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1,0) 1989 EXPLORATION PROGRAM - SUMMARY

During 1989 Chevroncarried out a limited explorationprogramon the Pagisteel(Steel)

propertyin the WerneckeMountains,east-centralYukon Territory (Figure 1). The Pagisteel

property coversthe largestknown exampleof an iron-rich brecciabody in the Wernecke

Mountains. Thesebrecciabodies arecharacterizedby iron, copper,uraniumandrareearth

element mineralization. This style of mineralization is similar to that in the giant

Olympic Dam depositin Australia.

The first stage of work involved re-logging and re-samplingof the drill core from the

property storedat the H.S. Bostock core library in Whitehorse(DDH 4) in May 1989. Field

work on the propertywas conductedbetweenAugust 13-16, 1989, Two geologists(M~W.

Hitzman and M. Dittrick) conductedmapping/samplingon SteelClaims 1-16 andrelogging

of diamond drill holes DDH- 1 and 5 (Appendix VI). Unfortunately the location of the

drill holes on the property hasnot beenrecovered, No maps showingoriginal drill hole

locationshavebeenfoundandalthoughdrill padscanbe locatedon the ground,thereis no

indication as to whichcorescorrespondwith which pads. Detailedmappingwasconducted

in the area of the old hematite showing (hematiteknob) and mapping traverseswere

completedin the Bear River valley and on the south side of the Bear River to delineate

the extentof the brecciabody. A numberof surfacesamplesof the breccia from the claim

block were collected as well as samplesof drill core from the corestoredon site, These

samples were submitted for multi-element geochemicalanalysis, including neutron

activation analysisfor rareearthelements. A numberof thesesampleswerealso cut and

examinedpetrographicallyby the author. Three sampleswere submitted to Dr. D. Beaty

at ChevronOil Field ResearchCompanyLaboratoriesfor carbonand oxygen isotope

analysis. An additional part of the 1989 program involved comparativestudiesof the

Pagisteelbreccias with other brecciasin the WerneckeMountains and similar systems

elsewherein North Americaand in Australia andnorthernEurope.

2,0) LOCATION AND CLAIM STATUS

The Pagisteelproperty is locatedon the Bear River in the WerneckeMountains,Yukon

(134°20~,65°50’;NTS lO6D - NashCreek). The claim block consistsof 16 claims(Steel 1-16)

stakedby Archer Cathro& Associateson behalf of ChevronMinerals Ltd. on April 8, 1989

and recordedon April 12, 1989 (Figure 2). The property is locatedapproximately100 km
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northwestof Keno Hill and is accessedby light aircraft to the BearRiver strip adjacentto

the property, heliocopter,or along the Wind River winter road which crossesthe property.

3.0) PREVIOUSEXPLORATION

The original showingof massivehematiteon the north bank of the BearRiver on a small

knob approximately250 metersabovethe valley floor was stakedby A, Jellinek and P.

Runerof Pacific Giant Steel OresLtd. in 1962. Between1962 and1966 minor trenchingand

an airbornemagneticsurvey was conductedaroundthe original showings. In April 1967

equipmentwas movedonto,the property alongthe Wind River winter road andan airstrip

was constructedapproximately3 kilometersfrom the showing. Ten diamonddrill holes

were completedaround the original showing during the summerof 1967. Work on the

property ceasedfollowing this drilling with the deathof the managingdirector of Pacific

Giant ‘Jellinek). Although the property was visited by a numberof companiesduring the

breccia-related,uranium “boom” of the 1970’s, the lack of recognititon of pronounced

radioactiveanomalieswithin the Pagisteelbreccialead to a lack of intereston the part of

the companiesexploring in the area. The property lay dormantuntil it was staked by

Chevron in 1989. Current interestcenterson the hematitic brecciabody which underlies

much of the claim block as an Olympic Dam - type target with potential for significant

copper,gold, light rareearthelement(LREE) and uraniummineralization.

4.0) REGIONAL GEOLOGY

The central Wernecke Mountains are composedof a thick successionof weakly

metamorphosedsedimentsof Middle Proterozoicagewhich havebeentermedthe Wernecke

Supergroupandsubdividedby Delaney(1981) into threegroups.

The oldest is the Fairchild Lake Group which is exposedalong the Bonnet Plume RIver

valley in a majornortheast-trending,northeast-plungingantiformwhich containsnumerous

subsidiary,parallel open folds with moderateto steepdips. The Fairchild Lake Group

consistsof light-grey weathering,thin- beddedto laminatedmetamudstone,metasiltstone

and quartzite. Most of the sedimentsmay be classedas metasiltstonesand consistof a

granoblasticmosaicof fine (0.05 to 0.25 mm) grains of quartz and feldspar, oligoclase-

andesineannd K-feldpsar, with scatteredflakes of muscoviteand minorbiotite. Minor

carbonatebeds are intercalatedwith the sequence,especiallyin the middle and upper

portions of the unit. Carbonate-richzones generallycontain red, maroonand purple
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metachertand metasiltite beds.Stratigraphicthicknessof the unit is not known with

certainty as the baseis not exposed. Delaney (1981) estimatedat least 4 kilometers of

section while Archer and Schmidt (1978) suggesteda thickness of approximately 1500

meters from demonstrablyunfaulted sections. Grossly, the unit appearsto record a

shallowingupwardsequencewith deeperwaterclastic sediments,containingrarecarbonate

sedimentsprobably derivedfrom an adjacenteasterncarbonateshelf, overlain by shallow

marineterrigeneoussedimentsandminor carbonatebeds. The contactbetweenthe Fairchild

Lake Group and the overlying QuartetGroup appearsto be conformablein most areas.

However, the lower metamorphicgradeof the overlying Quartet Group rocks and the

indication of a dramatic change in facies from the shallow marine sedimentsof the

uppermostFairchild Lake Group to the anoxic, deepmarinesedimentsat the baseof the

QuartetGroupsuggeststhe contactmaybe a disconformity.

The QuartetGroupconsistsof a monotonoussuccessionof dark grey to brown weathering

sandstone,siltstoneand mudstonewith very minor silty dolomite, The basal several

hundredmetersof this group is comprisedof dark grey to blackweathering,thin bedded,

silty carbonaceousmudstoneandcarbonaceousclaystone. Diageneticpyrite is a common

consituentof thesesediments. It is likely they accumulatedin a sediment-starved,anoxic

basin. Thesefine-grainedmudstonesgradeupwardintoa thick sequenceof grey to dark-grey

or brown weatheringsiltstoneand sandstonewith lessermudstone.Most rocks consistof

subroundedgrainsof fine- to medium-grained(0.05 to 5 mm), undulatoryquartzwith minor

feldspar surroundedby unoriented muscoviteand sericite which contains abundant,

disseminatedopaquematerial, Severalof the sandstonesare arkosic. Bed thicknessranges

from severalcentimeterto 2 meters. Sedimentarytexturesarecommonly well presevedand

include both asymmetricalandsymmetricalripple marks, flame structures,and ball and

pillow load structuresas well as minor desiccation,shrinkagecracks. The upper Quartet

Group was believedby Delaney(1981) to be approximately5 kilometersin thickness;more

recentmapping(Bell, 1986 a,b) suggestsit may only be 3000 metersthick, It appearsthat

muchof the upper QuartetGroupwasdepositedin a shallow marineenvironmentand thus

represents,in grossform, a shallowingupwardssequence.

The GillespieLakeGroup conformablyoverliesthe QuartetGroup. Thecontactbetweenthe

two units is gradational.The first occurrenceof orange-weatheringsilty dolostonebeds has

been takenas the baseof the Gillespie Lake Group. The lower portion of the unit consists

of intermixedgrey-weatheringsiltstonessimilar to thosein the QuartetGroup andorange-

weatheringsilty dolostonebeds. The Gillespie Lake Group also recordsa shallowing up
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sequenceand the stratigraphkcallvhighest recognizedportions of the unit consist of

stomatoliticdolostone,oolitic dolostoneand parallel-laminatedto wavy beddeddolostone

indicative of supratidalconditions Delaney (1981) statesthat 4 kilometers of Gillespie

Lakesectionare presentbut the presentmappingsuggeststhat the true thicknessmaybe

closerto 1,000metersof section

While thereareno known volcanicrocksin the WerneckeSupergroup,therearea numberof

fine- to medium-grainedgabbro or diorite dikesand sills which aregenerallychloritically

altered While most of thesedikes are less than 10 meters in width there are several

gabbrosills up to 50 metersthick cutting the Gillespie LakeGroup in the southernWernecke

Mountains The dikesappearto be nostcommonin, andadjacentto, the discordantbreccia

bodiescutting the Fairchild Lake and QuartetGroup rocks The age of the dikeshasnot

beenestablished Lamprophyredikesare also presentin QuartetLake area Biotite from

tiso of thesecukesgives K/Ar datesof 613 ±15 and552 ±13 Ma (Stevenset al, 1982)

Petrographicallysimilar dikes cut the HadrynianRapitanGroup (Yeo, 1981) in the Knorr

Range

Theageof the WerneckeSupergroupis poorly constrained Monozite from theNOR breccia,

cutting the Fairchild Lake Group, in the RichardsonRangeto the North of the Wernecke

Mountains,yields a 1270s 40 Ma reverselycuscordantU-Pb age (Parrishand BeP, 1987)

Mimmum agesto- theQuartetGroup aregiven from dating m nera1sin the brecciabodies

wh cn cut the sediments Ph1ogopiteandbiotite in brecciabodies cutting QuartetGroup

sedimentsin tne QuartetMountainareagive KiAr datesof 1510 and1040 Ma respectve1y

(Archer etal, 1977, Godwn etal, 1982) Pb-Ut Th Csotopeanalysisof uraniferoussamples

from a number of brecciabodies cutt1ng QuartetGroup sedimentsfrom throughoutthe

WerneckeMountainsgives a wide rangeof ages(Archer et al, 1986) The oldestdate is

1194 Ma from the Igor brecciabody and this may representthe time of mineralizationor

modification of the mineralizationby later Proterozoicdefornation The GillespieLake

Groupsedimentshavebeendatedusing galenafrom a stratiform, presumablysyngeneticto

syndiageneticPb-Zn-Cuoccurrencein the Hart River area This galenayields amodel lead

ageof 1288 Ma (Morin, 1979) Galenasfrom lead depositsin the GillespieLake Group in the

