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British Columbia Mineral Deposit Profiles

INTRODUCTION
The  British   Columbia  Geological   Survey

Branch   03CGS)   started   a   mineral   potential
assessment in  1992 utilizing deposit models for
defining  and  characterizing  mineral  and  coal
deposits  which  exist,  or  for  which  favourable
geological   environments   could   exist,   in   the
province.   The   current  methodology   for   this
resource   assessment  process   is   described   by
Grunsky ef c7J. (1994), Kilby (1995) and Grunsky
(1995).  A  fundamental  part  of this  process  is
compilation    of    information    about    mineral
deposits   including   descriptions,   classification
and resource data (Lefebure ef cz/.,  1995a).  The
resulting   deposit   models   are   being   used   to
classify   known   deposits   and   occurrences,   to
guide experts in their estination of the number
of possible undiscovered mineral deposits, and to
group     deposits     to     allow     compilation     of
representative grade and tonnage data.

The   Branch   initially   relied   on   mineral
deposit models  published  by  the  United  States
Geological    Survey    (USGS)    and    Geological
Survey  of Canada  (GSC).  However,  it became
apparent that some models needed revision, and
that  there  are  British  Columbia  deposit  types
lacking    published    models.     This    work    is
proceeding using the Branch's  considerable  in-
house  expertise  OrcMillan  ef  cr/.,   1991)  with
assistance from economic geologists of the GSC,
USGS, industry and academia.

These  deposit  models   are  called   `deposit
profiles'    to    distinguish    them    from    other
published    descriptions,    such    as    the   USGS`deposit models'.  One value of  the   profiles  is

that they will provide geologists and prospectors
with  a  reference  guide  to  deposits  with  which
they have  little  familiarity.  In  some  cases  they
may encourage consideration of new exploration
targets within the province a,efebure, 1995).

This open file is the flrst of several reports
planned  to  publish  the  working  drafts  of the
deposit  profiles.   The  ultimate   objective  is  to
publish   all   the   deposit   profiles   in   a   single
volume.

CITATION
This   report  r.eflects   the   contributions   of

many individuals, particularly the authors of the
individual     deposit    models.     It    would     be
appreciated. if the  individual  authors  could  be
cited whenever appropriate rather than the entire
Open File.

BACKGRotJND
"An  ore  daposit  model  is   a  conceptual

and/or  empirical  standard,  embodying both the
descriptive features  Of the deposit type,  and an
explanation   Of   these   features   in   terms    Of
geologicalprocesses."

Hodgson,1993

h recent years there has been considerable
discussion  of  the  inportance  and  dangers  of
deposit models and their relevance to exploration
(Cox,  1993).  One  of the points underscored by
this debate is that while models are an extremely
useful method of organizing data, they may lead
to    over    simplification    of   complex    natural
phenomena.  Important  data     may  be  ignored
because it does not fit the model.  Every model
has  linitations, particularly those  attempting to
portray    the    essential    features     of    natural
phenomena.

Interactions   between   the   constructors   of
models, who are often government and academic
geologists, and the explorationists who use them,
are critical to the evolution of more accurate and
useable models   Qlodgson,  1993). Often it is the
deposits   that   can   not   be   classified,   or   the
observation  that  can  not  be  explained  by  an
existing model, which lead to an advance in our
understanding    of   ore-forming    processes    or
products.

Critical    elements    of   mineral    potential
assessments        are        standard        deposit-type
descriptions   that   are   used   to   group   sinilar
deposits. These standard descriptions can then be
used as  "deposit definitions" for expert analysis
of the mineral potential of geological tracts and
provide the basis for selecting resource data for
quantitative  assessments,  such  as tabulations  of
grade and tonnage data (Grunsky,1995).

Complete   suites   of   deposit   models   are
desirable,  even though mineral assessments  and
exploration   programs   tend   to    focus    on    a
restricted number of deposit types  at any given

BC Mineral Deposit Profiles - Version 2
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time.  For government,  it  is  important to  assess
the   resource   values   with   an   eye   to   future
exploitation of  resources. The mineral potential
of some land tracts will be  increased if deposit
types of little significance today can be identified
as possible mines of tomorrow. For industry, it is
critical to be able to decide whether a particular
occurrence  belongs  to   a  deposit  type  that  is
economically interesting at the present tine. This
helps focus exploration efforts on targets with a
greater chance of economic return.

The  USGS  published  the  first  comprehen-
sive  set  of mineral  deposit  models  and  related
grade  and tonnage probability curves  (Cox  and
Singer,  1986).  They present  85  mineral  deposit
models  and  60   associated  grade  and  tonnage
curves. Almost all the deposits described contain
metallic commodities.  Since then the USGS has
produced    a    number    of   other    publications
containing  summary  deposit  models,  including
two  significant  Open  File  reports  with  a  large
number of industrial minerals models (Orris and
Bliss,  1991,  1992). The USGS continues to work
on deposit models, however, it has yet to publish
models for some deposits that have been found,
or could exist, in British Columbia.

B.C. MINERAL DEPOSIT
PROFILES

Mineral     deposit     profiles     are     concise
descriptions  tied to  a  series  of headings  which
will fit  on  two  or  three  pages.  This  fomat  is
similar to those of deposit models published by
the  GSC  and the USGS  a3ckstrand,  1984;  Cox
and   Singer,   1986).   They   are   designed  to  be
primarily  descriptive  because  the  ore-forming
processes  are  sometimes poorly understood.  As
with the USGS models, the profiles are intended
to be global models with  sufficient information
to  describe  the  deposit  type  anywhere  in  the
world.     However,     they     incorporate     more
infomation  specific  to  British  Columbia  with
respect to tectonic setting, age of mineralization,
examples,     references,     resource     data     and
economic  factors.  The  guidelines  given  to  the
authors    for    the    profiles    are    presented    in
Appendix I.

As  part  of  the  British  Columbia  mineral
resource  assessment process more than  9900  of
the MINFILE occurrences in the province were
classified by detailed deposit type. This assisted
the analysis of the mineral poteritial of individual
geological  tracts  by  identifying  all  the  deposit
types that are known to exist within the tract. It
also  provided  a  check  on  the  (effectiveness  of

ix:Stcino8inpd]ee::SLi:y°doeis:°in:rdaeLq::toe:#ednecsecsr£::i.

British      Columbia.      Geologists      classifying
occurrences quickly pointed out that there were a
number  that  did  not  fit  any  of  the  exist`ing
profiles  and  some  that  did  not  fit  any  of the
USGS models either. hi some cases this reflected
the   difficulty   of  classifying  poorly   described
showings    and   prospects.    However,    it    also
identified more deposit models that needed to be

:;tte:fe:h]:hee¥:rcfem:¥:LUL:obtEn:i:TP£Lsetege£°:
assessed as it provides a very useful check on the
applicability and completeness of global models
being applied.

A  number  of  deposit  typ?s  that  are  not
thought to be relevant to British. Columbia have
not been  addressed by  completing profiles.  For
example,  there  seems  very  little  likelihood  of
Bushveld   type   Fe-Ti-V   or   komatiitic   nickel
deposits occurring in the province. In some cases
very    specific     deposit    models     have     b6en
combined to provide a more general model that
better meets  the needs  of the  mineral  potential
assessment process.

Profiles   are   based   on   a   combination   of
published     infomation     and     the     personal
knowledge  of the  authors  and,  in  many  cases,
infomation   provided   informally   by   industry
geologists.    More   than    140    general    deposit
models  are  thought  to  be  relevant  to  British
Columbia,   including  more  than  75  metal,   70
industrial  mineral  and  four  coal  profiles.  The
Branch is currently working towards completing
descriptions   for   approxinately   100   of  these
deposit models. We are also compiling grade and
tonnage data for selected models.,

With new data being produced every day by
industry  and research  geologists,  it  is  expected
that some of today's models will be out-of-date
tomorrow. The BCGS profiles will change as ire
receive   more   information   frori   industry   and
research geologists. Better models assist both the
exploration community and resource assessment
geologists.

2 Geological Surve.y Branch
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One of the objectives of this Open File is to
elicit   comments   and   criticisms   from   readers
which   can   assist  the   authors   and   editors   to
improve the deposit profiles. Branch staff can be
contacted at the following addresses:

B.C. GeQlogical Survey Branch,
Ministry of Energy, Mines

and Petroleum Resources
1810 Blanshard Street,
Victoria, B.C. VBV IX4
tel: (604) 952-0404
FAX: (604) 952-0381

CLASSIFICATION
The  different  methods  of grouping  of the

different      deposit      types       has       generated
considerable     discussion.     This     reflects     the
difficulties in any subdivision of complex natural
phenomena,   particularly   when   some   de|5osit
types  are  end  members  of  a  continuum.  The
many   classification   systems   developed   since
Agricola are testinony to the elusive nature of a
satisfactory   classification   scheme   for  mineral
deposits.  This  is  not  surprising  given  ongoing
advances  in  our  understanding  of ore-forming
processes.  The  reader  is  directed to  summaries
by ,Jensen and Bateman (1979) and Peters (1978)
for a review of different classiflcation systems.

With our profiles, the approach has been to
regard the deposit models as the key element and
any classification system as merely an index for
placing the models into a useful context for the
user.  Profiles  will  be  published  with  multiple
indexes,     such     as     by     deposit     examples,
commodity  and  host  lithology.  An example  of
providing  indexes  to  mineral  deposit  types  is
Laznicka's  text  (1985).;  this  reference  proved
invaluable in researching intemational examples
of deposits sinilar to.those in British Columbia.

Two    classification    schemes    for    British
Columbia  deposit profiles  are  presented  in  this
open   flle.   The   first   is   organized  by   deposit
groups   (Appendix  11,   Table  3)  which  uses   a
combination    of    characteristics    to     separate
deposits   into   groupings   frequently   used   by
geologists.  This  is  a  single  entry  listing  with
headings,   such   as  porphyry,   industrial  rocks,
organic  and  placer  deposits,  divisions     which
relate  well  to  areas  of  expertise  of  economic
geologists.   The   second   classification   system
classifies    profiles     according    to    the    most
commonly  associated host lithologies.  This  is  a
multiple entry index (Appendix 11, Table 4). It is
particularly     useful     for     mineral     potential
assessments  where  the  bedrock  geology  is  the

most   inportant   criterion   for   estinating   the
number of undiscovered deposits.

The two tables in Appendix 11 provide some
related  information  that  may  be of use  to  the
reader.   Alternate   deposit   model   names    are
included    under    synonyms.    In    many    cases
example deposits from British Columbia, Canada
and the world are listed for each profile.  These
are meant to provide knowledgeable readers with
suitable    reference    points.    There    has    been
considerable  effort  put  into  checking  that  the
examples are representative of the deposit type,
however, we are aware that some of the deposits,
particularly those from outside the province, may
be       incorrectly       crassified.       The       BCGS
alphanumeric   reference   code   for   the   deposit
profiles  is  recorded  in  both  tables.   This  is  a
single  letter  followed  by  a  two  digit  number
which is used in MINFILE and provides a short
exact code for the profiles. If the BCGS does not
yet have  an existing  draft profile for a deposit
type,  this  is  indicated  by  an  asterisk  after  the
code (e.g. 801*). For the convenience of readers
fapiiliar  with  the  USGS  models  published  by
Cox   and  Singer  (1986)   and   Orris   and  Bliss
(1991,   1992),  the  relevant  numbers  of  USGS
models are listed in Table 4. Note that we have
included codes  for deposit types  listed by Orris
and Bliss (1991, page 66) that have not yet been
published.  As  with  the  BCGS  profiles,  these
codes    are   indicated   by   an    asterisk   (39f*).
Readers who are interested in using Tables 3 and
4  might be  interested  in  purchasing the BCGS
Open File 1995-8 (Lefebure ef cr/.,1995b) which
presents   the   same   information   in   wall-sized
poster format.

Within  the  two   classification  schemes   of
deposit types for British Columbia (Tables 3 and
4),  the  reader  will  notice  several  new  deposit
types    that    reflect    the    influence    of    new
discoveries or new data. For example, there is a
deposit  model   for  "Shallow   Subaqueous   Hot
Spring  Au-Ag".   This   is  based  on  the  Eskay
Creek  deposit  and  recent research  results  from
the     southeast.    Paciflc     Qlannington,     1993)
documenting    shallow,    precious    metal    rich,
exhalative  sulphide  deposits.  As  more  data  are
collected  on  these  new  deposits  our  increased
understanding  may  allow  them  to  be  merged
with an existing deposit model.

BC Mineral Deposit Profiles - Version 2 3
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LIGNITE

by Bany Ryan

IDENTIFICA;TION

A02

PROFILES

SYNONYM:  Brown coal.

COMMODITIES (BypRODUCZS:  Coal, coal liquids, (fcrr, gcrs, /eo#crrdzte).

EXARELES  (British Columbia - Ccr#crczdrr#fer77crfz.oJ7crD:  Hat Creek (092INW047); Skonun, Queen
Charlotte Islands; Coal River (mapsheet 94M10W/,. Esfevcr77 rscrshafcfoewcr#/,. rexas' /USA/.

GEOLOGICAI CHARACTERISTICS

CAPSULE DESCRIPTION:  Seams of brown to black coal hosted by elastic sedimentary rocks. It can still
contain some inprints of the original vegetation.  Wet and dense with a dull lustre.  Slacks
(disintegrates) on exposure to air.

TECTONIC SETTINGS:  Stable continental basins; shelves on the trailing edge of continents; foreland .
(molasse) basins; back-arc basins; fault blocks, often associated with strike-slip movement to limit
sediment influx.

DEPOSITIONAL ENVRONRENT / GEOLOGICAL SETTING:  An area of slow sedinentation, in fresh
water, with few or no marine incursions.  Delta; shoreline swamp; raised swanp; lake; floating

.   vegetation mats.

AGE  OF MINERALIZATION:  Quaternary; Tertiary; occasionally older.

ASSOCIATED ROCK TYPES:  Sedinentary rocks exhibiting evidence of fresh and or shallow water
deposition; carbonaceous mudstones; siltstones and sandstones, often with cross-stratification and
other sedimentary structures of shallow water origin.                    `

DEPOSIT FORM:  Lignite seams generally conform with regional bedding; sometimes seams are
deposited in areas of local subsidence such as fault-controlled blocks or sink holes in karst
topography,, in which case deposits may be lens shaped.  Occasionally seams can be
thickened/defomed by surface slump, glacial drift or faulting.  Seams may pinch out or split on
the regional scale.

TEXTURE/STRUCTURE:  Lignite retains a dull matted appearance and is composed mainly of the
lithotype huminite.  It is banded andjointed.  Footwall sediments are often penetrated by roots or
weathered to clay (seatearth).

COAL SEAMS / ASSOCIATED MINERAL MATTER:  Lignite is defined as coal with an Rmax value of
less than 0.4 0/o.  h outcrop it contains between 30 to 40 % moisture.  It usually contains a high
percentage of the maceral vitrinite and lower percentages of fusinite and liptinite.  Mineral matter
occurs in the lignite seams as bands, as fmely intermixed material of authogenic or detrital origin
(inherent mineral matter) and as secondary material deposited in fractures and open spaces.
Inherent inineral matter includes pyrite, siderite and kaolinite.  It may be dissimilar to that of the
surrounding rocks.
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LIGNITE A02   .      '

WEATIIERING:  Weathering of lignite reduces the calorific value by .oxidizing the carbonihydrogen
complexes.  Minerals such as pyrite oxidize to sulphates.  Secondary carbonates are formed.

ORECbNrioLS:Theregionalgeometryofcoalseamsiscontrolledbysedimentaryfeaturessuchas
extent of the delta, trend of the shoreline, and trend of sand-filled river charmels.  Subsequent
deformation, such as faulting and folding, is inportant for higher rank coals.

ASSOCIATED DEPOSIT TYPES:  Peat (A01), sub-bituminous coal (.A03), paleoplacers (C04).

COMRENTS:  Lignite has the lowest rank of all classes of coal Qmax less than 0.4 0/o).

EXPLORATION GUIDES

GEOCREMICAL SIGNATURE:  Geochemistry is generally not used as a prospecting tool for lignite.
I

GEOPHYSICAL SIGNATURE:  Lignite has a low density.  Resistivity is variable but can be low for
lignite.  Surface geophysical techniques include direct-current pro filing, refraction and reflection
seismic and gravity.  Subsurface or bore-hole techniques include gamma logs, neutron logs,
gamma-gamma density logs, sonic logs, resistivity logs and caliper logs.

OTRER EXPLORATION GUIDES:  Presence of: a down-slope coal bloom; nonmarine sed,inents; coal
spar in the sediments; small oily seeps.  Presence of lignite seams can also be detected by methane
escaping through the surrounding sediments and bum zones where the lignite outcrop has burnt,,
baking the surrounding sedinents.

ECONOMIC FACTORS
i

TYPICAL GRADE AND TONNAGE:  The heat value of lignite is low.  Gross heating value on a moist
ash-free basis is 15 to 20 MJAIg.  Net useable heat will be lower because of the high moisture
content and included mineral matter.  Mine reserves range from tens to hundreds of million
tonnes.                                                                                                                                                          I,

ECONOMIC LINITATIONS:  Lignite is a bulk commodity which is expensive to transport`.  The low
heating value and tendency for spontaneous combustion usually restrict lignite to ldcal uses. The
ratio of tonnage to useable heat is l`ow so that there is a large amount of waste material generated.

END USES:  Steam generation in turbines for electrical generation.  Feed for liquefaction and gasification.

IM?ORTANCE:  Major source of fuel used for local electrical power generation.  Approximately 10 to 20
Mt of lignite per year are required to support 1 MW of power generation capability..
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LIGNITE A02

REFERENCES

Armstrong, W.M., Fyles, J.T., Guelke, C.B., Macgregor, E.R., Peel, A.L., Tompson, A.R. and
Warren, I.H. (1.976): Coal in British Columbia, A Technical Appraisal,. 8. C. A4lz.7#.stry

Of Energy, Mines and Petroleum Resources, Coa.1 TaskForce, 241 paiges.
Cope, J.H.R., Duckworth, N.A., Duncan, S.V., Holtom, J.E.B., Leask, A.L., MCDonald, K.A.

and Woodman, S.P. (1983): Concise Guide to the World Coalfields; coi#pj./ec7 dy Dczfcz
Bank Service, World Coal Resources and Reserves, IBA Coal Research.

Matheson, A. (1986): Coal in British Columbia; ,. 8. C. A4lz.#z.stry o/E#erg)/, A4lj.#es cr#d
Pefro/e#" Res'ozfrces, Paper 1986-3,169 pages.

Smith, G.G. (1989): Coal Resources in Canada; Geo/oar.ccr/ S#rvey o/Ccz#crcJcr, Paper 1989-4,
146 pages.
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SUBIBITUMINOUS COAL

by Bany Ryan

IDENTIFICA:TION

A03

PROFILES

SYNONYMS:  Steam coal, themal coal, black lignite.

COMMODITIES (BypRODUCZS:  Coal, coal liquids, (fczr, grs).

EXAIffLES  @ritish Columbia  - Ccr#crczdrr#fer77c7fz.o77crD:  Princeton (092HSEO89), Tulameen

(092HSE209), Quesnel (0938036), Tuya River (104J044); Wlfaztewood cr#d fJz.gfei/cz/e mz.77es
(Alberta, Canada), Powder RIver Basin (USA).

GEOLOGICAL CHARACTERISTICS                                 -

CAPSULE DESCRIPTION:  Seams of black to brown coal hosted by clastic sedimentary rocks. The coal
is banded dull and bright.  Generally hard, sometimes the texture of the original vegetatio-n is
partially preserved.

TECTONIC SETTINGS:  Stable continental basins; shelves on the trailing edge of continents; foreland
(molasse) basins; back-arc basins.

DEPOSITIONAL ENVIRONRENT / GEOLOGICAL SETTING:  An area of slow sedimentation in fresh
water with few or no marine incursions. Can be produced by fault blocks associated with strike-
slip movement to linit sediment influx. Delta; shoreline swamp; raised swamp; lake; floating
vegetation mats.

AGE  OF MINERALIZATION:  Often Tertiary but can be older.

HOST/ASSOCIATED ROCK TYPES:  Sedimentary rocks exhibiting evidence ofnon-marine deposition.
Carbonaceous mudstones, siltstones and sandstones are the most common, often with cross-
stratification and other sedinentary structures formed in shallow water.

DEPOSIT FORM:  Coal seams generally confom with regional bedding; sometimes seams are deposited
in areas of local subsidence, such as fault-controlled blocks or sink holes in karst topography, in
which case deposits may be lens shaped.  Occasionally seams can be thickened/defome'd by
surface slump, glacial drift or faulting.  Seams may pinch out or split on a local or regional scale.

TEXTURE/STRUCTURE:  Sub-bituminous coal is usually composed mostly of clarain and vitrain.
Footwall sediments are often penetrated by roots or weathered to clay (seatearth).

COAL SEAMS/ASSOCIATED MINERAL MATTER:  Sub-bituminous coal has Rmax values in the range
of 0.4 to 0.6 %.  In outcrop it can contain up to 30 % moisture.  It usually contains a high
proportion of vitrinite and lesser anounts of fusinite and liptinite.  Mineral matter is in the coal as
rock bands, as finely intemixed material of authogenic or detrital origin (inherent mineral matter)
and as secondary material deposited in fractures and open spaces.  Inherent mineral matter
includes pyrite, siderite and kaolinite.
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SUB-BITUIVIINOUS COAL                               '                     t         A03

WEATIIERING:  Weathering of sub-bituminous coal reduces the calorific value by oxidizing the carbon-
hydrogen complexes.  Minerals in the mineral matter will also oxidize.  Pyrite oxidizes to
sulphates.  Secondary carbonates are fomed.

ORE CONTROLS:  The regional geometry of the seam/seams is controlled by sedinentary features, such
as the extent of the delta, trend of the shoreline, and trend of sand-filled river channels.
Defomation (faulting and folding) is important in some deposits.

I

ASSOCIATED DEPOSIT TYPES:  Lignite (A02); bituminous coal (A04), Shale-hosted Ni-Zn-Mo-PGE
(E16), Phosphate -upwelling type (F07).

EXPLORATION GUIDES

GEOCHEMICAL SIGNATURE:  Geochemistry is generally not used as a prospecting tool for coal.

GEOPHYSICAL SIGNATURE:  Coal has a low density.  Resistivity is variable to high.  Surface
:techniques include direct-current pro filing, refraction and reflection seismic, and gravity.

Subsurface or bore-hole techniques include gamma logs, neutron logs, gamma-gamma density
logs, sonic logs, resistivity logs and caliper logs.

OTHER EXPLORATION GUIDES:  Presence of: a down-slope coal bloom; coal spar; small oily seeps or
methane escaping through the surrounding sediments.  Zones where the coal outcrops have ignited
and burnt to some depth underground.

ECONOMIC FACTORS

TYPICAL GRADE AND TONNAGE:  Gross heating value on an ash-free moist basis is 20 to 27 MJftg.
Net useable heat will be lower because of the high moisture content and the presence of ash. Mine
reserves range up to hundreds of millions of tonnes.  The sub-bituminous coal resources ofB.C.
Tertiary coal basins commonly range up to 200 Mt (Hat Creek exceptional with 1000 Mt).

ECONOMIC LIMITATIONS:  Coal is a bulk commodity which is expensive to transport.  The moderate
heating value and tendency for spontaneous combustion means that sub-bituminous coal is usually
used locally for electrical power generation.  The ratio of tonnage to useable heat i§ low so that I
there is a larger proportion of waste material (water, fly ash and slag) generated when burnt than
for higher rank coals.

END USES:  Steam generation in turbines for electrical generation.  Feed for liquefaction or gasification.

IhffoRTANCE: Approxinately 8 to 10 Mt of sub-bituminous coal is required to generate 1 MW per year.
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Ministry of Energy, Mines and Petroleum Resources

SUB-BITUIVIINOUS COAL

REFERENCES

A03

Armstrong, W.M., Fyles, J.T., Guelke, C.B., Macgregor, E.R., Peel, A.L., T6mpson, A.R. and Warren, I.H. (1976):
Coal in British Columbia, A Technical Appraisal,. 8. C. "i.#z.stry a/EJ7erg)/, A4lz.#es cr#d pe/ro/Cwm jtesowrces,
Coal Task Force, 241 pages.

Cope, J.H.R., Duckworth, N.A., Duncan, S.V., Holtom, J.E.B., Leask, A.L., MCDonald, K.A. and Woodman, S.P.

(1983): Concise Guide to the World Coal fields; compi./ed dy Dczfcz Bcz#k Serv!.ce,  Wow/d Cocz/ Reso#rces cr#d
Reserves, IBA Coal Research.

Matheson, A. (1986): Coal in British Columbia;  B. C. Adz.#z.stry o/E#erg)/, A4l!.#es cr#d PGfro/e#m Jzesoztrces, Paper
1986-3,169 pages.

Smith, G.G. (1989): Coal Resources in Canada; Geo/og!.ccr/ Sztrve)/ o/CcI#c[c7cr, Paper 1989-4,146 pages.
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BITUMINOUS COAL

by Bany Ryan

IDENTIFICA:TION

A04

PROFILES

SYNONYMS:  Metallurgical coal, coking coal, humic coal.

COMMODITIES ( BYPRODUCTS)..  Coal, coke, (coal liquids, tar, gas`.

EXAIAI'LES  @ritish Colunibia -Ccr#crc}drT77fer#crfz.o77cro:  Line Creek (082GNE020), Quintette  (0931010,
OIL, 019 , CJ2;I ii)., Sychey coalf ield prova Scotia, Canada) , Sydney coalf ield (Australia) .

GEOLO GICAL CHARACTERISTICS

CAPSULE DESCRIPTION:  Seams of black coal hosted by elastic sedimentary rocks. Coal is banded
bright and dull.  Generally hard with well developed cleats.

TECTONIC SETTINGS:  Stable continental basins; shelves on the trailing edge of continents; foreland
(molasse) basins; back-arc basins.

DEPOSITIONAL ENVIRONRENT / GEOLOGICAL SETTING:  An area of slow sedinentation in fresh
water with few or no marine incursions. Can be produced by fault blocks associated with strike-
slip movement to linit sediment influx.  Delta; shoreline swamp; raised swamp; lake; floating
vegetation mats.

AGE  OF MINERALIZATION:  Generally older than Tertiary; major .deposits are Cretaceous, Permian or
Carboniferous in age.

ASSOCIATED ROCK TYPES:  Sedinentary rocks exhibiting evidence of non-marine deposition;
carbonaceous mudstones; siltstones and sandstones often with cross-stratification and other
sedimentary structures of fluvial/alluvial or deltaic origin.

DEPOSIT FORM:  Coal seams generally conform with regional bedding; sometimes seams are deposited
in areas of local subsidence, such as fault-controlled bl6cks.  Seams may be thickened/deformed
by faulting, folding and shearing.  Seams may pinch-out or split on a local or regional scale.

TEXTURE/STRUCTURE:  Bituminous coal is usually composed mostly of clarain and vitrain.  Footwall
sediments are often penetrated by roots or weathered to clay (seatearth).

COAL SEAMS/ASSOCIATED MINERAL MATThR:  Bituminous coal has Rmax values in the range of
0.5 to 2.0 0/o.  In outcrop it can contain up to 15 % moisture.  It usually contains a high percentage
of the maceral vitrinite; at higher ranks liptinite is difficult to detect; the amount of fusinite is
variable. Mineral matter is in the coal seams as rock bands, as finely intemixed material of
authogenic or detrital origin (inherent mineral matter) and as secondary material deposited in
fractures and open spaces.  Inherent mineral matter includes pyrite, siderite and kaolinite. It may
be dissimilar to that of the sulTo`mding rocks.
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BITUMINOUS COAL                                                                     A04

WEATRERING:  Weathering of the bituminous coal reduces the calorific value by oxidizing the carbon-
hydrogen complexes.  It also destroys the agglomerating (coke making) properties.  Minerals such
as pyrite oxidize to sulphates.  Secondary carbonates are formed.  These transfomations may
further damage the coking properties.

ORE CONTROLS:  The geometry of the seam/seams is controlled by sedinentary features, such as extent
of the delta, trend of the shoreline, and trend of sand-filled river chamels.  Deformation (faulting
and folding) is also inportant.

ASSOCIATED DEPOSIT TYPES:  Sub-bituminous coal (A03), anthracite (A05), Shale-hosted Ni-Zn-Mo-
PGE 0316), Phosphate -upwelling type G]07).

COMMENTS:  Bituminous coal is widely used for coke making by the steel industry because of its
agglomerating properties.

EXPLORAIION GUIDES

GEOCIHMICAL SIGNATURE:  Geochemistry is generally not used as a prospecting tool for coal.

GEOPHYSICAL SIGNATURE:  Bituminous coal has a low density.  Resistivity is variable to high.
Surface techniques include direct-current pro filing, refraction and reflection seismic, and gravity.
Subsurface or bore-hole techniques include gamma logs, neutron logs, gamma-gamma density
logs, sonic logs, resistivity logs and caliper logs.

OTHER EXPLORATION GUIDES:  Presence of: a down-slope coal bloom; nonmarine sediments; coal
spar.  Presence of methane escaping throu-gh the surrounding sediments.

ECONOMIC FACTORS

TYPICAL GRADE AND TONNAGE:  Numerous tests quantify the coking ability of bituminous coal,
they measure rheology, melting and petrographic properties of the coal as well as the chemistry of
the ash.  The gross heating value of bituminous coal is 27 to 33 MJckg on an ash-free moist basis.
Net useable heat will be lower because of the presence of ash.  Mine tonnages generally range
from 10 to 1000 Mt.

I

ECONOMC LIMITATIONS:  Coal is a bulk commodity which is expensive to transport.  Bituminous
coal has a high market value because' of its coking properties and high heating value.  The ratio of
tonnage to useable heat is good so that there is a lower proportion of waste material (such as
water, fly ash and slag) generated than for other ranks of coals.

END USES:  Coke; steam generation in turbines for electrical generation.

IMPORTANCE: Generally bituminous coal is used for coke making, weathered and non-agglomerating
bituminous coal is ,utilized for power generation. Only source for coke used in the steel industry.
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BITUMINOUS COAL A04
.               REFERENCES

Armstrong, W.M., Fyles, J.T., Guelke, C.B., Macgregor, E.R., Peel, A.L., Tompson, A.R. and Warren, I.H. (1976):
Coal in British Columbia, A Technical Appraisal,. 8. C. "i.#istry o/E#ergy, "!.#es cz#d Pefro/ezim JieSowrceS,
Coal Task Force, 241 pages.

Cope, J.H.R., Duckworth, N.A., Duncan, S.V., Holtom, J.E.B., Leask, A.L., MCDonald, K.A. and Woodman, S.P.

(1983): Concise Guide to the World Coal fields; co"pz./ed dy Dcrfcr Bc!%k Servz.ce,  War/d CocI/ Jiesoz/rces cr#d
Reserves, IBA Coal Research.

Matheson, A. (1986): Coal in British Columbia; ,. 8. C. A4lJ.#z.s'try a/E#eJ`g)/, Mz.#es cr#d Pefro/Cwm Resozirces, Paper
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ANTHRACITE

by Bany Ryan

IDENTIFICATION

A05

PROFILES

SYNONYMS:  Hard coal, stone coal, smokeless fuel.

COMMODITIES:  Coal, carbon.

EXAIffLES  (British Columbia -J73ferJ7crfz.o#crz/Ccr#crc7cz):  Klappan (104H020,021,022), Panorama South
C104Af J8;2:); Canmore (Alberta, Canada) , Pe;msyivania coaofiields (USA).

GEOLOGICAL CIIARACTERISTICS

CAPSULE DESCRIPTION:  Seams of black coal hosted by clastic sedinentary rocks. Coal is well cleated
with bright and dull bands.  Anthracite often exhibits a high lustre and is not dusty.

TECTONIC SETTINGS:  Stable continental basins; shelves on the trailing edge of continents; foreland
(molas§e) basins; back-arc basins.

DEPOSITIONAL ENVIRONRENT / GEOLOGICAL SETTING:  An area of slow sedinentation in fresh
water with few or no marine incursions. Can be produced by fault blocks associated with strike-
slip movement to limit sedinent influx.  Delta; shoreline swamp; raised swamp; lake; floating
vegetationmats.

AGE OF MINERALIZATION:  Generally older than Tertiary; major deposits are Cretaceous, Permian or
Carboniferous in age.

HOST/ASSOCIATED ROCK TYPES:  Sedinentary rocks exhibiting evidence of non-marine deposition;
carbonaceous mudstones; siltstones and sandstones often with cross-stratification and other
sedinentary stmctures fomed in fluvial/alluvial deltaic settings.    t

DEPOSIT FORM:  Anthracite seams generally conform with regional bedding.  Seams are often
thickened/defomed by faulting, folding, shearing and thrusting.  Seams may pinch-out or split on
a local or regional scale.

TEXTURE/STRUCTURE:  Anthracite is usually composed mostly of the lithotypes clarain and vitrain.

