1993). Group 3 samples are similar to island arc

or back-arc tholeiites, wirh the exception of the high-Ti dykes (Group 3b) which plot in d,e MORB or

back-arc basin tholeiitic field (Fig. 4.14). Group 3 tholeiites are compositionally similar to basalts

erupted during rifting of a volcanic arc and embryonic development of a back-arc basin (cE. Weaver et

al., 1979; Thy, 1992; Shinjo, 1998).

The petrology and tectono-magmatic evolution of the Mount Read Volcanics were examined

on a regional scale by Crawford et al. (1992) using whole-rock geochemistry, and REE. Crawford et al.

(1992) defined three calc-alkaline and two tholeiitic compositional suites to improve chemostratigraphic

correlation within the succession, jdenti~, prospective volcanic associations, and characterise the tectonic

serting. Suite I is a transitional and meelium to high-K calc-alkaline suite which includes rhyolites and

dacites of the Eastern quartz-phyric sequence, Central Volcanic Complex, Tyndall Group, quartz

phyric intrusions, Cambrian granites, and andesites of the Que-Hellyer footwall (Mount Charter Group).

Suite II comprises dacites and andesites of high-K calc-alkaline affinity. Suite III includes calc-alkaline

to shoshonitic andesites and basalts from the Que-Hellyer hangingwall, Lynch Creek and Howard's

Plain (Yolande River sequence). Suite IV comprises tholeiitic andesites and basalts from the Henty

Fault Wedge and basaltic dykes of the Henty Dyke Swarm. Suite V comprises the tholelitic Miners

Creek Basalt.

Groups 1 and 2 rhyolite and dacites of the Sterling Valley Volcanics, Mount Black Formation
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Figure 4.13: Diagrams discriminating magmatic affinity and tectonic setting of least-altered lavas, sills,
dykes and pumice breccias in Sterling Valley Volcanics, Mount Black Formation and Kershaw Pumice
Formation. See Figure 4.9 for key to symbols. A TiOz versus SiOz shows a decrease in TiOz for Groups
1 and 2 rhyolites and dacites with increasing SiOz, whereas Group 3 andesites and basalts increase SiOz. B.
FeOtota! versus SiOz. Groups 1 and 2 lie on a trend of decreasing FeOlOtal with increasing SiOz consistent
with fractionation of a calc-alkaline magma. C. Ti/Zr versus SiOz. Groups 1 and 2 rhyolites and dacites
plot on a single trend consistent with fractionation. D. Y versus Zr. This shows the tholeiitic and calc
alkaline fields as defined by MacLean and Barrett (1993). Groups 1 and 2 plot in the calc-alkal..ine field,
whereas Group 3 is tholeiitic. E. KzO versus SiOz. The high-, medium- and low-K boundaries from Ewart
(1982) indicate that the KzO contents ofGroups 1 and 2 are medium to high-I<, although some spread in
the data is due to the mobility of KzO during alteration and metamorphism. F. FeOTota! versus MgO.
Increasing FeOTota! with decreasing MgO for Group 3 consistent with tholeiitic affinities. G. AlZ0 3/Zr
verSUS Alz0 3/TiOz indicates that Groups 1 and 2 have a different magmatic source from Group 3. H.
PzOs/TiOz versus SiOz. Fields for Suite I, III, N and V from Crawford et al. (1992). Groups 1 and 2 are
Suite I and Group 3 is Suite N of Crawford et al. (1992).
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Figure 4.14: Tectonic discrimination diagrams for least-altered basalts, andesites and polymictic mafic
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B. Ti-Zr discrimination diagram for basalts (after Pearce and Cann, 1973). The fields are: A, island-arc
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MORB. C. Zr!Y-Zr discrimination diagram (after Pearce and Norray, 1979). The fields are: A, volcanic
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Complex plot in fields consistent with arc tholeiites.

and Kershaw Pumice Formation match Suite I of Crawford et al. (1992), with high Si02 (>63 wt %)

and low P20s!Ti02 «0.35) (Fig. 4.13). Group 1 feldspar-phyric rhyolites are the most evolved Central

Volcanic Complex rocks. Rhyolites and dacites of the northern Central Volcanic Complex have Lal

Yb ratios, Sm-Nd isotopic values and eNd values typical of rocks derived largely from crustal melts

(Crawford et aI., 1992.,2000 unpub.; Hollings et al., 2000 unpub.).

Group 3 andesites and basalts of the Sterling Valley Volcanics and the basalt and dolerite dykes

of tbe Henty Dyke Swarm plot within Crawford et al. (1992) Suite IV They have relatively high Ti02

(0.4-2 wt %1) and very low Nb «6 ppm) contents and low P20s!Ti02 «0.25). In the Sterling Valley

Volcanics, dacitic, andesitic and basaltic lavas and sills are intercalated with resedimented autabreccia,

hyaloclastite, polymictic mafic breccia, mafic volcanic sandstone and siltstone. The interpretation of

lavas, sills and dykes is based on the distribution of coherent and autoclastic facies and the nature of

the contacts (Chapter 3). Polymictic mafic breccia facies contains a wide variety of clast types and
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shows a compositional range, plotting both within the field for Group 3 tholeiitic, feldspar-phyric

lavas of the Sterling Valley Volcanics and along a trend towards Group 2 calc-alkaline, feldspar-phyric

dacites (Fig. 4.11). This compositional trend and the intercalation of calc-alkaline feldspar-phyric

dacitic lavas with the tholeiitic andesitic and basaltic lavas suggests that tholeiitic and calc-alkaline

volcanism were coeval during formation of at least part of the Sterling Valley Volcanics.

The presence of intrusions and lavas in the Sterling Valley Volcanics with compositional affinities

with the Henty Dyke Swarm has significant implications for regional stratigraphic correlation and

tectonic interpretations of the Mount Read Volcanics (section 4.7).

4.6 Lithogeochemical comparisons for the Central Volcanic Complex

Three facies associations in the northern Central Volcanic Complex are useful for local and regional

lithogeochemical comparisons: (1) calc-alkaline, rhyolitic and dacitic lavas and intrusions; (2) calc

alkaline pumice breccia; (3) tholeiitic andesites and basalts.

4.6.1 Calc-alkaline, rhyolitic and dacitic lavas and intrusions
The northern Central Volcanic Complex contains abundant feldspar-phyric and guartz-feldspar-phyric

rhyolitic and dacitic lavas, domes and sills. They occur predominantly in the IYfount Black Formation,

but also in the Kershaw Pumice Formation, the Sterling Valley Volcanics and Hercules Pumice

Formation. The identical textures, lithofacies characteristics and compositions of feldspar-phyric dacites

in the Kershaw, Pumice Formation, Mount Black Formation and the Sterling Valley Volcanics have

been described in Chapter 3 and section 4.5.3. Rhyolites and dacites in the Hercules Pumice Formation

also have similar textures, lithofacies characteristics and compositions to those in the Kershaw Pumice

Formation and the Mount Black Formation (Allen, 1991 unpub.). Unlike the rhyolites and dacites in

the I\1ount Black Formation, those in the HercuJes and Kershaw Pumice Formations are dominantly

syn-volcanic sills with peperitic margins (Allen, 1991 unpub.).

Coherent feldspar-phyric rhyolites in the Kershaw Pumice Formation, Mount Black Formation

and Hercules Pumice Formation are compositionally very similar (Fig. 4.15). They typically have high

Si02 (70-78 wt %), low Ti/Zr (4-10), low TiOz (0.16-0.44 wt %), moderate AlzOs (11-15 wt %), low

1'205 (0.01-0.07 wt %) and high Nb (7-18 ppm). Analyses for feldspar-phyric rhyolites and dacites and

guartz-feldspar-phyric rhyolites in the Hercules Pumice Formation are from the MRCHEM database

(Blake, 1998 unpub.), Large and Allen (1997 unpub.) and Large et al. (in press b).

Feldspar-phyric dacites in the Kershaw Pumice Formation, Mount Black Formation and Hercules

Pumice Formation are characterised by moderately high Si02 (63-78 wt %), moderate Ti/Zr (10-19),

low Ti02 (0.2-0.81 wt %), moderate Al20 S (8-22 wt %), moderate 1'205 (0.07-0.25 wt %) and high Nb

(5-16 ppm).

Quartz-feldspar-phyric rhyolites in the Kershaw Pumice Formation, Mount Black Formation

and Hercules Pumice Formation are characterised by high Si02 (67-78 wt %), low Ti/Zr (6-14), low

TiOz (0.25-0.5 wt %), moderate Alz0 3 (12-19 wt %), moderate pZ05 (0.04-0.14 wt %) and high Nb

(9-16 ppm).
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The similarities in mineralogy and whole-rock chemistry among the rhyolites and dacites in the

Kershaw Pumice and Mount Black Formations, and the rhyolitic and dadtic sills in the Hercules

Pumice Formation suggests that they probably had a similar parental magma and source.

4.6.2 Calc-alkaline pumice breccia
Feldspar-phyric pumice breccias are also common in the northern Central Volcanic Comp1ex. They

OCCur in a thick (>550 m, Allen, 1992b unpub.) unit, the Hercules Pumice Formation, along the

eastern side of the Rosebery Fault. They also occur in a thick (>800 m) unit, the Kershaw Pumice

Formation, along the eastern side of the Mount Black Fault from south of Mount Read to north of

Mount Block (Fig. 4.2).

The pumice-rich facies association in both the Kershaw and Hercules Pumice Formations are

generally thick (up to 550 m) and laterally extensive (> 16 km), although commonly disrupted by

faulting, folding and the intrusion of syn-vokanic rhyolitic and dacitic sills. They have similar
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components, textures and lithofacies characteristics (sections 2.6.1 and 3.8)

Pumice breccia in the Kershaw Pumice Formation is composed of plagioclase-phyric tube pumice

clasts (60-90 %), fiamme, shatds (5-20%), plagioclase crystal fragments (5-20 %), and non-vesicular

volcanic lithic clasts (1-5 %) (Chapter 3). Pumice breccia in the Hercules Pumice Formation is also

composed of plagioclase-phyric tube pumice clasts (70-90 %), fiamme, shards (5-10%), plagioclase

Ctystal fragments (10-20 %), and weakly or non-vesicular volcanic lithic clasts (1-3 %) which include

sparse chlorite-altered, subrounded mafic clasts (Lees, 1987; Allen, 1991 unpuh).

Least-altered pumice breccias in the Kershaw and Hercules Pumice Formations have similar

ranges of immobile element concentrations (Table 4.5, Fig. 4.16). Large and Allen (1997 unpub.)

showed that the Hercules Pumice Formation contains a lower rhyolitic part and an upper dacitic part.

Based on plots of immobile element ratios, the pumice breccias in the Kershaw Pumice Formation

can be divided into the same rhyolitic and dadtic groups (Fig. 4.16). Geochemical data fot Hercules

Pumice Formation pumice breccia units are from the MRCHEM database (produced on CD-ROM in

conjunction with MITRA project P439 final report, Blake, 1998 unpub.) and are partIy reproduced in

Large and Allen (1997 unpub.) and Stolz et al. (1996a unpub.).

Least-altered rhyolitic pumice breccias in both the Kershaw and Hercules Pumice Formations

have 68 to 80 wt % Si02 and low Ti/Zr (6.3 to 8.3). They have low Ti02 «OAwt %), low Al20 3 (10

16 wt %), low P20S (0.01-0.07 wt %), low Sc (2-6 ppm) and low V (2-21 ppm) characteristic of

Group 1.

In the Kershaw Pumice Formation, rhyolitic pumice breccia, pumice-rich sandstone and shard

rich siltstone facies show some compositional variations (Fjg. 4.16). The more diverse compositions

occur in the stratified pumice-rich sandstone and shard-rich siltstone facies. Between beds rapid changes

in incompatible immobile element concentrations correspond with observed alternating zircon crystal

poor and crystal-rich beds. Less dramatic variations in composition occur within single pumice breccia

beds. Typically, Ti/Zr is lower in the crystal- and lithic clast-rich base than in the well sorted, normally

graded or stratified tops of beds (Fig. 4.17). These variations mal' reflect the behaviour of Zr and Ti

during fractionation and subsequent deposition. In pumice-rich sandstone, low Ti/Zr (ie. SA, sample

120R 614 m) cortespond with higher than average modal % zircon crystals. This is consistent with the

concentration of largely incompatible Zr into either the original glass or into zircons during fractionation.

In contrast, Ti is compatible and is partitioned into Fe-Ti-rich oxides. Variations in the abundance of

Fe-Ti-oxides and hematite, which may reflect low temperature replacement of titanomagnetite

(Henneberger and Browne, 1988), in the pumice breccia and pumice-rich sandstone facies are generally

consistent with the immobile eJement concentrations. Alternatively, low TijZr at the base of graded

beds of pumice breccia may reflect the presence of lithic clasts with lower Ti/Zr values than the

pyroc1asts.

Least-altered dacitic pumice breccias have 67 to 74 \Vt % SiOz and moderate Ti/Zr (11 to 16).

They have low Ti02(0.4-0.6 wt %), moderate AlZ0 3 (13-17 wt %), moderate PzOs (0.1-0.12 \Vt %),

high Sc (9-13 ppm) and high V (31-84 ppm) charactetistic of Group 2.
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Table 4.5: Comparison of chaxactenstics of least-altered pumice breccia from Kershaw and
Hercules Pumice Formations. Hercules Pumice Formation pumice breccia lithofacies
characteristics from Allen (1991 unpub., 1993 unpub. and 1994a unpub.). Av. = average
composition

Htrctfl~s Pllhlice Kershaw Ptll1Jicr Herc:l!es FtllJ:ia Ker,rhtlw Pumice
FOrtllatio11 r%liticpllllJice Forma/i(J11 rlrJ'OEtic Formation dadliepllmice Formatio!1 dociticPII1»icr
bruda amice breccia breccia breccia

Lithofacies thick, massive or thick. massive and normally graded unit massive to normally
characteristics normally graded units normally graded units with stratified graded or diffusely

with stratified with stratified sandstone tOP stratified breccia or
sandstone or siltstone siltstone tops, lithic sandstone
tops and crystal- and clast-rich bases
lithic clast-ncb bases

Components tube pumice dn.sts, rube pumice clasts, tube pumice clasts, tube pumice Cl'-lsts,
plagioclase crystal plagioclase crystal feldspar crystal plagioclase crystal
fagments. shards~ fragments, shards. fragments. shards, fragments, shards.
rhyolitic and mafic rhyolitic lithic clasts~ fiarome fiarnme, very rare
lithic clasts, mudstone mudstone intraclasts. quartZ crystals«l %)
intraclasts, fmmme fiamme

Number of 31 13 8 2
analyses
SiOz(wr %) 71-80 (Av. 74) 68-80 (Av. 73) 67-74 (Av. 71) 67-70 (Av. 68)
Ti/Zr 6.9-8.3(Av.7.5) 6.3-8 (Av. 6.8) 11.6-13 (Av. 12.3) 11.2-16 (Av.13)
TiOz/P20s 2.9-14 (Av. 7.2) 4.3-17 (Av. 6.6) 4-4.9 (Av.4.3) 4.2-4.8 (Av. 4.5)
Ti02 (wt %) 0.14-0.4 (Av. 0.31) 0.17-0.37 (Av. 0.30) 0.47-0.6 (Av. 0.51) 0.48-0.55 (Av. 0.52)
AbO;> (wt %) 10.8-15.6 (Av. 13.9) 11.6-15.4 (Av. 14.4) 13.7-16.6 (Av.15) 14-16 (Av. 15)
1'205 (wt %) O.D!·om (Av. 0.05) 0.03-0.1 (Av. 0.05) 0.1-0.12 ~'\.v. 0.12) 0.12
Nb (ppm) 11-18 (Av. 14) 13-21 (Av. 16) 11-16 (Av. 13) 13-15 (Av. 13.5)
Sc (ppm) 2-6 (Av. 4) 2·6 (Av. 5) 9-13 (Av. 11) 9-12 (Av. 11)
Tb(ppm) 10-26 (Av. 20) 11.3-20.6 (Av. 16) 10-16 (Av. 13)
V (ppm) 3-14 (Av. 8) 2-21 (Av. 11) 31-42 (Av. 37) 64-84 (Av. 73)
Y (ppm) 29-46 (Av. 35) 29-62 (Av. 39) 35-46 (Av. 40) 27-38 (Av.33)
Zd m) 110-320 (Av. 244 217-302 Av,268) 222-311 (Av. 249) 208-261 (Av.234)

In the Kershaw Pumice Formacion near Rosebery, drill hole 118R intersected a thi.ll (60 em)

interval of dacitic pumice-rich sandstone that overlies rhyoDtic pumice breccia, pumice-rich sandstone

and shard-rich siltstone. This dacitic pumice-rich sandstone is composed of pumice clasts (85 %, 3

mm), lithic clasts (5 %, 1-2 mm), plagioclase crystal fragments (10 %,0.5-2.5 mm), and very sparse

guartz crystal fragments «<1 %,0.5 mm).