Coal Creek Dome of the Ogilvie Mountains, approximately100 km to the west of the

centralWerneckeMounta’nsyields model lead agesof approximately1440 Ma (Godwin et

al, 1982)
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The age o the WerneckeSupergroup‘s probably dominantly Helikian tnoughportions of

the Fairchild Lake Group may oe Aphebian Sedimentologicdata points to an easterly

source for the Fairchild Lake and Quartet Group sediments (Delaney, 1981) A late

Aphebiancontinental collisional e~~entpostulatedby Hoffman (1979) in the Coronation

geosyncline,N W T 700 kilometers eastof the WerneckeMountainsmay be the ultimate

sedimentsource

On the easternside of the WerneckeMountainsan angularunconformityseparatesthe

WerneckeSupergroupfrom overlying UpperProterozoicsediments The lowermostof these

unitsis the PinguiculaGroup (Eisbacher,1981)which consistsof maroonandgreensiltstones

andsnaleswith severalintercalatedandesiteflows The Pmguiculacontainss4eakred bed

coppermineralizationin the WerneckeMountains The PinguiculaGroup is probablyage

equivalentto the MackenzieMountainsSupergroupwhich hostssignificant red bedcopper

mineralization in transgressivestrata between continental red beds at CoatesLake,

Northwest Terrtories, approximately200 kilometers east of the WerneckeMountains

(Chartrapdand Brown, 1985) The RapitanGroup of Hadrynianage overliesthe Mackenzie

Mountain Supergroup Immediately eastof the WerneckeMountains,the RapitanGroup

containsSuperior-typeiron formation including the majorCrest iron deposit~Gross,1965)

On the westernsideof the WerneckeMountainsthe WerneckeSupergroupis unconformably

overlainby CambrianthroughOrodoiic~ancareopaterocks

The uncon’ormityat inc top of the WerneckeSupergrcuphasbeer correlatedwith t0e mid

to lateProterozoicRackia” orogenyoy Gabr4e~se(l96~) Tne occurrenceof basalPareozoic

rocxs resting on either Gillespie Lake or Quartet Group sedments in the Wernecke

\‘Iountains is e’ idencefo- latastProterozo~cto early Cambriantectonism Tne nearbythick

clastic wedgesin the UpperProterozoicWindenereGroup suggestsyndepositionalfault’ng

(Eisbacher,1976, 1977, 1978a 1978b, 1981) To the south on the MacDonald Platform

conglomeratewedges beneath the Early Cambrian carbonatep’atform indicate that

syndepositionalfaulting continued into the Paleozoic(Archer et al, 1986) Proterozoic

deformationresultedin block faulting as well as the formation of broad folds Faulting

appearsto havebeenlargely along north to northwesttrendswhich parallel the trendsin

the RichardsonFault Array to the north

The WerneckeSupergrouprocks commonly show a veak cleavagewhich becomesmore

pronouncedwith stratigraphicdepth Rocks in the Fairchild Lake Group re commonly

phyllitic anddisplay a lower greenschistmineralogy The entire WerneckeMountainsarea
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is within the Laramide fold and thrust belt and is characterizedby numerousreverseanci

thrust faults The combinationof ProterozoicandLate CretaceousthrougnEoceneLaramide

deformationhasproducedacomplexstructuralmosaic Mappingto datein the region is not

sufficient to confidentlyunravelthis structuraloverprint

50) BRECCIA BODIES - DISTRIBUTION AND MORPHOLOGY

Approximately90 separatebrecciaoodieshavebeenrecognizedin the WerneckeMountains

(Archer andSchmidt, 1978) The brecciabodiesaccountfor approximately2 percentof the

exposedWerneckeTerrane They cut Fairchild LakeandQuartetGroupsediments No well

documentedexamplesof brecciascutting Gillespie Lake Group rocks are known although

breccia is in fault contactwith GillespieLakeGroupsedimentsat severallocations Breccia

bodies aremore abundantin the Fairchild Lake Group This may indicatethat thebrecc~as

are more commonat deeper stratigraphiclevels Alternatively, this concentrationmay

reflect structuralcontrol of the brecciassince the FatrchildLaxe Group is primarily exposed

asan uplifted block alongthe extensionof the RichardsonFault array

The brecciabodies occur as dike-like or sill-like zones rangingfrom a few metersto more

than100 meterswide They also form generallyelongate,pipe-likebodiesfrom 100 meters

to over3 kiiometersin diameter The vast majority of brecciabodies in the Wernecke

Mountainsappearto haveformed alongan~iclina1axes(Igor, D&ores Greek)and/or faults

Long axesof the brecciaboaiestend to be oriented either north-no-thwest(Igor, Irene,

Glac’er Lake, NOR), parallel to thc major faults ~n the RichardsonFauit Array, or east-

northeast(DoloresCreek, Pagisteei),in a conjugateorientationto the majorstructu~es

Contactsbetweenthe brecciabodies and the wall rocks are variable and appearto be

controlled largely by the type of wall rock Contactsbetweenbrecciaand sandstoneand

siltstonetend to be sharpwith draggingof the wall rocks suggestingforceful emplacement

Contactsbetueenbrecciaand mudstonesor highly argi’laceoussiltstonesare comnonly

grad’ational with orecciationbecomingless intenseaway from the body In all rock types

brecciabodiesaresurroundedby fracturedandveined wall rocks While most of the pipe-

like bodies have well defined, regular bounciaries,other brecciabodieshave irregular

boundariesand containnumeroussheet-likeoffsnootswhich can extend severalhundred

metersalong individual stratigraphichorizons
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Brecc4aclastsare derivedfrom the adjacentwa’l rock No exoticclastshavebeenrecorded

Lazncka (1977a, 197Th) hasnoted the presenceof alteredclastsof diorite dike material in

the brecciasat DoloresCreekwhich appearto havebeenderived from dikes cutting the

adjacentsediments Megascopicallysimilar fragmentsin the Igor breccia (Laznika and

Gabourty,1988) are probablychloritized siltstoneclasts Thereappearsto have beenlittle

displacementof rock types vertically within the brecciabodies The maximum recorded

displacementot breccia material is 150 meters upward (Archer and Schmidt, 1978),

although Belt (1986 b) suggestssignificantly greater upward movementof clasts No

significantdownwardmovementof clastshasbeenrecognized

Glast size rangesfrom morethan100 meters in diameterto finely comininutedparticles In

most breccias,clasts tend to be less tnan a meter in diameter Clast shaperangesfrom

highly angular to roundedor embayed Embayed clasts indicate modification, anci/or

formation, of breccia texture by hydrothermal alteration Glast size and shape is

lithologically controlled with competentsiltstonesand sandstonestenu’ng to form larger

andmoreangularclasts Argillaceoussiltstonesandmudstonesgenerallyform smaller,more

roundedclasts Much of the more argillaceoussedimentappearsto disarticulateupon

brecciationinto rock flour consistingof quartzgrainsand clay The wide vanetyof breccia

types is probably the result of both mechanicalbreccation andhydrothermalreplacement

of clastsand is similar to the spectrumof texturesdescribedby OreskesanuEinaudi (1990)

from the Olympic Dam depositin South Australia

Matrix compositionin the b-ecciasis variablebetweensepa-atebrecc4abodies andw’tnin

0ndtvid.sal bodies Most brcccia appearto nave a matrix doninateciby quartz and clay

(now sericite) derivedfrom disartculatedsed0ment However, in manybrecciabouiesthis

matrixappearsto have been modified by hydrothermal alteration Alteration was

synchronouswith andpostdated,brecciation

Breccas generally aisplay little internal texture and appearto be massive However,

severalo’ the brecciabodiescontain zones with pronouncedlamination or bandingand

fluxion or fluidization textures In nearly all casesthis lamination appearsto be steeply

orientedrelative to the edgesof the brecciabody Rarely, this bandedmaterial appearsto

grade nto distinct veins The location of this type of brecciawithin bodiesis variable In

the NOR brecciafluxion texturedbrecciacomprisesthe centralportion ot the elongatepipe

(Templeman-Klu~t,1981) while in the Irene brecciafluxion or fluidization textured breccia

forms a discontinuousrim on the margin of the orecciabody Laminated breccia with

7



‘iuidization textured veins occursthrougnoutthe igor oreccia body but is restrictedto a

parageneticallylate alteration event

60) BRECCIA BODIES - ALTERATION

All brecciabodiesdisplay a halo of bleaching This bleachingis the result of destruction

of disseminatedcarbonaceousmaterial and iron oxidesin the sediments The extentof this

peripheralalteration varies betweenindividual brecciabodies In brecciascutting the

Fairch Id Lake Group, such as in the Dolores Creek area, bleachingextendsseveral

kilometersfrom the brecciacontact(Laznika and Edwards,1979) In brecciabodiesin the

middle to upper QuartetGroup, such as Igor, bleachingextendstensto severalhundredsof

meters from the breccia contact Distribut on and intensity of bleachingappearsto be

cont-olled by porosity and permeability of the sedimentsaswell as structurally_related

porosity

Alteration mineralogyandzoningappearsto be a function of depth Brecciabodiescutting

Fairchild Lake Group rocks commonly display zones of intensesodium metasomatism

characterizedby albitization In the QuartetGroup,brecciabodiesgenerally lack intense

albitization, but containzones of intensecarbonatealterationas well as zonesof extreme

iron metasorn,atism

6 1) Brecciascutting the Fa:rch~ldLake Group

Alteration in brecciabodiescutting the Fat-child Lake Group sed’mentshasbccndescrbed

at Dolorus Greekand Glacier Lake ~Beli,1986b, Lazn4ka,1977a,b,Laznka andEdwards,

1979) At DoloresCreek the alterationzone extendsseveralkilometers outsideof tne the

elongate,generallynorth to nortneast-trendingbrecciabodieswhich areup to 2 5 kilometers

long The brecciabodiesin the south-centralportion of the alteredareadisplay extreme

sodium measomatism At the Porphyryprospect, extremelyalteredbrecciahasa light

pink to greycolor anda medium to coarsegrainedtexturewhich is megascopicallysimilar

to an igneousintrusiverock Albitite commonlycontainsmagnetite,now largely convertedto

hematiteThe albitite bod es are generallysmall, 50 by 150 m in planview, andappearto

form veinswithin the brecciaparallel to the long axis of the brecciabody

Albitite is surroundedby a zoneof less intensesodiummetasomaticalterationcontaining

albite - paragonite- sericite Iron oxide is presentin this alterationzone as hematite,

8



thoughat least someis probably martite after magnetite. This typeof sodiummetasomatic

alteration is presentboth in brecciaand in adjacentFairchild Lake sediments. Albite is

bestdevelopedin quartz-richquartzitesandmetasiitstoneswhile paragoniteis dominantin

argillaceousmetasiltstonesand metamudstones.Limestoneanddolostonelenseswithin the

Fairchild Lake within this alterationzone locally contain caic-silicateminerals.Scapolite

and chlorite are the most prominent alteration minerals; minor actinolite may also be

present. Near the fringes of this alteration is a zone of potassiumenrichment

mineralogicallycharacterizedby abundantsericite and lesserbiotite.

