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ABSTRACT

The bedrock of the Klondike pìacer goìd deposits in the Yukon Territory

is here redefined as the Klondike Formation, using conventional litho-

stratigraphic nomenclature. The formation comprises a 3000 m-thick cata-

clasticaì1y deformed sequence of bimoda'l blastomylonitic quartz feldspar

muscovite schists, with intercalated quartz K-fe'ldspar protomylonites near

the observed base of the formation. Metamorphic grade js middle greenschist

facies. The protomylonites are petrograph'icalìy distinct from the blasto'

my]onitic schists and are interpreted as minor rhyo'litic volcanic members jn a

predom'inantly arkos'ic sedimentary succession, the latter derived fnom eros'ion

of the rhyolites, or associated granitic rocks.

Rb-Sr isotopic studies on the metarhyolites indicate an age of 202 t ll Ma

with an initiul 87S./865r of 0.7140, interpreted as an age of metamorphism of

the Klondike Formation. A decay constant for^ 87Rb of 1.42.10-]lyr-] was used

in the measurement. This age is consistent with K-Ar studies conducted on

the fsrmation. Rotation of the isochron to an assumed initial 87sr/86s. of

0,704 y'ields an age of 290 Ma for formation of the rhyo'lites, consistent with

a U-Pb zircon age of 276 t 5 Ma on geneticaì'ly related granitic rocks. The

minimum estimated age of the Klondike Formation is 250 Ma.

The Klondike Formation has a conformable basal contact with the

structuraìly underlying metasedimentary rocks of the Nasina Series, a'lthough

discordant cleavages in 'less competent lithologies of the Nasina Series

possibly reflect a'low ang'le thrust contact. The two formations were folded

congruently during F2.

Chlorite-actino'lite schists, in the area around King Solomon Dome' are

assocìated with a serpentinite body. These have been excluded from the

Klondike Formation and assigned to the Moosehide Assembìage of serpent'in'ites,

metagabbros and metabasalts on the grounds of I ithologic s'im'i1aríty.

Tectoníc nede]s for the evolution of the Klondike Formatìon suggest that
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it was an assembìage of immature sediments and rhyolit'ic volcanics which under-

went cataclasis and metamorphism in the suture zone of an island arc-continent

collision, during the late Triassic or early Jurassic. The results of petro-

graphic, geochemica'l and isotopic studies on the formation are consistent with

this theory.
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Chapter I

I NTRODUCT ION

1..| PURPOSI OF PRESENT STUDY

The purpose of thjs study is to investigate the premetamorph'ic nature

of the Klondike Schist. This is predominantly composed of quartz-muscovite-

feldspar cataclasite with prominent quartz and feldspar "eyes" and chlorite'

The Klondike schist underl.ies part of the yukon crystaìline Terra'in in the

west-centra'l yukon Territory (Fig. l), an area of medium to high-grade

metamorphic rocks. This study comprises the petrography, chemistry and Rb-sr

geochronology of the Klondike Schist'

1.2 LOCATION OF AREA AND ACCESS

The yukon Crysta'lline Terrain, or Yukon-Tanana Upland, is an upìand

region, deep'ly dissected by the Yukon river drainage. It extends southeast-

wards.from Alaska through the west-central and south-centra'l Yukon, mergìng

wjth the gmenica Crysta'ìline Belt in northern British Cojumbia (Fig.l)'

The Klondike sch'ist, in the type area, outcrops to the south and east

of Dawson C'ity, ìn an area bounded by latitudes 63"45'N and 64"05'N and by

longitudes 13g"30'H and 
.l39.45'l.l. The location of the area is shown'in Fìgure:

I and 2. The valiey of the Tintina Trench, on the northeastern edge of the

study area, forms a physiographic and geologjc boundary between the Yukon

Crystaìline Terra'in and the 0gilvie Mountains (P'late 'l , F'ig' 1)'

Field work was caffied out during the summers of 1978 and 1979' as part

of a reconnaissance exploration project for cominco Ltd. Access to most parts

of the area was by truck; the roads'in thjs area are maintajned for p]acer

min.ing and for the tourist industry centred on Dawson City. Outcrops a]ong

theYukonRjverwerevisjtedbyboatfromDawson.
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1.3 VEGETATION AND OUTCROP

The geography and geomorphology of the area were descrìbed by Green (1972)

The area was not glaciated, due to low annual precip'itation durìng the last

3 million years (Fig. Z) " A large proportion of precipitation 'is reta'ined as

subsurface ice, although true permafrost 'is present only on north-fac'ing

s'l opes .

