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In volcanogenic massive sulphide (VMS)
environments, variations in the temperature
& metal solubilities of hydrothermal fluids
control the zonation of base metals:

g:pos,t,on 1. within single VMS lenses
Zone 2. between adjacent VMS lenses
3. along volcanic belts
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Base metal zoning within lenses and
between lenses has long been recogised.

1 Base metal zoning at belt scale

is reported here for the first time.
Deposit-scale Zoning

Base-metal zoning within VMS deposits was documented before the syngenetic
nature of these deposits was recognised. Metal zoning results from selective
dissolution of metals & the progressive cooling of the metal-bearing hydrothermal
fluids as they combine with cold seawater within newly formed sulphide mounds.
The process of selective dissolution & redeposition of Zn & Pb has been termed
“hydrothermal reworking”, “metal migration” & “zone refining”.
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Volcano-scale Zoning

Base-metal zoning between sulphide oroximal
lenses at volcano scale (> 1 km) has Rhyolits Dome Cu-Zn ore
been recognised in several mining Complex ey
camps. This zoning is attributed to
differences in temperature of the Andesite
enclosing rock packages, with proximal, g
Cu-Au-rich deposits hosted by felsic RS & He gl 2000

volcanics & distal Zn-Pb-Ag-rich deposits et sodt
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Belt-scale Z~ning

Recent studies in Tasmania & new results
from the Ecstall Belt confirm that base metal > A—ad
zoning also exists at belt scales (> 10 km
Belt-scale base metal zoning is driven A‘

by the large subvolcanic plutons ‘
commonly associated with VMS belts. “”l
The latent heat of crystallisation of these
batholith-scale plutons sets up a long-lived,
regional-scale geothermal gradient.

Study of belt-scale zoning during
exploration programs can highlight
underexplored areas & permit selection
of metal-specific target areas.
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Base metal zoning among VMS deposits is
spatially related to a subvolcanic pluton in
the Mount Read volcanic belt of Tasmania.

Prospects in this belt demonstrate clear,
proximal-to-distal zoning from copper to
gold to zinc, both up-section and laterally.

Only two small stocks crop out, but the
full extent of this buried batholith has
been revealed by an aeromagnetic survey.

These maps (Large et al., 1996)
demonstrate that VMS deposits are

distributed throughout the Mt. Read volcanics,

and are not just concentrated near the coeval pluton.
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Metal Zoning in VMS Belts
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ECSTALL BELT
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NB: There can be multiple
prospective horizons within
one volcanic succession.
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Stratified rocks of the belt are grouped into 4
principal units: metavolcanic rocks,
metasedimentary rocks, quartzite & layered gneiss. |

The basal mid-Devonian metavolcanic unit consists

of mafic & intermediate metavolcanic rocks,

interlayered with lesser felsic metavolcanic & clastic
i 'y rocks & rare lil

This main metavolcanic package hosts 36 of the 40
sulphide prospects in the belt.

Felsic volcanic members, preserved as pyritic quartz-
sericite schist, typically host these mineral

Industry ion progi have
traced out many favourable felsic units, as well as
exhalative horizons (chert) and extensive stockwork-
style mineralized zones. \

Mid-Devonian metavolcanic rocks are intruded by large, elongate, "
mid-Devonian plutons. Mid-Devonian intrusive & extrusive rocks are
grouped together as the Big Falls Igneous Complex.

In greenstone belts, subvolcanic plutons provide camp-scale
controls for localization of massive sulphide deposits (Galley, 1986;
Barrie et al., 1999) and for metal zoning among deposits (Large et
al., 1996). Consequently these plutons are an important component
of the evolving metallogenic model for the Ecstall camp.

These rocks are overlain by late Devonian clastic metasedimentary rocks -
a lower metapelitic unit & an upper quartzite unit.

Metasedimentary strata are overlain by banded mafic gneiss interpreted as a
Late Devonian mafic volcanic package.

Devonian volcanism, sedimentation
& intrusion were followed by 4
poorly-constrained phases of
deformation & 4 well-dated plutonic
episodes.
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Al prospects in this belt crop out. Creeks are actively eroding massive sulphide lenses

at the Ecstall & Packsack deposits. Silt samples from these creeks show high contents

of Cu, Pb, Zn Ag & Au, as expected.

