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Abstract

The causin brecciation in epithermal and mesothermal
deposits intimately related to mineralisation. It is

therefore necessary to establish both a enetic and descriptive
for breccias in this . paper proposes a

revision of the genetically-based erected by Sillitoe
(1985). The most significant innovation is to distinguish between
breccias formed by steady-state hydrothermal processes, and those
formed by transient disturbances of a hydrothermal system,
by renewed magmatism. This latter process can be particularly
important in mineralisation.

Introduction

The close association between brecciated host rocks and epigenetic
recious and base-metal mineralisation in volcanic re ions has long

recognised. A frequent tacit assumptjon has that the
significance of brecciation IS

preparation of the host rock, by roviding channels
mineralisingfluidsand a large area fluid-rockmteraction
(eg Huspeni e? 1984). However, it has become increasingly
apparent that the processes causing brecciation are themselves

related to mineral deposition. In particular, hydraulic
fracturing and associated boiling due to pressure release are a
potent means of precious metal deposition. The first objective of
this paper is to t the ortance of these breccia-forming

used in this paper
are based closely on that of Sillitoe 1985).A second objectiveof this
paper is to ropose a refinement genetic nomenclature,
to between breccias formed by steady-state hydrothermal

and those formed transient disturbances of

The subject of breccia descri tion, genesis, classification and
nomenclature has been Baker al.

and Konstantinov (1978). The present a er is ally
concerned with the classification IS

acknowledged that between some of the genetic of
breccias may be difficult in the field at the outcropscale. A etailed
classificationof this nature is neverthelessconsidered to be of value,
since it can be used to predict the probable morphology and extent
of ore bodies by into account their genesis. Criteria for
descriptive nomenclature of breccias are outside the scope of this
aper and are not discussed in detail: reference should be made to

(ibid).

The discussion concentrates on the various es of "hydrothermal
breccias", especially the magmatic-phreatic since this is
where new is proposed. The various "magmatic
breccias" are discussed less detail. since these were thorou
covered by Sillitoe, and Laznicka (ibid), and no new
been added to those descriptions. Breccias formed by sedimentary

and those in metamorphic terranes, are referred to only
to show how they relate to the proposed genetic
ion.

ydrothermal systemsby renewed

Genetic Classificationof Breccias

Seven of breccia which can occur in
deposits are proposed. Some are divided into

de ending on whether they occur on the Earth's surface or
The and their genetic relationships are

summarised in Tabe 1 and 1. Correlation with the
termmologyof other authors is in Table 2. The various types
of breccia are described below in approximately the order of their
Occurrence in the eological cycle: ie. the earliest-formed types are
described first. is also more or less in order of decreasing
temperature of the mobile phase. The intimateassociation between
certain types of brecciation and mineralisation. means that correct
recognition of the enesis of breccias in ore deposits is crucial when
applying to exploration strategy. Hence the
significance of-each type breccia in a precious-metal
explorationprogramme in a volcanic terrane is briefly explained.
Examples o each type with which economic mineralisation can be
associated aregiven Table 3.

1. IntrusiveBreccias

These are subdivided into three end members, to illustrate the
different processes in this environment, but a continuum
of intergradationsbetween end members exists.

la Breccias. These are included in the
"intrusion breccias" of Sillitoe (1985 . They are created the

an intrusive consist clasts
xenoliths of country rock,perhaps including
any fragmentsof portions mtrusive
durin emplacement, in a matrix of igneous material.

frequently occur on the margins of intrusive bodies
and typically contain clasts of country rock a crystalline igneous

They are easily distinguishablefrom hreatic or magmatic-
phreatic breccias by microscopic of the matrix
of igneous minerals, but may be difficult to distinguish in
han specimen. Because of their hi temperature of emplacement,

Mineralisation in such breccias is of direct magmatic origin, with
perhaps some modification by reaction with host rocks. A major
precious-metal deposit in this setting is unlikely, without some
secondaryconcentrationprocess such as eluvial or alluvial action. In
terms of exploration, the ore-hosting breccia can be expected to be
closely related to the margins of an intrusive, and these
areas should be investigated.