COAL SEAMS/ASSOCIATED MINERAL MATTER:  chthracite has Rmkvalues over 2.0 %.  In outcrop
anthracite can contain up to 5 % moisture.  It usually contains a high percentage of the maceral
vitrinite but because of the high rank the rheological and chemical differences between vitrinite
and the inert macerals are small.  Liptinite is difficult to identify at the anthracite rank.  Mineral
matter is in the coal seams as rock bands, as finely intemixed material of authogenic or detrital
origin (inherent mineral matter) and as secondary material deposited in fractures and open spaces.
Inherent mineral matter includes pyrite, siderite and kaolinite.  It may be dissinilar to that of the
surounding rocks.
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ANTHRACITE A05
WEATRERING:  Weathering of anthracite reduces the calorific value by oxidizing the carbon-hydrogen

complexes.  Minerals in the mineral matter will also oxidize.  Pyrite oxidizes to sulphates.
Secondary carbonates are formed.

ORECoriTROLS:Deformation(folding,faultingandthrusting)isveryimportant.Theregional
geometry of the seam/seams may also be influenced by sedinentary features, such as extent of
delta, trend of the shoreline, and trend of sand-filled river channels.

ASSOCIATED DEPOSIT TYPES:  Bituminous coal (A04), Shale-hosted Ni-Zn-Mo-PGE a]16),
Phosphate -upwelling type (F07).                                                                                        i

COMRENTS:  Anthracite is the highest rank coal.  At this rank agglomerating properties have been
destroyed and heating value decreased somewhat from the maxinum obtained by low-volatile
bituminous coal.  Anthracite releases little smoke when burnt.

EXPLORAIION GUIDES

GEOCREMICAL SIGNATURE:  Geochemistry is generally not used as a prospecting tool `for anthracite.

GEOPHYSICAL SIGNATURE:  Anthracite has a low density.  Resistivity is variable to high.  Surface
techniques include direct-cuITent profiling, refraction and reflection seismic, and gravity.
Subsurface or bore-hole techniques include gamma logs, neutron adsorption logs, gamma-gamina
density logs, sonic logs, resistivity logs and caliper logs.

OTHER EXPLORATION GUIDES:  Presence of down-slope coal bloom; fresh water depositional
stmctures; coal spar.  Presence of anthracite seams can also be detected by escaping methane.

ECONOMIC FACTORS
'1,

TYPICAL GRADE AND TONNAGE:  The heat value of anthracite is good and similar to that of medium-
volatile bituminous coal.  Gross heat`mg values are 30 to 33 Mj/Kg on an ash-free moist basis.  Net
useable heat will be lower because of the presence of ash. ' The mine reserves of anthracite
generally range from 10 to 100 million tonne-s.  They are generally smaller than the strip or operi

.  pit themal or metallurgical coal mines.

ECONOMIC LIMITATIONS:  Anthracite is a buHc commodity which is expensive to transport.  Anthracite
as low-ash lumps can be more than twice as valuable as bituminous coal, in which case it is        I
shipped widely.  Sold as fine anthracite briquettes with a moderate ash content, it has about the
same dollar value as bituminous themal coal.

END USES:  Source for carbon.  Specialized smelting applications, smokeless fuel for heating.

IMPORTANCE:  As low-ash large lumps it is an important source of carbon in the chemical industry.
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ANTHRACITE A05

REFERENCES

Armstrong, W.M., Fyles, J.T., Guelke, C.B., Macgregor, E.R., Peel, A.L., Tompson, A.R. and Warren,
I.H. (1976): Coal in British Columbia, A Technical Appraisal,. B. C. Mi.#istry o/E7!erg}/, ul4lj.#es
cr#d Pefro/e!t" Jteso#rces, Coal Task Force, 241 pages.

Cope, J.H.R., Duckworth, N.A., Duncan, S.V., Holtom, J.E.B., Leask, A.L., MCDonald, K.A. and
Woodman, S.P. (1983): Concise Guide to the World Coalflelds; compz./ed dy Dc[fcr Bcz#k Servz.ce,
World Coal Resources and Reserves, IEA Coal Research.

Matheson, A. (1986): Coal in British Columbia; ,. 8. C. Mz.#!.stry a/E#erg)/, A4lj.#es c[#d Pefro/eci"
j3esoe/rces, Paper 1986-3,  169 pages.

Smith, G.G. (1989): Coal Resources in Canada; Geo/og!.ccr/ Swrve); a/Ccz#crc7cr, Paper 1989-4,146

Pages.

BC Mineral Deposit Profiles - Version 2 19



British Coumbia

Geological Survey Branch20



Ministry of Energy, Mines and Petroleum Resources

SURFICIAL PLACERS

by Victor M. Levson

IDENTIFICATION

C01

PROFILES

SYNONYMS: Holocene Placer deposits; terrace placers; fluvial, alluvial, colluvial, eolian (rare) and
glacial (rare) placers.

COMMODITIES (BypjzoDUC7:S: Au, PGEs and Sn,  {locally Cu, garnet, ilmenite, cassiterite, rutile,
diamond and other gems - corundum (rubies, sapphires), toumaline, topaz, beryl (emeralds),
spinel -zircon, kyanite, staurolite, chromite, magnetite, wolframite, sphene, barite, cinnabar}.
Most Of the minerals listed in brackets are recorvered in some daposits as the principal prodrct.

EXAIAI'LES @ritish Columbia - Ccrmcrcha/r#fer;7crfro#czJ) : Fraser River (Au), Quesnel River (Au),
Tulameen dishict (PGBs)., North Sashatchewan River (Au, Alberta, Canada), Vermillion River
(Au, Ontario,Canada) , Rivi_are _Gilb_ert (Au, Quebec, Cana_da) ,_ Klondike (Au, Yukon, Canada) , RIo
Tapc[jos (Au, Brazil) , W_es_tland and prelson (Au, New Zealand) , _Ya_na-Kolyma belt (AIA, REssia) ,•    Sierra Nevada (Au, California, USA), Goodnews Bay( PGE, Alaska, USA), Emerald Creek

(garnet, Idaho, USA) , Rio Hua]ouni and Ocuri (Sn, Bolivia) , Sundaland belt (Sn, Thailand).

GEOLO GICAL CIIARACTERISTICS

CAPSULE DESCRIfTION: Detrital gold, platinum group elements and other heavy minerals occiirring at
or near the surface, usually in Holocene fluvial or beach deposits. Other depositional
environments, in general order of decreasing inportance, include: alluvial fan, colluvial,
91aciofluvial, glacial and deltaic placers.

TECTONIC SEITINGS:  Fine-grained, allochthonous placers occur mainly in stable tectonic settings
(shield or platformal environments and intermontane |5lateaus) where reworking of elastic material
has proceeded for long periods of tine. Coarse, autochthonous placer deposits occur mainly in
Cenozoic and Mesozoic accretionary orogenic belts and volcanic arcs, commonly along major
faults.                                                                                                                                      '

DEPOSITIONAL ENVIRONRENT / GEOLOGICAL SETTING:  Surficial flEyial placer concentrations

a:iTeEear#ys¥e:F.g£#8#irod::'sgueo¥tyc,hs¥g;::c(hariuceh[th£::ussd(:E#Lgndo::ofegp::]%;.ckin
Concentrations occur along erosional surfaces at the base of channel sequences. Alluvial fan. fan-
delta and delta deposits are distinct from fluvial placers as they occur in relatively unconfined
depositional settings and typically are dominated by massive or graded sands and gravels, locally
with interbedded diamicton. Colluvial placers generally develop from residual deposits associated
with primary lode sources by sorting associated with downslope migration of heavy minerals.
Glaciofluvial and g|agia| placers are mainly restricted to areas where ice or meltwater has eroded
pre-existing placer deposits. Cassiterite, ilmenite, zircon and rutile are lighter heavy minerals
which are distributed in a broader variety of depositional settings.

AGE OF MINERALIZATION: Mainly Holocene (rarely Late Pleistocene) in glaciated areas; generally
Tertiary or younger in unglaciated regions.

HOST/ASSOCIATED ROCK TYPES: Well sorted, fine to coarse-grained sands; well rounded, inbricated
and clast-supported gravels.

DEPOSIT FORM:  In fluvial environments highly variable and laterally discontinuous; paystreaks
typically thin (< 2 in), lens shaped and tapering in the direction of paleoflow; usually interbedded
with barren sequences.                                                                           ,
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SURFICIAL PLACERS                              .                        ' C01         1

TEXTURE/STRUCTURE: Grain size decreases with distance from the source area.  Gold typically fine
grained (< 0.5 mm diameter) and well rounded; coarser grains and nuggets rare, except in steep
fluvial channel settings where gold occurs as flattened flakes. Placer mmerals associated with
colluvial placer deposits are generally coarser grained and more angular.

ORE MINERALOGY ®rincipal and s#borc7z.J7crfe) : Au, PGE and cassiterite (C#, j4g c#7ar 1;arj.oz# z.#c7usfr;.cz/
minerals and gemstonesD.

GANGUE MINERALOGY: Quartz, pyrite and other sulphides and in many deposits subeconomic           I
concentrations of various heavy minerals such as magnetite and ilmenite.

ALTERATION MINERALOGY:  Fe and hth oxide precipitates common; Ag-depleted ring of Au grains
increase in thickness with age.

ORE CONTROLS:  In fl±±yial settings, placer concentrations occur at channel iITegularities, in bedrock
depressions and below natural riffles created by fractures, joints, cleavage, faults, foliation or
bedding planes that dip steeply and are oriented perpendicular or oblique to stream flow. CoarseL
grained placer concentrations occur as lag concentrations where there is a high lik5lihood of
sedinent reworking or flow separation such as at the base of channel scours, around gravel bars,
boulders or other bedrock irregularities, at channel confluences, in the lee of islands and

8:#esntrtrea¥on°sfsFhin¥.#egeqe:i;:e¥::n¥X#tipovfr:cecdrur°;kh#e£:aualce:n£££g|n:tsh#ruestt[?]acer
decrease or stream velocities lessen, such as at sites of channel divergence and along point bar
margins. Gold in alluvial fan placers is found in debris-flow sediments and in interstratified
gravel, sand and silt. Colluvial placers are best developed on steeper slopes, generally over a
weathered surface and near prinary lode sources. Economic gold concentrations in glaciofluviai
deposits occur mainly along erosiona| unconformities within otherwise aggradationa-1 sequences
and typically derive their gold from older placer deposits.

GENETIC MODEL: Fluvial placers accumulate mainly along erosional unconfomities ove`rlying bedrock

8;riecsa¥|tyancto::fa¥anetshLjgstasppa¥e¥:Tic::g:ati:i:]s:c8#yeinc:ag:.d3easi¥#eTes]:qouveenrc%:geoncekrauy
contain less placer minerals and reflect bar sedimentation during aggradational phases. Frequently
the generation of more economically attractive placer deposits involves multiple cycles of erosion
and deposition.

ASSoC€e]¥c:oaE;s:%[:Ecoh¥Ef:hsF#uvv¥a,€p;]{agrssdce=;#¥o.:£ay€aee=:.vale::#:cy#T;c::£±:dt:*ff¥AI:#£:¥#

deposits.

EXPLORATION GUIDES

GEOCIIEMICAL SIGNATURE: Anomalous concentrations ofAu, Ag, Hg, As, Cu, Fe, M, Ti or cr in     .
stream sediments. Au fineness (relative Ag content) and trace element geochemistry GIg, Cu) of
Au particles can be used to relate placer and lode sources.

GEOPHYSICAL SIGNATURE:  Ground penetrating radar especially useful for delineatingthe geometry\,
structure and thickness of deposits with low clay contents, especially fluvial terrace placers.
Shallow seismic, electromagnetic, induced polarization, resistivity and magnetometer surveys are
locally useful. Geophysical logging of drill holes with apparent conductivity, naturally occurring
gamma radiation and magnetic susceptibility tools can supplement stratigraphic data.

OTHER EXPLORATION GUIDES: Panning and other methods of gravity sorting are used`,to identify

:TELnecreEgaaj;oEsmo:£fs[.ditm#pe]£tcee,rhgeoTdagtae;i;:ife#e:#ete#gemjteo,rgd¥::ti#sco£#¥:maned
camps these `false bottom' paystreaks are important.
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SURFICIAL PLACERS
ECONOMIC FACTORS

C01

TYPICAL GRADE AND TONNAGE:  Deposits are typically high tonnage (0.1 to 100 Mt) but low grade
(0.05-0.25 g/t Au, 50-200 g/t Sn). Placer concentrations are highly variable both within a.nd
between individual deposits.                         ,

ECONOMIC LIMITATIONS:  The main economic limitations to mining surficial placer deposits are
typically low grades and most deposits occur below the water table. Environmental considerations
are also an important limiting factor as these deposits often occur near, or within modem stream
courses.

IMPORTANCE:  Placer gold deposits account for more than two-thirds of the world's gold reserves and
about 25% of known total production in British Columbia. Recorded placer production has
represented 3.50/o of B.C.'s total gold production in the last twenty years. Prior to 1950, it was
approxinately 160 000 kg. Actual production was significantly larger. Placer mining continues to
be an important industry in the province with annual average expenditures of more than $30
million over a survey period from 1981 to 1986. Shallow alluvial placers also account for a large
part of world tin (mainly from SE Asia and Brazil) and diamond (Africa) production.

REFERENCES:

Boyle, R.W. (1979): The Geochemistry of Gold and its Deposits; Geo/ogj.ccr/ Sztrve); o/
Ccr#crc7cr, Bulletin 280, 584 pages.

Giusti, L. (1986):  The Morphology, Mineralogy and Behavior of "Fine-gralned" Gold from
Placer Deposits of Alberta, Sampling and Implications for Mineral Exploration;
Ccr#crdz.c7# /ocfr#c7/ o/Ecrrffe Scz.e#ces, Volume 23, Number 11,  pages  1662-1672.

Herail, G. (Editor) (1991):  International Symposium on Alluvial Gold Placers, Abstract
Volume; La Paz, Bolivia.

Levson, V. M. and T.R. Giles. (1993): Geology of Tertiary and Quaternary Gold-bearing
Placers in the Cariboo Region, British Columbia. 8.  C. A4lz.77z.stry o/E#erg)/, A4lz.#es cz#d
Pegivo/ez£" Jies'o#rces,  Bulletin 89, 202 pages.

Levson, V.M. and Morison, S.R. (in press): Geology of placer Deposits in Glaciated
Environments; in  Glacial Environments - Processes, Sediments and Landforms,
Menzies, J., Editor, Pergrfflo# Pres's, Oxford, U.K., 44 pages.

Minter, W.E.L. (1991): Ancient Placer Gold Deposits; i.# Gold Metallogeny and Exploration,
Foster, R.P. , Editor, B/c7c4z.e, pages 283-308.

Morison, S.R. (1989):  Placer Deposits in Canada; j.#  Quaternary Geology of canada and
Greenland, Fulton, R.J., Editor, Geo/ogr.ccr/ Scfrvey o/Ccr#crc7cr, Geology of Canada,
Number 1, pages 687-694.

Sutherland, D.G. (editor) (1991): Alluvial Mining; Institution of Mining and Metallurgy,
Elsevier Applied Science, London, 601 pages.
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BURIED-CHANNEL PLACERS

by Victor M. Levson and Tinothy R. Giles

IDENTIFICATION

C02

PROFILES

SYNONYMS:  Paleoplacer deposits; paleochannel deposits; fluvial and alluvial placers.

COMMODITIES (BypRODUC7lS:  Mainly Au and PGE {also Cu, Ag, garnet, cassiterite, rutile, diamond
and other gems: corundum (rubies, sapphires), toumaline, topaz, beryl (emeralds), spinel; zircon,
kyanite, staurolite, chromite, magnetite, ilmenite, barite, cirmabar}. Mosf o/f¢e "z.7?ercz/S /isfec7 z.#
brackcts are recorvered as byprodrcts.

EXAITLES @ritish Columbia and Ccr#crc7cr/J#ferJ3crfz.oJ7crD: Williams Creek (Au, 093H 119), Bullion (Au,

932£83£;:E]#„tndfgec;#eytt#a,o&3u¥b::Z,6£#3:,:£eff„tg£F;„]eo£Feg;7Zu:p¥rukeo:,r%e£{£:,,,
rAu, Victoria, Australia), Boc7c7j.bo jliver rAu, Lena

South Wales, Australia)j jlz.7!grroomcr rth , Tasmania2

GEOLOGICAL CIIARACTERISTICS

CAPSULE DESCRIPTION:  Detrital gold, platinum group elements and other heavy minerals occurring in
buried valleys (typically with at least several metres of overlying barren material, usually till, clay
or volcanic rocks), mainly as channel-lag and gravel-bar deposits. See description of surficial
placers (Col) for general information about alluvial placer deposits.

TECTONIC SETTINGS:  Coarse-grained, paleochannel placer Au deposits occur mainly in Cenozoic and
Mesozoic accretionary orogenic belts and volcanic arcs, commonly along major faults that may
also control paleodrainage patterns. PGE-bearing deposits commonly associated with accreted and
obducted oceanic terranes.  Fine-grained paleoplacers also may occur in stable tectonic settings
(shield or platformal environments) where reworking of elastic material has proceeded for long
periods of tine.

DEPOSITIONAL ENVRONRENT / GEOLOGICAL SETTING:  Mainly incised paleochannels in
mountainous areas including: high-gradient (generally >0.05, less commonly >0.1), narrow
bedrock-floored valleys ®aleogulches); high-level, abandoned tributary valleys with intermediate
gradients (typically 0.01 to 0.1); large, buried trunk valleys (on the order of 100 in deep, a few
hundred metres wide and >1 Irm long) with low channel gradients (generally <0.02 in
mountainous reaches and <0.001 in plateau areas); channels buried in modem alluvial valleys
with gradients similar to the modem streams. The first two settings are dominated by high-energy,
low-sinuosity, single-channel, coarse-grained autochthonous placer deposits, whereas the latter
two are characterized by autochthonous and allochthonous placers deposited in wandering gravel-
bed river, braided stream and alluvial fan environments. Ih most paleochannels, coarse-grained
placer concentrations occur mainly along channel floors or along other erosional surfaces such as
at the base of cut-and-fill sequences; in meandering stream environments fmer grained placers
also occur along point bar margins and in other areas of slack water.

AGE OF MNERALIZATION:  Tertiary and Pleistocene. Older paleoplacers (excepting the Proterozoic
Witwatersrand placers) are rare, due to poor long-tern preservation of deposits in high-relief,
subaerial environments. Pleistocene paleoplacer deposits in British Columbia generally predate at
least the last glaciation.
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HOST/ASSOCIATED ROCK TYPES: Coarse (pebble to boulder), rounded gravels (or conglomerate),

commonly with sandy interbeds or lenses. Gravels usually imbricated, clast supported, open work

:£ewIf£,ttfsgit?dfa¥£atg)jxa'n#fa##:|%refst]Pstaabn¥,niqfi#oegsi£::a(nsthra::,ks#%n(e:us¥hzj::':yc:T#iz'cers
are commonly associated with rock types hosting epithemal or mesothemal vein deposits. PGE
placers occur with ultranafic hostrocks. Paleoplacers can be buried under a variety of materials,
including glacial till, glaciolacustrine silts and clays, glaciofluvial sands and gravels, marine
sediments and basalt flows.

DEPOSIT FORM:  Highly variable and laterally discontinuous; paystreaks typically thin (<`2 in), lens
shaped and tapering in the direction of paleoflow; usually interbedded with barren sequences.

TEXTURE/STRUCTURE:  Typically well rounded, flattened flakes or plates of low sphericity;  coarse,
more spherical nuggets common in high-gradient chamels;  fine (flour) gold common in distal
stream reaches; evidence of primary crystal structure very rare.

•ORE MINERALOGY (principal and s#bordj.;7crfe):  Au nuggets, flakes and grains and PGE hinerals, (C#,
Ag, and various industrial minerals and gemstonesr).

GANGUE MINERALOGY: Quartz, pyrite and other sulphides and in many deposits subeconomic
concentrations of various heavy minerals, especially magnetite and ilmenite.

ALTERATION MINERALOGY:  Fe and hth oxide precipitates Common. Clay alteration of unstable clasts
and matrix in some deposits.

ORE CONTROLS:  Dominant controls on the geographic distribution of ore include the locati.on of
paleodrainage channels, proximity to bedrock sources, and paleorelief. Paleochannels are locally
controlled by faults and less resistant rock units. Stratigraphically, placers accumul'ate mainly at
the base of erosional successions along unconformities overlying bedrock or resistant sedinents
such as basal tills or glaciolacustrine clays.  Overlying bedded gravel sequences generally contain
less placer minerals and reflect bar sedimentation during aggradational phases. Sedinentologic
factors controlling placer accumulations are discussed in Profile C01 (Surfici.al Placers).

GENET[geB£PsEarL:g::£e¥:Xhpe]£nbaati:n]e°vfef°r¥e:t;°rncffal[eu]V:8[afiaoc:Sesneteoscuc#::a±apc]taocr:ri(dcu%2;iiaecseer

changes include glaciation, volcanism, stream capture and cutoff, or rising sea level.

ASSOCIATED DEPOSIT TYPES:  Paleochannel placer deposits are associated with alluviall fan and fan-
delta paleoplacer deposits in some areas (see comments below). Autochthonous flulyial and
alluvial placers commonly derive from hydrothermal vein deposits. PGE placers are associated
with Alaskan-type ultramafics.

I

COMMENTS: Alluvial fan and fan delta paleoplacer sequences comprise a distinct subtype of buried
placer deposits. They occur in relatively unconfmed depositional settings compared to
paleochannel placer deposits and typically are dominated by massive or graded, poorly sorted
gravels and sands, locally with interbedded diamicton. They are generally lower grade and larger
volume than fluvial deposits but they contain relatively uniform placer concentrations. Paleofan
deposits are mainly local in origin as indicated by high clast angularity and local derivation. Placer
minerals occur in both poorly sorted debris-flow sediments and interstratified fluvial gravels and
sands. Concentrations are commonly highest at sites of subsequent fluvial degradation.

EXPLORATION GUIDES

GEOCIIEMICAL SIGNATURE: Anomalous concentrations of Au, Ag, Hg, As, Cu, Fe and hth in stream
sediments. Gold fineness (relative Ag content) and trace element geochemistry (Hg, Cu) can be
used as a signature to identify lode sources.
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BURIED-CHANNEL PLACERS                                      C02
GEOPHYSICAL SIGNATURE:  Shallow seismic refraction and reflection techniques are useful for

delineating paleochannel geometry and depth to bedrock. Electromagnetic, induced polarization,
resistivity and magnetometer surveys are locally useful. Geophysical logging of drill holes with
apparent conductivity, naturally occurring gamma radiation and magnetic susceptibility tools can
supplement stratigraphic data.

OTIHR EXPLORATION GUIDES: Exploration should focus on sites of natural overburden removal,
such as along glacial meltwater channels, and areas underlain by Tertiary fluvial deposits. Buried
placers are commonly preserved below glacial lake sediments, on the lee-side of bedrock highs
where glacial erosion was minimal and along narrow valleys oriented transversely to the regional

£Cuer-ig3Va€i:;C;£i°a:;£apc::tc%nintrt:tTorne:aji°Ea¥nde:i:te:]L£:em¥i:8,epryy#£:fine:itde,e#ma!i:,ngfa°iet,
zircon, rutile and other heavy minerals can be used to indicate placer potential.

ECONOMIC FACTORS

TYPICAL GRADE AND TONNAGE:  Placer concentrations in fluvial depo.sits are highly variable both

¥r!ethtyinpiacnaT,ba:tToeuegh£::ixfedsu£;£:gph°Sa£:S75ngivpfi]3eACuhg::pgo°i:a.]aTche:S+ag]ruaeds:Sh:%.#5ogrngt3Au
include overburden dilution factors which can reduce grades tenfold or more. Deposit sizes are
also highly variable, ranging from 1000 t  to 10 Mt.

ECONONIC LIMITATIONS:  The main economic limitation to locating, evaluating and mining
paleochannel placer deposits is the thick overburden which results in high stripping ratios. Over-
consolidation of tills and other sediments due to glaciation makes overburden stripping difficult
and is a major limitation inhibiting exploitation of these buried deposits.

[MP°RTa£¥uctE:5o7o]%Cfekgo°tdn€:ga°isitrsoacucc:[Ponntf:rBTi:i:eht8#u#8i-:?]±::;:i::£awi::id;S]agc°e[r€Leasveervbeese:nd

under developed in British Columbia and other countries because of difficulties in locating
deposits and high overburden to ore stripping ratios.
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MARINE PLACERS

by Victor M. Levson

IDENTIFICATION

C03

PROFILES

SYNONYMS: Beach, coastal or shoreline placers; offshore placer deposits; coastal dune placers (rare).

COMMODITIES (BypjtoDUCZS: Ti (ilmenite, rutile), Zr (zircon), Sn, Au, PGEs (/occr//y j4g, 7lfe, REF,
monazite, yttrium, magnetite, garnet, diamonds and other gemsD.

EXArm'LES(BritishColumbia-C¢#flddrr#;er#afz.o#flD:Graliamlsland(PGE,Au),QueenCharlotte
Sourrd (An)., Country Harbour (Au, Nova Scotia, Canada), Nome (A:n, A:Lersha,USA;), Bermagui
(Au, Australia), WeSf/cr#d cr#d.Zve7so;c proi;j.77cef rAu, New Zealand), Sfczrfe rilmenite, Florida,
USA), ,4Z/cr#fz.c becrcfoes / ilmenite, zircon, Brazil), Sfaerdo cJepasz.f,. rutile (Sierra Leone),
Rase#cz sc7#d spz.r rilmenite, magnetite, zircon, Egypt), Kercr/cr cr#cJ g#j./o# rilmenite, zircon,
monazite, india).

GEOLO GICAL CHARACTERISTICS

CAPSULE DESCRIPTION: Detrital gold, ilmenite, cassiterite, platinum group elements and other heavy
minerals occurring at the present or paleoseafloor surface. .They usually occur in Holocene raised
or submarine beach or strandline deposits along wave-dominated shorelines, but can also be found
in coastal dunes, drowned fluvial channels, or as offshore relict lag concentrations.

TECTONIC SETTINGS:  Placers occur mainly along cratonic margins where reworking of clastic material
has proceeded for long periods of tine. The margins of Cenozoic and Mesozoic accretionary
orogenic belts and volcanic arcs are also important settings.

DEPOSITIONAL ENVIRONMENT / GEOLOGICAL SETTING: Marine placers fom in exposed,
shoreline or nearshore environments in areas of active winnowing by waves and long-shore or
tidal currents. They occur along present beaches and are also preserved as relict submerged
deposits or raised strandlines that formed during glacially induced, low or high sea level stands.
Beach placers accumulate mainly in the upper foreshore and backshore depositional
environments. Geological settings include sand spits, barrier islands, coastal dunes, buried marine
scarps, drowned fluvial deposits and submerged residual or lag deposits overlying bedrock or till.

AGE OF MINERALIZATION: Mainly Holocene (rarely Late Pleistocene) in glaciated areas; generally
Tertiary or younger in unglaciated regions.

HOST ROCK TYPES: Well sorted, medium to coarse-grained sands overlying fine-grained shallow marine
deposits; some lag gravel concentrations over till or bedrock.

DEPOSIT FORM: Paystrecks follow strandlines in shoreline environments and are thin (often <1 in), long
(>100 in, often > 1 kin) and nalTow (<50 in); usually interbedded with barren sequences;
titaniferous sands are up to 20 in thick in Queen Charlotte Sound.

TEXTURE/STRUCTURE: Au is typically very fine grained (< 0.5 mm diameter), well rounded, flattened
and of high fineness; coarser Au (~1 mm diameter) occurs in relict lag gravels.

ORE MINERALOGY ®rincipal and sctborcJz.#crfe): Native Au, ilmenite, rutile, cassiterite, PGEs, zircon,
rnelg]Nedte CAg, gemstones, garnet, monazite, various industrial mineralsD.

GANGUE MINERALOGY: Quartz, pyrite and other sulphides and in many deposits subeconomic
concentrations Of various heavy minerals.
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WEATRERING:  Leaching (e.g. Fe from ilmenite) and destmction of unstable minerals may result in
residual eurichment of the deposit.

ORE CONTROLS: Heavy mineral concentrations occur along stable shorelines where long-term sorting
and winnowing by wave or culTent action occurs; richest pay strealks usually follow strandlines
marked by beach gravels or coquina accumulations; common over clay beds, till or bedrock;
occurrence often controlled by the extent of onshore placer or bedrock sources.
`,,

ASSOCIATEDDEPOSITTYPES:Coastalplacerconcentrationscommonlyassociatedwitnpresentor
fomer fluvial or deltaic surficial placers (CO 1).

i

EXPLORATION GUIDES

GEOCIIEMICAL SIGNATURE: Anomalous concentrations ofAu, As, Fe, Sn, Ti, Zr, REE`, Th, Y and U
in shoreline or nearshore sediments.

GEOPHYSICAL SIGNATURE:  Ground penetrating radar useful for delineating the geometry, structure
and thickness of sandy shoreline deposits. Shallow seismic, electromagnetic, induced polarization,
resistivity and magnetometer surveys are locally useful (e.g. IP anomalies from ilmenite).

OTRER EXPLORATION GUIDES: Panning and other methods of using gravity sorting to identify
concentrations of gold, ilmenite, zircon, rutile, magnetite or other heavy minerals.

ECONOMIC FACTORS                                     ,,,

TYPICAL GRADE AND TONNAGE:  Deposits are typically high tomage (0.1 to 100 Mt) but low grade
(e.g. 0.05-0.25 g/t Au, 50-200 g/t Sn); higher grade deposits are small (e.g. Graham Island beach
deposits 120 in long,15 in wide and 15 cm thick [1000 t ] contain up to 20 g/tAu and 70 g/t Pt).
Surface relict gravels offshore of Nome contain 920 ppb Au. Placer concentrations are highly
variable both within and between individual deposits.                                                      I                        i

ECONOMIC LIMITATIONS:  The main economic linitations to mining surficial placer deposits are the
typically low grades and their location near or below the water table. Offshore placers may occur
as much as 100 in below present sea level. Environmental concerns have placed severe restrictions
on development in many areas.

IREORTANCE: Beach placers account for a significant part of the world's Ti production (inainly from
Australia, India, Brazil and Florida) and are an important source of Au, zircon, magnetite, garnet,
monazite and diamonds.
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IRON OXIDE OXIDE BRECCIAS

AND VEINS P-Cu-Au-Ag-U

By David V. Lefebure

IDENTIFICALTION

D07

PROFILES

SYNONYMS: Olympic Dam type, Krfuna type, apatite iron ore, poxphyrite iron (Yangtze Valley), iron
oxide rich deposits, Proterozoic iron oxide (Cu-U-Au-REE), volcanic-hosted magnetite.

i

COMMODITIES (BYPRODUCTS).. Fe,P, Cu, A:n, Ag,T] footentialf tor REE, Ba, F).

EXARELES  @ritish Columbia -  Cc7#crczdrrJ7fer#crfz.o77crD:  Iron Range (082FSE014 -028) -Scfe-Dz.c7#77e
(Nprthwest Terr_itories ,_ C.an_ada)_; Wernecfe breccia_s (Yckori, Canada) , Kiruna distr_ict(Sweden) ,
Olympic Dan (Australia), Pea Ridge and B`oss-Bixby (Missouri, USA),  EI Romeral (Chile).

GEOLOGICAL CIIARACTERISTICS

CAPSULE DESCRIPTION: Magnetite and/or hematite breccia zones and veins which fom pipes and
tabular bodies hosted by continental volcanics and sedinents and intrusive rocks.  The deposits
exhibit a wide range in their nonferrous metal contents. They vary from Kiruna type monometallic
(Fe ± P) to Olympic Dam type polymetallic Q'e ± Cu ± U ± Au± REE).

TECTONIC SETTING:  Associated with stable cratons, typically associated with grabens related to rifting.
Intracratohic extensional tectonics coeval with hostrock deposition. Upper crustal igneous or
sedinentary rocks.

DEPOSITIONAL ENVRONRENT/ GEOLOGICAL SETTING: Found crosscutting a wide variety  of
sedinentary and igneous rocks; magnetite-apatite deposits show an affinity for volcanics and
associated hypabyssal rocks.

AGE  OF NINERALIZATION: Proterozoic to Tertiary and believed to be virtually contemporaneous with
associated suite of intrusive and/or volcanic rocks. Polymetallic Fe oxide deposits are commonly
mid-Proterozoic age varying from 1.2 to 1.9 Ga.

HOST/ASSOCIATED ROCK TYPES:  Veins and breccias crosscut, or are conformable with, a wide
variety of continental sedimentary and volcanic rocks and intrusive stocks, including felsic
volcanic breccia, tuff, clastic sedinentary rocks and granites. There may be a special association
with a felsic alkalic rock suite ranging from "red" granite, and rapakivi granite to mangerite and
chamockite and various volcanic equ-ivalents. Fe oxides have been reported as common
accessories in the associated igneous I.ocks. in some deposits the Fe oxide forms the matrix to
heterolithic breccias which are composed of lithic and oxide clasts (usually hematite fragments),
hematite-quartz microbreccia and fine-grained massive breccia. Some deposits have associated
hematite-rich breccias, bedded Fe oxides and Fe oxide-bearing volcanic rocks which are
confomable with associated volcanic rocks. Magnetite lavas and feeder dikes exist on the EI Laco
volcano in Chile.

i)EPOSIT FORM: Discordant  pod-like zones, veins (dike-like), tabular bodies and stockworks; in some
deposits dikes are overlain by Fe oxide tuffs and flows. The veins and tabular zones extend
horizontally and vertically for kilometres with widths of metres to hundreds of metres.