Further south between Mount Read and Dallwitz, pumice breccia units and rhyolitic lavas are

conformably ovetlain by a thick (45-100 m) unit of interbedded pumice breccia, pumice-rich sandstone

and silrstone (the Jones Creek sediments). The upper part of the Jones Creek sediments contains

guartz-phyric sandstone and siltstone (2-20 %, 0.5-2 mm), whereas the lower units are feldspar-phyric

(without guartz) pumice breccia or pumice-rich sandstone. One of the lower pumice breccia beds is

dacitic in composition and similar to the dacicic pumice-rich sandstone in drill hole 118R. Ir is composed

of aphyric or plagioclase-phyric rube pumice clasts (80 %, 3 cm), shards (10 %, <0.2 mm), lithic clasts

(5 %, 1 cm), plagioclase crystal fragments (5 %, 1 mm), and very rare guartz crystal fragments «1 %,

0.5 mm).

In the Hercules Pumice Formation at Rosebery and Hercules, dacitic pumice breccia occurs at

the tOp of the Footwall member and is overlain by the Host-rock member (Large, 1996 unpuh; Large

and Allen, 1997 unpuh). The Host-rock member is similar to the Jones Creek sediments comprising

interbedded sandstone and siltstone. which are composed of pumice clasts, shards, plagioclase and
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Figure 4.16: Comparison diagrams for pumice-rich facies association in the Kershaw and Hercules
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quartz crystal fragments (d. Lees, 1987; Allen, 1991 unpub.; Allen and Large, 1996 unpub.).

The magma from which the dacitic pumice breccia and pumice-rich sandstone facies in the

Kershaw and Hercules Pumice Formations were derived was slightly less fractionated than that for

the rhyolitic pumice breccia, pumice-rich sandstone and shard-rich siltstone facies. The dacitic pumice

breccia was either derived from a different magma body, or from deeper within a zoned magma

chamber (Large and Allen, 1997 unpub.).

4.6.3 Tholeiitic andesites and basalts
The Sterling Valley Volcanics comprise dacitic to basaltic lavas and sills and intercalated resedimented

autobreccia, hyaloclastite, polymictic mafic breccia, mafic volcanic sandstone and siltstone, and sparse

black mudstone (Chapter 3). The Henry Dyke Swarm comprises basalt and dolerite dykes (Chapter 3).

Feldspar (± clinopyroxene ± hornblende)-phyric andesites in the Sterling Valley Volcanics are

mineralogically and geochemically distinct from the calc-alkaline feldspar-hornblende-phyric andesites

in the Central Volcanic Complex. However, Group 3 tholeiitic lavas, sills and dykes in the Sterling

Valley Volcanics and Henty Dyke Swarm are comparable with other tholeiites in the Mount Read

Volcanics (Fig. 4.18).

Tholeiitic rocks in the Sterling Valley Volcanics are aphyric or plagioclase ± clinopyroxene ±
hornblende porphyritic and are compositionally characterised by high Ti/Zr (26-158), high TiOz (0.4

2 wt %), very low Nb «6 ppm), high Zr (63-131 ppm) and high PzOs/TiOz (0.09-0.23). This is both

mineralogically and compositionally identical to the Henry Dyke Swarm basalts (Fig. 4.19) which have
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Figure 4.18: AFM diagram for the Sterling Valley Volcanics, Mount Black Formation and Kershaw
Pumice Formation. The calc-alkaline-tholeiite boundary is after Irvine and Barager (1971). Fields for
Central Volcanic Complex calc-alkaline rhyolites, dacites and andesites from Corbett and Solomon
(1989), and for Crimson Creek Formation tholeiites after McClenaghan and Corbett (1985 unpub.).
Fields for Henty Fault Wedge tholeiites, Ewart Creek Track sequence and Henry Valley sequence aftet
Poltock (1992). Fields for Henry Dyke Swarm basalts after Corbett and Solomon (1989) and Crawford
et al. (1992), Howards Plain basalts from Herrmann and MacDonald (1996 unpuh), Miners Ridge
Basalts after Corbett and Solomon (1989) and Sock Creek Basalts after Crawford et al. (1992).
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high Ti/Zr (88-107), TiOz (1-1.6 wt'lo), very low Nb «3 ppm), high Zr (61-194) and low Pps/TiOz
(-0.2) (Crawford et al., 1992).

Other tholeiitic rocks in western Tasmania include: the Henty Fault Wedge, the Sock Creek

basalts, Miners Ridge Basalt, and the Howards Plain basalt breccias (Corbett, 1979; Corbett and

Solomon, 1989; Crawford et al., 1992).

McClenaghan and Corbett (1985 unpub.), Corbett and Lees (1987), and Crawford et aI. (1992)

suggesred that the Henry Dyke Swarm was comagmatic with the western Henry Fault Wedge tholeiitic

basalts. The Henry Fault Wedge occurs between the North Henry and South Henry Faults (Figs. 2.2

and 2.5). It comprises both calc-alkaline and tholeiitic rocks (Corbett and Solomon, 1989; Crawford et

al., 1992). The tholentic rocks have been informally divided into the Ewart Creek Track sequence in

the west and Henry Valley sequence at the eastern margin of the Henty Fault Wedge (poltock, 1992).

The Ewart Creek Track sequence includes: plagioclase-pyroxene-phyric pillow basalt, basaltic

and andesine autobreccia, felsic volcanic breccia, coarse quartz-rich volcanic sandstone, tuffaceous

siltstone and basaltic and dolerite inrrusions (Corbett, 1985 unpuh.; Corbett and Solomon, 1989;

Poltock, 1992). The felsic volcanic breccia includes intervals of massive feldspar-phyric pumice breccia

which is mineralogically and texturally similar to pumice breccia in the Central Volcanic Complex

(poltock, 1992).

The Ewart Creek Track sequence basalts are characterised by moderately high Ti/Zr (30-96),

moderate TiOz (0.34-1.3 wt 'Io), very low Nb «7 ppm), high Zr (60-131 ppm) and low PzOs/TiOz

(0.13-0.26) (data from Poltock, 1992). They are compositionally similar to tholentes of the Henty

Dyke Swarm and Sterling Valley Volcanics (Fig. 4.19). Their association with pumice breccia and

quartz-rich volcanic sandstone is also similar to that in the northern Central Volcanic Complex (0£

Poltack, 1992).

The Henry Valley sequence comprises quartz-rich sandstone, chert, hematitic siltstone, polyn1ictic

volcanic breccia and tholeiitic basaltic andesire lavas (Corbett, 1985 unpub.; Poltock, 1992). The tholentic

basaltic andesites are characterised by high Ti/Zr (82-99), very high TiOz (1.09-3.62 wt %1), high Nb

(4-25 ppm), very high Zr (68-264 ppm), low Ni (32-47 ppm) and low PPs!TiOz (0.12-0.22) (data

from Poltock, 1992). In contrast to tholeiites in the Stetling Valley Volcanics, Henry Dyke Swarm and

Ewart Creek Track sequence, the Henry Valley sequence tholeiites have significantly higher TiOz and

PzOs for equivalent MgO content, Ti/Zr and Pz0s!TiOz (Fig. 4.19). This suggests that they had

differenr parent magmas. These high-Ti Henry Valley sequence tholeiites are unique in the Mount

Read Volcanics.

The Miners Ridge Basalt includes aphyric or olivine-phyric basaltic lavas and intrusions which

occur in the core of an anticline at lVIiners Ridge south of Queenstown (Corbett, 1979).lt is characterised

by a wide range of Ti/Zr (25-150), high MgO (6.9-12.7 wt %), low TiOz (0.4-0.71 wt 'Io), moderate

Nb «3-11 ppm), high Zr (105-151 ppm), high Cr (239-830 ppm) and average PPs/TiOz (0.12-0.22)

(data from Dower, 1991, and Crawford etal., 1992). The Miners Ridge Basalt has higher MgO, Cr and

Nb, and lower TiOz and PzOs than the Henry Dyke Swarm and Srerling Valley Volcanic tholeiites
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Figure 4.19: Correlation diagrams for tholeiitic rocks in the Mount Read Volcanics. A. Ti versus Zr.
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Ewart Creek Track sequence and some affinities with the Howards Plain basalt breccia.
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(Fig. 4.19). The Miners Ridge Basalt is apparently unrelated to other tholeiitic rocks in the Mount

Read Volcanics. It has been tentatively correlated with the Late Proterozoic-Early Cambrian basement

succession (Crimson Creek Formation) onto which rhe Mounr Read Volcanics were emplaced (Dower,

1991; Crawford et al., 1992) .

The tholeiitic Howards Plain basalt breccias are plagioclase-phyric and characterised by moderate

Ti/Zr (39-54), moderate TiOz (0.7-1.1 wt %), low MgO (2.6-6.5 wt %) and high Zr (93-103 ppm)

(Herrmann and MacDonald, 1996 unpub.). These basalts have lower Ti/Zr, TiOz and PzOs at any Zr

value than tholeiites of the Henry Dyke Swarm, Sterling Valley Volcanics and western Henry Faulr

Wedge (Fig. 4.19).

The Sock Creek basalts are mineralogically different from tholeiites of rhe SterlingValley Volcanics

and Henty Dyke Swarm, being olivine-chromite-clinopyroxene porphyritic. The Sock Creek basalts

are characterised by high Ti/Zr (84-88), high MgO (8-9.5 wr%), low TiOz (0.41-0.44 wt %), low PzOs

(0.06-0.08 wt %), low Nb «3 ppm), very low Zr (28-30 ppm), high Cr (370-500 ppm), high Ni (120

137 ppm) and average Pz0s/TiOz (0.12-0.22) (data from Crawford et al., 1992). Discrimination diagrams

(Fig. 4.19) suggest that Sock Creek basalts have some compositional similarities with the tholeiites of

the Sterling Valley Volcanics) Henry Dyke S'\varm and Ewart Creek Track sequence. f-Iowever) at

similar MgO contents, the Sock Creek basalts have less than half the TiOz and Zr contents (Fig. 4.19)

and were probably derived from a more depleted mantle source than the Srerling Valley Volcanics,

Henry Dyke Swarm and Ewart Creek Track seguence basalts.

The similarities in mineralogy and whole-rock chemistry among the aphyric and feldspar-phyric

andesites and basalts of the Sterling Valley Volcanics, massive basalts and dolerites of the Henty Dyke

Swarm and the wesrern Henry Fault Wedge basalts (Ewart Creek Track seguence basalts and dolerites)

strongly suggests these tholeiites are compositionally related and probably had a similar parental magma

and source.

4.7 Implications for the tectono-magmatic reconstruction of the Mount
Read Volcanics

Crawford and Berry (1992) (Chapter 2) proposed that the Mount Read Volcanics represent a phase of

post-collisional volcanism. This is characterised by high-K calc-alkaline andesites and shoshonitic

basalts that were generated by partial melting of subduction-modified, underthrust passive margin

crust. They attributed the tholeiitic basalts of the Henry Dyke Swarm, Hellyer Basalt and Henry Fault

Wedge rocks to extension late in the volcanic history of the Mount Read Volcanics.

Geochemical data presented here, for the northern Central Volcanic Complex, are generally

consistent with the tectono-magmatic setting for the Mount Read Volcanics proposed by Crawford

and Berry (1992). However, tholeiitic volcanism, represented by the Sterling Valley Volcanics at the

base of the Central Volcanic Complex, clearly occurred early in rhe development of the Mount Read

Volcanics, and was partly coeval with felsic volcanism.

The Sterling Valley Volcanics are compositionally similar to tholeiitic basalts erupted during the
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early stages of rifting of a magmatic arc and back-arc basin deYelopment (cf. Weayer et aI., 1979; Thy,

1992; Shinjo, 1998). They may represent a period of crustal extension preceding the post-collisional

magmatism that generated shoshonitic and high-K basalts and andesites in younger parts of the

Mount Read Volcanics (c£ Crawford and Berry, 1992). However the gradational contact between the

tholeiitic Sterling Valley Volcanics and the calc-alkaline Mount Black Formation precludes a significant

time gap between extension-related tholeiitic magmatism and crustal-modified calc-alkaline volcanism.

In addition, compositional similarities berween the tholeiitic Sterling Valley Volcanics and the Henry

Dyke Swarm suggest that mantle-derived magmatism associated with extension was reactivated at the

end of the Central Volcanic Complex time. This implies that the northern Central Volcanic Complex

formed either during repeated periods of extension and relaxation, or that rifting and emplacement

of the tholeiites was simultaneous with the accumulation of crustal-modified calc-alkaline rhyolites

and dacites during extension (cf. Munker and Crawford, 2000; Einse1e, 1982). Extension-related

coeval tholeiitic and calc-alkaline magmatism may have occurred in a back-arc basin either during

volcanic arc-related subduction or during the transition between subduction-related volcanism and

post-collisional volcanism (cf. Tatsumi et aI., 1989; Thy, 1992; Munker and Crawford, 2000).

4.8 Implications for VHMS exploration

This new stratigraphy for the northern Central Volcanic Complex has significant implications for

VHMS exploration in the Mount Read Volcanics.

The Rosebery, Hercules and South Hercules ore deposits are hosted in the same stratigraphic

sequence, the Rosebery-Hercules host sequence (Green et al., 1981; Allen, 1990b unpub.; ABen and

Hunns, 1990 unpub.). Over the last 15 years, mineral exploration in the Central Volcanic Complex has

involved the search for the Host Rocks or eguivalent horizon. In the 1980's, the discovery of massive

sulfide clasts in the base of tbe White Spur Formation and the interpretation that the Hanging'-vaB

Volcaniclastics are correlates of the White Spur Formation concentrated exploration along the contact

between the Central Volcanic Complex and the White Spur Formation (Corbett and Lees, 1987; Corbett

and Solomon, 1989; Corbett, 1992; McPhie and Allen, 1992b).