lb. These are equivalent to the
breccias" of or "carapace

breccias" 1988). As an intrusive the residual
melt becomes increasingly in volatile components,
includin water. This may as a separate volatile phase, in a
process as refrograde 1973). Such a hydrous
phase is very mobde, because its high temperature, and,
em laced at any significant d th, is at lithostatic than

pressure. It may be highly This
solution therefore has a considerable potential for h draulic

of overlying formations forming breccia pipes

The essential difference between magmatic-hydrothermal breccias
and phreatic breccias (as defined below) is that although both have
aqueous fluids as the mobile hase, in magmatic-hydrothermal
breccias brecciation is initiated the release of juvenile
magmaticvolatiles (though these may ultimately have been derived
from the partial melting of crustal rocks The proximal parts of
these breccias are formed at a much temperature than
phreatic fluids, frequentlysuper-critical. They usually contain some
evidence of hi -temperature, high salinity and volatile content
fluids for minerals such as tourmaline, and fluid inclusions
with high homogenisation tem eratures (often and high

wt NaCl . identifying.features of this type

pseudomorphs. Breccias of this type may grade downwards into
magmatic intrusivebreccias with a crystallinematrix, or pegmatites.

cooler distal sectionsmay grade into phreaticbreccias.

Magmatic-hydrothermal breccias are very rtant the
formation of man (and deposits.
Mineralisation in case can be expected to occur in a sub-vertical
body which may be of considerable vertical extent. Lateral zonation
of alteration mineralogy around the mineralised may be
sufficiently distinctive to be useful as a guide to ore. There may be
some vertical zonation, but if the level where magmatic-
h drothermal breccias occur within the mineralising system has

been exposed by erosion, gold will probably not
improve greatly with depth. Any higher- segment which may
have been preserved by down-faulting could be more prospective.
The ore-hosting breccia will be spatially related to an intrusive, but
may extend some distanceawayfrom it.

Magmatic-Tectonic Breccias. These are included within the
breccias" of Sillitoe (1985). As an intrusive is forcefully

emplaced,especially if it is viscous or substantially it may
cause of the surrounding formation emplacement,

they may showreaction rims xenoliths.

of breccia a gener
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a magmatic-tectonicbreccia. The essential feature is that it
as formed by deformation associated with the emplacement

of an mtrusive, rather than by re ional faulting but is of mechanical
rather than due to The geolo ical

relationships of the breccia to the intrusive body offer the
opportunity to identify magmatic tectonic breccias since texturally
th arevery similar to other tectonic breccias (see below). Breccias

type do not occur in isolation,but in association with
breccias of other within this type of is
not directly relate to the brecciation process, but brecciation may
provide a suitable preparation of the rock for lafer
mineralisation. The location of these breccias in an
environment means that they are likely to undergo mineralisationby
other magmatic or hydrothermal processes. the extent. of
the breccia is important during exploration because its empirical
correlation with ore, but there is a good possibility that
mineralisation extends into other formations.

2. Volcanic Breccias

The essential feature of these breccias is that the causing
brecciation is derived from the release of pressure
volatiles.

by volatiles, whereas a phreatomagmatic breccia is
by the interaction of magma with surface, ground or

connate water. In practical terms, discrimination between these
cases ma be difficult, and depend on the geological association;for
example ipes are presumed to be more likely mobilised
by juvenile because of evidence from their clast
composition that they are derived from great depth.

Breccias of this can be recognised from their
relations to ing formations, in that they occupy
volcanic vents, in roughly vertical bodies. In terms of clast
composition, endogenous volcanic breccias are similar to eruptive
volcanic breccias, though the ma differ in containin a greater

of count%-rock and clasts.
are phreatic breccias(as described below)

by igneous material, which is ically the
phase. Clastsmay have a reddish,

near-surface sections. They may grade downward into es. The
matrix consistsof fine igneousvitric and lithicfragments.

