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PROGRAM
Symposium on Sediment-Hosted Stratiform Gopper Deposits
Friday PM, May 16, 1986through Monday PM, May 19, 1986
Technical Sessions:Southam Hall (Theatre A), Carleton University
Poster Sessions:Loeb Lounge, Carleton University
Friday PM
Registration(14:00-20:00)Foyer, Commons Building, Carleton University
Reception (18:00-22:00)Foyer, Tory Building, Carleton University

SaturdayAM

ANDN6RTHAVrntceN PnOrrnoZoIc DEPoSITS
II.ITR6DUCTIoN

8:30- 8:45

J.A. Coope and
A.J. Naldrett

Welcome and Opening Comments

g:45- 9:05

R.V. Kirkham

Distribution of sediment-hostedstratiform copper
deposits:an introduction

9:05- 9:25

D. Winston*, M. Woods,
C.W. Jefferson, R.V. Kirkham,
J.A. Donaldson

Uiaate to Late Proterozoic(1.8-0.6 Ga) sedimentation, North America

9;25- 9:35

C.W. Jefferson

setting
Stratigraphic,tectonicand sedimentological
of depositsin the Redstonecopper belt, Mackenzie Mountains, Northwest Territories

9:35- 9:50

F.M. Chartrand*, A.C. Brown,
R.V. Kirkham

Diagenesis,sulfidesand metal zoning in the Redstone copper deposit, Northwest Territories
Water-escapephenomena in the Coates Lake
Group, Northwest Territories, and their relationship to mineralization in the Redstonestratiform
copper deposit.

9:50- 10:05 R.L. Lustwerk*,
M.D. Wasserman

Volcanogeniccharacter of sediment-hostedCoCu depositsin the Blackbfudmining district, Lemhi
County, Idaho

10:05-10:25 J.T. Nash*, G.A. Hahn

Coffee Breat

10:25-10:50

of ore depositionat the Spar Lake
Temperatures
strataboundCu-AgdepositintheBeltSupergroup,
Montana.

1.0:50-11:10 T.S. Hayes*,R.O. Rye,
J.F. Whelan, G.P. Landis

ll:10-11:30

Revett-typestratiform silver-copperdepositsatthe
U.S. Borax Noxon project, northwest Montana

T.A. Henricksen*, R.G. Smith,
R.J. Franklin

*Speaker
L7T
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ll:50-12:10
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I.M. Lange*, D. Herberger,
J.W. Whipple

Stratabound Cu-Ag and Pb-Zn mineralization in
the Spokaneand Helena Formations in the eastern
part of the Belt basin, Montana: a common origin?

C.R. Stanley*,A.J. Sinclair

Stratigraphic correlation of stratabound Cu-Ag
depositsof the Bonner Quartzite, Belt Supergroup,
western Montana

12:10-12:.30 R. Seasor,A.C. Brown*
l2:30-14:00
Saturday PM
14:00-14:20

Syngeneticand diageneticconceptsat White Pine,
Michigan
Lunch

Armcar, CHTNESE
eNo Ausrna.LIANPRorERozoIcDEpoSITS
African Ore Shalecopper dePosits

F. Mendelsohn

14:.20-14:40 J.-J. Lefebvre

Lithostratigraphy of copper occurrences in
southernShaba(Zaire), and correlationswith the
Zarftiar copperbelt

l4:40-15:00 W.G. Garlick

Genetic interpretation from ore relations to algal
reefs in Zarrftia and Zabe

l5:00-15:20 A.E. Annels

Ore genesisin the Zambia copperbelt,with particular referenceto the northern sector of the Chambishi basin

l5:20-15:40

Coffee Break

l5:40-16:00 K.J. Maiden, S. Master*

The Mangula copper-silver-golddeposit, Zimbabwe: a Lower Proterozoic Olympic-Dam-type
deposit?

l6:00-16:20 M.A. Sweeney,P.L. Binda*

The role of diagenesisin the formation of the
Konkola Cu-Co orebody of the Zambian copperbelt

16:20-16:40

On a geneticmodel for the Dongchuan type of
strataboundcopper deposit

Ran Chongying

16:40-17:00 D.G. Tonkin, K.J. Maident

20:00-23:00

The role of permeability in localizing the stratabound copper depositsof Mount Gunson, South
Australia

Poster Sessions(?.0:A0-22:00)
and Cash Bar (to 23:00)

Sunday AM

KUPFERSCHIEFER DEPOSITS

8:30- 8:50

J. Kulick, D. Leifeld*,
A.-K. Theuerjahr

A geochemicaland petrofaciesstudy of the Kupferschiefer in Hessia, West Germany

8:50- 9:10

W. Ryka

Rotliegendesvolcanic rocks, sediment lithologies
and paleoenvironments,and basin history

9:10- 9:30

T.M. Peryt

BasalZechsteinin southwesternPoland: sedimentation, diagenesis,and gas accumulations

9:30- 9:50

K.W. Glennie

Someeffects of the mid-Permian Zechsteintransgfession in northwestern EuroPe

9:50-10:10 A. Rydzewski

Stratiform Zechstein copper ore-deposits in
Poland: geology, metal zoning and exploration

l0:10-10:30
*Speaker

Coffee Break
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AND CHINESE PHANEROZOIC DEPOSITS

10:3&10:50 G.E. Smith

Ore-mineralzonation and paleoaquifersas cluesto
ore genesisin a postorogenictectonicsetting,North
Texas copper district

10:50-11:00 D.J.Lapoint

Genesisof Permian and Triassic sandstone-hosted
copper depositsin New Mexico

ll:10-ll:30

G.R. Robinson,Jr.,
J.P. Smoot*

l1:30-11:50Liu Baojun*, Xu Xinhuang

Depositionally controlled stratabound Cu-Zn
mineralization iri Early Mesozoic continental riftbasins
Sediment-hostedstratiform copper deposits in
southern China
The geologyand genesisof Tertiary sandstonecopper depositson the westernmargin of the Tarim
basin, Xinjiang
stratiform copperdepositsof the
Sediment-hosted
central Andes: sedimentological,tectonic and
geochemical aspects

ll:50-12:10 Cheng Shoude

12:10-12:3O S.S. Flint

Lunch

l2:30-14:00
SundayPM
l4:00-14:30 K.W. Glennie

SPEcTALLEcruREs
A summary of desert sedimentary environments,
presentand past

l4:30-15:00 T.R. Walker

Diagenetic alterations in red beds and their application to the origin of copper and other heavy
metals in stratiform ore-deposits

l5:00-15:30 A.W. Rose

Mobility of copper and other chalcophile elements
in low-temperature near-surface environments

l5:30-15:50

Coffee Break
OREPRoCESSES

l5:50-16:
l0

Geochemicalenvironmentsof sediment-hostedore
deposits
Chemical evolution of basinal brines that form
sediment-hostedCu-Pb-Zn deposits
Late-diagenetic origin of Kupferschiefer Cu-Ag
depositsin Poland by convectivefluid-flow of Rotliegendesbrines
Hydrogeology and sulfidic alteration history of
shallow fluvial aquifers, northwest Gulf of Mexico sedimentary basin

H.P. Eugster

l6:10-16:30D.A. Sverjensky
16:30-16:50E.C. Jowett
l6:50-17:10 W.E. Galloway
20:N-22:00
Monday AM
8:00- 8:20

8:20-8:40

*Speaker

Postersand Cash Bar
ExAMpLEs FRoM CHINA; GEoCHEMICAL ASPECTS;Cl-osrxc Rpuenxs
Pei Rongfu*, Wu Liangshi

Mineral exploration and assessmentof sediment-

Jing Qineming

hosted stratiform copper depositsof China
Geologicalfeaturesof the stratabound Cu ore belt'
Daban County, northern Tianshan Mountains,
Xingjiang, China
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8:40- 9:00

T. Branam*, E.M. Ripley

Chemicaland isotopic studiespertainingto the genesisof sediment-hostedCu mineralization in southcentral Kansas

9:00- 9:20

L.D. Hoy*, H. Ohmoto,
A.W. Rose, F. Dimanche,
J. Coipe.

Constraintsfor the genesisof red-bed-associated
stratiform Cu depositsfrom S and C mass-balance
relations

9:20- 9:40

D.W. Haynes*, M.F. Bloom

Possibleconirolson metalratios in stratiform copper deposits

9:40-10:00

T.N. Walthier

The role of scientific researchin mineral exploration

l0:00-10:20
l0:20-ll:?.0

Monday PM

*Speaker

Coffee Break
Naldrett (Chairman), Rose,
Binda, Haynes, Mendelsohn,
Brown

Panel discussionand question period

PosterSession(14:@-16:00)

t75
POSTER PRESENTATIONS
The posterpresentationswill be exhibitedin rooms adjacentto SouthamHall. Authors of posters
will be availablefor consultationson the eveningsof Saturdayand Sunday,May 17 and l8; posterswill
also be on exhibit during the afternoon of Monday, May 19, in the Loeb Building, Upper Level.
Pier L. Binda, Henry T. Koopman and Elizabeth R. Koopman
A stratiform copper occurrencein the Helikian Siyeh Formation of Alberta and British Columbia
Gregor Borg and Kenneth J. Maiden
Strataboundcopper-silver-goldmineralizationof Late Proterozoicagealong the margin of the
Kalahari craton in SWA/Namibia and Botswana
Alex C. Brown
A casefor exhalative or pene-exhalativehydrothermal activity in the genesisof sediment-hosted,
stratiform copper deposits
Alex C. Brown
Terminology for sediment-hostedstratiform copper deposits
Frederick W. Chandler
quartz arenite,
Strataboundcoppermineralizationin Early Proterozoicmarine-transgression-related
Cobalt Group, Ontario
Chen Wenming
Sediment-hostedstratiform copper deposits in China
Chen Wenming
of the sandstone-and shale-hostedstratiform copper deposits
The diagenesisand minerogenesis
in South China
Dominique Cluzel and Louis Guilloux
Hydrothermal character of the Shaba Cu-Co-U mineralization
Peter F. Folger
The geologyand geochemistryof the carbonate-hostedOmar copperdeposit,Baird Mountains,
Alaska
I.F. Gablina
Transformation of copper-bearing$andstonesand shalesin the processof metamorphismand
hypergenesis
Simon J. Haynes
Kuhne-mes,southern Iran: a sabkha-relatedstratiform Cu-Pb deposit.
Jan Hoeve and David Quirt
A diagenetic-hydrothermalorigin for unconformity-associated and stratiform copper depositsin
the Central African and Michigan copper districts
E. Craig Jowett
Effects of tectonic environment on Kupferschiefer-type deposits
A.M, Lur'ye
Some aspectsof evolution of copper metallogenesisin red-bed formations
Kenneth J. Maiden, Gregor Borg and Sharad Master
Structural traps for stratabound copper deposits
Sharad Master and Kenneth J. Maiden
Metamorphic featuresof strataboundcopper-silver depositsat Mhangura, Zimbabwe
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MortezaMomenzadeh
Submarinevolcanism as the only sourcefor stratiform copper: two examplesfrom lran
Ananda D. Mukherjee, N. Bhattacharyyaand A.B. Chowdhury
Sediment-hostedstratiform copper mineralization from Early Proterozoic rocks of southernIndia
Slawomir Oszczepalski
Copper shalein southwesternPoland: paleoenvironments,distribution of metals, and ore controls
Ran Chongying
Environmental significance of algal stromatolites and their relation to copper ore in the Luoxue
Formation of the Kunyang Group in Dongchuan, Yunnan
JeremyP. Richards and Edward T.C. Spooner
Evidencefor a magmatic fluid associationin KeweenawanCu-sulfide fissure-veindepositsat
MamainsePoint, Ontario: possiblerelationshipsto strataboundbasalt-hostednative copper
Robert J. Ryan, Robert C. Boehner,Ralph R. Stea and Peter J. Rogers
Geology, geochemistryand the exploration potential of sediment-hostedstratiform copper-silver
occurrencesin Permo-Carboniferousstrata, easternpart of the Cumberlandbasin, Nova Scotia
KeesSchrijver, SergeR. Chev6and Normand Tass6
in fenestralstructuresin carbonaterocks: a possibleaid in exploration for
Mineral assemblages
copper deposits
Amit Segev
Syngeneticcopper-enricheddolostonesas a source for epigeneticcopper mineralization in sandstonesand shales,Timna, Israel
StanislawSpeczik,CzeslawSkowronek,Gunther Friedrich, Ralf Diedel, Franz-PeterSchmidt and Claus
Schumacher
The environmentof formation and sourceof metalsfor someKupferschieferoccurrencesin central Europe
RaphaelUnrug
Landsat-basedstructural map of Lufilian arc and the Kundelungu aulacogen, Shaba (Zure),
Zambia, and Angola, and the tectonicposition of Cu, Co, [J, Au, Zn,Pb, and Fe ninslalizafign
Wang Daohua
On the origin of carbonate-hostedstratiform Cu depositsin the Lower Yangtzeregion, eastern
China
Wang Wenbin, Ji Shaoxing, Xing Wenchen, Wu Huairen, Zhou Hanming and Xue Yuyi
Geologicalcharacteristicsand genesisof stratabound depositsof Cu-bearingpyrite in the JtujiangRuichangarea, Jiangxi, China
Halina Wazny
Trace-elementdistribution in the lowermost Zechstein copper-bearing deposits of the southern
part of the Fore-Sudeticarea, southwesternPoland.
Donald Winston
An alluvial apron and playa-margin interpretation of Cu- and Ag-bearing sedimentary rocks'
Middle Proterozoic Belt Supergroup of Montana and Idaho

ABSTRACTS
OREGENESISIN THE ZAMBIA COPPERBELT,
TO THE
WITH PARTICULARREFERENCE
NORTHERNSECTOROF THE CHAMBISHIBASIN
ALWYN E. ANNELS
Departmentof MineralExploitation, UniversityCollege,NewportRoad, Carddf, WalesCF2 ITA
Proposalshave been made by the author (Annels 1984,Annels & Simmonds 1984)that the Ore
Shaleof the Zalrftian Copperbeltwas depositedwithin a northwesterlyoriented rift-zone and that the metallization ofthis horizon was due to hydrothermalleakagefrom the bounding fractures,either directly onto
the sea floor or into relatively unconsolidatedsediment.In an attempt to provide a flrm basis for this
hypothesis,a study of the sulfide depositsaround the northern rim of the ChambishiBasin was undertaken. Thesedepositsare, from west to east, Mwambashi B, Pitanda, Chambishi @ast and West) and
ChambishiSouthEast. Within thesedepositsthereis arar.gein type, from small localizeddepositsin footwall arenitesand conglomeratesdeepwithin the FW Formation, to similar depositsin the immediatefootwall of the Ore Shale,to extensivedepositsin the Ore Shaleitself. Someof the problemsconfionted include
the depth and stageof emplacementof the sulfidesand the sourceand temperatureof the transporting
fluids. Evidenceis presentedfrom Chambishithat structuresin the basementrocks could have allowed
the escapeof metal-rich fluids into the overlying cover-rocksof the Lower Roan. The resultsof preliminary studiesof fluid inclusionsand stable isotopesare also reviewed,along with details of the various
stylesof mineralizationand of the diagenetic- metamorphicfabric of the rock. An attempt is made to
fit all this information into a unified theory that explainsthe disposition and stratigraphic location of these
deposits.
RnrBnnNcss
Awr.nrs,A.E. (1984):The geotectonic
environmentof Zambiancopper-cobalt
mineralization.J. Geol. Soc.l4l,
279-289.
-

& StvttrtoNos,
J.R. (1984):Cobalt in the Zambiancopperbelt.PrecambrionRes.25,75-98.

A STRATIFORM COPPER OCCURRENCEIN THE HELIKIAN SIYEH FORMATION OF
ALBERTA AND BRITISH COLUMBIA
PIER L. BINDA, HENRY T. KOOPMAN aNo ELIZABETH R. KOOPMAN
Deportmentof Geologlt,Universityof Regina,Regina,.Saskatchewan
S4S0A2
In the Clark Range,the boundary betweenthe upper Grinnell and lower SiyehFormations of the
Middle Proterozoic Purcell Supergroupmarks a major marine transgression.The upper Grinnell is a
coarsening-upwardsequence,from red argillites depositedon a cyclically desiccatedand flooded marginal
marine mud-flat to clean quartz-arenitesformed in a beachcomplex. Black and greenargillites and arenites
of the basalSiyehFormation weredepositedin a shallowmarine reducingenvironment,whereasthe overlying carbonatesweredepositedon a broad shelf developedbeyondthe reachof clasticsupply. Stromatolites developedon tempestitemounds that were depositedby storms on the carbonateshelf. Two cycles
of sanddepositionmark the progradationof coastaldepositstoward the end of Lower Siyehtime. Facies
relationsand paleocurrentdirectionsare consistentwith a west-to-easttran$gressionand longshoretransport of sand from the south. Laterally impersistentore-gradeCu occurrenceshave been reported from
Grinnell quartz-arenitesby severalauthors. Our examination of the argillites and arenitesin the basal few
metresof the SiyehFormation at25 localitieshas revealeda stratiform Cu occurrencethat is continuous
around the Akamina Syncline.Coppervaluesrangefrom a few hundredto a few thousandppm. Stromatolitic
carbonatesof the lower Siyehhost a Pb occurrencethat may have considerablestratigraphiccontinuity.
t77
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AGE
OF LATEPROTEROZOIC
MINERALIZATION
STRATABOUN
D COPPER-SILVER-GOLD
ALONG THE MARGIN OF THE KALAHARI CRATONIN SWA/NAMIBIA AND BOTSWANA
GREGOR BORG ANDKENNETH J. MAIDEN
SouthAfrica
Departmentof Geologlt,Universityof the Witwatersrand,I Jan SmutsAvenue,Johannesburg,
A number of late Proterozoicbasinsform a belt 2500km in lengththat stretchesalong the northern
margn of the Kalahari Craton. The basinshaveformed in an extensionaltectonicenvironment,with intensive
block-faulting. A lower volcanic suite is bverlain by a successionof continental red-beds.Above thesebeds
lie grey and green, fine clastic sedimentsand carbonatesdepositedin a shallow marine environment. The
whole successionis affected by metamorphism in the lower greenschistfacies and is slightly deformed by
tectonism of Damaran age. In the volcanic suite, copper mineralization occurs in basaltic lavas that are
strongly altered locally, and gold mineralization is hostedby felsic porphyries. Stratabound copper deposits
with chalcocite, bornite and chalin the fine clastic sedimentsconsist of Cu-Ag-Au-(Pb)-(Zn)-Mo-Co,
copyriteas the principal ore-minerals.Exploration to date hasshownthe existenceof five mineralizeddistricts, with orebodiesof betweenI and 20 million tonnes. Although the mineralization showsa stratabound
character,'itis not limited to a singlehorizon or host-rock. Copper mineralizationoccursin pyritic slate,
metasiltstone,pyritic sandstone,calcareousslate and detrital and algal limestone.Fluids are considered
they leachedmetalsout of the volcanicrocks and precipi
to havemoveclupward through the succession;
tated them in favorablehost-rocks.Basementfaults, forming horst and grabenstructures,had a channeling effect on the moving fluids and determinedthe localization of the orebodies.An early- to late-diagenetic
origin of the mineralization is proposed, and a comparisonis drawn with the depositsof White Pine,
Michigan.