TEXTURE/STRUCTURE: Cu-U-Au mineralization is typically hosted in the Fe oxide matrix as
disseminations with associated microveinlets and sometimes rare mineralized clasts. Textures
indicating replacement and microcavity filling are common. Intergrowths between minerals are
common.  Hematite and magnetite may display well developed crystal foms, such as interlocking•       mosaic, tabular or bladed textures. Some of the deposits (typically hematite rich) are characterized
by breccias at all scales with Fe oxide and hostrock fragments which grade from weakly fractured
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TEXTURE/STRUCTURE (cont.):  hostrock on the outside to matrix-supported breccia (sometimes

heterolithic) with zones of 1000/o Fe oxide in the core.  Breccias may be subtle in hand sample as
the same Fe oxide phase may comprise both the fragments and matrix. Breccia fragments are
generally angular and have been reported to range up to more than 10 in in size, although they
arefrequently measured in centimetres. Contacts with hostrocks are frequently gradational over
scale of centimetres to metres. Hematite breccias may display a diffuse wavy to streaky layered
texture of red and black hematite.

ORE MINERALOGY Q'rincipal and s#bordz.#crfe): The deposits vary between magnetite-apatite deposits
with actinolite or pyroxene Oqnma type) and hematite-magnetite deposits with varying amount's
of Cu sulphides, Au, Ag, uranlum mmerals and REE (Olympic Dam type). Hematite (variety of
forms), specularite, magnetite, bomite, chalcopyrite, chalcocite, pyrite; dz.ge77!.Je, cove//z.re, #c7give
copper, carrolite, cob_gltite, Cu-Ni-Co ar_senates, pitchblende, coffinite, bfanneritd, bastnaesite,
monazit_e, xenotim.e, f opren?it?, native silver .an.d gold a_nd s_itv?r telfrurides . AI Crtyiaapie Da;in, C"is
zoned fi.om a predominantly hematite core (minor chalcocite-bomite) to chalcocite-bomite zone
then bomite-chalcopyrite to chalcopyrite-pyrite in the outemost breccia. Ufaninite and coffinite
occur as fine-grained disseminations with sulphides; native gold forms fine grains disseminated in
matrix and inclusions in sulphides. Bastnaesite and florencite are very fine grained and occur in,
matrix as grains, crystals and crystal aggregates.

GANGUE MINERALOGY Q'rincipal and s#borc7z.#crfe): Gangue occurs intergrown with o.re minerals, as
veins or as clasts in breccias. Sericite, carbonate, chlorite, quartz, fluorite, barite, and sometimes
minor r#f7./e c7#cJ ep7.c7ofe. Apatite and actinolite or pyr.oxene with magnetite ores (Kinma type).
Hematite breccias are frequently cut by 1 to 10 cm veins with fluorite, barite, siderite, hematite
and sulphides.

ALTERATION MINERALOGY  Q'rincipal and s#bordz.;'zczfe):  A variety of alteration assemblages with
differing.levels of intensity are associated with these deposits, often with broad lateral extent.
Olympic Dam type: hteuse sericite and hematite alteration with increasing hematite towards the

#ee3fb#ieacti?t£:i°gfceustabtyhiit=:i::ev]:ri|:%S.e#ceefte%Sh£:£aetist:n;Crfe¥c:gfi#:Sfper|Sp¥,rock
flour and sericite are totally replaced by hematite. Chlorite or k-feldspar alteration predominates at
depth. Kiruna type: Scapolite and albite?; there may also be actinolite-epidote alteration in mafic
wallrocks. With both types of .deposits quartz, fluorite, barite, carbonate, rutile, orthoclase ±
epidote and garnet alteration are also reported.

WEATRERING:  Supergene enrichment of Cu and U, for example, the pitchblende veins in the Great Bear`magmatic zone.

ORE CONTROLS : Strong structural control with emplacement along faults or contacts, particularly
naITow grabeus. Mid-Proterozoic rocks particularly favourable hosts. Hydrothermal activity on
faults with extensive brecciation. May be associated with felsic volcanic and alkalic igneous
rocks. In some deposits calderas and maars have been identified or postulated. Deposits may form
linear arrays more than 100 kin long and 40 Irm wide with known deposits spaced 10-30 kin along
trend.

ASSOCIATED DEPOSIT TYPES: Volcanic-hosted U @06)?; alkaline poxphyry Cu-Au deposits a,03);
`         sup.ergeneuranium veins.

COMMENTS : Hitzman ef c7/. (1992) emphasize that`these are low-Ti iron deposits, generally less than

2i5o°`in:£s?t%s¥gdab¥reoL¥:b:i:y2e:%:dTi°a2fi¥h±Cka;u:°usT.SFde±LS#dctitins:1:EdFees°mx:Li}eseas::::a::drf:+n
with hematite Fe oxides.                                                                    .
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GEOCIIEMICAL SIGNATURE: Anomalously high values for Cu, U, Au, Ag, Ce, La, Co, ± P, ± F, and ±
Ba in associated rocks and in stream sediments.

GEOPHYSICAL SIGNATURE:  Large positive gravity anomalies because of Fe oxides. Regional
aeromagnetic anomalies related to magnetite and/or coeval igneous rocks.  Radiometric anomaly
(such as airborne gamma-ray spectrometer survey) expected with polymetallic deposits containing
uran ium.             `

OTHEREXPLORATIONGUID.ES:ProterozoicfaultingwithassociatedFeoxides®articularlybreccias),
possibly related to intracratonic rifting. Widespread hematite, sericite or chlorite alteration related
to faults. Possibly form linear arrays 100 or more kilometres long and up to tens of kilometres
wide.

ECONOMIC FACTORS

TYPICAL GRADE AND TONNAGE :  Deposits may exceed 1000 Mt grading greater than 20 % Fe and
frequently are in 100 to 500 Mt range.  Olympic Dam deposit has estimated reserves of 2000 Mt

g:ad:Egg:j£#hsif5:of%°£et¥eL8£':3ifho#s;s::afn5dE°eri#%£;¥s¥t]Z:5:£o:S:#a,:i£;8:o3£:uinFsod]:;§t.e#iig°]:;%
Cu and 0.8 g/t Au. Sue-Dianne deposit in the Northwest Territories contains 8 Mt averaging 0.8%
Cu and 1000 g/t U and locally significant gold.  The Kiruna district contains more than 3000 Mt
of Fe oxide apatite ore grading 50-60% Fe and 0.5 -5 0/o P. The largest orebody at Bayan Obo
deposit in Inner Mongolia, China contains 20 Mt of 35 % Fe and 6.19°/o REE.

ECONOMIC LIMITATIONS: Larger Fe oxide deposits may be mined for Fe only; however, polymetallic
deposits are more attractive.

IrmoRTANCE: These deposits continue to be significant producers of Fe and represent an inportant
deposit type for producing Cu, U and possibly REE.
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SEDIMENTARY EXHALATIVE Zn-Pb-Ag

by Don Maclntyre

IDENTIFICATION

E14

PROFILES

SYNONYMS:  Shale-hosted Zn-Pb-Ag; sediment-hosted massive sulphide Zn-Pb-Ag; Sedex Zn-Pb.

COMMODITHBS (BYPRODUCTS)..  Zn, Pb, Ag, (minor Cu, barite..

EXAIffLES  @ritish Columbia - Ccr#crcaldrr#fer#crfz.o#crD: Cirque, Sullivan, Driftpile; Fczro, Gr#m, J2)/,
Vangorda, Swim, Tom and Jason (Yukon, Canada), Red Dog (Alaska, USA), MCArthur River and
Mt. Isa (Australia) ; Megen and Rammelsberg (Germc[ny) .

GEOLO GICAL CHARACTERISTICS

CAPSULE DESCRIPTION:  Beds and lininations of sphalerite, galena, pyrite, pyrrhotite and rare
chalcopyrite, with or without barite, in euxinic clastic marine sedimentary strata..  Deposits are
typically tabular to lensoidal in shape and range from centimetres to tens of metres thick.
Multiple horizons may occur over stratigraphic intervals of 1000 in or more.

TECTONIC SETTING:  Intracratonic or continental margin environments in fault-controlled basins and
troughs.  Troughs are typically half grabens developed by extension along continental margins or
within back-arc basins.

DEPOSITIONAL ENVIRONRENT / GEOLOGICAL SETTING:  Restricted second and third order
basins within linear, fault-controlled marine, epicratonic troughs and basins. There is often
evidence of penecontemporaneous movement on faults bounding sites of sulphide deposition. The
depositional environment varies from deep, starved marine to ? shallow water restricted shelf.    .

AGE  OF MINERALIZATION: The major metallogenic events are Middle Proterozoic, Early Cambrian,
Early Silurian and Middle to Late Devonian to Mississippian.  The Middle Proterozoic and
Devonian-Mississippian events are recognized worldwide.  In the Canadian Cordillera, minor
metallogenic events occur in the Middle Ordovician and Early Devonian.

HOST/ASSOCIATED ROCK TYPES:  The most common hostrocks are those found in euxinic, starved
basin environments, namely, carbonaceous black shale, siltstone, cherty argillite and chert.  Thin
interbeds of turbiditic sandstone, granule to pebble conglomerate, pelagic limestone and
dolostone, although volumetrically minor, are common.  Evaporites, calcareous siltstone and
mudstone are common in shelf settings.  Small volumes of volcanic rocks, typically tuff and
submarine mafic flows, may be present within the host succession.  Slump breccia, fan
conglomerates and sinilar deposits occur near synsedimentary growth faults.  Rapid facies and
thickness changes are found near the margins of second and third order basins. h some basins
high-level mafic sills with minor dikes are inportant.

DEPOSIT FORM:  These deposits are stratabound, tabular to lens shaped and are typically comprised of
many beds of laminae of sulphide and/or barite. Frequently the lenses are stacked and more than
one horizon is economic. Ore lenses and mineralized beds often are part of a sedimentary
succession up to hundreds of metres thick.  Horizontal extent is usually much greater than vertical
extent. Individual laminae or beds may persist over tens of kilometres within the depositional
basin.
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TEXTURE/STRUCTURE:  Sulphide and barite laminae are usually very finely crystalline where

deformation is minor.  h intensely folded deposits, coarser grained, recrystallized zones are
common.  Sulphide laminae are typically monomineralic.

ORE NINERALOGY [Principal and scjbordj.;7crfe] :  The principal sulphide minerals are pyrite, pyrrhotite,
sphalerite and galena..  Some deposits contain signiflcant amounts of cfecr/capj#z.fe, but most do
not.  Barite may or may not be a major component of the ore zone.  Trace amounts of mcrrcas'z.fe,
arsenopyrite, bismuthinitle, molyb denite, enargite, millerite, f reibergite, cob altite, cassiterite,
vcr/Jerz.zte c777d "e/#z.frowte have been reported from these deposits. These minerals are usually
present in very minor amounts.

ALTERATION MINERALOGY:  Alteration varies from well developed to nonexistent.  In some deposits
a stockwork and disseminated feeder zone lies beneath, or adjacent to, the stratifom
mineralization.  Alteration minerals, if present, include silica, toumaline, carbonate, albite,
chlorite and doloinite. They formed in  a relatively low temperature environment.  Celsian, Ba-
muscovite and ammonium clay minerals have also been reported but are probably not common.

ORE CONTROLS : Favourable` sedimentary sequences, major structural breaks, basins.

GENETIC MODEL: The deposits accumulate in restricted second and third order basins or half grabens
bounded by synsedinentary growth faults.  Exhalative centres occur along these faults and the
exhaled brines accumulate in adjacent seafloor depressions.  Biogenic reduction of seawater
sulphate within an anoxic brine pool is believed to control sulphide precipitation.

ASSOCIATED DEPOSIT TYPES:  Associated deposit types include carbonate-hosted sedinentary
exhalative, such as the Kootenay Arc and Irish deposits a]13), bedded barite a]17) and iron
formation Q'10).

EtrLORATION GulDEs

GEOCIIEMICAL SIGNATURE:  The deposits are typically zoned with Pb found closest to the vent
grading outward and upward into more Zn-rich facies.  Cu is usually found either within the
feeder zone 6f close to the exhalative vent.  Barite, exhalative chert and hematite-6hert iron
formation, if present, are usually found as a distal facies.  Sedinents such as pelagic limestone
interbedded with the ore zone may be euriched in rm.  NH3 anomalies have been documented at
some deposits, as have Zn, Pb and hth haloes.  The host stratigraph+ic succession may also be
enriched in Ba on a basin-wide scale.

GEOPHYSICAL SIGNATURE:  Airborne and ground geophysical surveys, such as electromagnetics or
magnetics should detect deposits that have massive sulphide zones, especially if these are steeply
dipping.  However, the presence of graphite-rich zones in the host sediments can complicate the
intexpretation of EM conductors.  Also, if the deposits are flat lying and comprised of fine lanihae
distributed over a significant stratigraphic interval, the geophysical response is usually too weak to
be definitive.  Induced polarization can detect flat-lying deposits; especially if disseminated feeder
zones are present.

OTHER ERTLORATION GUIDES:  The principal exploration guidelines are appropriate §edinentary
environment and stratigraphic age.  Restricted marine sedimentary sequences deposited in an
epicratonic extensional tectonic setting during the Middle Proterozoic, Early Cambrian, Early
Silurian or Devono-Mississippian ages are the most favourable.
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GRADE AND TONNAGE:  The median tonnage for this type of deposit worldwide is 15 Mt, with 10 % of
deposits in excess of 130 Mt @riskey,1986).  The median grades worldwide are Zn -5.6.0/o, Pb -
2.80/o and Ag -30 g/t.  The Sullivan deposit, one of the largest deposits of this type ever
discovered, has a total size of more than 155 Mt grading 5.70/o Zn, 6.6°/o Pb and 7 g/t Ag.
Reserves at the Cirque are 32.2 Mt grading 7.9% Zn, 2.1°/o Pb and 48 g/t. Ag.

\
ECONOMIC LIMITATIONS: The large, near-surface deposits are amenable to high volume, open pit

mining operations.  Underground mining is used for some deposits.

IrmoRTANCE: Sedimentary exhalative deposits currently produce a significant proportion of the world' s
Zn and Pb.  Their large tormage potential and associated Ag values make them an attractive
exploration target.
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BLACKBIRD SEDIMENT-HOSTED Cu-Co

by Trygve H6y

IDENTIFICAITION

E15

PROFILES

SYNONYM: Sedinent-hosted Cu-Co deposit.

CoiNIMODITFES (BYPRODUCTS)..  Cu. Co, (Au, Bi, Ni, Ag; possibly Pb, ZnD.

EXAMELBEosy%%pCp°eri=#nb§airtnc#,asd#:dn:e[]ndaat#o:a#)§A%Ho#s#§];Xs#:e8=eeekn:te#ELdMBoznatcaknb:;d'

USA) .

GEOLOGICAL CIIARACTERISTICS

CAPSULE DESCRIPTION: Pyrite and minor pyrrhotite, cobaltite, chalcopyrite, arsenopyrite and
magnetite occur as disseminations, small veins and tabular to pod-like lenses in sedimentary
rocks.  Chloritic alteration and tourmaline breccias are locally associated with mineralization

TECTONIC SETTINGS: Near continental margins or in intracratonic basins. Within the Belt-Purcell
basin, which may have formed in a large inland sea, extensional tectonics are suggested by
possible turbidite deposition, growth faulting, gabbroic sills and (?)tuff deposition.  Alternative
setting is marine, in an incipient or failed rift along a continental margin.

DEPOSITIONAL ENVRONRENT / GEOLOGICAL SETTING: These deposits are not well
understood. Possible turbidite deposition in marine or inland sea, associated with basaltic
pyroclastic volcanics or mafic synsedinentary gabbroic sills; altematively, tidal flat
envirorment.

AGE OF MINERALIZATION: Can be of any age. The Blackbird deposits at the type locality are
assumed to be approximately 1460 Ma, the age of the hostrocks.

HOST/ASSOCIATED ROCK TYPES: Fine-grained metasedimentary rocks; thin-bedded siltstone, fine-
grained quartzite, black argillite and calcareous siltstone; garnet schist, phyllite, quartz-mica
schist.  In the Blackbird district synaeresis cracks (subaqueous shrinkage cracks) occur within
immediate hostrocks, sedimentary structures indicative of shallow water, and locally subaerial
exposure in overlying rocks, suggest shallow water environment.  Numerous biotite-rich beds
within the host succession may be mafic tuff units (or diorite sills ?).  Sheep Creek d.eposits are
within correlative Newland Formation dolomitized shales and c.onglomerates.

DEPOSIT FORM: Irregular, tabular to pod-like deposits, from approximately 2 to 10 in thick.

TEXTURE/STRUCTURE: Fine to fairly coarse grained, massive to disseminated sulphides; pyrite
locally has collofom textures.  Locally sheared; vein sulphides in some deposits; quartz-
tourmaline breccia pipes (?.).

ORE MINERALOGY arincipal and szfbordz.;7¢fe) Cobaltite, chalcopyrite, pyrite, pyrrhotite, gold and
silver in breccia pipes;  crrse#ap};rife, 77!crg7'zef#e,  cobcr/fz.cr77 p);rzte.   Sheep Creek: pyrite,
marcasite, chalcopyrite, feJ?J7cr#fzte plus cobalt minerals; cove//zte, boj.#zte in barite.

GANGUE MINERALOGY: quartz, biotite, barite; fo#rmcr/z.#e, fror#b/e#c7e, cfr/o;~zte, 77zzfscovjte, cz#4erzte,
dolomite, siderite, calcite and apatite.

ALTERATION MINERALOGY: Silicification and intense chloritization;  locally quartz-tourmaline
breccias.
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'

WEATIHRING: Supergene eurichment with ludlamite and vivianite; erythrite (cobalt bloom); intense
gossans at surface.

ORE CONTROLS: Regional controls include synsedimentary extensional fault structures, basin margin
and growth faults. Local controls include association with maflc tuffs and stacke9 deposits  at
several stratigraphic intervals separated by barren rock.

GENETIC MODEL: Based on stratabound nature of deposits and similarity with unmetamoxphosed
Sheep Creek deposits, the Blackbird lenses are interpreted to be either syngenetic or diagenetic.

ASSOCIATED DEPOSIT TYPES: Possibly Besshi volcanogenic massive sulphide deposits (G04), Fe
fomations (Flo), base metal veins, toumaline breccias.

•

COMRENTS: Sheep Creek de'posits are a relatively new exploration target in Belt rocks in Montana.
They are in equivalent, lower metamolphic grade hostrocks to those of the Blackbird deposits,
and have similar mineralogy and trace metal geochemistry.  Lower Purcell Supergroup rocks
and other structurally controlled sedinentary basins associated with variable mafic magmatism
are prospective hosts in Canada.

EXPLORAITION GUIDES

GEOCHEMICAL SIGNATURE: Euriched in Fe, As, 8, Co. Cu, Au, Ag and hth; may be depleted in Ca
and Na.  Sheep Creek also contains high Ba.

GEOPHYSICAL SIGNATURE: Sulphide lenses usually show either an electromagnetic or induced
polarization signature based on the style of mineralization and presence of conductive sulphides.

OTHER EXPLORATION GUIDES: Proximity to maflc tuffs or possibly early gabbroio sills, rapid          I
sedimentary facies changes indicative of growth faults; regional pyrite developmeht; may grade
laterally to pyritic zones with anomalous Pb-Zn.

:

ECONOMIC FACTORS

GRADE AND TONNAGE: The Blackbird district deposits range from less than 100 000 t to 1.3 Mt
containing 0.4 -0.6 0/o Co and 1.3% Cu. Two zones of the Sheep Creek deposits contain.
respectively 4.5 Mt of 2.50/o Cu and 0.120/o Co, and 1.8 Mt with 6% Cu. Variable g,bld, up to 20
g/t in Blackbird lenses.

ECONOMIC LIMITATIONS:  Generally lower copper grades favour open pit mining; Au and Ag are
imp ortant byproducts.

IunoRTANCE: Small past producers of copper, cobalt and gold in Idaho.
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SHALEIHOSTED Ni-Zn-IvloTPGE

by D.V. Lefebure and R.M. Coveney, Jr.1

IDENTIFICA;TION

E16

PROFILES

SYNONYMS : S ediment-hosted Ni-Mo-PGE, Stratiform Ni-Zn-PGE.

cOMinoDIThs tBypRcOuc7iS: Ni, MO, t z„, p,, pc7,.4„t.                                                               ,

E:XA:MPLES  @r.Trfuch Cohahola -Canada/InternationaD..  Nick prukon, Canaddy., mining camps Of
Tianeshan, Xintwguo, Tuansabao and Jinzhawoin and Zunyi Mo deposits, Dayong-Cili District
(China).

GEOLO GICAL CHARACTERISTICS

CAPSULE DESCRPTION: Thin layers of pyrite, vaesite (Nis2), jordisite (amorphous MoS2) and
sphalerite in black shale sub-basins with associated phosphatic chert and carbonate rocks.

TECTONIC SETTING(S): Continental platform sedinentary sequences and possibly success.or basins. All
known deposits associated with orogenic belts, however, strongly anomalous shales overlying the
North American craton may point to as yet undiscovered deposits over the stable craton.

DEPOSITIONAL ENVIRONRENT / GEOLOGICAL SETTING: Anoxic basins within elastic
sedimentary (flysch) sequences containing black shales.

AGE OF MINERALIZATION: Post Archean. Known deposits are Early Cambrian and Devonian,
however, there is potential for deposits of other ages.

HOST/ASSOCIATED ROCK TYPES: Black shale is the host; associated limestones, dolomitic limestones,
calcareous shale, cherts, siliceous shale, siliceous dolomite, muddy siltstone and tuffs. Commonly
associated with phosphate horizons. in the Yukon at base of a 10 to 20 in thick phosphatic shale

•  bed and in China the Ni-Mo beds are in black shales associated with phosphorite.

DEPOSIT FORM:  Thin beds (0 to 15 cm thick, locally up to 30 cm)  covering areas up to at least 100 ha
and found as clusters and zones extending for tens of kilometres.

TEXTURE/STRUCTURE:  Semimassive to massive sulphides as nodules, spheroids, framboids and
streaks or segregations in a fine-grained matrix of sulphides, organic matter and nodular
phosphorite or phosphatic carbonaceous chert. Mineralization can be rhythmically laminated,`
often has thin discontinuous laminae. Brecciated clasts and spheroids of pyrite, organic matter and
phosphorite. In China nodular textures (~ 1 mm diameter) grade to coatings of sulphides on tiny
1-10 LLm spherules of organic matter. Fragments and local folding reflect soft sediment

-    defomation. Abundant plant fossils inNick mineralization and abundant fossils of

microorganisms (cyanobacteria) in the Chinese ores.

I  University of Missouri -Kansas City, Kansas City, Missouri, 64110-2499, U.S.A.
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ORE MINERALOGY G'rincipal and sz/bordj.Hate): Pyrite, vaesite O`Tis2), amorphous molybdenuni
rrfuelds Gordiske, MoS2) , bravohe, sphalerite, wurtzite, polydimite, gersdorf f iite, violarite,
millerite, sulvanite, pentlandite, temahite and as traces native gold, urdnitite, tienamite,
crrs'e#ap);rzte, cAcrJcap);rjfe cr#d col;e//zte. Discrete platinum group minerals may be unusual. Some
ore samples are surprisingly light because of abundant organic matter and large amount of pores.

GANGUE MINERALOGY Q'rincipal and s#bordj.#crfe): Chert, amorphous silica, phosphqtic sedinents
and bitumen. Can be interbedded with pellets of solid organic matter (called stone coal in China).
Barite laths are reported in two of the china deposits.                                                 ,                       t

ALTERATION MINERALOGY: Siliceous stockworks and bitumen veins with silicified wallrock occur in
the footwall units. Carbonate concretions up to 1.5 in in diameter occur immediately below the
Nick mineralized horizon in the Yukon.

WEATHERING: Mineralized horizons readily oxidize to a black colour and are recessive.,, Phosphatic
horizons can be resistant to weathering.

ORE CONTROLS :  The deposits developed in restricted basins with anoxic conditions. Known deposits
arefoundnearthebasalcontactofmajorformations.Underlyingregionalunconformitiesand
major basin faults are possible controls on mineralization. Chinese deposits occur discontinuously
in a 1600 kin long arcuate belt, possibly controlled by basement fractures.

GENETIC MODEL: Several genetic models have been suggested reflecting the linited data available and
the unusual presence of pGEs without ultramaflc rocks. Syngenetic deposition from seafloor
springs with deposition of metals on or just beneath the seafloor is the most favoured model.
Siliceous venting tubes and cher[ beds in the underlying beds in the Yulcon suggest a
hydrothemal source for metals.

ASSOCIATED DEPOSIT TYPES: Phosphorite layers ¢07?), stone coal, SEDEX Pb-Zn Q}14), Sedinent-
hosted barite (E17), vanadian shales, sedinent-hosted Ag-V, uranium deposits.

COMRENTS: Ag-V and V deposits hosted by black shales have been described from the same region in
China hosted by underlying late Precambrian rocks.

EXPLORATION GUIDES

GEOCHEMICAL SIGNATURE: Elevated values of Ni, Mo, Au, PGE, C, P, Ba, Zn, Re, Se, As, U, V and
S in rocks throughout large parts of basin and derived stream sedinents. In China,t`average
regional values for host shales of 350 g/t Mo, 150 g/t Ni, several wt % P205 and 5 to 22% organic
matter. Organic content  correlates with metal contents for Ni, Mo and Zn.

GEOPHYSICAL SIGNATURE: Electromagnetic surveys should detect pyrite horizons.

OTHER EXPLORATION GUIDES: Anoxic black shales in sub-basins within marginal basins. Chert or
phosphate-rich sediments associated with a pyritiferous horizon. Barren, 5 mm to 1.5 cm thick,
pyrite layers (occasionally geochemically anomalous) up to tens of metres above mineralized
horizon.                                                                                                                                                             ,
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SHALE-HOSTED Ni-Zn-`Mo-PGE

ECONOMIC FACTORS

E16

TYPICAL GRADE AND TONNAGE : The thin sedimentary horizons (not economic) represent hundreds
of thousands of tonnes grading in per cent values for at least two of Ni-Mo-Zn with significant
PGEs. In China, Zunyi Mo mines yield ~ 1000 t per year averaging ~4 % Mo and containing up to
4 % Ni, 2 0/o Zn, 0.7 g/t Au, 50 g/t Ag, 0.3 g/t Pt, 0.4 g/t Pd and 30 g/t Ir. The ore is recovered
from a number of small adits using labour-intensive mining methods.

ECONOMIC LIMITATIONS: in China the Mo-bearing phase is recovered by roasting followed by caustic
leaching to produce ammonium molybdate. Molybedenum-bearing phases are fine grained and
dispersed, therefore all ore (cutoff grade 4.1% Mo) is direct shipped to the smelter after crushing.

IrmoRTANCE: Current world production from shale-hosted Ni-Mo-PGE mines is approximately 1000 t
of ore with grades of approxinately 4 0/o Mo. Known deposits of this type are too thin to be
economic at current metal prices, except in special conditions. However, these deposits contain
enomous tormages of relatively high grade Ni, Mo, Zn and PGE which may be exploited if
thicker deposits can be found, or a relevant new technology is developed.
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BESSHI MASSIVE SULPHIDE

by  Trygve H6y

IDENTIFICA;TION

G04

PROFILES

SYNONYMS:  Besshi type, Kieslager.

COMMODITIES (BypjzoDCJCZIS:  Cu, Zn, Pb, Ag, (Act, Co, S#, Ado, Cdy.

EXAIffLES  (British Colunhia -Ccz72c7c}dry77fer#crfj.o#c7D:  Goldstream (082M141), Standard (082MO90),

#ZS8o°2E)e;ryG}g::.Mc°r8e5e)#aes#S?Egg:2;.i,roapnod„3?(?)(]°48021)9Windycraggy(?)

GEOLOGICAL CIIARACTERISTICS

CAPSULE DESCRIPTION:  Deposits typically comprise thin sheets of massive to well layered pyrrhotite,
chalcopyrite, sphalerite, pyrite and minor galena within interlayered, telrigenous clastic rocks and
calcalkaline basaltic to andesitic tuffs and flows.

TECTONIC SETTINGS:  Oceanic extensional environments, such as back-arc basins, oceanic ridges close
to continental margins, or rift basins in the early stages of continental separation.

DEPOSITIONAL ENVIRONMENT / GEOLOGICAL SETTING: Terrigenous clastic rocks  associated
with marine volcanic rocks and sometines carbonate rocks; these may overlie platformal
carbonate or clastic rocks.

AGE  OF NINERALIZATION:  Any age. In British Columbia, most deposits are Cambrian, Late Triassic
and less commonly Mississippian-Permian in age.

HOST/ASSOCIATED ROCK TYPES: Clastic sediments and marine volcanic rocks; basaltic tuffs and
flows, shale and siltstone, commonly calcareous; less commonly chert and Fe formations.
Possibly ultramafics and metagabbro in sequence.

DEPOSIT FORM:  Typically a concordant sheet of massive sulphides up to a few metres thick and up to
kilometres in strike length and down dip; can be stacked lenses.

TEXTURE/STRUCTURE:  Massive to well-layered, fine to medium-grained sulphides; gneissic sulphide
textures common in metamorphosed and deformed deposits; durchbewegung textures; associated
stringer ore is uncommon. Crosscutting pyrite, chalcopyrite and/or sphalerite veins with chlorite,
quartz and carbonate are common.

ORE MINERALOGY [Principal and s#bordj.#czfe] : Pyrite, pyrrhotite, chalcopyrite, sphalerite, cobcz/fz.fe,
magnetite, galena, bornite, tetrchedrite, cubanite, starmite, molybdenite, arsenopyrite, marcasite.

GANGUE MINERALOGY (Principal and sc{bordz.#crfe): Quartz, calcite, ankerite, siderite, albite,
tourrrLdime, graphite, biotite.

ALTERATION MINERALOGY:  Similar to gangue mineralogy - quartz, chlorite, calcite, siderite,
ankerite, pyrite, sericite, graphite.

ORE CONTROLS:  Difficult to recognize; early (syndepositional) faults and mafic volcanic centres.

GENETIC MODEL: Seafloor deposition of sulphide mounds in back-arc basins, or several other tectonic
settings, contemporaneous with volcanism.

ASSOCIATED DEPOSIT TYPES:  Cu, Zn veins.
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EXPLORATION GUIDES

GEOCREMICAL SIGNATURE:  Cu, Zn, Ag, CoINi>1 ; hth halos, Mg eurichment.

GEOPHYSICAL SIGNATURE: Sulphide lenses usually show either an electromagnetic or induced
polarization signature depending on the style of mineralization and presence of conductive
sulphides.

I

OTHER EXPLORATION GUIDES:  Mafic volcanic rocks (tholeiitic, less commonly alkaiic) associated
with clastic rocks; .nth-rich gamets in metamorphosed exhalative horizons, possible stmctures,
such as faults; possible association with ultramafic rocks.

ECONOMIC FACTORS
I

GRADE AND TONNAGE: Highly' variable in size. B.C. deposits range in size from less than 1 Mt to more
than 113 Mt. For example, Goldstream has  a total resource (reserves and production) of 1.8 Mt
containing 4.81 %  Cu, 3.08 0/o  Zn and 20.6 g/t Ag and  Windy Craggy has reserves in excess of
113.0 Mt containing 1.9 °/o Cu, 3.9 g/t Ag and 0.08% Co. The type-locality  Besshi deposits
average 0.22 Mt, containing 1.50/o Cu, 2-9 g/t Ag, and 0.4-2°/o Zn (Cox and Singer,1986).

INI'ORTANCE: Significant sources of Cu, Zn and Ag that can be found in sedinentary sequences that
have not been thoroughly explored for this type of target.

REFERENCES

Cox, D.P. and Singer, D.A., Editors (1986): Mineral Deposit Models;  U.S. Geo/ogz.ccz/ Swrvej/, Bulletin
1693, 379 pages.

H6y, T. (1991): Volcanogenic Massive Sulphide Deposits in British Columbia; I.# Ore Deposits,
Tectonics and Metallogeny in the Canadian Cordillera, MCMillan, W.J.,  Coordinator, 8. C.
Ministry Of Energy, Mines and Petroleum Resources, Paper 1991-4, pa.gee 89-\23.

Franklin, J.M., Lydon, J.W. and Sangster, D.M. (1981): Volcanic-associated Massive, Sulfide Deposits;
Eco7!o"z.c Geo/og}/, 75th Anniversary Volume, pages 485-627.

Hutchinson, R.W. (1980): Massive Base Metal Sulphide Deposits as Guides to Tectohic Evolution; i.#
The Continental Crust and its Mineral Deposits, Strangway, D.W., Editor, Gee/ogz.ccz/
4ssocj.czfz.o# o/Ccr#crdc!, Special Paper 20, pages 659-684.

Fox, J.S. (1984): Besshi-type Volcanogenic Sulphide Deposits -a Review,. Ccr#crdz.cr#iJ#Sf!.j#fe o/
Mz.#z.ng cz»d A4lef&//ztrg)/, Bulletin, Volume 77, pages 57168.