The process of brecciation in this case is not directly related to
mineralisation, but brecciation may act as a pre-preparation for
mineralisation by providin permeability for later
fluids. Although not a causal relationship, or
hydrothermal mineralisation also tends to occur in this setting
because of the association with subsequent sub-volcanic intrusions.
The occurrence of endogenous volcanic breccias is therefore

for mineralisation. During exploration the
extent of breccia body should be determined because of its
empirical correlation with ore, but it is not possible to predict the
extent of mineralisation with depth on the basis of the association
with the breccia alone. Breccia bodies of this nature can be expected
to extend over a large vertical interval. Exploration becomes a

exercise of determining the extent and grade of
economicmineralisation.

26. Exogenous Volcanic Breccias. These breccias are
formed the eruption of fragmental volcanicmaterial. Brecciation
may be ue to the explosive release of ballistic
effects, or colla se during extrusion le breccias). Eruptive
breccias contain a large proportion of juvenile volcanic
clasts, recognisable by their vesicular or nature: They may

much or little country rock material he consists of
volcanic ash, glass shards, or crystal or lithic fragments.
Hydrothermally altered ( rior to emplacement) material is usually a

component fine- and especiallvvitric tuffs are
very prone to post-depositionaralteration. Clasts angular, or
may show aerodynamic shaping if erupted in a plastic state. Near
the vents atter cones may be found. Beds ma be massive, or in
the case air-fall tuffs may be laminated. Even
if they are massive and featureless on a small scale, thev are
deposited in roughly horizontal layers, or at least at less than'their
natural an e of repose, though they may mantle topoeraphy. If

cross-bedding. If traceable strike, changes from proximal to
distal faciesmay be apparent.

Thick silicic p may be welded, and form a
through to lava flows. If erupted in a subaqueous

volcanicbreccias may show distinctive features such
clasts of pillow lava, hyaloclastites, chilled margins to clasts.
much deuteric alteration with carbonates, chlorite and
Subdivision of eruptive volcanic breccias according to clast

and composition can be made. but from the
view of such distinctions are unimportant except

deposited . y base-surges, the may contain dune form; or other

they permit identification of individual units. Eruptive breccias are
transitional to sediments, and
breccias, and to non-eruptive vent breccias.

In most cases, the process causing brecciation of this type is not
directly related to mineralisation. An important exception,however,
is the formation of submarine deposits of the
type. Volcanicbrecciasmay alsoprovide good permeabili and
mlneralisationexposure of a large surface area per unit and
so can be selectively minerahsed later. There may also be a
correlation between the Occurrence of volcanic breccias and
mineralisation simply because areas with active volcanism are also
tectonically favourable for other magmatically-related mineralising
processes.

Explorationin this situation can make use of stratigraphicprinciples
to predict the extent and location of the Since the
mineralisation probably post-dated and was independent of the
brecciation process, it is essential to interpret the nature of
mineralisation as well as that of brecciation, as mineralisation may
not be confined to the breccia unit alone. There may, for example,
be mineralised feeder channels at depth, whose location can be
estimated by plotting isothermsbased on alteration mineralogy.

3. PhreatomagmaticBreccias

These are e to the hreatomagmatic
breccias" of (1985). brecciation occurs
when upwelling magma encounters water. This be
groundwater, connate water, or a body of surface water. The
mechanismsare sumarised by Sheridan and Wohletz (1983).

3a. Endogenous (non-eruptive) Phreatomagmatic Breccias.
These commonly form near-vertical pipes known as diatremes,
though this term is also applied to the sub-surfaceparts of
phreatic breccia bodies (type 4 below), to which these are
transitional. Their
characteristic features are summarised by (1974). are

often with a large proportion of
clasts. breccias are almost always matrix-supported. The
matrix is composed of a mixture of comminuted clasts and finely- 
divided,often tuffaceousjuvenilematerial By definition
some of the must be present or they would be
phreatic breccias.