CHEMICALAND ISOTOPICSTUDIESPERTAININGTO THE GENESISOF SEDIMENTHOSTEDCu MINERALIZATIONlN SOUTH-CENTRALKANSAS
TRACY BRANAM* ANDEDWARDM. RIPLEY
Departmentof Geologlt,Indiona University,Bloomington,Indiana47405'U.S.A.
Subeconomicsulfide mineralizationoccursin unmetamorphosedPermian sedimentaryrocks of southcentral Kansas, primarily in carbonales and grey-greenshalesthat are interlayered with barren red-beds.
The principal sulfide mineralsare pyrite, chalcopyrite,bornite, digeniteand chalcocite.Petrographicevidence,sulfur isotopevaluesand a good positivecorrelationbetweensulfide sulfur (S) and organiccarbon
(C) indicate that pyrite is of early diageneticorigin. Within most mineralizedrocks'examined,textural
evidenceindicatesthat copper-enrichedsedimentsare characterizedby a poor S/C correlation. The amount
of S is quite variable, whereasthe amount of C presentis consistentlylower than that in pyrite-bearing
sediments.
for CuSulfur isotopevaluesrangefrom -30 to -4A Yoofor pyrite-bearingsediments,-8 to -19 0/6s
-23
-35
yoo
a CuWe
suggest
that
in
shales.
sulfides
for
Cu-enriched
to
in
and
rich sulfides carbonates,
value sirnilar to tho$e of sulfate minerals in the sedimentarysequence
*A SOnt-U.*ing fluid, with a D31S
(+ 12to + 15 %o), wasinvolved in the genesisof post-pyritesulfides.Observedisotopic signaturesof sulfide, *ere producea as a result of dif6ring reaciion-michanisms related to the amount of initial pyrite
present and the amount of reduced sulfate utilized in mineral precipitation. In shales, abundant initial
pyrite relative to the Cu content of the fluid causedlittle utilization of reduced sulfate, resulting in Cusulfides isotopically similar to initial pyrite. In carbonates, insufficient pyrite relative to the amount of
Cu in the fluid allowedunfractionated,reducedsulfateto be utilized in Cu-sulfide formation, producing
sulfides isotopically heavierthan initial pyrite. In both cases,sulfate reduction was accompaniedby oxidation and depletion of organic matter.
*Speaker.
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A CASE FOR EXHALATIVE OR PENE-EXHALATIVEHYDROTHERMAL ACTIVITY
IN THE GENESISOF SEDIMENT-HOSTED,
STRATIFORMCOPPERDEPOSITS
ALEX C. BROWN
Ddpartementde Gdniemindral,EcolePolytechnique,Casepostale6079,succursale
A, Montrdal, QudbecH3C 3A7
Most recentstudiesof sediment-hostd stratiform copperdepositsindicate that copper and associated
metals were addedto the host rocks after sedimentation and afler at least very early syndiageneticaccumulations of sulfate and sulfide (e.g., anhydrite, pylite or their precursors).The amount of time between
sedimentation and metal emplacementin a given bed or lamina may approach zero, but many features
(such as overgrofihs and replacementtextures) indicate clearly that within the sequenceof recognizable
syndiageneticand diageneticevents,metal depositionwas postsedimentary.Consequently,the casefor
a direct exhalative model for metal emplacementis excluded. However, the widespread, abnormally high
background content of metals of Kupferschiefer-type host rocks could be attributed to dispersedexhalations into the depositionalbasin. Sulfur-rich Cu-Fe-S mineral assemblages
such as pyrite-chalcopyrite
would result from the paucity of copper relative to syndiageneticbiogenic sulfide production, and are typical of this environmentPene-exhalativehydrothermal activity would be consistent with ore-grade concentrations, which
commonly include copper-rich, sulfur-poor mineral assemblages$uch as chalcocite-digenite-bornite. In
this model, exhalative-typemetalliferous fluids encounter porous oxidized strata, such as red-bed clastic
units, before reaching the sediment-water interface; in effect, the ascendingfluids "vent" into an aquifer
and establisha reservoir of ore solutions, typically confined beneath very fine-grained, highly impermeable beds rich in organic matter. Thesegrey bedscontain sulfides (or sulfates that may be reduced biogenically during very early diagenesis)and form a chemical sink for copper. The short-range introduction of
copper from the adjacent red-beds is achievedby infiltration or diffusion (or both). A continued influx
of copper and a fixed supply of original sulfur within given laminae would assurethe typical copper-rich
mineral assemblage.The pene-exhalativemodel merely accountsfor the required adequatesource of copper within the red-bedreservoir.
Suitable environments for the generation and circulation of exhalative-typeore fluids can be found
in the regional tectonic settingsof most sediment-hostedstratiform copper deposits; rift features contemporaneous with host sedimentsare readily apparent in many cases,and have been inferred in most other
cases.Local features, suchas effects of low-temperature hydrothermal alteration and polymetallic mineral
assemblages,
should be re-examinedas possiblesupport for this model.

TERMINOLOGY FOR SEDIMENT-I{OSTED STRATIFORM COPPER DEPOSITS
ALEX C. BROWN
Departementde Gdniemindral,EcolePolytechnique,Casepostale6079,succursole
A, Montrdol, QudbecH3C 3Az
Efforts to determine the genesisof stratiform copper deposits hosted by sedimentsare frustrated
not only by the nature of the deposits and their settings, but also by our improper and inconsistent usage
of terms. Furthermore, there are no totally satisfactory terms in some cases.Among the most prominent
"problems" in the literature today, we find that l) The term sedimenlaryis commonly usedlooselyand
incorrectly in place of stratiform (or better, sediment-hosted,stratiform). Post-sedimentary clearly applies
wherean event follows sedimentation,but doesnot distinguish among all eventsof suchnature: diagenetic,
metamorphic, structural, elc. 2) Allusion to a type locality, such as "Kupferschiefer-type", is inadequate
where a particular deposit is dominated by features not seenin that type localiry. 3) The terms syngenetic,
syndiagenetic,diogenetic and epigeneticare commonly used ambiguously. Are theseterms applied to the
metals(s)and sulfur separately(lhe "diplogenetic" concept),or to the metal(s)and sulfur together?How
important is the "dia-" component of a syndiagenetii deposit relative to the "syn-" ? Doesdiagenetic refer
to a processor to a product? The term ought to be restricgd to those processesinvolving internal ingredients of the host rock. Or doesit refer to a post-sedimentarytiming of deposition?Doesthe author erroneously restrict epigeneticto structurally controlled processesor products (shadesof the so-called "Lindgren
school")? 4) Esrly diogenesismay be used without sufficient qualification of the term early: such usage
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is excusableonly wherea diageneticprocessor eventprecedesan identified "later" event,and preferably
used only where a feature (e.g., a mineral depositionor a textural transformation) identifies a specific
early diageneticmoment or event. 5) Remobilizalloreis commonly usedwithout adquatespecificationof
the scaleof observation or distanceof transport: intended dimensionsmay vary from the microscopic scale
to the regional, and the author must specify his intent.
On the other hand, attempts to use accurate terminology can produce awkward results, the title
for this symposiumitself being an example.The geometryof somedepositsincluded under this title surpassesconfigurationspermitted by the term "stratiform"; are we committed historically to this term?
STRATABOUND COPPER MINERALIZATION IN EARLY PROTEROZOIC
MARINE-TRANSGRESSION-RELATED OUARTZ ARENITE, COBALT GROUP. ONTARIO
FREDRICK W. CHANDLER
GeologicalSumeyof Conada,601Booth Steet, Ottawa,OntarioKIA 0E8
Within the Huronian Cobalt Group, the upper part of the Lorrain Formation consistsof 1500m
of drab quartz arenitewith minor red-bedsat the top. It is conformably overlain by up to 60 m of red
sandstoneand brecciatedred mudstonecontainingup to 36 horizons of anhydritenodulesand their silicified equivalents.The nodule-bearingzoneis conformably overlain by about 8@ m of drab, pyritic sandstoneto-mudstoneturbiditeJike cycles,generallylessthan 50 cm thick, which comprisethe bulk of the Gordon
Lake Formation. The depositionalenvironmentof theserocks has beencontroversial.They werebelieved
to havebeendepositedunder a climatechanglngfrom hot and wet to cold and dry, unusualclimatic conditions for the chalcopyritemineralizationpresentin the upper pan of the quartz arenite and the nodulebearing zone.
New petrographic and isotopic data suggestthat the quartz arenite is alluvial in origin and was feldspathicon deposition.The nodular red sandstoneis of sabkhaorigin, and the overlyingturbidite-like beds
are marine-shelf storm deposits. The climate was warm and relatively dry. Therefore the revised sedimentary and paleoclimaticinterpretationsare better in tune with thoseof other examplesof marine-transgxessionrelated copper mineralization.
Diageneticleachingof the previouslyfeldspathicquartz arenitemay havereleasedcopper,with greatest
concentrationsin secondarilyreddeneddiscordanttonguesin the sandstone.Sulfur, presentas pyrite in
the lower part of the Gordon Lake Formation, is far in excessof that containedin the copper sulfide,
indicating that the amount of sulfur or reductants present did not limit the copper mineralization. Sparsenessof the copper is possibly due to lack of copper-richmaterial in the diageneticquartz arenite.

DIAGENESIS, SULFIDES AND METAL ZONING IN THE REDSTONE COPPER
DEPOSIT. NORTHWEST TERRITORIES
FRANCIS M. CHARTRAND* AIP ALEX C. BROWN
A, ModreaL QudbecH3C 3A7
Ddpartement
de Gdniemindrat,EcotePolytechnique,Casepostate6079,Succarsale
RODNEY V. KIRKHAM
GeologicolSuney of Conada,601Booth Street,Ottawa,OntarioKIA 0E8
The Redstonecopper deposit, hostedby Upper Proterozoic sedimentsof CoatesLake Group, occurs
in the cyclically transgresiivestratigraphic interval betweencontinental red-bedstrata of the RedstoneRiver
Formation and euxinic subaqueouscarbonatesofthe overlying CoppercapFormation. Subaqueousand
subaerial mafic volcanic rocks lying stratigraphically beneaththe red bedsmay have provided cupriferous
detritus to the depositional basin. Metailiferous sulfide minerals (principally chalcocite, drgenite, bornite,
chalcopyrite and pyrite, as well as minor amounts of sphalerite, galena and molybdenite) are hosted by
dolosiltites, dololuiites and microbially laminated limestonesand dolostones. Thesecarbonatesare inter*Speaker
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calated with continental siltstonesand mudstones, and form as many as sevenred-bed clastic-to-marginal
marine carbonate cycles within a transition from continental to subaqueoussedimentary rocks.
Geochemical profiles across the deposit show copper enrichment in the lowermost three clasticto-carbonatecycles,and iron mineralizationtogetherwith minor lead-zinc enrichmentin the upper four
cycles;minor molybdenrtmenrichmentoccursin the basal cycle. The distribution of sulfide mineralsreflects
this geochemicalzoning. Petrographic studies at the regional and local scalessuggestthat the host rocks
were deposited in environments comparable to those of modern sabkhas. Paragenetic analysesindicate
a consistent sequenceof deposition of gangueand ore-forming minerals that formed through syngenetic
to early dia$enetictime: (l) precipitation of syndiageneticg11psum,anhydrite, followed by dolomitization
and precipitation of framboidal pyrite and calcite; (2) very early diagenetic precipitation of quartz and
feldspar, and (3) subsequentearly diageneticprecipitation of cupriferous sulfide minerals (also minor quantities of molybdenite, galena,sphaleriteand a secondgenerationof pyrite).

SEDIMENT.HOSTED STRA']flFORM COPPER DEPOSITS IN CHINA
CHEN WENMING
TheInstitute of Mineral Deposits,ChineseAcademyof GeologicalSciences,
Baiwanzhuang
Road,Beijing, China
A detaileddescriptionis made of the type, scale,ore gradesand spatial distribution of sedimenthostedstratiform copperdepositsin Archean to Tertiary rocks in China. The minerogeneticand geologi
cal character,distribution and ore guidesare also documented.The reservesof stratiform copperdeposits
make up 25t/oof the total reservesof copper in China. Proterozoic carbonate-hostedstratiform copper
depositsrank first among the stratiform copper depositsin China (630/o).Most of the depositsin carbonate
rocks are large or medium in size;the tenor of the ore in thesedepositsis intermediate(0.5-l9o). These
depositswereformed mainly in lower terrigenouscarbonatestrata in the early stagesof geosynclinedevelopment. The secondmost important depositsare Mesozoicand Cenozoicsandstone-and shale-hostedstratiform copperdeposits.Their reservesmake up 2190of the total stratiform copperreseryesin China. Most
of thesedepositsare moderatein size,but they are richer in gradethan the oresof other types.They were
formed mainly in molasse-type$trata during the later stagesof platform development.
A changein paleoclimates(the transition betweena hot-dry climate and a humid-dry climate) and
the formation of copper-bearingzonesof weatheringwere favorablefor mineralization.Sediment-hosted
stratiform copper depositswere formed through three progressiveprocesses:(l) weatheringand enrichment, forming surficial copper-bearing zones, (2) sedimentary enrichment, forming copper-bearing protores, and (3) diageneticenrichment,forming orebodies.

TI{E DIAGENESIS AND MINEROGENESISOF THE SANDSTONE- AND SHALE-HOSTED
STRATIFORM COPPER DEPOSITS IN SOUTH CHINA
CHEN WENMING
TheInstitute of Mineral Deposits,ChineseAcademyof GeologicalSciences,
Baiwanzhuang
Road,Beijine, China
This paper proposesthat sandstone-hosted
copper depositsare enrichedand form mainly during
diagenesis,and identifies the criteria, conditions and mechanismsof diageneticmineralization. The following factors are responsiblefor the migration and concentration of copper and other metals during diagenesis:(1) changesin the T, P, Eh and pH ofhost rocks during diagenesis,(2) variabilitiesin the content
of reductants(organic matter, pyrite) and in the intensity of gasescapingin the sediment,and (3) the nature
of overlying sediments:variations in pressure,crystallization,cementationand gravitation give rise to variable
degreesof filter dehydration and crystallization-cementationdehydration. Copper and other metalsmigrate
from those sedimentswith low amountsof reductantsand poor porositiesto sedimentswith more reductants and higher porositiesor better developedsystemsof fractures. For this reason,copper and other
metalsin sandstonecopper depositsmove from violet-coloredargillaceousrocks and concentratein the
light-colored sandstone.

182

TIIE cANADIAN

MINERALocIST

THE GEOLOGYAND GENESISOF TERTIARYSANDSTONECOPPERDEPOSITSON THE
WESTERNMARGIN OF THE TARIM BASIN, XINJIANG
CHENGSHOUDE
Research
Institute of Geotogy,GeologicalBureauof Xfiiang, Urumqi,Xfiiang, People'sRepublicof China
The sandstonecopper deposits of Xinjiang, China are located at the western margin of the Tarim
Basin. One of these deposits occurs in the lower part of the Pliocene strata and in the upper part of the
Mioceneand is locatedin greensandstones.The sandstonecopperdepositsare generallymany kilometres
in extent. The enrichedzone of the copper ores is located at 220 m depth. The averagethicknessof the
orebody is about 40 cm, and the greatestthicknessis more than 2 m. The host rocks consist predominantly
of quartz as well as minor amounts of feldspar and lithic fragments. The principal cement is,calcareous
attd in.ludes an abundanceof copper-bearingmineral fragments. Abundant malachite, cupriferous mica
and cuprite occur within the oxidized zone of the deposits.According to the characterof the deposits,
the genesisof these deposits can be consideredto be syngenetic.They formed initially in lake sediments
of the Tertiary period and then underwent concentration in the course of diagenesis'
HYDROTHERMAL CHARACTER OF THE SHABA CU-CO-U MINERALIZATION
DOMINIQUE CLUZEL
t-lniversitdd'Orldans,45046OrldansCedex,Fronce
G|ologie
dynomrque,
Lsboratoirede
LOUN GUILLOUX
Bottepostale6009,45060OrldonsCedex,France
Minlraux,
BRGM DAM/Gltes
fhe qligin of the Shaba stratiform Cu-Co-U mineralization of the Mines Seriesis still subject to
contention. The present paper deals with the study of the host rocks and puts forward argum€.ntsfor a
possible hydrothirmal origin. Three types of paragenesesare distinguished in the host metasedimentsof
itre tuirhu, Lwiswshi, Lukuni, Etoile and Kakanda deposits: 1) aluminous, with chlorite + clinochlore
+ phengite + kyanite + dolomite + quartz; 2) magnesian,with clinochlore + phlogopite + magnesite
(+'quaiz); 3) potassic,with microcline + phengite + quartz. In rnany cases,thesepotassicmineralswere
formed after the early albite- and paragonite-bearing associations.
In spite of the retrograde alteration, which is indicated by the presenceof argillaceous minerals (e.9.,
kaolinite after kyanite, chlorite after phlogopite), most mineralogical associationsderive from regional
hydrothermal alieration, with temperaturesranging from 300 to 350'C and pressuresranging between I
and 2 kbar. Theseminimum condiiions were estimatedby the study of the extent of Na-K and Al-Si substitutions, the measurementof the crystallinity inilex of the aluminous potassic micas, and the study of
fluid inclusions.
In the ShabaCu-Co-U host sediments,the presenceof kyanite in associationwith dolomite posesa
problem. Kyanite usually occursin the regional metamorphismof argillaceoussedimentsunder higher metamorphic griAes. Tempirature and, in particular, pressure, reached by the Shaba sedimentsare clearly
higher than those prwiously determined. The mineralogical assemblagesare closely associatedwith sulfides and are scatteredin the immediate environment of the metasediments.These assemblagesare different from thosethat occur farther awayfrom the depositsand suggestan aureoleof Al-Mg-K hydrothermal
alteration around the mineralizedzone.
The occurrenceof and geological relationships betweenthe stratiform Cu-Co-U mineralization and Alresponsiblefor
Mg-K host sedimentssuggestthat the genesisof the sulfidesis closelyrelatedto processes
thi formation of host-rock minerals at shallow depths in a playa environment. A hydrothermal process
involving an intra- or extrasedimentaryCu-Co-Cl-enriched water is the most obvious explanation for the
data. Theseelementsmay have resulted from leaching of the volcanic basementand would then have been
depositedaround the points of fluid emergenceand would have impregnated the high-permeability formation. The authors preient a model of hydrothermal circulation contemporaneouswith sedimentation; circulation continued during compaction and becamemore intense with pre- and syntectonic diapiric rise
of the Mine Seriesthrough the KundelunguFormation. On tle basisof the geothermalsystem,11sserlimenthostedstratiform Cu-Co-U depositsof Shabaappearto conespondto incipient strataboundsulfide accumulations that were overprinted by hydrothermal and diageneticprocesses.Regionalmetamorphismhasmodified the initial features of the host sediments, forming new mineralogical assemblages.
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GEOCHEMICAL
ENVIRONMENTS
OF SEDIMENT.HOSTED
ORE DEPOSITS
HANS P. EUGSTER
Departmentof Eafth and PlanetarySciences,
JohnsHopkins University,Baltimore,Maryland21218,U.S.A.
Sediment-hostedCu-Zn-Pb depositscan be classifiedwith respectto their geochemicalenvironment
representedby pH and temperatureof the ore fluids and nature of host rock$. MVT (Mississippi-Yalleytype) depositsinvolve interaction of hot, acid brines with carbonatehost-rocks,with the brines carrying
metalsand perhapsalso sulfur for long distances.The KST (Kupferschiefer-type)depositsincludethe Permian Kupferschieferof northern Europe, the Creta Lake depositof Oklahoma, the Zambian Copperbelt,
the Cretaceousof Angola and many others; they are characterizedby shalehost-rocksand by cool acid
brines derived locally. Alkaline brines of continental basinsform the GRT (Green-River-type)deposits
such as McArthur River, Mt. Isa and Dugald River of northern Australia. Wiiliams & Ross (1981)proposeda lacustrine setting for McArthur River, and Muir (1983)identified an alkaline lake for Dugald River.
Outokumpu in Finland may also be a GRT deposit@ugster1985).Sandstone-hosted
copper deposits(SH'f)
can be fitted into a classrelated to KST. Existenceof acid and alkaline ore-fluids reflects the pH dependenceof mineral solubilities.Temperatureis largely a function of depth of circulation. Acidity is created
by mineral precipitation, mineral alteration, boiling and decayof organic matter. Its presencecan be recognized by wall-rock alteration. Alkaline brines are identified by the presenceof Magadi-type chert and volcanic tuffs altered to zeolite - analcime- potassiumfeldspar zones.Much work remainsto be done to
refine this approach.
REFERENcES
Eucsrsn,H.P. (1985):Oil shales,evaporitesand ore deposits.Geochim.Cosmochim.Acta 49, 619-635.
Mun, M.D. (1983):Depositionalenvironmentsof host rocks to northernAustralianlead-zincdeposits,with
specialreference
to McArthur River./n Sediment-Hosted
StratiformLead-ZincDeposits(D.F. Sangster,
ed.).
Mineral. Assoc.Can., Short CourseHandbook6. l4l-174.
Wrruaus, N. & Ross,G.L. (1981):Depositionalenvironmentsof the sedimentshostingthe McArthur River
stratiform Pb-Zn deposits.Geol. Soc.Aust., Abstr. Vol. 3,8.