The sodiummetasomaticalterationzonecenteredon the brecciabodies is envelopedin a

phyllic alterationzone in the surroundingFairchild Lake and QuartetGroup sediments.

Phyllic alteration is dominatedby sericite and chlorite and gives way outwards to

increasingly ferroan carbonate-richalteration assemblages.The fringe of the alteration

system is dominatedby a ferroan carbonate- chlorite assemblage. Minor hematite is

pre.sentin all theseperipheralassemblages.

Albite veins cutting the albite - paragonite- sericitealterationassemblage,quartz - albite

veins cutting the phyllic alterationassemblage,and quartz - sericite - chlorite - carbonate

veins cutting the carbonate- chlorite assemblagesuggestthis alteration pattern is a

progradesystemwith alterationfronts moving outward from the brecciabodies. This

alteration pattern indicates that the breccia bodies themselvesformed the locus of

hydrothermalalterationand servedas fluid conduits.

This progradealterationeventappearsto havepostdatedor beenroughly synchronouswrth

brecciation. The majority of the brecciaappearsto havehada matrix andciastmineralogy

of quartz- sericite - chloritecorrespondingto the mineralogyof the phyllic alterationzone.

This was overprintedby the sodiummetasomaticalterationassemblages. However, Bell

(l986b) hasnotedrare albitite clastsin brecciaindicating multiple periodsof brecciationor

alterationor both.

The progradealterationassemblagesare cut by anotherassemblageof veins dominantly

containing ferroan carbonate,chlorite, quartz and hematite. This assemblageis nearly

identical to that of theapparentfringes of the progradealterationsystem. It is probable

that theselate veins representa retrogradecollapseof the system,related to temperature

decline.

9



Alteration in other orecciabodiescutting Fairchild Lake GrouprockssuchasNORand Irene

is lesswell known At the NOR prospect,which appearsto cut the uppermostFairchild

Lake Group, early alterationappearsto have ceendominatedby the formation of albite

with lesserpotassiumfeldspar and sericite and minor biotite, actinolite and magnetite

(Parrish and Bell, 1987, Templeman-Kluit, 1981, M H Sanguinetti,per conm, 1989)

Extremealterationof this type resultedin the formation of medium-graincd,feldspar-rich,

igneous-apperaringrock This alterationassemblageappearsto havedevelopedin discrete

zones,or veins, in the centerof the brecciabody Alteration of clastsand matrix in the

brecciasurroundingthe albite-richcentersproduceda quartz- sericite- chloriteassemblage

The albite-nchand quartz-sericite alterationassemblageswere 1ater largely convertedto

quartz - chlorite - carbonate- hematite assemblagesThis retrogradea1terat~onappearsto

dominantly effect brecciamatrix At the Irenebreccia,ascurrentlyexposed,tne brecciacuts

the upper Fairchild Lake Group at the approximatestratigraphiclevel of a prominent

limestonemarker bed Alteration assemblagesin the brecciaaredominatedby calcite and

quartz with minor albite The preponderanceof caicite may be due to the stratigraphic

position of the brecciaas exposed Large alterabonhalos extendingoutsideof the breccia

bodies, as at Dolores Creek, are not presentat the NOR and Irene bodiesalthough

discontinuouszonesof chloriteandhematitealterationof surroundingFairchild LakeGroup

sedimentsare presentat bothbodies

6 2) Brecciascutting the Quartet Group

In brecciabodiescutting theQuartetGroup aite-ationappearsto be dominatedby chiorite -

carbonateand hematite Alteration effects brecciamatrix and someclasts, rare1y does

significant alterationextendinto the surroundinghost rocks Of the brecciaoodiesin the

QuartetGroup, only the Igor breccia has beenstudied in detail The Igor breccia, as

exposed,cuts through inter-layered sandstones,siltstonesand mudstonesof the middle

QuartetGroup Tne orecciabody consistsof a marginal zoneof disruptedQuartetGroup

rocks Within this zonemore competentsandstoneand siltstonebedshavebeenfractured

andboudinaged Movementis taken up in the more incompetentmudstonelayerswhich

behaveplastically Alteration within this marginal zone consistsof bleachingof the

sedimentsand minor growtn of carbonate Alteration appearsto initially effect mudstones

andargillaceoussiltstones

With increasingbrecciationand alteration the marginal disrupted facies gradesinto a

brecciaconsistingof siltstoneand sandstonefragmentsin a qua’iz-sericitematrix which is
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variably altered to chlorite, carbonateand quartz with minor magnetiteand hematite,

Garbonateminerals are dominated by dolomite with minor calcite, With increasing

alterationclasts may be wholly or partially altered to a similar assemblage.Alteration of

clastsis most intenseon clast rims or alongfracturesor veinscutting the clastsandresultsin

the roundingof originally angularclasts. However, evenin zones of intensecarbonate-

chlorite alteration, the original brecciatexture is preserved. Carbonate- chlorite matrix

breccia is the dominant rock-type in the Igor body. It is probable that this style of

alterationis roughly synchronouswith brecciaformation.

Extreme alterationof this type results in the formation of a carbonate- magnetiterock,

Generallythe zonesconsist of buff- to white-colored carbonate,almost entirely dolomite,

with variable amountsof subhedralto euhedralmagnetite. Original breccia texture is

generally completely destroyedresulting in a massiveappearingrock, Magnetite is

generallydisseminatedand individual crystalsrangesin size from severalmillimeters to

over 2 centimeterin diameter. Skeletalcrystalsof magnetitein a carbonate-quartzmatrix

are common. Many carbonate- magnetitezonescontainshort intervalsof semi-massiveto

massivemagnetite. In addition to carbonateand magnetitetheseintesely alteredzones

contain quartz and minor barite, chlorite, sericite, albite, and fluorite, Occassionally

chlorite or baritecanform up to 70 % of the rock overa meter, Psuedomorphsof scapolite

(?) replacedby quartz,carbonate, and albite as well as actinolile (?) replacedby chlorite

andquartzare alsoobserved.

Zonesof carbonate- magnetitealterationform elongatevein-like structuresparallel to the

long axis of the br-ecciabody. They are mostcommonon the westernedgeof the breccia

body alonga structurallycontrolledaxis. Most carbonate- magnetitezonesareless than2

metersin width andhavea strike length of under 50 meters, However, onelargezoneon

the northeastsideof the body is up to 20 meterswideand 300 meterslong.

Measurementof homogenizationtemperaturesin fluid inclusions in carbonateminerals,

quartz, and fluorite from the carbonate- chlorite andcarbonate- magnetiteassemblages

yield temperaturesrangingfrom 80 to 300°C. Homogenizationtemperaturesof dolomite

and calcite clusteraround140°C, while fluorite averages190°C andquartzrangesfrom 130

to 300°C and averagesapproximately 200°G. Carbonatemineralsand quartz in the

carbonate- chlorite assemblagehave homogenizationtemperatureswhich cluster around

130°C. Thus the carbonate- magnetiteassemblageappearsto haveformed at generally

higher temperatures.
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The carbonate- chlorite and carbonate- magnetiteassemblagesare cut by hematite-rich

brecciasat Igor Thesehematitebrecciasare elongateparallel to the trend ot the carbonate

- magnetitezonesandare most prominentalong the samescructuralaxis that controls the

ocationof the earlier carbonate- magnetitezones Groundmagnetic resultsandoutcrop

datasuggeststhat the hematitebreccialensesmay coalescein the southernportion of the

brecciato form a semi-circularbody The hematitebrecciais characterizedby replacement

of magnetitein the earlier assemblagesby hematite(martite) as well as the formation of

abundantspecularhematite Carbonate(calciteanddolomite), quartz,andchloritearealso

major constituentsof the alterationassemblageand fluorite and minor to significant barite

are also commonly present While breccia texturesare generallypreserved,severalsmall

zonesof massivehematiteresultingfrom extremeiron metasomatismalsooccur

Bandedand laminate textures,which appearto be the result of fluidization, are relatively

common in hematite breccia, especially in or adjacent to zones of extreme iron

metasomatism Thesefluidization texturesnavesteepdips and strike parallel to the long

axis of the brecciabody Generally bandedbrecciaformsmillimeter to 3 meter thick veins

cutting more masive,hematite-alteredbreccia The veinscontainclastsof hematite-altered,

carbonate- chloritebreccia in a hematite-rich,specularhematite- quartzmatrix

Homogenizationtemperaturesin fluid inclusions in carbonateand Puorite from hematite

breccia range from 90 to 175°C Carbonateaverages110°C whue quartz averages

aporoxinately145°C A singlequartzgrain yielded a homogenizationtenperatreof 295°

C It appears,from the limited data ava~labletnat the hematitebreccia alteration

representsa lower temperature,retrogradeevent in relation to the progradecarbonate-

chlorite andcarbonate- magnetitealterationevent

70) BRECCIA BODIES - MINERALIZATION

The Werneckebrecciabodiesare characterizedby iron, copper,uranium,gold, cobaltand

rare earthelementmineralization While all the brecciabodiesexaminedto datecontain

zones of iron enrichment,other styles of mineralizationappearto be patchily developed