In the new stratigraphic subdivision, the Host Rocks (Host-rock member) occur in the top of

the Hercules Pumice Formation, which is correlated with the Kershaw Pumice Formation. Dacitic

pumice breccia occurs immediately below the Host-rock member in the Hercules Pumice Formation.

Dacitic pumice breccia could be useful for determining the stratigraphic position and exploration

potential of pumice-rich facies associations in the northern Central Volcanic Complex. The discovery

during this study (section 4.6.2) of dacitic pumice breccia both in the Jones Creek sediments, east of

the Mount Black Fault near Rosebery, and at the DaBwitz VHMS prospect further supportS this.

The correlation of the Hercules Pumice Formation and the Kershaw Pwnice Formation suggesrs

that there is potential for the Host-rock member to be repeated east of the Mount Black Fault. The

Kershaw Pumice Formation is interpreted to include feldspar-phyric pumice breccias that extend NE

towards Mount Block. This suggests the Host-rock member could be exposed north of Pieman Road

in the poorly-explored area between Mount Block and Pinnacles.

125



4.9 Conclusions

The northern Central Volcanic Complex can be divided into four formations, from base to top: the

Sterling Valley Volcanics, Mount Black Formation, Kershaw Pumice Formation, and the Hercules

Pumice Formation. The Kershaw and Hercules Pumice Formations have been correlated based on

detailed facies and structural analysis and lithogeochemical comparisons. The Hangingwall

Volcaniclastics, previously part of the northern Central Volcanic Complex, have been correlated with

the White Spur Furmation and hence this unit is included in the Dundas Group.

The Sterling Valley Volcanics are composed of dacitic to basaltic lavas, sills, dykes and volcaniclastic

facies (Chapter 3). They have a gradational upper contact ,,>ith dacitic and rhyolitic units of the Mount

Black Formation. Basaltic and andesitic lavas and sills have compositions similar to those of back-arc tift

tholeiites. Dacitic lavas and sills have calc-alkaline afftnities and attest to coeval tholeiitic and calc-alkaline

volcanism during formation of the SterlingValley Volcanics. The Sterling Valley Volcanics are interpreted

to have formed during a period of extension and back-arc basin development.

The Mount Black Formation (previously part of the Mount Black Volcanics) includes rhyolitic

and dacitic lavas and sills, and autoclastic facies (Chapter 3). It is conformably overlain by pumice

breccia or pumice-lithic clast-rich breccia units of the Kershaw Pumice Formation. Least-altered lavas

and sills in the 1Vlount Black Formation are calc-alkaline rhyolites and dacites. Variations in immobile

element composition are consistent with fractionation of a single parent magma.

The Kershaw Pumice Formation (previously part of the Mount Black Volcanics) and Hercules

Pumice Formation (including the Footwall Pyroclastics and Host Rocks) comprise regionally extensive

pumice-rich facies association, pumice-lithic clast-rich facies association and rhyolitic and daeitic sills

(Chapters 2 and 3). Pumice breccias and sills in these formations are calc-alkaline rhyolires and dacites

with identical compositions to rhyolites and dacites in the Mount Black Formation. The pumice-rich

facies association and lavas and sills of the Kershaw and Hercules Pumice Formations and l\fount

Black Formation are lnterpreted to be the explosive and effusive products of a single volcanic centre.

Massive, fine-grained feldspar-phyric basalts of the Henry Dyke Swann intrude the northern

Central Volcanics Complex. These are compositionally similar to rift tholeiites erupted during back

arc basin development. They are interpreted to have been emplaced during a period of extension after

formation of the Central Volcanic Complex.

The stratigraphy of the northern Central Volcanic Complex is disrupted and repeated by folds and

faults resulting in substantial thickening of the Central Volcanic Complex between Rosebery and Tullah.

The Sterling Valley Volcanics are exposed at the base of the Central Volcanic Complex in the core of a N

trending anticline. The Hercules and Kershaw Pumice Formations and the Mount Black Formation are

exposed in a series of N-striking thrust slices and open folds. Folding and faulting are interpreted to have

occurred mainly during the Devonian deformation and folding is associated with d,e tegional north

striking, steeply dipping axial planar cleavage (SiJ. Sz overprints an earlier foliation (Sj), which is a bedding

parallel, spaced stylolitic foliation, intetpreted as a diagenetic compaction and dissolution fabric (Allen,

1990a unpuh.; Allen and Cas, 1990 unpub.). Late (post-SiJ E-W faults offset earliet structures,
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Chapter 5
Pumiceous hyaloclastite and peperite in ancient

submarine volcanic successions

5.1 Introduction

Although pumiceous lavas are common in both subaerial (Fink and Manley, 1987; Fink, 1983; Kana et

al., 1991) and submarine settings (pichler, 1965; Fumes er aI., 1980; De Rosen-Spence et al., 1980;

Yamagishi, 1987; Cas et aI., 1990; Kurokawa, 1991; Yamagishi, 1991; Scutter et al., 1998), clastic pumice

is more typically associated with explosive eruptions. In ancient submarine volcanic successions, deposits

of pumice clasts arc commonly interpreted as mass-flow deposits, pyroclastic-flo\'V deposits and deposits

of water-settled fall derived from submarine pyroclastic eruptions, dome-related explosions, or their

resedimented equivalents (Fiske and Matsuda, 1964; Reynolds et al., 1980; Allen and Cas, 1990 unpuh.;

Cas et al., 1990; Kano, 1990; Allen et aI., 1996; Kana, 1996; Kano et aI., 1996; Fiske et aI., 1998). In

addition, pumiceous hyalodastite associared with pumiceous lavas has been recognised (pichler, 1965;

Fumes et al., 1980; De Rosen-Spence et al., 1980; Yamagishi, 1987; Scutter and Cas, 1998 unpub.;

Scutter et aI., 1998). It is clear that both explosive and effusive eruptions generate deposits of coatse

pumice clasts (pumice breccia). In this chapter, t\1,70 varieties of non-explosive pumice breccia, pumiceous

hyaloclastite and peperite, are identified. Pumiceous hyalodastite and pepedte are spatially associated

with pumiceous lavas and intrusions. The potential for shallow intrusions to be pumiceous is not

widely appreciated.

Hyalodastite is produced by in situ quench fragmentation of hot lava or magma on contact with

water, ice or water-saturated sediment (Rittman, 1962; Pichler, 1965; Yamagishi, 1987). Quenching

involves rapid cooling and the formation of contraction fractures in response to anisotropic thermal

stress (pichler, 1965; Yamagishi and Dimroth, 1985; Yamagishi, 1987, 1991). The propagation and

interconnection of second and third order contraction fractures produces in situ breccia of glassy,

blocky and splintery shaped dasts, with planar and curviplanar surfaces (pichler, 1965; Yamagishi,

1987). In situ hyalodastite consists of dasts that fit together like a completed jigsaw puzzle and

implies that there has been no relative movement of the clasts after fragmentation. In clast-rotated

hyaJoclastite, clasts have undergone minor rotation and separation, perhaps during continued flow

and/or intrusion. Resedimented hyaloclastite shows evidence of transport, such as bedding,

stratification, mixing of dasts from texturally different parts of the lava and a lack of jigsaw-fit texture.

Resedimented hyalodastite is typically produced by en masse down slope resedimentation by high

concentration density currents.

Peperite is a texturally complex mixture of disrupted magma and sediment (Schmincke, 1967;

Kokelaar, 1982). Itmay comprise any magma composition and a wide range of sediments (Schmincke,

1967; Busby-Spera and White, 1987; Branney and Suthren, 1988; Hanson and Wilson, 1993; Hunns

and McPhie, 1999). The igneous component is commonly weakly or non-vesicular, glassy or crystalline
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and clasts vary in shape from fluidal to blocky (Busby-Spera and White, 1987; Branney and Suthren,

1988). Peperite is especially difficult to recognise in cases where the igneous component is pumiceous

because pumiceous peperite may resemble other pumice-rich facies common in submarine volcanic

successions and the pumice clasts may be indistinguishable from pumice produced by otber mechanisms.

Peperite forms by in situ disintegration of hot magma intruding into or mingling with

unconsolidated sediment (Fisher, 1960; Williams and McBirney, 1979; White et al., 2000). In peperite,

fragmentation of the magma is due to one or more mechanisms that involve quenching, dynamic

stressing and steam explosions (Kokelaar, 1986). Heating of pore fluid in the sediment may cause

fluidisation that promotes mingling of the sediment and magma (Fisher, 1960; Williams and McBirney,

1979; Kokelaar, 1982, 1986). Sediment can be injected into fractures produced by quenching or steam

explosions (Kokelaar, 1986). This promotes further propagation of the fractures and disintegration

of the igneous component into clasts. The magma may also be insulated from contact with the wet

unconsolidated sediment by an en'lelope of steam, suppressing quenching and steam explosions

(Kokelaar, 1982; Busby-Spera and White, 1987).

In this chapter, rhree examples of pumiceous hyaloclastite and three examples of pumiceous

peperite associated with felsic lavas and syn-volcanic intrusions are described. These examples occur

at two locations: the Cambrian Mount Read Volcanics, Ausrralia, and the Miocene Green Tuff Belt in

the Hokuroku Basin, Japan. The examples of pumiceous hyaloclastite involve non-vesicular to

pumiceous rhyolite (or dacite) surrounded by in situ and clast-rotared pumiceous hyaloclastire. The

examples of pumiceous peperite involve non-vesicular to pumiceous rhyolite enveloped by in siro

pumiceous hyaloclascite and pmniceous peperite. The textures, facies and the distribution of the rhyolite

(at dacite), hl'aloclastire, peperire and the host sediment are described fot each of the examples.

Identification of pumiceous hyaloc1astite and peperite is of critical importance in volcanic facies

architecture and stratigraphic research, providing constraints on the age relationships and timing of

intrusive episodes. Specific criteria that distinguish pumiceous hyaloclastite and peperite from other

pumice-rich facies are considered. Examples of hyaloclastite are identified based on evidence that the

igneous component was quenched and that fragmentation was in situ. The positive identification of

peperite requires evidence that the igneous component was hot, that the sediment was unconsolidated

at the time of mingling, and that mingling occurred in situ at the margins of intrusions or lavas.

Pumiceous hyaloclastite and peperite can be especially difficult to recognise because the igneous

component (pumice) is typically almost entirely glassy and porous, and undergoes dramatic textural

changes during diagenesis.

5.2 Pumiceous hyaloclastite associated with dacitic lava in the Mount
Read Volcanics

5.2.1 Geological setting
Pumiceous hyaloclastite is associated with felsic lavas and sills in the Hercules and Kershaw Pumice

Formations (Fig. 5.1). The Hercules and Kershaw Pumice Formations are dominated by feldspar

phyric rhyolitic and dacitic lavas, syn-volcanic intrusions and syn-eruptive pumiceous volcaniclastic

facies (Chaprer 4). Bedforms and textures wirhin the volcaniclastic units are consistent with deposition
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Figure 5.1: Schematic diagram depicting the stratigraphy and facies architecture of the Central Volcanic
Complex in the Rosebery-Hercules area. 1. Pumiceous hyaloclastite associated with a dacite in the
Kershaw Pumice Formation in drill hole 112R near Rosebery. 2. Pumiceous hyaloclastite associated
with a rhyolitic lava in the Kershaw Pumice Formation, drill hole 120R. 4. Pumiceous peperite associated
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from turbidity currents) debris flows and suspension in a below-wave-base submarine environment.

The lavas and intrusions are commonly highly vesicular or pumiceous at the margins and include

pumiceous autobreccia, hyaloclastite and pepetite. This example of pumiceous hyaloclastite is associated

with the upper matgin of a thick dacite in the Kershaw Pumice Fotmation (previously the Mount

Black Volcanics), near Rosebety (Figs. 5.1 and 5.2). Facies telationships and the sttatigraphic context

of the pumiceous hyaloclastite are well constrained by detailed cote logging of closely spaced dtill

holes in the Rosebery-Mount Black atea.

Pumiceous dacite and pumiceous hyaloclastite at the matgin of a thick (> 138 m) coherent

dacite unit ate pteserved in drill hole 112R (Figs. 3.1, 5.1 and 5.2). The upper contact of the dacite

facies association is a fault and the lower contact is marked by intervals of peperite (dacite-siltstone

breccia) (Fig. 5.2). The dacite facies association overlies shard-rich siltstone at the top of thick (5-20

m), normally graded beds of feldspat-phyric pumice breccia.

5.2.2 Dacitefacies association
The dacite facies association includes four facies: from base to top) monomictic dacite breccia grades

into coherent dacite) vesicular dacite and monorrUctic pumiceous dacite breccia. The dacite facies

association has a total thickness of 138 m (Fig. 5.2).

The coherent dacite facies is massive and 108 m thick (Fig. 5.2). It contains albite-sericite-altered

plagioclase phenocrysts (3%,2 mm) in a feldspar-quartz-sericite groundmass. Sparse vesicles «5%)

in the coherent dacite are filled with chlorite, feldspat and quartz.

The vesicular dacite facies occurs in a 10m-thick interval at the top of the coherent dacite (Fig.

5.2). Vesicular dacite is flow-banded with alternating flow-bands defined by highly (40-50%) and

weakly vesicular (5-10%) bands. Highly vesicular flow-bands resemble rube pumice with feldspar-,

sericite- and less commonly chlorite-filled vesicles. The groundmass is composed of domains of fine

feldspar-quartz-sericite and chlorite-sericite and contains albitised plagioclase phenocC)'sts (3%, 1 mm).

rVlonomicDc pumiceous dacite breccia facies is 17 m thick) massive, poorly sorted and clast

supported (Fig. 5.2A). It comprises blocky, angular, jigsaw-fit, tube pumice clasts (90%,0.1-3 cm) and

angular uncompacted shards (10%, 0.1-1 mm). Pumice clasts are feldspar-phyric (2%, 1 mm) and

altered to feldspar-quartz-sericite and calcite. Originally glassy shards have been replaced by calcite

and albite.

Monomictic dacite breccia facies occurs in two intervals, 3 m and 8 m thick (Fig. 5.2). Monomictic

dacite breccia is massive, poorly sorted, clast-supported and composed of jigsaw-fit blocky, polyhedral

dacite clasts. The dacite clasts are weakly plagioclase-phyric (2%, 1 mm) and angular with planar and

curviplanar margins (Fig. 5.2C). Clasts have been altered to quartz-sericite and are separated by sericite

filled fractures.

5.2.3 Interpretation
The dacite facies association comprises four mineralogically identical facies (2-3%, 1-2 mm plagioclase
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phenocrysts) which have gradational contacts and are interpreted to be genetically related.

The gradational contact between coherent dacite and vesicular dacite facies suggests that

pumiceous domains occur at the margin of the dacite (cf. De Rosen-Spence, 1980; Fumes et al., 1980;

Kurokawa, 1991; Scutter et aI., 1998). Tube vesicles and vesicular flow-bands in the vesicular dacite

facies reflect continued flow and stretching after vesiculation.

The abundance of jigsaw-fit texhlres in the monomictic dacite breccia indicates that clasts were

produced by in situ fragmentation of the coherent dacite. The blocky, polyhedral shapes and cut\~planar

surfaces of dacite dasts are consistent with brittle fragmentation by the propagation and interconnection

of contraction cracks during quenching of the dacite (c£ PicWer, 1965; Heiken, 1972). This is consistent

with the interpretation of the monomictic dacite breccia as in situ hyalodastite.