Deep weathering of bedrock took p'lace between the ear'ly Eocene and

pliocene. Schistose horizons were preferentially weathered. Extensive

pliocene and Quaternary fluviatile gravels were deposited in the area; some

are auriferous.

Tree'line is at an ejevation of 900-'1000 metres; a'll but the higher h'il1-

tops are forested. Stunted black spruce and thick moss grow on the north-

facing slopes underlain by permafrost; poplar and birch woodland is dominant

on south'fac'ing, permafrost-free, slopes.

gutcrops are scarce, comprising onìy 1% t'o 2% of the area (Plate I' Fig.

1) and occur mainly as tors on ridge crests or in the va'lleys of swift'ly-

eroding streams and rivers (Plate l, Fig. 2) 
"

].4 PREVIOUS STUDIES

McConnell ('1890, pp.j34-143) was the first to report on the geology of

the region, using observations made during an ascent of the Yukon R'iver.

Detailed work was carried out in both Alaska and the Yukon Territory'

following the discovery of gold in the Klondike area (Spurr,.l898; Spurr and

Goodrich, 
.|898; 

McConnel'1, 1905). Many of these eariy reports, incorporating

accounts of the p'lacer and lode goìd mining operations, are to be found in a

'l ater compi I ati on by Bostock ( I 957 ) .

McConnel'l ('1905) first proposed the term "Klondike Series" for the

quartz-muscovite-fe'ldspar schists forming the bedrock of the placer goldfìelds

He considert'' ''hese rocks to be sheared granitjc intrusions, distinct from



the structurally underlying metasedimentary schists' to wh'ich he gave the

name of Nasina Series. The latter are considered aS lateral equ'ivalents of

spurr,s (1898) Fortymile and Birch creek Series. McConnell's (1905) Moose-

hide Diabase was later found in the Sixtymile area (Cockfield' l9?1)'

Cairnes(1914),Cockfield(1921),Mertie(1937)andBostock(1942)

extended the mapped areas of the Yukon crystalline Terra'in' More recent

mapping by Tempelman-Klu'it (1g74) completed the coverage of the immediate

area. Assignatìon of the metamorphic rocks to the precamb.ian by cairnes (lgl¿

was proved at least partly erroneous by Mertie ('1937) on the basis of Devonian

fossir assembrages in rocks of the Nasina Series. The structurally over'ly'ing

K'londike Schist is assumed to be of later origin'

Recent studies in the Klondike (Green ' 1972) have questioned McConnell's

.interpretation of the origin of the Klondike Schist. Green g'ives petrograph'ic

evidence of modal heterogene'ity in the unit and suggests that'it is of

sedimentary orig'in. Gleeson (1970) conducted a heavy m'ineral study of the

Kl ondi ke goì df .ie'lds . Mi I ner (1g77) i nvesti gated the geol ogy and geomorpho'logy

of the Klondike area'in order to define the geomorpho'logical processes leading

to the formation of the piacer depos'its'

K-Ar,U-PbandRb-Srrad'iometricstudieshavebeenconductedovermuch

of the Yukon Crysta'llìne Terrajn (Lowdon, 1961,1962; Lowdon et al" 1963;

Leechetal.,l964;Wanlessetal','1965''1966'1967'1968'1970'1972'1978'

1979; Tempe'lman-Kluit and t'lanless, 1975, 1980; leCouter and Tempelman-Kluit'

1976; Morrison et al., 1g7g). The studies include one K-Ar age from within

the study area and several nearby. A detailed review is given in chapter 5'

Tempeìman-Klujt, in a serjes of papers ('1976,1977b,1979) has produced

a tectonic model which ìnvolves the Yukon Crystaìline Terrain. His latest

studies suggest that the Klondike Schist represents one of a series of

allochthons emp.laced during an island arc-continent corlision. Resetting of

the Tintina Trench (Roddick,.|967) places the type area for this model (the



Fin'layson Lake area) adiacent to the present study area (Fig. 2)" Such

conc'lusions are thus of considerable significance in the interpretation of

geolog'icaì h'istory'in the Dawson area.



Chapter II

GINERAL GEOLOGY

The study area was mapped on a sca'le of l:50,000 to determine stratigraphy

and structure (Figs.3 and 4). Particular attent'ion was given to the Yukon

River area, where exposures were more abundant, and to the King Solomon Dome

area where the chlorite-rich members of the Klondike Schist could be examined.