Thus far economicconcentrationsof breccia-hosteduranium,baseor preciousmineralshave

not discoveredin the region
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Iron mineralizationis ubuiquitousin the brecciabodies. Early, progradealterationsuites

generallycontain accessorymagnetite. In the Igor brecciamagnetitemineralization is

significantwith a numberof I to 5 meterthick lensesof semi-massivemagnetite. Hematite

appearsto occur as a distal accessorymineral in the early alterationsuitesbut is most

common in the later, retrogradealterationassemblage.The hematiteoccurs as martite

after earlier formed magnetiteand as primary specularhematite, Significant massiveto

semi-massivespecularhematitereplacingbrecciaoccursin the Igor, Pagisteel,NOR, Bond

andEatonbreccias. At Pagisteelapproximtely1 million tonnesof hematitegrading29.3 %

solubleiron havebeenoutlinedby drilling beneathan outcropof massiveto semi-massive

hematite300 m longby 180 meterswide (Archer andSchmidt, 1978). Iron is also presentin

the brecciabodiesas pyrite and in iron-bearingcarbonatessuch as ferroan dolomiteand

siderite,

Rareearthelementsare generallyweakly enriched(greater than2 times background)in

the Werneckebreccias. Geochemicalanalysisof breccia indicates that, in general, rare

earth elementsare progressivelyenrichedin breccia throughoutthe alteration sequence

with the light rare earthelementsshowing the most dramaticenrichment, However, the

highestvaluesobtainedto date in individual samplesfrom the brecciascomefrom areasof

intenseprogradealteration;carbonate- magnetiterock at the Igor Prospect(537 ppmLa and

689 ppm Ce) and albitized breccia at NOR (2.7% Ce and 3% La; Sanguinetti,1989, per.

comm,). The highestLREE valuesare found in sampleswith high P2O5contents, At Igor

the LREE hostappearsto be dominantlyapatite while monozitecontainselevatedLREE at

NOR (Parrishand Bell, 1987). Apatite andmonoziteare intergrownwith the alteration

mineralsat both Igor and NOR suggestingthat LREEs were precipitatedduring prograde

alteration,

Copper mineralizationoccurs in nearly every brecciabody examinedto date. In breccia

bodiescutting the Fairchild LakeGroup metasedimentstwo stylesof coppermineralization

arepresent. The PorphyryProspectat DoloresCreek(Laznika and Edwards,1979) and the

NOR Prospect(Templeman-Kluit,1981) contain disseminatedchalcopyritein the zone of

intensealbititzation. This chalcopyritelocally replacesmagnetiteand is intergrownwith,

or replaces,pyrite, magnetite,martite andspecularhematite. At Dolores Greekand Irene

copperis also found in quartz- iron carbonate- pyrite veinsperipheralto the brecciabodies,

At Irene the major vein is approximately5 meterswide and trendsnearly perpendicularto

the strike of the brecciabody; it hasbeentracedfor nearly 150 m. It consistsof quartzwith

lesserironcarbonateandhasa 3 to 5 meter envelopeof bleachedandsilicified wallrock.
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In Dreccia bodies hosted by the Quartet Group, copper mineralization consists of

disseminatedand veinlet-controlled chalcopyrite in carbonate-chlorite,carbonate -

magnetiteandhematitebreccia In carbonate- chlonteandcarbonate- magnetitezonesthe

chalcopyriteoccurseither as replacementsof magnetiteor as disseminatedgrainsbetween

carbonatecrystals The chalcopyriteis commonlyintergrownwith a dull-reflectingpyrite

Both the chalcopyrite and dull-reflecting pyrite are commonly replaced by a bright

euhedralpyrite At the Igor Prospect,the highestconcentrationsof chalcopyriteoccur in

zones of massive to semi-massivemagnetiteor in carbonate-richzones adjacent to

magneitite-richzones Numerousintervalsof up to 3% Cu over severalmetershavebeen

discoveredin such zones Chalcopyriteand pyrite are also found in hematitebreccia

While chalcopyrite in the hematite breccia can sometimesbe observed to replace

magnetiteor martite in thesezones,it commoniy appearsto be intergrownwith specular

hematite Disseminatedcoppermineralizationat Igor is associatedvith elevatedIev&s of

mcrcuiy

Chalcopyriteandpyrite are also found in carbonate(quartz - barite) veins cutting all

brecciaand alteration types as well as host rocks immediately adjacentto the breccia

bodies Theseveins arecommonly se,‘eral millimeters to several centimetersin width and

appearto be discontinuousalong strike They are characterizedby elongatecrystalsof

dolomite on vein-edgeswhich are rierpendcularto vein walls andvein centerso~calcite

The sultidestypically occur with the dolomite or betweenthe dolomiteandthe wail-rock

Gross-cuting relationshpsbetweenthe copperara iron sulfides and the alterationminerals

in the freccias both in tne Fairchird Lake and QuartetGroups indicate that sulfide

mineralizationis late relative to sodiumand iron metasomatism However, the restriction

of the highestgradesof coppermineralizationto zones of intensealbitic alterationin the

Fairch,Id Laxe GroLp and intensecarbonatealterationin the QuartetGroup suggeststhat

someo’ the coppermineralizationwas relatedto the progradealterationevent It anpears

thatcopperand iron sulfidesmayhavebegundepositionat this time andcontinuedthrough

the periodof retrogradealteration,including the intenseiron metasomatismin the Quartet

Groupbreccias

Although minor chalcocite and copper carbonatemineralsare found in near-surface

weatheringzones,it appearsthat primary coppermineralizationis composedentirely of

chalcopyrite Tertiary enr,chmentzonesare small, probably due to Pleistocenealpine
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glaciation of much of the region To date, no supergeneenrichmentzones have been

discovered in mineralized breccia beneath upper Proterozoic and basal Paleozoic

unconformitiesthoughexplorationfor this styleof mineralizationhasnot beenundertaken

Minor cobalt is also presentin copper-richzonesasevidencedby the presenceof erythrite in

weatheringzones Cobalt occurs in volumetrically minor cobaltite and as cobaltiferous

pyrite Preliminary microprobeinvestigationof cobalt distribution in pyrite suggestan

apparendyrandomdistribution Molybdenumis also geochemicallyanomalousin copper-

rich zones Although indivsdualsamplescontainup to 1% Mo, no molybdenummineralhas

beenidentified to date

Weak uranium mineralizationhas beenrecognizedin all the brecciabodiesexaminedto

date The principal uraniummineral is branneritewhich occursas a hard,reistant, shiny

black mineral containung10 to 50% L3O5 Minor pitchblendehasalsobeenrecogn~zedat

Dolores Creek (Pterd Prospect), lgor and Bond Uranium mineralizationis patchily

developedand hasbeenfound in the completespectrumof alterationtypes The highest

concentrationshavebeenreportedfrom albitizedbrecciain the NOR brecciabody (Parrish

and Bell, 1987) and ‘rom quartzveins peripheralto the brecciabodies(Archer andSchmidt,

1978) Supergeneenrichmentof uranium hasnot beenreportedfrom any of the breccia

bodies

Gold m,neralizat,onin the breccas is poorly understood Gold distributionappearsto oe

paticbly de:eloped v itn va1uesof severalhundredupo commonwitnin the breccia The

highestgold valueshavebeenfound penpneralto the brecciasandcomunonlyappearto be

associatedwith u-aniummineralization Many of the brannerte-bearingveins peripheral

to the brecciascontainelevatedgold valuesand at the Eatonprospectspectacularrosettes

of free goldup to 2 millimeters in diameterareintergrownwin coarsebrannerite

80) AGE OF THE BRECCIA BODIES

The brecciasare restrictedto the WerneckeSupergroupindicating that they formed during

the Proterozoicprior to thedepositionUpperProterozoicPinguiculaGroupsediments There

is no well documentedexampleor brecciacutting the Gillespie Lake Group carbonaterocks

suggestingthat the brecciasmay havebeenemplacedduring the later stagesof Wernecke

Supergroupdeposition. Pb-U ±Th isotopeanalysesof uraniferoussamplesfrom the breccia

bodies(Archer et al, 1986) yields a wide rangeof discordantages The dataare difricult
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to interpretbecauseof the effects of lossor gainof eitherU parentor Pbdaughterisotopes.

The oldestdate is 1194 Ma from the lgor breccia. Monozite from the NOR brecciayields a

1270 ±40 Ma reverselydiscordantage (Parrishand Bell, 1987). Phiogopiteand biotite in

brecciabodiescutting QuartetGroup sedimentsin the QuartetMountainareagive K/Ar

datesof 1510 and 1040 Ma respectively(Archer et al,, 1977; Godwinet al., 1982). Basedon

the availableevidencethe bestestimatefor the age of the brecciasis between1500 and

1300 Ma.

9.0) CLASSIFICATION OF THE BRECCIA BODIES

The Werneckebrecciasappearto be a memberof a broad classof deposits(Oreskeset aI,,

1989; Hitzman et a!., 1990) characterizedby:

1) Age. The majority of known,largedepositsaremid-Proterozoic(1100-1700Ma) in age.

2) Setting. Gratonic or continental margin environments,typically within silic-

intermediateigneousrocksof anorogenictype.

3) Associationwith extension, Spatial or temporalassociationwith probableextensional

tectonics;depositsarecommonlylocatedalongmajorstructuralzones.

4) Mineralogy. Magnetiteor hematiteis a dominantmineral; GO3, Ba, P, or F minerals

areubuiquitousandcommonlyabundant;Ti-rich phasesareabsentor rare.

5) REEs, Anomalousto potentially economicREEs.

6) Alteration, ExtensiveFe-metasomatism,

Other depositsin this class include the Kiruna depositsin Sweden,the Olympic Dam

depositin South Australia, the iron deposit.sin southeasternMissouri, and the Bayan Obo

depositin China.

The Werneckebrecciasshare the majority of these characteristicswith the significant

exception that, besidesminor basaltic dikes, they are not associatedwith volcanic or

plutonic rocks. Unlike, many of the other depositsof this classthey do not contain large

zonesof massiveiron mineralization, However, iron mineralizationis the volumetrically

mostabundanttype of mineralizationrecognizedto date in the brecciabodies. In termsof

morphology the Werneckebrecciasare most similar to the Olympic Dam brecciabody

(OreskesandEinaudi,1990).

Kiruna-typemagnetite - apatite - actinolitedepositsin intermediateto felsic volcanic rocks

of Aphebianage (1860 to 1790 Ma) havebeenrecognizedon the westernand southern

margins of the Slave Province in the Great Bear magmaticzone near Great Bear Lake
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(BadhamandMorton, 1976; Gandi, 1988, 1990; Gandiand Bell, 1989; Hilderbrand,1986) and

in the East Arm of Great SlaveLake (Badham,1978). Severalof thesedeposits,such as

the Sue-Diane(8 million tonnes,0.8% Cu with minor U and Au; Gandhi,1989; Gandiand

Bell, 1990), Mar and DampProspects(Cannuli et al., 1990; Sawiuk et al., 1990), conatin

significant copperanduranium. Thus the Werneckebrecciasform theyoungestin a rangeof

Kiruna-Olympic Dam - type depositsin Aphebianand Helikian age rocks in northwestern

Canada.