SEDIMENT-HOSTED
STRATIFORMCOPPERDEPOSITSOF THE CENTRALANDES:
SEDIMENTOLOGICAL,
TEC']TONIC
AND GEOCHEMICAL
ASPECTS
STEPHEN S. FLINT
Koninkliike/ShellExploratieen ProduktieLoboratorium,Volmerlaan6, Rijswijk, TheNethertands
Although famous for porphyry-style copper mineralization, the Central Andes contains severaleconomic to subeconomicsediment-hosted,stratiform copper ( + silver) depositsof small sizebut relatively
high grade. They range in agefrom possibly Permian to Pleistoceneand are hosted exclusivelyby red beds.
Host rocks vary in grain size from conglomeratesto siltstones,representinga seriesof alluvial fan and
playa subenvironmentswithin arid, intermontane basins. These fault-controlled molassebasins evolved
during extensionalperiods within the generallycompressiveAndean orogen. The location of orebodies
is controlled by sedimentaryfaciesand host-rock diagenesis.In all casesthe ore minerals occur dominantly
asan intergranularmatrix that postdatesearly diageneticmodifications to the assemblage
of detrital minerals.
Local remobilizationrelatedto deformationhasproducedlater systemsof discordantveinsin someexamples. Ore minerals are dominated by binary copper sulfidesand native copper with later oxides. These
assemblages
were precipitatedin secondarypore-spacesfollowing dissolution of early cements:reduced
copper specieswere fixed during temporary reducing conditions within the generally oxidizing intrastratal
system.Such local conditions were produced in some casesby detrital organic material, which is commonly replacedby ore minerals; however, in many examples,organic matter is either absentor represented
by epigeneticmatrix-residues. In the latter, there is a spatial relationship betweengeneration of secondary
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porosity, organic residuesand mineralization. It is postulatedthat humate-richgroundwaterwas a preiequisiie foimineralization. A possiblesourcefor iuch dissolvedorganic acids could be via diagenesis
of preservedorganic-matter-richsediments,as found in recent arid playas in the Andes.

OF THE CARBONATE.HOSTED
THE GEOLOGYAND GEOCHEMISTRV
OMAR COPPERDEPOSIT,BAIRD MOUNTAINS, ALASKA
PETERF. FOLGER
Depsrtmentof Geology,universityof Montona,Missoula,Montona 59810'U.S.A.
The study area,locatedin the westernBrooks Range,containsPaleozoicshallow-waterplatformal
carbonaterocks that comprisepan of the Brooks Rangefold-and-thrust belt. Mineralizedzonesexposed
on the surfacerange from a f& m"tre. to 20 metressquare,and are strataboundin a dark grey, finegrainedDevoniandolostone.Sulfidemineralizationwasmost extensivewherepatchesof locally abundant
iregafossils,includingrugosecoralsand stromatoporoids,occurwithin the Devoniandolostone.The most
conrmonsulfidesin outJrop are bornite and chalcopyrite,with lesserchalcocite,tennantite-tetrahedrite
and pyrite. Galenaand sphaleriteare found in minor amounts at depth. Most sulfidesoccur a$ veinlets,
irreguiar stringers, and blebs within the commonly brecciatedhost dolostone. Dolomite, calcite, and quartz
gan-gueu."oripaoy the sulfide minerals. The cross-cutting texture of the veinlets and the angular fragmentsof brecciasuggestthat brecciationand mineralizationoccurredafter lithification of the original carbonate. Chalcopyriti is found in minor amounts within 3- to 6-cm-thick calcite-quartz veins that cut a
plafy limetone unit adjacentto the Devonian dolostone.The calcite-quartz-chalcopyriteveinsqay reqresent
a remobilizationof copperfrom the dolostone-hostedzonesduring or after the mid-Jurassicthrough CretaceousBrooks Rangeorogeny.Analysesof rocks, soilsand streamsedimentsfrom the mineralizedzones
revealthat Co, Ag ind As=concentrationsare anomalouslyhigh and, togetherwith Cu and Zn, provide
the most usefit patnfindersto mineralization. Lack of evidencefor solution-collapsefeatyreswithin the
host dolostoneand the predominanceof Cu over Pb and Zn sulfides suggestthat this deposit is not a
Mississippi-Valley-typeoccurrence'

AND SULFIDICALTERATIONHISTORYOF SHALLOWFLUVIAL
HYDROGEOLOGY
AOUIFERS,NORTHWESTGULF OF MEXICO SEDIMENTARYBASIN
WILLIAM E. GALLOWAY
U.S.ADepartmentof GeologicatSciences,The Universityof Texasat Austin, Austin, Texas78713-7909'
Emplacementof strataboundmetal sulfide depositsrequiresa large-scaleflux of metal or sulfide,
or both, into the host rock. Although suchfluxesmay be syndepositional,evidencein many depositssuggestspostdepositionalore-genesis
that must be relatedto the evolvingsystemsof groundwaterflow in the
iedimentarybasin. Uraniferous Neogeneaquifer systemsof the northwest Gulf of Mexico sedimentary
basin were depositedon an arid to subarid coastalplain as oxidized sandsand muds. Structurally localized, early and conlinuing influx of reactive,sulfide-enrichedwatershasproducedlargeintrastratal "islands"
of epigeneticsulfidic alteration within the regionally oxidizedaquifers. The epigeneticpyrite displaysdiscrete ieplacement textures and is characterizedby isotopically heavy sulfur. The only known teservoir
for such heavy sulfur is the deeplyburied Mesozoicbasinal carbonatesequencethat underliesthe thick,
abnormally pressuredCenozoicfill. Repeatedflushing of shallow aquifers by oxidizing meteoricwaters
amountsof U, Se and Mo alternatedwith invasionsby sulfidic thermobaricwaters
containing.anomalous
to create..peated cyclesof iron disulfide precipitation and oxidation. A record of multiple epigeneticevents
is preservedlocally by imperfectly superimposed,multiple fronts of epigeneticoxidation. The required
activein many large, commodel of extremelydynamicmineralizationmay be representativeof processes
pacting sedimentarybasins.
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GENETICINTERPRETATION
FROM ORE RELATIONSTO ALGAL REEFS
IN ZAMBIA AND ZAIRE
WILLIAM G. GARLICK
P.O. Magoebaskloof,0731,Republicof SouthA/rica
Barren algal reefs sandwichedbetweenstratiform Cu-Co orebodiesof Zure are related to bioherms
adjacentto both mineralizedarenitesand shalesof the Zambian Copperbeltand require similar transgressionsof marine watersover red bedsand sabkhas.Elimination of the "younger" granite as a mineral source
and proof of a pre-folding agefor mineralization are of historic interest. Sulfide zoning in relation to transgressivebeachconglomeratesand then to prograding terrestrial depositsis describedfor the Nkana and
Roan Antelope deposits,with emphasison effects of algal bioherms. Channelling by groundwatersto allow
ingressand diageneticreplacementin the sedimentsis lacking. Channellingand erosion sf minslalized
sedimentsby surfacewaters, with reworking of sulfides, are emphaticevidencefor syngenesis.Mufulira
B has ore on subtidal slopesand on the bottom of lagoonalbasinsadjacentto both barren shorered-beds
and off-shore algal reefs; anhydriteis antipatheticto ore. The first stratiform mineralization inthe Zambian Upper Roan was found at Mufulira. Cu-Co sulfidesh22.2 metresof dolomite and siltstoneoverlie
anhydrite-bearingsabkhabedsand are overlainby a reef comparableto the reefsof the Shabanorebodies
of Zure, where a 270-kmarcuatebelt of stratiform Cu-Co orebodiesare exposedin anticlines,diapiric
and nappestructuresin the Upper Roan. Barren algal reefsseparateupper and lower orebodies.A basal
pebblelayer lying unconformablyon red bedscompareswith the Footwall Conglomerateof the Zambian
ore shale,representinga marine transgression.A similar model for the Shabandepositsrequiresdeposition ofthe lower orebody in a transgressivemarine lagoon, followed by a transgressiveoff-shore barren
reef, and then by the upper orebodyin a fore-reefshalegradingin deeperwater to a carbonaceouspyritic
shale.High-magnesiumbrines containing enhancedCu and Co concentrationsresulting from sabkhaevaporation would be transportedby normal tidal channelsbetweenthe sabkhas,with dumping of detritus and
chemicalprecipitation into the lagoon, where normal diagenetictr4nsformationstake place in subtidal
sediments.Gaps in the algal reef allowed brines into the fore reef.

SOME EFFEGTSOF THE MID-PERMIANZECHSTEINTRANSGRESSION
IN NORTHWESTERNEUROPE
KENNETHW. GLENNIE
Shell U.K. Explorationand Production,Strand,London, EnglandWC2RLDX
The ZechsteinSeatransgresseda Rotliegenddesertsurfacethat possibly reached300m below global
sea-level.Surfaceand subsurfacedata indicatethat a large Rotliegenddesertlake "buffer" preventedthe
flooding from being destructiveexceptlocally. There was little reworking of the surfacesof unconsolidated sand dunes,which maintainedmost of their relief. Thus flooding must also have beenvery rapid.
Large volumesof air trapped beneaththe wetted surfacesof the dunescausedstrong local deformation
asthe air escaped.Marine flooding wastoo rapid to permit.reddeningof the "Weissliegend"dunes,which
earlier had been abovethe water table. The enclosedtropical ZechsteinSeawas "in$tantly" deep, and
its clear surface-waterswere initially ideal .for fauna, but the floor of this basin rapidly became anoxic
with depositionof the bituminous Kupferschiefer.As shallow-marinecarbonatesprogradedbasinward,
the seabecameincreasinglysaline and, eventually,evaporiteswere precipitated.
The interfacebetweenformation watersof terrestrialand marine origin resultedin precipitation of sulfide minerals within, above and below the Kupferschiefer,and of calcite within the upper RotliegendWeissliegendsandstones.
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A SUMMARY OF DESERTSEDIMENTARYENVIRONMENTS,PRESENTAND PAST
KENNETH W. GLENNIE
ShellU,K. Explorationand Production,Strand,London, EnglandIVC2RODX
Tropical desertsdevelopwherethe potential rate of evaporation exceedsthat of precipitation, where
rainfall is too low or spasmodicto support vegetation. Theseregions usually occur in the trade-wind belts
north and south of the equatorand in the rain shadowof mountain ranges.About half the areaof deserts
comprise outcrop subject to erosion and deflation. The rest consistsof sedimentsof fluvial (wadi), lacustrine (salina), paralic (coastal sabkha) and eolian origin, and of evaporites.
Ephemeralstreamsdeposit sandsand gravelsover basin-margin alluvial fans, and over desertplains
wheresubsurfacecementationcommonlytakesplace.Evaporationof temporarybasin-centrelakesresults
in a crust of halite (inland sabkha). Fluvial sandsare an important sourceof dune sarid; the finer fractions
are removedfrom the desertin suspensionto becomeloess,and the coarsergrainsremain as a deflation
lag. The axesof sand dunesare transverseto moderatewinds and parallel to strong winds. Giant forms
ofthe latter type of dune were prevalent during the last ice age, and in coastal areas, carbonate-cemented
dune sandsextind below present sea-level;this observation suggestsa causal relationship betweenpolar
glaciations and strong desert winds. Desert fluvial sedimentsrarely reach the sea, so that the warm and
clear coastalwatersare ideal for the manufactureof organic carbonates.Longshorecrurentssweepthem
into offshore bars, behind which evaporitic lagoonal conditions develop.The lagoonsbecomesabkhas
as they are filled with algae-bound marine and wind-blown sediment.
Although there are desertsequencesas old as about 2000Ma, they seemto have occurred only sporadically during the earth's history. It seemslikely that their occurrencewas controlled by the past size
of continents, by their location relative to the equator, by the freedom of circulation of global oceanic
water and by the presenceof ice caps.The Permo-Triassicwas a time of extensivedepositionof evaporite
and dune activity. By implication, other known occurrencesof evaporites may be marginal to wadi and
that have yet to be identified.
dune sequences

TEMPERATURES
OF ORE DEPOSITIONAT THE SPAR LAKE STRATABOUND
MONTANA
Gu-Ag DEPOSITlN TFIEBELT SUPERGROUP,
TIMOTHY S. HAYES'N',
ROBERTO. RYE, JOSEPHF. WHELAN erp GARY P. LANDIS
(1.5.GeologicalSuntey,DenverFederalCenter,Denver,Colorodo80225,U.S.A.
At Spar Lake, sandstone-cementingore and gangueminerals form the following bed-transgressive
mineral zones,grading from the southeasterlyroot to the northwesterlytip of the tongue-shapeddeposit:
(l) chalcopyrite - leucoxene- chlorite - ankerite - albite (CP-ANK zone), Q\ chalcocite - hematite - chlorite-ankerite-barite-albite(CC-CHLzone),(3)bornite-hematite-calcite-barite-K-feldspar(BNCAL zone), (4) galena - chalcopyrite - leucoxene- calcite - K-feldspar (GN-CAL zone), and (5) pyrite
- leucoxene- calcite(PY-CAL zone).Minerals of the CP-ANK zoneoverprinted red bedsthat lay southeast
of the deposit. The CP-ANK zone extendsfrom within a graben along the deposit'seastside to tongue
into the southeastend of the CC*CHL (ore) zone, the site whereeither barite or hydrocarbonswere concentratedprior to mineralization. Minerals from the CC-CHL and BN-CAL zonesreplacedthe GN-CAL
of the PY-CAL zone.Ore solutionsfollowed sandwhich had earlierreplacedthe assemblage
assemblage,
stone permeability from thd southeast(proximal side) toward the northwest (distal side). Themodynamic
modeling and a modern analogue of the ganguemineralogy of the CP-ANK zone indicate temperatures
as high as 150'C on the proximal side. Galena- chalcopyritepairs from the distal sideshow that isotopic
equilibrium of sulfur was attained at 50-90"C. Provided that the CP-ANK zone formed synchronously
with the other zones as part of an advancing system of mineralogical fronts, this temperature gradient
suggeststhat a warm ore-solutioninvadedthe depositfrom the southeastsideand below, implicating the
graben as a conduit for the ore solution.
*Speaker
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POSSIBLECONTROLSON METAL RATIOS IN STRATIFORMCOPPERDEPOSITS
DOUGLASW. HAYNES'E
ExplorationDivision, WesternMining CorporationLimited, P,O. Box 157,Preston,Victoria,3073,Australia
MARK F. BLOOM
DepaftmentoJ Earth Sciences,
MonashUnivenit!, Clayton, Victoria, 3168,Australia
Stratiform copperdepositsin low-energyclasticsedimentshaveCu/Pb weight ratios )2.5, Cu/Zn
weight ratios > 1.5, CulCo weight ratios > 15 and Cu/Ag weight ratios > 2A0.Modetng of CunPb,
Zn, Co and Ag solubilitiesin water likely to havetransportedmetalsinto stratiform copperdeposits,together
with considerationsof constraintsimposedon metal availability to the metal-transportingwater, suggests
that metal concentrationsin the water are controlled by water composition, by abundanceof metalsin
sourcerocks and by water-rock ratios in the sourcerocks. Water compositiondeterminesmaximum concentrationsof Pb and Zn; source-rockcomposition and water-rock ratio usually determinemaximum concentrationsof Ag, Co and Cu. Modeling of sulfide precipitation from the metal-transportingwater suggeststhat the concantrationof reducedsulfur in the host rocks determinesrelative amounts of metals
precipitatedfrom the through-flowing water. Low concentrationsof reducedsulfur result in precipitation
of Ag and Cu alone,and high concentrationscan result in the sirnultaneousprecipitationof Ag, Cu, Co,
Pb and Zt, The modeling suggeststhat weight ratios of metals in stratiform copper depositswill be determined.bysource-rockcomposition,that of the metal-transportingwater, and the concentrationof reduced
sulfur in the host rocks. Modeling, using basalt-and granite-derivedsourcerocks with a water/rock ratio
of 3090,predictsa Cu,/Pb weight ratio greaterthan 3, a CulZn weight ratio greaterthan 0.6, a Cu/Co
weight ratio greater than 5 and a Cu,/Ag weight ratio eleater than 200.

KUHNE-MES, SOUTHERN IRAN: A SABKHA-RELATED STRATIFORM Cu-Pb DEPOSIT
SIMON J. HAYNES
Departmentof CeologicalSciences,
Brock University,St, Catharines,OntarioL2S 3Al
The Kuhne-messtratiform Cu-Pb deposit,a site of ancientmining and smelting,is locatedin conglomeraticclasticrocks and dolomite at the junction of siliciclasticsedimentsof the EoceneSachunFormation and intratidal dolomite and gypsum of the overlying EoceneJahrum Formation. The ore comprisesa complexmixture of supergene"oxides" of copper, lead and iron and minor barite. The Sachun
Formation, which is of limited extent,representsthe final phaseof arid continentalerosionof the Zagros
SutureZone during the Paleocenelacunathat followed ophiolite obduction after plate collision of Africa
and Asia in the late Cretaceous.Later marine transgressionof the Jahum Formation, from the south,
resultedin formation of massivecarbonatereefsover much of southernIran and intratidal sedimentation
over the SutureZone in the north. As subsidencecontinued,the Jahrum reefsgrew northward, transgressing the intratidal sediments.The position oPstratiform ore at the interfaceof arid continentalsediments
and intratidal chemical sedimentsand the polarity of facies changesin the Jahrum Formation are consistent with a sabkhamodel of oriein.

REVETT.TYPE STRATIFORM SILVER_COPPER DEPOSITS AT THE U.S. BORAX
NOXON PROJECT. NORTHWEST MONTANA
THOMAS A. HENRICKSEN,I.,RUSSELL G. SMITH e].{o RUSSEL J. FRANKLIN
United StatesBorax& ChemicalCorporation,Spokane,Washington
99212,U.S.A.
The Revett Formation of the Proterozoic Belt Supergroup in northwestern Montana and northern
*Speaker
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Idaho is the host for more than 30 prospectsand depositsof stratiform Ag-Cu in an area about 80 km
long by 50 km wide. The Revett Formation, averaging approximately 600 metres in thickness in the area
sequenceconsistingprincipally of cleanquartzites,silty quartzitesand siltites
of interest,is a transgressive
metamorphosedto the lower greenschistfacies.Regionally,economicconcentrationsof metal are present
in all three membersof the RevettFormation, the upper quartzite member(Troy deposit),the middle siltite member (Rock Peak deposit), and the lower quartzite member (Rock Lake deposit).
The principal ore sulfidesare chalcocite,bornite and chalcopyritethat are commonly zoned outward and upward, with native Ag locally visible in drill core within the bornite-chalcopyrite transition.
Sulfide minerals occur principally as fine disseminationson bedding and shearplanes,as fracture coatings, sulfide balls and rods, and as partial fillings of quartz veinlets.A distinctivezone of galena,commonly exhibiting0.590Pb or more, is presentten to fifty metresstratigraphicallyabovethe Ag-Cu zones.
At the Noxon Project, approximately 70 million tonnes of drill-indicated and probable ore grading
54 grams of Ag per tonne and 0.77t/o Cu have been developedin four tabular zones.The largestzone'
the B zone of the Rock Lake deposit, averages14.3 metresin thickness,and 350-425metresin width,
and has a drill-indicated length of 1200metreswith a probable length of 2400 metresor more.
The zoning of copper-iron sulfides,the slight discordancerelativeto beddingof the Ag-Cu mineralizalion, replacementfeatures suggestingcopper sulfides after pyrite, and the closerelationship of faults
with ore zonescollectivelysuggesta post-sedimentation,probably diagenetic,origin for the Ag-Cu mineralization.