2,1 NASINA SERIES

Structural'ly the lowermost unit in the Dawson area is the metasedimentary

assemblage called the Nasina Series (McConnell,'1905). This is a sequence of

graphitic schists, black quartzites and siliceous marbles, w'ith minor chlorite

schist and quartz-muscovite schist. The formation has been metamorphosed to

grades rang'ing from upper greensch'ist to mjddle amphibo'lite facies. H'igher

grade assemb'lages occur outside the study area. Petrographic study of a

si'liceous marb'le revealed development of diopside after tremolite, with a

second generation of tremolite repìacing the diopside.

The Nasina Series is'interpreted as a sed'imentary sequence of siliceous

iimestones, sandstones and black shales, deposited in a quiet continental

she'lf environment. Limestone predominates in the lower part of the formation.

The ch'lorite schist horizons are interpreted as basaltic volcanics, a'lthough

detailed petroiogical studies have not been made. The Nasina successjon can

be correlated wjth the Lower Palaeozoic sedimentary succession of the Pelly-

Cassiar Platform and Selwyn Basin (Tempelman-Kluit, .l977),

2.2 KLONDIKE STRIES

The Klondike

schists, commonly

Series comprises

bearing fragments

'l eucocratic quartz-fel dspar-muscovite

or "eyes " of quartz or, I ess common'ly,
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feldspar, as much as 7 mm in diameter. Clast-free lithologies are common;

ca1careous and graphìtic members are rare or absent. The schistosìty ref'lects

varjations in mica content, hence the application of the term "schist-gne'iss

unit" to this litho'logic tYPe.

The Klondike Series lies with a conformable basal contact upon graphitjc

schist of the Nasina Series at all contacts examined. The contact itself is

possìb1y a'low-angìe thrust, as suggested by discordant cleavages ìn the

Nasina graphit'ic schjsts. The dip of the contact is of variable steepness,

usually to the southwest. The quartz-feldspar-muscovite schists, near King

Solomon Dome (Fig.3) are overlain by amphibolites and chlorite schists

spatial'ly associated wjth a serpent'inite body'in the right fork of Hunker

Creek. A1'l contacts of the quartz-fe'ldspar-muscovite schists with these

,,greensch'ists" are masked by surficial deposits; these sch'ists have hitherto

been assigned to the Klondike Schist. Lack of outcrop precluded studies of

field relationshjps, but samp'les were taken from float over the contact ìn

upper Bonanza Creek.

Evidence of an age of deposition is absent for the KlonC'ike Series.

Tempelman-Kluit (1976) postulated an Upper Devonian-Lower Miss'issipp'ian age,

based on the age of l'ithological1y sìmìlar units elsewhere in the Cordillera.

K-Ar isotop'ic ages, discussed in Chapter 5, indicate a late Triassjc meta-

morphism of the unit, placing a minimum age on the Klondike Series.

Boulders of sheared intrusive rock occur near the head of the right fork

of Hunker Creek. 0utcrop was absent, but an intrusive margin aga'inst chlorite

schist and quartz-muscovite schist of the Klondike Series could be inferred

from the djstributjon of abundant float. The intrusion postdates deposition

of the Klondike Series; the shearing indicates that it predates at least one

of the deformational events. It is possjble that the intrusion is part of

the pelly Gneiss of the Triassic Klotassin Suite (Tempe'lman-Kluit and l.Janless,

le80).
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2.3 MOOSEHIDE ASSIMBLAGT

McConnel'l (1905) first defined the assemblage of rocks extending eastward

from Moosehide along the north bank of the Klondike River, thence southeast-

ward along the ¡idge northeast of Hunker Creek (Figs. 3 and 4). His adopt'ion

of the name "Moosehide Diabase" for this assemblage has fal'len'into d'isuse;

nevertheless, the name wil'l be reta'ined for the amph'ibolites, serpentjnites'

chlorite schists and talc schists associated with this belt. The name "Moose-

hide Assemb'lage" is here applied to these rocks.

Rocks of the Moosehide Assemb'lage appear to overlie both Nasina and

Klondike Series on the ridge northeast of Hunker Creek. Metamorph'ic grade ìn

both formations increases towards the contact; garnet appears in chlorjtic

members of the Nasina Series and biotite in the more chlorite-r'ich members of

the Klondike Series. The contact itself is masked by lack of outcrop.