They may or may not vent to the surface.

Phreatomagmatic breccia pipes may contain a chaotic mixture of
clast types, or there ma be identifiable subhorizontal layers
re resenting the sequence of rocks through

they have passed, often indicating very httle net vertical
transport despite extensiveclast rounding and a high proportion of

However in some phreatomagmatic breccia pipes clasts of
distinctive composition are found as much as below
equivalent stratigraphic position the formations.
Transport of fragments of wood or lacustrine sediments to great
de ths is not uncommon. These features are interpreted as due to

of a breccia column. Phreatomagmatic breccia
pipes may be multi-generational,with later breccias through
earlier-formed deposits. Because of the predominance water
the medium in these breccias, temperatures are
comparatively Wood has been found preservedwith onlv minor
charring, even at considerable depth. Gases, especially may
la a major role as well as steam in the formation of large breccia

of this type.

the brecciation process is not directly related to
miner phreatomagmatic breccias are rime candidates for
selective mineralisation by later In terms of
exploration,the extent of the breccia can only be used em as
a guide to the location of ore. It is to evaluate
the mineralisingprocess.

Exogenous (eruptive) Breccias. These are the
eruption products resultingfrom a process
to the surface. There is an extensive describing the
features and mode of formation of these breccias, summarised bv
Wilson and Walker 1982). If only a small quantity of water

may be from eruptive volcanic breccias
stricto). If much water involved, especially where

there is good sub-surface contacf with
violent explosions can occur resulting in vieorous disruption of the
magma into fine-grained, often vitric, The products of
an eruption of this can be distinguished from eruptivevolcanic
breccias b their nature, morpholo . and the
presence clasts showingevidenceof rapid cooling interaction
with water. There is, however, a complete intereradation
purely volcanic breccias and breccias. The
essential difference between a breccia and an
eruptive volcanic breccia is that the phase in the former
consists of steam derived from water which did not torm
part of the whereas the latter is fuelled the of

(which may include water). The difference
eruptive breccias and phreatic eruptive

breccias. which are eenerated explosions. is
former includejuvenile whereas the latter do

resent, or there is 6'ttle mixing with the magma, the resulting

Mineralisation in breccias of this type is not directlv related
process of brecciation,but they can provide a fractured
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rock for later mineralisin fluids. Similarly, they are prone to
mineralisation their location in areas active
magmatism. This association is stronger than for exogenousvolcanic
breccias, because a eater proportion of breccias
are of a silicic or composition. and tectonic

which these magmas tend to occur is more favourable for
than, for example, areas of plateau basalts. In terms

of exploration, ap of stratigraphic principles may be useful
in predicting the and extent of the breccia body, but since
the of brecciation was probably not directly related to

the process should be separately
evaluated.

4. Breccias

By our definition,magmatic-phreatic brecciation occurs through the
flashing or expansion of a fluid which is composed of water or steam
which may contain a proportion of magmatic volatiles but is
predominantly of meteoric, groundwater or connate origin, and
which has been directly heated by the intrusion of magma, and
where the resulting breccia does not contain juvenile magmatic
products. The differencebetween a phreatomagmaticbreccia and a

breccia is that the former includes
magma (as from magmaticvolatiles), whereasthe does
not. A breccia may be considered as a
on a phreatomagmatic breccia in the fuelling mechanism IS

the contact of magma and water, but where the site of brecciation
remote from the of contact. They are therefore two
members of a

The difference between a magmatic-phreatic breccia and a phreatic
breccia is that the heat source for a breccia
consistsof an intrusive body of hot rock which directly heats water
above its flash point, whereas a phreatic breccia is formed by the

of a body of water which may be heated by an at
depth %ut for which the mechanism transporting energy close
enough to the surface for to occur is the convective
movement of water, which over a part of its circulating
path is single-phase. This is a subtle distinction, and not often
drawn, but vital for understanding the formation of certain
mineral deposits. An essential feature is that phreatic breccias are
the results of small disturbances of a more or less stea
hydrothermal system, and may therefore occur
a long period of time, while magmatic- hreatic breccias result from
a single rofound disturbance of the regime and are

stochastic in occurrence (Lawless, 1988).
p reatic is a much more energetic process, and can
result in an eruption with a much deeper focus.