ORIGINFOR UNGONFORMITY.RELATED
A DIAGENETIC_HYDROTHERMAL
AND STRATIFORMCOPPERDEPOSITSIN THE CENTRALAFRICAN
AND MICHIGANCOPPERDISTRICTS
JAN HOEVEANODAVID QUIRT
S7N0XI
Saskatchewan
ReseorchCouncil,30 CampusDrive, Saskatoon,Soskatchewan
Copper depositsof Central Africa and Michigan and unconformity-typeuranium depositsof the
Athabascabasin, Saskatchewan,sharea common geologicalsetting, characterizedby the presenceof a
thick sectionof fluviatile red-bedssandwichedbetweena metamorphicbasementand a shale-richmarine
unit. Basedon clay-mineralstudies,a diagenetic-hydrothermalmetallogeneticmodel has beendeveloped
for the uranium depositsofthe Athabascabasin; it relatesore formation to diagenesisand fluid interaction betweenthe oxidizedred-bedaquifer and the reducedbasement,under conditionsof deepburial during an advancedstageof basin evolution. Diagenesisand hydrothermal mineralizationare aspectsof one
processof convection-mediatedmass transfer that was regulated by temporal variations in heat flow
associatedwith episodictectonic reactivationand deepeningof the basin accompaniedby diabasemagmatic activity. In sucha geologicalsetting, a potential for mineralization also existsat the top of the aquifer,
if the overlying shaleis rich in organic matter and chemicallyreduced.We will arguethat the stratiform
copperdepositsof Central Africa may representdiagenetic-hydrothermalmineralizationat the top of the
aquifer and that the mineralized pipes of Tsumeb and Kipushi may be their unconformity-type equivalents. For the Michigan district, stratiform ore in the NonesuchShaleand vein ore in the Portage Lake
lavasmay be interpretedas diagenetic-hydrothermalmineralization,at the top and the base,respectively,
of the CopperHarbor red-bedaquifer. In a broaderperspective,we considerore formation as an inherent
aspectof diagenesisand basin evolution. This opensthe prospectof developinga unified metallogenic
model for a spectrumof sediment-hostedand unconformity-associatedmaal deposits,whoseunifying feature
is an origin that is intimately tied to red-beddiagenesis.Giant Proterozoicstratiform copperdepositsmay
relate to red-bed copper depositsas unconformlty-type uranium depositsare related to sandstone-typeuranium deposits; these represent, respectively, end products and transient, intermediate products of a
processof basin evolution and red-bed diagenesisthat has gone to completion in the Athabascabasin.
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CONSTRAINTSFOR THE GENESISOF RED.BED-ASSOCIATED
STRATIFORMCu DEPOSITSFROM S AND C MASS-BALANCERELATIONS
LAWRENCED. HOY*, HIROSHI OHMOTOaNr ARTHUR W. ROSE
Departmentof Geosciences,
Pennsylvania
StateUniversity,UniversityPark, Pennsylvania
16802,IJ.S.A,
FRANEOIS DIMANCHE eNo JACQUES COIPEL
Laboratoirede GdologieAppliqude,Universitdde Lidge,LiCge,Belgique
Most geneticmodels for red-bed-associated
Cu depositspostulate, mainly on the basis of the wide
variation observedin the sulfur isotopevalues,that sulfide was producedat low T by bacterialreduction
of sulfate. However, the observedrelationships€rnilong
the total sulfide and residualorganic carbon content of the host sediments,6sS of sulfides, and 6l3C of carbonates(wherepresent)from some deposits
are difficult to explain by this processonly. Secondaryadditions of reducedsulfur at depositssuchasKamoto
(Zure), Musoshi (Zarftia) and White Pine (Michigan) are suggestedby the data, this additional sulfide
most likely being generatedat the site of depositionby abiogenicreduction of sulfateduring introduction
of the Cu-bearing fluid. Application of such a model has enabledthe calculation of a number of relevant
parameters during each stage for the deposit at Kamoto. During the processof bacterial reduction, an
averageof 0.6 w.9o sulfide was addedto the rock, requiring oxidation of 0.45wt.9o organiccarbon. Less
than l0 g of water per g of rock is requiredfor this process.Thesequantitiesarenot unusualfor diagenetic
processes.During the ore-depositionstage,an averageof 1.6 wt.To sulfide was added, more than % of
the total sulfide, necessitatinga minimum of 1.25 wt.9o oxidized organic carbon and more than260 g
of water per g of rock. Resultsusing this approach for other depositswill be reported.

STRATIGRAPHIC, TECTONIC AND SEDIMENTOLOGICAL SETTING OF DEPOSITS
IN THE REDSTONE COPPERBELT, MACKENZIE MOUNTAINS, NORTHWESTTERRITORIES
CHARLES W. JEFFERSON
GeologicalSuney of Conada,601Booth Street,Ottawa,OntarioKIA 0E8
Severalstrataboundcopper depositsare localizedat the top of thick sequences
of red mudstones
and interbeddedevaporites(RedstoneRiver Formation) overlainby grey turbiditic limestones(Coppercap
Formation). Thesesequences
are part of the Late Proterozoic CoatesLake Group (CLG), which forms
a lenticular axcuatebelt about 300 km long in the MackenzieMountains fold-and-thrust belt, northwestern
Canada. The CLG forms a transitional sequencebetweenplatformal carbonate and siliciclastic strata of
the MackenzieMountains Supergroup,and glaciomarinedepositsand iron formation of the Rapitan Group.
Tectonically, the CLG is preservedmainly in six fault-controlled basins that were initiated during
a plateau-basalteruption at the top of the MackenzieMountains Supergroup.Thesebasinsunderwentintermiltent tectonism during and after deposition of the CLG. The basins controlled internal sedimentation
by drainage system$that had local provenance.The basin shapesrestricted or prevented accessby marine
waters. The largest copper depositsare spatially associatedwith those basinscontaining the thickest stratigraphic sequences.
Sedimentologically, the baseof CLG records weathering and alluvial deposition of conglomerates
to mudstoneserodedfrom the plateaulavas.Rhythmic sabkhadolostonesand distal sheet-flooddeposits
of red mudstones covered the basal conglomerates.The sabkhas in turn were inundated by hypersaline
watersthat depositedthick-beddedNa-Ca-Mg sulfates.Theseevaporiteswere coveredby up to 10fr)m
of distal sheet-flooddeposits:red, fine-grained,carbonate-dominatedclasticrhythmites (RedstoneRiver
Formation) that underwent early mechanical dewatering. Cyclic, incipient saline lacustrine transgressions
then depositedevaporiticalgal carbonatesheets,intercalatedwith red mudstones(Transition Zone). The
algal carbonateshost the copperdeposits.Subsequentabrupt subsidenceresultedin continueddeposition
of fine to coarsecarbonate detritus as turbidites in two shoaling- and coarsening-upwardcycles,each culminating in stromatoliteunits (CoppercapFormation). An episodeof regionaluplift, renewedtectonism
and climatic changeprecededdeposition of the glacigeneRapitan Group.
*Speaker
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GEOLOGICALFEATURESOF THE STRATABOUNDCU ORE BELT, DABAN COUNTY,
NORTHERNTIANSHANMOUNTAINS,XINGJIANG,CHINA
JING QINGMING

534 EastZhongshanRoad,Naniing' China
TheNanjingInstitute of Geologyand Mineral Reseurces,
Located.at the south limb of Bodedaanticlinorium of the North Tianshangeosynclinicalfold region'
the Daban County Cu ore belt follows in an E-W direction for 20 km and consistsof 9 medium-to-small
ore deposits and several mii:eralized occurrences.The ore-bearing strata are Permian in age and hosted
by siltitones intercalatedwith volcaniclasticrocks within a flysch formation. The orebody is distributed
aiong the two limbs of an anticlinal-synclinal fold, and were controlled by stratigraphy and lithology. The
strataboundorebody occursin black and grey-blacksiltstones,gravel-bearingsandstones,sandyconglomerate
rocks, and medium- to coarse-graineddebris sandstones.There are two or three mineralizedbeds. The
orebodyis conformablewith the host-rockformation, which is hundredsof metreslong; blind ore existed
in its deeppart. Those metallic minerals in ores with brecciated, massive,banded, disseminatedand porphyritic structures are chalcopyrite, chalcomiclite, chalcocite, pyrrhotite, galena 1nd sphalerite. The ores
generallycontain 1-390Cu; somecontain as hieh as 22.5V0Cu. The associatedelementsare Pb, Zn', Co'
Ni, V, Sn, B and Mn. Pb and Zn are so abundant that they may form individual Pb and Zn orebodies
or cuprifeious-polymetallic orebodies.The parageneticorder iunong metallic minerals is magnetite pyrite
- chalcopyrite - chalcomiclite - sphalerite - galena - polybasite.
ftre Cu ore belt is laterally zonedaccordingto variations in minerogenetictemperatures,with mediumtemperatureCu oresto the north, and medium- to lower-temperatureCu-Pb-Zn oresto the south. The
enrichment in mineralization was closely related to fault activity. Mylonitized zonesand tension and shear
fractureswere paths for the movementof ore-bearingfluids ahd were sitesfor mineralization.

EFFECTS OF TECTONIC ENVIRONMENT ON KUPFERSCHIEFER.TYPEDEPOSITS
E. CRAIG JOWETT
Departmentof Geotogy,llniversity of Toronto, Toronto, OntarioMSSIAI
Stratiform Cu-Ag depositsof the Kupferschiefer(Ks) type typically occur at the upper contact of
continental volcanic and-red-bedsequenceswhich contain featurescharacteristicof continental rift-basins'
Theseinclude: basaltic or bimodal igneoussuites; normal to listric block-faulting causingbasin-and-range
topography; isolated, nrurow, closid basins containing immature clastic and evaporite sediments; and'
in .aies, utinormaUy itrin upper lithosphere. This tectonic environment appearsto have influenced deposit
genesisin several,rays. Al'kaline basaltic igneous suites in continental rifts are derived from uncontaminated mantle and, thu$, contain more Cu, Pt and Pd than igneoussuitesnear subductionzones.Rapid,
fault-controlled sedimentation and local derivation allow volianic detritus to be incorporated in the basin
sourceof base,precious,and possiblyPG metals. Internal,-closed
fill, thus providing an easilyaccessible
drainage allow, suline brines to form concomitantly with early diageneticred-bed formation. Basin-andi*!"t"opogruphy, with bas-ementhighs flanked by coarseclasiic rocks-,provides the geometry that allows
chainelliniof oxidized metalliferous-brinesto the ieduced bedsaboveduring early or late di?genesis.Commonly, thi ore deposits are directly above one particular rift-sequence[e.g., White Pine, Redstone'
Kupfeischiefer,Dihezkazgat (?)1.Otherwise,the depositsare situatedwithin thick supergroupswith a
long history of fault-contr6iledsedimentation,and no particular source-rockis obvious(e.9., Creta, Spar
Lake). Syngenetic,stratiform Pb-Zn-(Cu) deposits(e.g., Sullivan or-Rammelsberg)are also contained
in ritit environments, although the sedimentaryenvironment above and below the ore is typically all deep
marine with no red-beds.Inihese cases,major tectonismQocallywith volcanicactivity) contemporaneous
process,-whereas
with sedimentation and mineralization prorniderevidencefor a syngenetichydrothermal
in Ks-type deposits, the reduced strata that act as chemical traps (e.g., Krrpferschiefer, Nonesuch shales)
are depositedin a tectonicallyquiescentperiod comparedto the underlyingvolcanic rocks and red beds.
It is pioposed that the continintal rift environment f the primary control in the location of thesedeposits,
ingredients(metalsource,brines,channelways,topography)before
and ihis settingproducesthe necessary
the basin is filled and covered by thi reduced strala. Ore formation can occur when some later thermal
'potenor tectonic event(possiblyanothei rifting event)inducesmigration of diageneticfluids and causesthe
tial orebody' to be channelled up to overlying reduced strata.
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LATE-DIAGENETICORIGIN OF KUPFERSCHIEFERCu-Ag DEPOSITS lN POLAND
BRINES
BY CONVECTIVEFLUID.FLOWOF ROTLIEGENDES
E. CRAIG JOWETT
Deportmentof Geology,Universityof Toronto, Toronto"OntarioMSSIAI
Kupferschiefer (Ks) mineralization in the Lubin and Konrad districts of southwest Poland occurs
as thin irregular blankets of zoned sulfides directly underlain and controlled by the Rote Fiiule (RF), a
barren oxidized and reddenedportion of the normally pyritic, basal Zechsteinrocks of Upper Permian
age. In plan view, successivebelts enriched in copper (silver), lead and zinc encircle the irregular oval RF
zones and sharply transgressthe depositional strike and Iithologic bedding of the basal Zechstein. The
RF-copper zones, the presumed site of upwelling of mineralizing fluids, are coincident with underlying
buried basement-highsand occur above Lower Permian Rotliegendesrift basins of continental red-beds
and alkaline bimodal volcanic rocks. The metal zoning generally dips away from the highs toward the
basin centres.Sulfides, as disseminationsand streaks, commonly replaceearlier calcite cement, lithic fragments, quartz grains, as well as other sulfides. Subhorizontal and vertical dilatant sulfide veinlets were
formed after lithification, before CretaceousAlpine tectonism, and contemporaneouswith the djsseminations and streaks.The stablepaleomagneticdirection of the chemicalremanenceof the RF hematite (49.0"N,
157,28; &s:2,2)
is Middle Triassicin age, and the Kimmerian age (mid-Triassicto late Jurassic)of
the veinlet orientations supports this late diagenetictiming, which coincideswith a secondcontinental rifting associatedwith the opening ofthe Tethys ocean. Theseassociationsand controls suggestthat the ore
was formed during late diagenesis,when formational brines leachedmetals from the Rotliegendesvolcanic
detritus and migrated up the flanks of basement highs to the Kupfefsqhiefer above. Lower Zechstein
evaporitespreclude a vertical flow-through model, but attitudes of metal zoning instead $uggesta convective flow of fluid within the Rotliegendes.The Rotliegendesbasins are typically isolated and closed, and
the coarsealluvial fan and braided-river clastic material are flanked by basementhighs on one side, and
by shale beds in the basin centres. Modeling of condustive heat-flow under simulated conditions of the
Triassic rift suggeststhat a vertical AT of 25'C will result from thermal blanketing effects, and that warm
basement-highsand cold shale-basincentreswill result simply from differdnces in the thermal conductivities of basement(4.2 W/m"C), sandstone(2.5 Wm"CJ;.and shale rocks (1.25 Wm"C). Theselateral
boundary-conditions imposed by the basin-and-rangegeometry would induce convective flow of fluid in
a unicellular manner. With a slope angle of 2o and a permeability of I darcy, a fluid velocity of 13cmlyear
can result, which, with a coppersolubility of 1000melkgin20s/o to 30VoCa-Na-Cl brinesin equilibrium
with hematite, can form the Lubin deposit in lessthan 6 Ma. Using fracture permeability of 2 darcy and
a solubility of 300mg,/kg,the time neededis lessthan 10Ma: Natural gasesgeneratedfrom Carboniferous
coalslikely migratedalong with the metalliferousbrinesand helpedconvectionby creatingsecondaryporosity
and increasing the buoyanry of the fluids.
'-l

DISTRIBUTIONOF SEDIMENT-HOSTED
STRATIFORMGOPPERDEPOSITS:
AN INTRODUCTION
RODNEY V. KIRKHAM
GeologicalSumeyof Canada,601Booth Street,Ottawa,OntarioKIA 0E8
Sediment-hostedstratiform copper depositsare a major sourceof industrial copper, secondin importance only to porphyry copper deposits. Production from the sediment-hostedtype is dominated by a few
very large deposits and districts such as the Zambian ardZairtan copperbelts, Dzhezkazganin the Soviet
Union, and Lubin in Poland. White Pine (Michiean) and Spar Lake (Montana) have beenthe only sienificant producers of this type in North America. Most major sediment-hostedstratiform copper deposits
comprise disseminatedsulfides in anoxic, paralic marine sedimentary rocks immediately overlying typically red, continental clastic sedimentaryrocks ("Kupferschiefer-type"). With the exception of Dzhezkazgan, thosedepositscontainedentirely within continentalred-bedsequences
("Red-bed copperdeposits")
are of lesserimportance. Deposits of this type are found in rock sequencesthat postdate the first occurrenceof undisputedred-bedsand cyanophytes(ca.2,25Ga ago); thus they rangein agefrom Precambrian
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to Recent.The most important and abundantdepositsoccur in Late Proterozoicand Late Paleozoicrocks
and correlatecloselywith widespreaddesertenvironmentsof sedimentation.Host rocks characteristically
weredepositedin arid and semiaridareas,within 20o to 30o of the paleoequator;in many areas,they are
interbecldedwith evaporites.Many sediment-hostedstratiform copper deposits,even though probably
products of diageneticoxidation-reduction processes,show a close relationship to the environment of
sedimentation

A GEOCHEMICAL
AND PETROFACIES
STUDY OF THE KUPFERSCHIEFER
IN HESSIA,WEST GERMANY
JENSKULICK
Leberberg9, FederalRepublicof Germany
GeologicalSuney of Hessia,Wiesbaden,
DIETMAR LEIFELD'&
and Natural Resources,
FederalInstitutefor Geosciences
P.O. Box 51 01 53,D-i000Hannover51,FederalRepublicof Germany
ALBERT-KARL THEUERJAHR
Leberberg9, FederalRepublicof Germany
GeologicalSurveyof Hessia,Wiesbaden,
A large part of the most important copper depositsof central Europe is linked to sub-basinson
the southernmargin of the ZechsteinSea.In our researchprogram, the Rote F6ule (hematiticfacies)was
examinedfor the possibility that it could be an indicator of an ore-forming environment. Much knowledge
was gainedabout paleogeography,and a geochemicalinventory was made of the Kupferschieferand the
overlying and underlying beds.With respectto paleogeography,the discoveryof further Hercynian-trending
structurespermitsa transversesubdivisionto be madeof the Hessiasectorof the Rotliegendtrough, which
has a predominantly Erzgebirge trend. Copper concentrations are predominantly bound to Hercyniantrending structures.The presenceof the Rote Fdule, as the oxidized side of a redox front, proved to be
The hematitic faciesis bound to Hercyniana useful criterion for the prospectingof copper-richparageneses.
trending structuresin the Werra basin, clearly connectedwith paleogeographyand paleostructures.An
inverse zonation of metals, with a Cu maximum above the highest Pb and Zn concerLtrations,originated
by the overlying diagenetic hematite facies in the Zechstein limestone. The present ore-bearing minerals
and their distributions are attributed to epigeneticprocesses.The Hercynian tectonic structuresin the marginal areasbetweenthe Rotliegend troughs and the rising basementpossibly played an important role in
the ascentof solutions.

STRATABOUNDCu-As AND Pb-Zn MINERALIZATIONlN THE SPOKANEAND
HELENAFORMATIONSIN THE EASTERNPART OF THE BELT BASIN, MONTANA:
A COMMON ORIGIN?
IAN M. LANGE'&
Departrnentof Geologt, Universilyof Montana,Missoula,Montana 59812,U'S.A.
DONALD HERBERGER
705South2nd StreetWest,Missoula,Montana 59801,U.S.A,
JAMES W. WHIPPLE
GeologicolSumey,656 U.S. Court House,Spokane,Washington99201,U.S,A.
The structurallycomplexeasternmargin of the Middle ProterozoicBelt basincontainsstratabound
Cu-Ag and Laisvall-typePb-Zn occurrences.Cri-Ag mineralization occursin bedsof light-colored arenite
*Speaker
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within a thick sequenceof red clastic strata of the SpokaneFormation. The tabular occurrencesreach
30 m in thickness.Coppersulfidesoccur asdisseminationsthat in part replacepyrite and silicates.Sulfides
at one locality (Canyon Creek) are intimately associatedwith organic material. Occurrencesof Ag-poor
galenaand Fe-poor sphalerite(t chalcopyrite)are found in basal arenitebedsof the Helena Formation
dolomite along strike for 60 km. Mineralizedbedsrangefrom a few cm 10 more than 2 m thick. Galena
generally 6ccurs stratigraphically lower than sphalerite. Sulfides occur as disseminationsand clots replacing authigenicpyrite and carbonateand quartz cement.Values of 63aSare similar (range : -2.5 to
+ 15.5%0)and compatiblewith derivation from seawatersulfate for both Pb-Zn and Cu-Ag occurrences.
The large arealextentof the diageneticCu-Ag and Pb-Zn occulrences,their spatialproximity, the
stratigraphic position of the Pb-Zn mineralization abovethe Cu-Ag occurrencesand textural and isotopic
similarities are suggestiveof formation by upward and lateral movement of metal-bearing basin-derived
solutions. Accordingly, lack of sufficient amounts of S in the SpokaneFormation may have precluded
the precipitation of most of the Pb and Zn there, allowing these elementsto migrate. Faults would have
beencrucial for fluid flow through the intervening reduced,pyrite-bearing fine-grained Empire Formation
to the basalHelena Formation arenite. Alternatively, one or both types of mineralization may haveresulted
from flow of meteoric water from the east into the basin. Finally, Pb-Zn deposits are guides to Cu-Ag
deposits and vice versa.

GENESIS OF PERMIAN AND TRIASSIC SANDSTONE-HOSTED COPPER DEPOSITS
IIN NEW MEXICO
DENNIS J. LAPOINT
TexasgulfMineralsand Metals,Inc., 239SouthElliott Road, ChapelHill, North Carolina27514'U.S.A.
Numeroussmall,uneconomicdepositsof copperare associatedwith fluvial and transitionalmarine
environmentsof Permianand Triassicagein New Mexico. Copper-bearingminerals,primarily chalcocite,
wood in organic-matter-richshalesthat
noncompressed
replacewoody organicdebrisin fluvial sandstones,
representsmall swampyenvironments,and fine-grainedmicritic calcitein lacustrinesediments.In transitional marine environments,chalcociteoccursas a replacementof algal mats and as wispy disseminations
in fine-grainedsandstones
and siltstones.In the transitionalenvironments,mineralizationoccursnear oxidation fronts, passingfrom red to grey sediments.Except for one deposit,chalcociteis primary and does
not replacean earliergenerationofpyrite. Red beds,ofearly diageneticorigin, are alwaysassociatedwith
thesecopperdeposits.However,the reducedcopper-richsedimentsthemselvesshow no petrographicevidenceof ever having been red. For instance,mafic minerals remain fresh and unaltered.
It is proposed that these copper deposits form during early diagenesisas the surrounding oxidized
sedimentsbegin to redden. During uplift of Precambrian highlands with copper-rich rocks, clay minerals
as well as detrital silicates enriched in copper are transported into adjacent basins. The clay minerals, in
particular, are the first to redden. Water in contact with t}reseminerals is nearly neutral in pH, bicarbonaterich, and low in salinity. In this geochemicalenvironment, iron is very immobile and precipitates as amorphous iron hydroxides, which form the red coloration. Copper would be relatively mobile as a soluble
copper-carbonatespecies(CuCO3"). Copper would migrate to nearby reducing, organic-matter-rich
environments,whereit would precipitate as chalcocite.The relationship betweenthe depositsin New Mexico
and thosesuchasthe Kupferschieferis not known. However, it is suggestedtlat asthesecopper-richgroundwaters continued to migrate into the basin, the waters would evolve into a more saline basinal water in
which copper could continue to be transported as copper chloride complexes.