However, these are not the most metal-rich samples collected in the survey. The 3 most
metal-rich stream sediment samples collected in the belt come from 3 streams with no

known mineral occurrences anywhere within their drainage basins. 12 more

polymetallic anomalies have been identified from 12 more streams with no known

mineral occurrences.

The strongest Cu values are clustered close to mid-Devonian tonalite bodies; few high Cu values
are located away from these stocks.

The highest stream sediment Au values overlap the area of the highest Cu values, but also
extend further to the south.

The strongest Zn anomalies are broadly dispersed along the belt compared to the tighter
clustering of the Cu and Au values. There is also a small area in the center of the Ecstall belt with
a noticeable absence of strong Zn values that coincides with an area primarily underlain by the
tonalite stocks. Overall, the zoning pattern of Cu, Au & Zn resembles the pattern in the
Tasmanian study.

Stream sediment sample results for Pb also fit the pattern of lateral zoning well. The strongest Pb
values are well dispersed along the whole of the belt. Proximal to the tonalite bodies, there is a
conspicuous absence of the strong Pb concentrations in the stream sediment samples.

= RGS sample sites (228)
[sites extend off map to southeast]

© Mineral prospects (44)

These results reveal that exploration potential throughout this belt is high everywhere,
but Cu-rich deposits will be most abundant near the central tonalite bodies while Au, Zn
& Pb-rich deposits will be concentrated progressively further away from these intrusions.
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This technique reveals underexplored areas
and highlights metal-specific target areas.
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for assays from deposits & prospects in the
Ecstall belt.

Cu:Zn & Cu:Pb ratios were calculated & contoured (CONTOU RED C u :Zn\

In most mining camps, assay data is more readily .
available than high quality stream sediment survey v & metasediments

results, so it offers a more universal database.
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Concentric zoning of Cu:Zn & Cu:Pb ratios

decreases outward from the central coeval stocks.

A Cu-rich zone occurs near the Packsack deposit,
despite the apparent absence of mid-Devonian

tonalite stocks. However, early mapping work

identified several small bodies of "diorite" along

this part of the valley.

There is no Cu-rich zone in the SW part of the belt,
where a large tonalite body is shown. The tonalite

intrusion in this area was extrapolated from a
small exposure mapped far to the north. The

absence of any Cu-rich signature, combined with
the presence of two low-Cu mineral occurrences
hosted in schist, suggest that the tonalite is much

less extensive than shown on maps.

A prominent Cu:Zn high at the West Grid Alteration | ] curb <05
Zone contrasts with a conspicuous absence of a
Cu:Pb high at the same location. This reflects the

lack of Pb analyses from these showings.
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The Iberian Pyrite Belt hosts 140 VMS
deposits in the Early Mississippian
Volcanic-Siliceous Complex.

The IPB includes the Rio Tinto & Neves-
Corvo mines, the 2nd & 3rd largest VMS
deposits in the world, after Windy Craggy.

Favourable volcanic strata are covered by a
thin veneer of unmineralized slates. Recent ...
discoveries include deposits located by !
drilling through these cover rocks. So the i
Cu:Zn & Cu:Pb contours were drawn to
project up through overlying strata.
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n ® Mines and Deposits

Application of this contouring technique reveals a simple pattern for
the assorted Cu-rich & Zn-rich deposits of the Iberian Pyrite Belt.

Seven Cu-rich centres are present around the Lousal, Aljustrel,
Neves-Corvo, Cabeza del Pasto, La Zarza, Rio Tinto & Las Cruces
massive sulphide deposits. Other large VMS deposits, such as
Tharsis, Aznalcollar & Los Frailes, have relatively low Cu:Zn & Cu:Pb
ratios. Contour distributions indicate favourable areas within this
extensive belt to search for Cu-, Au-, Zn- or Pb-rich VMS deposits.

Each high Cu:Zn & Cu:Pb area represents a region where coeval
plutonic rocks might be preserved & exposed.

The Rio Tinto mine & Las Cruces deposit are 55 km apart.

They may represent deposits formed near
two separate thermal or magmatic centres -
shown as separate Cu:Zn and Cu:Pb highs
on the maps.

However, they may lie within one elongate
Cu:Zn and Cu:Pb contour high - shown here
as a heavy black outline - and now
dissected where erosion has removed
favourable stratigraphy and exposed
unmineralised footwall strata.

In the latter scenario, volcanic strata
immediately east-southeast of the Rio Tinto
mine (arrow) are particularly favourable for
undiscovered Cu-rich & Au-rich deposits.

Mediterranean Sea