The rocks of the Moosehide Assemblage are catac'last'ical'ly deformed and

tectonically mixed. The relationsh'ips between l'ithologìes in the area of

outcrop were beyond the scope of this study. The Moosehide Assemblage

poss.ibly forms part of the Anvil Allochthon of Tempe'lman-Kluit ('ì979) and

others .

2.4 STRUCTURE

Deformati on

Structural elements of the Klond'ike Series are presented in Figure 5.

The Fl event comprised cataclastic deformation of the Klondike Series with

development of augen and flaser structures, particujar'ly in more m'icaceous

lithojogies. Lep'idoblastjc micas, dominantly muscovite, define a penetrative

Sl cleavage, apparent on a mesoscopic and a microscopic scale. The Sl cìeavage

is approximate'ly paral'le'l to rare'ly observed composjtional layering'in the

Klondike Series (Plate 2, Figs. 1-2).
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Graph.itic phyllites of the Nas'ina Series occasionalìy exhibjt S0

composjtional layering inconsistent with the Sl cleavage (Plate 2, Figs. 3-4).

Infrequent shear zones distort both cleavage and composìtional 'layering

(p'late Z, Fig. 5). It is possible (Tempelman-Kluit, 1979) that the Klond'ike

Serìes has been tectonical'ly empìaced on the Nasina Se¡ies'

The S0/sl planes have been deformed penetrat'ively by an F2 event. The

F2 folds are jsoc'linal and overturned, with a northeasterly vergence; their

axes str.ike northwesterly. These folds are apparent on m'icroscop'ic, meso-

scopic and macroscopic scales. An 52 cleavage is defined microscopical ly by

rotatìon of mica and amphibole crystalloblasts. The 52 cleavage has a north-

west-southeast strike and dìps southwesterly at 20-50' (Fig. 5). L2

lineations, defined by enrollment of Sl, usually plunge at 1ow angies to the

southeast.

The latest deformatìonal event was a gentle flexure about a north-south

axis. A weak 53 cleavage is defined by graphite in graph'it'ic phyllites of the

Nasina Series. M1nor fracturing'is also assoc'iated wìth th'is event.

Fau I ts

The fault systems ìn the area were studied by Milner (1977). Milner

identìfied northwest-trendìng and northeast-trendìng fault systems (Figs. 3

and 4). The Hunker Creek, Eldorado and Indian River fau'lts are examp'ìes of

the former type and the Quartz creek-Goldbottom creek "lineament" js an

example of the'latter type. Both fault types have their traces obscured by

surficia'l deposits. under these conditions, it js improbable that an

accurate estimate of re'lative movement can be made.
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ChaPter I I i

STRATIGRAPHY AND PETROGB4III

3.] STRATIGRAPHIC DEFINITION

It is here proposed that the quartzofeldspath'ic schists hìtherto known

as the K'londike Serjes be ass'igned the status of a format'ion accord'ing to

conventional nomenc'lature (American Commission on Stratigraphìc Nomenclature'

l96l). chlorite-bearing schists assocjated with the un'it are tentatively

incruded in the formation at this po.int. These w'iil be discussed'in a later

chapter.

3.2 TYPE SECTION

Areal strat'igraphic corre'lation was beyond the scope of this study' due

to the scarcity of outcrop (Plate l, Fig. l). The author defined a type

section to the south of Dawson city, where the Yukon River has cut a gorge

through an F2 antiform and synform (P'late '1, Fig ' 2)' Exposures representative

ofapproximately3000mofK]ondikeFormationabove.itsbasalcontactwere

observed (Figs.6-7). The top of the formation is not exposed' A less

comp'lete sect.ion of the Klondike Formation is exposed in the inverse flank

ofthesynform,furthertothesouth.Aconsiderablethicknessoftheunder-

lying Nasina Series is a'lso exposed in this 'inverse f lank'

HÍgh-angìe faults, strjking northwest, transect the type section (Plate 2

Fig.6). Relative movement, determined in a few loca'lities' showed these to

be reverse faurts with a throw of 5-r0 m. Faurts wjth greater topographic

expression and of uncertain throw occur further up the section'

3.3 FIELD OBSERVATIONS

The basa'l member of the K]ondike Formation rests with a conformable basal
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contact on the Nasina Series (Fig. 7). The contact zone comprises inter-

foliated quartz-muscov'ite schist and graphitic schist over a distance of 20 m.