Slack, J.F. (in press): Descriptive and Grade-Tonnage Models for Besshi-type Massive Sulphide
Deposits; Geo/og!.car/ .4sLrocj.crfz.o# o/Ccr#crdc!, Special Paper.
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CYPRUS MASSIVE SULPHIDE Cu (Zn)

by Trygve H6y

IDENTIFICA:TION

G05

PROFILES

SYNONYMS:  Cyprus massive sulphide, cuprous pyrite.

COMM!ODITY (BYPRODUCT®..  Cu, (Au, Ag, Zn, Co, Cdy.

ERAMPEggde#r£:gkc(:[o¥p8]2ai5,C8°o"naadn¥Z"('ie6gs%.2#io:#ecEhdufi(o°39p2oF2[54):);'5H¥rg„S:r%#L°a4rp6°o°„?)'

and  Betts Cove (Ne;wfoundland, Canada) ; Turner-Albright  (USA) ; Lolcken prorway).

GEOLO GICAL CIIARACTERISTICS

CAPSULE DESCRIPTION:  Deposits typically comprise one or more lenses of massive pyrite and
chalcopyrite hosted by mafic volcanic rocks and underlain by a well developed pipe-shaped
stockwork zone.

TECTONIC SETTINGS:  Within ophiolitic complexes fomed at oceanic or back-arc spreading ridges;
possibly within marginal basins above subduction zones or near volcanic islands within an
intraplate envirorment.

DEPOSITIONAL ENVRONRENT / GEOLOGICAL SETTING:  Lenses commonly are in tholeiitic or
calcalkaline marine basalts, commonly pillowed, near a transition with overlying argillaceous
sediments.  Many lenses appear to be structurally controlled, aligned near steep nomal faults.

AGE  OF MINERALIZATION:  Any age. Deposits in British Columbia are primarily Mississippian-
Permian or Late Triassic.

HOST/ASSOCIATED ROCK TYPES:  Tholeiitic or calcalkaline pillow and flow basalts, basaltic tuff,

:::¥a'inaring:]]£toe6t3i¥:,r]ifegh`:E:e&:3Co°4?if::o°3ficfi#r#:E°q°ur;:fir::hc£:#edmudstone

DEPOSIT FORM:  Concordant massive sulphide lens overlying crosscutting zone of intense alteration and
stockwork mineralization and hydrothemally altered wallrock, and overlain by chert.

TEXTURE/STRUCTURE:  Massive, fine-grained pyrite and chalcopyrite, sometimes brecciated or
banded?; massive magnetite, magnetite-talc and talc with variable sulphide content; associated
chert layers, locally brecciated, contain disseminated sulphides; disseminated, vein and stockwork
mineralization beneath lenses.

ORE MINERALO GY a?rincipal and s#b ordj.J7crfe) :  Pyrite, chalcopyrite, magnetite, sphalerite, 7#crrccrsz.fe,
galena, pyrrhotite, cubanite, stannite-besterite, hematite. So"edmes goethite aLlteratLon of top o£
sulphide layer.

GANGUE MINERALOGY: Talc, chert, magnetite, chlorite.                                                    ,

ALTERATION MINERALOGY:  Chlorite, talc, carbonate, sericite and quartz veins in the core of the
stringer zone, sometimes with an envelope of weak albite with illite alteration.

ORE CONTROLS: Prominent stmctural control with clustering or alignment of sulphide lenses along early
norinal faults, near transition from mafic pillow basalts; less commonly mafic tuff; to overlying
fine pelagic material.

GENETIC MODEL: Seafloor deposition of sulphide mounds contemporaneous with mafic volcanism, such
as spreading ridges.
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ASSOCIATED DEPOSIT TYPES:  Vein and stockwork Cu (-Au) mineralization; Ath and Fe-rich cherts;
massive magnetite (-talc) deposits.
1

EXPLORATION GUIDES

GE°CH:#cchfaLenst:g¥sS£EEc:aLCK'ezurni;ccrf#t?Erdoe£)£te£:FF°ef:ada#¥#iLce£::FEF?8#:TiLsmtrfa°greFa

Zone.

GEOPHYSICAL SIGNATURE: Sulphide lenses usually show either an electromagnetic o`r induced
polarization signature depending on the style of mineralization and presence ofconductive
sulphides.

OTIHR EXPLORATION GUIDES:  Mafic ophiolitic volcanic rocks; transition to argillite; clustering or
alignment of deposits indicative of fault control; ochre and exhalite (chert) horizons; regional
pyritic horizons.

ECONOMIC FACTORS

GRADE AND TONNAGE:  Published average is 1.6 Mt containing 1.7 0/o Cu, 0-33 g/t Ag; 0-1.9 g/t Au,
0-2.1 0/o Zn ( Cox and Singer,1986).  B.C. examples: Chu Chua reserves -I.043 Mt, 2.97 % Cu,
0.4 0/o Zn, 8.0 g/t Ag,1.0 g/t Au; Anyox deposits -0.2 to 23.7 Mt, approx.1.5% Cu, 9.9 g/t Ag
and 0.17 g/t Au.

IhAI'ORTANCE: Deposits at Anyox produced 335846 t Cu, 215057 kg Ag and 3859 kg Au. Worldwide
these deposits are generally significant more for their higher grades and polymetallic nature, than
their size.

REFERENCES
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NORANDA/KUROKO MASSIVE SULPHIDE Culpblzn  G06

by  Trygve H6y

IDENTIFICA:TION PROFILES

SYNONYM:  Polymetallic volcanogenic massive sulphide.

COMM!ODFTlms (BYPRODUCTS).. CXL, Pb, Zn, Ag, A;n (Cd,oS, Se, Sn, barite, gypsum) .

EXArmLES  (British Columbia -Ccr#c7caldrT#ferj7czfz.o#crD: Homestake (082M025), Lara (0928001), Lynx
(0928129), Myra (092F072), Price (092F073), H-W (092F330), Ecstall (103ho11), Tulsequah
Chief (104K011), Big Bull (104K008), Kutcho Creek (104J060), Britannia (092G003); Kz.cid
Creek (Ontario, Canada) , Buchans (Newfoapdland, Canada) , Batharst-Ne;wcastle district grew
Brunswick, Canada) , Home-Quemont (Qu5bec, Canada) , Kuroko district (Japan) , Mount I;yell
(Australia) , Rio Tinto (Spain) , Shasta King (Califorhia, USA) , Loclcwood (Washington, USA).

GEOLOGICAL CHARACTERISTICS

CAPSULE DESCRIPTION:  One or more lenses of massive pyrite, sphalerite, galena and chalcopyrite
commonly within  felsic volcanic rocks in a calcalkaline binodal arc succession.  The lenses may
be zoned, with a Cu-rich base and a Pb-Zn-rich top; low-grade stockwork zones commonlyi underlie lenses and barite or chert layers may overlie them.

TECTONIC SETTING:  Island arc; typically in a local extensional setting or rift environment within, or
perhaps behind, an oceanic or continental margin arc.

DEPOSITIONAL ENVIRONRENT / GEOLOGICAL SETTING:  Marine volcanism; commonly during a
period of more felsic volcanism in an andesite (or basalt) dominated succession; locally associated
with fine-grained marine sedinents; also associated with faults or prominent fractures.

AGE  OF MINERALIZATION:  Any age. In British Columbia typically Devonian; less commonly
Permian-Mississippian, Late  Triassic, Early  (and Middle) Jurassic, and Cretaceous.

HOST/ASSOCIATED ROCK TYPES:  Submarine volcanic arc rocks: rhyolite, dacite associated with
andesite or basalt; less commonly, in m'afic alkaline arc successions; associated epiclastic deposits
and minor shale or sandstone; commonly in close proximity to felsic intrusive rocks. Ore horizon
grades laterally and vertically into thin chert or sediment layers called informally "exhalites".

DEPOSIT FORM:  Concordant massive to banded sulphide lens which is typically metres to tens of metres
thick and tens to hundreds of metres in horizontal dimension; sometines there is a peripheral
apron of  "clastic" massive sulphides; underlying crosscutting ``stringer" zone of intense alteration
and stockwork veining.

TEXTURE/STRUCTURE:  Massive to well layered sulphides, typically zoned vertically and laterally;
sulphides with a quartz, chert or barite gangue (more common near top of deposit); disseminated,
stockwork and vein sulphides (footwall).

ORE MINERALOGY (Principal and s„bordj.#czfe):  Upper massive zone: pyrite, sphalerite, galena,
chdhopryrite, pyrrhotite, t?trahedrite:tennantite, bornite, arsenopyrite. Lower "zwssive zone..
pyrite, chahoopyrite, sphalerite, pyrrhotite, magnetite.

GANGUE MINERALOGY: Barite, chert, g}p$2/in, cz#kyc7rzte cr77d cc7rdo#crfe near top of lens, carbonate
quartz, chlorite and sericite near the base.

ALTERATION MINERALOGY:  Footwall alteration pipes  are commonly zoned from the core with
quartz, sericite or chlorite to an outer zone of clay minerals, albite and carbonate (siderite or
ahkerite).
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ORE CONTROLS:  More felsic component of maflc to intemediate volcanic arc succession; near centre of

felsic volcanism (marked by coarse pyroclastic breccias or felsic dome); extensional faults.

ASSOCIATED DEPOSIT TYPES:  Stockwork Cu deposits; vein Cu, Pb, Zn, Ag, Au.

EXPLORAIION GUIDES
!1

GEOCIIEMICAL SIGNATURE:  Zn, Hg and Mg halos, K addition and  Na and Ca depletion of footwall
rocks; closer proxinity to deposit - Cu, Ag, As, Pb; within deposit - Cu, Zn, Pb, Ba, As, Ag, Au,
Se, Sn, Bi, As.

GEOPHYSICAL SIGNATURE: Stllphide lenses usually show either an electromagnetic or induced

E:iLparhfizaetj:Eis:8gea#ryeediresp3::einh%]:ne:g:trso¥+eafrfeEFir:fazoaji°Fa#::Seenn::c°c€:s°#.uct£Ve

OTIIER EXPLORATION GUIDES:  Explosive felsic volcanics, volcanic centres, extensiohal faults,
exhalite (chert) horizons, pyritic horizons.

ECONOMIC FACTORS

GRADE AND TONNAGE:  Average deposit size is 1.5 Mt containing 1.3% Cu, 1.9 0/o Pb, 2.0 0/o Zn, 0.16
g/t Au and 13 g/T Ag  (Cox and Singer, 1986). British Columbia deposits  range from less than 1
to 2 .Mt to more than 10 Mt. The largest are the H-W (10.1 Mt with 2.0 0/o Cu, 3.5 °/o Zn, 0.3 % Pb,
30.4 g/t Ag and 2.1 g/t Au) and Kutcho (combined tomage of 17 Mt, 1.6 % Cu, 2.3 % Zn, 0.06 %
Pb, 29 g/t Ag and 0.3 g/t Au).

]MP°RTp4bNincE:an¥::TTdh#¥±stFaasesLxeds::Prfud:ni;Ph°i:fisparreec#:Ps°i:::id:::::n°tfc::€f#:fo8inAakueTh€m

attractive exploration targets.
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SUBAQUEOUS HOT SPRING Au-Ag

by Dani J. Alldrick

IDENTIFICAITION

G07

P F! 0 F I L E S

SYNONYMS:  Epithermal massive sulphide; subaqueous-hydrothermal deposits; Eskay-type deposit;
Osorezan-type deposit.

CONIM!ODITTES (BYPRODUCTS)..  Ag, Am (Cu, Pb, Zn, As, Sb, HgD.

EXArmLES  (British Columbia -Ccr#crcJdrr#fer#c7fz.o#czO:  Eskay Creek (1048008), Lulu (1048376);
Os_orezan, Vulcqng IFlan_ds__ and Jqde ky_4rothe.rma| f ield _(Japa.n) , Mend_eleev Volcano (Ku;ile
Islands, Russia) , Rabqu_I_ (Papuq Ne;w Guinea) , White Island grew Zealand) , BacomManito and
Surigao del Norte (Phillippines).

GEOLOGICAL CHARACTERISTICS

CAPSULE DESCRIPTION:  Vein, replacement and synsedimentary bedded sulphides are deposited in
volcanic rocks and associated sediments in areas of shallow lacustrine, fluvial or marine waters or
in glacial sub floors.

TECTONIC SETTING:  Active volcanic arcs (both oceanic island arcs and continental margin arcs) are
likely setting.

DEPOSITIONAL ENVIRONMENT / GEOLOGICAL SETTING:  1) Water-filled reservoirs in active
continental volcanic areas (crater lakes, playa lakes, stream flood plains, glacier sub floors).
2) Sea-flooded, breached calderas, or unconsolidated shallow marine sediments at the foot of a

volcano.

AGE  OF MINERALIZATION:  Presumably any age, oldest known example is Jurassic.

HOST/ASSOCIATED ROCK TYPES:  Mineralization hosted by intermediate to felsic flows and tuffs and
minor intercalated sedimentary rocks. Pillow lavas, coarse epiclastic debris flows, and assorted
subvolcanic feeder dikes are `all part of the local stratigraphic package.

DEPOSIT FORM:  Highly variable.  Footwall stockwork or stringer-style vein networks.  Large,
textureless massive sulphide pods, finely laminated stratifom sulphide layers and lenses,
reworked clastic sulphide sedinentary beds, and epithemal-style breccia veins with large vugs,
coarse sulphides and chalcedonic silica.  All types may coexist in a single deposit.

TEXTURE/STRUCTURE:  Range from fine elastic sulphides and "framboid"-like chemical precipitates to
very coarse grained sulphide aggregates in breccia veins.  Stmctural styles include: vein
stockworks, major breccia veins, stratabound and stratiform sulphide lenses and layers.

ORE NINERALOGY Q'rincipal and fc!bordj.#czfe) :  Sphalerite, tetrahedrite, boulangerite, boumonite,
native gold, native silver, amalgam, galena, chalcopyrite, enargite, pyrite, stibnite, realgar,
tTlsenapryrke oxpi.rn!erfu, metallic arsenic, Hg-yurtzite, cimabar, aktashite, urmamed Ag-Pb-As-S
in,inerals, j ordanite, wurtzite, _kr_ermerite, coloradoite, marcasite, magnetite, scorodite, jarosite,
limohite, anglesite, native sulphar.

GANGUE MINERALOGY (Principal and s#b ordz.#czfe) : Magnesian chlorite, muscovite (sericite),
chalcedonic silica, amorphous silica, calcite, dolomite, pyrobitumen, gypsum, barite, potassium
feldspar, aLhaite with mLinor carbon, graphite, halite and cristobalite.
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ALTERATION MINERALOGY:  Massive chlorite (clinochlore)-illite-quartz-gypsum-barite rock or

quartz-muscovite-pyrite rock  are associated with the near-footwall stockwork zones.  Chlorite
and pyrite alteration is associated with the deep-footwall stockwork zones where alteration
minerals are restricted to fractures.  Stratabound mineralization is accompanied by magnesian
chlorite, muscovite, chalcedonic silica, calcite, dolomite and pyrobitumen.  At the Osorezan hot
spring deposits, pervasive silica and alunite microveinlets are the dominant alteration phases.

GENETIC MODEL: Deposits are formed by "hot spring" (i.e.: epithermal) fluids vented into a shallow
water environment.  Fluids are magmatic in character, rather than meteoric.  This concept
contrasts with some characteristics of the process model for volcanogenic massive sulphides.
Lateral and vertical zoning has been recognized within a single lens.  Lateral zoning shows
changes from Sb, As and Hg-rich mineral suites to Zn, Pb and Cu-rich assemblages.  Vertical
zoning is expressed as a systematic increase in Au, Ag and base metal content up-section.  Fluid

:#:itfg:€]gsmurae:h8aeinn£:::eodrbfryas#iE]:Cihr°ecskp'oangsgfod::£g°i%£fitg:#:gi°o:¥iefe%t]oa:::s.A
near-surface subvolcanic magma body is an essential source of metals, fluids and heat.

ASSOCIATED DEPOSIT TYPES:  Hot spring Hg Q102), hot spring Au-Ag G103), epitheinal veins (H04,
H05), volcanogenic exhalative massive sulphides (G06).

COMhffiNTS:  This deposit type is the shallow subaqueous analogue of hot spring Au-Ag, and both of
these are subtypes of the "epithemal" class of mineral deposits.  Considering theTrecent
discoveries at Osorezan (1987) and Eskay Creek (1988), the brief discussion by La2nicka (1985,
p. 907) seems especially prophetic.

EJITLORAITION GUIDES

GEOCHEMICAL SIGNATURE:  Ag, Au, Cu, Pb, Zn, As, Sb, Hg.

GEOPHYSICAL SIGNATURE:  The pyrite associated with stockwork mineralization and ubiquitous
alteration should produce a widespread induced polarization anomaly, but the best targets may be
local peaks within this broad anomalous 'plateau'.  Airborne magnetometer surveys may help
delineate favourable strata and fault offsets.

OTIHR EXPLORATION GUIDES:  The geological deposit model and its regional setting may be the best
exploration tools available.  Broad hydrothermal systems marked by widespread sericite-pyrite
alteration; evidence of a volcanic crater or caldera setting; accumulations of felsic volcanic strata:
1) in a local subaqueous setting in a regionally subaerial environment, 2) along the near shore
zone of a regional subaerial/subaqueous volcanic facies transition (e.g.: the western margin of the
Hazelton trough).  Focus on the sedinentary intervals within the volcanic pile.

ECONOMIC FACTORS

GRADE AND TONNAGE: These deposits are not well known. The Eskay Creek deposit is attractive
because of the polymetallic signature and high precious metal contents. It contains an estimated
mining reserve of 1.08 Mt grading 65.5 g/t Au, 2930 g/t Ag, 5.7 °/o  Zn, 0.77 % Cu and 2.890/o Pb
with geological reserves of 4.3 Mt grading 28.8 g/t Au and 1027 g/t Ag.

IMPORTANCE: These deposits are attractive because of their bonanza grades and polymetallic nature.
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Cu SKARNS

by Gerald E. Ray

IDENTIFICAIION

.K01

P F} 0 F I L E S

SYNONYMS:  Pyrometasomatic and contact metasomatic copper deposits.

COMMODITH3S  (BYPRODUCTS)..  Cu (Au, Ag, Mo, W, magnetite.

EXArmLES @ritish Columbia -Ccr#crcaldrr;7fer#crfz.o77crD:  Craigmont (092ISE 035), Phoenix (082ESE
020), Old Sport (092L 035), Queen Victoria (082FSW 082);  A4lz.77es Gcrspe' cJepasj.ts rgzie'bec,
g_an_ad_a) , Rutf a± Mason Va.Ile_;_y and C_gpper Canyon prevada, USA) , Carr Fork (Utah, USA) , Ok
Tedi (Papua New Guinea) , Rosita pricaragudy.

GEOLOGICAL CIIARACTERISTICS

CAPSULE DESCRIPTION:  Cu-dominant mineralization (generally chalcopyrite) genetically associated
with a skam gangue (includes calcic and magnesian Cu skams).

TECTONIC SETTING:  They are most common where Andean-type plutons intmde older continental-
margin carbonate sequences.  To a lesser extent (but inportant in British Columbia), they are
associated with oceanic island arc plutonism.

AGE OF MINERALIZATION:  Mainly Mesozoicj but may be any age.  In British Columbia they are
mostly Early to mid-Jurassic.

HOST/ASSOCIATED ROCK TYPES:  Poxphyritic stocks, dikes and breccia pipes of quartz diorite,
granodiorite, monzogranite and tonalite composition, intruding carbonate rocks, calcareous
volcanics or tuffs.  Cu skams in oceanic island arcs tend to be associated with more mafic
intrusions (quartz diorite to granodiorite), while those formed in continental margin environments
are associated with more felsic material.

DEPOSIT FORM: Highly varied; includes stratiform and tabular orebodies, vertical pipes, narrow lenses,
and irregular ore zones that are controlled by intrusive contacts.

TEXTURES: Igneous textures in endoskam.  Coarse to fine-grained, massive granoblastic to
mineralogically layered textures in exoskam.  Some homfelsic textures.

ORE MINERALOGY a?rincipal and szfbordz.#czfe):  Moderate to high sulphide content.  Chalcopyrite ±
pyrite ± magnetite in inner garnet-pyroxene zone.  Bomite ± chalcopyrite ± sphalerite ± tennantite
in outer wollastonite zone.  Either hematite, pyrrhotite or magnetite may predominate (depending
on clxidatLorL state..  Scheehie and traces of molybdenite, bismuthinite, galena, cosalite,
arsenopyrite, enargite, termautite, loellingite, cobaltite and tetrahedrite "zry be prese;ul.

ALTERATION MINERALOGY:  Exoskam alteration: high garnet:pyroxene ratios.  High Fe, low Al, hth
andradite garnet (Ad35-100), and diopsidic clinopyroxene Gld2-50).  The mineral zoning from
stock out to marble is commonly: diopside + andradite ®roximal); wollastonite ± tremolite ±
garnet ± diopside ± vesuvianite (distal).  Retrograde alteration to actinolite, chlorite and
montmorillonite is common.  In British Columbia, skam alteration associated with some of the
alkalic poxphyry Cu-Au deposits contains late scapolite veining.  Magnesian Cu skams also
contain olivine, serpentine, monticellite and brucite.
Endoskam alteration: Potassic alteration with K-feldspar, epidote, sericite ± pyroxene ± garnet.
Retrograde phyllic alteration generates actinolite, chlorite and clay minerals.

ORE CONTROLS:  Irregular or tabular orebodies tend to form in carbonate rocks and/or calcareous
volcanics or tuffs near igneous contacts.  Pendants within igneous stocks can be inportant.  Cu
mineralization is present as stockwork veining and disseminations in both endo and exoskam; it
commonly accompanies retrograde alteration.
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COMhfflNTS: Calcic Cu skams are more economically inportant than magnesian Cu skams.  Cu skams

are broadly separable into those associated with strongly altered Cu-poxphyry systems, and those
associated with barren, generally unaltered stocks; a continuum probably exists between these two
types (Einaudi ef cr/.,1981).  Copper skam deposits related to mineralized Cu porphyry intrusions
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common in the skam envelope.  Those with reduced assemblages can be euriched in W, Mo, Bi,
Zn, As and Au. Over half of the'340 Cu skam occurrences in British Columbia lie in the
Wrangellia Terrane of the Insular Belt, while another third are associated with intiaoceanic island
arc plutonism in the Quesnellia and Stikinia terranes.  Some alkalic and calcalkalic Cu and Cu-Mo
poxphyry systems in the province (e.g. Copper Mountain, Mount Polley) are associated with
variable amounts of Cu-bearing skam alteration.

EXPLORATION GUIDES
\

GEOCIHMICAL SIGNATURE:  Rock analyses may show Cu-Au-Ag-rich inner zones grading outward
through Au-Ag zones with high Au:Ag ratios to an outer Pb-Zn-Ag zone.  Co-As-Sb-Bi-Mo-W

.       geochemical anomalies are present in the more reduced cu skam deposits.

GEOPHYSICAL SIGNATURE: Magnetic, electromagnetic and induced polarization anomalies.

ASSOCI.ATED DEPOSIT TYPES:  Poxphyry Cu deposits (L04), Au (K04), Fe a£03) and pb-Zn O£02)I
skams, and replacement Pb-Zn-Ag deposits Q401).

ECONOMIC FACTORS

GRADEa4tBugh°FmfgxEc:ep4[yoenr:ig:e]p:°si?s°:°x:::Ee3r6oWM°tr.]f#geint::tyE:Ft:sr£[tyo|gm|gbeigs°rar:et:t[c°u°Mt'

skam, contained approximately 34 Mt grading 1.3 % Cu.

IREORTANCE:  Historically, these deposits were a major source of copper, although polphyry deposits
have become much more inportant during the last 30 years .  However, major Cu skams are still
worked throughout the world, including in China and the U.S.
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Pb-Zn. SKARNS

by Gerald E. Ray

IDENTIFICATION

K02

PROFILES

SYNONYMS:  Pyrometasomatic or contact metasomatic Pb-Zn deposits.

COMMODITIES (BrpRODUCT:S:  Pb, Zn, Ag, (Ccf, Cd,  J7, ,4G!).

EXAITLES  a3ritish Colunibia -Ccr#czczdrr#fer#crfz.o77crD:  Piedmont (082FNW 129), Contact (104P 004),
Quartz Lake afukon, Canada), Groapdhog.grew prexico,_ USA)i Darwin. _(Cal_if errtia, .USA) San-Antonio, Sairta Eulalia and Naica (Mexico) , Yeonhwa-Ulchin deposits (South Korea) , Nakatatsu

deposits (Japan) , Shuikoushan and Tienpaoshan (China).

GEOLO GICAL CHARACTERISTICS

CAPSULE DESCRIPTION:  Galena and/or sphalerite-dominant mineralization genetically associated with
a skam gangue.

TECTONIC SETTING: Along continental margins where they are associated with late orogenic plutonism.
Pb-Zn skams occur at a wide range of depths, being associated with .subvolcanic aphanitic dikes
and high-level breccia pipes, as well as deep-level batholiths.  In British Columbia, some Pb-Zn
skams are found in oceanic island arcs where they form distally to larger calcic Fe or Cu skam
systems.

AGE OF MINERALIZATION:  Mainly Mesozoic, but may be any age.  In British Columbia, the 80 Pb-Zn
skam occurrences identified have a wide age range; over 40 % are Early to mid-Jurassic, 22 % are
Cretaceous, and a further 17 °/o are Eocene-Oligocene in age.

HOST/ASSOCIATED ROCK TYPES: Variable; from high-level skams in thick linestones, calcareous
tuffs and sediment to deeper level skams in marbles and calcsilicate-bearing migmatites.
Associated intrusive rocks are granodiorite to leucogranite, diorite to syenite (mostly quartz
monzonite).  Pb-Zn skams tend to be associated with smau stocks, sills and dikes and less
commonly with larger plutons.  The composition of the intrusions responsible for many distal Pb-
Zn skams is uncertain.

DEPOSIT FORM:  Variable; commonly occurs along igneous or stratigraphic contacts.  Can develop as
subvertical chimneys or veins along faults and fissures and as subhorizontal blankets.   Pb-Zn
skam deposits fomed either at higher structural levels or distal to the intrusions tend to be larger
and more Mi-rich compared to those fomed at greater depths or more proximal.

TEXTURES : Igneous textures in endoskam.  Coarse to fine-grained, massive granoblastic to
mineralogically layered textures in exoskam.

ORE MINERALOGY Q'rincipal and sz/boJ.CJJ.#c!fe):  Sphalerite ± galena ± pyrrhotite ± pyrite ± magnetite ±
arsenopyrite ± chalcopyrite ± bomite.  Other trace minerals reported include sc*ee/zte,
bismu{hinite, starmite, cassiterite, tetrchedrite, molybdenite, fouorite, and native gold. Prod:Irmh
skams tend to be richer in Cu and W, whereas distal skams contain higher amounts of pb, Ag and
rm.

ALTERATION MINERALOGY:  Exoskam alteration: M1-rich hedenbergite Qld30-90, Jo 1 0-50),
andraditic garnet (Ad20-100, Spess2-10) ± wollastonite ± bustanite ± rhodonite.  Late-stage hth-
rich actinolite ± epidote ± ilvaite ± chlorite ± dannermorite ± rhodochrosite ± axinite.  Endoskam
alteration: Highly variable in development, and in many of the distal Pb-Zn skams the nature of
the endoskam is unknown.  However, Zn-rich skams fomed near stocks are often associated with
abundant endoskam that may equal or exceed the exoskam 03inaudi et al.,1981).
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ALTERATION MINERALOGY (cont.):  Endoskam mineralogy is dominated by epidote ± amphibole ±

chlorite ± sericite with lesser rhodonite ± garnet ± vesuvianite ± pyroxene ± K-feldspar ± biotite•and rare topaz.  Marginal phases may contain greisen and/or tourmaline.

ORE CONTROLS:  Carbonate rocks, particularly along structural and/or lithogical contacts (e.g. shale-
limestone contacts or pre-ore dikes).  Deposits may occur considerable distances (il00-1000 in)
from the source intrusions.

ASSOCIATED DEPOSIT TYPES:  Pb-Zn-Ag veins (105), Cu skams (K01) and Cu poxpftyries (L03, L04).
In B.C., small Pb-Zn skams occur distally to some Fe (K03) and W ac04) skams.

COMhAINTS: Pb-Zn skam occurrences are preferentially developed in: (1) continental margin
sedimentary rocks of the Cassiar and Ancestral North America terranes, (2) oceanic island arc
rocks of the Quesnellia and Stikinia terranes, and (3) arc rocks of the Wrangellia Terrane.  Their
widespread terrane distribution partly reflects their formation as small distal mineralized
occurrences related to other skams (notably Cu, Fe and W skams), as well as some porphyry
systems. British Columbia is endowed with some` large and signiflcant Pb-Zn reserves classified as
manto deposits (Nelson,1991; Dawson et al.,1991). These deposits lack skam gangue, but are
sometines grouped with the Pb-Zn skams.

EXPLORATION GUIDES

GEOCIHMICAL SIGNATURE:  Pb, Zn, Ag, Cu, Mn, As, Bi, W, F, Sn, Mo, Co, Sb, Cd and Au
geochemical anomalies.

GEOPHYSICAL SIGNATURE: Generally good induced polarization response.  Galena-rich orebodies
may be marked by gravity anomalies whereas pyrrhotite-rich mineralization may be detected by
magnetic surveys.  CS-AMT may also be a useful exploration system.

OTRER EXPLORATION GUIDES: Thick limestones distal to small granitoid stocks; structural traps .and
lithological contacts; exoskams with low garnet/pyroxene ratios.

ECONOMIC FACTORS

GRADE AND TONNAGE:  Pb-Zn skams tend to be small (<3 Mt) but can  reach 45 Mt, grading up to 15
0/o  Zn,10 % Pb and > 150 g/t Ag with substantial Cd.  Cu grades are generally < 0.2 °/o. Some
deposits (e.g. Naica Q4exico) and Falun (Sweden)) contain Au. The 80 British Columbia Pb-Zn
skam occurrences are generally small and have had no major metal production.
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Fe SKARNS

by Gerald E. Ray

IDENTIFICAITION

K03

PROFILES

SYNONYMS:  Pyrometasomatic or contact metasomatic iron deposits.

COMMODITELS  (BYPRODUCTS)..  MagnLerfue (Cu, Ag, Au, Co, phlogopite, borate minerals).

EXAM?LES @ritish Coluinbia -Ccrmacha/r72fer#crfro;7cr7): Tasu (103C003), Jessie (1038026), Meny
Widow (092L044), Iron Croon (092L034), Iron Hill (092F075), Yellow Kid (092F258), Prescott
(092:F106D_, Parton (092:I_197), LalRIe (P9ZE2S9).,_Shin_yama _(Japan) , Cornwall Iron Springs qutah,
USA) Eagle Moprntain (Calif ;ornig,. USA) , Perschansk, Dashkesan, Sheregesh and Teya (R:ussia) ,
Daiquiri (Cuba) , San Leone (Italy).

GEOLOGICAL CIIARACTERISTICS          .

CAPSULE DESCRIPTION:  Magnetite-dominant mineralization genetically associated with a skam
gangue (includes calcic and magnesian Fe skams).

TECTONIC SETTING:  Calcic Fe skams: Intra and non-intraoceanic island arcs; rifted continental
margins. Magnesian Fe skarns: Cordilleran-type, synorogenic continental margins.

AGE OF MINERALIZATION:  Can be of any age, mainly Mesozoic to Cenozoic. Typically Early to mid-
Jurassic in British Columbia.

HOST/ASSOCIATED ROCK TYPES:  Calcic Fe skams: Fe-rich, Si-poor intrusions derive.d from
primitive oceanic crust.  Large to small stocks and dikes of gabbro to syenite (mostly gabbro-
diorite) intmding linestone, calcareous clastic sedimentary rocks, tuffs or mafic volcanics at a
high to intemediate structural level. Magnesian Fe skarns: Small stocks, dikes and sills of
granodiorite to granite intruding dolomite and dolomitic sedimentary rocks.

DEPOSIT FORM: Variable and includes stratifom orebodies, vertical pipes, fault-controlled sheets,
massive lenses or veins, and irregular ore zones along intrusive margins.

TEXTURES: Igneous textures in endoskam.  Coarse to fine-riained, massive granoblastic to
mineralogically layered textures in exoskam.  Some homfelsic textures.  Magnetite varies from
massive to disseminated to veins.

ORE MINERALOGYQ'rincipal and Sz{Z)ordz.#crfe):  Calcic Fe skams:  Magnetite ± chalcopyrite ± pyrite ±
cobaltite ± pyrrhotite ± arsenopyrite ± sphalerite ± galena ± molybdenite ± bornite ± hematite ±
martite ± gold.  Rarely, can contain fez/cfrobz.s"#ffejJe ±J7ctorj.fe ± scfree/I./e. Magnesian Fe skams:
Magnetite ± chalcopyrite ± bomite ± pyrite ± pyrhhotite ± sphalerite ± molybdenite.

EXOSKARN ALTERATION Goth calcic and magnesian):  High Fe, low rm, diopside-hedenbergite
clinopyroxene (IId20-80) and grossular-andradite garnet (Ad20-95), ± epidote ± apatite.  Late
stage amphibole ± chlorite ± ilvaite ± epidote ± scapolite ± albite ± K-feldspar.  Magnesian Fe
skams can contain olivine, spinel, phlogopite, xanthophyllite, brucite, serpentine, and rare borate
minerals such as ludwigite, szaibelyite, fluorborite and kotoite.