Similarly, clasts in the monomicric pumiceous dacite breccia were derived from the disintegration

of the vesicular dacite. Blocky and angular clasts, jigsaw-fit textures and the paucity of matrix in the

monomictic pumiceous dacite breccia are typical of quench fragmentation (cf. Pichler, 1965; Yamagishi,

1987). This is consistent with the interpretation that the monomictic pumiceous dacite breccia is in

situ pumiceous hyaloclastite. Although the upper contact of the dacite facies association is not preserved,

the occurrence of pumiceous hyaloclastite supports the interpretation that this facies association was

extrusive (d. Pichler, 1965).

5.3 Pumiceous hyaloc1astite associated with rhyolitic lava in the Mount
Read Volcanics

5.3.1 Geological setting
Pumiceous hyaloclastite associated whh rhyolitic lava(s) in the Kershaw Pumice Formation, near

Rosebery, is preserved in drill hole 120R (Fig. 5.1). Here, the Kershaw Pumice Formation comprises

inrercaJated pumice-lithic clast-rich breccia, rhyolitic lavas and intrusions.

5.3.2 Pumice-lithic clast-rich breccia facies
Pumice-Uthic clast-rich breccia facies (113-130 m, Fig. 5.3) occurs in massive to normally graded beds

up to 125 m thick. These clast-supported, moderately poorly sorted beds have coarse bases (5 em

clasts), thick massive interiors and diffusely stratified, shard-rich siltsrone tops. They are composed of

tube pumice clasts (50-60%, 0.2-2 em), shards (10%, 0.1-1 mm), fiamme (10%, <6 em), plagioclase

crystal fragments (10%, 1-2 mm) and non-vesicular rhyoUte clasts (10-20%, 1-5 em). The pumice

clasts are plagioclase-phyric (10%, 2 mm), blocky to ragged, variably alteted and compacted (Fig.

5.3C). Vesicles in the pumice clasts are feldspar-fiDed and originally glassy vesicle walls have been

replaced by feldspar-quartz-sericite and chlorite-sericite. Originally glassy shards have been altered to

albite or a fine mosaic of feldspar and quartz. Plagioclase crysral fragments and phenocrysts are

altered to albite, calcite and sericite. The non-vesicular rhyolite clasts include flow-banded and massive

perU tic plagioclase-phyric rhyoUte. They are typically blocky and angular with planar and curviplanar

surfaces and have been altered to feldspar-quartz-sericite and chlorite-sericite.

5.3.3 Rhyolite facies association

The rhyolite facies association consists of five facies: coherent rhyolite, pumiceous rhyolite, monomictic
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Figure 5.3: Graphic log of diamond drill hole 120R, from the Kershaw Pumice Formation near Rosebery.
This shO\lls the distribution of coherent rhyolite, pumiceous rhyolite, monomictic rhyolite breccia,
monomictic pumiceous rhyolite breccia, poorly sorted rhyolite breccia and pumice-lithic clast-rich breccia
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133



rhyolite breccia, monomictic pumiceous rhyolite breccia, and poody sorted rhyolite breccia. The rhyolite

facies association has a minimum total thickness of 113 m (Fig. 5.3).

Coherent rhyolite facies occurs in 10- ro 20 m-thick massive to flow-banded intervals (Fig. 5.3).

It contains plagioclase phenocrysts (5%, 2 mm) in a fine mosaic of feldspar-quartz-sericite- or feldspar

quartz-altered spherulites. Flow-bands are defined by alternating cWorite-sericite-calcite and feldspar

quartz-sericite bands. Perlitic fractures in the feldspar-quartz-sericire-altered flow-bands are quartz

sericite filled. Plagioclase phenocrysts have been altered to calcite.

Units of pumiceous rhyolite facies are approximately 1 to 5 m thick (Fig. 5.3). Elongate vesicles

are weakly compacted and feldspar-sericite-filled. Rare chlorite-altered flow-bands resemble fiamme.

The originalJy glassy groundmass has been replaced by feldspat-quartz-sericite, whereas plagioclase

phenocrysts (5%, 1-2 mm) have been partially altered to albite, sericite and calcite.

!vfonomiccic rhyolite breccia is massive, clast-supported, poorly sorted and dominated by jigsa\v

fit textures. The clasts are perlitic, non-vesicular rhyolite with albite-calcite-sericite-altered plagioclase

phenocrysts (5%, 1-2 mm). The clasts are blocky and angular with planar and curved surfaces. They

vary in size from 2 mm to 8 em and have been altered to feldspar-guartz-seridte.

Monomktic pumiceous rhyolite breccia facies occurs in massive, poorly sorted, clast-supported

intervals, approximately 2 m thick (Fig. 5.3). This facies varies from jigsaw-fit to clast-rotated texture

(Fig. 5.3A).lt is composed of blocky, highly vesicular and pumiceous rhyolite clasts (90%, 0.1 - 2 cm)

and shards (10%, <I mm). Clasts contain albite-sericite-a1tered plagioclase phenocrysts (3%, 1.5 mm).

Vesicles in the rhyolite clasts are filled with albite. Clasts and shards have been altered to guarrz

sericite and feldspar-quartz-sericite.

Poorly sorted rhyolite breccia facies occurs in two thick (12-35 m), massive intervals, which are

clast-supported. Clast arrangements are dominated by disorganised, clast-rotated textures with groups

of clasts 10calJ)' preserving jigsaw-fit textures. This facies contains pumice clasts (30%, 0.2-15 em),

flow-banded or perlitic rhyolite clasts (60%, 1-10 em), fiamme (5%,2-6 cm) and a mattix of originalJy

glassy shards (5%, 0.1-1 mm). The pumice and rhyolite clasts are alJ weakly plagioclase-ph)'ric, blocky

and angular to sub-angular and typically have curviplanar surfaces (Fig. 5.3B). They have been altered

to feldspar-quartz-sericite, chlorite-sericite, chlorite-sericite-hematite and calcite.

5.3.4 Facies geometry and relationships
The rhyolite facies association can be divided into two units: A and B (Fig. 5.3). Facies in Rhyolite A

and B have similar distributions and contacts.

The character of the lower contact of Rhyolite A is unknown. Coherent rhyolite, grades up into

pumiceous rhyolite. Pumiceous rhyolite grades into jigsa\v-fit monomictic rhyolite breccia, and then

into jigsaw-fit and clast-rotated monomictic pumiceous rhyolite breccia. i\-Ionomictic pumiceous rhyolite

breccia is overlain by poorly sorted rhyolite breccia.

Rhyolite A is overlain by coherent rhyolite at the base of Rhyolite B (Fig. 5.3). This grades into
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jigsaw-fit monomictic rhyoDte breccia and monomictic pumiceous rhyoDte breccia and then into poody

sorted rhyoDte breccia. Poody sorted rhyolite breccia is ovedain by monomictic rhyolite breccia and

normally graded pumice-Dthic clast-rich breccia (Fig. 5.3).

5.3.5 Interpretation
The rhyoDte facies association comprises five compositionally aod mineralogically identical facies thar

have gradational contacts and are inferred to be genetically related. Clasts in the monomictic rhyoDte

breccia and monomictic pumiceous rhyolite breccia have been derived from the disintegration of the

coherent rhyoDte and pumiceous rhyoDte, respectively. Clast shapes, jigsaw-fit arrangements, abundant

perlite and gradational contacts in these facies are typical of hyaloclastite (cf. Pichler, 1965).

Gradational contacts, local jigsaw-fit textures, the paucity of matrix and textural and mineralogical

similarity between clasts in the poorly sorted rhyolite breccia and other facies in the rhyolite association

are consistent with the clasts being derived from fragmentation of coherent rhyolite and pumiceous

rhyoDte. Polyhedral, blocky, angular pumice clasts and blocky rhyolite clasts with curviplanar margins

suggest that fragmentation was the result of quenching (cf. PieWer, 1965). Poorly sorted rhyoDte

breccia is interpreted to be clast-rotated hyaloclastite in which texturally different clasts were derived

from texturally distinct parts of the rhyoDte facies association (cf. De Rosen-Spence et al., 1980;

Fumes et al., 1980; Yamagishi and Dimroth, 1985). Mixing of the different clast types may have been

aided by down slope rolling or resedimentation. However, the poody sorted rhyoDte breccia facies

lacks stratification and is proximal to source suggesting that any resedimentacion was minimal.

5.4 Pumiceous hyaloc1astite associated with rhyolitic lava in the Green
Tuff Belt

5.4.1 Geological setting
Pumiceous hyaloclastite is associated with the base of a rhyolitic lava dome emplaced onto pumice

breccias at the top of the Nishikurosawa Formation in the Hokuroku District of the Green Tuff Belt,

northern Honshu, Japan (Fig. 5.4). The middle Miocene Nishikurosawa Formation hosts Kuroko

mineralisation within the Hokuroku Basin and is conformably overlain by the Onnagawa Formation

(Figs. 5.4 and 5.5) (Nakajima, 1988). The Nishikurosawa and Onnagawa Formations comprise

interbedded volcanic and sedimentary tOcks (Nakajima, 1988). Volcanic facies in the Nishikurosawa

and Onnagawa Formations are bimodal and consist of tholeiitic basalt and calc-alkaDne rhyolite (Dudas

et a!., 1983; Urabe, 1987). RhyoDtes are commonly referted to as dacites in the Kuroko Dterature

(Ohmoto and Takahashi, 1983; Nakajima, 1988). The Green Tuff Belt has undergone extensi"e

diagenetic alteration, local hydrothetmal alteration and minor deformation (Utada, 1970, Tanimura et

a!., 1983). Generally bedding has a gentle dip ",jth open, N-S-ttending folds (Tanimuta et al., 1983).

Depositional structures (graded beds, planar laminae and cross bedding) in pumiceous sandstone

and siltstone, and the presence of thick intervals of mudstone and foraminifera, constrain the

depositional setting for the Nishikurosawa and Onnagawa Formations to 2000-3000 m below sea

level (Guber and Merrill, 1983).

Pumiceous hyaloclastite is associated with non-vesicular and pumiceous rhyoDte in drill hole
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Figure 5.4: Geology of Hokuroku Basin,japan, showing the distribution of the major lithostratigraphic
units including the Nishikurosawa and Onnagawa Formations. An example of pumiceous hyalodastite
is described from drill hole H065 near Hanoka in the western part of the Hokuroku Basin. Examples
of pumiceous peperire were recognised in diamond drill holes H020 and J6 near the Fukazawa VHMS
deposit. Geology of the Hokuroku Basin after Tanimura et a1. (1993) and the distribution of the
Green Tuff Belt in Japan (striped area on inset map) after Sato (1974).

H065, east of Hanoka in the western Hokuroku Basin (Figs. 5.4 and 5.5). Here, the Nishikurosawa

Formation comprises intercalated pumice-rich facies associations, pumice and rhyolite breccia, rhyolitic

lavas and minor mudstone (Fig. 5.5) (Tanimura et al., 1983).

5.4.2 Pumice-rich facies association
The pumice-rich facies association is composed of pumice breccia, sandstone and siltstone facies.

Thick (up to 15 m) pumice breccia units are normally graded with bioturbated, stratified siltstone tops

(455 m, Fig. 5.6). Sandstone and siltstone occur in upward fining sequences composed of normally

graded, thick (2 m) beds of sandstone and laminated siltstone (single laminations up to 7 mm thick).

These facies comprise tube pumice clasts (60%, <2 em), shards (20%,0.5 mm), fiamme (10%,

1-4 em), plagioclase crystal fragments (7%), 1 mm) and sparse rhyolite clasts (3%, 2-5 mm). Pumice

clasts are blocky or ragged in shape and contain 3-5%, 1 mm plagioclase phenocrysts. They are variably

altered to mordenite, chlorite, muscovite and smectire. Fiamme are green, feldspar-phyric, cWorite

sericite-altered lenses interpreted to be compacted pumice clasts. The rhyolite clasts are blocky, angular,

flow-banded, perlitic, and weakly plagiodase-phyric.

136



Shigenai Formation
~ Interbedded feldspar-phyric pumice breccia,
3 felsic tuff, mudstone and rhyolitic lava.

Kagoya Formation
Interbedded feldspar-phyric pumice breccia

~ and mudstone with rare rhyolitic lavas and
3 basalts. Pumiceous peperite associated with

rhyolitic cryptodome.

Yukisawa Formation
Feldspar-phyric pumice breccia with mino
mUdstone. Abundant rhyolitic lavas, intrusions
and breccias. Massive sulfide. Pumiceous
peperite and hyaloclastite associated with

./>. rhyolitic lava domes.g
3

Hotakizawa Formation
Interbedded mafic volcanic breccia, basaltic
bomb breccia, basalt lava and mudstone.
Rare felsic intrusions.

Sasahala Formation
Interbedded polymictic conglomerate and

[g sandstone.
a
3

''''''-'lJ.,<--::-1

z
(j)
:x:
;;;;
c
:Il

I
"o
:Il
s:
;po
-;
az

Legend

I~'- '-- :- I Coherent rhyolite

Ic':.;.A:0MI Pumiceous lava or intrusion

I~Ll%11 Monomictic rhyolitic breccia

o Pumice breccia

o
[4~'1
~
~-

Basalt

Monomictic basalt breccia

Interbedded sandstone and
mudstone

Non-volcanic sandstone

I~~ .1 Polymictic conglomerate

~ Massive sulfide

Figure 5.5: Schematic diagram of the simplified stratigraphy and facies architecture of rocks in the
Fukazawa area in the central Hokuroku Basin. 3. Pumiceous hyaloclastite associated with a rhyolitic
lava dome, drill hole H06S. 5. Pumiceous peperite at the base of a pumiceous rhyolitic lava dome that
flowed over unconsolidated interbedded mudstone and sandstone, drill holeJ6. 6. Pumiceous peperite
at the margins of a pumiceous rhyolitic cryptodome complex that intruded unconsolidated interbedded
pumice-rich facies, clrm hole H020. Stratigraphy of the central Hokuroku Basin is modified after
Tanimura et aI. (1993), Nakajima (1988), Hodkoshi (1969) and Gillins (1996, unpublished data).

5.4.3 Pumice and rhyolite b"ecciafacies
Pumice and rhyollte breccia occurs in thin (2-S m thick), normally graded beds with sandstone tops

(115 m and 240 m, Fig. 5.6). The components are tube pumice clasts (50%,0.2-4 em), non-vesicular

rh}'olite clasts (30%,0.1-2 em), fiamme (5%, -2 em), plagioclase crystal fragments (5%, 1-2 mm),

mudstone clasts (5%,0.5-2 em) and andesite clasts (3-5%, ~5 mm). The matrix comprises fine non

vesicular rhyolite and pumice clasts and shards. Pumice clasts have 3%, 1 mm plagioclase phenocrysts,
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Figure 5.6: Graphic logof diamond drill hole H065 showing the distributionof interbedded pumice-rich facies,
pumice and rhyolite breccia facies and the rhyolite facies association (coherent rhyolite, pumiceous rhyolite,
monomictic rhyolite breccia, monomiette pumiceous rhyolite breccia and poorly sorted rhyolite breccia). A
Photomicrograph (PpD of pumiceous rhyolite. Mordenite- and chlorite-filled vesicles and originally g!ass~~ chlorite
,muscovite-and smectite-altered tubewalls. B. Photomicrograph (pp~ of jigsaw-fitmonomicticpumiceous rhyolite
breccia with elongate vesicles in adjacent clasts aligned in the same orientation. Mordenite-filled vesicles and
chlorite-, muscovite-, smccclte- and mordenite-altered vesiclewalls. Clastedges are highlighted by the dashedwhite
line. C. Photomicrograph (PpD of bloch..)' tube pumice clasts in the monomictic pumiceous rhyolite breccia.
Pumice clasts display clast-rotnted texture. D. Photomicrograph (pp~ of block·)' and platy tube pumice clasts at
high angles to one another in poorly sorted rhyolite breccia.
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irregular shapes, and are variably compacted. Sub-angular, non-vesicular rhyolite clasts are plagioclase

phyric and included flow-banded and perlitic groundmass textures. Mudstone and fine-grained andesite

clasts are sub-rounded.