10.0) GEOLOGY OF THE PAGISTEEL PROSPECT

The Pagisteelbreccia body extendsacrossthe Bear River valley (Figure 3) and is the

largest brecciabody recognizedto date in the WerneckeMountains. The shape of the

brecciabody is poorly understood,In grossform the brecciabody appearst-o be an elongate

massapproximately3 by 1 kilometersin diameter,The brecciaappearsto be fault bounded

on three sides, V/here the northerncontactof the breccia is exposedin outcropsalong the

Bear River and immediatelynorth of the hematiteknob on the northeasterncorner of the

body it is a fault. The brecciais juxtaposedagainstQuartetGroup sedimentsalong this

fault excepton the extremesouthwestedgewhere thereis a sliver of Gillespie Lake Group

carbonaterocksbetweenthe brecciaand the QuartetGroup sediments. The southwestern

side of the brecciabody is cut by a high-anglefault which separatesit from carbonate

rocks of the Gillespie Lake Group which are unconformablyoverlain by a basalCambrian

sectionto the southeast. To the northeastthe brecciabody appearsto be juxtaposedwith a

narrow grabencontainingGillespieLakeGroupcarbonaterocksboundto the north andsouth

by QuartetLake Group sediments. It is only along the southernedgeof the brecciabody

thatan apparentlynon-faultedcontactwith QuartetGroup rocksis present. This contactis

exposedin outcropsalongthe BearRiver andmorepoorly exposedon the lower slopesof the

mountainssouth of the Bear River. The mappedextent of the brecciabody is basedon

exposuresand interpretationof aeromagneticdata (Cohen, 1965). It appearsto be highly

irregular with a largebulbousprotrusionof the brecciabody to the southunder the Bear

River andanotherimmediatelyadjacentto the fault on the southwestportion of the body.

Mapping to date of the sparseoutcropsof the breccia is not sufficient to differentiate

brecciatypes. However, from the availableevidenceit appearsthat, like the Igor breccia

body, the Pagisteelbody has a carapaceof disruptedQuartetGroup rocks consistingof

brokensandstoneandsiltstonebedsin a moreplasticmudstonematrix which is gradiational

into a true brecciawith a quartz - sericite (mudstone)- chlorite - carbonatematrix. The
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carbonateconsistsof both calcite and dolomite, With increasingalteration the matrix is

progressivelyenrichedin chlorite andcarbonateandhematite. In the southwesternportion

of the brecciabody on the slopesabovethe Bear River the brecciamatrix is predominantly

chlorite -rich, Only one small zone of massive carbonatealteration with associated

magnetitemineralization,similar to thoseat the Igor prospect,hasbeenidentified to date

at Pagisteel. This zone is located in the southeastcorner of the breccia (sampleIGM-06).

Samplescollected from Pagisteelhave beenseparatedinto breccia types (carbonate-

chlorite breccia, carbonate- magnetiterock, and hematitebreccia)correspondingto the

division recognizedat the Igor prospect.

Thougha multitude of variationsare present,the breccia is dominantly matrix supported.

Thoughmany brecciassuperficially appearto be heterolithic,most containsimilar Quartet

Group siltstoneand quartzite clasts which display variable degreesof alteration, No

exotic clasts have been identified in the Pagisteelbreccia, Glast size varies from

millimeters to 5 metersin diameterbut the majority of clastsappearto be 5 centimetersor
less in diameter.

In the vicintiy of the hematiteknob in the northeasterncorner of the body and on the

slopesof the mountainto the south of BearRiver between4,500and4,000 feet elevation,

the brecciacontainsnumerousred-coloredclastsrangingin size from millimeters to several

metersin diameter. Theseclastsvary from pink colored siltstonesto brick red rock with

round to oval spotsof chlorite up to 2 centimetersin diameter. The brick red clastsare

superficially similar to vesicular, K-feldapar-richrhyolite. However, on close inspection,

all thesered altered rocks can be seento be siltstonesand sandstoneswhich havebeen

variably recrystallizedand contain minor albite and disseminatedspecularhematite.

While most of the clasts are subroundedwith sharpedges,some show highly irregular

boundarieswith chloriteand speculariteforming veinsandembaymentsinto the ctasts.

11,0) MINERALIZATION IN THE PAGISTEEL BREGGIA

Approximtely I million tonnesof hematitegrading29.3 % solubleiron havebeenoutlined

by drilling beneathan outcrop of massiveto semi-massivehematite300 m long by 180

meterswide on the north side of the Bear River (Archer andSchmidt, 1978). This zoneof

hematiteis the largestconcentrationof semi-massiveto massiveiron oxide recognizedto

date in the Werneckebrecciabodies, Aeromagneticssuggeststhat a larger body of semi-

massiveto massivehematiteis presenton the southernedgeof the brecciabody directly
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under the Bear River (Figure 3). Massiveiron oxide samples(suchas samplesPH-7 and

PH-17, with up to 77% Fe 203 - Appendix IV) examinedto dateappearsto be a mixture of

martiteand specularhematite. In polishedsectionminor remnantsof magnetitearepresent

in the martite. Texturally the massivehematitefrom the outcroppinghematitemassin

the northernportion of the Pagisteelbrecciais nearly identical to hematitebreccia from

the Olympic Dam deposit in SouthAustralia. Minor specularhematiteis presentin much

of the brecciaas a matrix consitituentbut rarely exceeds8 %.

Coppermineralization is evident throughout much of the breccia. Most of the copper

mineralization examinedto date consistsof weak disseminationsof chalcopyrite in

hematite-richmatrix breccia, The most extensivearea of weak mineralizationoccursin

brecciawith abundantred colored clastson the slopesof themountainsimmediatelysouth

of the Bear River, Similar mineralizationoccurs in the drill core from the old Pagisteel

showing. The bestassayfrom the samplestakenin 1989 was 0.28% Cu (samplePh-20);

however,no high-gradedsamplesweresubmittedfor assay.

Rareearthelementmdneralizationis low in samplesexaminedto date. The bestassaysare

267 ppmLa and226 ppmGe(samplePH-l2) and 246 ppmLa and268 ppmCe(sample1GM-

08). However, noneof the samplesanalyizedto date from Pagisteelcontainhigh P205(in

apatiteor other phospateminerals)which form the usual hosts for LRRE mineralization.

Chondrite normalizedrare earthelementpatternsfor the different rock typesat Pagisteel

(Figure 4) show patternssimilar to thoseat the Igor prospect. Quartetsedimentshavea

relatively flat pattern. Carbonate -chlorite breccia, carbonate-rich breccia and hematite

brecciashow a progressiveenrichmentin LREEs relative to heavy REEs as well as a

pronouncedpositiveEuropiumanomaly.

To date, no areasof the breccia have been located which contain highly anomalous

uranium, Early radiometricsurveysin the areadid not suggestnear-surfaceenrichmentof

uranium. However, river gravels and glacial sedimentsin the floor of the Bear River

valley may mask modesturaniumconcentrationsand no ground radiometricsurveyshave

beenconducted.

Barium is highly anomalousin manyof the samplesfrom Pagisteel. The single sampleof

carbonate-richbreccia (IGM-06) contains 25.8% BaO (Appendix IV) while several of the

samplesof carbonate- chlorite matrix breccia (IGM-07, 07A) and hematitebreccia (PH-7)

containin excessof I % BaO.
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120) STABLE ISOTOPE GEOCHEMISTRY OF THE PAGISTEEL BRECCIA

Three samples of the Pagisteel breccia (PH-21 carbonate-chloritebreccia,IGM-06 carbonate-

magnetite rock, and Pag 4-48 hematite breccia) were submitted to Dr D W Beaty at the

Chevron Oil Field Research Company laboratory in La Habra, GA for carbon and oxygen

isotopic analysis (Appendix V) The samples formed part of a larger suite studied to

characterize the stable isotope geochemistry of the Wernecke breccias The samples from

the Pagisteel breccia most closely resemble unaltered Wernecke Supergroup sediments in

their stable isotope geochemistry The isotopic data are permissive that the breccia

contains carbonate denved from the surrounding courtry rocks rather than from a carbonatite

intrus’ve at depth

130) CONCLUSIONSAND RECOMMENDATIONS

Pagisteel, and the other Wernecke breccias, are similar in mineralogy and alteration style

to the giant Olympic Damdeposit (450 million tonnes of 2 5% Cu) The Pagisteel breccia

body is the largest sirgle breccia body recognized to date in the Wernecke Mountains It

also contains the largest known concentration of hematite breccia in the d~stnct The target

for the prospect is a 100 mibion tonnes of 2 5%copper or copper equivalent

Futureworx on the property should inc1udedetailedmappmgot the brecciaooay to attempt

to map&stinct~vebrecciazones Geochemicalanalysisof a numberof samplesshould

accompany this work as w&I as a soil geochemical sorvey Sixteen additional claims

shoula be located to the southwest of the existing block to cover extensions of the breccia

Because the majority of the breccia body is hidden under the Bear River, geophysical

surveys should be conducted to determine the extent of the breccia and its mineralogy A

detailed ground magnetic survey combined with a g”avity survey would constrain the

location and extent of both hematite-rich bodies (gravity and magnetic anomalies) and

magnetite bodies (high magnetic anomaly) In addition, wide dipole-dipole induced

polarization surveys may be able to locate zones of sulfide enrichement which would form

drilling targets In addition, or in conjunction with specific target drilling, a northwest

oriented fence of angle holes across the breccia body should be completed to determine the

distribution of brecc’a types and associated mineralization Both mapping and the

geophysical surveys could be carried out from the old Pagisteel camp and would require

minimal helioconter support
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SAMPLE DESCRIPTIONS PAGISTEEL PROSPECT

PH-I GillespieLakeGroupcarbonate.Limestonecut by 5 cm widevein containingrock
fragmentsandcoarse,iron-rich carbonate.No iron oxide or sulfides. Locatedin
complexstructuralzone, Unclearif theseareperipheralveins to Wernecke-type
brecciain Gillespie Lake.