Both lithologies are sheared and weather recessiveìy, hence the contact'is

parti a1 1 y obscured .

The base of the Klondike Format'ion comprjses white, pale green and blue-

green quartz-fe'ldspar-muscov'ite schists. Quartz and feldspar, as much as 7 mm

and 4 mm jn diameter respect'ive1y, occurin the rocks of the Klond'ike

Format.ion. Quartz is blue, rounded and more abundant than feldspar. Feìdspar

gra'ins are wh'ite and tabu'lar.

Compositional layering, where observed, is paralìe1 to the Sl cleavage

(p'late 2, Figs. i-2). Small chevron folds of S2 generation, flaser and augen

structures are present in rocks of higher mica content. The lenticular augen

are as much as 3 cm in length, surrounded by a mica-rich matrix. Three

members (2,4 and 6 of Fig.7) with 'lower mica content occur near the base of

the section; schistosity is absent and brittje fracturing replaces chevron

fold.ing. Irregular l0 m areas of pyrìte mineraljzation were detected by their

orange weathering. These areas conform neither to the sl cleavage, nor to

observed compos'itjonal layering. They are probably related to Tertiary

dolerite dykes which transect the type sectjon.

Samp'les were taken mostly from members I to 6 in the type section because

exposure was more continuous and the absence of faults permitted better

estimates of stratigraphic height. Less deta'iled samplÍng was conducted in

the upper part of the exposed section. Table A-8, in Appendix A, contains a

detai'led list of samples, with their measured strat'igraphìc height above the

base of the format'ion.

3.4 DETAILTD PETROGRAPHY

Petrographic studies were conducted on al'l samples from the type section'

Members wjthin the formation were defined on the bas'is of petrographìc
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evidence and field observations. Petrographic descript'ions of indivídual

members are presented in Appendix A.

Models were determined by visua'l estimation and fine-grained feldspars

were identified by staining polished sections with co'ld hydrofluoric acid and

a saturated solut'ion of sodium cobaltinitrite.

The Klondike Formation comprises two main 'lithologìc types. The less

competent , mi ca-ri ch , members are non-vo'l canogen'ic b j astomyl on'ites (Pl ate 3 '

Fig. l). The three competent mica-poor members, each l0-90 m in thickness,

are protomy'lonites (p'late 3, Fi g. 2), with features suggestive of a volcanic

origin. The distribution of these ljthologies in the type section is shown

in F'igure 7. Protomylon'itic members are absent jn the upper part of the

secti on .

Bl astomyl oni tes

The typical ljthology of the Kjondike Formation is a quartz-fe'ldspar-

muscovite schist with a blastomylonitic texture and bimoda'l grain size. The

quartz-feldspar-muscovite matrix has a graìn size of 0.4 mm; fragment dìameters

range from 2 to 7 mm. Chlorite'is interlaminated with muscovite, giving the

rock a green'i sh hue. Carbonate , epi dote , pyrì te , 'iron-t'itan'ium oxi des and

hydroxides are accessory minerals. Modes for each sampìe of the blastomylonite

are presented in Append'ix A. Moda'l composition varies widely as reported by

Green (1972).

Matri x

The matrix of a blastomylonite comprises a granoblastic or sutured quartz-

sodic plag'ioclase intergrowth with a penetrative Sl cleavage defined by

lepidoblastic micas (Plate 3, Fig. 3). The grain size of the quartz-feldspar

intergrowth ranges from 0.2 nrn to 0.5 mm; that of the m'ica, usualiy muscov'ite,

ranges from 0.3 mm to 1.0 mm. Variation in the grain size of the matrix

outl i nes zones of catac'las i s .



17

The F2 event has fol ded

feì dspar ( P'l ate 3 , Fi g. 4 ) .

content.

and fractured muscovite, amphibole and, rarely,

Fractures rep'lace folds in rocks of low mica

Quartz Fragments

Quartz fragments, as much as 7 mm in diameter (pjate 3, F1g. 5), occur

in many samples. They are rounded and tectonically flattened in the plane of

the penetrative sl cleavage. unrecrystallized fragments exhibjt strained

extinction. Recrystaìlized fragments are distinguished from the matrix' w'ith

difficu'lty in some samples, by coarser internal graìn size. Recrystallized

gra.in boundaries are stra'ight or sutured (Pl ate 3, Fìg. 5).