5.4.4 Mudstone
Dark grey-brown, laminated and bioturbated mudstone is interbedded with the pumice-rich facies

association. It occurs in intervals of between 2 and 3 m thick, with single laminae approximately 2 mm

thick.

5.4.5 Rhyolite facies association
The rhyolite facies association consists of five facies: coherent rhyolite, monomictic rhyolite breccia,

pumiceous rhyolite, monomictic pumiceous rhyolite breccia and poorly sorted rhyolite breccia. The

rhyolite facies association has a toral thickness of 360 m (Fig. 5.6).

The coherent rhyolite facies occurs in 2- to 112 m-thick intervals (Fig. 5.6). Coherent rhyolite

generally has fine-grained, originally glassy margins that have been replaced by cristobalite or smectite.

It is massive to flow-banded, wi(h plagioclase phenocrysts (3-5%, 1 mm) and chlorite-filled perlitic

fractures.

The pumiceous rhyolite facies occurs in a thin interval (6 m at 300 m, Fig. 5.6). It is plagioclase

phyric (3%, 1 mm) and contains tube vesicles filled with mordenite. Vesicle walls comprise chlorite,

muscovite and smectite (Fig. 5.6A).

IvIonomicric rhyolite breccia facies occurs in massive, poorly sorted, clast-supported intervals

between 5 and 20 m thick (Fig. 5.6). This facies is composed of angular perlitic and flow-banded,

plagioclase-phyric rhyolite clasts that range in size from 0.2 mm to 4 em. They are blocky with curviplanar

margins and have jigsaw-fit texture.

:tvfonomictic pumiceous rhyolite breccia facies occurs in 1\.vo intervals, 2 m and 40 m thick (at

300 m and 340 m, Fig. 5.6). They are massive, poorly sorted and clast-supported, with clast sizes

varying from 0.1 mm to tens of em. Down-hole, textures in the monomictic pumiceous rhyolite

breccia grade from jigsaw-fit clasts to disorganised rotated clasts (Fig, 5.6B and C). The munomictic

pumiceous rhyolite breccia is composed of blocky, polyhedral, angular and pJagioclase-phyric (2%, 1

mm) tube pumice clasts (Figs. 5.6C and 5.7A), The degree of vesiculation in the clasts varies from 45

modal % vesiculation ac 324 m to 70 modal % at 367 m (Fig. 5.6B and C). Pumice clasts are uncompacted

to moderately compacted (Fig. 5.7C). Round vesicles filled with mordenite ate commonly preserved

adjacent to plagioclase phenocrysts. Vesicle walls have been variably altered to chlorite, muscovite,

smectite and mordenite. A thin cristobalite-altered matrix of sub~millimetrepumice clasts occurs

between jigsaw-fit pumice clasts (Fig. 5.6B).

Poorly sorted rhyoli(e breccia facies occurs in a 40 m-thick interval (378-408 m, Fig. 5.6). At the

base, poorly sorted rhyolite breccia is composed of plagioclase-phyric tube pumice clasts (80%,0.1-10

em), banded perlite rhyolite clasts (20%, 0.5-4 em) and sparse grey andesitic lithic clasts (1 %, <2 em).

Some pumice clasts are folded or have fractures perpendicular to the tube vesicles (Fig. 5.7B). The
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Figure 5.7: A. Photomicrogtaph (H065 399.8 m ppl) of blocky tube pumice clasts in monomictic
pumiceous thyolite bteccia. B. Photomicrograph (H065 399.8 m ppl) of a folded pumice clasr in
poorly sorted rhyolite breccia. C. Photomicrograph (H065 367 m ppl) of monomictic pumiceous
rhyolite breccia showing uncompacted and moderately compacted vesicles in pumice clasts. D.
Photomicrograph (H065 399.8 m ppl) of a ladder perlite clast in poorly sorted rhyolite breccia. The
margins of the perlite clast have curviplanar surfaces. Adjacent pumice clasts have been chlorite- and
smectite-altered.

matrix comprises cristobalite- and illite-altered pumice shards. Up-hole, the proportion of tube pumice

clasts to perlitie rhyolite clasts increases until the pedicle clasts are absent and groups of pumice clasts

locally preserve jigsaw-fit textures. The pumice clasts vary from uncompacted, with round vesicles

preserved adjacent to plagioclase phenocrysts, to moderately compacted where the tube vesicles arc

defined by alternating thin bands of chlorite and illite. Perlitic rhyolite clasts are blocky with curviplanar

surfaces (Fig. 5.7D). Andesitic lithic clasts are fine-grained, weakly plagioclase-phyric (2%, 0.5 mm)

and subrounded.

5.4.6Facies geometry and relationships
The rhyolite facies association includes several intervals comprising variable proportions of coherent

rhyolite, pumiceous rhyolite, monomictic rhyolite breccia. monomictic pumiceous rhyolite breccia

and poorly sorted rhyolite breccia. These intervals are interpreted as separate rhyolite units Oavas. lava

lobes or intrusions) (A to E, Fig. 5.6).

Rhyolite A occurs at the base of the rhyolite facies association (459-587 m, Fig. 5.6). It is a 28 m

thick interval of jigsaw-fit monomictic rhyolite that grades into flow-banded coherent rhyolite. Rhyolite

A has intrusive upper and lower contacts.
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Rhyolite B is a 43 m-thick interval of massive, perlitic coherent rhyolite, which has fine-grained

glassy margins.

Rhyolite C, rhe thickest (162 m) of the rhyolite intervals has planar upper and lower contacts

and is overlain by pumice and rhyolite breccia. Ar the base of Rhyolite C is a 30 m-thick interval of

poorly sorted rhyolite breccia which grades vertically into clast-rotated and then jigsaw-fit monomictic

pumiceous rhyolite breccia. l\.lonomictic pumiceous rhyolite breccia grades into pumiceous rhyolite

and then coherent rhyolite.

Rhyolite D is a 127m-thick interval of massive and flow-banded coherent rhyolire with 10- to

20 m-thick intervals of jigsaw-fir monornictic rhyolite breccia. The upper contact is planar and marked

by jigsaw-fit monomictic rhyolite breccia. The lower margin is fine-grained and contains abundant

chlorite-filled perlitic fractures.

Rhyolite E encompasses two thin (3-5 01) intervals of coherent rhyolite separated by pumice

and rhyolite breccia. The coherent rhyolite has irregular intrusive contacts and clasts of silicified

mudstone are incorporated in the lower contact.

5.4.7 Interpretation
The close spatial association, gradational contacts and similar mineralogies (2-5%, 1 mm plagioclase

phenocrysts) of the five facies in the rhyolite facies association suggest that they are genetically related.

The genetic relationship between the coherent rhyolite, pumiceous rhyolite and monomiccic pumiceous

rhyolite breccia is also supported by the gradual increase in the degree of vesiculation away from the

coherent rhyolite (up to 70 modal %).

1\.1Jneralogies, textures, clast shapes and arrangements suggest that the monomictic rhyolite breccia

and monomictic pumiceous rhyolite breccia were derived from quenching of the coherent rhyolite

and pumiceous rhyolite, respectively. This is consistent with the interpretation that the monomiccic

rhyolite breccia and d1e monomictic pumiceous rhyolite breccia are in situ and clast-rotated hyaloclascite

(cf Pichler, 1965; Yamagishi, 1987).

The poorly sorted rhyolite breccia consists of clasts that are texturally and mineralogically similar

ro the spatially associated coherent rhyolite facies and pumiceous rhyolite facies. This suggests that

clasrs in the poorly sorted rhyolite bteccia were derived from different textural facies within the rhyolite

facies association. The gradational contact between monomictic pumiceous rhyolite breccia and poorly

sorted rhyolite breccia suggests thar clasts in the poorly sorted rhyolire breccia have not been transported

any significant distance. The poorly sorted rhyolite breccia was probably derived from the disintegration

of different textural facies during the emplacement of the thyolite (cf Fumes et aI., 1980; Yamagishi

and Dimroth, 1985). Although poorly sorted rhyolite breccia grades into hyaloclastite, folded and

fractured pumice clasts are more consistent '\vith fragmentation resulting from autobrecciation than

quenching (cf. Heiken, 1978; Cas, 1992). Clasts are interpreted to be the product of quench brecciation

and autobrecciation at the margins of the rhyolite facies association. Rare andesite clasts were probably

incorporated into the base of the rhyolite as ir flowed over the substrate.
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The pumice and rhyolite breccia that overlies Rhyolite C contains pumice clasts and non-vesicular

rhyolite clasts, which are mineralogically and texturally similar to those in the monomictic pumiceous

rhyolite breccia and monomictic rhyolite breccia facies. This is consistent with the interpretation that

Rhyolite C was extrusive and that unconsolidated hyalodastite (monomictic pumiceous rhyolite breccia

and monomictic rhyolite breccia) associated with Rhyolite C was exposed on the seafloor and

resedimented. Mudstone and andesite lithic clasts may have been derived from pre-existing deposits.

The thickness (360 m), distribution of facies, contact relationships and textures in the rhyolite

facies association are typical of a rhyolitic lava dome that comprises several lobes of coherent rhyolite

with variable proportions of in situ and clast-rotated hyaloclastite and autobreccia (Fig. 5.8). Rhyolite

C and D have planar upper contacts that may be consistent with lavas, whereas Rhyolites A and B have

intrusive contacts and are enclosed in pumice breccia or between pumice breccia and pumiceous

hyaloclastite. Rhyolite E is interpreted to have intruded into interbedded mudstone and pumice-rich

sandstone.

The intrusive and extrusive contact relationships and complex facies distribution within the

rhyolite facies association arc consistent with many subaerial and subagueous lavas and domes (cf.

Fink, 1980; Heiken and Wohletz, 1987; De Rosen-Spencer et al., 1980; Rose, 1972). Subaerial and

subagueous lavas commonly comprise multiple lobes of which the internal structure is a zoned sequence

o Coherent rhyolite

~Jl~ Jigsaw-fit hyaloclastite

I'?~ IClast-rotated hyaloclastite

IW~·b.~I Poorly sorted rhyolite breccia

HOG5

Pumiceous rhyolite

Jigsaw-fit pumiceous hyaloclastite

Clast-rotated pumiceous hyaloclastite

Pumice and rhyolite breccia

.-... f¥

-...
0 100m
I I

~ Laminations

G Fiamme

0 Pumice breccia

Figure 5.8: Schematic diagram of the distribution of facies in the rhyolite facies association from near
Hanoka in the Green Tuff Belt The rhyolite fades association comprises several lobes of rhyolite and
includes coherent rhyolite, pumiceous rhyolite, monomictic pumiceous rhyolite breccia (interpreted to be
pumiceous hyalodastite), monomictic rhyolite breccia (mterpreted to be hyalodastite) and poorly sorted
rhyolite breccia (interpreted to be a mixture of hyaloclastite and autobreccia). These facies associations are
interpreted to represent a lava dome complex that has been emplaced onto pumice breccia.
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of autobreccia, hyaloclastite, vesicular obsidian and massive obsidian (Fig. 5.8). Rhyolites A and Bare

consistent with lobes of lava that have locally intruded into the hyaloclastite or autobreccia carapace

(Fig. 5.8) (ef. Christiansen and Lipman, 1966; De Rosen-Spence et aI., 1980; Kano et aI., 1991; Scutter

et aI., 1998). Multiple lobes suggest that the growth of the lava dome did not involve simple inflation

from the interior but repeated emplacement of small lobes at the same locality (cf. De Rosen-Spence

et aI., 1980). This is similar to the exongenous growth of subaerial lava domes involving the concurrent

intrusion and extrusion of short lava lobes, each of which includes a carapace of autobreccia (cf.

Fink, 1983; Swanson et aI., 1987).

5.5 Pumiceous peperite associated with a syn-volcanic sill in the Mount
Read Volcanics

5.5.1 Geological setting
Pumiceous peperite is associated with felsic intrusions in the Hercules and Kershaw Pumice Formations

(Fig. 5.1). The example of pumiceous peperite presented here comes from drill core through the

Footwall member of the Hercules Pumice Formation, near Koanya (Fig. 3.1). Facies relationships and

the stratigraphic context of the pumiceous peperite are well constrained by detailed core logging of

closely-spaced drill holes in the area.

The volcanic facies at Koonya are dominated by 60 m-thick, normally graded and stratified

pumice breccia intruded by pumiceous and weakly vesicular rhyolite. Pumiceous peperite at the margin

of a rhyolitic sill is preserved in drill hole KP303 (Figs. 5.1 and 5.9). Pumiceous rhyolite varies laterally

from being a single 150 m-thick unit of coherent rhyolite with a pumiceous upper contact (in KP304)

to several thin « 5 m) intervals of coherent pumiceous rhyolite separated by polymictic pumice

breccia (interpreted to be pumiceous peperite) and stratified pumice breccia (in KP303) (Fig. 5.9).

Pumiceous rhyolite clasts derived from the pumiceous rhyolite are texturally very similar to pumice
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!
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Figure 5.9: Schematic diagram of the distribution of coherent poorly vesicular, coherent pumiceous
rhyolite and polymictic pumice breccia (interpreted to be pumiceous peperite) in stratified pumice
breccia from the Hercules Pumice Formation, near Koonya. These facies associations are interpreted
to represent a syn-volcanic sill that has intruded unconsolidated pumice breccia.

143



clasts in the stratified pumice breccia, making it difficult to distinguish the two types.

5.5.2 Stratifiedpumice breccia
Stratified pumice breccia (562-570 m, Fig. 5.10) occurs in beds up to 60 m thick. Pumice clasts are

moderately well sorted, and beds are normally graded with coarse bases (6 em clasts) and laminated

sandstone-siltstone tops.

Stratified pumice breccia is composed of plagioclase-phyric pumice clasts (70%, 1 mm to 3

em), plagioclase crystals (15%, 1 mm), shards (15%, 0.5 mm) and non-vesicular lithic clasts

(approximately 1%, averaging 5 mm). Plagioclase crystals have been variably altered to albite, sericite

and calcire. Vesicles in the pumice clasts are dominantly tube vesicles although round vesicles are also

preserved. Clasts are both blocky and ragged in shape and show varying degrees of compaction.

Uncompacted clasts are typically altered to albite and disseminated hematite. Strongly compacted

clasts (fiamme) are intensely sericite or chlorite-sericite altered, elongate parallel to bedding (So) and

have feathery terminations (Fig. 5.lOA). Rare lithic clasts include fcldspar-phyric spherulitic, perlitic

and amygdaloidal rhyolite and dacite. The siltstone tops comprise originally glassy shards, pumice

clasts and plagioclase crystals. Laminae are planar, even thickness and continuous with sharp boundaries

and internal grading.