PH-2 QuartetGroup siltite. DisruptedQuartetwith siltstoneclastsin adisaggregated
siltstonematrix; tracepyrite in matrix. Sampleas float in areaof major fault
intersectionsof breccia,QuartetandGillespie Lakesediments.Thisbrecciamaybe
late tectonic.

PH-3 HematiteBreccia, Clastsof pink colored(altered)Quartetsiltstoneandmassive
specularhematitein a dark greyquartz-chlorite-hematitematrix. This brecciais
locatedup hill from thehematiteknob, (this sampleplus PH-S submittedfor whole
rock analysisasPH-5).

PH-4 DisruptedQuartet. A block of siltstonewithin theouterbrecciacut by veinswith
filled with disaaggregatedQuartetsediments(quartz - sericite) andminor specular
hematite, Fromthe brecciaup hill from the hematiteknob. (thin section).

PH-5 Hematitebreccia. Clastsof pink colored(altered)Quartetsiltstonein a dark grey
quartz- specularhematitematrix (similar to PH-3). Samplefrom the breccia
immediatelyabovethe hematiteknob, (submittedfor whole rock analysiswith PH-
3),

PH-6 Hematitebreccia. Pink andgreycoloredQuartetsiltstonein a quartz.. specular
hematite-carbonatematrix. The brown weathering(iron-rich?)carbonateforms
clots throughoutthe matrix. Samplelocatedon the south sideof the brecciahill
abovethe hematiteknob. (thin section),

P1-1-7 Hematitebreccia. Semi-massiveto massivehematitewith minor pink colored
Quartetsiltstoneclastsandclotsof brown weatheringcarbonate,Hematiteknob
nearold Pagisteeldrill hole sites. (whole rock analysis).

PH-S GillespieLakeGroup. Dolostone,Brown weatheringwith a light greycolor on fresh
surface, Fromthick beddedGillespie Lake adjacentto brecciabut separatedby
fault. The sampledoesnot appearaltered.(whole rock analysis;thin section;C&O
isotopeanalysis).

PH-9 QuartetGroup. Siltite. Dark greengreycolor. Samplefrom within the fault zone
boundingthe southernedgeof the brecciabody. Theoutcropis shearedbut not
obviouslybrecciate. The outcropis locatedin the streamto the southeastof the
hematiteknob.

PH-la DisruptedQuartet. Pink, grey anddarkgrey siltstoneclastsin asiltite flour matrix
with minor disseminatedhematite. The brecciais cut by iron carbonateveins. The
sampleis from the BearRiver outcrop. It is the most heterolithicbrecciaobserved
in disruptedbrecciaalongthe river, (thin section,whole rock analysiswith PH-14).

PH-li DisruptedQuartet. Pink andpurplish siltstoneclastsin a purple phyllitic matrix
composedof siltite flour with minor disseminatedspecularhematite. Trace
chalcopyritein matrix. The brecciais cutby discontinuoscarbonateveins. The
sampleis from the BearRiver outcrop. (thin section).
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PH-U Hematitebreccia, Small red coloredsiltstoneclastsin a dark grey,phyllitic
matrix brecciawith variableamountsof hematite- locally up to 25% hematiteover
1 meterin the outcrop. The sampleis from the BearRiver soutcrop. (whole rock
analysis).

PH-13 DisruptedQuartet. Shearedsiltite andmudstonewith “augen” of carbonate- quartz
in a darkgreyphyllitic matrix. Appearsto be he outermostedgeof the breccia or
shearingis relatedto the adjacentfault, The sample is from the Bear River outcrop.
(thin section),

PH-14 QuartetGroup. Shearedmediumto pale greenmudstonenow with a phyllitic
texture. The sampleis from the BearRiver outcropimmediatelyadjacentto the
fault boundingthe brecciabody. (thin section,whole rockanalysiswith PH-b).

PH-15 QuartetGroup. Mediumgreysiltite showingbedding. The rock appearsunaltered
but is mildly sheared. The rock is from the BearRiver outcropto the north of the
fault separatingthe brecciabody from theQuartetGroup. (thin section,wholerock
analysis).

PH-16 Hematitebreccia. Pink coloredQuartetsiltstoneclastsin amassive,black matrix -

weakly hematitic. Sampleis from the southwestbrecciabody at approximately
4,000’.

PH-17 Hematitebreccia, Massivehematitefrom ablock or irregularzonewithin the
southeastbrecciabody. (whole rock analysis).

PH-IS Hematitebreccia. Clastsof brick red to pink coloredQuartetsiltstone. Theseclasts
are up to I meterin diameterin the breccia. The clastscontaindisseminated
chalcopyrite(2 %) andspecularhematite(3 %) andcut by discontinuousspecular
hematiteveins. (polishedthin section,whole rock analysis).

PH-19 Carbonate-chloritebreccia!hematitebreccia. Roundedto subangularred to pink
colored siitstoneclastsin a darkgrey phyllitic matrix with carbonate-chloriteand
minor hematite. The matrix containsminor disseminatedchalcopyrite, (thin
section),

PH-20 DisruptedQuartet!Carbonate-chloritebreccia. Brown, grey and red coloredQuartet
siltstoneclastsin a densequartz-sericite- (carbonate-chlorite)matrix, The breccia
containsapproximately1% disseminatedchalcopyrite. (thin section, whole rock
analysis).

PH-21 Carbonate-chloritebreccia. Large clastsof greysiltstonein a iron carbonate-quartz-
(chlorite-specularhematite)matrix. Clastsrangein size from severalmillimeters to
12 centimetersin diameter. Many of the smallerclastsarebrick red colored. (thin
section,whole rock analysiswith PH-22, C&O isotopeanalysis).

PH-22 Carbonate-chloritebreccia. irregular shapedclastsof grey siltstonein amassive,
carbonate-richmatrix. (whole rock analysiswith PH-21).

PH-23 Hematitebreccia. Largepink coloredsiltstoneclast with psuedo-amygdulesand
abundantsmallgrey, tan, pink and red coloredsiltsoneclastsin a dark grey
phyllitic matrix with minor disseminatedhematite, (thin section),

PH-24 Hematitebreccia. Largered coloredclastof siltstonecutby numerouscrackle
veinlets of specularhematitein a dark black, massivematrix. (thin section).
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PH-25 Altered Quartetsiltstone, Siltstonewith individual bedsboudinagedandshowing
red coloredalteration. More argillaceousbedsareblackandprobablycontain
disseminatedhematite. (thin section).

PH-26 Altered Quartetsiltstone, Red coloredalteredsiltstoneclast (from in hematite
breccia) with psuedo-amygdulesfilled with hematite-carbonate-biotite?-
amphibole?-(quartz)- (sulfides,py. cp). The clast is cut by gashveins filled with
iron carbonate (thin section,wholerock analysis)

PH-27 BasalCambriancarbonate.Black bandedcarbonatefrom just aboveunconformity.
Doesnot fizz with dilute hydrochloric acid - dolomite, siderite?

PH-28 Fairchild LakeGroup. 23A - coarsewhite limestone- markerbed;28B - grey, silty
limestone. FromridgeaboveFairchild Lake - typesection. (thin section,wholerock
analysis,C&O isotopeanalysis)

IGM-05 BasalCarbriancarbonate Redbed, sabkhacarbonateandshale

IGM-06 Carbonate-magnetiterock Bandedcarbonate- quartz- magnetiterock from the edge
of the brecciabody Thisrock typeformsa 1 meterwidebandin carbonate-chlorite
breccia Magnetiteformscoarseeuhedralto subhedralcrystals Small zonesin the
rock containup to 2% disseminatedchalcopynte (thin section,wholerock
analysis)

IGM-07 Carbonate-chloritebreccia Siltite and minor siltstoneclasts(many flatened) in a
well foliated grey phyllitic matrix with a carbonate-richmatrix with tracehemtite
andpyrite (polishedthin section,whole rock analysis)

IGM-07A Carbonate-chloritebreccia Siltite and siltstoneclastsin a foliated dark carbonate
- sericite-quartzmatrix with <1% pynteandminor hematite (polishedthin
section,whole rock analysis)

1GM-OS Hematitebreccia Clastdeficientbrecciain adarkbrown carbonate-hematite-
cnlorite matrix with coarsecarbonatecrystals Weakly foliaied Minor su1ndes
pynte > chalcopyrite ~polisnedthin section,whole rocK analysis)

3



S

LEGEND

Cambrian
carbonate rocks

Gillespie Lake
Group

Quartet Group

Liii] HeterohthicBreccia

0

Semi—massiveto
massivehematite

Rock Sample Loc.

SAMPLE LOCATIONS OF - 34°t5’

PAG~STEELPROSPECT WERNECKE MTNS, YUKON5

S S

65~5o’

Liii

El

El

0

134 ‘20

1 2Km

1133 106/0

11mb



.
.

0 0 n I-
e

l
-4 rn

tn



XRAL A DIVISION OF 505 SUPERVISiON SERVICES INC.
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METHOD DETECTION LIMIT METHOD DETECTION LIMIT

1. MO PPM ICP I,
1. AG PPM M 0.5

CD PPM AA 0.2
10. IN PPM AA 0,5
0.01 SN PPM XRF 2.

20. 53 PPM NA 0.2
10, CS PPM WA 1.

0,01 LA PPM ICPMS 0,1
10. CE PPM ICPMS 0.1
50. PR PPM ICPMS 0,1

10, MD PPM I CPMS 0.1
0.05 SM PPM ICPME 0.1
2, Eu PPM I CPMS 0.05
2. GD PPM ICPMS 0.1
2 TB PPM ICPNS 0 1
0.1 DY PPM ICPMS 0,1
1. Ho PPM ICPMS 0.05
1. ER PPM ICPMS 0,1
0,5 TM PPM ICPMS 0.1
0,01 YB PPM 1CPMS 0.1
0.5 Lu PPM ICPMS 0.05
0. 1 HF PPM MA 0.5

10, TA PPM NA 1.
0,1 U PPM MA 1.
0.5 HG PPB WET 5.
2. TL PPM ICPMS 0.1

10. PB PPM ICP 2.
1, BI PPM ICPMS 0.1
1. TH PPM MA 0.5

U PPM MA 0.1
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SC PPM ICP
V PPM DCP
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CU PPM ICP
CU% XRF
ZN PPM ICP
GA PPM ICP
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XRF ‘ WHOLE ROCK ANALYSIS 31’0CT’89 REPORT 10033 REFERENCE rILE 5877 pACE S of 8

SAMPLE \ PPM SR V MB BA

PH’S 73

PM’7 89 55
PH’12 .‘.

