
APPENDIX I

TERMINOLOGY

This Appendix deals with the terminology relating to
both the gold-quartz vein host rocks and related alteration,
i.e. ophiolite and listwanite. The terms, their usage and his-
tory are discussed in detail to provide a better background to
understand the literature.

OPHIOLITE

The terms ‘ophiolite’and ‘ophiolite suite’are defined in
the current Glossary of Geology (Bates and Jackson, 1987)
as in preceding volumes (Gary et al., 1972; Bates and Jack-
son, 1980):

Ophiolite - “a group of mafic and ultramafic igneous rocks
ranging from spilite and basalt to gabbro and peridotite, in-
cluding rocks rich in serpentine, chlorite, epidote and albite
derived from them by later metamorphism, whose origin is
associated with an early phase of the development of a
geosyncline. The term was originated by Steinman in 1905
(Miyashiro, 1968, p. 826)”.

Ophiolite suite - “the association of ultramafic rocks with
coarse-grained gabbro, coarse grained diabase, volcanic
rock and red radiolarian chert in the Tethyan mountain sys-
tem.

These definitions are somewhat misleading as they ap-
ply terminology (e.g. geosyncline) which is out dated and
evokes pre-plate tectonic views for the processes active
along continental margins. No reference is made to the ori-
gin of an ophiolite as oceanic lithosphere, nor is there any
recognition of the inherent tectonic emplacement history
that must accompany any ophiolite. The definition given for
‘ophiolite suite’suggests that the association is unique to the
Tethyan Mountains, but ophiolite suites are described from
major phanerozoic orogenic belts throughout the world.

The “ophiolite model” for oceanic lithosphere was de-
fined at a Penrose Conference in 1972 (Coleman, 1977).
Ophiolites were considered as crust generated at mid-ocean
ridge spreading centers which then moves away toward
continental margins to be subducted into the mantle. Under
certain plate boundary conditions, slabs of oceanic crust de-
tach and override (obduct) continental margins.

Since that time a wealth of data has been amassed from
studies of both ophiolites and oceanic crust. These findings
have been summarized in a recent Geoscience Canada se-
ries, ‘The origin and evolution of oceanic lithosphere’
(Malpas and Robinson, 1996, 1998, 2000; Robinson and
Malpas, 1999).

The most significant advancement from this work is the
realization that most ophiolites are characteristically not
formed at mid-ocean ridges as earlier workers inferred. The
majority have magma compositions suggesting that they
were generated in a mantle slab above a subduction zone
(supra-subduction zone environment) . Most su-

pra-subduction zone ophiolites are only slightly older than
their time of obduction.

HISTORY

The early history and evolution in the understanding of
the term ‘ophiolite’ has been described in some detail by
Coleman (1977). As a geological term ‘ophiolite’originated
in Europe in the early 1800s where it was initially used to de-
scribe the rock serpentinite (Greek root “ophi” meaning
snake or serpent). It was later elevated in status by
Steinmann (1927), to characterize a genetically related as-
semblage of mafic and ultramafic rock types within alpine
orogenic zones, ‘the Steinmann trinity’. By the mid 1960s
the view that ophiolites represented early outpourings of ba-
saltic magma along rifts in eugeosynclines (Aubouin, 1965)
was generally advocated by most European geologists. Fol-
lowing emplacement, the differentiated magma generated
the apparent stratigraphic sequences from peridotite
through to gabbros and finally basalts.

Pertinent to the current discussion is the divergence of
historic scientific opinion regarding ophiolites, that existed
between European and American geologists from the late
1920s to the advent of plate tectonics in the late 1960s. Euro-
pean geologists emphasized the close spatial and genetic re-
lationship of peridotite, gabbro and pillow basalt and
associated pelagic sediments (ophiolites) while American
geologists considered peridotite separate from associated
mafic rocks, thus not preceiving a common environment of
origin.