LITHOSTRATIGRAPHY OF COPPEROCCURRENCES IN SOUTHERN SHABA (ZAIRE), AND
EORRELATIONS WITH THE ZAMBIAN COPPERBELT
JEAN-JACQUES LEFEBVRE
DirectionGdologie,Sodimiza,Shaba,Zaire
Deposition of the lower strata of the Lower Roan in Shaba seemsto have been restricted initially
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to a fault-controlled basin oriented NW-SE. The overlying strata, containingthe principal Lower Roan
deposits,were depositedduring major faulting in large arkosic delta-fan complexesthat gradevertically
and laterally eastward into lacustrine siltiles and dolomites. Mineralization is known to occur mainly in
two environments: high-energy conglomeratic arkosesof the Mutonda Formation, and low-energy feldspathicsiltitesat the bottom of the overlyingMusoshiFormation (equivalentof the Zambian Ore Shale).
The Lower.Roan outcrops only in the southernmostpart of Shaba.
The Upper Roan of Shabais separatedfrom the Lower Roan by tectonic breccias.It consistsof
cyclic successions
of continentalred-bedsand lagoonal dolomitesin a broad, open embaymenttrending
approximately N-S. Copper-cobalt mineralization is restricted to the lagoonal facies directly overlying
the red beds and occurs principally in the Mines Group (about 60 deposits occur in the lower part of the
Upper Roan). Only a limited number of deposits are known in the Mofya and Dipeta Groups (middle
portion of the Upper Roan), as well as in the volcanic-rock-bearing Mwashya Group (uppermost section
of the Upper Roan). In this tectonism-relateddepositionalmodel for the Roan of the ShabanCopperbelt,
copper emplacementfrequently occurred immediately after vertical movements of the basin, resulting in
transgressiverecordsin the stratigraphy.

SEDIMENT.HOSTED STRATIFORM COPPER DEPOSITS IN SOUTHERN CHINA
LIU BAOJTIN''
Institute
of
Geology
Chengdu,Sichuan,People'sRepublicof China
Chengdu
and Mineral Resources,
XU XINHUANG
ChengduCollegeof Geologt,Chengdu,Sichuan,People'sRepublicof China
deposits.
The copperdepositsof China include two major types:stratiform, and sandstone-hosted
Stratiform depositsin Precambrian strata of the Kunyang Group in Yunnan Province tue one of the principal sourcesof copperin China. The orebodiesare situatedin the transitional zonebetweenpurple clastic
rocks and dark grey carbonaterocks. The host rocks are dolomites formed in tidal flat and sabkhaenvironments. Among the configurations of orebodies,stratiform bodiesare most important, and lenticular bodies
are secondaryin importance. The principal ore-minerals are copper-bearingsulfides associatedwith concentrationsof Ag, Ge and Mo. Zonngof metalsis clearly evident. The oresshow repliacementand horsetailThesecopper depositshave beeninterpreted
like structures.Valuesof 0345vary from -3.7 to +21.3o/oo,
as sedimentaryand metamorphic in origin, with initial emplacementof ore relatedto abundant aleal activity
in the host rocks, and subsequentenrichment related to deuterogenic alteration.
The sandstone-hostedcopper deposits occur mainly in Yunnan, Sichuan and Hunan Provinces, in rift
basins ranging from Sinian (Late Proterozoic) to Cretaceousin age; the majority are found in Cretaceous
basins. The orebodies are situated in transitional zonesbetweenlight-colored and purple beds. Most orebodies are lenticular in shape.The principal cupriferous ore-mineralsare copper-bearingsulfides and native
copper,associatedwith concentrationsof Ag, IN,{o,Zn, Se and U. Zoning among copper-bearingsulfides
These
is common, and replacementtextures are evident. Values of 635 vary from +2.4 to - 28.70/6n.
depositsare controlled by stratigraphy, lithofacies and tectonics, and belong to a catagenetictype related
closelyto ground-wateractivity.

WATER-ESCAPEPHENOMENAtN THE COATES LAKE GROUP,
NORTHWESTTERRITORIES.
AND THEIR RELATIONSHIPTO MINERALIZATION
IN THE REDSTONESTRATIFORMCOPPERDEPOSIT
RIGEL L. LUSTWERK'&
16802,U.S.A.
Departmentof Geosciences,
ThePennsylvania
StateUniversity,UniversityPark, Pennsylvania
MICHAEL D. WASSERMAN
U,S.Geoloeical
Suryey,DenverFederalCenter,Box 25M6, Mail Stop963,Denver,Colorodo80225,U.S.A.
Water-escapephenomenaare a common feature of the CoatesLake Group (Thundercloud FormatSpeaker
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tion, RedstoneRiver Formation, ore-hostingTransition Zone, CoppercapFormation) in the vicinity of the
Redstonestratiform copperdeposit.Fluidization featuresin the RedstoneRiver Formation and the Transition
Zone appearto have formed relatively late in the history of the sedinentary package,as attsted to by qharp
contacts between fluidization channelsand hosting sediments,lack of deformation of those channelsby
subsequentcompaction,and entrainmentof both oxidizedand diageneticallyreducedsedimentaryclasts.
Water-escapestructureshost and, in somecases,are defined by copper and iron sulfidesin the reduced
bedsof the Transition Zone. If the metalsin the Redstonedepositwere scavengedfrom the red beds, as
by selectivedepletionof copperin the underlyingRedstoneRiver Formation, the solutionsthat carried
suggested
those metalshad to comeinto contact with the algal layersof the Transition Zone, now hosting the ore. It is
likely that the fluidization chamels observedin the RedstoneRiver Formation and the Transition Zone record
the pathwaysthesewatersfollowed. Similar feafuresare observedat the Spar Lake stratiform copper deposit
in Montana and at Mount Gunson,Australia. If focusing of fluids into favorablehorizons during basin
dewateringis responsiblefor the localization of stratiform copper deposits,the occurrenceand intensity
of dewatering phenomeaermay prove to be a useful tool for exploration in depositional basins already
determined to have potential.

STRUCTURAL TRAPS FOR STRATABOUND COPPER DEPOSITS
KENNETH J. MAIDEN, GREGOR BORG Et.lOSHARAD MASTER
2A01,SouthAfrica
Departmentof Geology,Universityof the Witwatersrand,
I Jan SmutsAvenue,Johannesburg
The Upper ProterozoicStuart Shelf sequenceof South Australia containsstrataboundcopperdeposits
in a variety of host rocks and stratigraphic units. The rock sequenceis unmetamorphosedand undeformed;
henceorebody - host rock relationshipsare not obscuredby postore movements,and synsedimentarystruc.
ture$ can be determined.A considerationof the location of depositswithin the framework of their regional
geological setting showsthat they are clusteredaround a basementhigh that was an actively rising horstblock during deposition of the metal-bearingsediments.Individual depositsare located in paleotopographic
depressionswhich, in many cases,are graben or half-grabenstructuresactive during sedimentation.In
addition, an associationwith a major crustal lineamentis evident. For strataboundcopper provincesin
which the host rocks havebeendeformed, the determination of synsedimentarystructuresis more difficult.
This study involved the Upper Proterozoic Klein Aub - Lake Ngami province of Namibia and Botswana
it is apparent
and the Lower ProterozoicLomagundi Basin of Zimbabwe.By "unfolding" the sequences,
that individual copper depositsare located in paleotopographicdepressionson the flanks of fault-bounded
basementhighs, and may be related to major lineaments. A similar structural setting may be deducedfor
depositsin other major copper provinces,such as the ZechsteinBasin and the Zarrbia Copperbelt. For
stratabound copper depositsin general, there is no consistencyin host-rock lithology or in timing of metal
model that is applicableto all deposits.There
emplacement.There is not, therefore, a singleore-genesis
is, however, a consistencyin the structural control on localization of deposits, and structures can be used
to identify potentially ore-bearing areas.

THE MANGULA COPPER_SILVER_GOLD
DEPOSIT,ZIMBABWE:
A LOWERPROTEROZOIC
OLYMPIC-DAM.TYPEDEPOSIT?
KENNETH J. MAIDEN AIO SHARAD MASTER,I.
2001,SouthAlrica
Departmentof Geologlt,Universityof the Witwatersrand,t Jan SmutsAvenue,Johannesburg
The Mangula deposit,in the Lower ProterozoicDewerasGroup of Zimbabwe,is hostedby alluvial
fan - braided stream - playa lake sedimentsderived from a block-faulted granitic basement-high.Copper
- silver - gold - uranium - platinum mineralization is intermittently distributed over 200 m of stratigraphy; for mimng purposes,mineralization is divided into severalsubparalleltabular orebodies.The deposits
have bsen subjectedto four phasesof deformation and two phasesof metamorphism, during which par1id lsmofilization and recrystallization have obscured initial textural relationships, although relict texESpeaker
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tures indicate that sulfide minerals $'ere originally disseminatedthroughout the clastic sediments.Pervasive hematite alteration and local zonesof magnetite,silica, K-feldspar, carbonateand tourmaline alteration
are related to secondary (metamorphically remobilized) mineralization in vein structures. It is not clear
from available data how much (if any) alteration predatesthe first event of deformation. In its Cu-AgAu-U-Pt metal assemblage,
its associationwith a block-faulted basementhigh, its occurrencein alluvialfan sedimentsrelated to active faulting, the distribution of mineralization over a considerablestratigraphic
interval, and its association with zones of hydrothermal alteration, the Mangula deposit is more closely
allied to the Olympic Dam deposit of South Australia than to Zasrbia-type stratabound copper deposits.

METAMORPHICFEATURESOF STRATABOUNDCOPPER_SILVER
DEPOSITSAT MHANGURA, ZIMBABWE
SHARAD MASTER eNn KENNETH J. MAIDEN
Departmentof GeologJt,Universityof the Witwaterstrand,I Jan SmutsAvenue,Johannesburg
2001,SouthAfrica
Strataboundcopper-silverdepositsat Mhangura are hostedby rocks of the early Proterozoic(ca.
2160Ma) DewerasGroup. The host rocks were depositedin alluvial fan, braided streamand playa lake
environmentsadjacentto a block-faulted basementhigh. Disseminatedcopper-silvermineralizationwas
emplacedprior to multiple deformation and metamorphicevents.The first deformationwas the strongest
cleavage-producing
event and was accompaniedby peak metamorphismin the upper greenschistfacies.
Fluids generatedduring this deformation producedmineralizedveinsparallel to cleavagein meta-argillite
and along faults, joints and in hydraulically producedbrittle fracturesin competentlithologies (meta-arkose,
dykes and granite). In all casesthe syntectonic veins have a mineralogy of qvartz, K-feldspar, hematite,
carbonateand sulfides.At the Mangula mine, much of the syntectonicallyremobilizedmineralizationis
confined to the lithologiescarrying disseminatedore, whereasat the Norah mine, a considerableamount
of vein mineralizationwas emplacedwithin a mafic sill that was folded with the sediments.Subsequent
deformationsfolded the earlier mineralizedveins.New mineralizedveinsoccupiedjoints and brittle fractures causedby theselater deformations. Shearing,folding, boudinageand fracturing of earlier vein-material
wasaccompaniedby redistribution of sulfidesinto low-pressureareasby pressuresolution and shearflowage.The mobility of copper-iron sulfidesunder conditionsof greenschist-facies
metamorphismand high
fluid-pressuremay account for small structurally controlled orebodiesthat are common in the Deweras
Group.
AFRICAN ORE.SHALE COPPER DEPOSITS
FELIX MENDELSOHN
7 PetraRoad, Greenside,
2193,SouthAfrica
Johannesburg
Classificationof stratiform mineral depositsprimarily on the basisof the valuablemetalsor minerals
and the ageof the host rock showsthat the distribution of stratiform depositsof iron, manganese,gold,
uranium, copper, lead, zinc, and others is strongly time-dependent.Stratiform copper depositstend to
be concentratedin formations laid down at specificintervals during the Lower Proterozoic,Middle Proterozoic,Upper Proterozoic,Upper Paleozoic,and Cretaceous-Tertiaryperiods.Thesedepositsare closely
related to the overall developmentof the host sedimentarybasins.
The Central African Copperbelt depositslie in the Upper Proterozoic Katangan in a largely intracratonic basin that is closelyrelatedto and lies within a framework of the Middle ProterozoicKibaran. The
Ore Shale deposits of the Zambian type lie along the shoreline of what seemto be interdeltaic lagoonal
areas.Thesedepositsare restrictedto this narrow elongatezone, to specificrock-types(particularly argillite and siliceous dolomite), to a particular stratigraphic level closely related to the configuration of the
basement,to the first oceanicdepositsabovea terrestrialsequence,and to the first bedsaccompaniedby
extensivebiological activity, and havea zoning pattern of sulfide minslals relatedto the shoreline.These
and many minor characteristicsplace certain limits on the formation and space-time distribution of these
and similar deposits.
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SUBMARINEVOLCANISMAS THE ONLY SOURCEFOR STRATIFORMCOPPER:
TWO EXAMPLESFROM IRAN
MORTEZA MOMENZADEH
Tehron,Iran
GeologicalSurveyof lran, P.O. Box 11365-5474,
In the last four decades,many studieshave been conductedon the genesisof stratiform copper
ores. Today, it is well acceptedthat stratiform copper depositsand their host strata are syngenetic.The
role of submarinevolcanismand related exhalationsin.introducing copperions into the marine environment hasbeenthe subjectof a large number of studies.An alternativesoluceof syngeneticcopperwould
be the adjacentcontinents.Which sourceis indeeddominant?This paperpropoundssomequestions,and
at the,sametime somecriteria, on the principle of massbalancein marine water, and discussestentative
sourcesof copperin marine environments.Submarinevolcanism,especiallyits exhalativeepisodes,is the
most probablesourceof metalsfor the principal stratiform copperresourcesof the world. Among examples, two are from Iran: l) stratiform Cu-Zn-Pb-(Ag) ores in shalesand carbonatesof Jurasslcand Lower
Cretaceousagein west-centralIran; and 2) stratiform Cu-Co oresin carbonatesand tuffs of Lower Cambrian age in Zagros.

SEDIMENT.HOSTED
STRATIFORMCOPPERMINERALIZATION
FROM EARLYPROTEROZOIC
ROCKSOF SOUTHERNINDIA
ANANDA D. MUKHERJEE
Departmentof GeologicalSciences,
JadavpurUniversity,Colcutta700032,India
N. BHATTACHARYYA
Departmentof Geologt,DurgapurGovernmentCollege,Durgapur, llest Bengal,India
A. B. CHOWDHURY
Departmentof GeologicalSciences,
JadavpurUniversity,Colcutta700032,India

Nonvolcanogenicsediment-hosted
copperdepositsare rare in India, but one occurrenceof this type
is found in associationwith Proterozoicsedimentsat Nallakonda, within the Agnigundala sulfide belt in
quartzarenite
the northeasternpart ofthe Cuddapahbasinof southernIndia. Shale(in part carbonaceous),
and dolomitic limestoneare the chief lithologiesassociatedwith the mineralization.Thesesedimentsoverlie gneissicbasement-rocks(Archean)and haveundergoneat leasttwo phasesof deformation; this is evident from coaxialsuperpositionof two generationsof folds. The sedimentsand the relatedprimary structures, suchas large-scalecross-stratificationin quartz arenitesand stromatolitesin dolomitic limestones,
suggesta near-shoreplatformal environment.
Copper mineralizationis essentiallyassociatedwith quartz arenite. Chalcopyriteand bornite are
the predominantore-minerals.A crudevertical zonation showingan increasein the bornite to chalcopyrite
ratio with depth is a characteristicfeature in the deposit. Regionally, sulfide mineralization displaysa lateral
zoning of metals,with copper mineralizationat Nallakonda in the east,and lead mineralizationat Bandalamottu in the west.The associationof sediment-hosted
stratiform coppermineralizationat Nallakonda
with a near-shoreplatformal environment and a lack of direct associationwith magmatic activity suggest
that the mineralizationformed from basinalbrines. Thesebrinesoriginatedin the near-shoresedimentary
environment in the form of brine sulfate; the sulfate was subsequentlyreduced by bacterial actiyity to
precipitatecopper-bearingsulfides.
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CO_CUDEPOSITS
VOLCANOGENICCHARACTEROF SEDIMENT-HOSTED
IN TFIEBLACKBIRDMINING DISTRICT,LEMHI COUNTY, IDAHO
J. THOMAS NASH*
IJ.S.GeologicalSurvey,Box 25M6,Mail Stop912,DenverFederalCenter,Denver,Colorado80225'U.S.A.
GREGORY A. HAHN
Denver,Colorado80215'U.S.A.
NorandaExplorationInc,, Box 15638,
Cobalt-copperdepositsof the Blackbird district are strataboundin quartzitesand siltstonesof the
Proterozoic YellowjackefFormation, but display volcanogenicassociationsnot expectedfrom the regional
geology. Recent exploration in the district documents the existenceof at least 12 Co-Cu deposits within
ieueniequettcesrich in mafic tuff in a l,O@-m-thick middle part of the Yellowjacket. Beds conlaining
50-100q; biotite are abundant only in a l0-km2 area where important Co-Cu depositsoccur; they are
judged to be metatuffs of alkaline basaltic composition basedon their fabric, mineralogy, and chemical
ii*itarity to lessaltered coeval dykes. Penetrative deformation is minor in the newly drilled Sunshineand
Merle prbspects,wheredelicatelayering of ( 50-pmcrystalsof cobaltite, mica, tourmaline, and non-clastic
quafttis preserved.Chemicallythe mineralizedzonesare rich in Fe, Mg, K, B, As, Co, Cu, Bi and Au'
relativelylow in Ni and S, and very low in Na, Ca, Ag, Pb and Zn. Megascopicand microscopic-details
indicateihat the Sunshinedepositis a conformablel- to 3-m-thicklayerrich in silicathat probably formed
as a siliceous exhalite between tuff eruptions. The Merle deposit contains eight vertically stacked layers
rich in cobaltite and chalcopyritethat are coextensivewith tuffaceousunits 5 to 30 m thick. Most of the
Co-Cu minerals at Merle are in cm- to m-scaledisrupted zonesthat cut bedsbut do not extend into enclosing sand and silt beds except for minor chalcopyrite stringers. Sediment and ore in the disruption zones
shbw soft-sedimentdeformation and slump folds. Throughout the district copper and cobalt occur together,
but in detail chalcopyrite is spatially distinct from and crosicuts cobaltite, reflecting differences in deposition and redeposition.Sometuff bedswerethe locus of intenseshearduring polymetamorphism;Co and
Cu in thesebedswereredistributed. However, in the Sunshineand Merle prospects,which were only slightly
deformed,primary texturesarepreserved;thesesupporta sea-flooror near-sea-floororigin in closeassociation with ponded tuffs.
COPPER SHALE IN SOUTHWESTERN POLAND:
PALEOENVIRONMENTS. DISTRIBUTION OF METALS. AND ORE CONTROLS
SLAWOMIR OSZCZEPALSKI
Instytut Geologiczny,ul. Rakowiecka4' 00-975Warsaw,Poland
The discoveryin 1957of the Lubin-Sieroszowicecopperdeposithas addedmuch new information
Cu-Pb-Zn mineralizationin
to the long-dircors"dsubjectof the origin of the Zechsteinsediment-hosted
in southwesternPoland
(Ks)
sedimentation
presents
paper
Kupferschiefer
model
of
the
a
This
Eliope.
central
a116srrggestjamodel-of origin for the Zechsteinsulfide mineralization. Microlithofacies analysisand environmenkmtbrpretation of ttre tcswerecarried out to distinguishthe depositionalsystemsof reducedsulfide
faciesand oxidized hematitic Rote Fiiule (RF) facies. Resulting paleorelief reconstructionshelped in defining regions favorable to accumulation of organic reductants. Theseregions are the best geochemicaltraps
foi mitats without regard for the origin ana tirni"g of ore formation. Comparisonsbetweex the paleogeographical image and the distribution of metals should show whether the extent of the RF is primary
(syisedimentary) or secondary (diagenetic). The timing of the RF is particularly important becausethe
contact between'thereducedand oxidized contactsis the main guide in exploration for the Zechsteinores,
and should help in understandingthe factors influencing the distribution of economicconcentrations.Cluster
analysis of microlithofacies, transformed into coefficients, permits quantitative lithofacies and paleogeogiaphical maps to be drawn. As well, individual maps of Cu, Pb, and Zn contents, and of the
bu,i@6 + Zn) raio *er. made. Descriptions were made of Ks profiles with (l) higl-energy facies (crosslaminated siitstones, massive sandst&es, packstones), (2) moderate-energy facies (carbonate-organic
*Speaker

199
laminites, loca[y bioturbated), and (3) low-energyfacies(organic-matter-richclay laminites). Profiles mineralizedwith (1) Fe oxides,(2) Fe oxidesand sulfides,and (3) sulfideswereanalyzed.Theseanalysesdistinguishedthree main geochemicaland energeticmicrolithofacies groups: (1) relatively high-energyand aerobic, (2) moderate-energy and dysaerobic, and (3) low-energy and anaerobic paleoenvirorunents.
Paleogeographiczonesdistinguishedwere: (l) an inner shelf divided into shallow (environment l) and deeper
(environment 2) parts, and (2) an outer shelf (environment 3). The Ks was depositedin a shallow, stratified
seawheredepositionfrom suspensiondominated, locally influencedby storm-generatedwavesand currents. The development of the Ks microsequencewas controlled by fluctuations in sea level and of the
redoxcline.Six metal (mineral) zonesare distinguished;thesecorrespondto various sedimentaryfacies:
(l) hematite zone in the shallow inner shelf; (2) hematite-rich with oxide pseudomorphsafter sulfides, (3)
zinc, and (4) pyrite zonesin the deeperinner shelf; (5) copper zone(e,g., Lubin - Sieroszowiceorebody)
at the contact of the inner and outer shelves;and (6) the lead zone in the central part of the outer shelf.
In regions where the Ks was poor in organic matter (metal zone l), the Ks could not act as a trap for
metals presentin the porewater or seawater,nor for metals in solutions migrating during diagenesisfrom
underlying rocks. Sedimentinitially depositedunder reducing conditions was partly affected by diagenetic
hematitization (metal zone2), as suggestedby the transgressivecontact of red-stainedsedimentsover sulfidebearing deposits. Considering the evidenceabove, as well as the tectonic setting, synsedimentarytectonic
activity, the lithologic pile (with the closeassociationof the Rotliegend red bedsand volcanic rocks below),
it is suggestedthat the influx of metals into the Ks came fiom regions being uplifted during the Permian.
The lateral and vertical zonation of metalssupportsthis assumption,and the Cul(Pb + Zn) maps appear
to indicate the source direction. The enlargementof the hematite zone and the crosscutting nature of the
RF-sulfide contact Ukely result from the ascendingcharacterofthe oxidized metalliferous fluids. A genetic
model of ore formation was developedfrom the resultsof thesestudies;it considersthe sourceof metals,
flow direction, mode of transport and precipitation of metals,and timing with respectto sedimentation.