5.5.3 Pumiceous rhyolite
Intervals of rhyolite in the Koonya area vary from 150 m to 3 m in thickness, extend laterally for a

minimum of 100 m (Fig. 5.9) and are conformable with bedding in the stratified pumice breccia. The

rhyolite facies is feldspar-phyric containing 3%, 2 mm plagioclase phenocrysts in a fine-grained

groundmass of feldspar-quartz-sericite. The plagioclase phenocrysts are partially altered to albite and

sericite, The groundmass varies texturally from non-vesicular to vesicular with round and tube vesicles

(pumiceous rhyolite). The vesicles are outlined by thin fIlms of sericite or hematite and filled with

albite.

5.5.4 Polymictic pumice breccia
Intervals of the polymictic pumice breccia facies are up to 15 m truck and have gradational contacts

with pumiceous rhyolite and stratified pumice breccia (533 to 559 m, Fig. 5.10). The polymictic pumice

breccia is composed of plagioclase-phyric pumice clasts, green plagioclase-phyric clasts in a matrix of

plagioclase crystal ftagments and undeformed bubble wall shards. There are two different plagioclase

phyric pumice clast populations: pumice-A and pumice-B.

Pumice-A clasts are uncompacted, plagioclase-phytic (3%, 1.5-2 mm) tube pumice. They are commonly

pale pink or white with a pink rim. Clasts of pumice-A vary from <1 mm to 5 em in length and in shape

from blocky to fluidal. The blocky clasts are equant or elongate parallel to the tube vesicles. They have

delicate feathery edges perpendicular to the tubes and delicately scalloped surfaces parallel to the tubes

(Figs. 5.lIB and D). The plagioclase crystals occur in glomerocrysts surrounded by round vesicles (Fig.

5.11Q, and have been altered to albite, seticite, carbonate or microcrystalline quartz. The originally glassy

vesicle walls are also altered to albite and sericite. Thin films of sericite and!or hematite line tlle vesicle

walls and the vesicles are filled ,,"th albite (Fig. 5.11q. Many clasts contain fine fractures parallel to the tube

vesicles that are filled ,,"th sub-millin1etre quartz and feldspar (Fig. 5.11B).
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Figure 5.10: Graphic log of diamond drill hole KP303 where it intersects intervals of pumiceous
peperite (polymictic pumice breccia) and coherent pumiceous rhyolite. Refer to Figure 5.9 for 1egend.
A. Stratified pumice breccia with chlorite-altered fiamme. B. Polymictic pumice breccia containing
irregular green feldspar-phyric clasts (g) and deformed laminae. C. Large green feldspar-phyric clast
(g) with feathery terminations, surrounded by pale grey, silicified, laminated siltstone. D. Interconnected
green feJdspar-phyric clasts (g) dispersed among pumice-B clasts and fiamme.
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Figure 5.11: A. Photomicrograph (KP303 406 m ppl) of stratified pumice breccia. Sericite fiamme
are transposed into the regional cleavage (S2.1. B, C and D are photomicrographs (ppl) of pumice-A
clasts in polymictic pumice breccia. B. Uncompacted plagioclase-phyric pumice-A clast with feathery
edges perpendicular to the tube vesicles (KP303 533 m). Fractures in the pumice-A clast ate filled with
fine quartz and feldspar and the clast is surrounded by fine silicified mattix. C. Round vesicles preserved
in a pumice-A clast contain thin films of seticite and ate feldspar-filled (KP303 533 m). D. Uncompacted
silicified shards are preserved in the matrix adjacent to a pumice-A clast (KP303 541 m). Further from
the clast, shards are variably compacted and altered to feldspar, sericite and chlorite. The pumice-A
clast has scalloped margins parallel to the tube vesicles.

Pumice-B clasts are phenocryst-rich, containing 10-20%, 1 mm plagioclase phenocrysts. Clasts

of pumice-B ate green, elongate with ragged edges, and are between 0.5 mm and 6 em in length.

Pumice-B clasts are variably compacted and aligned parallel to bedding in the adjacent stratified pumice

breccia. Albite, sericite and carbonate have replaced the original plagioclase phenocrysts. The originally

glassy vesicle \valls are composed of albite. Compacted pumice clasts are commonly altered to serjcite

and/ or chlorite.

Green feldspar-phyric clasts contain 3-5%, 1.5 mm plagioclase phenocrysts in a groundmass of

fine-grained massive chlorite and sericite. The green feldspar-ph)'ric clasts are up to 6 em in length and

have a variety of shapes: blocky and equant; delicately fluidal; wispy and elongate. The blocky clasts

have feathery margins (Fig. 5.1DC) and some preserve tube vesicles that are filled with albite. The

fluidal clasts are commonly interconnected and have random orientations (Fig. 5.1 OD). The elongate

clasts are aligned parallel to bedding in the stratified pumice breccia.

The polymictic pumice breccia is poorly sorted, varying from clast-supported to matrix-supported.
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Intervals of polymictic pumice breccia are massive, however locally discontinuous domains of the

matrix are laminated (Fig. 5.IOD). Laminae are deformed into convolute folds. The proportions of

pumice-A clasts, pumice-B clasts and green feldspar-phyric clasts vary considerably in intervals of

polymictic pumice hreccia. Locally, groups of pumice-A clasts have jigsaw-fit texture either with or

without a fine-grained matrix between the clasts. In domains of jigsaw-fit pumice-A clasts, the rube

vesicles in adjacent clasts are parallel. Elsewhere pumice-A clasts and green feldspar-phyric clasts are

scattered among clasts of pumice-B, shards and feldspar crystal fragments. Pumiee-B clasts and matrix

(shards and feldspar crystal fragments) immediately surrounding (within 2-5 mm) pumice-A clasts

and green plagioclase-phyric clasts are silicified and uncompacted (Fig. 5.11D).

5.5.5 Facies geometry and relationships
The distribution and contact relationships among the stratified pumice breccia, pumiceous rhyolite

and polymictic pumice breccia are complex (Figs. 5.9 and 5.10). Intervals of coherent pumiceous

rhyolite have sharp to gradational lower and upper contacts that are locally disconforrnable with

bedding. Irregular lobes and stringers of pumiceous rhyolite extend up to 50 Col into the surrounding

stratified pumice breccia or polymictic pumice breccia. Commonly there is a gradational contact from

coherent pumiceous rhyolite to jigsaw-fit blocky clasts of pumice to polymictic pumice breccia. Near

the contact between the pumiceous rhyolite and polym..ictic pumice breccia, clasts of pumice-A dominate

the polymictic pumice breccia (Fig. 5.9). Areas of jigsaw-fit pumice-A clasts occur with or without

siUdfied mattix. With increasing distance (between 50 em and 5 m) from the contact with the pumiceous

rhyolite, the polymictic pumice breccia is dominated by pumice-B clasts, with isolated purnice-A and

green feldspar-phyrie clasts. This in turn grades into stratified pumice breccia.

Contact geometries between the stratified pumice breccia and polymictic pumke breccia are

different in the finer tops versus the coarser bases of the stratified pumice breccia. Contacts bet\veen

the siltstone top of pumice breccia beds and polymictic pumice breccia are irregular and laminae in

the siltstone are commonly distorted or absent whhin 10 em of the contact. Immediately adjacent to

the contact, the polymictic pumice breccia is composed of poorly sorted pumice-A clasts, fine-grained

« 2 mOl) pumice-B clasts, feldspar crystal fragments and shards. The polymictic pumice breccia

contains isolated domains of siltstone with convolute and disrupted laminae. Contacts bet\Veen coarser

grained pumice breccia and polymictic pumice breccia are very subtle and gradational, because pumice

clasts in the stratified pumice breccia are texturally identical to pumice-B clasts. Thus contt"lcts are

implied by the presence of pumice-A clasts.

5.5. 6 Interpretation
The pumiceous rhyolite, in situ jigsaw-fit pumice-A clasts at the margins of the rhyolite and pumice

A clasts in the polymictic pumice breccia are mineralogically and texturally identical. Gradational

contacts among coherent pumiceous rhyolite, in situ jigsaw-fit pumice-A clasts and polymictic pumice

breccia, and the silnilar phenocryst assemblages are consistent with the pumice-A clasts being derived

from the pumiceous rhyolire. The presence of jigsaw-fit pumice-A clasts in d,e polymictic pumice

breccia facies indicates that the clasts formed by in situ fragmentation. The curviplanar or scalloped

surfaces on the long axis of some of the pumice-A clasts are consistent with brittle fragmentation,

most likely involving quenching of pumiceous rhyolite (cf. Pichler, 1965; Yamagishi, 1987; Kano et aI.,

1996). Furthermore, pink feldspar-altered rims on purnice-A clasts may reflect fine chilled margins on

the pumice clasts.
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Pumice-A clasts and the green feldspar-phyric clasts in the polymictic pumice breccia are also

mineralogically similar, the main difference being that pumice-A clasts contain weU defined rube vesicles,

whereas the green feldspar-phyric clasts are now commonly structureless. The rare preservation of

feldspar-fiUed tube vesicles and the alignment of elongate green feldspar-phyric clasts parallel to bedding

in the stratified pumice breccia suggest that the green feldspar-phyric clasts are altered and variably

compacted pumice-A clasts.

Pumice-B clasts and pumice clasts in the stratified pumice breccia are similar, both being

phenocryst-rich tube pumice with approximately 15%, 1 mm plagioclase phenocrysts. The stratified

pumice breccia facies is composed of finely fragmented pumice clasts, shards and crystal fragments.

These components arc interpreted to be juvenile pyroclasts produced by an explosive silicic eruption.

The polymictic pumice breccia is thus composed of two pumice clast populations, one derived

from the pumiceous rhyolite and the other derived from explosive eruptions that also supplied pumice

clasts in the stratified pumice breccia. The gradation from close-packed jigsaw-fit pumice-A clasts to

pumice-A clasts dispersed in stratified pumice breccia dominated by pumice-B clasts and shards,

implies that mixing of pumice-A clasts with the sttatified pumice breccia occurred in situ and did not

involve significant transport of either component.

Pumlce-B clasts and shards are uncompacted in the zones of silicification surrounding pumice

A clasts, whereas pumiee-B clasts elsewhere show varying degrees of compaction1 suggesting that

silicification took place prior to compaction. One possibility is chat pumice-A clasts were hot1 and

locally baked or indurated pumice-B clasts and shards.

The disruption of laminae in the siltstone tops of the stratified pumice bteccia both at the

contacts with pumiceous rhyolite and in domains within the polymictic pumice breccia indicates that

the stratified pumice breccia was unconsolidated and probably wet at the time of mixing. Local

deformation of this nature may be the result of fluidisation and dynamic mixing of the wet

unconsolidated sediment and the pumiceous rhyolite (I<:okelaat, 1982).

In situ fragmentation of pumice-A clasts, interfingering relationships among the pumiceous

rhyolite and pumice breccia facies, and local induration of the stratified pumice breccia are all consistent

with the interpretation that the polymictic pumice breccia is pumiceous peperite. Pumiceous peperite

was generated at both the top and botrom contacts of the pumiceous rhyolite. The irregular upper

contacts, presence of peperite and conformable geometry of the rhyolite at Koonya suggest that it is

a shallow syn-volcanic sill emplaced into wet unconsolidated pumice breccia (Fig. 5.9).

5.6 Pumiceous peperite and hyaloclastite associated with a lava dome in
the Green Tuff Belt

5.6.1 Geological setting
Pumjceous peperite is associated with the base of a pt;1miceous rhyolitic lava dome emplaced onto

siltstone in the Nishikurosawa Formation in the Hokuroku District of the Green Tuff Belt (Fig. 5.4).

Pumiceous pepedte and hyaloclastite were recognised in drill hole J6, southwest of the Fukazawa
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mine in central Hokuroku Basin (Figs. 5.4 and 5.12). Here the Nishikurosawa Formation comprises

Jntercalated basaltic lava, agglomerate, volcanic breccia and mudstone that are conformably overlain

by rhyolitic lava, pumice-lithic clast-rich breccia, sandstone and minor mudstone (Fig. 5.5) (Tanimura

et al., 1983).

5.6.2 Interbeddedpumice-lithic clast-rich breccia and sandstone
Pumice-lithic clast-rich breccia beds are up to 40 m thick and normally graded with stratified siltstone

tops and lithic clast-rich hases (500 to 620 m, Fig. 5.12). Pumice-lithic clast-rich sandstone beds ate

typically 10-20 m thick, normally graded and diffusely stratified (Fig. 5.12). In both facies, the

components are tube pumice clasts (75%, 0.2-1.5 em), glass shards (10%,0.2-0.3 mm), non-vesicular

rhyolite clasrs (7%, 0.2-2 cm), feldspar crystal fragments (5%, 0.2-1.5 mm), green feldspar-phyric

fiamme (5%, < 2 cm) and mudstone clasts «1%). All original glass is completely altered. The plagioclase

phyric (50/0) 1-1.5 mm) pumice clasts are variably altered to saponite, cristobalite, analcime, sericite or

chlorite. The vesicles are commonly filled with mordenite. Pumice clasts are blocky or wispy and are

both compacted and uncompacted. Glass shards have been altered to analcime. The non·vesicular

rhyolite clasts include aphyric perlitic rhyolite, and plagioclase-phyric (3%, 1 mm) spherulitic and

flow-banded rhyolite. The non-vesicular clasts are sub-angular and blocky with arcuate surfaces.

Plagioclase phenocrysts are partiaUy replaced by montmorillonite and saponite, \vhereas the groundrnass

is cristobalite or a mosaic of fine quartz and feldspar. Perlitic fractures are filled with chlorite. The

green feldspar-phytic fiamme contain 5%, 1.5 mm plagioclase phenocrysts in a groundmass of fine

chlorite, sericite and saponite. The long axes of the fi.mme are aligned parallel to bedding. In some

fiamme, rube vesicles are preserved where they have been filled with analcime or mordenite. Ivludstone

clasts are elongate and ragged.

At the base of the pumice-lithic clast-rich breccia beds, pumice clasts average 1 to 1.5 cm, lithic

clasts are less than 2 em and rare mudstone clasts are between 0.5 to 5 cm in length. The stratified

siltstone tops contain sparse outsize (1.5 -3 cm) pumice clasts and fiamme. Convolute laminations,

flames and load structures are typical of the upper contacts. The diffusely stratified sandstone commonly

has feldspar crystal-rich bases that grade up-hole into pumiceous siltstone and grey mudstone. Locally

the mudstone is bioturbated.

5.6.3 Interbedded mudstone and sandstone
Interbedded brown to dark grey mudstone and volcanic sandstone occur in intervals between 60 em

and 6 m thick (795 to 810 m, Fig. 5.12). Sandstone beds are less than 20 cm thick, massive and tabular.

The mudstone is laminated and bioturbated.

5.6.4 Rhyolitejacies association
The rhyolite facies association consists of three facies: coherent rhyoLite, pumiceous rhyolite, and

monomictic pumiceous rhyolite breccia, The rhyolite facies association has a total maximum thickness

of 90 m and has been intruded by syn-volcanic basaltic sills (Fig. 5.12). A basaltic sill separates the top

of the rhyolite facies association from rhe overlying interbedded pumice-lithic clast-rich breccia and

sandstone. At the base of the rhyolite, monomictic pumiceous rhyolite breccia grades into pumiceous

rhyolite-mudstone breccia (806 m, Fig. 5.12).

149



500 m -.----~_______,

600m

,..
..