Magmatic- hreatic breccias have not been distinguished as a
separate by previous authors, but have been included either
with phreatomagmatic or phreatic breccias (as defined here) or
more generally referred to as "hydrothermal breccias".
clear,. though, from inclusion of phreatic
eruptions his discussion of mteractions, that he
recognised the mechanismwhich ispresented here.

Endogenous ve) Magmatic-Phreatic Some
of the units described as are of this nature: the essential

that this type of breccia lacks juvenile igneous material.
they share many of the characteristics of enous

phreatomagmatic breccias, frequently polymict,
rounded and being matrix sup rted. matrix is clastic
though it may be subject to alteration and
therefore apparently hand The
portions of such a breccia ma be from an
endogenous phreatic breccia may grade mto hydrofractured
breccias. However, since magmatic-phreatic breccias tend to be
mobilised by steam and gas, or super-critical fluid, rather than
water, there IS less opportunity for the tran rt of dissolved

than in h drofractured breccia a singlephase
or Hence there is tendency for the
deposition of hydrothermal minerals, and so httle cementation of
the matrix or vein in breccia
formation is by Konstantinov (1978). These breccias
may be identified because of their relations and
lace the geological history of a system.
1985, describesphreatic or ma atic-phreaticbreccia pipes

possess features such pol nature and
support, that are indicative of tran ort,

but upwards into blind veins and cannot
eruptive. It would seem therefore that breccias of this type
can be formed entirelysu urface.

As the breccia is a new classification, a number
of examplesare cited (see Table 3 for references). A good example
of an enous breccia (in the opinion of the

has been extensively exploredby is a
unit referred to as the "Muddy Breccia" at the Kelian gold

Indonesia. There is for late-stage
of magma into the Kelian h by way of

late-stage high fluid and the
presence of tourmaline which hi temperatures and
magmatic volatiles. The deposit unit occurs is
described by Van Leeuwen who however present
several alternative possibilities for its origin. Other examples of
late-stage magmatism into a h drothermal system
include the Boulder

and Cerro Chde; late-stage
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pebble dikes at El Chile; and fluid inclusion evidence for
alternating high temperature-high salinity low temperature-low
salinity fluids in the Topia deposit and district, Mexico.

Rapid and prolon ed of a hydrothermal fluid,such as occurs
when brecciation eruption) permits pressure release, is
a potent mechanism for old d osition, as the abrupt loss of H S

the which are
for transporting in this chemical regime.
mineralisation many epithermal deposits IS concentrated withm
"hydrothermal"breccias. This mechanism applies to both hreatic
and to magmatic- hreatic brecciation, but the potential of latter
to cause energetic,vigorousflashingmeans that it can be
particularly effective. This is demonstrated in Figure 1, where the
area between the temperature profiles and the reference boiling-
oint for depth curve is proportional to the energy available for 

and eruption. This is much greater in the case of the
profile, curve 3t, than for the "normal" phreatic

pro de, curve 2t. The presenceof a percentage of magmatic volatiles
magmatic-phreatic fluids, due to the close association with

can also have a synergistic effect both by roviding
elements for metal transport, and a low H to a
potential for fluid-rock mteraction and

t rough mixingwith a near-neutral hydrothermalfluid.

A breccia of this type will be contained within a pre-existing
hydrothermal system. The re-existing hydrothermal system may
have produced a pattern zoning which is effectively
unrelated to the economicmineralisation, targettin what appear
to be prospective zones within this pattern may not successful,
and may cause the true ore zones to be overlooked. Alternative1
economic mineralisation in this setting may be associated

mineralogy (such as secondary actinolite, or
base metals) than is the case in the epithermal
environment, so recognition of such phases be taken as
an indication that the system has been eroded to below the level of
high-grade mineralisation. Exploration may have to extend to
greater depth than is usual the epithermal setting.