PFN17
PH’20 57
PH 21,22

PH26 58
IGM’Oó 2270
IGM’07 827

IGft’07A 283
IGM’08 74

XRF - WHOLE ROCK ANALYSIS 31-ocT-89 REPORT 10033 REFERENCEFILE 5877 PAGE 7 of 8

SAMPLE \ N SIO2 AL203 GAO MOO MA2O (20 FE203 MMD T102 P205 BAD LW SUM

PH’S 47,0 10.8 3,03 2.05 6,98 23.7 0.16 0,47 0,24 0.30 5.00 99,7

PM’7 13,9 0.65 0,10 0,58 -- 0,23 77.8 0,18 0,14 2,46 0,39 96,4

PH-12 27,3 4,87 1,83 1.61 2.67 58.8 0.07 0.27 0.26 0.04 2,54 100,1
PH’17 15,7 3,12 0,51 0,89 1.64 75.9 ‘‘- 0.37 0,47 0.03 0.77 99.4
PH’20 52,5 15,1 1,92 1,08 ~‘ 11,9 12.6 0.05 1,51 0,59 0.19 2.47 99.9
PH 21,22 51,0 13.3 5,47 4,38 -‘‘ 6.37 9,52 0.14 0.57 0.17 0.08 9.00 100.0

PH 26 53,6 15,3 2,98 L53 ‘-- 12.1 8,84 0,09 1,28 0,60 0.16 3.54 100.0
1GM-Go 12.8 313 1,15 0,51 ‘-- 1.01 35,2 0.35 0.31 0,21 25,8 2.00 82,7
IGM-07 32,6 7,42 4.29 2.49 ‘-‘ 2,18 38.1 0.41 0,46 0.21 6,20 5,00 99,5
IGM’07A 38,3 10,0 1.29 2,42 ‘-- 3.53 34.0 0,38 053 0.46 2.50 5,77 99.2
1GM-GB 28.2 7.23 2.61 2.48 ‘-- 2.68 499 0,21 0.36 0.43 1.26 4.62 100.0
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CERTIFICATE OF ANALYSIS
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SAMPLE PREP

DESCRIPTION CODE

5102
95

Al 207
Pp

Ee203
P~

MgO
95

caG)

Pp
N520

96
CO

Pp
T102

Pp

P205
Pp

MA)
<9,

BaC)
Pp

WI
Pp

~AL
Pp

C~ CC)2 ~o N Pp
Pp borg ILceol

FeC
Pp

‘P1120
Pp.

241< 200
248 200
248 200
248 200
245 200

2.15 200

34.10 5.50 334 000 16 35 0.22 2.51 0.22 <001 0.25 0.06 25.06 00.44
45.32 12.21 15.61 4.26 5.86 0.23 6.01 0.51 0. 17 0. 17 0 / 0.74 100.15 ‘<9 0.01
67.11 13.50 7.55 3.54 0.81 0,22 2.86 0.5! 0.14 0.03 0.05 3.82 100.25 ——

64.70 17,37 7.24 1.80 0.46 1.00 3.15 0.74 0.26 0.05 0.07 3.10 100.10
50.86 14.16 8,02 2.67 4.23 0.27 11.20 1.45 0.57 0.11 0.15 5.75 00.25 0.20

50,01 7.12 I .72 3.65 II 1:1 0. 532.72 0.22 0.10 0.20 0.02 13.81 100.05

25.0
8.1-C
0.7

<0.2<
54

0.0(73
0.001
0.060
0.001
0,001)

2 ‘•: -i

1.84
5.42
s. 8::
I 40

Cl 60
I 56
3. 12
3 2!
l’s 48

—1120

0,05::
0 121
0.
0 121
0. I

11,0 0 176 0 70 0 84 0 071

S

I 11,418
116410
116420

i116421
I I f:42 2

lIi:427

1178
P51104-14
11114
Pill 5
[Ills

P112511

Page No. I
Tot. Pages: I
Dale
Invoice .11 J.-302679’i
P.O. V 30467
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Chevron
Chevron Od F~&dResearch Company

La Habra, CA
December 14, 1989

PRELIMINARY REPORTON STABLE
ISOTOPE GEOCHEMISTRYOF
CARBONATEBRECCIAS,
WERNECKEMTNS , YUKON

To M L HITZMAN
Chevron Resources, Vancouver

As per your letter of September 17, 1989, 1 have studied the
stable isotope properties of 21 samples from Kiruna, Sweden
and the Wernecke Mtns,, Yukon. As discussed below, I have
also made some preliminary studies on a few samples from
Olympic Dam, and have received samples from Southeast
Missouri but have not had a chance to study them, As you
requested, I am wrapping up my work on these samples at this
time in order to provide you with preliminary data and
~nterpretat ions by Dec 19

~cedure

W~th tao ezceptions, the carbonate in each of the samples
was analyzed for ö’~O and 8t3C (Table 1, I a’~ also enclosing
our laboratory list~ng ~hich contains CRC sample numbers and
laboratory index numbers for future reference) The two
exceptions are samples K7 (from Kiruna) and IGH~4 (from the
Igor Breccia), which do not contain enough carbonate to
analyze. One sample (IGH—14, from the Igor Breccia) was
diverse enough that three isotopic determinations were made,
The matrix and clasts from one piece of breccia (IGH~14a)
were analyzed separately, and a second, unbrecciated rock
from the sample bag was analyzed as well (IGH—14b) If you
remember, IGH-14a is the sample you helped me drill out,

Analytic accuracy, precision

Two of the 21 samples were duplicated (IGH—15 and S-16), and
the data were reproduced to within 0,02 permil in S’3C and to
within 0,14 permil in 8180, The standard deviation on
analyses of the calcite standard (Harding Iceland Spar) that
was run with these samples is 0.06 in 8”C and 0.03 in 8’~O.
The mean value of the standard was found to differ from the
accepted value by 0.07 in 8’3C, and by 0.24 in 8180, Within



the limits of analytic precision this suggests a small
systematic error in 8180, I will check these results and
correct them if necessary within the next few weeks,

Mineralogy

X—ray diffraction analysis was carried out on all of the
samples to determine the carbonate mineralogy prior to
isotopic analysis. The Kiruna samples were all found to be
calcite—bearing and dolomite—free, as were those from the
Irene breccia. The Pagisteel and Igor breccias contain both
calcite and dolomite, With one exception, however, each of
our samples contains only one of these two carbonate
minerals, The three samples of unaltered host rocks contain
both calcite and dolomite, One sample contains calcite only
(PH—28A), one sample contains dolomite only (PH—8), and one
sample (PH-28B) contains both. For the samples with mixed
mineralogy (IGH—15 and PH-28B), the extraction procedure
combined the CO2 evolved from both minerals. Because of the
interest you expressed in the x—ray data, I am including
copies of the diffraction patterns.

~oicresults

Unaltered host rocks, The unaltered host rocks from the
Wernecke Mtns. have 8180 of +18 to ±19 and 813C of +0,7 to -

2,3, I am not familiar with much data on carbonates of this
age. One possibly relevant study was done on the 1.2 b.y,
Mescal Limestone in central Arizona by Beeunas and Knauth
(1985: Bull. G.S,A,, v. 96, p. 737—745) , They found 518Q_

values ranging from ±14 to ±25, and most 613C—values between
±1 and +3. Although our data from the Werneckes are close
to this range, we obviously have too little data to
interpret diagenetic and alteration processes in our rocks,

WerneckeBreccias. The samples from the Pagisteel Breccia
most closely resemble the unaltered host rocks, The
isotopic data are certainly permissive that the Pagisteel
Breccia contains carbonate derived from the surrounding
country rocks. The Igor and Irene Breccias have distinctly
lower 8180, This indicates either that these breccias formed
from a different carbonate reservoir, or that the carbonate
exchanged with a hydrothermal fluid. ~The Igor samples show
a wide range of ö’3C values, but the Irene samples are
uniformly low in 8’3C. Note that the calcite in the
lamprophyre dike cutting the Irene Breccia (IRH-5) is
isotopically indistinguishable from the calcite in the
breccia.

Kiruna, The two limestone samples you submitted from Kiruna
to ±11) are isotopically quite different than

‘normal’ sedimentary rocks, and are indistinguishable from
two samples of Kiruna ore (skarn and Hauki—type hematite
beds) . This group of samples has isotope values within a



relatively restricted range of 8180 = +10 to ±14 and 613C = —3
to —5, and considering how different these rocks are, the
isotopic similarity is noteworthy. This suggests that these
limestone beds were recrystallized as part of the
mineralization process, thereby exchanging isotopes. Sample
8—12, which is banded magnetite—apatite—calcite rock
immediately underlying one of the orebodies is significantly
higher in 3180 (+20) than the other Kiruna samples. That
calcite must have formed at either lower temperature or from
a fluid with higher 8180

~p~pj Kiruna vs. Werneckes. I presume because of the
metal content that the Wernecke Mtns. breccia pipes formed
by some sort of hydrothermal process. If so, the isotopic
composition of the water that precipitated the calcite can
be calculated given the temperature. Tommy Thompson reports
that the fluid inclusions in carbonate from these samples
homogenize at 100—120°C, and that fluid inclusions in quartz
and fluorite homogenize at about 300°C, The isotopic
fractionation between dolomite and calcite in sample IGH—14a
corresponds to a temperature of 250°C, In Table 1 I have
listed the isotopic composition of the water in equilibrium
with these samples at these temperatures. If the
hydrothermal temperature was near 300°C (as seems likely),
then these rocks were subjected to a flow of high—180 water
of some sort (perhaps magmatic water?) If the temperature
was low, then the hydrothermal fluid must have had a high
component of meteoric water,

As we have discussed in the past, I think it is too
simplistic to interpret the low carbon isotope values as the
mixing of carbon from two different reservoirs, Water/rock
exchange can also affect 81~C in hydrothermal systems. The
813C—values of —3 to -5 may or may not represent igneous
carbon. Perhans we can discuss this at more Ienqth in the
~LuLure,