North American geologists adopted the ‘alpine
peridotite’ concept as proposed by Benson (1926) which
suggested that peridotites and serpentinites were plutonic in
origin and intruded folded geosynclinal sediments within
orogenic belts. Subsequently, Hess (1938) proposed the ex-
istence of low temperature, hydrous, primary peridotite
magma, largely to reconcile field relationships that lacked
evidence of high temperature contact aureoles around
peridotite. Bowen and Tuttle (1949) later showed experi-
mentally that it was not possible for hydrous peridotite
magma to exist under 1000o C, thus eliminating the possi-
bility of a low temperature ultramafic magma. Toward the
late 1960s the prominent view of American geologists on
the origin of ultramafic rocks as summarized by Wyllie
(1967) was that they originated either as: (1) differentiation
of basic liquids form an ultramafic “mush” which either
formed a cumulate sequence or invaded as ‘lubricated
mush;” or (2) formation of a primary peridotite magma
within the mantle which then intruded into the crust as mush
or was emplaced as a solid by tectonic movement. The basic
problem of plutonic (mantle-derived) peridotites exhibiting
only embarrassingly slight or no contact metamorphism, re-
mained unresolved at that time.
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The current view of ophiolites is well rooted in the de-
velopment of plate tectonic theory during the early 1970s.
As pointed out by Coleman (1977),

“The long standing ophiolite controversy with its mul-
tiple theories was one of the first petrotectonic problems to
yield new solutions within the framework of the plate tec-
tonic theory.”

He concluded that,

“The ophiolite concept of Steinmann, modified by plate
tectonics and illuminated by modern petrology, remains in-
tact and is essential to our understanding of continental
margins, ancient seas, and major suture zones.”

The application of plate tectonics to oceanic crust re-
placed previous concepts that ophiolites represented the
earliest magmatic phases of an ensialic geosyncline, which
required them to be autochthonous and interlayered with
geosynclinal sediments (Aubouin, 1965). It resolved the
paradoxical occurrence of high–temperature ultramafic and
mafic rocks within sediments with no evidence of contact
metamorphism.

OPHIOLITE SUITE

Where emplaced as relatively intact segments of oce-
anic lithosphere, ophiolites comprise a differentiated igne-
ous crustal section of intrusive to extrusive rocks with
overlying pelagic sediments and underlying metamorphic
mantle (Figure A-1). A generalized model of constructive
plate margin magmatic and deformational processes has de-
veloped (Gass, 1980; 1990).

MANTLE SECTION

The development of ocean crust at a spreading centre is
considered to result from partial melting of upward convect-
ing mantle (Figure A-1). As relatively fertile lherzolitic
mantle moves upward it undergoes from 8 to 20 % partial
melting to produce Mg-rich piritic melts. Progressive up-
ward movement causes the volume of melt fraction to in-
crease until eventually coalescing into discrete magma
pockets in which olivine and chromite are precipitated. At
sometime, most likely that of connective mantle overturn,
melt is released into crustal magma chambers.

Metamorphic mantle rocks remaining after partial
melting, commonly referred to as residual mantle, consist
largely of highly refractory clinopyroxene-poor harzburgite
tectonite. Harzburgite is an ultramafic rock consisting of ol-
ivine with lesser, though locally dominant, orthopyroxene
and trace to minor chromite. Tectonite deformation struc-
tures and textures suggest development during solidus to
hypersolidus conditions for plastic flow (1000-1200oC) and
are attributed to mantle convection are typical of most
ophiolite mantle sections (Nicolas et al., 1980; Nicolas,
1986). Ophiolitic mantle rocks either forming the base of
well persevered ophiolites or occurring as dismembered
remnants are dominated by variably serpentinized residual
harzburgite tectonite containing subordinate pods or lenses
and dikes of dunite.

CRUSTAL SECTION

The petrological Moho separates oceanic crust from the
uppermost mantle. It defines a change from metamorphic

mantle peridotites to lower crustal cumulate peridotites. In
contrast, the seismic Moho defines the change in rock type
from peridotite to gabbro within the lower plutonic section
of the crust (Figure A1A).

Oceanic crust is divisible into a lower plutonic section,
an intermediate sheeted dike section and an upper extrusive
lava sequence that is interbedded with and overlain by pe-
lagic sediments.