4b. (eruptive)Magmatic-Phreatic Breccias. The eruptive
deposits of a magmatic-phreatic breccia greatly resemble those of a
phreatic eruptive breccia, as described below. the
contain fluid inclusionsor indicative of high temperature
or saline fluids, distinction may o y be possible by mterpreting the
eological history, or by recognising that the eruptions were very

or deep-seated.

A well-documented example of a series of historical magmatic-
hreaticeruptions is that at Waimangu, New Zealand, the

volcanic eruption of Mt Tarawera (Keam; 1988 They are
interpreted to have resulted from the intrusion of a dike
along a zone of structural weakness. This reached the
surface a dry, elevated area at Tarawera,causin the eruption of a
volcanic At Rotomahana it low-I ing area,
saturated with warm groundwater, and eru as a
phreatomagmatic breccia. At the magma to reach
the surface, as no juvenile material as been reco ised in the
eruptive products, but it interacted with the existing drothermal
system to a magmatic-phreatic eruption, by
continued p reatic activity. The events at Tarawera, Rotomahana
and Waimangu are related in time and space. If it was not
for the historical record the Tarawera eruption, it is doubtful that
the products of the Waimangu eru tions would be identified as

breccias rather phreatic breccias. Such
events are probably more common than has been recognised. One

example of fossil magmatic hreatic breccias is at
otokawa. New Zealand. The largest single eruptive

unit has a volume of 10 (Collar and Browne, 1985). It is
difficult to for an eru tion of this
magnitude stored close to the within a
simple convective hydrothermal system, and an extra addition of
energyfrom a magmaticsourceseemsprobable.

Mineralisation within exogenoushydrothermalbreccias is in
origin to that in endogenous magmatic-phreatic breccias, but it
occurs at lower temperature, its true character ma be more difficult
to than in the sub-surface breccias have
a low potential for preservation in the record, since they
occur on the surface, more often areas subject to erosion than
sedimentation. In terms of economic mineralisation, the main

of exogenous magmatic-phreatic breccias may be to
indicate the probable presence of mineralised endogenous
magmatic-phreaticbreccias at depth.

5. PhreaticBreccias

e that sufficient ener

These are to the "phreatic (hydromagmatic) breccias" of
Sillitoe(198 ). Our definition is that phreatic breciation is caused b
the expansion of steam and gas from a water-dominated fluid,
only a minor component of ma atic volatiles, and that the
mechanism of ener transport to of brecciation has to be
at some point by column of hydrous
fluid thou the may involve flashing (steam and gas phase

includes h draulic fracturing of the containing
formations by hydrothermal The term phreatic breccia
includes breccias formed by processes in
hydrothermal systems such as those in continental plate

(Henley; 1984; an example in Tibet is documented by et
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(1980). The term does not, however, include collapse-breccias
formed within a hydrothermal system, whether due to mechanical
collapse or chemical solution.

S a Endogenous Phreatic Breccias. These breccias most commonly
occur in irregular subvertical pipes. they ma form
upward-flaring vents and be traceable into eruptive
breccias, or they may terminate as a "blind" breccia pipe.
Downwards, they may grade to stockworks and veins. The nature of
the resulting breccias varies widely on whether
occurs and the degree of clast transport. a
and effectively no clast transport a may result
(hydrofractured breccia). These are monomict and matrix-poor;
clasts are angular. With a greater degree of clast transport the
breccias become increasingly clasts are rounded and the
proportion of matrix to clasts Clast port rather than
matrix support is, however, typical of phreatic If the
transporting medium is hydrothermal fluid of typical

composition, a range of typical hydrothermal
minerals will be de sited between and in veins. If the fluid

minerals quartz, bladed carbonates, adularia and
may form. Phreaticbrecciation is oftenmulti-stage,

rise to multiple textures in the shallower parts of the
veins, and banded vems and colloform texturesbelow.