700 m

800m

1/16 2

A

64mm

f:::::: 1Poorly vesicular coherent rhyolite I%.z;:1 Pumice-lilhicclast-rich breccia ~ Mudstone clast

~ Monomictic poorly vesicular rhyolite breccia g.-ttl laminated sandstone and siltstone [3 Fiamme

I';; .• '·1 Pumiceous coherent rhyolite ~::===:j Interbedded mudstone and sandstone A Facing direction

I!5.<J§.3IMonomictic pumiceous rhyolite breccia E::::=:J Basalt

~ Pumiceous rhyolite-mudstone breccia Lt::!J Basaltic volcanic breccia

Figure 5.12: Graphic log of diamond drill holeJ6 from the central Hokuroh.l1 basin, showing the disttibution of
interbedded pumice-lithic clast-rich breccia and sandstone, intetbedded mudstone and sandstone, pumiceous
rhyolite, monomictic pumiceous rhyolite breccia and pumiceous rhyolite-mudstone breccia facies. A.
Photomicrograph (PpD of the contact between pumiceous rhyolite and monomictic pumiceous rhyolite breccia.
Tube vesicles in the pumice dasts are commonly aligned parallel to tube vesicles in the pumiceous rhyolite. B.
Photomicrograph (PpD of pumiceous rhyolite. Roundvesicles are preserved adjacent to the plagioclase phenocryst.
Vesicles are momenite-filled and originallygbssy \valls are replaced by sericite. C. Photomicrograph (PpD of poorly
vesicular coherent rhyolite. The groundmass contains abundant arcullte, chlorite-filled peclinc fractures and sparse
cWorite-montrnorillonite-filled vesicles. D. Photomicrograph (PpD of monomictic pumiceous rhyolite breccia
with uncompacted and compacted (fuunme) tube pumice clasts.
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The coherent rhyolite facies occurs in 1-5 m intervals and grades vertically into pumiceous

thyolite and jigsaw-fit and clast-rotated monomictic pumiceous rhyolite breccia (Fig. 5.12). The coherent

rhyolite contains 3%, 1 mm plagioclase phenocrysts in a massive or flow-banded, fine groundmass of

quartz-feldspat or cristobalite. Flow-bands are defined by either microspherulitic Ot formerly glassy

perlitic bands. Overlapping arcuate perlitic fractutes are filled with chlorite (Fig. 5.12C). Coherent

thyolite varies from non-vesicular to poorly vesicular rhyolite (-7 modal %). Vesicles are filled with

montmorillonite or chlorite and quartz (Fig. 5.12C).

A pumiceous interval (-70 modal % vesicularity) occurs at the margins of the coherent rhyolite.

Pumiceous and non-vesicular flow-bands also occur in the upper 30 m of rhe rhyolite (Fig. 5.12).

Tube vesicles in the pumiceous rhyolite are filled with either rnordenite or montmorillonite. Round

vesicles are preserved immediately adjacent to plagioclase phenocrysts (Fig. 5.12B). The originally

glassy walls are variably altered to sericite and mordenite.

The monomictic pumiceous rhyolite breccia facies occurs in intervals up to 20 m thick and

grades into coherent pumiceous rhyolite and pumiceous rhyolite-mudstone breccia facies (Fig. 5.12).

It is poorly sorted, clast-supported and massive with clast sizes varying from 0.5 mm to tens of em.

The plagioclase-phyric (3'/<" 2 mm) tube pumice clasts have been altered to sericite and mordenite.

Round vesicles filled with mordenite are preserved adjacent to plagioclase phenocrysts in the pumice

clasts. The clasts ate angulat with ragged ends and blocky to rabular shapes (Fig. 5.12A). Some clasts

are compacted and altered to chlorite (Fig. 5.12D). The tube vesicles in adjacent clasts have tandom

otientations (Fig. 5.12A) although locally groups of clasts show jigsaw-fit textute.

5.6.5 Pumiceous rhyolite-mudstone breccia facies
Three intervals of pumiceous rhyolite-mudstone breccia facies occur at the base of the rhyolitic fades

association (790 to 810 m, Fig. 5.12). A 4 m-thick interval of pumiceous rhyolite-mudstone breccia

grades vertically up into monomictie pumiceous rhyolite breccia facies and down into interbedded

mudstone and sandstone. Intervals of pumiceous rhyolite-mudstone breccia a few em thick also occur

below and above a 2 m-thick interval of pumiceous rhyolite below the main contact.

The pumiceous rhyolite-mudstone breccia facies is poorly sorted and massive. It is dominated

by close-packed pumice clasts in a fine-grained silicified mattix. The matrix is commonly limited to

thin seams or stringers of mudstone between pumice clasts although at one contact pumiceous rhyolite

clasts are isolated in massive mudstone. The pumice clasts vary in size from 1 mm to several tens of

em and have thin selvedges of pale green silicified mudstone. The pumice clasts are blocky, vatiably

compacted and plagioclase-phyric (3%, 1 mm).

5.6.6 Interpretation
Coherent rhyolite, pumiceous rhyolite and monomictic pumiceous rhyolite breccia arc dosely spatially

associated, and have gtadational contacts and identical phenocryst populations and mineralogy. The

pumice clasts in the 111onomictic pumiceous rhyolite breccia are texturally similar to the pumiceous

rhyolite. This suggests that these three facies are genetically related and that the pumice clasts in the

monomictic pumiceous rhyolite breccia are derived from disintegtation of the pumiceous rhyolite. In

particular, clast shapes and arrangement in the monomictic pumiceous rhyolite breccia are typical of
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clast-rotated hyaloclastite (cf. Pichler, 1965).

The gradational contacts between monomietic pumiceous rhyolite breccia, pumiceous rhyolite

mudstone breccia and mudstone are consistent \vith the interpretation that the pumiceous rhyolite

intruded and mingled with mud to produce pumiceous pepedte. Silicified mudstone between pumice

clasts and in fractures in the rhyolite inclicate that the mud was unconsolidated and remobilised during

emplacement of the rhyolite. As the rhyolite lava flowed over or intruded the wet unconsolidated

mud, mud was injected into fractures in the rhyolite and subseguently baked (cf. Busby-Spera and

White, 1987). The thickness (90 m) of the rhyolite facies associadon and the abundance of clast

rotated textures in the monomictic pumiceous rhyolite breccia are consistent with a rhyolitic lava

dome or cryptodome (cf. Scutter et aI., 1998). The simple gradadon from coherent non-vesiculat

rhyolite through pumiceous rhyolite to jigsaw-fit textured and clast-rotated monomictic pumiceous

rhyolite breccia suggests that growth of the lava dome involved endogenous expansion from the

interior during a single eruptive phase.

5.7 Pumiceous peperite and hyaloc1astite associated with a cryptodome
in the Green Tuff Belt

5.7.1 Geological setting
Pumiceous hyaloclastite and peperite in drill hole H020 are associated \vid1 rhyolitic intrusjons in

Kagoya Formation, the hangingwall to the Fukazawa VHMS deposit, in the central Hokuroku Basin

(Figs. 5.5 and 5.13). The Kagoya Formation is eguivalent to part of the Onagawa Formation and

consists of pumice breccia, sandstone and siltstone (pumice-rich facies association), and bioturbated

mudstone interbedded with rhyolitic lavas and intrusions. The rhyolites are interpreted to be

contemporaneous with the emplacement of the pumice breccias (Nakajima, 1988). The lower pumice

breccia is extensive and has been used to correlate stratigraphy across the Hokuroku district (Urabe,

1987).

5.7.2 Pumice-rich facies association

Interbedded pumice breccia, sandstone and siltstone facies comprise normally graded, lTIoderately

well sorted beds of 20 m average thickness. The pumice breccia beds have lithic clast-rich bases and

grade upwards to sandstone or siltstone.

The components of trus facies are plagioclase-phyric rube pumice clasts (70%, 6 mm), shards

(20%, 0.5 mm), feldspar ctystal fragments (7%, 0.2-2 mm), fiamme (5%, 0.5 mm-3 em) and non

vesicular volcanic clasts (3%, 0.3-4 em) (Fig. 5.13C and D). Pumice clasts have 5%, 1 mm plagioclase

phenocrysts, itregular shapes and ragged terminations perpendicular to the tube vesicles. Most are

odented rougWy parallel to bedding, although some are oriented at steep angles. The originally glassy

vesicle walls are altered to smectite that is variably replaced by seridte, and the vesicles are filled with

mordenite. Plagioclase is partially to completely replaced by sericite or saponite. The green plagioclase

phyric fiamme are interpreted to be altered and compacted pumice clasts. Sub-rounded, non-vesicular

volcanic clasts include plagioclase-phyric flow-banded, perlitic or densely microspherulitic rhyolite (2

5% total volume) and fine, massive, aphyric andesite «1% total volume).
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5.7.3 Rhyolitefacies association
The rhyolite facies association consists of coherent rhyolite and monomictic pumiceous rhyolite breccia

facies. The rhyolite facies association has a total thickness of 220.m and comprises thin intetvals « 10

m) of coherent rhyolite surrounded by jigsaw-fit and clast-rorated monomictic pumiceous rhyolite

breccia (Fig. 5.13). Some intervals of monomictic pumiceous rhyolite breccia have gradational upper

or lower contacts with rhyolite-siltstone breccia (Fig. 5.13).

The coherenr rhyolite facies is massive, plagioclase-phyric (5%, 1 mm) and vesicular. Vesicles

are filled with zeolites, and smectite, sericite, feldspar and quartz have variably replaced the originally

glassy groundmass. Plagioclase phenocrysts are altered to sericite and coated by montmorillonite. The

coherent rhyolite contains sparse clasts of pumiceous and shard-rich siltstone and andesite. Siltstone

clasts occur mainly in the margins of the rhyolite (-137 m, Fig. 5.13) and are elongate (up to 20 cm).

The monomictic pumiceous rhyolite breccia facies occurs in massive, poorly sorted, and dast

supported intervals between 5 and 20 m thick (Fig. 5.13). Monomictic pumiceous rhyolite breccia

comprises plagioclase-phyric (5%, 1 mm) tube pumice clasts in a matrix of fine sericite, quartz and

feldspar (Fig. 5.13B). Pumice clasts average 1 cm in length (1 mm to 10 cm), and are angular, blocky

and uncompacred. Tube vesicles are filled with zeolites and/or feldspar and the originally glassy vesicle

walls are replaced by fine feldspar-quartz and sericite-chlorite assemblages resulting in green and

whire striped clasts (Fig. 5.13A). The rube vesicles and long axes of most pumice clasts are oriented

perpendicular to bedding in the interbedded pumice-rich facies. Sparse andesite clasts are also present;

these arc sub-rounded and up to 1.5 em in diameter.

5.7.4 Rhyolite-siltstone brecciafacies

Rhyolite-siltswne breccia consists of a texturally complex mixture of pumiceous rhyolite clasts and

siltstone. Intervals of rhyolite-siltstone breccia arc 1 to 10 ill thick and grade vertically into monomictic

pumiceous rhyoDte breccia or silrsrone (Fig. 5.13 112-121 m; 148-166 m; 249-258 m). This facies is

massive) poorly sorted and varies from clast- to matrix-supported.

Plagioclase-phyric (5%, <1 mm) pumiceous rhyolite clasts are uncompacted, blocky and are 2

mm to 10 cm in length. The siltstone is pale grey, massive and silicified and occurs as ragged clasts

Oess than 20 cm in length) and as a matrix enclosing isolated pumiceous rhyolite clasts. Thete is a

gradation from close-packed pumiceous rhyolite clasts separared by fractures filled with silicified silrsrone

to pumiceous rhyolite clasts dispersed in siltstone.

5.7.5 Interpretation
The presence of jigsaw-fit texture in the monomictic pumiceous rhyolite breccia suggests that it is

derived from in situ britde fragmentation of coherent pumiceous rhyolite. The steep orientation of

tube vesicles in pumice clasts in the monomietic pumiceous rhyolite breccia could reflect steeply

dipping flow-bands in the rhyolite. The blocky, angular pumice clasts, abundance of domains with

jigsaw-fit texture and the lack of matrix suggest that the monomicuc pumiceous rhyolite is pumiceous

hyaloclastite (cf Pichler, 1965; Hanson, 1991).

The gradation from monomictic pumiceous rhyolite breccia to rhyolite-siltstone breccia) the
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silicified and homogeneous character of the siltstone within the rhyolite-siltstone breccia facies, and

complex clast-matrix relationships, are all consistent with the interpretation of the rhyolite-siltstone

breccia facies as pumiceous peperite. The presence of pumiceous peperite, and the irregular and

complex geometry of the upper contact of the rhyolite facies association (coherent rhyolite and

pumiceous hyaloclastite) are interpreted to result from the intrusion of pumiceous rhyolite into

unconsolidated host sediment facies, The host facies is the pumice-rich facies association, which is

composed of interbedded bioturbated mudstone, pumice breccia and sandstone.

The rhyolite facies associations are not laterally extensive «500 m) and they are composed of

lobes of coherent rhyolite interfingering with thick «20 m) monomictic pumiceous rhyolite breccia.

This is typical of rhyolitic cryptodomes (c£ Allen, 1992a).

5.8 Comparison of pumiceous hyaloclastite and peperite with other
submarine pumice-rich facies

Pumiceous hyaloc1astite and peperite can resemble other pumice-rich facies that are common In

submarine volcanic successions. Pumiceous debris in the submarine environment can be produced as

a result of inrrabasinal and extrabasinal explosive eruptions and autoclastic fragmentation

(autobrecciation. quenching) of pumiceous lavas or intrusions.

5.8.1 Identification ofpumiceous hyaloclastite
The identification of hyaloclastite generally requires evidence that the lava or magma was quenched

and that fragmentation was in situ. Clasts produced by quench fragmentation are typically originally

glassy and hlocky with planar and curviplanar margins. If the original lava or magma is pumiceous, it

may be exceedingly difficult to recognise the effects of quenching because pumice clasts are

predominantly glassy and are easily compacted. In this chapter, examples of pumice breccia are

interpreted as pumiceous hyalodasrite because:

(1) Units are monomictic.

(2) There are gradational contacts between non-vesicular and pumiceous rhyolite (or dacite), jigsaw-fit

monomictic pumiceous breccia (in situ hyaloclascite) and clast-rotated monomictic pumiceous breccia

(clast-rotated hyaloclastite).

(3) Abundant jigsaw-fit textures indicate that fragmentation was in situ and possibly non-explosive.

(4) They comprise originally glassy, equant, polyhedral, blocky clasts with curviplanar and cuspate

surfaces, which suggests that fragmentation was produced by contraction accompanying quenching

(d. Pichler, 1965; Wohletz, 1983).

In submarine settings, pumice-rich facies can be generated by mechanisms other than the

quenching of hor pumiceous rhyolite (Fig. 5.14). Most documented submarine pumice breccias are

interpreted as mass-flow or water-settled fall deposits from subaerial or submarine explosive eruptions

or their resedimented equivalents (Fiske and Matsuda, 1964; Fisher and Schmincke, 1984; Cashman
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and Fiske, 1991; Allen et aI., 1996; Kano et aI., 1996; Allen and McPhie, 2000). Deposits from pumice

rich mass flows typically form laterally exrensive beds that have normally graded tops (Fig. 5.14B)

(Fiske and Matsuda, 1964; Fiske, 1969; Yamagishi, 1987; Allen et al., 1997). Altbough these can resemble

clast-rotated pumiceous hyaloclastite, hyaloclastite generally has limited extent and volume, is spatially

associated with compositionally identical lavas or intrusions and locally shows jigsa\v-fit textures,

Submarine pumice breccias with limited lateral extents, can also be generated by domes (Fig.