~cDam

Five samples from Olympic Dam were processes by the same
method as those from Kiruna and the Wernecke Mtns, The five
samples had extremely low C02-oontents. The first sample
gave a peculiar mass spectrometer run, so a mass scan was
run on the gas from the second one, The mass scan showed a
significant amount of nitrous oxides mixed with the carbon
dioxide (specifically NO and NO2) . Because NO2 has a mass
of 46, as does C1GOI8O, there is major interference in
measuring 6’~0. The nitrous oxides could be removed and the
analysis repeated if the data are important enough to us.
There is no interference at mass 45, which is used to
determine 8’3C, and the first sample (256—3) had a &3C—value
of —4.94, Because of the interference problems and the
small sample size, the rest of the samples were discarded,



Have you seen any inaication for anomalous nitrogen in the
Olympic Dam deposit? Perhaps the problem here is that we
are working with samples of such low CO2 content that trace
nitrogen becomes a serious consideration, Naomi Orestes
presented carbon and oxygen isotope data on siderite from
Olympic Dam, and her data are very similar to ours from
Kiruna,

Southeast Missouri

On December 11 I received a box of 14 pulp samples from Rick
Eisenberg My understanding ~.s that these samples represent
both SE Missouri and Olympic Dam, although no documentation
was included. It is too late for me to analyze these
samples in time to meet your Dec 19 deadline, so I will
wait until we can discuss this after the nolidays

CONCLUSIONS

1) In your Sept 17 letter you posed a specific
question about carbonate origin in the Wernecke breccias
My best interpretation is that the Pagisteel Breccia
contains a significant component of mechanically admixed
country rock, and that Igor anc. Irene contain hydrothermal
(or hydrothermally exchanged) carbonate Proving this
interpretation would require fore work, which may not be
justified given current priorities

2) The ore deposits at Firuna show more complexity
tnan we can interpret w~th five ~sotope analyses (not
surprising ~)

3) The Irene Breoo.a, ana to a lesser ertent the Igor
Breooia, are isotop~oa1~ quite s~mnar to Kiruna

D, W, BEATY
COFRC

xc v. all attachments except “—ray patterns
Rick Eisenberg (Chevron Resources, Minneapolis)
W,S. Hallager
M. Schoell
C.R. Sykes
W,D. Wiggins

~1e-1+1 of ea (except x-ray natterns)



Table 1 Isotopic analyses of Wernecke Mtns samples

calculated fluid
--Carbonate also at T(oC)——-—

Sample # Mineral 8’3C &80 100 120 300

Samples of unaltered host rocks
PH—8 Dolomite —0 8° 17 78 Unaltered
PH28 a Calcite 0 73 19 20 Unalterea
PH28 b Cal /Dolo —2 35 18 21 Unaltered

~Breccia
IGM—06 Do1om~te —4 16 15 28 —6 —4 7
Pag4—48 Dolomite —2.07 19.24 —2 0 11
PH—21 Calcite —0.62 15.73 —1 1 10

Irene Breccia
IR—6 Calcite —3.76 13.23 —4 —2 8
IR—8 Calcite —2.32 11.87 —5 —3 6
IRH—2 Calcite —2 39 11 9° —5 —3 6
IRH—5 Calcite —3 20 14 27 —3 —1 9

fleocia
IGH—12 Dolomite —2 83 9 93 —12 —9 2
IGH—14a, matrix Dolomite -2,11 14,93 —7 4 7
IGH—14a, clast Calcite —0 38 13 13 —4 —2 8
IGH—14b Dolomite 1,83 13.67 —8 —6 5
IGH—15 Cal /Dolo 0 03 15 21 —2 0 10

0.04 15.35 —2 0 10
IGH—7 Doiow~te —2 38 14 59 —7 —5 6

Firuna District
K—6 Calcite —4 ~0 14 Cf —3 —1 8
3—12 Calcite —2 43 19 87 3 5 14
3—16 Calcite —2 94 10 73 —6 —4 5

—2 92 10 81 —6 —4 5
3—31 Calcite —3.27 9.84 —7 —5 4

CaloLte —5 1C 9 86 —7 —5 4

~ards anal zed with the sam les
COFRC Marble #1 Calcite 1.69 21,78
NBS—23 Strontianite —34.83 1.14
H,I,S Calcite —4,74 11.97
H.I.S. Calcite —4.65 12,04
H.I.S, (50C) Calcite —4.80 12.03

Mean (H.I.S.) —4.73 12,02
Deviation (H.I.S.) 0.06 0,03
Accepted value (H I S ) —4 80 11 78



WERNECKE MTNSa CARBONATES
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~e1. 8’3C and 8’~orelationships in carbonate from the Wernecke
Mountains, Yukon and from Kiruna, Sweden. The Wernecke samples
are from three breccia pipes (Igor, Irene, and Pagisteel) and
from the unaltered country rocks, Analytic uncertainty is
approximately the size of the data symbols. Samples consisted
of dolomite (labelled), mixed dolomite/calcite (labelled), or
calcite (unlabelled) . The breccia matrix and clast from sample
IGH-14a were sampled approximately 1 cm apart,
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12/14/89 COFRC STABLE ~SOTOPE LABORATORY Page 1

Project: Wemecke Mtns,

---Mass spec--- ---‘-Extraction---- &13C a18o a~o
date Sample ID Component CRC # Minera’ Number date Standard Raw45 Raw46 %~P08 %o PDB SMOW

3.149 11/7/89 1089-C02-2 CHV#1 -24.477 10.851 -30.126 -7.728 22.894
3.040 10/18/89 CHV #2 CHV #1 -32.942 -21.458 -38,068 -39.905 -10.276
3.148 11/7/89 CHV #2 CHV #1 -32.829 -21.281 -37,954 -39.737 -10.103
3.156 11/7/89 COFRC Marble 4 Calcite 8250-8 11/7/89 CHV #1 5.273 9.806 1.690 -8.809 21 .779
3.140 11/2/89 H.LS Calcite B248-6 11/1/89 CHV #1 -1.045 .264 -4.736 -18.326 11.968
3.032 10/17/89 HA.8. Calcite 6245-8 10/17/89 CHV #1 -.966 .339 -4,653 -18,253 12.044
3.188 11/16/89 HJ.8. (50°C) Calcite 8257-3 11/16/89 CHV#1 -1.135 -.680 -4.800 -18.263 12.033
3.151 11/7/89 GH-12 49641-13 Dolomite 8250-2 11/7/89 CHV#1 .704 -.904 -2.827 -20.303 9.930
3.152 11/7/89 lGH-14a matrix 49641-14 Dolomite 6250-3 11/7/89 CHV #1 1.526 3.950 -2.114 -15.449 14.934
3.047 10/18/89 lOt-I-i 4a Bxa clast 49641-014 Calcite 6246-7 10/17/89 CHV #1 3.068 1.394 -.381 -17.196 13.133
3.153 11/7/89 GH-14b Bxaclast 49641-14 Dolomite 8250-4 11/7/89 CHV#1 5.177 2.719 1.827 -16.674 13.671
3.142 11/2/89 IGH-15 49641-015 Calcite 6248-9 11/1/89 CHV#1 3.516 3.421 .030 -15,178 15,214
3.186 11/16/89 IGH-15 49641-015 Calcite B257-2 11/16/89 CHV #1 3.496 2.554 .038 -15.043 15,353
3.192 11/28/89 GH-7 49641-12 Dolomite 8258-1 11/28/89 CHV#1 1.238 2.618 -2.375 -15.795 14.578
3.154 11/7/89 IGM-06 49641-4 Dolomite 8250-5 11/7/89 CHV #1 -.375 4.289 -4.157 -15.113 15,281
3.026 10/17/89 IR-6 49641-007 Calcite 6245-2 10/17/89 CHV #1 -.090 1.491 -3.756 -17.100 13.232
3.027 10/17/89 lR-5 49641-008 Calcite 6245-3 10/17/89 CHV#1 1.216 .179 -2.317 -18.422 11.869
3.028 10/17/89 RH-2 49641-009 Calcite 6245-4 10/17/89 CHV #1 1.150 .276 -2.390 -18.326 11.968
3.029 10/17/89 IRH-5 49641-010 Calcite 6245-5 10/17/89 CHV #1 .462 2.519 -3.201 -16.091 14.272
3.025 10/17/89 K-6 49642-002 Calcite 8245-1 10/17/89 CHV #1 -.945 2.296 -4,697 -16,307 14.050
3.157 11/7/89 NBS-23 Strontianite 6250-9 11/7/89 CHV#1 -29.550 -10.341 -34.826 -28.827 1.143
3.155 11/7/89 Pag4-48 49641-5 Dolomite 6250-6 11/7/89 CHV #1 1.698 8.161 -2.073 -11.268 19.244
3.189 11/16/89 PH-21 Calcite 8257-1 11/16/89 CHV #1 2.897 2.916 -.615 -14.682 15.725
3.141 11/2/89 PH-8 49641-001 Dolomite 6248-8 11/1/89 CHV#1 2.783 6.718 -.865 -12.686 17.783
3.090 10/26/89 PH2B a 49641-002 Calcite B247-2 10/25/89 CHV #1 4.298 7.314 .733 -11.309 19.202
3.089 10/26/89 PH28 b 49641-002 Calcite 6247-1 10/25/89 CHV#1 1.386 6.337 -2.345 -12.270 18.211
3.030 10/17/89 8-12 49642-004 Calcite 6245-6 10/17/89 CHV #1 1.355 7.953 -2.432 -10.660 19.871
3.031 10/17/89 S-I6 49642-005 Calcite 8245-7 10/17/89 CHV #1 .595 -.929 -2.942 -19.527 10.730
3.033 10/17/89 S-16 49642-005 Calcite 8245-9 10/17/89 CHV #1 .614 -.862 -2.924 -19.455 10.805
3.042 10/18/89 8-31 49642-006 Calcite 6246-2 10/17/89 CHV #1 .265 -1,803 -3.265 -20.392 9.839
3.041 10/18/89 V-7 49642-001 Calcite B246-1 10/17/89 CHV #1 -1.448 -1.776 -5.097 -20.368 9.863



•
•

.

—
tT

l
r o

x
C) U

,
























	092852.pdf
	Table of Contents
	Appendices
	Appendix I
	Appendix II
	Appendix III
	Appendix IV
	Appendix V
	Appendix VI