If clast transport is principally by steam and gas, as must occur in the
upper part of phreatic breccia pi es which vent to the surface, and

others, then tendency for cementation of the
by hydrothermalmmerals, as steam does not transport much

in the way of solutes at hydrothermal temperatures. There
may be very little of the matrix, which will
clastic (for example, at the 'Golden Wonder gold deposit
(Kalliokoski and Rehn; 1987)) unless water-dominated
hydrothermal fluids later rise to occupy the spaces in the

a rise in fluid The ositionof the clasts m a
d on the nature formations.through

which it passes. since such breccias withm active
h drothermal systems,most of the clasts are usually hydrothermally

before brecciation, and in turn may contain different
secondary from those in the matrix and veins. Most often,
since clasts tend to be transported upwards, alteration in the clasts
indicates higher temperatures than do the mineralsin the matrix and
vems.

The flashing of hydrothermal fluid during brecciation and/or
eruption can be a direct cause of precious metal mineralisation,

economic mineralisationwithin the breccias, R-
of a breccia of this
of mineralisation. phreatic breccia bonanza zones
be extremely rich targets;,the corollaryof which is that an
exploration tar et in environment can be very small. In
particular, are prospective,and to a lesser extent
zones of fluid It IS therefore necessary to inte ret the
paleo-h of the hydrothermal system for

and brecciation, by of
Once the is understood, exploration

can be targetted to the most prospectivezones.

e is therefore in itself a

Phreatic Breccias of this e are well
described and Hedenquist and.Henley
eruptive deposits are y polymict, ported
Eruptions of this type have a shallow the clasts
breccias of type often have a composition reflecting relatively
low temperatures and often a low the per of a
h drothermal stem. They are made up of silica, sinters or

and various other hydrous
Pre-brecciation consists

predominantly of pyrite, marcasite or arsenopyrite, with other
arsenic, antimonyand mercury-bearing minerals.

Eru tive phreatic breccias are in relatively thin la ers,
exceeding in thickness, ut may cover wide areas. hey

may be crudely sorted and graded but are otherwise featureless.
Sagsbeneath the largerballisticclasts may be apparent. Since these
are definition deposits formed on the ground surface,
hydrot ermal alteration after brecciation is to
temperature unless there is subsequent burial followed by
continued activity. As for magmatic-phreaticbreccias,
exogenousphreatic breccias have a low potential for preservation in
the geological record.

Active hydrothermal commonly contain fluids which are
layered in zones of d' erent chemistry. The shallowest zones are
frequently acid, and being connected to the source fluid at de th
only by way of a zone, do not contain
gold. The significanceof this is that an exogenousphreatic breccia
may contain clasts with a osition indicating alteration acid

very low gold but still rich
deposits at depth. Correct recognition of this situation is therefore
essential for successful exploration. The main of
exogenous hreatic breccias is to indicate the of

endogenousphreatic brecciasand rocks in the sub-
surface. However, mineralisation taking place at the present day in
active hydrothermal systemshas been noted (eg. Krupp and Seward;

and exogenous hreatic breccias can constitute an important
part of an economic if they contain sufficient mineralised
clasts that they constitute ore. In this event, their extent and
location can be determinedby applyingstratigraphicprinciples.