EENDOSKARN ALTERATION: Calcic Fe skams: Extensive endoskam with Na-silicates ± garnet ±
pyroxene ± epidote ± scapolite. Magnesian skarns: Minor pyroxene ± garnet endoskam, and
propyllitic alteration.

ORE CONTROLS:  Stratigraphic and structural controls.  Close proximity to contacts between intrusions
and carbonate sequences, volcanics or calcareous tuffs and sedinents.  Fracture zones near
igneous contacts can also be important.
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ASSOCIATED DEPOSIT TYPES: Ou poxphyries q03, L04); Cu a£01) and Pb-Zn a£02) skams; small

Pb-Zn veins ¢05).

COMRENTS:  In both calcic and magnesian Fe skams, early magnetite is locally intergro`wn with, or cut
by, garnet and magnesian silicates (Korchinski,1964,1965;. Sangster,1969; Burt; 1977). Some

faa:CicaF£:#t¥aLjs°##erraei]£T#:[nycs:abuep£:F#h?fBP#r:3#::-£#eti¥]Psraaig€:Ev#£:#dsa;tie
Sn, Cu and calcic Pb-Zn skams. Over 90% of the 146 Fe skam occurrences in British Columbi`a
lie within the Wrangellia Terrane of the Insular Belt.  The majority of these form where Early t`o
mid-Jurassic dioritic plutons intrude Late Triassic linestones.                                                            i

EXPLORATION GUIDES
I

GEOCIIEMICAL SIGNATURE:  Calcic Fe skam: enriched in Fe, Cu, Co, Au, Ni, As, Cn  Overall Cu and`   Au grades are low (<0.2% Cu and 0.5 g/t Au). Magnesian Fe skam: enriched in Fe, Cu, Zn, Bo.

GEOPHYSICAL SIGNATURE:  Strong positive magnetic, electromagnetic and induced polarization
anomalies.  Possible gravity anomalies.

OTRER EXPLORATION GUIDES: Magnetite-rich float.  In the Wrangellia Terrane of British Columbia,
the upper and lower contacts of the Late Triassic Quatsino linestone (or equivaleht units) are
favorable horizons for Fe skam development.

ECONOMIC FACTORS                                   `

GRADE AND TONNAGE:  Grades are typically 40 to 50 °/o Fe.  Worldwide, calcic Fe skalms range fi-om
3 to 150 Mt whereas magnesian Fe skams can be larger (exceeding 250 Mt).  In British Coluinbia,
they reach 20 Mt and average approximately 4 Mt mined ore.

IMPORTANCE: Worldwide, these deposits were once an inportant source of iron, but in the last 40 years
the market has been increasingly dominated by iron formation deposits.  Nearly 90 % of British
Columbia's historic iron production was from skams.

'1
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Au SKARNS
by Gerald E. Ray

IDENTIFICAIION

KO-4

PROFILES

SYNONYMS:  Pyrometasomatic, tactite, or contact metasomatic Au deposits.

COMMODITIES (BypRC)I)C^CZIS:  Au (C%, i4g).

EXARELES  @ritish Columbia -Canada/J77fer#atJ.oJ7czD:  Nickel Plate (092HSE 03 8), French (092HSE
059), Canty (092HSE 064), Good Hope (092HSE 060); Fo7.f##c7e, A4:cCo)/ cr#d roz72bo);-Mz.##z.e
prevada, USA) , Buclchorn Mountain (Waspington, USA) , Bytte Highlayds (Montana, USA) ,
Thanksgiving (Phillippines) , Browns Creefe (Ne;w South Wales, Australia) , Mount Biggenden
(Queensland, Australia) , Nambiif a (Ecuador) .

GEOLOGICAL CHARACTERISTICS

CAPSULE DESCRIPTION:  Gold-dominant mineralization genetically associated with a skam gangue
consisting of Ca - Fe - Mg silicates.  It includes calcic and magnesian Au skams.

TECTONIC SETTINGS:  Most Au skams fom in orogenic belts at convergent plate margins.  They tend
to be associated with syn to late intraoceanic island arc intrusions emplaced into calcareous
sequences in arc or back-arc environments.  However, the Butte Highlands Au skam in Montana,
U.S. a]ttlinger ef cz/., in prep) is hosted by platformal carbonates and is probably associated with
melts derived from continent crust.

DEPOSITIONAL ENVIRONMENT / GEOLOGICAL SETTING: Most deposits are related to plutonism
associated with the development of oceanic island arcs or back arcs, such as the Late Triassic to
Early Jurassic Nicola Group in British Columbia.

AGE OF NINERALIZATION:  Phanerozoic (mostly Cenozoic and Mesozoic); in British Columbia they
are mainly of Early to mid-Jurassic age.  The unusual magnesian Au skams of western Australia
are Archean.

HOST/ASSOCIATED ROCK TYPES:  High to intemediate level stocks, sills and dikes of gabbro, quartz
diorite or granodiorite intruding carbonate, calcareous elastic or volcaniclastic rocks.  The island
arc related, I-type intrusions are commonly poxphyritic and Fe-rich, and have low Fe203ffeo
ratios.

DEPOSIT FORM: Variable fi.om irregular lenses and veins to tabular or stratifom orebodies with lengths
and widths ranging up to many hundreds of metres.

TEXTURE/STRUCTURE: Igneous textures in endoskam.  Coarse to fine-grained, massive granoblastic to
layered textures in exoskam.  Some homfelsic textures.  Faults and fractures can be an important
loci for mineralization.

ORE MINERALOGY¢rincipal and F2fb orc7z.#czfe) :
Calcic Au skams: Native gold ± chalcopyrite ± pyrrhotite.± arsenopyrite ± fe//#rz.den (e.g.

hedleyite, tetradymite, altaite and f apss_i!eS ± b_isy}¥thinite ± cob gltite i n.ative b.ismutf a ± pyr.ite
± spfrc7/erz.fe ± ]72c7/do#j./e.    Generally high sulphide content and pyrrhotite:pyrite ratios, and
low Cu:Au (<2000), Cu:Ag (<1000), Zn:Au (<100) and Ag/Au (<1) ratios. Gold is
commonly present as micron-sized inclusions in sulphides, or at sulphide grain boundaries
associated with tellurides. Therefore, to the naked eye, Au skam ore is often indistinguishable
from waste rock.

Magnesian Au skams: Native gold ± pyrrhotite ± ch.alcopyrite ± pyrite ± "czgrefJte ± gr/e;7cz ±
tetrahedrite.
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EXOSKARN MINERALOGY (GANGUE) :
Calcic Au skams: extensive exoskam, generally with high pyroxene:garnet ratios, although at the

Fortitude deposit in Nevada, some higher gold values are concentrated in thin, stmcturally
controlled garnet-rich zones.  Prograde minerals include K-feldspar, Fe-rich biotite, low Mi
grandite garnet (Ad 10-100), wollastonite, diopside-hedenbergite clinopyroxene (Hd 20-100)
and vesuvianite.  Other less common minerals include rutile, axinite and sphene.  Mineral and

:o:n;ia`f:Ent::h:igio!g:i::s%,i;fE=::oar:d:il:,d:fgT::t:rr:ogr?tra;y;gg::f!i:Ta:sga|T3e:I:i:in:gkeFw
chlorite, clinozoisite, vesuvianite, scapolite, tremolite-actinolite, sericite and prehnite.         `

Magnesian Au skams: olivine, clinopyroxene urd2-50), garnet (Ad7-30) and chondrodite.
Retrograde minerals include serpentine, epidote, vesuvianite, tremolite-actinolite, phlogopite,
talc, K-feldspar and chlorite.

ENDO SKARN MINERALOGY (GANGUE) :
Calcic Au skams: moderate endoskam with K-feldspar, biotite, Mg-pyroxene Cid 5-30) and
garnet.
Magnesiin Au skams: details on endoskam are poorly documented.  Argillic and propyllitic
alteration with some garnet, clinopyroxene and epidote occurs in the epdoskam at the Butte
Highlands Au skan.

WEATIIERING: In temperate climates, skams often fom topographic features with positive relief.

ORE CONTROLS:  Stratigraphic and stmctural controls.  Sulphide-rich ore commonly develops in distal,
pyroxene-dominant portion of the skam envelope.  Some orebodies fom along sill-dike             I
intersections, sill-fault or bedding-fault intersections as well as along fold axes. Ip some districts,
specific suites of reduced, Fe-rich intrusions are spatially related to mineralization

GENETIC MODEL: Mineral assemblages and low Fe203Aleo ratios indicate that most calcic Au skams
are highly reduced systems.  However, the Mccoy Au skam in Nevada represents, a more oxidized
system @rookes ef cr/., 1990). There is a worldwide spatial and temporal association between
porphyry Cu provinces and Au skams.

ASSOCIATED DEPOSIT TYPES:
Calcic Au skams:  Au placers (C01,C02), calcic Fe and Cu skams (K03, K01), poxphyry Cu

deposits (L04) and Au-bearing quartz and/or sulphide veins (101,102).
Magnesian Au skams:  Au placers (Col,C02), Cu skams (K01), poxphyry Cu and 'Mo deposits

(104, L05), Au-bearing quartz and/or sulphide veins (101,102); possibly W skams ( K05).

CohRENTS:  Most Au skams throughout the world are calcic and are associated with island arc
plutonism.  However, unusual and distinct magnesian Au skams are reported in the Archean
greenstones of Western Australia and in Cambrian platfomal dolomites at Butte Highlands in
Montana, U.S.A.

EXPLORATION GUIDES

GEOCIHMICAL SIGNATURE:  Au, As, Bi, Te, Co, Cu anomalies, as well as some geochemical zoning
patterns throughout the skam envelope (notably in Cu/Au ratios).  Calcic Au skams tend to have
lower Zn/Au,.Cu/Au and Ag/Au ratios than any other skam class.  Their genetically related
intrusions may be relatively euriched in the compatible elements Cr, Sc and V, and depleted in
lithophile incompatible elements aib, Zr, Ce, Nb and La), compared to intrusionsi associated with
most other skam classes.

GEOPHYSICAL SIGNATURE:  Airborne magnetic or gravity surveys to locate plutons. hiduced
polarization an.d ground magnetic follow-up surveys can outline some deposits (magnesian skams
tend to be magnetite-bearing).
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OTRER EXPLORATION GUIDES: Ancient placer workings.
Calcic Au skams: Pyroxene and pyrrhotite-dominant exoskam envelopes associated with

reduced, Fe-rich intrusions in island arc environments.
Magnesian Au skams: granodiorite intrusions in dolomitic sedimentary rocks.

ECONOMIC IMPORTANCE

TYPICAL GRADE AND TONNAGE:  These deposits range from 0.4 to 10 Mt and from 2 to 15 g/t gold.

#Tcefedi°£ia::a[;s(:::E|::E°o%e¥e8d#Fgaadd£Sga#t£FAa£.eA°€e8r.gg9:ia5a8#dgwa£Egzs[3'°°°t.
approxinately 4.5 g/t gold.

IrmoRTANCE: Recently, there have been some significant Au skam deposits discovered around the
world.  Nevertheless, total historic production of gold from skam (approximately 1000 t of metal)
is minute compared to production from other deposit types. The Nickel Plate deposit ¢|edley,
British Columbia) was probably one of the earliest major gold skams in the world to be mined.
Skams have accounted for about 16 % of British Columbia's gold production, although nearly half
of this was derived as a byproduct from Cu and Fe skams
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W SKARNS

by Gerald E. Ray

IDENTIFICATION

K05

PROFILES

SYNONYMS:  Pyrometasomatic or contact metasomatic tungsten deposits.

CC)MMODITTES (BYPRODUCTS)..  W (Mo, Cu, Sn, ZnD.

EXARELES  @ritish Columbia -CcRTcrcha/y#fe#zcrfro;7crD:  Emerald Tungsten (082FSW010), Dodger
(082FSW011), Feeney (082FSW247), Invincible (082FSW218), Dinac (082M123); Fasf%ng
(Outc[_rio, qanadq) , Map_Taps prukon, Canada) , qantung prortlyest Territories, Canada) , Pine
Creek and Strc[wberry(C_alif brhia,.USA) , Osgood Range (Nevada, USA) , King Island (Tasmania,
Australia) , Sang Dong (South Korea) .

GEOLOGICAL CHARACTERISTICS

CAPSULE DESCRIPTION:  Scheelite-dominant mineralization genetically associated with a skam
8an8ue.

TECTONIC SETTING:  Continental margin, synorogenic plutonism intmding deeply buried sequences of
eugeoclinal carbonate-shale sedimentary rocks.  Can develop in tectonically thickened packages in
back-arc thrust settings.

AGE OF MINERALIZATION:  Mainly Mesozoic, but may be any age.  Over 70% of the W skams in
British Columbia are related to Cretaceous intrusions.

HOST/ASSOCIATED ROCK TYPES: Pure and impure limestones, calcareous to carbonaceous pelites.
Associated with tonalite, granodiorite, quartz monzonite and granite of both I and S-types.  W
skam-related granitoids, compared to Cu skam-related plutonic rocks, tend to be in.ore
differentiated, more contaminated with sedimentary material, and have crystallized at a deeper
structunl level.

DEPOSIT FORM: Stratifom, tabular and lens-like orebodies.  Deposits can be continous for hundreds of
metres and follow intrusive contacts.

TEXTURES: Igneous textures in endoskam.  Coarse to fine-grained, massive granoblastic to
mineralogically layered textures in exoskam.  Biotite homfelsic textures common.

ORE MINERALOGY (Principal and s#borc7j.J7ate):  Scheelite ± molybdenite ± chalcopyrite ± pyrrhotite ±
sphalerite ± arsenopyrite ± pyrite ± powellite.  May contain frc7ce wo//c7m#e, /#o7'z.}e, ccrss#erz.fe,
gr/e#c7, 777c7rcasz.re c7#d bor##e.  Reduced types are characterized by pyrrhotite, magnetite,
bismuthinite, native bismuth and high pyrrhotite:pyrite ratios.  Variable amounts of quartz-vein
stockwork (with local molybdenite) can cut both the exo and endoskam.  The Emerald Tungsten
skams in British Columbia include pyrrhotite-arsenopyrite veins and pods that carry up to 4 g/t
Au.

ALTERATION MINERALOGY:  Exoskam alteration: Inner zo-ne of diopside-hedenbergite Gld60-90,
Jo5-20) ± grossular-andradite (Ad 10-50, Spess5-50) ± biotite ± vesuvianite, with outer barren
wollastonite-bearing zone.  An innemost zone of massive quartz may be present.  Late-stage
spessartine ± almandine ± biotite ± amphibole ± plagioclase ± phlogopite ± epidote ± fluorite ±
sphene,  Reduced types are characterized by hedenbergitic pyroxene, Fe-rich biotite, fluorite,
vesuvianite, scapolite and low garnet:pyroxene ratios, whereas oxidized types are characterized by
salitic pyroxene, epidote and andraditic garnet and high garnet:pyroxene ratios.  Exoskam
envelope can be associated with extensive areas of biotite liornfels.  Endoskam alteration:
Pyroxene ± garnet ± biotite ± epidote ± amphibole ± muscovite ± plagioclase ± pyrite ± pyrrhotite
± trace tourmaline and scapolite; local greisen developed.
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ORE CONTROLS:  Carbonate rocks in extensive thermal aureoles of intrusions; gently inclined bedding

and intrusive contacts; structural and/or stratigraphic traps in sedimentary rocks, and irregular
parts of the pluton/country rock contacts.

ASSOCIATED DEPOSIT TYPES:  Sn (K06), Mo (K07) and Pb-Zn (K02) skams.  Wollastonite-rich
industrial mineral skams (KO9).

COMMENTS: W skams are separable into two types QTewbelry, 1982): reduced skams (e.g. Cantung, „
Mactung), formed in carbonaceous rocks and/or at gr`eater depths, and oxidized skams (e.g. King
Island ), formed in hematitic or non-carbonaceous rocks, and/or at shallower depths.  Late
retrograde alteration is an inportant factor in many W skams because, during retrogression, the

:irn!s:lewis:ifsjaa:t;nf:¥:a:1fi|z;a;tiBaE:is,e.!|#;:ifgseD:oefi!id:erEo:sfe!n:dtri:iesFi#ui#i`j:e:v:eg;ap:Eeeo::
8::tfi:::a,tfpa:i¥c::::£i:t:£dwd£:?pfarce:gcceoo:tsin€nTa;i:nfgaEdr::£tse]qnbt¥ec%]:s¥,:£Tskoco¥nbar;:nage
Barkerville, Dorsay and Ancestral North American terranes.

EXPLORATION GUIDES

GEOCIIEMICAL SIGNATURE:  W, Cu, Mo, As, Bi and 8.  Less commonly Zn, Pb, Sn, Be and F
geochemical anomalies.

ECONOMIC FACTORS

GRADE .AND TONNAGE:  Grades range between 0.4 and 2 0/o W03 (typically 0.7 0/o).  Deposits vary
from 0.1 to >30 Mt.

IrmoRTANCE: Skam deposits have accounted for nearly 60 0/o of the western world's pr9duction, and
over 80 0/o of British Columhia's production.

\
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Sn SKARNS

by Gerald E. Ray

IDENTIFICAITION

K06

PROFILES

SYNONYMS:  Pyrometasomatic or contact in.etasomatic tin deposits.

CC)"ODITFBS (BYPRODUCTS)..  Sn (W, Zn, magnetite..

EXAhAI'LES  @ritish Columbia - Ccr#crczdrr;7fer#crfz.o;7czD:  Only three in British Columbia - Silver
Diamond, Atlin Magnetite, and Daybreak (104N069, 126 and 134 respectively); ulc przffoj7,
Capada), Moifla, Mount Lindsay, Hole 16 and Mt. Garnet (Tasmania, Australia), Lost River
(Alaska, USA).

GEOLOGICAL CIIARACTERISTICS

CAPSULE DESCRIPTION:  Cassiterite-dominant mineralization genetically associated with a skam
gangue (includes calcic and magnesian Sn skams).

1

TECTONIC SETTINGS:  Late to post orogenic granites emplaced into thick and deeply buried
continental margin sedimentary sequences, or sequences.in rifted of stable cratonic
envirorments.

AGE OF MINERALIZATION:  Most economic deposits are Mesozoic or Paleozoic, but occurrences
may be any age (the occurrences in British Columbia are Late Cretaceous).

HOST/ASSOCIATED ROCK TYPES: Carbonates and calcareous sedinentary sequences. Associated
with differentiated (low Ca, high Si and K) ilmenite-series granite, adamellite and quartz
monzonitic stocks and batholiths (of both I and S-type) intruding carbonate and calcareous
clastic rocks.  Sn skams t.end to develop in reduced and deep-level environments and may be
associated with greisen alteration.

DEPOSIT FORM: Variable; can occur as either stratiform, stockwork, pipe-like or irregular vein-like
orebodies.

TEXTURES: Igneous textures in endoskam.  Coarse to fine-grained, massive granoblastic to
mineralogically layered textures in exoskam; wrigglite skams contain thin rhythmic and
altemating layers rich in either magnetite, fluorite, vesuvianite or tourmaline.  Some
homfelsic textures.

ORE hAINERALOGY:  Cassiterite ± scheelite ± arsenopyrite ± pyrrhotite ± chalcopyrite ± stannite ±
magnetite ± bismuthinite ± sphalerite ± pyrite ± ilmenite.

ALTERATION MINERALOGY:  Exoskam alteration: Grandite garnet (Adl5-75, Pyralsp 5-30)
(sometimes Sn, F, and Be euriche.d), hedenbergitic pyroxene (Hd40-95) ± vesuvianite
(sometimes Sn and F-euriched) ± malayaite ± Fe and/or F-rich biotite ± stanniferous sphene ±
gahnite ± rutile ± Sn-rich ilvaite ± wollastonite ± adularia.  Late minerals include muscovite,
Fe-rich biotite, chlorite, tourmaline, fluorite, sellaite, stilpnomelane, epidote and amphibole
(latter two minerals can be Sn rich).  Associated greisens include quartz and muscovite ±
tourmaline ± topaz ± fluorite ± cassiterite ± sulphides.  Magnesian Sn skams can also contain
olivine, selpentine, spinel, ludwigite, talc and brucite.

ORE CONTROLS:  Differentiated plutons .intruding carbonate rocks; fractures, lithological or
stmctural contacts.  Deposits may develop some distance (up to 500 in) from the source
intrusions.
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ASSOCIATED DEPOSIT TYPES:  W skams ac05), Sn ± Be greisens (113), Sn-bearing quartz-
sulphide veins and mantos (J02).  In British Columbi'a, some of the Sn and W skam-related
intrusions (e.g. Cassiar batholith, Mount Haskin stock) are associated with small Pb-Zn skam
occurrences a£02).

COMMENTS:  Sn skams generally form at deep structural levels and in reduced oxidation states.
However, wrigglite Sn skams tend to develop in relatively near-surface conditions, such as
over the cupolas of high-level granites. The three Sn skarn occurrences in British Columbia
are all associated with an S-type, fluorine-rich accretionary granite, the Suiprise Lake
batholith.  However, they are unusual in being hosted in allochthonous oceanic rocks of the

.  Cache Creek Terrane.

J                                  ErmLORATloN GulDEs

GEOCHEMICAL SIGNATURE:  Sn, W, F, Be, Bi, Mo, As, Zn, Cu, Rb, Li, Cs and Re geochemical
anomalies.  Borate-bearing magnesian Sn skams may exhibit 8 eurichment.

GEOPHYSICAL SIGNATURE: Magnetic, induced polarization and possible radiometric anomalies.

ECONOMIC FACTORS

GRADE AND TONNAGE:   Deposits can grade up to 1 0/o  Sn, butmuch of the metal occurring in
malayaite, garnet, amphibole and epidote is not economically recoverable.  Worldwide,
deposits reach 30 Mt, but most range between 0.1 and 3 Mt.

IrmoRTANCE: Worldwide, Sn skams represent a major reserve of tin.  However, current production
from skam is relatively minor compared to that from placer Sn deposits and Sn-rich greissens
and mantos.  British Columbia has had no Sn production from skams.
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by Gerald E. Ray

IDENTIFICA;TION

K07

PROFILES

SYNONYMS:  Pyrometasomatic or contact metasomatic Mo deposits.

COMMODITms  (BYPRODUCTS)..  Mo (W, Cu, Pb, Zn, Sn, Bi, U, Au).

EXAhffLES  a3ritish Colunibia -CcmcrczdrT#fer#c!fro77cro:  Coxey (082FSW110), Novelty
(08;2:FS;IVIorl)., Moapt _Tennyson grew S.outh Wales ,_ Australia) , Little Boulder Creek (Idaho,
USA) , Carmivan Gulch (Montana, USA) , Azegour (Morocco) , Yangchiachangtze (China).

GEOLOGICAL CHARACTERISTICS

cAPSULgEanD£:?in¥u¥e3T;|c¥coEdinai£-eds?Ein#tsEiesr,:lfffi5osEg:ei:ailryoaasd:;csiea#iethinat:kam

polymetallic and "molybdenite-only" types (see comments below).

TECTONIC SETTING:  Late orogenic plutonism (derived from transitional crust) intruding
continental margin carbonate sequences.  Also, some are associated with Mo-bearing
poxphyry systems developed within intra-oceanic island arcs.

AGE OF MINERALIZATION:  Mainly Mesozoic and paleozoic, but may be any age.  In British      '
Columbia, they are mainly of Early to mid-Jurassic in age.

HOST/ASSOCIATED ROCK TYPES:  Stocks and dikes of evolved, commonly leucocratic quartz
monzonite to granite (some containing primary biotite and muscovite) intruding calcareous
clastic rocks.  Deposits tend to develop close to intmsive contacts.  Some of the Mo skams in
British Columbia are associated with high-level intmsions that have explosive breccia
textures.

DEPOSIT FORM: Irregular orebodies along, and controlled by, the intrusive contacts.

TEXTURES: Igneous textures in endoskam; local explosive breccia textures.  Coarse to fine-grained,
massive granoblastic to mineralogically layered textures in exoskam.  Some hornfelsic
textures.

ORE MINERALOGY G'rincipal and Scfbordj.z7ate):  Molybdenite ± scheelite ± pyrrhotite ± powellite ±
chalcopyrite ± arsenopyrite ± pyrite ± pyrrhotite ± bismuthinite ± aphalerite ± fluorite.  in rare
instH"ces also galena ± magnetite ± uraninite ± pitchblende ± cassiterite ± cobalite ± starmite
i gold.

EXOSKARN ALTERATION: Calcic Mo skams: Hedenbergite pyroxene Old50-80, Jol-3) ± low hth
grossular-andradite garnet (Ad40-95) ± wollastonite ± biotite ± vesuvianite. Magnesian Mo
skam£: olivine Q]o96). Retrograde minerals: Calcic skams: amphibole ± epidote ± chlorite
and muscovite.  Magnesian skarns: serpentine ± tremolite ± chlorite.

ENDO SKARN ALTERATION: Clinopyroxene, K-feldapar, homblende, epidote, quartz veining,.
sericite, molybdenite.

ORE CONTROLS:  Carbonate or calcareous rocks in thermal aureoles adjacent to intrusive margins.
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ASSOCIATED DEPOSIT TYPES:  Mo porphyries of quartz monzonite type (L05), Mo-sulphide

veins, and Zn-sulphide veins (105).  Some Mo skams in China are associated with distal,
sphalerite-rich mineralization.

COMRENTS: Mo skams are broadly separable into two types: polymetallic (containing molybdenite• with other W, Zn, Pb, Bi, Sn, Co or U-rich minerals), and "molybedenite-only" (containing

mainly molybdenite with no or few other sulphides).  Over 850/o of the 21 Mo skams recorded
in British Columbia occur in the Omineca Belt.  More than 60% are hosted in cratonic,
pericratonic and displaced continental margin rocks of the Kootenay, Cassiar and Ancestral
North America terranes, and a further 19% are found in the Quesnellia Terrane.

EXPLORATION GUIDES      .

GEOCHEMICAL SIGNATURE:  Euriched in Mo, Zn, Cu, Sn, Bi, As, F, Pb, U, Sb, Co (Au).

GEOPHYSICAL SIGNATURE: Positive magnetic and induced polarization anomalies.

ECONOMIC FACTORS

GRADE AND TONNAGE:  Worldwide, grades range from 0.1 to 2 % MoS2, and tonnagest between
0.1 and 2 Mt.  In British Columbia, the Coxey deposit produced 1 Mt of ore grading
approkinately 0.17 % MoS2. The Novelty and Giant are polymetallic Mo skams near
Rossland, British Columbia with unusually high grades of up to 47 g/t Au, 1.4 % Ni, 30.5 %
As and 4.84 °/o Co.

IhAI'ORTANCE:  Mo skams tend to be smaller tonnage and less economically important than
poxphyry Mo deposits.

REFERENCES `
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Einaudi, M.T., Meinert, L.D. and Newberry, R.J. (1981): Skarn Deposits,. I.# Seventy-flfth
Anniversary Volume,  1906-1980, Economic Geology, Skinner, B.J., Editor, Eco#o"j.c
GeologyPublishingCo.,pa;ges317-391.

Theodore,T.G.andMenzie,W.D.(1984):Fluorine-defici;ntporphyryMolybdenumpepositsin
the Western North American Cordillera; Proceedings of the 6th Quadrennial IAGOD
Symposium, Stuttgart, Germany, pages 463-470.
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SUBVOLCANIC Cu-Au-Ag (As-Sb)

by Andre Panteleyev

IDENTIFICA:TION

SYNONYMS:  Transitional, intrusion-related ®olymetallic) stockwork and vein.
t

COMMODITIES (BypRODUC7lS:  Cu, Au, Ag (4s, Sb).

L01

PROFILES

EXAunLES  03ritish Columbia -Ccr#crczdrr#fer#crfz.o;7crD:  Equity Silver (93L001); Thorn prospect
(104RT031,L16)., Ij3rrrorrfue Creek (93L07 5)., Rochester District prevada, USA) , Kori Kollo (Bolivia), the
'epithermal goldi  zones at Lepanto (Philippines), parts Of Recsk (Hungary) and Bor (Serbia).

GE OLO GICAL CIIARACTERIS TICS

CAPSULE DESCRIPTION:  Pyritic stockworks and veins in subvolcanic intrusive bodies with stratabound
to discordant massive pyritic replacements, veins, stockworks, disseminations and related hydrothermal
breccias in country rocks.  These deposits are located near or above porphyry Cu hydrothermal systems
and commonly contain auriferous polymetallic mineralization with Ag sulphosalt and other As and Sb-
bearing minerals.

TECTONIC SETTINGS:  Volcano-plutonic belts in island arcs and continental margins; continental
volcanic arcs.  Subvolcanic intrusions are abundant.  Extensional tectonic regines allow high-level
emplacement of the intrusions, but compressive regines are also permissive.

DEPOSITIONAL ENVIRONRENT / GEOLOGICAL SETTING:  Uppermost levels of intrusive systems
and their adjoining fractured and pemeable country rocks, commonly in volcanic terrains with eroded
stratovolcanoes.  Subvolcanic domes and flow-dome complexes are common; their uppemost parts are
exposed without much erosion.

AGE OF MINERALIZATION:  Mainly Tertiary, a number of older deposits have been identified.

HOST/ASSOCIATED ROCK TYPES:   Subvolcanic ®ypabyssal) stocks, rhyodacite and dacite flow-
dome complexes with fine to coarse-grained quartz-phyric intrusions are common.  Dike swarms and other
small subvolcanic intrusions are likely to be present.  Country rocks range widely in character and age.
Where coeval volcanic rocks are present, they range from andesite to rhyolite in composition and occur as
flows, breccias and pyroclastic rocks with related erosion products (epiclastic rocks).

DEPOSIT FORM:  Stockworks and sets of sulphide-bearing veins in zones within intrusions and
stratabound or bedding plane replacements along permeable units and horizons in hostrocks.  Veins and
stockworks form in transgressive hydrothermal fluid conduits that can pass into pipe-like and planar
breccias.  Breccia bodies are commonly tens of metres and, rarely, a few hundred metres in size.  Massive
sulphide zones can pass outward into auriferous pyrite-quartz-sericite veins and replacements.
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TEXTURE/STRUCTURE:  Sulphide and sulphide-quartz veins and stockworks.  Open space filling and
replacement of matrix in breccia units.  Bedding and lithic clast replacements by m`assive sulphide,
disseminations and veins.  Multiple generations of veins and hydrothemal breccias are common.

ORE MINERALOGY [Principal and s#bondJ.#crfe] :  Pyrite commonly as auriferous pyrite, chalcopyrite,
toltha;dr.Theltenne:ndrhe., enargite/hazonite, ccrvellite, chalcocite, b ornite, sphalerite, galena, arsenopyrite,
argehiite, sulphosalts, gold, stibnite, molybdenite, wolfranite or scheelite, pyrrhotite, marcasite,
recz/gczr, fre"crfj.fe,  fz.77 cr#d bz.sm#Zfe "z.77ercr/s.   Depth zoning is commonly evident with pyrite-rich deposits
containing enargite near surface, passing downwards into tetrahedrite/tennantite + chalcopyrite and then
chalcopyrite nearer poxphyry intrusions at depth.    -

I

GANGUE MINERALOGY Principal and sz/a orc7J.77czfe] : Pyrite, sericite, quartz; 4cro/z.#zte, fozl;`mc7/I.77e,
alunite, j arosite.

ALTERATION MINERALOGY [Principal and sc!borc7z.77crfe] :  Pyrite, sericite, quartz; kaolinite, dickite,
pyrophyllite, andalusite, diaspore, corundum, tourmaline, alunite, anhydrite, barite, chalcedony,
dumortierite, lazulite (variety scorzalite), rutile and chlorite.  Tourmaline as schorlite (a black Fe-
rich variety) can be present locally; it is commonly present in breccias with quartz and variable
amounts of clay minerals.  Late quartz-alunite veins may occur.

WEATIHRING: Weathering of pyritic zones can produce linonitic blankets containing abundant jarosite
and goethite.                                                                                                                                                      '

GENETIC MODEL:  These deposits represent a transition from poxphyry copper to epithermal conditions
with a blending and blurring of poxphyry and epithemal characteristics.  Mineralization is related
to robust, evolving hydrothemal systems derived from porphyritic, subvolcanic intrusions.
Vertical zoning and superinposition of different types of ores is typical due, in large part, to
overlapping stages of mineralizations.  Ore fluids with varying amounts of magmatic-source riuids
have temperatures generally greater than those of epithermal systems, commonly in the order of
300° C and higher. Fluid salinities are also relatively high, commonly more than.10 weight per
cent Nacl-equivalent and rarely in the order of 50 0/o, and greater.

ORE CONTROLS:  Strongly fi.actured to crackled zones in cupolas and flow-dome complexes or along
faulted margins of high-I.evel intmsive bodies.  Permeable lithologies, both primary and secondary in
origin, in the country rocks.  Prinary controls are porous volcanic units, bedding plane contacts and
unconfomities.  Secondary controls are structural features such as faults, open fractures, crackled zones
and breccias.  Breccia pipes provide channelways for hydrothermal fluids originating from poxphyry Cu
systems and commonly carry elevated values of Au and Ag.  The vein and replacement style deposits can
be separated from the deeper porphyry Cu mineralization by 200 to 700 in.