The lower portion of the plutonic section comprises a
differentiated sequence of ultramafic to mafic, layered to
massive, cumulate rocks that range upward from dunites to
wehrlites to gabbros. Higher in the section, cumulate gab-
bros give way to massive, isotropic to varitextured,
high-level gabbros and plagiogranites. This plutonic crust
forms in a dynamic environment in which magma chambers
are periodically replenished by mantle melts only to be de-
pleted by dike injection and extrusion of lava. Most crustal
sections display a range of multiple intrusive relationships
suggesting semi-continuous magma input and multiple
magmatic events (Figure A1).

The transition from high-level gabbros into sheeted
dikes occurs through an interval of up to several 100 metres
of sheeted dikes with gabbro screens. A transition zone of
similar thickness occurs at the top of the sheeted dike inter-
val with screens consisting of lava.

TECTONIC SETTING

Although relatively coherent ophiolites with well pre-
served oceanic crustal sections are known, these are not typ-
ical of ophiolite suites in most orogenic belts. As stated in
the original definition for ophiolites in 1972 (Coleman,
1977):

“Faulted contacts between mapable units are common.
Whole sections may be missing. An ophiolite may be incom-
plete, dismembered or metamorphosed ophiolite”.

Structural complexity and dismemberment of
ophiolites into a number of more or less intact structural
blocks is common and results from syn- and post-emplace-
ment faul t ing and folding. Such rocks are truly
allochthonous and typically record a complex polyphase
deformational history.

Other regions of the world where ophiolites have been
emplaced onto the continental foreland display features
closely analogous to foreland fold and thrust belts (Lippard
et al., 1986). Thrusting and nappe emplacement develops
progressively from an external (outboard, oceanic) area to-
wards an internal (inboard) continental region. As a result,
the furthest-traveled nappe occurs highest in the sequence
with the lowest thrust slices, the last to be detached and
moved. Incorporation of successively lower thrust slices
gives rise to the characteristic “piggy-back” style of thrust-
ing. Differences from this generalized foreland fold and
thrust tectonic style result from factors such as the lenticular
nature of the thrust slices and probable irregular geometry of
the surface over which the nappes are emplaced.

This generalized style of structural stacking gives rise
to reversed ophiolite stratigraphy so that sedimentary units
are beneath volcanics, which sit below plutonic rocks and
ophiolitic basement with ultramafic mantle rocks com-
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monly comprising the highest structural slices. Reversed
ophiolite stratigraphies of this type are characteristic of
most ophiolitic assemblages in British Columbia.

LISTWANITE

Listwanite (from the Russian “listvenity”) is a term that
until the last two decades has been used almost exclusively
by Russian geologists to describe carbonate±sericite±pyrite
altered ophiolitic mafic and ultramafic rocks that are veined
by hydrothermal quartz±carbonate (Boyle, 1979). The term
was coined by G. Rose in 1828 (Hall and Zhao, 1995) to de-
scribe the type locality at Beresovsk in the Ural Mountains
of central Russia.

A review of limited translated Russian literature
(Goncharenko, 1970; Buryak, 1972; Kuleshevich, 1984)
and European publications applying Russian terminology
(Capedri and Rossi, 1973; Pipino, 1980; Ivan, 1982; Aydal,
1990) indicates that there is an established classification
scheme to describe different listwanite types. Reference by
Goncharenko (1970) to a 149-page Russian textbook by
Kashkai and Allakhverdiev (1965) devoted to the genesis
and classification of listwanite supports this conclusion.

Asample of some of the terms encountered and their in-
terpreted meanings include:

Ortholistwanite and epilistwanite (Goncharenko, 1970)

Ortholistwanite: carbonatized ultramafic rocks

Epilistwanite: rocks immediately associated with
ortholistvenite that show similar alteration effects but differ
in secondary mineralogy as a function of their differing pri-
mary mineralogies.

Allometamorphic and autometamorphic listwanites
(Aydal, 1990).

Allometamorphic listwanites are those immediately asso-
ciated with a granitic intrusion. They have a high potassium
content, reflected in the presence of micas (muscovite, fuch-
site) which are said to be introduced by hydrothermal fluids
from the granitic intrusion.

Autometamorphic listwanites are potassium poor as re-
flected by a lack of secondary mica.