6. Tectonic Breccias

These are equivalent to the 'tectonic Sillitoe 1985).
Tectonic are formed by the mechanical disruption rocks
in response to tectonic stress. Mechanical tion may grind
clasts to rock forming gou e or m lonite. breccias
tend to occur in identifiable, steep. y dipping, fault planes. If a
large enough .exposure outcrop or in a drillhole,
tectonic be seen to lie between two different rock
types, on either side of the fault though-ths can be as

planes).
phreatic breccias also commonly ollow contacts or

Within unmetamorphosed terranes, mineralisation
in tectonic breccias is not related to the process of
brecciation, although comments of (1989) regarding the
importance of dilatancyand tectonicprocessesin the generation and
movement of potentially mineralising are significant this
regard. Tectonic breccias on fault zones within an active
hydrothermal system do, however, form highly permeable channels
for the passage of hydrothermal fluids, and so alteration after
brecciation can frequentlyobscurethe effects of tectonic brecciation
leaving phreatic breccias. Features such as alignment or
imbricationof clasts, slickensides,and laminated textures may
still reveal their tectonic nature. Under the e, undulose
extinction indicating strain in quartz may a clue, and
someevidenceof the planar fabricsho d remain.

Tectonic breccias are of major for mineralisation in
metamorphic terranes: discussion are outside the scope of
this paper. Comparisons between the mineralising fluids in this
setting, and those hydrothermal systems, and
discussions of the miner processes, are provided by McKeag
and Craw (1989). If tion is with a tectonic
breccia in a non-metamorphosed volcanic terrane, it is unlikely that
the tectonism caused the mineralisation,and the function of the
breccia is probablyjust to providea permeable path for mineralisin

Exploration strategyshould consist of the extent
the breccia, and separately interpreting the process. If
mineralisation to have faulting, the possibility of
concealed mineralised zonesshould be considered.

7. SedimentaryBreccias

These breccias have an extensive literature summarised for
exam le by and are only included here to show
how relate to the proposedgeneticclassification scheme. In the
typical environment, they consist

of volcanicmaterial. sediments range from
deposits such as laharic or avalanche de sits, that have

httle evidence of sedimentary processes, well-sorted
volcanogenicsandstonesor pumicites. Theessential feature of these
breccias is that they have been emplaced on the Earth's surface by
predominantlysedimentaryprocesses.

Volcanic agglomerates or laharic deposits, which have under one
little sedimentary transport can be difficult to .distinguish from
eruptive breccias. They share the features of formmg
layers on a gross scale, but are generally unsorted and featureless on
the outcrop scale. With a greater degree of sedimentary transport,
clasts become rounded and sorted and may undergo some
mineralogical selection, with material such as volcanic glass being
rapidly broken down and removed. Features indicative of water

may be a parent, such as cross bedding. There may be
inter dded sediments.

Mineralisation in this settingis not directly related to the brecciation
process. In terms of exploration, similar comments ap as to an

enous volcanic breccia. The extent and location breccia
predicted by stratigraphy,but the mineralisingprocess should

be separately evaluated.

Conclusions

Since some breccia-forming processes can be responsible for
mineralisation,correct recognition of breccia genesis is an important
part of the explorationprocess. Erection of a mineralisation model

terms of genetic processes can be used to guide exploration
strategy.
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FIGURE andtemperatureprofilesin hydrothermalsystems

Curve 1p: Referenceboiling-point-fordepthpressuregradientfor purewater.
Curve Reference temperatureprofilefor purewater.
Curve Pressureprofileinhydrothermalsystemjust beforephreaticbrecciation.

A low layer exists a and b. Thefluid betweenc and
b consists of a of gas andsteam confinedbelowthis layer.The
focus of the brecciation (and/or eruption) is at b,adepthof from

surface.
Curve Temperatureprofilecorrespondingto curve
Curve Pressureprofile in a hydrothermalsystem beforea magmatic-

phreaticeruption,as a result of an intrusionof magmaatdepth (not
on this scale).The preexistingpressuregradient has been

increasedfromdepth up to pointd. The of is
most likelyto beate, a depthof from me surface.

Curve Temperatureprofilecorrespondingto curve
Curve Reference pressure gradientassumingaformation

relativedensityof 2.5.



TABLE : Genetic Classificationof Breccias
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FIGURE 2: Geologicalenvironments where each type of brecciacould occur.
Numbering corresponds to brecciatypes Intext and intables.
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