ASSOCIATED DEPOSIT TYPES:  Poxphyry Cu-Au±Mo a,04); epithermal Au-Ag comquonly both high-
sulphidation (H04) and low-sulphidation ¢105) pyrite-sericite-bearing types; auriferous quartz-pyrite veins,
enargite massive sinlphide also known as enargite gold.
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COMMENTS:  This deposit type is poorly defined and overall, uncommon.  It is in I-arge part a stockwork
or vein system with local massive to disseminated replacement sulphide zones.  It forms as a high-
temperature, pyrite-rich, commonly tetrahderite or enargite-bearing, polymetallic affiliate of epith.ermal
Au-Ag mineralization.  Both low and high-sulphidation epithemal styles of mineralization can be present.
As and Sb eurichments in ores are characteristic. If abundant gas and gas condensates evolve from the
hydrothermal fluids there can be extensive acid leaching and widespread, high-level advanced argillic
alteration. This type of alteration is rarely mineralized.

EXPLORATION GI]IDES

GEOCIHMICAL SIGNATURE:  Elevated values of Au, Cu, Ag, As, Sb, Zn, Cd, Pb, Fe and F; at deeper
levels Mo, Bi, W and locally Sn.  In some deposits there is local strong enrichment in 8, Co, Ba, K and
depletion of Na.  Both depth zoning and lateral zoning are evident.

GEOPHYSICAL SIGNATURE: hduced polarization to delineate pyrite zones.  Magnetic surveys are
useful in some cases to outline lithologic units and delineate contacts. Electromagnetic surveys
can be used effectively where massive sulphide bodies are present.

OTRER EXPLORATION GUIDES :  Association with widespread sericite-pyrite, quartz-sericite-pyrite
and advanced argillic (acid sulphate) alteration that might be high-level leakage from buried poxphyry Cu ±
Au ± Mo deposits.  Extensive overprinting of sericite/illite by kaolinite.  In some deposits, high-
temperature aluminous alteration minerals pyrophyllite and andalusite are present but are generally
overprinted by abundant sericite and lesser kaolinite.  There is commonly marked vertical mineralogical
and geochemical depth-zoning.

ECONOMIC FACTORS

GRADE AND TONNAGE:  The deposits have orebodies of various types; vertical stacking and
pronounced metal zoning are prevalent.  Small, high-grade replacement orebodies containing enargite or
tetrchedrite can fom within larger zones of pyritization.  Ores of this type at the Lepanto, Mankayan
district, the Philippines, range from 2 to 27 Mt with typically ~2°/o Cu, 1 to ~3 g/t Au and 10 to 20 g/t Ag.
The massive sulphide replacement ores have associated smaller peripheral, structurally controlled zones of
sericitic alteration that constitute pyritic orebodies grading ~ 4 g/t gold.   Similar tetrahedrite-bearing ores
with bulk mineable reserves at Equity Silver were in the order of 30 Mt with 0.250/o Cu and ~86 g/t Ag and
1 g/t Au.  At the Recsk deposit, Hungary, shallow brecciachosted Cu-Au ores overlie a polphyry deposit
containing ~1000 Mt with 0.8 0/o Cu.  The closely spaced pyritic vein systems at Kollo, La Joya district,
Bolivia contained 10 Mt oxide ore with 1.62 g/t Au and 23 .6 g/t Ag and had sulphide ore reserves of 64 Mt
at 2.26 g/t Au and 13.8 g/t Ag.
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by Andre Panteleyev

IDENTIFICAITION

L03

PROFILES

SYNONYMS:  Polphyry copper, poxphyry Cu-Au, diorite porphyry copper.

COMMODITIES (BypjzoDUC7lS:  Cu, Au (4g).

EXARELES  (British Columbian - Ccr#crcaldrr77fer#crfz.o#cro:  Iron Mask batholith deposits -Afton
(092INE023), Ajax (092INE012, 013),  Mt. Polley (Cariboo Bell, 093A008),-Mt. Milligan
(093N196, 194), Copper Mt.thgerbelle (092HSE001, 004), Galore Creek(104GO90), Lorraine?
(093;INOU2:)., Ok Tedi (Papua New Guinea) ; Tat Parit and Marian?  (Philippines) .

GEOLOGICAL CIIARACTERISTICS

CAPSULE DESCRIPTION:  Stockworks, veinlets and disseminations of pyrite, chalcopyrite, bomite and
magnetite occur in large zones of economically bulk-mineable mineralization in or adjoining
poxphyritic intrusions of diorite to syenite composition.  The mineralization is spatially,
temporally and genetically associated with hydrothermal alteration of the intrusive bodies and
hostrocks.

TECTONIC SETTING(S):  In orogenic belts at convergent plate boundaries, commonly oceanic volcanic
island arcs overlying oceanic crust.  Chemically distinct magmatism with alkalic intrusions
varying in composition from gabbro, diorite and monzonite to nepheline syenite intrusions and
coeval shoshonitic volcanic rocks, takes place at certain times in segments of some island arcs.
The magmas are introduced along the axis of the arc or in cross-arc structures that coincide with
deep-seated faults.  The alkalic magmas appear to fom where there is slow subduction in steeply
dipping, tectonically thickened lithospheric slabs, possibly when polarity reversals (or ` flips') take
place in the subduction zones.  In British Columbia all known deposits are found in Quesnellia
and Stikinia terranes.

DEPOSITIONAL ENVIRONRENT / GEOLOGICAL SETTING:  High level (epizonal) stock
6mplacenient levels in magmatic arcs, commonly oceanic volcanic island arcs with alkalic
(shoshonitic) basic flows to intermediate and felsic pyroclastic rocks.  Commonly the high-level
stocks and related dikes intrude their coeval and cogenetic volcanic piles.

AGE  OF J\AINERALIZATION:  Deposits in the Canadian Cordillera are restricted to the Late
Triassicffiarly Jurassic (215-180 Ma) with seemingly two clusters around 205-200 and ~ 185 Ma.
In southwest Pacific island arcs, deposits are Tertiary to Quaternary in age.

HOST/ASSOCIATED ROCK TYPES:  Intrusions range from fine through coarse-grained, equigranular to
coarsely poxphyritic and, locally, pegmatitic high-level stocks and dike complexes.  Commonly
there is multiple emplacement of successive intmsive phases and a wide variety of breccias.
Compositions range from (alkalic). gabbro to syenite.  The syenitic rocks vary from silica-
undersaturated to saturated compositions.  The most undersaturated nepheline normative rocks
contain modal nepheline and, more commonly, pseudoleucite.
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HOST/ASSOCIATED ROCK TYPES (cont.): The silica-undersaturated suites are referred to as nepheline
alkalic whereas rocks with silica near-saturation, or slight silica over saturation, are temed quartz
alkalic (Lang ef cr/.,1993).  Coeval volcanic rocks are basic to intermediate alkalic varieties of the
high-K basalt and shoshonite series and rarely phonolites.

DEPOSIT FORM:  Stockworks and veinlets, minor disseminations and replacements throughout large
areas of hydrothermally altered rock, commonly coincident wholly or.in part wiap hydrothemal or
intrusion breccias.  Deposit boundaries are determined by economic factors that outline ore zones
within larger areas of low-grade, laterally zoned mineralization.

TEXTU¥n/ds:]gnugcfrTa¥:s¥]ev:::tss;=sds:::¥e°drks:;I:::::ia;sSu::ehrfsdt:tj¥dormgarginet:ed8Lr±:h¥:ira:tacfures

replacements.  Hydrothermally altered rocks can contain coarse-grained assembl±ges including
feldspathic and calcsilicate replacements ('porphyroid' textures) and open space filling with fine to
coarse, granular and rarely pegmatitic textures.

ORE MINERALOGY Principal and £#bordz.#crfe] :  Chqlcopyrite, pyrite and magnetite; bomite, chalcocite
Bind rare galena, sphalerite, tellurides, tetrahderite, gold and silver. Pyrite is Less ah;nd;ttut the:n
chalcopyrite in ore zones.

i

GANGUE NINERALOGY: Biotite, K-feldspar and sericite; garnet, clinopyroxene (diopsidic). and
anhydrite.  Quartz veins are absent but hydrothemal magnetite veinlets are abundant.

ALTERATION MINERALOGY:  Biotite, K-feldspar, sericite, anhydrite/gypsum, magnetite, hematite,,
actinolite, chlorite, epidote and carbonate.  Some alkalic systems contain abundant garnet
including  the Ti-rich andradite variety - melanite, diopside, plagioclase, scapolit6, prehnite,
pseudoleucite and apatite; rare barite, fluorite, sodalite, rutile and late-stage quartz.  Central and
early formed potassic zones, with K-feldspar and generally abundant secondary biotite and
anhydrite, commonly coinci.de with ore.  These rocks can contain zones with relatively high-
temperature calcsilicate minerals diopside and garnet.  Outward there can be flanking zones in
basic volcanic rocks with abundant biotite that grades into extensive, marginal propylitic zones.
The older alteration assemblages can be overprinted by phyllic sericite-pyrite and, less commonly,
sericite-clay-carbonate-pyrite alteration.  In some deposits, generally at depth in Silica-saturated
types, there can be either extensive or local central zones of sodic alteration containing
characteristic albite-with epidote, pyrite, diopside, actinolite and rarer scapolite and prehnite.

ORE CONTROLS:  Igneous contacts, both internal between intrusive phases and extemal with wallrocks;
cupolas and the uppemost, bifurcating parts of stocks, dike swarms and volcanic vents.  Breccias,
mainly early fomed intrusive and hydrothemal types.  Zones of most intensely developed
fracturing give rise to ore-grade vein stockworks.

ASSOCIATED DEPOSIT TYPES:  Skam copper a£01); Au-Ag and base metal bearing mantos (M01,
M04), replacements and breccias in carbonate and non-carbonate rocks; magnetite-apatite breccias
@07); epithermal Au-Ag : both high and low sulphidation types Q104, H05) and alkalic, Te and
F-rich epithemal deposits QIO8); auriferous and polymetallic base metal quartz '!and quartz-
carbonate veins (101,105); placer `Au (C01, C02).
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COMRENTS:  Subdivision ofpoxphyry deposits is made on the basis of metal content, mainly ratios
between Cu, Au and Mo.  This is a purely arbitrary, economically based criterion; there are few
differences in the style of mineralization between the deposits. Differences in composition
between the hostrock alkalic and calcaucalic intrusions and subtle, but significant, differences in
alteration mineralogy and zoning patterns provide fundamental geologically based contrasts
between deposit model types.  Porphyry copper deposits associated with calcalkaline hostrocks are
described in mineral deposit profile. L04.

EXPLORATION GUIDE.S

GEOCIHMICAL SIGNATURE:  Alkalic cupriferous systems do not contain economically recoverable
Mo (< 100 ppm) but do contain elevated Au (> 0.3 g/t) and Ag (>2 g/t).  Cu grades vary widely
but commonly exceed 0.5 0/o and rarely 1 %.  Many contain elevated Ti, V, P, F, Ba, Sr, Rb, Nb,
Te, Pb, Zn, I'GE and have high C02 content.  Leaching and supergene eurichment effects are
generally slight and surface outcroppings normally have little of the copper remobilized.  Where
present, secondary minerals are malachite, azprite, lesser copper oxide and rare sulphate minerals;
in some deposits native copper is economically significant (e.g. Afton, Kemess).

GEOPHYSICAL SIGNATURE:  Ore zones, particularly those with high Au content, are frequently found
in association with magnetite-rich rocks and can be located I)y magnetic surveys.  I'yritic haloes
surrounding cupriferous rocks respond well to induced polarization surveys.  The more intensely
hydrothermally altered rocks produce resistivity lows.

OTIRER EXPLORATION GUIDES:  Porphyry deposits are marked by large-scale, markedly zoned metal
and alteration assemblages.  Central parts of mineralized zones appear to haver higher Au/Cu
ratios than the margins.  The alkalic polphyry Cu deposits are found exclusively in Later Triassic
and Early Jurassic volcanic arc terranes in which emergent subaerial rocks are present.  The
presence of hydrothermally altered clasts in coarse pyroclastic deposits can be used to locate
mineralized intrusive centres.

ECONOMIC FACTORS

GRADE AND TONNAGE:
• Worldwide according to Cox and Singer (U.S. Geological Survey Open File Report 88-46,
1988) 20 typical porphyry Cu-Au deposits, including both calcalkaline and some alkalic types,
contain on average:

160 Mt with 0.55 0/o Cu, 0.003 0/o Mo, 0.38 g/t Au and 1.7 g/t Ag.
• British Columbia alkalic poxphyry deposits range from <10 to >300 Mt and contaln from 0.2 to
1.5 % Cu, 0.2 to 0.6 g/t Au and >2 g/t Ag; Mo contents are negligible.  Median values for 22
British Columbia deposits with reported reserves (with a heavy weighting from a number of small
deposits in the Iron Mask batholith) are:  15.5 Mt with 0.58 % Cu, 0.3 g/t Au and >2 g/t Ag.

END USES:  Production of chalcopyrite or chalcopyrite-bomite concentrates with significant Au credits..

n\AI'ORTANCE:  Poxphyry deposits contain the largest reserves of Cu and close to 50 °/o of Au reserves in
British Columbia; alkalic poxphyry systems contain elevated Au values.
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by Andre Panteleyev

IDENTIFICA:TION

L04

PROFILES

SYNONYM:  Calcalkaline porphyry Cu, Cu-Mo, Cu-Au.

COMMODITIES (BypjzoDUC7lS:  Cu.  Mo and Au are generally present but quantities range from
insufficient for economic recovery to major ore constituents.  A4l;.J?or j4g z.# moSf c7epas7.ts,. rcrre
recorvery Of Re from Island Copper mine.

EXAhffLES  @ritish Columbia - Ccrj7crcha/T#fer#crfjo#crD :
•  Volcanic tvDe deoosits /Cu + Au ± Mo` -  Fish Lake (0920041), Kemess (094E021,094),

HushanL-a3Xio, 092L240), Red Dog (092L200), Poison Mountain (0920046), Bell
(093M001), Morrison (093M007), Island Copper (092L158); Dos Pobres aps4/,. Fcrr
Southeast (Lepauto/Mankayan) , Dizon, Guianaong, Taysan and Santo Thomas 11
(Philippines) , Frieda RIver and Panguna (Papua Ne;w Guinea) .

•  Classic deDosits /Cu + Mo ± Au` -Brenda (092IINE047), Berg (093E046),. Hucklebemy

(093E057), Scrittft Creek. (104G01S)., Casino prukon, danadaj, Inspiration, Morenci, -Ray,
Sierrita-Experanza, Twin Buttes, Kalamazoo and Santa RIta (Arizona, USA) , Bingham
(Utah, USA),EI Saivador, (Chile), Bofo de la Alunbrera (Argentina).

•  Plutonic deDosits /Cu ± Mo` -Highland V.alley Copper (092ISE001,011,012,045), Gibraltar

(093B01£,007):Catkee¢09ZE-L20D.,Chuquicam~atta,iaEscondidaandQiebrddaBlanca
(Chile).

GEOLO GICAL CHARACTERISTICS

CAPSULE DESCRIPTION:  Stockworks of quartz veinlets, quartz veins, closely spaced fractures and
breccias containing pyrite and chalcopyrite with lesser molybdenite, bomite and magnetite occur
in large zones of economically bulk-mineable mineralization in or adjoining porphyritic intrusions
and related breccia bodies.  Disseminated sulphide mine.rals are present, generally in subordinate
amounts.  The mineralization is spatially, temporally and genetically associated with hydrothermal
alteration of the hostrock intrusious and wallrocks.

TECTONIC SETTINGS:  In orogenic belts at. convergent plate boundaries, commonly linked to
subduction-related magmatism.  Also in association with emplacement of high-level stocks during
extensional tectonism related to strike-slip faulting and back-arc spreading following continent
margin accretion.

DEPOSITIONAL ENVIRONMENT / GEOLOGICAL SETTING:  High-level (epizonal) stock
emplacement levels in volcano-plutonic arcs, commonly oceanic volcanic island and continent-
margin arcs.  Virtually any type of country rock can be mineralized, but commonly the high-level
stocks and related dikes intmde their coeval and cogenetic volcanic piles.

AGE  OF MINERALIZATION:  Two main periods in the Canadian Cordillera: the Triassic/Jurassic (210-
180 Ma) and CretaceousITertiary (8545 Ma). Elsewhere deposits are mainly Tertiary, but range
from Archean to Quaternary..
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HOST/ASSOCIATED ROCK TYPES:  Intrusions range from coarse-grained phaneritic to porphyritic
stocks, batholiths and dike swarms; rarely pegmatitic.  Compositions range from calcalkaline
quartz diorite to granodiorite and quartz monzonite.  Commonly there is multiple emplacement of
su.ccessive intrusive phases and a wide variety of breccias.  Alkalic polphyry Cu-Au deposits are
associated with syenitic and other alkalic rocks and are considered to be a a distinct deposit type
(see model L03).

DEPOSIT FORM:  Large zones of hydrothemally altered rock contain quartz veins and stockworks,
sulphide-bearing veinlets; fractures and lesser disseminations in areas up to 10 km2 in size,
commonly coincident wholly or in part with hydrothemal or intrusion breccias and dike swarms.
Deposit boundaries are determined by economic factors that outline ore zones within larger areas
of low-grade, concentrically zoned mineralization.  Cordineran deposits are commonly subdivided
according to their morphology into three classes - classic, volcanic and plutonic (see Sutherland
Brown,1976; MCMillan and Panteleyev,1988):
•  Volcanic tvDe deDosits (e.g. Island Copper) are associated with multiple intrusions in
subvolcanic ;6tting; of smau stocks, sills, dikes and diverse types of intrusive breccias.
Reconstruction of volcanic landforms, structures, vent-proximal extmsive deposits and
subvolcanic intrusive centres is possible in many cases, or can be inferred.  Mineralization  at
depths of 1 kin, or less, js mainly associated with breccia development or as lithol,ogically
controlled preferential replacement in hostrocks with high primary pemeability.  Propylitic
alteration is widespread and generally flanks early, centrally located potassic alteration; the latter
is commonly well mineralized.  Younger mineralized phyllic alteration commonly ovexprints the
early mineralization.  Barren advanced argillic alteration is rarely present as a late, high-level
hydrothermal carapace.
•  Classic deposits (e.g., Berg) are stock related with multiple emplacements at shallow depth (1 to
2 kin) of generally equant, cylindrical polphyritic intrusions.  Numerous dikes and breccias ofpre,
intra, and post-mineralization age modify the stock geometry.  Orebodies occur .along margins and
adjacent to intrusions as annular ore shells.  Lateral outward zoning of alteration and sulphide

\

minerals from a weakly mineralized potassic/propylitic core is usual.  SulTounding ore zones with
potassic (commonly biotite-rich) or phyllic alteration contain molybdenite ± chalcopyrite, theh'
chalcopyrite and a generally widespread propylitic, barren pyritic aureole or. 'halo'.
•  Plutonic deDosits (e.g., the Highland Valley deposits) are found in large plutonic to batholithic
intrusions ininobilized at relatively deep levels, say 2 to 4 kin.  Related dikes and intrusive
breccia bodies can be emplaced at shallower levels.  Hostrocks are phaneritic coarse grained to
poxphyritic.  The intrusious can display internal compositional differences as a result of
differentiation with gradational to sharp boundaries between the different phases of magma
emplacement.  Local swarms of dikes, many with associated breccias, and fault zones are sites !of
mineralization.  Orebodies around silicified alteration zones tend to occur as diffuse vein
stockworks carrying chalcopyrite, bomite and minor pyrite in intensely fractured rocks but,
overall, sulphide minerals are sparse.  Much of the early potassic and phyllic alteration in central
partsoforebodiesisrestrictedtothemarginsofmineralizedfracturesasselvages.Laterphylip-
argillic alteration foms envelopes on the veins and fractures and is more pervasive and
widespread.  Propylitic alteration is widespread but unobtmsive and is indicated by the presence
of rare pyrite with chloritized mafic minerals, saussuritized plagioclase and small `amounts of
epidote.

TEXTURE/STRUCTURE:  Quartz, quartz-sulphide and sulphide veinlets and stockworks; sulphide grains
in fractures and fracture selvages.  Minor disseminated sulphides commonly repldeing primary
mafic minerals.  Quartz phenocrysts can be partially resorbed and overgrown by silica.
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ORE MINERALOGY (Principal and s#bordj.;7crfe):  Pyrite is the predominant sulphide mineral; in some'       deposits the Fe oxide minerals magnetite, and rarely hematite, are abun.dant.  Ore minerals are

chalcopyrite; molybdenite, lesser bomite and rare (primary) chalcocite.  Subordinate minerals are
tetrahedrite/tennantite, enargite and minor gold , electrum and arsenopyrite. Tn rna:ny dapostlf;s
late veins commonly contain galena and sphalerite in a gangue of quartz, calcite and barite.

GANGUE MINERALOGY Q'rincipal and sz/borcJJ.#crfe):  Gangue minerals in mineralized veins are mainly
quAItzw.rHhlesser biotite, sericite, Krfeldspar, magnctite, chiorite, calcite, epidote, anhydrite and
fo#r"cr/I.#e.  Many of these minerals are also pervasive alteration products of primary igneous
mineral grains.

ALTERATION MINERALOGY:  Quartz, sericite, biotite, K-feldspar, albite, anhydrite/gypsum, magnetite,
actinolite, chlorite, epidote, calcite, Clay minerals, tourmaline.  Early formed alteration can be
ovexprinted by younger assemblages.  Central and early formed potassic zones (K-feldspar and
biotite) commonly coincide with ore.  This alteration can be flanked in volcanic hostrocks by
biotite-rich rocks that grade outward into propylitic rocks.  The biotite is a fine-grained, 'shreddy'
looking secondary mineral that is commonly referred to as an early developed biotite (EDB) or a
'biotite homfels'.  These older alteration assemblages in cupriferous zones can be partially to  .

completely overprinted by later biotite and K-feldspar and then phyllic (quartz-sericite-pyrite)
alteration, less commonly argillic, and rarely, in the uppemost parts of some ore deposits,
advanced argillic alteration (kaolinite-pyrophyllite) .

WEATHERING: Secondary (supergene) zones caITy chalcocite, covellite and other Cu~2S minerals
(digeni.te, djurleite, etc.), chrysocolla, native copper and copper oxide3 carbonate and sulphate
minerals.  Oxidized and leached zones at surface are marked by fermginous 'cappings` with
supergene clay minerals, limonite (goethite, hematite and jarosite) and residual quartz.

ORE CONTROLS:  Igneous contacts, both internal between intrusive phases and external with wallrocks;
cupolas and the uppemost, bifurcating parts of stocks, dike swarms.  Breccias, mainly early
formed intrusive and hydrothermal types.  Zones of most intensely developed fracturing give rise
to ore-grade vein stockworks, notably where there are coincident or intersecting multiple
mineralized fracture sets.

ASSOCIATED DEPOSIT TYPES:  Skam Cu OC01), poxphyry Au a£02), epithemal Au-Ag in low
sulphidation type G105) or epithemal Cu-Au-Ag as high-sulphidation type enargite-bearing veins
(L01), replacements and stockworks; auriferous and polymetallic base metal quartz and quatz-
carbonate veins (101,105), Au-Ag and base metal sulphide mantos and replacements in carbonate
and non-carbonate rocks (M01, M04), placer Au (C01, C02).

COMhflNTS:  Subdivision of poxphyry copper deposits can be made on the basis of metal content, mainly
ratios between Cu, Mo and Au.  This is a purely arbitrary, economically based criterion, an artifact
Of mainly metal prices and metallurgy.   There are few differences in the style of mineralization
between deposits although the morphology of calcalkaline deposits does provide a basis for
subdivision into three distinct subtypes - the 'volcanic, classic, and plutonic' types.  A fundamental
contrast can be made on the compositional differences between calcalkaline quartz-bearing
poxphyry copper deposits and the aHcalic (silica undersaturated) class.  The alkalic polphyry
copper deposits are described in a separate model -L03.
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EXPLORATION GUIDES.

GEOCHEMICAL SIGNATURE:  Calcalkalic systems can be zoned with a cupriferous (± Mo) ore zone
having a `barren', low-grade pyritic core and surrounded by a pyritic halo with peripheral base
and precious metal-bearing veins.  Central zones with Cu commonly have coincident Mo, Au and
Ag with possibly Bi, W, 8 and Sr.  Peripheral .enrichment in Pb, Zn, Mn, V, Sb, As, Se, Te, Co,
Ba, Rb and possibly Hg is documented.  Overall the deposits are large-scale repositories of
sulphur, mainly in the form of metal sulphides, chiefly pyrite.

GEOPHYSICAL SIGNATURE:  Ore zones, particularly those with higher Au content, can'be associated
with quagnetite-rich rocks and are indicated by magnetic surveys.  Altematively the more intensely
hydrothemally altered rocks, particularly those with quartz-pyrite-sericite (phyllic) alteration
produce magnetic and resistivity lows.  Pyritic haloes surrounding cupriferous rocks respond well
to induced polarization (I.P.) surveys but in sulphide-poor systems the ore itself provides the only
significant IP response.

OTHER EXPLORATION GUIDES:  Porphyry deposits are marked by large-scale, zoned metal and
alteration assemblages.  Ore zones can form within certain intrusive phases and breccias or are
present as vertical 'shells' or mineralized cupolas. around particular intrusive bodies. Weathering
can produce a pronounced vertical zonation with an oxidized, 1inonitic leached zone at surface
(leached capping), an underlying zone.with copper eurichment (supergene zone with secondary
copper minerals) and at depth a zone of primary mineralization (the hypogene zone).

ECONOMIC FACTORS

TYPICAL GRADE AND TONNAGE:
• Worldwide according Cox and Singer (1988) based on their subdivision of 55 deposits into
subtypes according to metal ratios, typical porphyry Cu deposits contain (median values):

Porphyry cp-Au:            160 Mt with o.55 0/o Cu, 0.003 % Mo, 0.38 g/t Au and 1.7-g/t Ag.
Porpllyry cu-Au-Mo:   390 Mtwith o.48 0/o Cu, 0.015 °/oMo, 0.15 g/tAu and 1.6 g/tAg.      .
Poxphyry cu-Mo:          `500 Mtwith o.41 °/o Cu, 0.016 % Mo, 0.012 g/tAu and 1.22 g/t Ag.

A similar subdivision by Cox (1986) using a larger data base results in:
Poxphyry cu:                  140 Mt with o.54 °/oCu, <0.002 °/o Mo, <0.02g/t Au and <1 g/t Ag.
Porphyry cu-Au:            100 Mt with o.5 °/oCu, <0.002 0/o Mo, 0.38g/t Au and lg/t Ag.  (This

includes deposits from the British Columbia alkalic polphyry class,
B.C. model L03.)

Porphyry Cu-Mo:   500 Mt with 0.42 % Cu, 0.016 0/o Mo, 0.012 g/t Au and 1.2 'g/t Ag.

• British Columbia poxphyry Cp ± Mo ± Au deposits range from <50 to >900 Mt with commonly
0.2 to 0.5 % Cu, <0.1 to 0.6 g/t Au, and 1 to 3 g/t Ag.  Mo contents are variable from negligible to
0.04 °/o Mo.  Median values for 40 B.C. deposits with reported reserves are: 115 Mt with 0.37 %
Cu, ~0.01 % Mo, 0.3g /t Au and 1.3 g/t Ag.

ECONOMIC LIMITATIONS:  Mine production in British Columbia is from prinary qypogene) ores.
Rare exceptions are Afton mine where native copper was recovered from an oxide zone, and
Gibraltar and Bell mines where incipient supergene eurichment has provided some economic
benefits.

END USES:  Poxphyry copper deposits produce Cu and Mo concentrates, mainly for international export.
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IrmoRTANCE:  Polphyry deposits contain the largest reserves of Cu, significant Mo resources and close
to 50 % of Au reserves in British Columbia.
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PORPHYRY Mo (LOW-F-TYPE)1

by:  W. David Sinc|air2

IDENTIFICA:TION

L05

PROFILES

SYNONYMS:  Calcalkaline Mo stockwork; Granite-related Mo; Quartz-monzonite Mo.

COMMODITIES (BFTRODUCZS:  Mo (Czf,  J7)

EXAMPLES  (British Columbia -Ccr#c7c}drT77fer#c7fJ.oJ?cro: Endako (093K006), Boss Mountain (093A001),
Kitsault (163P120), Adanac (104N052), Carmi (082ESW029), Bell Moly (103P234), Red Bird
(093E026), Storie Moly (104P069), Trout Lake (082KNW087); RedA4o##fcrj.# ffc/ho#,  Ccr#crcJczJ,
Quartz Hill (Alaska, USA) , Carmivan (Montana, USA) , Thompson Creek (Idaho, USA) ,
Compaccha (Peru) , East Kounrad (Russia) , Jindricheng (China).

GEOLO GICAL CIIARACTERISTICS

CAPSULE DESCRIPTION:  Stockwork of molybdenite-bearing quartz veinlets and fractures in
intemediate to felsic intrusive rocks and associated country rocks.  Deposits are low grade but
large and amenable to buHc mining methods.

TECTONIC SETTING(S): Subduction zones related to arc-continent or continent-continent collision.

DEPOSITIONAL ENVIRONRENT / GEOLOGICAL SETTING:  High-level to subvolcanic felsic
intrusive centres; multiple stages of intrusion are common.

AGE  OF MINERALIZATION:  Archean (e.g. Setting Net Lake, Ontario) to Tertiary; Mesozoic and
Tertiary examples are more common.

HOST/ASSOCIATED ROCK TYPES: All kinds of rocks may be hostrocks.  Tuffs or other extrusive
volcanic rocks may be associated with deposits related to subvolcanic intrusive rocks. Genetically
related intrusive rocks range from granodiorite to granite and their fine-grained equivalents, with
quartz monzonite most common:  they are commonly poxphyritic.  The intrusive rocks are   ,
characterized by low F contents (generally <0.1 % F) compared to intrusive rocks associated with
Climax-type porphyry Mo deposits.

DEPOSIT FORM:  Deposits vary in shape from an inverted cup, to roughly cylindrical, to highly irregular.
They are typically hundreds of metres across and range from tens to hundreds of metres in vertical
extent.

TEXTURE/STRUCTURE:  Ore is predominantly structurally controlled; mainly stockworks of
crosscutting fractures and quartz veinlets, also veins, vein sets and breccias.

ORE  MINERALOGY (Principal and sc{bordj.#crfe):  Molybdenite is the principal ore mineral,.
chalcopyrite, scheelite, and galena are generally subordinate.

I  Geological Survey of canada contribution number 61494
2 Geological Survey of Canada, Ottawa
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GANGUE MINERALOGY: Quartz, pyrite, K-feldspar, biotite, sericite, clays, calcite and anhydrite.

ALTERATION MINERALOGY:  Alteration mineralogy is similar to that of polphyry Cu deposits.  A core
zone of potassic and silicic alteration is characterized by hydrothermal K-feldspar, biotite, quatz
and, in some cases, anhydrite. K-feldspar and biotite commonly occur as alteration selvages on
mineralized quartz veinlets and fractures but may be pervasive in areas of intense fracturing and
mineralization.  Phyllic alteration typically surrounds and may be superinposed to various
degrees on the potassic-silicic core; it consists mainly of quartz, sericite and carbonate.  Phyllic
alteration is commonly pervasive and may be extensive.  Propylitic alteration consisting mainly of
chlorite and epidote may extend for hundreds of metres beyond the zones of potassic-silicic and
phyllic alteration.  Zones of argillic alteration, where present, are characterized by clay minerals
such as kaolinite and are typically ovexprinted on the other types of alteration; distribution of
argillic alteration is typically inegular.

WEATRERING:  Oxidation of pyrite produces limonitic gossans; oxidation of molybdenite produces
yellow ferrinolybdite.

ORE CONTROLS:  Quartz veinlet and fracture stockwork zones superimposed on intermediate to felsic
intrusive rocks and surrounding country rocks; multiple stages of mineralization commonly
present.

GENETIC MODEL:  Magmatic-hydrothemal.  Large volumes of magmatic, highly saline aqueous fluids
under pressure strip Mo and other ore metals from temporally and genetically related magma.
Multiple stages of brecciation related to explosive fluid pressure release from the upper parts of
small intrusions result in 'deposition of ore and gangue minerals in crosscutting fractures, veinlets
and breccias in the outer carapace of the intrusions and in associated country rocks.  Incursion of
meteoric water during waning stages of the magmatic-hydrothemal system may result in late
alteration of the hostrocks, but does not play a significant role in the ore-foming r}rocess.

ASSOCIATED D.EPOSIT TYPES:  Ag-Pb-Zn veins (105), Mo-bearing skams (K07) may be present.

EXPLORAIION GUIDES

GEOCIIEMICAL SIGNATURE:  Mo, Cu, W and F may be anomalously high in hostrocks close to and
overlying mineralized zones; anomalously high levels of pb, Zn and Ag occur in peripheral zones
as much as several kilometres distant.  Mo, W, F, Cu, Pb, Zn and Ag may be anomalously high in
stream sediments.  Mo, W and Pb may be present in heavy mineral concentrates.

GEOPHYSICAL SIGNATURE:  Magnetic anomalies may reflect presence of pyrrhotite or magnetite in
homfels zones.  Radiometric surveys may be used to outline anomalous K in altered and
mineralized zones.  Induced polarization and resistivity surveys may be used to outline high-pyrite
alteration zones.