STRATIFORM
MINERALEXPLORATIONAND ASSESSMENTOF SEDIMENT.HOSTED
COPPERDEPOSITSOF CHINA
PEI RONGzu,T aNo WU LIANGSHI
Institute of MineralDeposits,ChineseAcademyof GeologicalSciences,
Baiwanzhuang
Road,Beijing, China
In the classification of sediment-hostedstratiform copper deposits of China, this paper considers
not only the tectonic settings and ore-forming processes,but also emphasizesthe applications in mineral
exploration. Through this approach,the author suggestsa classificationas follows: (l) Consideringthe
tectonic settingsas a significant geological factor in ore formation, we can, for example,divide the settings
into a eugeosynclinetype, a miogeosynclinetype, a platform type, and a mobile platform type. (2) Considering the characteristicsofthe host rocks as a sigrrificant feature in the classification of ore occurrences,
we observeassociationsof volcano-sedimentarystrata with the eugeosynclinaltype, clastic carbonatestrata
with the miogeosynclinaltype, black shaleand red clastic sedimentswith the platform type, and a complex
assemblageof strata modified by magmatisni associatedwith the mobile platform type. (3) Considering
the ore-forming assemblageas an important criterion for the classification of metals in mineral deposits,
we find Cu-Co and Cu-Zn-S associationsin volcano-sedimentarystrata, a Cu-(Co)-Pb-Zn association
in clastic carbonatestrata, a Cu-(l)-Pb-Zn associationin red clasticrocks, a Cu-Mo,Ni)-polymetal association in black-shalebeds, and Cu-Fe-S and Cu-Pb-Zn associationsin complex stratigraphic assemblages
modified by magmptism.
The tectonic settings,ore-bearingformations and associationof ore-forming componentsare important geological criteria in conducting mineral exploration and in the assessmentof sediment-hostedstratiform deposits. Moreover, given the tectonic structural unit and the nature of the sedimentary strata, we
can make predictionsin exploring for mineral depositscontainingcertain associatedmetals.On the basis
of thesegeological criteria, we have accumulated a wealth of practical experiencein mineral exploration
and evaluation in ChinaI
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BASAL ZECHSTEININ SOUTHWESTERNPOLAND:
AND GAS ACCUMULATIONS
DIAGENESIS,
SEDIMENTATION,
TADEUSZ M. PERYT
Instytut Geologixny,ul. Rakowiecka4, 00-975llarsaw, Poland
The transgressionof the Zechsteinsea,likely relatedto sealevelrise, resultedin the partial deformation of eolian dunesandsof the underhing Rotliegendes.The oldestsedimentsrelated1othe transgresderivedfrom reworking ofthe dune flanks; stabilizationofmarine conditionsoccurred
sion are sandstones
during Basal Limestonedeposition,indicating subtidal, low-energyconditions during the transgression.
The Kupferschieferdeposits(usuallya few tens of cm thick) accumulatedbelow storm base;bioturbated
shaleswere depositedin dysaerobicconditions, and regularly laminated shalesin anaerobicconditions.
In the shoal areas,the Kupferschieferwas replacedby carbonate-bankdeposits,and the benthic fauna
from thesewas transporteddown into the basin during storms. The Kupferschiefergradually passesup
into the marine ZechsteinLimestone, which variesin thicknessfrom a few tens of centimetresto 120metres.
Within this unit, three shallowing-upward cyclescan be distinguished. The cyclesare always asymmetrical,
with little sedimentationduring the transgression,indicating a rapid return to open-seaconditions. The
regressivemembersare well developed,with sabkhaor vadosedepositsoccurringin the upper pa"ltof the
cycles.The cyclicity resultedfrom glacio-eustaticchangesin sealevel, probably connectedto the vanishing
Gondwanaglaciers,and the changesin sealevelwererelatedto climatic changes.After the first two drops
in sealevel(estimatedat about 40 m each),the sealevelrosegenerallyto the previouslevel; after the third
Lower Werra Anhycycle,the basin was alnost completelydried up. The depositionof the transgressive
drite initiated a new, evaporitic stageof developmentof the Zechsteinbasin. Evolution of pore spacein
the ZechsteinLimestonedepositsduring early diagenesiswas closelyrelatedto the repeatedfluctuations
of diageneticenvironmentsregistering sea-levelchanges,and during late diagenesisto the increasein temarethosefaciesof the Zechstein
peratureand pressuredueto continualsubsidence.The bestgas-reservoirs
Limestone thit occur at the border betweenthe central and peripheral parts of the basin, the lower and
upper slope, and the slope-adjacentpart of the carbonateplatform. In southwesternPoland, most accumulations of natural gasin the ZechsteinLimestoneand joint ZechsteinLimestone- Rotliegendesreservoirs
positions, and somegas accumulationsare recordednear
have beenrecordedin thesepaleogeographical
the Lubin mine area.The increasedcoppermineralizationis also confined to the samepaleogeographical
zones,suggestinga common control of sulfide and natural-gasaccumulations.

ON A GENETICMODEL FOR THE DONGCHUANTYPE OF STRATABOUNDCOPPER
DEPOSIT
RAN CHONGYING
Departmentof Geology,KunmingInstitute of Technology,Kunming,China
The Dongchuantype of strataboundcopper deposit includesthe stratiform sopper depositsand
the Veinedcopper depositsin the Kungyang Group. Stratiform copper depositsoccur in different cycles
and definite faciesof the cupriferous algal-reef carbonatebedsprecipitated in the middle stagesof development of the Precambrian(angdian geosyncline.The ore-forming conditionswere determinedessentially
by the sourcebed, algal reefs and the ore-trapping bed. The mineralization proceededthroughout sedimentation, during which reef building and diagenesisplayed an important part. The formation of the stratiform copperdepositsis tentatively referredto as "a red-bed-derivedand algat-bounddiagenetic-metallogenic
model." In the final stagesof the developmentof the geosyncline,copperwould havebeenremovedfrom
the pre-existing stratiform copper deposits to be precipitated in some favorable beds to form a vein-type
ore shoot or copper deposit during tectonic movement and accompanyingvolcanism and metamorphism.
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ENVIRONMENTAL
SIGNIFICANCE
OF ALGAL STROMATOLITES
AND THEIRREIATIONTO
COPPEROREIN THE LUOXUEFORMATIONOF THE KUNYANGGROUP
IN DONGCHUAN,YUNNAN
RAN CHONGYING
Depoilmentof Geologlt,KunmingInstitute of Technologt,Kunming,China
Algal stromatolites havebeendivided into three classesaccordingto their shapes:lamellae, cylinders
and spheres.Each classhas beensubdividedinto forms accordingto detailedvariations in the stromatolitic shapes(Table l). The lamellar stromatolites usually occur in the low-energy environments of tidal
flats, the cylindrical stromatolitesin the more turbulent environmentsof the intertidal to subtidal zone,
and the spherical stromatolites in the highly turbulent zone extending from the lower part of the intertidal
zone into the subtidal zone. The distribution and developmentof algal stromatolitesin the Luoxue Formation are lamellar in lower part of the formation, cylindrical in the middle part, spherical and small,
cylindrical in the upper part, and mainly lamellar at the top of the formation. Theseobservationsshow
that the sedimentaryenvironment was a tidal flat of a transgressionseriesextending from the upper intertidal to subtidal facies.Copper mineralizationis relatedto the algal dolomite at the base,and especially,
the wavy algal dolomite. Copper sulfide mineralsalong stromatolitic laminaeform a discontinuoushorsetailstructure;theseminerals occur as a cementin the interstitial pores of the dolomite crystals.It has been
proven that the stratiform copper depositsformed essentiallyduring diagenesis.Recently,through the study
of fluid inclusionsin mineralsfrom the Luoxue stratiform copperdeposits,we havediscoveredthat there
was a hot brine with temperaturesof 170-220"Cand a salinity of 16.590in this region. This brine permeatedthe host rock during diagenesisand played an important part in the lixiviation, re-solution and
removal of copper, l'.e., in the genesisof cupriferousbeds formed by sedimentary-diagenetic
processes.

TABLE1. ClnssrrlcamoN or Arcel
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cylindrical
class

laminated form
rippled form
arcuate form
box form

{
( asymmetrical

amalgamativeform
forked form
amalgamative-forked form
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spherical
class
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thrombolitic form
knotty form
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sphericalform
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EVIDENCEFOR A MAGMATIC FLUID ASSOCIATIONIN KEWEENAWAN
Cu-SULFIDEFISSURE-VEINDEPOSITSAT MAMAINSE POINT, ONTARIO:
TO STRATABOUNDBASALT-HOSTEDNATIVE COPPER
POSSIBLERETATIONSHIPS
JEREMYP. RICHARDSENOEDWARDT.C. SPOONER
Depaltmentof Geologlt,Universityof Toronto, Toronto, OntorioMsS IAI
The Keweenawanrifting and magmatic event of the Lake Superior region is famous for its deposits
of strataboundbasalt-hostednative copper (Keweenawpeninsula)and shale-hostedCu-sulfides(White Pine,
Michigan). Fissureveins containing native copper (Cu'), Cu-sulfidesand Cu-arsenidesalso occur in the
Michigan copper-belt, and in Keweenawanbasalts at Mamainse Point, Ontario. Fluid-inclusion studies
of quartz gangue in chalcocite-rich fissure-veins containing the paragenetic sequencePy-Cp-Bn-CcCuo-Cu2O at the Coppercorpmine, Ontario, give clear evidencefor mixing betweenhigh-temperature
(350-450'C),high-salinity (15 to 20 eq.w.qo CaCl) boiling fluid and a cooler (50-350'C), more dilute
hybrid liquid (zero to 15 eq.wt.9o CaCl). Values of 6r3C@DB) of ten calcite samplesfrom the fissure
(o 0.7). Comparisonwith data from a small coevalQtz-Fsp, Cu-Mo mineralized
veins average- 4.0 o/oo
porphyry stock (Jogran) 10.5 km eastof Coppercorpstrongly suggestsa geneticlink since four calcite
iambtis give 5trg : -4.0 %o(o 0.8). This conelation, coupledwith similaritiesin fluid compositionand
temperature, suggeststhat the high-temperature fluids in the Coppercorp fissure veins are of magmatic
origin, and were derived from felsic intrusive activity deep within the lava pile. Fluid inclusions from
Cuo-bearing veinlets and amygdalesin the hydrothermally altered basalts away from the main orebodies
similarly contuin evidencefor the intermittent invasion of high-temperature saline fluids. The 0l3C ratio
of five calcitesamplesfrom theseveinsrangesbetweenthe Coppercbrpand atmospheric(-2.7 to +0.7
lds ) values. Hence it is suggestedthat the brine influxes representresidual, oxidized cupriferous fluids
from the major systemsof fissures,which have beendischargedinto the stratiform and fracture-controlled
aquifers of the lava pile. A logical extensionof this hypothesiswould be to suggestthat greater concentrations of nativecopperwould be expectedwherethe influx of suchcupriferousbrine wasgreater,as, possibly, in the depositsof the Keweenawpeninsula.

DEPOSITIONALLY CONTROLLED STRATABOUN D Cu-Zn MINERALIZATION
IN EARLY MESOZOIC CONTINENTAL RIFT.BASINS
GILPIN R. ROBINSON, JN. EllO JOSEPH P. SMOOT,I.
U.S. GeologicalSuney, Mail Stop954,Reston,Virginia22092,U.S.A.
Primary sedimentary features control the pattern of minor Cu and Zn rnineralization in the early
Mesozoicbasinsof the easternUnited Statesand of Morocco through their influenceon porosity, permeability, redox potential, and abundanceof woody material. Coppers6lqalization is commonly associated
with moderately well-sorted, fluvial, channel-fill sandstonesin the Hartford, Newark, and Culpeperbasins
in the U.S. and in the Argana basin in Morocco. Chalcopyrite, bornite and chalcocitetypically replace
plant debris, roots, and associateddiageneticpyrite, and also may be disseminatedin the turrqunding sediment. The plant debrisis concentratedin the troughs of fluvial dune-scalebedforms, where it probably
was depositedby slack water following floods. The roots penetratechannelsands;they most likely grew
following channel migration or abandonment. Similar plant-replacement mineralization occurs in lacustrine shalesin the Argana basin, where the organic material is concentratedin the troughs of small oscillatory ripples, probably formed during storms. These mineralized zones are traceable laterally for tens of
kilometres. Zn-Cu mineralizationoccurswithin cyclic mudstonesof the Culpeperbasin in Virginia. It is
associatedwith sandy mudstone that forms the top of 2- to 4-m-thick cyclesthat are overlain by black
laminites.The sandymudstoneis interpretedas a shallow-watershorelinedepositof a transgressinglake.
Sphalerite, wurtzite and chalcopyrite replace pyrite near molds of small roots. Root molds in other mudstonesrepresentingdifferent depositional environments in these cyclesare not mineralized. The association of preservedwoody organic material with bedsof greater permeability than surrounding strata appear
to form an important constraint on the development of copper mineralization. The spatial and temporal
distribution of depositionalenvironmentsproducingtheseconditiousmay be predictedfrom depositional
models for early Mesozoicbasins.
*Speaker

203
MOBILITY OF Gu AND OTHERCHALCOPHILEELEMENTS
IN LOW.TEMPERATURE
NEAR-SURFACEENVIRONMENTS
ARTHUR W. ROSE
16802,U.S,A.
Departmentof Geosciences,
Pennsylvania
StateUnivenity, UniversityPark, Pennsylvanio
The copper in sediment-hostedstratiforrn copper deposits is generally regarded as having been
emplaced from solution under surface or near-surface (diagenetic) conditions. At surface temperatures
in aeratedfresh water, copperis solublein significant amounts(1 ppm) only at pH valueslessthan about
6.0. Complexingwith carbonate,sulfate and other cornmonligands in fresh water doesnot changethe
solubility appreciably. However, complexing with chloride under conditions reducing enough to stabilize
Cu+ rather than Cu2+can lead to solubilities of hundreds of ppm at pH 7 for I molar Cl- and significant
solubilitiesto pH ll for 3 M Cl. Contact of thesesolutions with pyrite or H2S will precipitatevarious
in detail. The possibleimporCu and Cu-Fe sulfides,though theseare probably not equilibrium processes
tance of organic complexing (fulvate) and of slightly acid solutions causedby oxidation of ferrous silicates
and oxideswill be evaluated,as will the significanceof adsorption of Cu and other heavy-metalions on
hematite and colloidal Fe oxides.

GEOLOGY, GEOCHEMISTRYAND THE EXPLORATION POTENTIAL OF SEDIMENT.HOSTED
STRATIFORM COPPER_SILVER OCCURRENCES IN PERMO.CARBONIFEROUS STRATA,
EASTERN PART OF THE CUMBERLAND BASIN, NOVA SCOTIA
ROBERT J. RYAN, ROBERT C. BOEHNER, RALPH R. STEA nlqI PETER J. ROGERS
NovaScotiaDepartmentof Minesand Energt, Box 1087,Halifax, Nova ScotiaB3J 2XI
A complex successionof predominantly continental alluvial-fluvial strata with minor evaporiticmarine rocks of Viseanto Early Permian age is the host for numerousoccurrencesand prospectsof Cu
- Ag - U tninslalizationin the CumberlandBasinof Nova Scotia.Historically, exploitationhasbeenconfined to small-scaleshallow mining and processingin the early 1900s.Recentexploration activity, however,
has establisheda potential for depositsof larger and deeperext€nt. A display will illustrate the geological
setting and origin of copper-silver mineral occurrencesin the area, summarize the various geochemical
expressionsof the mineral occunencesand show their significance to exploration; a tentative model for
explorationwill be proposedfrom geologicaland geochemicalcompilations.The illustrationswill include
(1) bedrock geology, (2) sediment-dispersal
trends, (3) the distribution of mineral occurrences,(4) till
geochemistryand glacial geology, (5) soil and streamgeochemistry,(O multi-elementplots, (7) exploration models, and (8) the nature and origin of the mineralizalion.

IN POLAND:
STRATIFORMZECHSTEINCOPPERORE-DEPOSITS
GEOLOGY,METAL ZONINGAND EXPLORATION
ANDRZEJ RYDZEWSKI
Polond
Instytut Geologicav, ul. Rakowiecka4, 00-975VI/arsaw,
In the Lower Silesiadistrict of southwesternPoland, two anomalousconcentrationsof Cu, Pb and
Zn of economicvalue.areknown: the 'Konrad' orebody in the North SudeticSyncline,marginal to the
SudetenMountains, and the 'Lubin-Polkowice' orebody in the Fore-SudeticMonocline, the largestand
richestdepositin the whole ZechsteinBasin of centralEurope. The host-rock sequence,the ZechsteinCopper
Series,consistsof white sandstone(Weissliegendes),
Copper Shale(Kupferschiefer),and the Werra limestone and dolomite. Metal concentrations occur in the reduced facies of the host rocks adjacent to the
oxidizedfaciesof the basalZechstein,or 'Rote Fiiule' (RF), in which the CopperShaleis coloredred with
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hydrated iron oxides. The distribution of the RF was studied in detail becauseof the evident regularity
of distribution betweenlarge concentrations of metals and the RF. It was found that with increasing distancefrom the RF facies,the mineralization occursin increasinglylower lithologic horizons, and the mineral
assemblagechangesfrom Cu-S type (chalcocite, digenite) to Cu-Fe-S type (bornite, chalcopyrite). In the
vertical profile, zoneswith larger concentrations of lead and zinc appear abovethe copper zones,and also
migrate downward with increasing distance from the red-stained RF facies. During exploration, maps of
the RF faciesin eachstratigraphic zone of the lowermost Zechsteinwere made to elirrinate those oxidized
regionsfrom further study. Maps of metal contentwere drawn, and copper-dominant[Cu > (Pb + Zn)1,
lead-dominant[Pb>(Cu + Zn)|, and zinc-dominantlZn > (Cu + Pb)] regionsweredefined. Then, in the
copperzonesnearestthe RF, detailedexplorationwascarried out. This was found to be the most efficient
and most economicalmethod of prospecting.The RF zonesvary in sizeand shape,but they are distributed
with the .inslalized zonesin a northwest-trendingbelt within areasaffected by the Variscan orogeny.
In other regionsof Poland, considerableamountsof sulfideswere found in the lowermostZechstein,but
theseconsistmainly of pyrite and marcasitewith only tracesof chalcopyrite,galenaand sphalerite.The
dependence
sf minslalization on the distribution of the RF faciesis clear. The presenceof hematitepseudomorphsafter sulfidesis essentialto the problem of genesis.Thesepseudomorphsindicatethat ascending, oxidized solutions causedan epigeneticextensionof the RF facies, suggestinga polygeneticorigin
of the RF and ore.