14C, dome-top tuff cones; Cas et aI., 1990; Allen et al., 1997). Dome-top tuff cones are spatially

associated with coherent rhyolite, and in situ and clast-rotated hyaloclastite and comprise poorly sorted,

clast-supported deposits of pumice clasts, shards and crystal fragments (Cas et aI., 1990; Allen et al.,

1997). Although dome-top tuff cones may resemble clast-rotated pumiceous hyaloclastite, they are

limited to the tops of domes (or lavas) and do not preserve jigsaw-fit textures (Fig. 5.14C). In addition,

because the dome-top tuff cones typically result from small-volume eruptions they commonly comprise

upward-fining stratified sequences. Because explosive eruptions commonly accompany the extrusion

of felsic lavas and domes, pumiceous hyaloclastite and deposits of pyroclastic pumice breccia can

occur in close association and be genetically related. Thus in ancient successions, there may be

insufficient evidence to discriminate bctvleen quench fragmented, lava-derived pumice or pumice

generated by explosions.

Pumiceous hyaloclastitc could also be confused with pumiceous autobreccia. Pumiceous

autobreccia commonly forms in sn1all volumes at the margins of lavas (I<ano et al., 1991). Autobreccias

typically contain a chaotic arrangemenr of angular, blocky and slab-like or plastically deformed or

folded clasts (Fig. 5.14D) (Hanson, 1991; Cas, 1992). Pumice clasts mal' have fractutes perpendicular

to the tube vesicles suggesting that fragmemation resulted from the stretching and pulling apart of a

cool, relatively rigid, vesicular magma (Heiken, 1978). Although pumiceous autobreccla dosely resembles

pumiceous hyaloclastite, jigsaw~fit textures, curviplanar clast surfaces and abundant fine clasts «2

mm, up to 80%) are more common in hyaloclastite than aurohreccla (pichler, 1965; Hanson, 1991).

However, quench fragmentation and autobrecciation are likely to act in union in subaqueous settings

(pichler, 1965; Kokelaar, 1986; Scutter et aI., 1998).

5.8.2 Recognition o/pumiceouspeperite
The positive identification of peperite requires evidence that the host sediment was unconsolidated at

the time of mingling and that the igneous component was molten. The examples discussed in this

chapter are interpreted as peperite because:

(1) The sediment component in the peperite, whether that be pumice breccia, pumiceous siltstone, or

mudstone, is massive and unstratified, whereas elsewhere the host sediment is graded, stratified or

laminated. Local destruction of original depositional structures requires that the host sediment was

unconsolidated or only poorly consolidated, allowing easy disruption of grain contacts.

(2) Sediment immediately adjacent to pumiceoos rhyolite clasrs within the peperite, and sediment

close to contacts with the coherent rhyolite are silicified compared to sediment away from the rhyolite.

This local silicification is interpreted to reflect baking or induration of sediment in contact wirh hot

rhyolire.
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Figure 5.14: Cartoons of the different mechanisms that may generate pumice-rich facies in a submarine
environment and schematic logs through the resulting deposits at the position indicated, showing the
textural facies characteristics. A. Pumiceous hyatodastite associated with a submarine pumiceous lava
or dome and overlying siltstone. B. Pumiceous mass-flow deposit and overlying siltstone. C. Dome
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(3) There are gradational contacts between coherent rhyolite, monomictic pumiceous rhyolite breccia,

pumiceous rhyolite-sediment peperite (polymictic pumice breccia, pumiceous rhyolite-siltstone breccia

and pumiceous rhyolite-mudstone breccia) and host sediment (pumice breccia, siltstone and mudstone

respectively).

(4) Dispersal of pumiceous rhyolite clasts in the host sediment is limited to distances of less than 5 m

(usually less than 50 cm) from contacts with monomictic pumiceous rhyolite breccia and/or coherent

rhyolite.

In submarine settings, pumice-sediment mixtures can be generated by mechanisms other than

the mingling of hot pumiceous rhyolite with wet unconsolidated sediment (Fig. 5.15). Pumiceous

mass flows can incorporate sediment from the substrate (Fig. 5.15B) O<:okelaat et al., 1985; Dimroth

and Yamagishi, 1987; McPhie and Allen, 1992). Unconsolidated clasts of mud Ot silt may remain in

tact or else disintegrate during transport, contributing a fine-grained matrix (Siebert, 1984; ]v!cPhie et

aI., 1993). Laminae in sediment intraclasts and in underlying sediment may be locally deformed or

destroyed. Deposits from these mass flows typically form laterally continuous beds that may extend

for hundreds of m or km (Fiske, 1969; Fisher and Schmincke, 1984; Allen and Cas, 1990 unpub.).

Although superficially similar, pumice-sediment pepedte generally has limited extent (tens to hundreds

of m) and volume, can be markedly disconformable, is spatially associated with the margins of intrusions,

and the sediment component shows evidence of haking.

Pumice clasts and sediment may also be mixed as a result of slumping and resedimentation of

sediment and pumiceous dome margin debris during growth of a partly extrusive cryptodome (Fig.

5.15C) (cf. Horikoshi, 1969; Kokelaar et al., 1985; Cas et aI., 1990). This pumice-sediment mixture can

be distinguished from pmniceous peperite mainly by its occurrence in diffusely stratified or weakly

graded lenticular beds. The distinction may however be far from clear as both facies can include

groups of pumice clasts that show jigsaw-fit texture and sediment that is locally indurated adjacent to

pumice clasts derived from the dome carapace.

Pumiceous peperitc could also be confused with pumiceous hyalocIastite or autobreccia that

has a fine sediment matrix due to infIltration of sediment into open spaces between clasts (Fig. 5.15D).

Such infilling sediment is typically fine-grained (granules and finer) and planar stratified with bedding

orientations consistent among all the sediment domains (Rawlings et al., in press). In contrast to the

locally indurared host sediment domains in pumiceous peperite, infilling sediment is not affected by

contact metamorphism.

Pumiceous clasts that are initially buoyant eventually become water logged and sink, being

deposited at the same time as much finer sediment settling from suspension (Fig. 5.15E) (Fiske et aI.,

1998; Reynolds et aI., 1980). The result is a laterally extensive deposit composed of outsized pumice

clasts in laminated siltstone and mudstone. Compaction causes a dramatic change in the shapes of

pumice clasts and contortion of sedimentary laminae, producing a facies that can resemble pumiceous

peperite (Hunns and McPhie, 1999). However, water-settled pumice-sediment mixrures typically occur

in laterally continuous beds. Although contorted, stratification in the sediment domains is generally

well preserved and may drape large pumice blocks, and the sediment shows no evidence of induration.
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sediment mixtures in a submarine
environment and schematic logs through
the resulting deposits at the position
indicated, showing the textural fades
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pumice clasts in fine-grained suspension
sediment.
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Such mixtures typically occur in the fine-grained tops of pumiceous mass-flow units or in overlying

suspension sediment intervals, and may be far removed from any coherent pumiceous rhyolite in the

succeSSIon.

5.9 The formation of pumiceous peperite and hyaloc1astite

The examples of pumiceous peperite and hyaloclastite described here are characterised by a transition

from coherent or pumiceous rhyolite or dacite to in situ pumiceous hyaloclastite or pumiceous peperite,

the presence of pumice clasts with chilled margins and curviplanar surfaces, and abundant jigsaw-fit

textures. This implies that quench fragmentation and autobrecciation were the dominant mechanism

of clast formation (c£ Hanson and Wilson, 1993; Pichler, 1965; De Rosen-Spence er aI., 1980).

In the first example of pumiceous hyaloclastite from the Mount Read Volcanics (112R), jigsaw

fit textures dominare. This suggests that fragmentation resulted from the propagation and

interconnection of fractures in response to stress release due to the difference in contraction rates

between the inner and outer parts of the dacite during quenching (cf. Pichler, 1965; Yamagishi, 1991).

Subsequent examples of pumiceous hyaloclastite from both the Mount Read Volcanics and the

Hokuroku Basin are characterised by a gradation from jigsaw-fit to clast-rotated textures. In the examples

from 120R and H065, clast-rotated hyaloclastite includes clasts derived from texturally distinct facies

of the rhyolite facies association. Brittle fragmentation is interpreted to have been due to a combination

of quenching and dynamic stressing of the more britde parts of the lava (c£ Kokelaar, 1982). Mixing

of texturally different dast types may have been the result of reorganisation of rhe hyalodastire

carapace during continued growth of the lava or limited resedimentation. Although some

resedimentation may have occurred, these examples lack evidence for significant transport, such as

stratification or grading, and still retain gradational conracts with jigsaw-fit hyalodastite and local

domains of jigsaw-fit texture,

In the two examples of pumiceous peperite from rhe Hokuroku Basin, jigsaw-fit texture

predominates and the dispersal of pumice clasts was very limited. Dynamic stressing of more brittle

parts of the pumiceous rhyolite, propagation of contraction cracks and the injection of mobile sedimenr

along fractures can adequately account for the textural and facies characteristics observed. Pumice

clasts in the Koonya pumiceous peperite have curviplanar surfaces and local jigsaw-fit texture, consistent

with quench fragmentation, but the pumice clasts are more dispersed in the host stratified pumice

breccia, In this easel the mingling of pumice clasts with the stratified pumice breccia may have been

facilitated by steam explosions (cf. Wohletz, 1983; Kokelaar, 1986; Branney and Suthren, 1988) or the

convective circulation of superheated pore-water and sediment (I<:okelaar, 1982).

In this chapter, examples of hyaloclascite and peperite are higWy vesicular and pumiceous with

between 45 and 80 modal % vesicles. Many of the vesicles have been deformed during flow or expansion

of the lava or inrrusion, resulting in elongate or tube vesides (cf. Kano et al., 1991). The pumiceous

nature of the rhyolite in these examples implies that volatile exsolution was not inhibited by confining

pressure nor arrested by cooling prior to fragmentation. Low confining pressures (Iess than 10 Mpa)

are required to allow vesiculation (McBirney, 1963). Modern examples of pumiceous hyalocJastite

associated with felsic lava domes in the eastern I\1anus and \\!estern \\/oodlark Basins are known to
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occur atwater depths up to 2000 m (Waters and Binns, 1998 unpub.). Pumiceous pepedte associated

with rhyolitic intrusions requires that vesiculation occurred beneath a thin sediment cover and at

water depths probably less than 200 m (McBimey, 1963; Hunns and McPhie, 1999).

Delayed quenching of the magma is implied by the high degree of vesiculation and suggests

that the rhyolite was, at least initially, insulated. This may have been achieved by the development of a

vapour film at the contact bet:\veen the molten rhyolite and water or unconsolidated host sediment.

5.10 Significance of pumiceous hyaloclastite and peperite

The recognition of pumiceous hyaloclastite and pepedte has significant implications for the

interpretation of the facies architecture and stratigraphie relationships III volcanic successions. In

ancient submarine volcanic successions, pumice-rich facies are commonly interpreted as pyroclastic

flow deposits, water-supported mass-flow deposits, water-setded suspension deposits) and in situ and

teseclimented hyaloclastite (Fiske and Matsuda, 1964; Pichler, 1965; Fumes et aI., 1980; Reynolds et

aI., 1980; Allen and Cas, 1990 unpub.; Kano, 1990; Allen et al., 1996; Kano et aI., 1996). As such,

pumice-rich facies are used as marker horizons that represent seafloor positions in the stratigraphic

succession. However, it is clear that pumice clasts can instead be generated by non-explosive

fragmentation in subsurface settings (pumiceous peperite). The context of pumice-rich facies should

be carefully examined before they are used to make regional correlations or infer seafloor positions.

Felsic magmas typically form thick, shott lavas or domes with thick deposits of hyaloclastite in

the proximity of the vent (pichler, 1965; Cas, 1978; De Rosen-Spence et aI., 1980; Cas et al., 1990;

Kurokawa, 1991; Kano et al, 1991; Yamagishi and Matsuda, 1991; Waters and Binns, 1998 unpub.).

Thus, pumiceous hyaloclastite and peperite are important in providing a useful indicator of proximity

to vent.

The recognition of pumiceous peperite also constrains the age relationships and timing of

pumiceous intrusions and lavas. The pumiceous nature of this facies suggests that the emplacement

occurred at shallow levels in the subsurface under a thin cover of unconsolidated sediment. The

implication is that pumiceous peperite and the associated intrusion were contemporaneous or nearly

contemporaneous \vith the host sedimentary facies (syn-sedimentary or syn-volcanic).

5.11 Conclusions

Pumiceous hyalocIastite and peperite are associated with rhyolitic and dacitic lavas and intrusions in

the Hercules and Kershaw Pumice Formation. Other examples of pumiceous hy.loclastite and peperite

occur in the Miocene Gteen Tuff Belt, Japan.

Intetvals of pumiceous hyaloclastite are thick (2-40 m), laterally discontinuous, massive, clast

supporred, and poorly sorted wirh jigsaw-fit and clast-tot.ted textures. They are typically monomictic,

comptising blocky tube pumice clasts but may contain spatse perlite clasts. Pumiceous hyaloclastite

has gradational contacts with coherent pumiceous rhyolite or dacite.
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Intervals of pumiceous peperite are thin «15 m), laterally discontinuous, massive, poorly sorted

and the clast-to-matrix ratio varies significantly over short distances. They are composed of feldspar

phyric tube pumice clasts and domains of sediment that include stratified pumice breccia) pumiceous

siltstone and bioturbated mudstone. The sediment domains may be massive Ot display relic depositional

structures. Sediment adjacent to pumice clasts is silicified, possibly reflecting induration on contact

with hot pumice. Pumiceous peperite has gradational contacts with in situ and clast-rotated pumiceous

hyaloclascite and coherent pumiceous rhyolite.

The recogn3tlon of pumiceous hyaloclastite and peperite is important for interpreting the facies

architecture and stratigraphic relationships in the volcanic succession and provides limits on the age

relationships and timing of the pumiceous intrusions. However, pumiceous hyaloc1astite and peperite

may easily be misinterpreted or overlooked as they resemble other pumice-rich facies that are common

in submarine volcanic successions.

Diagnostic features of pumiceous hyaloclastite are: (1) monomictic clast population; (2)

gradational contact with coherent pumiceous rhyolite; (3) abundant jigsaw-fit textures; and (4) blocky,

angular pumke clasts with planar and curviplanar margins.

Diagnostic features of pumiceous peperite are: (1) gradational relationships among the host

sediment, pumiceous peperite, in situ monomictic pumiceous rhyolite breccia and coherent pumiceous

rhyolite; (2) local destruction of depositional structures in the sediment; (3) local silicification or

induration of sediment adjacent to pumiceous rhyolite clasts; and (4) the massive, laterally discontinuous

character of this facies.

Pumiceous hyaloclastite resulted from the quenching of vesicular magma by warer, whereas

pumiceous pepetite was generated from the mingling of highly vesicular magn1a with wet unconsolidated

sediment. During the formation of pumiceous peperite, sedimentwaS injected into fractures propagating

into the hot pumiceous rhyolite, resulting in local destruction of depositional structures in the host

sediment and local induration.

The formation of pumiceous hyaloclastite and peperite requires the exsolution of magmatic

volatiles prior to cooling and fragmentation. Conditions that favour this are low confining pressure

and insulation of the magma from quenching during volatile exsolution.
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