OTHER EXPLORATION GUIDES:  Linonitic alteration of py.rite can result in widespread gossan zones.
Yellow ferrinolybdite may be present in oxidized zones. Ag-Pb-Zn veins may be present in'
peripheral zones.
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ECONOMIC FACTORS

L05

GRADE AND TONNAGE:  Typical size is 100 Mt at 0.1 to 0.2 % Mo. The following figures are.for
production plus reserves.

Endako (B.C.):  336 Mt at 0.087 % Mo; Boss Mountain (B.C.):  63 Mt. at 0.074 % Mo;
Kitsault a.C.):   108 Mt at 0.115 °/o Mo; Lucky Ship (B.C.):   14 Mt at 0.090 % Mo;
Adanac a.C.):  94 Mt at 0.094 0/o Mo; Cami (B.C.):  34 Mt at 0.091 % Mo;
Mount Haskin (B.C.):   12 Mt at 0.090 % Mo; Bell Moly a.C.):  32 Mt at 0.066 % Mo;
Red Bird (B.C.):  34 Mt at 0.108 °/o Mo; Storie Moly (B.C.):   101 Mt at 0.078 % Mo;
Trout Lalte 03.C.):  50 Mt at 0.138 0/o Mo; Glacier Gulch a.C.):   125 Mt at 0.151 % Mo;
Red Mountain (Yukon):   187 Mt at 0.100 0/o Mo; Quartz Hill (Alaska):  793 Mt at 0.091 °/o Mo;
Thompson Creek (Idaho):   181 Mt at 0.110 % Mo; Compaccha Q'em):   100 Mt a`t 0.072 % Mo;
Eas.t Kounrad (Russia):  30 Mt at 0.150 0/o Mo.

IrmoRTANCE:  Poxphyry Mo deposits associated with low-F felsic intrusive rocks have been an
inportant source of world molybdenum production.  Virtually all of Canada's Mo production
comes from these deposits and from poxphyry Cu-Mo deposits.
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PORPHYRY Sn3

by W. David'Sinc|air4

IDENTIFICALTION

L06

PROFILES

SYNONYM:  Subvolcanic Sn

COMMODITms (BYPRODUCTS)..  Sn (Ag, WJ

E:XA^RILES @ritish Cohalri:hia -Canada/International).. Mount Pleasant (New Brunswick, Canada), East
Kempiville prova Scotia, Canada) , Catavi, Choralque and Cerro Rico stock (Bolivia) , Ardlethan
and Taronga (Australia) , Kingan (REssia), Yinyan (China) , Altenberg (Germany).

GEOLOGICAL CHARACTERISTICS

CAPSULE DESCRIPTION:  Fine-grained cassiterite in veinlet and fracture stockwork zones, breccia
zones, and disseminated in polphyritic felsic intrusive rocks and associated country rocks.

TECTONIC SETTING:  Zones of weak to moderate extension in cratons, particularly post orogenic zones
underlain by thick crust, possibly cut by shallow-dipping subduction zones.

GEOLOGICAL SETTING:  High-level to subvolcanic felsic intrusive centres in cratons; multiple stages of
intrusion may be present.

AGE OF MINERAIJIZATION:  Paleozoic to Tertiary.

HOST/ASSOCIATED ROCK TYPES:  Predominantly genetically related intmsive ro:ks and associated
breccias, but may also include related or unrelated sedimentary, volcanic, igneous and
metamolphic rocks.  Genetically related felsic intrusive rocks are F and/or 8 euriched and are
commonly poxphyritic. Tuffs or other extrusive volcanic rocks may be associated with deposits
related to subvolcanic intrusions.

DEPOSIT FORM:  Deposits vary in shape from inverted cone, to roughly cylindrical, to highly irregular.
They are typically large, generally hundreds of metres across and ranging from tens to hundreds
of metres in vertical extent.

TEXTURE/STRUCTURE:  Ore is predominantly structurally controlled in stockworks of crosscutting
fractures and quartz veinlets, or disseminated in hydrothermal breccia zones.  Veins, vein sets,
replacement zones may also be present.

ORE  MINERALOGY (Principal and subordinate):  Cassiterite; Sfcr7z7Hte, cfrc7/cap}/rjfe, spfocr/erz.fe cr#d
galena.  Corxplex tin- and siiver-bearing sulphosalts occur in late veins and replaceneut zones.

GANGUE MINERALOGY: Pyrite, arsenopyrite, 161lingite, topaz, fluorite, tourmaline, muscovite,
zinnwaldite and lepidolite.

3  Geological Survey of canada contribution number 61594
4  Geological Survey of canada, Ottawa
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ALTERATION MINERALOGY:  In the Bolivian poxphyry Sn deposits, sericite + pyrite ± tourmaline
alteration is pervasive; in some deposits it surrounds a central zone of quartz + tourmaline.
Sericitic alteration is typically bordered by weak propylitic alteration. In other deposits (e.g.,
Ardlethan, Yinyan), central zones are characterized by greisen alteration consisting of qualfz +
topaz + sericite; these zones grade outward to quartz + sericite + chlorite alteration.

WEATIIERING: Oxidation of pyrite produces linonitic gossans. Deep weathering and erosion can result
in residual concentrations of cassiterite in situ or in placer deposits downslope or downstream.

ORE CONTROLS:  Ore minerals occur in fracture stockworks, hydrothemal breccias and replacement
zones centred on 1-2 km2, genetically related felsic irfusions.

GENETIC MODEL:  Magmatic-hydrothermal.  Large volumes of magmat`ic, highly saline aqueous fluids
under pressure strip Sn and other ore metals from temporally and genetically related magma.
Multiple stages of brecciation related to explosive fluid pressure release from the upper parts of
small intrusions result in deposition of ore and gangue minerals in crosscutting fractures, veinlets
and breccias in the outer carapace of the intmsions and associated country rocks.  Mixing of
magmatic with meteoric water during waning stages of the magmatic-hydrothermal system may
result in deposition of some Sn and other metals, particularly in late-stage veins.

ASSOCIATED DEPOSIT TYPES:  Sn veins (113), Sn-polymetallic veins (H07).                    I

COMMENTS:  Some of the deposits listed (e.g., Taronga, East Kemptville) are not "subvolcanic" but they
are similar to some polphyry Cu deposits with regard to their large size, low grade, relationship to
felsic intrusive rocks and dominant structural control (ie., mineralized veins, fractures and
breccias).

EXPLORATION GUIDES

GEOCHEMICAL SIGNATURE:  Sn, Ag, W, Cu, Zn, As, Pb, Rb, Li, F, 8 may be anomalously high in
hostrocks close to mineralized zones and in secondary dispersion halos in overburden.
Anomalously high contents of Sn, W, F, Cu, Pb and Zn may occur in stream sediments and Sn, W,
F (topaz) and 8 (tourmaline) may be present in heavy mineral concentrates.

GEOPHYSICAL SIGNATURE:  Genetically related intrusions may be magnetic lows (ilmenite- rather
than magnetite-dominant); contact aureole may be magnetic high if pyrrhotite or magnetite are
present in associated skam or homfels zones.  Radiometric surveys may be used to outline  .
anomalous U, Th or K in genetically related intrusive rocks or in associated altered and
mineralized zones.

OTHER EXPLORATION GUIDES:  Sn (-Ag) deposits may be zoned relative to b.ase metals at both
regional (district) and local (deposit) scales.
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ECONOMIC FACTORS

GRADE AND TONNAGE:  Tens of millions of tomes at grades of o.2 to 0.5% Sn.
Mount Pleasant QTew Bmnswick): 5.1 Mt @ 0.79°/o Sn; East Kemptville (Nova Scotia): 56 Mt @
0.165% Sn; Catavi @olivia): 80 Mt @ 0.30/o Sn; Cerro RIco stock, Bolivia:  averages 0.3% Sn;
Ardlethan (Australia): 9 Mt @ 0.50/o Sn; Taronga (Australia): 46.8 Mt @ 0.145% Sn; Altenberg,
(Germany):  60 Mt @ 0.3°/o Sn; Yinyan (China): "large" (50 -100 Mt?) @ 0.46% Sn

ECONOMIC LINITATIONS:  Low grades require high volumes of production which may not be justified
by demand.

IrmoRTANCE:  A minor source of tin on a world scale; when it was in production, East Kemptville was
the major producer of tin in North America.

REFERENCES

Grant, J.N., Halls, C., Avila, W. and Avila, G., (1977): Igneous Systems and Evolution of Hydrothermal
Systems in some Sub-volcanic Tin Deposits of Bolivia; z.# Volcanic Process in Orogenesis;
Geo/ogz.ccr/ Socz.edy o/£o#do#, Special Paper Publication 7, pages 117-126.

Grant, J.N., Halls, C., Sheppard, S.M.F. and Avila, W., (1980): Evolution of the Poxphyry Tin Deposits
of Bolivia; I.# Granitic Magmatism and Related Mineralization, Ishihara, S. and Takenouchi, S.,
Editors; 7lrfee Soc!.edy o/A4lz.#z.#g Geo/ogz.sty o/Jcrpcr#, Mining Geology Special Issue, No. 8, pages
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Guan, X., Shou, Y., Xiao, J., Liang, S. and Li, J., (1988): A New Type of Tin Deposit -Yinyan
Poxphyry Tin Deposit; J.Jc Geology of Tin Deposits in Asia and the Pacific, Hutchison, C.S.,
Editor, fpr!.#ger-yer/crg, Berlin, pages 487-494.

Lin, G., (1988): Geological Characteristics of the Ignimbrite-related Xiling Tin Deposit in Guangdong
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Reed, B.L., (1986): Descriptive Model of poxphyry Sn; I.# Mineral Deposit Models, Cox, D.P. and
Singer, D.A. Editors;  U.S.  Geo/ogj.ccz/ Sc{rve};, Bulletin 1693, pages 108.

Sillitoe, R.H., Halls, C. and Grant, J.N., (1975): Poxphyry Tin Deposits in Bolivia; Eco#omz.c Geo/og);,
Volume 70, pages 913-927.

Taylor, R.G. and Pollard, P.J., (1986): Recent Advances in Exploration Modelling for Tin Deposits and
their application to the Southeastern Asian Environment; GEOSEA V Proceedings, Volume 1,
Geo/ogz.ccz/ Soc!.edy o/A4lcz/cp/Lsz.cz, Bulletin 19, pages 327-347.
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PORPHYRY W5

by W. David Sinc|air6

IDENTIFICAITION

L07

P FI 0 F I L E S

SYNONYM:  Stockwork w-Mo

COMMODITIES (BYPRODUCTS).. W (Mo, Sn» Ag).

EXAMPLES  (British Columbia -  Ccr77crczdry#fer#crfj.o#czD:  Boya; A4lo#7zf P/eascr#f Qrew Br##si4/jcfr,
Canada) ,  Logtung prukon, Canada) , Xinghaokeng, Lianhaashan and Yanchuling (China).  .

GEOLOGICAL CHARACTERISTICS

CAPSULE DESCRIPTION:  Stockwork of w-bearing quartz veinlets and fractures in felsic intrusive rocks
and associated country rocks.  Deposits are low grade but large and amenable to bulk mining
methods.

TECTONIC SETTING:  Zones of weak to moderate extension in cratons, particularly post-collisional
zones in areas of tectonically thickened crust.

DEPOSITIONAL ENVIRONMENT / GEOLOGICAL SETTING:  High-level to subvolcanic felsic
intrusive centres; multiple stages of intrusion are common.

AGE  OF MINERALIZATION:  Paleozoic to Tertiary, but Mesozoic and Tertiary examples are more
common.

HOST/ASSOCIATED ROCK TYPES:  Highly variable; mineralized rocks may be predominantly
genetically related intrusive rocks, but may also be related or uurelated sedimentary; volcanic,
igneous and metamorphic rocks.  Genetically related felsic intrusive rocks are commonly F-rich
(fluorite and/or topaz bearing) and porphyritic; unidirectional solidification features, particularly
comb quartz layers, may also be present. Tuffs or other extrusive volcanic rocks may be
associated with deposits related to subvolcanic intmsions.

DEPOSIT FORM:  Deposits vary in shape from inverted cup-shaped, to roughly cylindrical, to highly
inegular.  They are typically large, generally hundreds of metres across and ranging from tens to
hundreds of metres in vertical extent.

TEXTURE/STRUCTURE:  Ore minerals is structurally controlled; mainly stockworks of crosscutting
fractures and quartz veinlets, also veins, vein sets, breccias, disseminations and replacements.

ORE MINERALOGY (Principal and szfbondz.77crfe):   Maln ore mineral is generally either scheelite or
wolframite, although in some deposits both are present. S#borc7z.77crfe ore mz-#ercrJs I.#c/cfc7e
molyb denite, bism;nth, bismuthinite and cassiterite.

5  Geological Survey of canada contribution number 61694

Geological Survey of Canada, Ottawa
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GANGUE MINERALO GY: Pyrite, pyrrhotite, magnetite, arsenopyrite, 16llingite, quartz, K-feldspar,
biotite, muscovite, fluorite, topaz.

ALTERATION MINERALOGY:  Hydrothermal alteration is pervasive to fracture controlled and, at
deposit scale, is concentrically zoned.  It is commonly characterized by the presence of greisen
alteration minerals, including topaz, fluorite and Li- and F-rich micas.  At Mount Pleasant, for
example, pervasive greisen alteration consisting of quartz + topaz ± sericite ± chlo'rite associated
with high-grade W zones and grades laterally into fracture-controlled quartz-biotite-chlorite-topaz
alteration associated with lower grade W zones.  Propylitic alteration, mainly chlorite and sericite,
extends as far as 1500 in beyond the mineralized zones.  Potassic alteration, dominated by K-
feldspar, occurs locally within the central areas of pervasive greisen alteration. Other deposits
such as Xingluokeng (China) are characterized more by central zones of silicic and potassic
alteration a£-feldspar and biotite); zones of weak greisen alteration consisting of muscovite and
fluorite may be present.  Sericitic alteration forms a broad aureole around the central potassic
zone; irregular zones of argillic alteration may be superinposed on both the potassic and sericitic
zones.  In detail, alteration patterns may be complex; at Logtung, for example, different stages of
mineralized veins and fractures are characterized by different assemblages of ore and alteration
minerals.

WEATIIERING: Oxidation of pyrite produces linonitic gossans; oxidation of molybdenite, if present, may
produce yellow ferrimolybdenite.

ORE CONTROLS:  Quartz veinlet and fracture stockwork zones surround or are draped over and are
superimposed to varying degrees on small stocks (<1 Iqu2); multiple stages of mineralization
commonly present; felsic intrusions associated with the deposits are typically F-rich.

GENETIC MODEL:  Magmatic-hydrothermal.  Large volumes of magmatic, highly saline aqueous fluids
under pressure strip W, Mo and other ore metals from temporally and genetically related magma.
Multiple stages of brecciation related to explosive fluid pressure release from the upper parts of
small intrusions result in deposition of ore and gangue minerals in crosscutting fractures, veinlets
and breccias in the outer carapace of the intrusions and associated country rocks.  Incursion of
meteoric water during waning stages of the magmatic-hydrothermal system may result in late
alteration of the hostrocks, but does not play a significant role in the ore foming process.

ASSOCIATED DEPOSIT TYPES:  Porphyry W deposits may be part of a spectnm of deposits that
include Climax-type Mo deposits (LO8) as one end-member and porphyry Sn deposits as the other
(L06).  Vein/replacement W, Sn, Ag deposits may be associated (105, H07), e.g. Logjam Ag-Pb-
Zn veins peripheral to the Logtung W-Mo deposit.  Skam (contact metamoxphic) zones associated
with genetically related felsic intrusions may be mineralized, but are not typical skam W (i.e.
contact metasomatic) deposits.

EXPLORATION GUIDES

GEOCHEMICAL SIGNATURE:  W, Mo and Sn are anomalous in hostrocks close to min6ralized zones;
anomalously high contents of F, Zn, Pb and Cu occur in wallrocks up to several kilometres from
mineralized zones.  W, Sn, Mo, F, Cu, Pb and Zn may be anomalously high in stream sedinents
and W, Sn and F (topaz) may be present in heavy mineral concentrates.
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GEOPHYSICAL SIGNATURE:  Genetically related intrusions may be magnetic lows (ilmenite rather than
magnetite dominant); contact aureole may be magnetic high if pylThotite or magnetite are present
in associated skam or homfels zones.  Radiometric surveys may be used to outline anomalous U,
Th or K in genetically related intrusive rocks or in associated altered and mineralized zones.

OTHER EXPLORATION GUIDES:  The presence of scheelite can be detected with an ultraviolet lamp.

ECONOMIC FACTORS

GRADE AND TONNAGE:  Tens to more than 100 Mt at grades of 0.2 to 0.3 °/o W (Lianhushan is
exceptional at 0.8 % W). Boya (British Columbia): limited size due to thrust fault truncation, no
published resource data. Mount Pleasant QTew Brunswick): Fire Tower zone: 22.5 Mt @ 0.21 0/o
W, 0.10 % Mo, 0.08 % Bi, (includes 9.4 Mt @ 0.31 0/o W, and 0.12 % Mo), North zone:  11 Mt @
0.2 % W, 0.1 % Mo. Logtung (Yukon): 162 Mt @ 0.10 0/o W, 0.03 % Mo. Xingluokeng (China):
78 Mt @ 0.18 % W. Lianhuashan (China): ~40 Mt @ 0.8 0/o W.

ECONOMIC LIMITATIONS:  Low grades require high production volumes which may not be justified by
current demand for tungsten.

IrmoRTANCE:  Not currently an important source of world W production; some W may be recovered
from deposits in China (e.g. Lianhuashan), but none is recovered at present (1994) from deposits
outside China.  Mount Pleasant Tungsten in New Brunswick produced slightly more than 2000 t
of concentrate grading 70 0/o W03 from 1 Mt of ore min-ed from 1983 to 1985.

REFERENCES
Kirkham, R.V. and Sinclair, W.D. (1984): Porphyry Copper, Molybdenum, Tungsten; I.# Canadian

Mineral Deposit Types:  A Geological Synopsis,. Geo/ogr.ccrz Swrve}; o/Ccr#crcJcr, Economic
Geology Report 36, pages 51-52.

Kirkham, R.V. and Sinclair, W.D. (1988): Comb Quartz Layers in Felsic Intrusions and their
Relationship to Porphyry Deposits; I.# Recent Advances in the Geology of Granite-related
Mineral Deposits, Ccr#crd!.cr# J#sf!.f#fe o/A4lz.#z.ng cr#d A4lefcr//ztrg)/, Special Volume 39, pages 50-

71.

Kooiman, G.J.A., MCLeod, M.J. and Sinclair, W.D. (1986): Porphyry Tungsten-Molybdenum
Orebodies, Polymetallic Veins and Replacement Bodies, and Tin-bearing Greisen Zones in the
Fire Tower Zone, Mount Pleasent, New Brunswick; Eco#o"z.c Geo/,ogy, Volume 81, pages
1356-1373.

Liu, W. (1980): Geological Features ofMineralization of the Xingluokeng Tungsten (Molybdenum)
Deposit, Fujian Province; I.# Tungsten Geology, ChinaO Hepworth, J.V. and Lu, H.Z., Editors,
ESC4P/RA4RDC, Bandung, Indonesia, pages 338-348.

Noble, S.R., Spooner, E.T.C. and Harris, F.R. (1986): Logtung: A Poxphyry W-Mo Deposit in the
Southern Yukon; i.# Mineral Deposits of Northern Cordillera, Morin, J.A., Editor, Ccz#czcJ!.cr#
InstituteOfMininga.ndMetallurgy,SpeciidVohane37,peiges2:]4-2:8].

.   Sinclair, W.D. (1986): Molybdenum, Tungsten and Tih Deposits and associated Granitoid Intrusions in
the Northern Canadian Cordillera and adjacent parts of Alaska; I.# Mineral Deposits of Northern
Cordillera, Morin, J.A., Editor, Canadian Institute of Mining and Metallurgy, Special Volume
37, pages 216-233.
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Yan, M-Z., Wu, Y-L. and Li, C.-Y. (1980): Metallogenetic Systems of Tungsten in Southeast China and
their Mineralization Characteristics; z.Jt Granitic Magmatism and Related Mineralization,
Ishihara, S. and Takenouchi, S., Editors,  Zlfee Socz.edy o/M!.#rng Geo/ogr.stu o/Jczpcz#, Mining
Geology Special Issue, No. 8, pages 215-221.
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PORPHYRY Mo (Climax-type)7

by W. David Sinc|air8

IDENTIFICATION

SYNONYMS:  Granite molybdenite; Climax Mo; granite-related Mo.

LO8,

PROFILES

COMM!ODITTE;S (BYPRODUCTS).. Mo (W, Sn; pyrite and monazite have also been recovered f rom the
Climax depositD

EXAIffLES  (British Columbia - Ccz#crczdry77fer#crfz.o#czD:  No unequivocal Climax-type poxphyry Mo
deposits occNI in British Car:urn.b±a. or other parts Of canada.> Climax, Henderson, Mount Emmons
and Sil,ver Creek (Colorado, USA), Pine Grove (Utah, USA), Questa prew Mexico), Malmbjerg
(Greenland) ,  Nordli prorway).

GEOLOGICAL CIIARACTERISTICS

CAPSULE DESCRIPTION:  .Stockworks of molybdenite-bearing quartz veinlets and fractures in highly
evolved felsic intrusive rocks and associated country rocks.  Deposits are low grade but large and
amenable to bulk mining methods.

TECTONIC SETTING:  Rift zones in areas of thick cratonic crust.

DEPOSITIONAL ENVIRONMENT / GEOLOGICAL SETTING:  High-level to subvolcanic felsic
intrusive centres; multiple stages of intrusion are common.

AGE  OF MINERALIZATION:  Paleozoic to Tertiary, but mainly Tertiary.

HOST/ASSOCIATED ROCK TYPES:  Genetically related felsic intrusive rocks are high-silica (>75°/o
Si02), F-rich (>0.1% F) granite/rhyolite; they are commonly polphyritic and contain
unidirectional solidification textures (USTs), particularly comb quartz layers.  Contents of Rb, Y
and Nb are high; Ba, Sr and Zr are low.  Mineralized country rocks may include sedimentary,
metamorphic, volcanic, and older intrusive rocks. Tuffs or other extrusive volcanic rocks may be
associated with deposits related to subvolcanic intrusions.

DEPOSIT FORM:  Deposits typically fom an inverted cup or hemispherical shell; shapes may be modified
by regional or local structures.  They are typically large, generally hundreds of metres across and
ranging from tens to hundreds of metres in vertical extent.

TEXTURE/STRUCTURE:  Ore is structurally controlled; mainly stockworks of crosscutting fractures and
quartz veinlets, also veins, vein sets and breccias; disseminations and replacements are less
Common.

ORE-MINERALOGY Q'rincipal and sc/bordz.J7crfeJ :  Molybdenite; wo//cr";.fe, ccrssz.ferj.fe, sp¢cr/erzte,
I galena, monazite.

7  Geological Survey of canada contribution number 61794
8  Geological Survey of canada, Ottawa
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GANGUE MINERALOGY: Quartz, pyrite, topaz, fluorite and rhodochrosite.

LO8

ALTERATION MINERALOGY:  Potassic alteration (K-feldspar ± biotite) is directly associated with high-
grade Mo (>0.20/o Mo); pervasive silicic alteration (quartz ± magnetite) may occur locally in the
lower parts of high-grade Mo zones.  Quartz-sericite-pyrite alteration may extend hundreds of
metres vertically above orebodies; argillic alteration may extend hundreds of metres beyond
quartz-sericite-pyrite alteration, both vertically and laterally.  Spessartine garnet occurs locally
within quartz-sericite-pyrite and argillic alteration zones.  Greisen alteration consisting of quartz-
muscovite-topaz occurs as alteration envelopes around quartz-molybdenite veins below high-
grade Mo zones.  Propylitic alteration is widespread and may extend for several kin.

•WEATIHRING:  Oxidation of pyrite produces limonitic gossans;. oxidation of molybdenite produces

yellow ferrinolybdite.

oRECoru::r;Eps;see:oaftvza;ein:e:eagnr:e:aocn¥i:::,cg¥n::fc:I:;erse|saut:do:|odcf:(araree::Te|io2Y:ri:Tt?pTee

stages of mineralization are commonly present; abundant comb quartz layers and other USTs
characterize productive intrusions.

GENETIC MODEL:  Magmatic-hydrothermal.  Large volumes of magmatic, highly saline aqueous fluids
under pressure strip Mo and other ore metals from temporally and genetically related magma.
Multiple stages of brecciation related to explosive fluid pressure release from the upper parts of
small intrusions result in deposition of ore and gangue minerals in crosscutting fractures, veinlets
and breccias in the outer carapace of.the intrusions and associated country rocks.  Incursion of
meteoric water during wanirig stages of the magmatic-hydrothemal system may result in late
alteration of the hostrocks, but does not play a significant role in the ore-foming proce.ss.

ASSOCIATED DEPOSIT TYPES:  Ag-base metal veins (105), fluorspar deposits.  Some porphyry W-Mo
deposits (e.g. Mount Pleasant) may be W-rich Climax-type deposits.  Mo may also` be present in
adjacent skam deposits (K07).  Clinax-type polphyry Mo deposits may be related to rhyolite-
hosted Sn deposits (H07, USGS model 25h).

COMhffiNTS:  This model is based mainly on descriptions of climax and Clinax-type deposits in
Colorado.  These deposits tend to have more complex igneous-hydrothermal systems and higher
average Mo grades than low-F-type poxphyry Mo deposits.

EXPLORATION GUIDES

GEOCHEMICAL SIGNATURE:  Mo, Sn, W, Rb, hth and F may be anomalously high in hostrocks close
to and overlying mineralized zones; Pb, Zn, F and U may be anomalous in wallrocks as much as
several kilometres distant.  Mo, Sn, W, F, Cu, Pb, Zn may be anomalous in stream sedinents and
Mo, Sn, W, and F (topaz) may be present in heavy mineral concentrates.

GEOPHYSICAL SIGNATURE:  Genetically related intrusions may be magnetic lows (ilmenite  rather
than magnetite dominant).  Radiometric surveys may be used to outline anomalous U, Th or K in
genetically related intrusive rocks or in associated altered and mineralized zones.
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OTHER EXPLORATION GUIDES:  Deposits occur in extensional tectonic settings in areas of thick
continental crust.  Genetically related felsic intrusive rocks generally have high contents of Nb
(>75 ppm).  Ag-Pb-Zn veins, topaz, fluorite and hth-garnet may be present in peripheral zones.
Yellow ferrimolybdite may be present in oxidized zones.

ECONOMIC FACTORS

GRADE AND TONNAGE:  Deposits typically contain hundreds of millions of tonnes at 0. I to 0.3 °/o Mo.
Following figures are production plus reserves (from Carten et al., 1993): Clinax, Colorado:  769
Mt @ 0.216% Mo (mineable), Henderson, Colorado:  727 Mt @ 0.171% Mo (geological), Mount
Emmons, Colorado:   141 Mt @ 0.264% Mo (mineable), Silver Creek, Colorado:  40 Mt @
0.310% Mo (geological), Pine Grove, Utah:   125 Mt @ 0.170% Mo (geological), Questa, New
Mexico:  277 Mt @ 0.144% Mo (mineable), Malmbjerg, Greenland:  136 Mt @ 0.138% Mo
(geological), Nordli, Norway:   181 Mt @ 0.0840/o Mo (geological)

ECONOMIC LIMITATIONS:  Economic viability of these deposits is affected by Mo production from
other types of deposits such as polphyry Cu-Mo deposits, which produce Mo as a coproduct or
byproduct.

IhAI?ORTANCE:  Poxphyry Mo deposits of the Clinax type have been a major source of world Mo
production and contain substantial reserves.

REFERENCES
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Keith, J.D. and Christiansen, E.H. (1992):  The Genesis of Giant Molybdenum Deposits; I.# Giant Ore
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Geo/og);, Volume 13, pages 469-474.
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(1968):  Multiple Intrusion and Mineralization at Climax, Colorado; i.# Ore Deposits of the
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INTRODUCTION

The objective of the British Columbia mineral deposit profiles is to define and characterize coal and
mineral deposits which exist, or could exist.within the province. These descriptions are one of the tools to
be used in detemining the mineral potential of British Columbia using a modified United States  .
Geological Survey (USGS) three step method (Kilby, 1995).  Specifically,  the deposit profiles will be used
to classify existing deposits and occurrences, to identify possible undiscovered mineral deposits in tracts of
land and to separate deposits into groups to allow compilation of representative grade and tomage data.
They are also valuable reference documents for geologists and prospectors exploring for new mineral
deposits in the Cordillera.

INSTRUCTIONS T0 AUTHORS
}

In addition to these notes, authors should refer to the six page introducti`on to U`SGS Bulletin 1693 (Cox
and Singer, 1986) and review several of their deposit descriptions. Another useful reference is Economic
Geology Report 36 of the Geological Survey of Canada (Eckstrand, 1984) on "Canadian Mineral Deposit
Types: A Geological Synopsis".

In keeping with the original USGS descriptions, the deposit profiles provide a concise overview for a
deposit type that is as up-to-date as posible. The models should be based on information from all relevant
deposits from around the world with special emphasis on those from British Columbia. The profile should
be sufficient to describe the deposit anywhere in the world, however, we will be adding more
information specific to British Columbia under the following headings - examples, tectonic setting, age of
mineralization, comments, typical grade and tonnage, economic limitations, inpolfance and references.

The deposit profiles are organized with a standard format (see Tables 1 and 2). This will assist the reader in
finding the relevant information. Please note that some headings are optional or may need to be modified to
fit the deposit type. Delete any headings not used.  The text for the profiles should be written using
complete sentences where appropriate.  Avoid using abbreviations, such as I.P. an.d B.C. In commodity
lists and model names, use the element abbreviation (Cu, Au) rather than the complete word.  For deposit
types which produce minerals use the word @arite, gypsum) rather than the molecular formula.
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Table 1. Deposit Profile Outline

NARE    `
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CAPSULE DESCRIPTION:
TECTONIC SETTING:
DEPO SITIONAL ENVIRONMENT / GEOLOGICAL SETTING :
AGE OF MINERALIZATION:
HOST/ASSOCIATED ROCK TYPES:
DEPOSIT FORM:
TEXTURE/STRUCTURE:

+

ORE MINERALOGY Q'rincipal and s#bordz.#crfe)
GANGUE MINERALOGY Q'rincipal and s#bordj.;7crfe) :
ALTERATION MINERALOGY:
VIATRERING:
ORE CONTROLS:
GENETIC MODEL:
ASSOCIATED DEPOSIT TYPES:
CohRENTS:

EXPLORATION GUIDES
GEO CHENICAL SIGNATURE:
GEOPHYSICAL SIGNATURE:
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ECONOMC FACTORS
GRADEAND TONNAGE:     `
ECONOMC LINITATIONS :
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IrmoRTANCE:
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ACKNOWLEDGRENTS:

FIGURES
CROSS-SECTION AND/OR PLAN (not included in Open File volumes)
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Table 4. Example Deposit Profile

SHALE-HOSTED Ni-Zn-Mo-PGE

by D.V. Lefebure and R.M. Coveney, Jr.1

IDENTIFICATION PROFILES

SYNONYMS : Sediment-hosted Ni-Mo-PGE, Stratiform Ni-Zn-PGE.

COMMODITIES (BypRODUCZS: Ni, Mo, ( Z#, Pf, Pc7, ,4a/).

T3:XArmLES  ®r.idlch Cohahoia -Canada/InternationaD..  Nick afukon, Canaddy., mining camps Of
Tianeshan, Xihiuguo, Tuansabao and JinzhiAVoin and Zunyi Mo deposits, Dayong-Cili District
(China).

GEOLOGICAL CIIARACTERISTICS

6APSULEDESCRIPTION:Thinlayersofpyrite,vaesiteOris2),jordisite(amolphousMoS2)an`d
sphalerite in black shale sub-basins with associated phosphatic chert and carbonate rocks.

TECTONIC .SETTING(S): Continental platform sedinentary sequences and possibly successor basins. All
known deposit.s associated with orogenic belts, however, strongly anomalous shales overlying the
North American craton may point to as yet undiscovered deposits over the stable craton.

DEPOSITIONAL ENVIRONRENT / GEOLOGICAL SETTING: Anoxic basins within clastic
sedimentary (flysch) sequences containing black shales.

AGE OF MINERALIZATION: Post Archean. Known deposits are Early Cambrian and Devonian,
however, there is potential for deposits of other ages.

HOST/ASSOCIATED ROCK TYPES: Black shale is the host; associated limestones, dolomitic limestones,
calcareous shale, cherts, siliceous shale, siliceous dolomite, muddy siltstone and tuffs. Commonly
associated with phosphate horizons. in the Yulcon at base of a 10 to 20 in thick phosphatic shale
bed and in china the Ni-Mo beds are in black shales associated with phosphorite.      .

DEPOSIT FORM:  Thin beds (0 to 15 cm thick,locally up to 30 cm)  covering areas up to at least 100 ha
and found as clusters and zones extending for tens of kilometres.