ROTLIEGENDES
AND
VOLCANICROCKS,SEDIMENTLITHOLOGIES
PALEOENVIRONMENTS.
AND BASIN HISTORY
WACLAW RYKA
Instytut Geologiczny,ul, Rakowiecka4, 00-975Warsaw,Poland
Toward the end ofthe Carboniferous,Poland wascharacterizedby a continentalenvironment,and
the young Variscanmountain chain dominatedthe southwesternpart of Poland. The remainingareawas
morphologically diverse,with Precambrianto Carboniferous rocks cropping out. At this time, a new structural plan came into existence.At the turn of the Carboniferous,sedimentationwas restrictedto local
intermontanedepressionsin the Variscanchain, as well as to small basinsin its foreland, where fluvial
gravelsand sandsaccumulated.The developmentof sedimentationwas precededby volcanic activity, which
was a continuation of processes
that had begunin the Carboniferous.The volcanismappearedin the Variscan
mountain area,in northern Poland (an areaof weakly developedVariscantrends)and in the Precambrian
platform. It developedas a maximum of three (in Sudeten)or two (in Pomerania)cycles,with N-S migrating volcaniccentres,with a weak explosivity,and as hugeplateausof bimodal lavas(upper-mantlebasalts
and crustal rhyolites). It is also characterizedby intensive, regional autometasomatism,with centreslocated
usually
along a N-S line some60 km eastof the Nysa Luzycka and Odra Rivers. The autometasomatism
led to a completechanggof the mineral composition of the rocks. Severaloriginal techniquesof studying the
'mechanicalmemory' wereemployedto reconstructthe original composition,e.9., txacesof periclinetwinning
in albite, birefringencedispersionof the main section,ultramicroscopyin the dark field of the fine dispersional phases,which includes organic matter. In the Upper Rotliegendes,two diastrophic-sedimentary
megacyclesrelated to the Saalianmovementsare distinguished.In the older megacycle,small isolatedinland
basinsaccumulatedred-bedsands(rarely muds) surroundedby a zoneof piedmont conglomeratesat the
foot of the highlands.The most important was the Wolsztyn Highland, which constitutedthe northern
border of basinsin the Variscan area. During this first megacycle,subsidencewas small, and areasof denudation dominated. In the younger megacycle,the basin expanded,and the central Polish basin became
connectedto the Germanbasin. The Wolsztyn Highland was partitioned into a seriesof highs and basins,
and a numbbr of small basins developedin the Precambrian platform as well. The megacyclestarted with
coarsesiliciclasticrocks, locally brecciasand colluvial fans, and commonly channeldepositsof braided
rivers. Toward the centreof basins,sandy depositsof wide alluvial plains developed,and in the central
part of the greatestbasins(Central Polish and Zielona Gora basins),muds and clays accumulated.In a
playa lake environment,nodulesof anhydrite wereformed; mudcracksand layersof clay and mud intraclasts
indicate periodic emergence.At the end of the megacycle,the basinswere filled up in places,and fields
of eolian duneswere formed.
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MINERALASSEMBLAGESIN FENESTRALSTRUCTURESIN CARBONATEROCKS:
A POSSIBLEAID IN EXPLORATIONFOR COPPERDEPOSITS
KEES SCHRIJYER, SERGE N. CTTEYEAND NORMAND TESSE
INRS-G'oressourca,2700,rue Einstein,Casepostale7500,Sainte-Foy,QudbecGlV 4C7
Cupriferous carbonate rocks occur on most continents and may form portions of world-slass
sediment-hostedcopper deposits.In some, a closeassociationhas beennoted betweenfenestraltex[ures
and sulfides. Detailed work on one of such deposits,presentlysubeconomic,has led to the conclusion
that the fenestral fabric formed the major channelsof transport and sitesof precipitation of severalgenerations of dolospar cement,followed by coppersulfide cementin remaining open pore-spaces.Reconcentration of sulfides occurred in dolospar-quartz veins during low-graderegional metamorphism.Subsequently, during a late, postmetamorphic event, sulfides were locally leached from fenestiae and veins,
replacedby iron oxidesand hydroxides,while dolospar cementrecrystallized.Suchoxidized domainsare
fracture-bound and pink, whereas contiguous sulfide-bearing rocks are white. They resemble recently
weathereddomains, but no zone of supergeneenrichmentis present,and primary or pseudosecondaryaqueous fluid-inclusionsof moderatesalinity (I. : - 3.5oC) in goethite-bearingdoloipar have a T6 iround
160oC.Most likely, a systemof circulation of aqueousoxidizing fluids of surficial or shallowsu6surficial
origin effectedtheselate changesat a depth of severalkilometres below the paleosurfaceand flushed copperbearing solutions upward. Reprecipitation of copper could occur if zonestraversedby thesesolutions would
contain a suitablereducingenvironment,e.g:.,a permeablebody of sedimentgqnfainingorganicmatter,
sulfate-reducingbacteriaor early-diageneticpyrite. The potential existenceof such"late; copperdeposits
could thus be revealedby the presenceof an underlying, thoroughly oxidized carbonateroC[ containing
iron oxides and hydroxidesin its fenestrae.

SYNGEI\IETIC
AND DIAGENETICCONCEPTSAT WHITE PINE, MICHIGAN
ROBERT W. SEASOR
CopperRangeCompony,Box 100, Wite pine, Michigan49971,U.S.A.
ALEX C. BROWN,I.
Ddpartementde Gdniemindral,EcolePolytechnique,
Casepostale6079,succursole
A, Montrdol, QudbecH3C 3A7
The White Pine stratiform copper depositis an excellentlaboratory for studieson the genesisof
this type of mineralizationbecauseof the good exposuresboth in undergroundworkings and in a large
number ofcontinuous drill-core sectionsthrough the host-rockunits. Both syngeneticand diageneticconceptshave been proposed.
According to syngeneticinterpretations,copper was provided as complexeson clay ming14ls,4s
solid detritus and as soluble speciesin the basin waters (Vogel & Ehrlich lgtl). The ultimate sourceof
copper could have been mafic flows of the Portage Lake Volcanics. Weathering of this underlying basalticunit could produceiron oxides, cupriferousmontmorillonitic clay as we[1s soluble species,
and early diagenesisin the basal NonesuchShalewould initially produce an illite-chlorite intergrowth and,
subsequently,the current muscovite-chloriteassemblage.Copper releasedduring diagenesiswould combine with biogenicsulfide. Copper-bearingdetritus has also beendescribed,suggestinga polygeneticorigin for copper within the slmgeneticconcepts. Variations in the distribution of copper zonesin the mine
section are attributed to abrupt and gradual lateral changesin facies.
Diagenetic conceptsderive largely from features supporting an overprint of copper on basal beds
of an initially iron-sulfide-richNonesuchShale:e.g., pyrite replacementbytupriferoui sulfidesalong the
upper limit (fringe) of the copper zone, and chalcocitic nodules with hematitic halos suggestingreplacement of pyritic nodules within the Cu-zone; Cd, Pb andZn sulfide concentrations immediately above the
*Speaker
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fringe surface,as if sweptaheadof an upward influx of cupriferous solution; and a screeningout of influxed
copfer in larie proportions i'' the moit basal Nonesuch beds where the fringe surface is fou:rd at correspondingblow stratigraphiclevelsin the overlying sediments@rown l97l). The sourceof copper is
proposed to have beena reservoir of oxidized, Cl-rich solutions in the underlying hematitic Copper Harbor Conglomerate;this immature red-bed unit could have been the ultimate sourceof copper.
REFERENCES
BnowN,A.C. (1971): Zoningin the White Pine copper deposit, Ontonagon County, Michigan. Econ. Geol.66,

s41-573.
Vocn, & T.A. Enru,rqr, R. (1971): Depositional and diagenetic models for the Lower Nonesuch Shale based
on lithologic variation. Internal report, White Pine Copper Company.

DOLOSTONESAS A SOURCEFOR EPIGENETIC
SYNGENETICCOPPER-ENRIGHED
AND SHALES, TIMNA. ISRAEL
SANDSTONES
IN
MINERALIZATION
COPPER
AMIT SEGEV
GeologicalSurveyof Israel,Jerusalem,Israel
The Cambrian Timna Formation was depositedduring a short marine episodewithin athick clastic
sequence.Its lower part (15 m) is composedof alternatingsiltstones,shalesand sandydolomites,and the
upperpart (0-30 m) consistsoiUeOdedsandydolomites(dolomitic lithofacies),whict-r-chggelaterally into
manganese-richsandstones(sandy lithofacies). Both lithofacies are overlain by a thin be{ of shale. The
contict betweenthe two lithofacies is hiehly irregular and complicated. The dolomitic lithofacies is characterized by a high metal content Mn 1.89o,Cu 0.0690,Zn. 143ppm) and, in places,by anomaliesof Ag
and U. 1'ne Un occurs in the dolomite structure (up to 690), and the other metals occur as principal componentsof their own minerals,or with clay minerals.Part of the copperoccursin thin layersand consists
(.1-5-mm in
bf the primary sulfide djurleite Cu1.rrAg6j5S,which usually forms small spheroidalnodules_
which
Cu2(OH)3Cl'
of-paratacamite
(<
mm)
I
laminae
thin
oicutt-in
copper
of
the
diameter),but most
i; C;;;-;fyfinCenirated in one bed 0.2-l m thick and yielding 0,6-l.4Vo Cu' The data susgestsvngenetic
tolarly diagenetic formation of the djurleite, followed by its late-diagenetic oxidation to paratacamite
and malachite.The main coppermineralizationis, however,hostedby the sandylithofaciesand the overlying shales,where copper silicates,carbonates,phosphates,chlorides and sulfates(in decreasingamounts)
o""* ur irregular veini, nodules and impregnations. New evidenceindicates that host rocks ofthe sandy
lithofacies aie residual following the diiso[ution of the sandy dolomites of the dolomitic lithofacies by
subsurfaceprocassesof epigenetic-t'karstification".Data on the coppermineralizationin the sandylithofacies
fit well witir an epigenetichodel in which the source rocks for the copper were the sandy dolomites that
contained the paraticamite-djurleite mineralization and that generally had high concentrations of copper.

AS CLUES TO ORE GENESISIN A
ORE.MINERALZONATION AND PALEOAOUIFERS
POSTOROGENIC
TEGTONICSETTING,NORTH TEXAS COPPERDISTRICT
GARY E. SMITH
CallahonMining Corporation,6245North 24th Street,Phoenix,Arizona 85016'U.S.A.
Stratiform copper is hosted by severalstatigraphic intervals in the southwesternmidcontinent. East
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of the Midland basin and west of the Ouachita orogenicbelt, in a sequenceof Lower Permian strata, is
the North Texas copper district. Tectonism in the southern midcontinent began in responseto Mississippian compression in the Ouachita basin. A foreland trough shed sediment westward in Early to Middle
Pennsylvanian, and the Midland basin and associatedshelvesand uplifts formed. Pennsylvanian fluvialdeltaic sedimentson the Eastern shelf were coupled with starved sedimentation in the adjacent Midland
basin. Lower Permian limestone deposited in the basin and shelf clastic rocks comprise Wolfcamp-age
facies. The upper Lower Permian saw a changeto tidal flpts on the shelf, punctuated by fluvial-deltaic
sandsat the Lower to Upper Permian transition. Evaporites and shalein the northern Midland basin complementedshelf limestone and basin clastic rocks in the southern basin. Tectonic activity ceasedby upper
Middle Pennsylvanian, and later changeswere a result of intrabasinal controls. Copper (eastto west, upsectiontraverse)occursin lower bedsof the Wolfcamp (fluvial), Leonard (fluvial-deltaic), and transitional
Guadalupe-Leonard age rocks (deltaic and tidal flat), and near the top of the Blaine Formation (lower
Guadalupe,lagoonal facies). Cuttings from oil wells wereusedto trace surfaceoutcrops of chalcocitedowndip 40 km to a depth of 330m. Chalcocitepassesdown the plane of the host horizon into a narrow covellite zone followed further downdip by chalcopyrite. Pyrite downdip from chalcopyrite is considered to
reflect a distal noncupriferousedgeto Cu-bearingunits. Pb andZn form a base-metalhorizon aboveCu.
Changesin mineral composition and Cu depletion coincide with the pinching out of porous facies and
a gradual changefrom terrestrial to isubtidalfacies. Compressionaltestonics, which drove Cu-bearingfluids
out of a relatively thin pile of sediments(average1,600m) in the basin and onto the shelf, had ceased
by the end of Middle Pennsylvaniantime. Copper depositson a shelf, progressivechangefrom fluvial
to lagoonalhosts,copperin or aboveporous faciesthat pinch out basinward,and downdip lossin copper
support deposition of copper from downdip-circulatinggroundwater.

THE,ENVTRONMENT
OF FORMATTON
AND SOURCEOF METALS
FOR SOME KUPFERSCHIEFER
IN CENTRALEUROPE
OCCURRENCES
STANISLAWSPECZIK
Institut filr Mineralogieund Lrigerstiittenlehre,
Rheinisch-Westfdlischen
Technischen
Hochschule,
Wiillnerstrasse
2, 5100Aachen,FederalRepublicof Germany
CZESLAW SKOWRONEK
KonradMine, Iwing, Poland
GUNTHER FRIEDRICH ANO RALF DIEDEL
Institut fiir Minerologieund Liigerctdttenlehre,
Technischen
Hochschule,
Rheinisch-Westfiilischen
Vl/iilnerstrasse
2, 5100Aachen,FederalRepublicof Germany
FRANZ.PETER SCHMIDT ENo CLAUS SCHUMACHER
St. foe ExplorationsGmbH, Wqtern Europe,Hannover,FederalRepublicof Germany
A comparisonis madeof Polish (Lena,Konrad, Lubin, Polkowice)and German(Spessart,Rhoen,
Richelsdorf)base-metalZechsteinoccurrences.It is shownthat the main processes
leadingto their formation (including preconcentration of basemetals during the Late Variscan, transport in oxidized solutions,
and precipitation at the interface with euxinic environments) were generally similar. The regional position
of individual Zechsteinsub-basinsis shown. The developmentof host rocks (e.9., the shaly, marly and
sandy facies of the Kupferschiefer) is controlled by distance to shore lines, sandbars, lagoonal barriers
and basementpaleohighs. The distribution of coppernlead, zinc and silver, and the mineralogical composition of individual ocqurences correspond to the geochemicalcharacter of the associatedbasement.At
leasttwo sourcesof metals, with different geochemicalcompositions, are responsiblefor the Kupferschiefer
6ilerlization. The fust sourceis due to the metallogenicevolution of Caledono-Yariscanbasement;the
secondis relatedto oxidation il14 lsnshingof basemetalsfrom the red Rotliegendesmolasse.Mobilization
of elementswas causedby anomalous heat-flow.
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STRATIGRAPHICCORRELATIONOF STRATABOUNDGu-As DEPOSITSOF
WESTERNMONTANA
THE BONNEROUARTZITE,BELT SUPERGROUP,
CLIFF R. STANLEY* llto ALISTAIR J. SINCLAIR
Departmentof GeotogicalSciences,Universityof British Columbia,6339StoresRoad,
Vancouver,Blitish ColumbioV6T 2M
Four strataboundCu-Ag deposits@acman,Bluebird - Mona Lisa, Royal Basin and Daisy Creek)
have recentlybeendiscoveredwithin the Belt Basin. Thesedepositsare hostedby the Bonner Quartzite,
a coarse-to fine-grained,well-sortedand mature, metamorphosedquartz arenite.
Depositional facieswithin the quartzite consistof conglomeraticdistal alluvial aprons' braided channels with ibundant phosphatic and cherty mud-chips as liaglamellae, and mud-cracked braidplains. Alluvial aprons and braidplain depositsare dominantly red (fine hematite) or purple (specularite),perhapsdue
to extensivesubarealexposureduring sedimentation.Channel faciesare white or grey, and generallydevoid
of Fe-oxidepigmentation. Green beds (chloritic) are commonly interbeddedwith red siltite couplets.
Two periodsof progradationare recognizedin the BonnerQuartzite.The first, and most extensive,
is representedby a conglomeratewedgegrading north into cross-beddedchannelquartzites.The second,
smaller event is marked by a gradation into flat laminated braidplain quartzites. Three of the stratabound
Cu-Ag depositsoccur adjacentto the upper contactof this secondprogradationalwedge,a probabletimestratigraphicmarker.
The depositsoccur within both white-to-greychannelfaciesand interbeddedred-and-greencouplet
siltite-braidpldin facies.All depositscontain significant concentrationsof Cu and Ag, presentas chalcopyrite,
argentiferous bornite and argentiferous chalcocite, but are generally small, as is tlpical of most fluvialchannel-hostedstrataboundCu deposits.

CHEMICALEVOLUTIONOF BASINAL BRINES
Cu-Pb-Zn DEPOSITS
THAT FORM SEDIMENT-HOSTED
DIMITRI A. SYERJENSKY
TheJohnsHopkins University,Baltimore,Maryland21218,U'5.4.
Departmentof Earth and PlanetorySciences,
Oil-field brinesundersaturatedwith respectto sphalerite,but saturatedwith respectto galena,chalcopyrite, pyrite, pyrrhotite, kaolinite, muscovite and quartz are highly reducing in character, contain ppm
quantitiesof Zn,Pb and S, and negligiblequantitiesof Cu. Water-rock interactionsinvolving thesereducing brines in carbonateand in sandstoneaquifers dudng migration to sites of ore formation produce
stratabound Zn-ichand Pb-rich deposits,respectively(Sverjensky1984).In contrast, oxidizing brines have
beenproposedto transport Cu, Pb and Znto form sediment-hostedCu-rich deposits(Brown 1971,Rose
1976,Gustafson& Williams 1981).Theoreticalmodeling summarizedbelow suggeststhat the reducing
brines can be transfonned into highly oxidizing brines yia water-rock interactions during migration through
evaporitic and red-bed sequences,and that the resultant potential ore-forming fluids can form sedimenthosted Cu-rich deposits.
Calculations of the chemical mass-transfer accompanying reaction of reducing brines with anhydrite, followed by the red-bed assemblagequartz, K-feldspar, muscovite, hematite and tenorite, revealthat
the aqueousphasebecomesgreatly undersaturated with respectto sphalerite, galena, chalcopyrite, bornite, pyrite and pyrrhotite as it achieveslog/(OJ values well above the magnetite-hematite buffer and
approachessaturation with respectto anhydrite, hematite and chalcocite.Reactionwith red beds alone
limits the log f (O) to the magnetite-hematite buffer, and consequentlythe amount of Cu acquired by
the brine. Evaporitesare not only sourcesof salinity and (oxidized) sulfur for evolving basinal brines,
but are crucial to the developmentof the hieh/(O) brines required to transport Cu as chloride complexes.
Reaction of the oxidizing brine with organic matter and diageneticpyrite results in precipitation of native
Cu followed by the classicsequencechalcocite,bornite, chalcopyrite,pyrite, sphalerite,galena.
*Speaker
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THE ROLEOF DIAGENESIS
IN THE FORMATIONOF THE
KONKOLA Cu-Co OREBODYOF THE ZAMBIAN COPPERBELT
MICHAEL A. SWEENEY
Schoolof Mines, Universityof Zambia,P.O, Box 32379,Lusaka,Zambia
PIER L. BINDA'I'
S4S0A2
Departmentof Geology,Universityo! Regina,Regina,Saskatchewan
A faciesanalysisof the Konkola Basinshowsthat the sedimentsof the Ore Shaleformed in a subtiand regressions.Both the Ore Shaleand
dal to intertidal environment,affectedby marine transgressions
the underlying red-beds,which may also be economicallymineralized, have been investigated,and a
parageneticsequenceof diagenetic eventsfor both theseunits is outlined. Euhedral overgroWhs of feldspar contain Cu (up to 0.25v/o),indicatingthe presenceof a copper-richpore fluid during early diagenesis.
Textural data indicate that the formation of the bulk of the sulfides was associatedwith the replacement
of sulfate and the concomitantformation of carbonateand silicatephases,and that it took place during
early diagenesis.Valuesof 6vS of sulfidesin the Ore Shaleare stratigraphicallycontrolled and confirm
that the sourceof the sulfur incorporated in the sulfides was seawatersulfate. Values of 6l3Cof Ore Shale
carbonatesindicate the organic matter was oxidized during formation of the carbonates. Values of 6180
and, to a lesserextent, 6l3C for the carbonate of the Ore Shaleand the footwall rocks reflect the influence
of both fresh and marine waters. This suggestionis also implied from the Na and Sr content of carbonates,
and by the sympatheticvariation in concentration of theseelementsand 6180with transgressive-regressive
events deduced from sedimentary structures. Carbonates of inferred marine origin contain significant
amountsof Co.(up to 1.6q0)which, togetherwith thq apparentlithological control og 6e mfulslalization,
suggestsa basinward origin for that element. The Cu and Co sulfides are consideredto have formed as
an integral part of the diageneticprocess;the copper and cobalt may have had different sources.