These examples are introduced simply to illustrate the
complexity of usage of the term listwanite. More significant
than the use of specific terms to characterize the different
listwanite types is the way in which the rock types of the al-
teration suite are described. Listwanite described in the Rus-
sian and European literature is referred to in terms of the
relative abundance of secondary mineral constituents, for
example talc-carbonate listwanite or quartz-carbon-
ate-mariposite listwanite.
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The earliest, detailed account of the term ‘listwanite’ in
North American literature was most likely that given by
Boyle (1979, page 210).

“Basic and ultrabasic rocks, heavily carbonatized,
sericitized and pyritized are called listwänite by Soviet geol-
ogists. The term listwäentinization is commonly used in the
Ural goldfields and in other auriferous districts of the
U.S.S.R. Kashki (1964) and Goncharenko (1970) have dis-
cussed the zoning and chemistry of listvenites in some de-
tail. Briefly the metasomatic development of listvenite rocks
follows the sequence: (1) initial formation of serpentin-
ite-actinolite-chlorite rocks (with few carbonates) grading
to serpentiite-chlorite-carbonate rock; (2) intermediate
stage of formation of serpentinite-brucite-carbonate rocks
containing hemati te and quartz and grading to
talc-chlorite-carbonate and talc-carbonate rocks; (3)
listwänite stage of the mariposite listvenite.

The main characteristic of listwäentinization is the
conversion of serpentinite into talc and/or carbonates. The
chemical composition of listvenite is variable and is con-
trolled by zonal factors and the composition of the host
rocks. In general there is an introduction of K, Ca, Al, CO2

and H2O and an abstraction of SiO2.”

Additional insight into the application and character-
ization of the term is provided by Boyle’s description of
gold quartz vein occurrences in the Urals of Russia (page
105):

“Gold occurs at many places along the Ural chain,
mainly on its eastern flank. Placers were formerly the main
type of deposit, being derived mainly from a great variety of
gold quartz veins and pyritized and silicified zones in highly
folded and faulted gneisses, schists, phyllites, quartzites,
listwänite (quartz-sericite-talc-calcite-dolomite rocks de-
rived from the alteration of serpentinites and associated
intrusives including serpentinites, gabbro, norite and
diabase), granite, syenite, various types of porphyries and
highly altered (sericitized and pyritized) fine-grained rocks
called ‘beresites.’…. In the northern and central parts of the
Urals the gold deposits appear to show a close relationship
to the acidic types of dikes and other intrusions.”

Boyle’s understanding of the Russian usage, translated
from the pre-plate tectonic eugeosynclinal view, is signifi-
cant in that listwanite denotes carbonate-quartz-sericite al-
tered ophiolitic rocks i.e. “alteration of serpentinites and
associated intrusives, including serpentinites, gabbro,
norite and diabase”, (underlined = ophiolite). Russian geol-
ogists using listwanite terminology viewed ultra-
mafic-mafic rock associations as a related igneous complex,
consistent with the European pre-plate tectonic view. The
eastern slope of the Urals has been long regarded (Ivanov, et
al., 1979) to be a single great ophiolite belt with a length
greater than 2000 km and a width up to 200 km or more.

Of particular interest in the application of alteration ter-
minology used by Russian geologists is the way in which
they have adopted distinct alteration names to distinguish
between hydrothermally altered rocks of the ophiolite asso-
ciation ‘listwanite’, from alteration products of genetically
unrelated post-accretionary felsic intrusive rocks referred to
as ‘beresites’. This distinction is a significant and useful

concept as the spatial association of both these rock types is
important to the development and identification of econom-
ically significant gold quartz veins.

Although the term listwanite existed in geological dic-
tionaries and was described by Boyle (1979) when charac-
terizing Russian gold deposits, prior to the mid 1980s the
term was rarely used by North American geologists.
Leaming (1978) was among the first to apply the term in
British Columbia during a discussion of jade deposits in the
province. Hopper (1984) used it to describe carbonate-al-
tered rocks at the Cassiar gold camp.