TEXTURE/STRUCTURE:  Semimassive to massive sulphides as nodules, spheroids, framboids and
streaks or segregations in a fine-grained matrix of sulphides, organic matter and nodular
phosphorite or phosphatic carbonaceous chert. Mineralization can be rhythmically laminated;
often has thin discontinuous laminae. Brecciated clasts and spheroids of pyrite, organic matter and
phosphorite. In China nodular textures (~ 1 mm diameter) grade to c6atings of sulphides on tiny
1-10 Hm spherules of organic matter. Fragments and local folding reflect soft sediment
deformation. Abundant plant fossils in Nick mineralization and abundant fossils of
microorganisms (cyanobacteria) in the Chinese ores.

I  University of Missouri -Kansas City, Kansas City, Missouri, 64110-2499, U.S.A.
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Table 4. Example Deposit Profile (cont.)

SHALE-HOSTED Ni-ZnlMo-PGE E16

ORE MINERALOGY [Principal and S#bordJ.#crfe] : Pyrite, vaesite (Nis2), amorphous molybdenum
rni"erals Gordistrte, MoS2), bravoite, sphalerite, wurtzite, polydimite, gersdorf f iite, violarite,
millerite, suivanite, pehilc[ndite, termanite and as traces native gold, urahitite, tienc[mite,
c7rse#ap}/rjte, cfecr/capyrzte cr;7d cove//#e. Discrete platinum group minerals may be unusual. Some
ore samples are surprisingly light because of abundant organic matter and large amount of pores.

GANGUE MINERALOGY [Principal and s#borc7J.#cr/e7 Chert, amorphous silica, phosphatic sedinents and
bitumen. Can be interbedded with pellets of solid organic matter (called stone coal in China). Barite
laths are reported in two of the China deposits.

ALTERATION MINERALOGY: Siliceous stockworks and bitumen veins with silicified wallrock occur in
the footwall units. Carbonate concretions up to 1.5 in in diameter occur immediately below the
Nick mineralized horizon in the Yukon.

WEATIHRING: Mineralized horizons readily oxidize to a black colour and are recessive. Phosphatic
horizons can be resistant to weathering.

ORE CONTROLS :  The deposits developed in restricted basins with anoxic conditions. REown deposits
are found near the basal contact of major formations. Underlying regional unconfomities and
major basin faults are possible controls on mineralization. Chinese deposits occur discontinuously
in a 1600 lrm long arcuate belt, possibly controlled by basement fractures.

GENETIC MODEL: Several genetic models have been suggested reflecting the limited data available and
the unusual presence of pGEs without ultramafic rocks. Syngenetic deposition from seafloor
springs with deposition of metals on orjust benea.th the seafloor is the most favoured model.
Siliceous venting tubes and chert beds in the underlying beds in the Yukon suggest a hydrothermal
source for metals.

ASSOCIATED DEPOSIT TYPES: Phosphorite layers Q]07?), stone coal, SEDEX Pb-Zn (E14), Sedinent-
hosted barite (E17), vanadian shales, sediment-hosted Ag-V, uranium deposits.

COMRENTS: Ag-V and V deposits hosted by black shales have been described from the same region in
China hosted by underlying late Precambrian rocks.

EXPLORATION GUIDES

GEOCHEMICAL SIGNATURE: Elevated values of Ni, Mo, Au, PGE, C, P, Ba, Zn, Re, Se, As, U, V and
S in rocks throughout large parts of basin and derived stream sediments. In China average
regional values for host shales of 350 g/t Mo,150 g/t Ni, several wt % P205 and 5 to 220/o organic
matter. Organic content  correlates with metal contents for Ni, Mo and Zn.

GEOPHYSICAL SIGNATURE: Electromagnetic surveys should detect pyrite horizons.

OTHER EXPLORATION GUIDES: Anoxic black shales in sub-basins within marginal basins. Chert or
phosphate-rich sediments associated with a pyritiferous horizon. Barren, 5 mm to 1.5 cm thick,
pyrite layers (occasionally geochemically anomalous) up to tens of metres above mineralized
horizon.
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Table 4. Example Deposit Profile (cont.)

SHALE-HOSTED Nilzn-MolpGE .E16

ECONOMIC FACTORS

TYPICAL GRADE AND TONNAGE : The thin sedimentary horizons (not economic) represent hundreds
of thousands of tonnes grading in per cent values for at least two ofNi-Mo-Zn with significant
PGEs. In China, Zunyi Mo mines yield ~ 1000 t per year averaging ~4 % Mo and containing up to
4 % Ni, 2 % Zn, 0.7 g/t Au, 50 g/t Ag, 0.3 g/t Pt, 0.4 g/t Pd and 30 g/t lr. The ore is recovered
from a number of small adits using labour-intensive mining methods.

ECONONIC LIMITATIONS: In China the Mo-bearing phase is recovered by roasting followed by caustic
leaching to produce anmonium molybdate. Molybedenum-bearing phases are fine grained and
dispersed, therefore all ore (cutoff grade 4.1% Mo) is direct shipped to the smelter after cmshing.

INIORTANCE: Current world production from shale-hosted Ni-Mo-PGE mines is approxinately 1000 t
of ore with grades of approximately 4 0/o Mo. Known deposits of this type are too thin to be
economic at current metal prices, except in special conditions. However, these deposits contain
enormous tonnages of relatively high grade Ni, Mo, Zn and PGE which may be exploited if
thicker deposits can be found, or a relevant new technology is developed.

REFERENCES

ACKNOWLEDGERENTS: Larry Hulbert of the Geological Survey of Canada introduced the senior
author to this deposit type and provided many useful comments. Rob Came of Archer, Cathro and
Associates Limited reviewed a draft manuscript.

Coveney,R.M.,Jr.andNansheng,C.(1991):Ni-Mo-PGE-Au-richOresinChineseBlackShalesandSpecul;tions
on Possible Analogues in the United States; A4lz.#erc!/j.#m Depas;tcz, Volume 26, pages 83-88.

Coveney, R.M. Jr., Murowchick, J.B., Grauch, R.I., Nansheng, C. and Glascock, M.D. (1992): Field Relations,
Origins and Resource Implications for Platiniferous Molybdenum-Nickel Ores in Black Shales of South
Chinay Canadiun Institute Of Mining, Metallurgy and Petroleum, Explora:tiion andM.ining Geology,
Volume 1, No.1, pages 21-28.

Coveney, R. M. Jr., Grauch, R. I. and Murowchick, J.B. (1993): Ore Mineralogy of Nickel-Molybdenum Sulfide
Beds Hosted by Black Shales of South China; i.# The Paul E. Queneau Intemational Symposium, Extractive
Metallurgy of Copper, Nickel and Cobalt, Volume 1 : Fundamental Aspects, Reddy, R.G. and Weizenbach,
R.IN.,Edjltols, The Minerals, Metals and Materials Society, paiges 369-375 .

Fan Delian (1983): Poly Elements in the Lower Cambrian Black Shale Series in Southern China; I.# The
Significance of Trace Metals in Solving Petrogenetic Problems and Controversies, Augustithis, S.S., Editor,
Theophrastus Publications, Athens, Greece, pa,ges 447-474.

Note that not all references listed in this Table, see page 45.
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EXPLANATION 0F HEADINGS

Please refer to the following guidelines for more infomation on the format for each heading. These are
modifiedfrom an outline from Eckstrand (1984,p. 3).                                .         .

NARE:
Descriptive names with the principal commodities are preferred and individual deposit names
should be avoided, unless they provide for easy recognition by geologists.  The commodities
are the element or mineral names linked by hyphens (e.g.  Cu-Pb-Zn-barite).

SINONYM(S):
Other geological names commonly used for this deposit type, for example Mississippi Valley
type and Carbonate-hosted Pb-Zn.  Remember if there are no synonyms, delete this heading.
If there is only one synonym, delete the (s) in the heading.

COMMODITIES (BXPROD UCZS :
The commodities listed first constitute the principal recovered products at one or more of the
deposits.  However, all commodities so listed are not necessarily recovered from all deposits
of that type. Byproducts and byproduct comngodities are listed in italics. For example the
commodities for a sedex deposit would be listed Zn, Pb, Ag, barite (Cd,  Cc/, S177).

EXArmLES (British Columbia - Ccz#czczdr777fer#crfz.o77czD :
Examples of the deposit type are an important part of the profile. Please use a specific deposit
name in preference to the name of the district or region. As many as five examples from
British Columbia should be included with their associated MINFILE number (e.g.  Lawyers
094E 066).  The editors will provide MINFILE numbers for all authors who do not work for
the B.C. Geological Survey.  Up to ten Canadian or foreign examples shoul\d be included and
they will be typed in italics.  The latter should be followed by the name of the country in
brackets. For Canada and the United States, please insert the name of the province or state
before the country name. For example, Nick (Yukon, Canada) or Carlin (Nevada, USA).
Please note that we would appreciate resource data for any deposits of the type
described in the profile to assist us in generating grade and tonnage probability curves.

CAPSULE DESCRIPTION:
A short description introducing the reader to the deposit type. Capsule descriptions usually
emphasize the inportant mineralogy, deposit  form and associated geological features.

TECTONIC SETTING(S) :
In USGS descriptions this heading has several meanings including regional structural setting
or regional structural control.  Typically this heading will be used to describe the generalized
•plate tectonic setting which can include reference to specific terranes ip B.C. (e.g.  oceanic
terranes - Cache Creek) . Note the following heading can be used to describe the regional and
stmctural settings.

DEPOSITIONAL ENVIRONRENT / GEOLOGICAL SETTING :
Descriptions of the depositional environment will typically include the associated geological
events (e.g.  marine turbidite deposition with basaltic pyroclastic activity, e.g.  subaerial
rhyolitic volcanic centres ..... ). The geological setting describes the broad scale setting of the
deposit without explaining the tectonic setting.
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AGE OF MINERALIZATION:
The age of ore emplacement is given in the fom of either absolute dates or geological eons,
eras or periods.  For some deposittypes it may be necessary to express the age in terms
relative to hostrocks or a structural control. If British Columbia.has a more restricted age
range for the deposit type this should be stated.

HOST/ASSOCIATED ROCK TYPES:                                                           ,
A lithological description of the rocks which host, or are associated, with the ore.

DEPOSIT FORM:                                                                                                                                         `
The typical geometrical shape of orebodies and their Physical and stmctural relationship to
wallrocks and associated rocks. Average dimensions in metric units should be included if
possible.

I

TEXTURE/STRUCTURE:
A description of the common textural features within the ore and any related structures.

ORE MINERALOGY ®rincipal and szfborc7j.#crfe) :`
The principal ore minerals are listed first.  Less abundant ore minerals follow in italics.  Ore
minerals present in small or trace amounts or that occur only in one or two deposits should be
printed in italics and identified by adding a qualifier.  For the convenience of the reader
include all meta`llic minerals, such as pyrite and pyrrhotite, even though they can be
considered gangue by strict definition.  (e.g.    chalcopyrite, sphalerite, pyrite, grJe#cr,
tetrahedrite, minor pyrrhotite noted 'at deposits X and Y).

GANGUE MINERALO GY (principal and szfbord7.#cr/e) :
The principal gangue minerals are listed first.  Less abundant gangue minerals follow in
italics.  G.angue minerals present in small or trace amounts or that occur only in one or two
dgposits should be printed in italics and identified by adding a qualifier.  (e.g.   chlorite,
qua:riz, se;I.Lche, carbonate, garnet at deposits X and Y).

ALTERATION MINERALOGY ®rincipal and s#bordj.#c7fe):
List the alteration minerals in relative ord`er of importance. Minerals present in subordinate
amounts or only at one or two deposits should be identified by adding a qualifier and printed
in italics. The dimensions, zoning (if any) and relationship of the alteration to the ore deposit
should be described.

VIATREENG:
An optional section to be used to describe weathering characteristics important to ore
formation or as exploration guides.

ORE CONTROLS:
Review the pertinent features of ore genesis or controls on ore emplacement or deposition.

GENETlc rdoDEL:
This is an optional section which can be used by the author to describe the current genetic
models for the deposit type.  As space is limit,ed, the descriptions should be to the point.

ASSOCIATED DEPOSIT TYPES:
A listing of deposit types that are genetically related to the deposit type being described.
Spatial association in one or two districts is not usually enough to consider the deposit types
being associated.
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cohrmNTs:
I

This is the section for including any pertinent infomation, such as deposit su'btypes or
feinres of particular relevance to British Columbia, which are not covered by one of the
other headings. Preferably less than five and no more than eight sentences.

GEOCREMICAL SIGNATURE:
Geochemi.cal elements and related methods which may be useful for the discovery of the
deposits.

GEOPHYSICAL SIGNATURE:
Geophysical methods which may be useful for the discovery of the deposits.

OTRER EXPLORATION GUIDES :
An optional section to allow for any other exploration aids, such as geological vectors,
metallotects, etc.

GRADE AND TONNAGE:
Indicate the typical size and grade of the deposit type using metric figures. The USGS
Bulletin 1693 is a good source of data for some deposit types.

ECONOMIC LIMITATIONS :
This is an optional section of particular relevance to industrial mineral deposits. The text
should consider physical and chemical properties affecting end use, composit'ional and
mechanical processing restrictions and distance limitations relating to transportation,
processing and end use.

END USES:
This is an optional section which is particularly suitable for industrial mineral deposits. List
individual uses separated by commas; uses of minor importance should be in ,italics.

IrmoRTANCE:
The importance of the deposit type to British Columbia and in a global context as expressed
in terms of consumption, production, reserves or potential.  Please note that this is not the
importance of the commodity itself.

REFERENCES :
Citations should be restricted to major papers or texts, with a special emphasis on overview
articles. Please use the fomat required for the British Columbia Geological Survey' s
publication titled "Geological Fieldwork". See example below.

Webster, I.C.L. and Ray, G.E. (1991): Skams in the Iskut River -Scud River Region,
Northwest British Columbia (1048); z.#  Geological Fieldwork 1990, B.C. A4lz.#z.stry o/
Energy, Mines and Petroleum Resources, Paper 199L-4, pages 245-253 .

FIGURES:
Aschematiccross-sectionand/orplanviewofatypicaldepositshowingtheorebodyand
associated lithologies, structures, alteration, etc. would be a useful addition to the profile for
the fmal comprehensive publication. These can be complinented by, or in some cases
replaced by, a cross-section and plan of a specific deposit.  For all deposits a flgure
depicting a generalized model might be the most helpful figure.  The fmal publication will
be able to accommodate up to four half-page figures.
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APPENDIX 11

LISTING OF DEPOSIT PROFILES BY DEPOSIT GROUP

AND LITHOLOGICAL AFFINITIES

•A
PROFILES

Note that   tables 3  and 4  are available in wall-sized poster format (Open  File  1995-8).
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British Columbia Mineral  Deposit Profiles
Listing by Deposit Group

( Version  2  )

A01         Peat
A02         Lignltic coal
A03         Sub-bituminous coal
A04         Bituminous coal
A05         Anthracitic coal

•'Brown coal"

Thermal coal,  Black llgnlto

Coking coal. Thermal coal

Stone coal

801*        Laterite Fe
802*        Laterite Ni
803.        Laterite-Saprolite Au
804*        Bauxite AI
805         Residual  kaolin
807*        BogFe,Mn,U,Cu,Au
Bo8         Surficial  u
809*       Karst-hosted   Fe, Al, Pb-Zn
810        "Terra Rossa'' Au-Ag
811.        Marl

812*        Sand and Gravel

Eluvlal  placers

latoritic bauxlto

Primary  kaolln

''Calcrete  U"

Ftesldual Au;  Preclous  metal  gossans

C01          Surficial  placers
C02        Buried<hannel placers
C03.        Marine  placers
C04*       Paleoplacer u-Au-PGEsn-Tirdiam-mag€ar-zir

PlacorAu-PGE€nrdlamond-magi]ari]em9

0ff€hore heavy mlnoral sodlments

Quartz pebble cor]glomorato Au-U

D01         Open-system zeol ites
D02        Closed basin zeolites
D03        Volcanic redbed copper
D04         Basal u
D05.       Sandstone u
DOG         Volcanic-hosted u
D07        Iron oxide cu-Au-U breccias and veins

Basaltic Cu

Roll front U.   Tabular U
'.Eplthomi]l" U.   Volcanogonlc u

Olymplc  Dam  type,  Klruna typo

120 Geological Survey Branch



Ministry of Energy, Mines and Petroleum Resources

Table 3.  British Columbia Mineral  Deposit Profiles
Listing by Deposit Group

( Version  2  )

Ireland,  Ontario,  New Brunswlck

Estevan (Saskatchewa n)

Highvale (Alborta),  Powder Rlvor Basin  (Wyoming)

Gregg  Rlver (Alberta),  Sydney Coamold  (Nova Scotia)

Pennsylvannla  Coalflelds.  Caiimoro  (Alberta)

Fraser Delta, North Coast

Skonun  Point (Graham  lslaTld)

Hat Creek,  Princeton

Qulntotto, Bullmoose, Groonhl lls,  Fordln8

Mt Klappan

Glonravel  (Ireland), Araxa  (Brazll)

Rlddle  (Oregon)

Boddlngton,  Mt.  Glbson  (Australla),  Akalwang  (Guyana)

Quoonsland,  Pocos do Calda8  (Brazil),  Salom  Hllls (Oregon)

Germany.  North  Carolina.  Idaho

Trols  F`ivT6ros  (Quebec)

Flodelle Crook (Washlngton)

Transvaal (Pb-Zn,  South Atrica).  Sardlnla (Pb.Zn), Jamalca (Al)

Rlo Tlnto (Spaln)

Florence  (Sooke)

Lang  Bay,  Sumas  Mountaln

Whlpsaw Creek, Limonito Crook

Pralrlo  Flats

VIIIa[ta  (Fe)

Vl'lalta

Choam  Lake (Chlllwack)

North  Saskatchowan  Rlver (Saskatchewan),  Nomo  (Alaska)

Llvlngstono Crook  (Yukon), Valdoz Creek (Alaska)

New South Wales &  Queonsland  (Australla)

Ell[ot Lake &  Bllnd  Rlver (Ontarlo), Wltwatorsrand  (South Africa)

Frasor Rlv®r. Quosnol  River, Graham  Island

WIIIlalTis Creek, Otter Crook,  BLIlllon mlrio

Mlddlebank  (off r`orth oild of Vancouver Island)

Mu'vehl'l

Ash  Meadows  (Callfomla),  John  Day  Formation  (Oregon)

Bow]e (Arizona),  Lake Magadl (Kenya)

Keewenaw (Mlchlgan),  Copporm lne  (Northwest Terrltorles)

Sherwood Owashlngton)

Colorado  Plateau, Grants  (Now Moxlco)

Marysvalo (Utah), Aurora  (Oregon)

EI  Romeral  (Chlle),  Sii8-Dlanno (Northwest Territories)

Prlnceton  Basln, Cacho Crook area

Sustut

Bllz2ard. Tyee

Rexspar,  Bulllon (Blrch lsland)

Iron  Ftango
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Table 3. British Columbia Mineral Deposit Profiles
Listing by Deposit Group

( Version  2  )

E01*        AlmadenHg
E02*        Kipushi  cu-Pb-Zn
E03         Carlin-type sediment-hosted Au-Ag
E04*       Sedi ment-hosted cu
E05        Sandstone pb
E06        Bento nile
E07*        Sedimentary  kaolin
EO8        Ca rbo nate.hosted talc
EO9         Sparry  magnesite
E10         Mississippi valley type barite
Ell         Mississippi valley type fluorite
E12         Mississippi valley type pb-Zn
E13         Kootenay Arc type pb-Zn
E14        Sedex  zn.Pb-Ag
E15         Blackbird massive sulphide cu-Co
E16         Sediment-hosted Ni
E17         Sediment-hosted barite

Carbonato-hosted Cu-Pb€n

Carbonato-hosted Au,Ag

Sandstone Cu, Sodlment.hostod straalorm Cu

Volcanlc clay, Soap clay
''Seeondary'' kaolln

oolomltoJ`ostod talc

Veltsch.type, carbonato-hosted magnoslto

Carbonate-liosted Pbzn, Appalachlan Zri

Sodlm®nt,hosted masslve sulphldo

Sediment-hostod Cu{o masslvo sulphldo

Bedded barlto

Fol         Sedimentary  Mn
F02         Bedded gypsum / anhydrite
F03         Gypsum-hosted sulphur
F04*       Bedded celestite
F05*        Palygorskite
FOG         Lacustrine d iatom ite
F07         Phosphate,  iipwolling type
FOB         Phosphate, warm-cu ri.ent type
FO9*         Playas

F10*        Superior type iron formation

Marlno evaporite gypsum

Frascri sulphur

Attapu'glte

Dlatomaceous earth, Klosolguhr

Hydromagneslte, Na carbonato lake brinos

G01'       AlgomaFe

G02        VolcanogenicMn

G03*       Volcanogenic anhydrite / gypsum
G04        Bosshi massive siilphlde zn-Cu.Pb
G05        Cyprus massive sulphide cu
G06        Noranda / Kui.oko massive sulphido cu-Pb-Zn
G07        Subaqueous hot spring Ag-Au

Kles'ag®r
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Table 3. British Columbia Mineral Deposit Profiles
Listing by Deposit Group

( Version  2  )

AlmadBn (Spain),  Santa  Barbara  (Peru)

Tsumol. (Namlbla), Klpushl (Zalro),  Ruby Crook (Alaska)

Carlln. Gotcholl  & Cortoz (Nevada)

Kuptorschlotor (Gemany a Polanq), Whlto Pine (Mlchlgan)

LalsvaTI (Sweden), George Lake (Saskatchewan)

Black Hllls (`^lyoming),  Rodalqullar (Spaln)

Cordova Dlstrict (Alabama), Ozark  Region  (Missouri).  Follpe (Brazll)

Treasilro Mtn (Montana), Tr]mouns (  France),  Hendor8on  (Oncarlo)

Eugul  (Spaln), Veltsch  (Austh.a)

llllnols . Kentucky,  Itallan Alps

llllnols -Kentucky,  ltallan Alps

Vlbum urn Trend  (Mls§ourl), Plrio Polnt (Northwest Torritorles)

Navln  &  Tynagh  (lroland)

Mount lsa (Australla),  Faro & Grum  (Yukon|

Blackblrd  & Sheep Creek (Montana).  Boleo (Moxlco)

Nlck (Yukon). Tlanoshan  & Zunyl (Chlna)

Tea  r/ukon),  Magcobar (Ireland)

Sago Creek

Prlnceton. Qullchona

Sumas  Mountain.  Quinsam
Rod Mountaln. Sllv®r Dollar

Mt.  Bru§sllof,  Drift`^iood Crook

Muncho Lake

Llard  Fluorit®

Robb Lake. Monarch

Roovos MacDonald.  H.B.. A9pon,  Duncan

Sulllvari, Clrquo,  Driftpllo

Molongo (Mexlco). Atasu  (Kazakhstan}.  Kalahari  (South Arlca)

Paris  Basin  (Franco), Appalachlan Basins (New York, Pemsylvanla)

Texas.  Loulslana,  Poland. Coronation  (Alberta)

Lake  Enon (Nova Scotla),  Mexlco,  Germany

Metalllne  Falls  Ovashlngton)

Juntllra and Trout Ck  Formations  (Oregon), Lake  Myvatl` (Iceland)

Phosphor[a  Formatlon  (Idaho),  Moskala  (Morocco)

Athabaska  Basln  (Saskatchewan),  Florlda

Mesabi Rai`g®s  (Mlmesota), Mlnas Gorvas  (Elrazil)

Lusslor Rlvor, Wlndormero

Trutch area

Kltsault Lake

Crownlto  Form atlon (Quosnol)

Femlo syncllnorium

Milk  Rlver

Falcon

Verrnilllon  Iron format]on  (Mlnnesota).  Helon  mine (Ontarlo)

Olymplc  Moilntalns (\^/ashli`gton),  Nlcoya  (Cosfa  Rlca)

Besshl (Japan),  Groans Crcok  (Alaska)

Cyprus, Oman

Home &  MlllBnbach (Qu6boc).  Kuroko Dlstrict (Japan)

Osorezan  (Japan)

Britannla,  Falkland

Goldstroam,  Wlndy Craggy

Anyox, Chu  Chua

Britannia,  Kutcho.Crook,  Myra  Falls

Eskay Creek
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Table 3. British Columbia lvlineral Deposit Profiles
Listing by Deposit Group

( Version  2  )

Travertine
Hot spring Hg
Hot spring All-Ag
Epithermal Au-Ag;  high sulphidation
Epithermal Au-Ag;  low sulphidation
Epithermal  Mn
Polymetallic Sn veins
Au-Ag-Te   veins
Hydrothermal  alteration clays-Al-Si

Acid-sulphatB eplthormal,   Narisatsu-type

Adular!a€orlcite eplthermal

Kaolln,  Alunlte,  Slllceous  cap,  Pyrophylllte

Gold-quartz veins
Subvolcanic shear-hosted gold
Turbidite-hosted  gold veins
Iron formation-hosted gold
Polymetallic veins Ag-Pb-Zn
Cu-Ag quartz veins
Silica veins
Silica-Hg carbonate
Stibnite veins and disseminations
Vein barite
Barite-fluorite veins
W veins

113*         Sn veins and gr
Ii4^           u-I n-r<t=t= ve[ns

115*          Fel§ic  plutonic  u

117          Magnesite veins and stockworks

Mesotherm al, Motherlode, saddle reefs

Meguma type

Slmple and dlssemlnated Sb deposits

Bone magileslto, Kraubath-type magneslte
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Ministry of Energy, Mines and Petroleum Resources

Table 3.  British Columbia Mineral Deposit Profiles
Listing by Deposit Group

( Version  2  )

Sulphur Bank (Call/omla), Steamboat Sprlngs (Nevada)

MCLaughlln  (Cawfornla),  Round  Mouncaln (Nevada)

Comstock (Nevada), Sado (Japan)

Talamantos  (Mexlco), Gloryana  (Now Moxlco)

Black  Range  (New Mexico).  Potosl  (Bollvla), Ashlo (Japan)

Emperor (FIJI). Cripple Crcok (Colorado)

Cornwall  (England)

CIlnton.  Slocari

ucluelo'

Clnola

Taseko property, Expo

Lawyers,  Blackdome, Sllbak  Prem]er

D Zone |Casslar)

Montolth  Bay.  Pemberton  Hllls

AlaskaUuneau  (Alaska),  Rod  Lake  (Ontario)

Ballarat (Auslralla),  Meguma  (Nova Scotla)

tlomestake (South Dakota)

Keno  HIIl  (Yukon)

Nlkolal  &  Kathloon-Margaret (Alaska)

Red  Devil? (Alaska)

Jerrltt Canyon  (Nevada).  Bollvla

Del  Rlo dlstrlct (Tennessee). Jebol  lghoud  (Morocco)

Mongollan  fluorito  belt

Pasto  Bueno (Peru).  Cariock Fell  (England)

Com`^/all  (Englar`d).  Lost Rlver (Alaska)

Uranium Clfy (Sakatchowan), Schwartzwaldor (Colorado)

Roy Creek &  Bokan  Mountain  (Alaska),  Masslt Central  (Franco)

Key Lake (Saskatohewan). Jablluka (Australia)

Bralome.  Erickson

Scottle. Snlp, Jotirmy Mountaln.  Iron  Colt

Fras®rgold

Sllvor Queen.  Beaverdoll

Davls-Keays. Churchlll Copper

Granby Polnt

Plnchl,  Bralorno Takla

M]nto, Congress, Snowblrd

Parson. Brlsco

Rock Candy.  Eaglet

Ouncan  Lake

Llttle Gem

Coryoll  lntmuslons,  Surprise  Lake

East Tintlc  (Utah).   Nalca (Mexlco), Sa  Dena  Hess  (Yukon)

F{enison  Boll  & Clevaland (Australla),  Dachang dlstrlct (Chlna)

Lake Valley  (New Mexico),  Phllllpsburg  (Montana)

Ketza Rlver I/ukon)

B]uebell.  Midway

Mosqulto Creek ,  Island Mountain

Mlnes Gasp6  (Qu6boc).  Carl Fork r/ukor`)

(Mexlco),  Ball

ShTnyama (Japan), Comwall  (Ponnsylvannla)

Forli.tudo a Mccoy (Nevada), Buckhom Mountain {Washlngton)

Cantuno &  Mactung  (Yukon),  Pine Crook (Callfomla)

Lost Rlv®r (Alaska), JC ryukon)

Little Boulder Crook (Idaho),  Mt. Tennyson  (Australla)

Fox Knoll  & Lowls  (New York)

Cralgmont.  Phoonlx

Ptodmont. Contact

Tasu, Josslo,  Marry Vvldow,  HPH

Nlckol  Plate

Emerald Tungsten,  Dlmac

Oaybrcak

Coxoy,  Novelty

Crystal Peak

Mlnoral  Hlll, Ro8§land
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Table 3.  British Columbia Mineral Deposit Profiles
Listing by Deposit Group

( Version 2  )

MO1.        Basaltic subvolcanic cu-Ni-PGE
M02         Gabbroid  Ni-Cli-POE
M03         Podiform  chromite
M04*        Anorthosite Ti-V
MOS         Alaskan-type PGE
M06        As bestos
lv107         Serpenti n ite-hosted  in agnes lte.talc
MO8         Vermiculite

P01          Andalusite hornfels
P02         Kyanite family
P03         Microcrystalline graphite
P04         Crystalline flake graphite
P05         Vein  graphite
P06        Corundum  in aluminous mefasediments

"Amorphous"  graphlto

"Lump and  chlp" graphlte

Geological Survey Branch



Ministry of Energy, Mines and Petroleum Resources

Table 3. British Columbia Ivlineral  Deposit Profiles
Listing by Deposit Group

( Version  2  )

Lepanto (Phlllpplnes),  Resck (Hungary),  Kori  Kollo (Bollvla)

Marte & Lobo (Chllo). Ilhlr (Papua New Guln®a)

Tal  Parlt (Phlllpplnos)

Quartz HIIl (Alaska)

Llallagua (Bolivia),  Potato Hllls (Yukon)

Xlngluoken8 (Chlna)

Climax & Henderson  (Colorado)

Equ]ty S»vor,  Them

Snowlelds
Afton,  Copper Mountaln, Galoro Crook

Hlghland Valley, Clbraltar

Endako.  Kltsault. Glaclor Gulch

Boya

Norll.sk  (Russia),  Ouluth  (Mlnnesota)

Lym Lake (Manltoba),  KliJano (Yukon).  Noril.§k-Talnakh  (Russla)                                       Giant Ma8cott Nlckol  mountaln

Josophlno ophlollto (Oregon),  Coto  (Phlllpplnos).  Elazlg  (Turkey)

Ro§oland rvlrglnla),  Pluma llldalgo (M®xlco)

Duke lsland  (Alaska)                                                                                                                                             Tulam®on

Thotford (Quebec)                                                                                                                                      Casslar. Kutcho

Thotford  &  Magog  (Quebec),  Doloro (Ontario)

Enoreo (USA)                                                                                                                                                 Fort Eraser area

Palabora (South  Alrlca).  Oka  (Qu6boc),  Mountaln  pass (Calllomla)                                    Aloy,  Mount Grace tuft

Klmborloy &  Promlor (South Africa)                                                                                                        Cross

Argyle  (Aiistralla)

Blklta  Field  (Zimbabwe).  Blackhllls  (South  Dakota)

South  Platte  district (Colorado).  Bancroft (Ontario)

Rajahstan (India), Appalachlan  Provlnc8  (USA)

Bucklng ham  (Qu6boc)

Biishveld  (South Afrlca),  Brlttany  (France)

Wlllis  Molmtaln  (Vlrglnla),  NARCO (Quebec)

Kelserberg  (Austria)

Lac Knlto (Quebec)

Calumot & Clot (Qu6b®c),  Bogala  (Srl  Lanka)

Gallatln a Madlson  Counties (Montana)
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Table 3.  British Columbia Mineral Deposit Profiles
Listing by Deposit Group

( Version  2 )
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Ministry of Energy, Mines and Petroleum Resources

Table 3.  British Columbia Mineral Deposit Profiles
Listing by Deposit Group

( Version  2  )

Cry Lake, 08den Mountaln

mll 60. Arthur Polnt, Casslar

Thunder Bay (Ontario), Artlgas  (Uruguay), Maraba (Braz[l)

Chlvor and Muzo d[strlcts  (CollJmbla)

Habachfal (Austria),  Loysdorp  (South Afrlca).  Socoto (Brazll)

Coober Pedy  (Aiistral la)

UiT`ba  (Taiizan!a).  Kliiykl  Hlll  (Kenya)

Yoga Gulch  (Montana)

Wabamiin shales  |Alberta)

Rlvl6ro a  Plorre  (Qii6bec),  Black  HHls  (South  Dakota)

Vermont. Alabama, Georgla

Southowram (England)

Blue Moiiiitaln  (Ontario)

Spruce Pine alasklte  (North Carolina)

Dunsmuir shale, Sumas  Mountain

Nanalmo shalo, Satuma Island

Nelson  Island

Marblehead, Andorson Bay (Texada Island)

Haddlngton  Island

Satllma Island. Nowcastlo Island

Moborloy,  Nlcholson

Salmo,  F`evelstok®

Toxada  Island, Quatslno  Bolt

Crawford  Bay,  Rocl( Crook

Moaghar Mountaln,  Buso Lake

Franler, Francois Lake
Trldont Mountain

MCAbbeo, Cissome
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