THE ROLEOF PERMEABILITYIN LOCALIZINGTHE STRATABOUND
COPPERDEPOSITSOF MOUNT GUNSON.SOUTHAUSTRALIA
DAVID G. TONKIN
D.G. Tonkin and Associates,P.O" Box 147,Glmside,SouthAustralia 5065,Australia
KENNETH J. MAIDEN*
Departmentof Geology,Universityof the llitwatersrand,
I Jan SmutsAvenue,Johannesburg
2008,SouthAfrica
In the Mount Gunsondistrict of SouthAustralia, strataboundcopperdepositsarehostedby Upper
*Speaker

2IO

THE CANADIAN MINERALOGIST

Proterozoic sedimentsof the Stuart Shelf. The deposits are clustered around a fault-bounded basementhigh against which the Upper Proterozoic units onlap. Copper mineralization is found in severaldifferent
stratigraphic situations and in a range of rock types. (i) Minor mineralization is hosted by coarse.sandstonelelow a capping of shaleand dolomite. (ii) A number of depositsare hosted by a dark-colored finelybeddeddolomitic unit; within this unit, mineralization is preferentially concentratedin coarsebedsof sandstone and breccia, and the deposits overlie coarsered clastic sediments.(iii) Severaldeposits straddle the
disconformity betweenMiddle Proterozoic quartzite basementand Upper Proterozoic sandstone;copper
mineralization is found in fractured quartzite belo.y !!9 diqconfgrmity, within quartzite breccia along the
disconformity and in basalcoarsesandstone.(iv) Minoi mineralizationis hostedby a unit of coarseclastic
sedimentsoverlyingbasalt,and partly extendsdown into fractured and brecciatedbasalt.(v) Minor mineralization is hosted by strongly fractured dolomite. From a consideration of the detailed stratigraphy of
the deposits, it is clear that mineralization is concentrated either in permeable rock-types or in reduced
bedsabovepermeablerocks. On a broader scale,there is an apparentassociationof metal depositswith
fault zonesbounding the basementhigh. These,together with sandstpneunits and disconformity surfaces,
may have provided, on a regional scale,the permeability required for the movernentof metal-bearingwater.

LANDSAT.BASEDSTRUCTURALMAP OF THE LUFILIANARG AND
THE KUNDELUNGUAULACOGEN,SHABA (ZAIRE),ZAMBIA, AND ANGOLA, AND
THE TECTONICPOSITIONOF Cu, Go, U, Au, Zn, Pb AND Fe MINERALIZATION
RAPHAEL LINRUG
WrightStateUniversity,Dayton, Ohio 45435,U.S.A.
Departmentof GeologicalSciences,
A Landsat-basedstructural map (scalel:1,0fi),00) of the Lufilian Arc and the Kundelungu Plateau
is presented.Katangan sedimentsof the Kundelungu Plateau fill a graben that abuts the Lufilian Arc at
an angle and is classified as an aulacogen.The fold belt - aulacogenjunction is possibly related to a Late
Proterozoic triple junction developedover a hot spot. Important mineralization in the fold belt is present
over a wide stratigraphic range and extends geographically well beyond the establishedmining districts.
Theserelationships suggesta relation of mineralization to a regional-metamorphism-driven expulsion of
basinal brines.

DIAGENETICALTERATIONSIN RED BEDS AND THEIRAPPLICATION
TO THE ORIGINOF COPPERAND OTHERHEAVY METALS
IN STRATIFORMORE.DEPOSITS
THEODORER. WALKER
Deportmmtof GeologicalScimces,Universityof Colorado,Boulder,Colorodo80309,U.S.A.
Red bedscharacteristicallyare composedof first-cyclesedimentswhich, when deposited,contain
abundant labile detrital minerals such as plagioclase, hornblende, biotite and magnetite, all of which are
known to carry trace amounts of copper and other nonferrous metals. Owing to their susceptibility to
diagenetic alteration, theseminerals are likely to be major sourcesof metals in red-bed-associatedstratiform ore-deposits. Alterations that likely result in the releaseof the contained metals begin soon after
deposition, and they may continue sporadically for many tens of millions of years.Examplesof early alterations that begin at shallow depths and within a few million years after deposition include: 1) dissolution
of silicates, 2) replacementof silicates by smectite, 3) leaching of biotite, and 4) conversion of magnetite
to hematite. Iron also is releasedby these alterations; owing to the interstitial oxidizing conditions that
characterizered beds, the iron is quickly reprecipitated as amorphous or poorly crystallized ferric oxide.
One can infer that dudng these early postdeposilional alterations, the nonferrous metals originally contained in the labile grains are either releasedto migrating groundwaters or adsorbedby the simultaneously
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formed smectiteand amorphous and poorly crystallized ferric oxides. If adsorbed, one can speculatethat
the metals may be liberated by later diagenetlcalterations that are known to accompanyaging and deeper
burial of red beds. Examplesinclude: l) conversionof amorphousand poorly crystallizedferric oxides
to well-crystallizedhematite,2) conversionof smectiteto illite, 3) replacementof feldspar and other silicatesby carbonates,4) albitization of clays and feldspars, and 5) dissolution of earlier-formed ferric oxides
(bleaching).In the caseof copper, assumingthat it migxatesmainly as cuprous chloride complexes,as
has beenconvincinglyproposedby Rose (L976),its migration should be favored when any of the above
alterations coincides with the expulsion of chloride-rich formatiou waters from associatedmarine sediments or evaporites.
REFERENCE
Rosn, A.W. (1976): The effect of cuprous chloride complexm in the origin of red.bed copper and related deposits.
Econ. Geol. 71, 1036-1048.

STRATIFORMGu DEPOSITSIN THE LOWER
ONITHEORIGINOF CARBONATE.HOSTED
YANGTZE REGION,EASTERNCHINA
WANG DAOHUA
534EastZhongshanRoad,Nanjing, China
and Minerol Resources,
TheNanjingInstitute of GeologJt
The Lower-Middle Yangtzeregion is one of many important metallogenicbelts in China. In the
past few years,the author has studiedtensof Cu ore depositsshowingsedimentaryand volcanic-sedimentary
origins in this area. They are hosted in carbonatesequencesof Carboniferousage. The occurrencesof
these stratiform Cu deposits exhibit the following features: l) they are controlled by E-W-striking fault
basins;2) the orebodiesare usually beddedand conformablewith the hosted rocks, and were folded at
the sametime as the host rocks; 3) sedimentarytexturesand structuresare cornmon;4) the geochemistry
of trace elementsindicatesthat the 6slallic minerals are intimately related to their hosts; 5) the 6180values
and 6Dg26
for quartz and sideritefrom the ore bedsrangefrom + 12 to + l6y@, and the rangeof 61801116
values for different minerals reveal a r4ixture of seawater,meteoric water and metamorphic water (heated
seawater);6) filling temperatures from fluid inclusions do not show igneous temperature-gradients,and
?) a single-stagemodel for the lead isotopedata is concordantwith the geologicalage of the host strata.

AND GENESISOF STRATABOUND
GEOIOGICALCHARACTERISTICS
DEPOSITSOF Gu-BEARINGPYRITE
AREA, JIANGXI, CHINA
IN THE JIUJIANG_RUICHANG
WANG WENBIN, JI SHAOXING,XING WENCHEN,WU HUAIREN ENPZIJOU HANMING
Naniing' China
NanjingInstitute of Geologl and Minerol Resources,
XUE YUYI
Team,fiangxi, China
Geologic
Northwest
The Jiujiang-Ruichangareais an important pafi of an iron-copper ore zonein the Lower Yangtze
area, and is knowi to be onJof principal c-oppe.districts in China. The known strataboundCu-bearing
pyriie deposits,such as ChengmanshanWushan, are consideredto have had a sedimentarysubmarineeindatG origin. they occur itr the transition between clastic- and carbonate-faciesrocks of Carboniferous age. The orebodies are stratified or lenticular in shape. The dimensions of the orebodies range up to
one thousand rretres in length and several tens of metres in thickness; they occur at a depth of several
hundredsmetres.The occurrenceofthese ore depositsis relatedto paleostructurescontrolled by growth
faults; they commonly formed in shallow marine basins beyond the shoreline facies and are distributed
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along major northwest-treadingfaults. The mineral compositionsare rather simple and consistmostly of
pyrite, chalcopyrite, melnikovite-pyrite, marcasite, quafiz, calcite and dolomite. Structures and textures
in the orescan be divfded into three typqs: sedimentary-diagenetic,metamorphic, and hydrothermal replacements. They show laminated, colloform, massiveand brecciatedstructureswith spherulitic, accordion,
equilibrium and replacementtextures, respectively. Isotopic data indicate that ore-forming material was
derived from the upper mantle and was contaminated by crustal material. Investigations of trace elements
and the compositionsof fluid inclusionsshow that the genesisof the ore depositsis relatedto submarine
volcanic-exhalative sedimentation.

TRACE.ELEMENTDISTRIBUTIONIN THE LOWERMOSTZECHSTEIN
DEPOSITSOF THE SOUTHERNPART
COPPER-BEARING
AREA, SOUTHWESTERNPOLAND
OF THE FORE.SUDETIC
HALINA WAZNY
ul. Rakowiecka4, 00-975Worsaw,Polond
Instytut GeologicTny,
The pattern of distribution of Cu, Pb, Zn, Co, Ni, Mo, V and Ag in the basal Zechsteinin the
Fore-SudeticMonocline, southwesternPoland, is nonuniform and varieswith the lithology of the top of
sandstone,the copper-bearingshalehorizon (Kupferschiefer),and the basal parts of
the Weissliegendes
the Werra limestone and dolomite horizon (ZechsteinLimestone). The changesseemrelated to the mineral
composition of the host lithology and to the physicochemicalcharacteristicsof eachsedimentaryenvironment. In the Weissliegendessandstones,the elementsstudied occur in trace amounts, and their distribution is irregular. In the Kupferschiefer,a marked trend to spatial ordering of the majority of theseelements is found, depending on sedimentary facies. The Kupferschiefer is characterized by increased
concentrationsof Cu, Zn,Pb,Ni, Co, Mo, V and Ag in the whole studiedzone, and a trend toward increasing
concentrations to the north with increasing depth of the sedimentary basin. Accumulation of these elements in the copper-bearingshalehorizon took place with active and passivecontribution of the biophase
and processesof sorption on particles of clay minerals. The Werra carbonate horizon is characterizedby
an increasein metal content in the marly dolomite facies directly overlying the Kupferschiefer. The carbonatesdisplayhigh concentrationsof Pb atdZn, with a clearlymarked vertical and horizontal zonation.
Factor analysisapplied to the geochemicaldata showsthat the differences in chemical composition of the
rock typescan be explainedby a few factors. The associationsof elementsinvestigatedhereare controlled
byinfluences of mineral origin, by physicaland chemicalprocesses,and by the geochemicalrelationships
betweenparticular elements.The author finds that change$taking placewithin the lithologic horizonsare
influenced more by the terrigenousfactor than by those factors resulting from chemicaland biogenic
processes.

ANALLUV|ALAPRoNANDPLAYA-MARG|N|NTERPRETAT|oN
OF Cu'AND Ag-BEARINGSEDIMENTARYROCKS'
OF MONTANA AND IDAHO
BiLT SUPERGROUP
MTDDLEPROTEROZOIC
DONALD WINSTON
Departmentof Geology,IJniversityof Montana,Missoula,Montana 59812'U.S-A.
Copperand silverdepositsof the Ravalli Group and middle Belt carbonate(Belt Supergroup)occur
in sedimentsinterpreted to 6e aluvial apron and playa-flat sequences.Critical to this interpretation is the
metresto centimetresthick, that were depositedby
recognitionof fining-upward sand-to-mudsequences,
episodicfloods and that thin basinward.Cross-beddedmedium- to fine-grainedsandbeds of the Revett
Formation record braided streamsthat drained a continental terrane that lay west (present direction) of
the Belt basin. Braided streamsflowed acrossalluvial aprons that sloped northward and eastwardtoward
the centre of the intracratonic basin. Channelized floodwaters approaching the toe of the apron spread

213
into sheetfloods, depositingflat-laminatedsandbedsfrom the upper flow-regime,cappedby mud drape
depositedduring waning flow. Floods crossingthe distal sandflat depositedeither fining-upward sand-tomud sequences
decimetresthick or poorly sortedmuddy layerswith discontinuousclay and silt laminae.
Continuedflow acrossthe playa mudflat depositedsilt-to-claycoupletscentimetresthick that weresubsequently mud-cracked.Coarsesand, derivedfrom the stableNorth America craton, was depositedalong
the eastemmargin of the basin in fluvial channels,sheet-floodlayersand ephemeral,locally ooltic beaches.
Barrier island and tidal channeldeposits,characteristicof marine coastlines,are absent;instead,the sequence
closely resemblesrecent and ancient alluvial fan and playa deposits. The vertical sequencefrom alluvial
aprons ard sandflats of the Ravalli Group upward into playa mudflats of the lower middle Belt carbonate
recordsprogressiveexpansionofthe playa sea.Sediment-hosted
copperand silver depositsin the Ravalli
occur in braided streamand sheet-flooddepositsof the alluvial apron in the westernpart of the basin
(Revett Formation). Mineral depositsin the uppermost Ravalli and lowermost middle Belt carbonateocqur
in quartz sand and oolite of channels,sheet-flooddepositsand ephertreralbeaches.

(1.8-0.6 Ga)
MIDDLETO LATE PROTEROZOIC
SEDIMENTATION,
NORTHAMERICA
DONALD WINSTON'&
arlo MARVIN WOODS
Departmentof Geology,Universityof Montana,Missoula,Montana 59812,U.S.A.
CHARLES W. JEFFERSONaNp RODNEY V. KIRKHAM
GeologicalSuney of Canada,601Booth Street,Ottswa,OntarioKIA 0E8
J. ALLAN DONALDSON
Depailmentof Geologt, CarletonUniversity,Ottawa,Ontario KIS 586
The Middle to Late Proterozoic records 1.2 Ga of sedimentationsimilar in complexity to that in
the Phanerozoic.Post-Hudsonian(< 1.8 Ga) basinsfrom the lower Copperminehomoclineto northern
Greenlandand in the Athabaska, Thelon, Great Lakes (including the Keweenawdistrict) and New Mexico
regionscontain one or more rift-related, unconformity-boundsequences
of coarse-to-finequartzosealluvial deposits overlain by marine sandstones,stromatolitic carbonates and local bimodal volcanic rocks
(1.66 Ga in age in the Copperminehomocline). Thick Middle Proterozoicsequencesof uncertain maximum ageaccumulatedin 5 or 6 trough-like basinsof the westernU.S.A. (including the Belt-Purcell Supergroup), in the Tuchodi Lakes and Ogilvie-Wernecke Mountains of northwestern Canada, and in eastern
Greenland. Strata are composedof shallow-waterto subaerial, medium to fine siliciclastic rocks, stromatolitic anil silty carbonates, local dark turbidite arenites, and thinly laminated dark mudstones.
In easternNorth America, post-Hudsoniangraniteswere intruded at 1.65-1.60Ga. In Labrador,
two-rift-related unconformity-boundedsequences
of terrestrialarkosesand mafic to felsic volcanicrocks
werepunctuatedby 1.5-1.4-Gaanorogenicgranitesand anorthosites.Rift-related basaltand clasticsequences
dated at 1.3-1.1 Ga occur in most of the aboveareas(e.g., Coppermineand Keweenaw).Younger strata
(1.2-0.7 Ga) in northwesternCanadabridgedMiddle and Late Proterozoictime with platform siliciclastic
rocks, carbonatesand evaporites.To the southeast,the Grenville Central MetasedimentaryBelt records
an orogenyat 1.3 Ga, siliciclasticto carbonateand evaporitesedimentationpunctuatedby mafic-to-felsic
volcanismat 1.29Ga, orogeniesat ca, | .2 and I . I Ga, a secondclasticto carbonatesequence,and folding
with metamorphismat ca. 1.08 Ga,
In tle MackenzieMountains, rift-related basalts,conglomerates,red beds, carbonatesand evaporites
younger than 0.8 Ga record a warm climate, as do underlying strata. Immediately following, more extensive rifting was accompaniedby local volcanism, deposition of glaciomarine and other immature detritus
in basins extending the length of the Cordillera and into eastern Greenland. Overlying carbonates and
siliciclasticrocks are, in turn, separatedby local unconformitiesand conglomeratesfrom Phanerozoicmarine
strata of similar style and longitudinal extent. Sienificant stratabound, sediment-hostedcopper deposits
are localizedin reducedparts ofthick red-bedsequences
that record restrictedmarine or lacustrine sedimentation, extensionaltectonismin continental settings,and arid climates.
*Speaker
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i TRANSFORMATIONOF COPPER-BEARING
SANDSTONESAND SHALES
IN THE PROCESSOF METAMORPHISMAND HYPERGENESIS
I.F. GABLINA
per. 22, 109180
Moscow,USSR
Storomonetny
Institute of the Lithosphere,USSRAcademyof Sciences,

The study of copperdepositsin sedimentsof different ages(Middle to Late Carboniferousdeposits
of Kazakhstan,the Vendian layeredsequenceof the Igarka region, the Early Proterozoicsequenceof the
Udokan Series)showsthat after their formation, the ores underwent transformations throughout the history of the host rocks. Thesetransformationscan be classifiedas progradeor retrograde"Proetradetransformations are related to burial of the deposits and the influence of increasing temperature and pressure.
During this process,the normal parageneticassemblagechalcocite- djurleite - digenite- bornite - tetragonal
bornite - chalcopyrite- pyrite.graduallylosesmineralsthat becomeunstableat higher temperatures.This
simplifies the ore composition in the metamorphoseddeposits(pyrite - pyrrhotite - chalcopyrite) and probably leads to a decreasein the copper content. The degreeof transformation of the ores and host rocks
is consistent.Retrogradetransformationsoccur when depositsof different metamorphicfaciesrise to the
surface. Owing to oxidation and secondaryenrichment of sulfides, a low-temperature parageneticassemblage of sulfides (djurleite - digenite - covellite - bornite - chalcopyrite) forms, and a secondaryzonation
of minerals appears. Parameterscontrolling the stability of the newly formed paragenesesof sulfides do
not necessarilycorrespondto the degreeof alteration of the host rocks.

SOME ASPECTSOF EVOLUTIONOF COPPERMETALLOGENESIS
IN RED-BEDFORMATIONS
A.M. LUR'YE
per. 22, 109180
Moscow,USSR
Storomonetny
Institute of the Lithosphere,USSRAcademyol Sciences,

The behavior of copper in arid-climate red-bed sequencessuggeststhe existenceof two stagesin
the processof their formation: (1) the transfer of reactivecopper from a stable (nonsoluble)form into
a mobile one, and (2) a changein the stableform of copper. Existenceof the first stageis proved by particularities of copper-rich sandstonesand shales,which indicate that the red-bed formations servedas the
sourceof copper while ore was forming. Transfer of copper from one stable form to another is proved
by the low copper valuesof somered-bed formations and the presencein theseof microquantities of native
copper and copper sulfides. Among continental arid deposits,red-bed formations appearedsincethe Devonian, coinciding with the development of continental vegetation, which servedas a reductant. The result
was a greater number of ore-bearing facies. Apart from the marine sedimentsin contact with red-bed formations since the Devonian, ore-bearing facies began forming widely in the river floodplains, river channels and continental sabkha sediments.The other factor defining the resourcesof mobile copper in the
red-bedformations is the sourceof the initial material (area of provenance).Its role is confirmed by a
variety of accompanyingmetals in depositsof sandstone-and shale-hostedcopper deposits.