Broader usage of the term is most likely attributed to
several publications by Buisson and Leblanc (1985, 1986,
1987) and Leblanc (1986) describing listwanite (spelled
listwaenite by these authors) alteration of ophiolite-hosted
gold-quartz vein deposits in Northwest Africa, west central
Saudi Arabia and Northern Italy. These authors were possi-
bly the first to document the relationship between
listwanite-associated gold-quartz vein mineralization and
ophiolites. These publications have introduced the term into
North American literature and have ultimately contributed
to confusion in its usage. Listwanite was portrayed and of-
ten introduced as simply “carbonate-altered ultramafic
rocks”. The restriction of listwanite by these authors to car-
bonate altered ultramafic rocks, may be simply due to the
fact that their studies focused entirely on ultramafic rocks.
The likely unintended implication was that listwanite refers
to only carbonate altered ultramafic rocks. This is clearly in-
consistent with Russian usage that includes altered ultra-
mafic and mafic rocks (Goncharenko, 1970; Buryak 1972;
Boyle, 1979; Kuleshevich; 1984).

The variety of spellings that have appeared for the term
in the geological literature, including listwaenite,
listwanite, listvanite and listvenite, are attributed by Halls
and Zhao (1995) to confusion in initial translation from Rus-
sian to German. They suggest that spelling of the word cor-
rectly translated to English should be ‘listvenite’. Despite
this suggestion, in order to be consistent with all previous
spellings in North American geological dictionaries
(Holmes, 1928, listwänite; Trush, 1968, listwanite; Gary et
al., 1972, listwänite; Bates and Jackson, 1987, listwanite)
and publications providing detailed descriptions (Boyle,
1979, listwänite) the spelling ‘listwanite’ is maintained.

DICTIONARY DEFINITIONS

The term listwanite is currently defined in North Amer-
ica (Bates and Jackson, 1987; Jackson, 1997) as;

“a carbonatized and variably silicified serpentinite,
occurring as dikes in ophiolite complexes in the Arabian
shield”

Carbonate-quartz-sericite altered mafic and ultramafic
rocks considered to be listwanites have been observed
throughout both British Columbia and Newfoundland by
the senior author. Similar rocks are described in the litera-
ture on gold occurrences in ophiolitic assemblage through-
out the world (Boyle,1979) and in Russia (Goncharenko,
1970; Kuleshevich, 1984); Italy (Pipino, 1980); Turkey
(Aydal, 1990); Morocco and Saudi Arabia (Buisson and
Leblanc, 1985; Leblanc, 1986); Mali and Saudi Arabia
(Buisson and Leblanc, 1986); Czechoslovakia (Ivan, 1982);
Ireland (Halls and Zhao, 1995) and California (Knopf,
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1929; Johnston, 1940; Böhlke and Kistler, 1986; Weir and
Kerrick, 1987; Landefeld, 1988; Böhlke, 1989).

Nowhere is there any evidence to suggest that the al-
tered serpentinized ultramafic rocks are, or ever were, dikes.
Field observation and literature review indicate that in all
cases the characteristically planar geometry of the altered
mafic and ultramafic rock is considered to be controlled by a
planar fracture or fault zone which has introduced a hydro-
thermal fluid, causing pervasive alteration of the mafic and
ultramafic igneous or metamorphic hosts. The secondary
mineral assemblages produced vary outwards from the vein
fracture and reflect a decreasing alteration intensity away
from the fluid pathway. The zoned variation in the intensity
of alteration produces a characteristic alteration halo
(Goncharenko, 1970). Listwanite is, therefore, a suite of
rock types resulting from hydrothermal alteration of the
original hostrock and is not a distinct rock type that has been
intruded into the host rocks, as the current dictionary defini-
tion implies.

Prior to this most recent variation on the definitions of
listwanite, earlier meanings given in North American geo-
logical dictionaries (Trush, 1968, listwanite; Gary et al.,
1972, listwänite) maintained the definition as given by
Holmes (1928, listwänite). Notably, the term does not ap-
pear in the Glossary of Geology, Second Edition (Bates and
Jackson, 1980):
Holmes (1928) listwänite, Rose. A schistose rock of yellowish

green colour composed of various combinations of the min-
erals quartz, dolomite, magnesite, talc and limo-
nite.(Beresowsk, Urals.)

Gary et al. (1972) “A schistose rock of yellowish green colour
composed of various combinations of the minerals quartz,
dolomite, magnesite, talc and limonite. (Holmes, 1928, p.
143) as is found in the Ural Mountains at Beresowsk”,

Appropriately, this definition describes a specific rock
type comprising a characteristic secondary mineral assem-
blage. The definition also relates the term to its origins in the
Ural Mountains of central Russia. Interpreted as written,
this definition does not include fuchsite/mariposite as an in-
tegral alteration phase of listwanite. Notably, as pointed out
by Hall and Zhao (1995) when the description of listwanite
was initially published by Rose in 1842 the term talc was ap-
plied in a more general sense than it is today. Then it in-
cluded a much wider range of hydrous phyllosilicates that
would have included micas. Evidently this confusion is
compounded by the fact that talc, as it is currently defined
(Bates and Jackson, 1987), is also a common but distinct al-
teration mineral associated with the development of
listwanite.

An additional problem or point of confusion is the in-
clusion of quartz as a component of listwanite. If listwanite
is regarded strictly to be a hydrothermal alteration product
of mafic and ultramafic rocks, quartz would not be included.
The absence of silica as an alteration component of these al-
teration systems was recognized during the initial studies of
these deposits (Lindgren, 1896, p. 147):

“Replacement by silica is not among the processes here
recognized. It should be borne in mind that a rock shattered
and filled with quartz seams is not an evidence of

metasomatic replacement by quartz, nor is such a rock a
quartz vein in process of formation. In a mineral water con-
taining carbon dioxide, sulphureted hydrogen, carbonates
and silica, the former three compounds will vigorously at-
tack, by chemical processes, the minerals of any ordinary
rock and form new compounds, while the silica is inert and
plays a passive role”.

This feature was later reiterated by Johnston (1940,
page 51) who confirmed, as earlier pointed out by Lindgren
(1896), that hydrothermal solutions introduced three princi-
pal classes of minerals into the rocks – carbonate, sericite
and sulphides.

“Quartz rarely replaces the wall rocks, although it
commonly fills small fractures adjacent to veins, in many
places of such great complexity as to suggest large-scale re-
placement when viewed in place or in hand specimens. Un-
der the microscope, however, the quartz of the veinlets is in
sharp contact with the carbonatized and sericitized country
rock, and evidence of encroachment upon the rock minerals
is wanting.”

Therefore a listwanite is not entirely an altered rock but
a combination of altered rock and fracture-filling vein
quartz and carbonate.

Whether the term listwanite has expanded beyond its
original meaning as a result of problems with translation of
the term itself, or due to changes in meaning of specific min-
eral names (i.e. talc) the reality is that the term has evolved
well beyond its original meaning. From the limited trans-
lated, Russian literature available on the topic, it is evident
that the understanding and application of the term is one that
has evolved in its country of origin to characterize the varied
and related components of the alteration suite.

It would appear, therefore, the term ‘listwanite’ has
been elevated in status from that of a rock type to that of an
association of rock types. All these being genetically related
to the same hydrothermal event but varying as a function of
both alteration intensity and protolith composition.

From an exploration standpoint it would be practical to
adopt ‘listwanite suite’ as a single descriptive term to char-
acterize the full range of genetically related alteration as-
semblages. Under this scheme the traditional application of
Russian geologists i.e., describing an alteration type based
on mineralogy, such as: quartz-mariposite listwanite or
quartz-carbonate listwanite would be used. This approach
would rule out ambiguity by clearly indicating variation in
alteration mineralogies within the different parts of the
listwanite suite. An understanding of the relative distribu-
tion of the individual components of the alteration suite
could then be applied as an exploration vector in localizing
veins within these systems.

Within this framework ‘true’listwanite (Hall and Zhao,
1995),consists of quartz, carbonate, mariposite/sericite and
pyrite, also referred to as ‘blue jay’ by early miners in Cali-
fornia, would be a component part of the listwanite alter-
ation suite. From the perspective of gold mineralization it is
this particular association of alteration minerals that is the
most suggestive of its deposition and, therefore, the most
economically significant component of that suite.
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