The marginaì texture of quartz fragments is usually obscured by meta-

morph.ic recrystallization but rare, poorly preserved magmatìc embayments are

observed. It is doubtful whether a'll quartz fragments are volcanogenic;

those exhibit.ing recrysta'lljzation were possibly sandstone, less resistant to

metamorph.ism. Modal fragment content'is'ìess than 20%.

Pl agiocl ase

subhedral plag'ioclase occurs in some samples. The anorthjte content'

determined optically, ranges fron 3% lo 30%. Margìna'l textures are obscured

by a recrystaì'lìzed rim of clear' more sodic pìagioclase' The plagioclase

cores are clouded by sericitic alteratjon'

Compound Fragments

Rare rounded fragments, comprising an equ'igranular interlocking fabrjc

of plagjoclase and quartz' occur in the bìastomyìonites' The fragment size

varjes from 0.5 mm to 3 mm. P'lagiociase composition, determined optìcally,

ranges from An25 to 4n35.
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Protomy'loni tes

The lower part of the type section includes three protomylonitic members,

each 10,90 m 'in thickness. These comprise a sma'lj, but significant, part of

the strati graph'ic col umn. Mi ca contents i n al'l sampl es are ì ow and many

samples have an unrecrystallized fine-grained matrix. Deta'iìed petrography

for each member and modes of al1 samples are presented ìn Appendix A.

The protomylonitic members are quartz-fe'ldspar protomy'lonites with

accessory muscovite, carbonate, pyrite and iron-titanium oxide. The feldspar

is predominantìy K-feldsPar.

Matri x

The matrices of the protomylonìtes are variably recrystallized, formìng

a granoblastic matrix of grain size 0.2 mm to 0.4 mm. Where unrecrystaljized,

the matrix.is fine-grained (0.03 mm - 0.05 mm) and almost isotropic (Plate 4,

Figs. 1-2). Relict spherulitic textures occur in some samples (Plate 4, Fig.

3) and rare fragments of devitrified glass are preserved in the pressure

shadows of I arge crystal s (Pl ate 4, F'ig. 4) .

Muscovite 1epjdob'lasts,0.3 mm to 0.5 mm, are oriented paralìe'l to the Sl

cleavage. Brittle fracturing replaces the F2 folding of Sl; the fractures

are filled with carbonate and quartz. Carbonate also occurs in strjngers

para11e1 to the Sl cleavage, forming as much as 15% of the rock. Iron-

titanìum oxide and pyrite are disseminated accessory phases.

Quartz Fragments

Rounded quartz fragments, as much as 4 mm in diameter, occur in most

sampìes. These exhibit primary marginal textures, including we'll-deve'loped

magmatic embayments (Plate 4, Fìgs.5-6), and are flattened paralle'l to the

Sl cleavage. The embayments frequently contain unrecrystallized matrix wjth

rare spheru'lites. Less commonly matrix rims the quartz grains.
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K-Fel dspar

K-fe]dsparoccursinmanyoftheprotomy.loniteswhereasitisrareor

absent in the bìastomylonìtes. Euhedral to subhedra'l crystaìs are frequently

elongate (plate 5, Fig. 'l) but do not exhibit a preferent'ial orientation'

They exhibit well-developed magmatic embayments infi'iled wjth unrecrystarlized

matrix (P'late 5, Figs. 2-3). Rarely, the crystals are rimmed with

unrecrystallìzed matrix (Pjate 5, Figs. 1 and 4). Feldspar marg'ins are

recrystallized to albite (Plate 5, Figs.3 and 4) and albjte is occasìonaììy

exsolved (Plate 5, Fig. 5).

Compound Fragments

Fragments of quartz and fe]dspar (0.5 mm to 3 mm) , w'ith an equigranuìar

'interlocking texture' are less common in the protomy'lonites than in the

blastomylonites. where present, they are rinrmed with unrecrystall ized matrix

(plate 5, Fig.6). Plagioclase is the common feldspar in these fragments'

a]though microcline was observed. The composition of the plagioclase ranges

from An25 to An35.

Ferruqi nous Quartzi tes

Three l0 cm thick beds of black quartzite occur near the top of member

3. P'late 6 , F'ig. I ShOws the texture of these rocks . Stri ngers of i ron-

titanium oxide grains (0.05 - 0.1 mm) transect a granoblastic matrix of quartz

(0.4 mm). Crystoblasts of quartz enclose smaller grains of jron oxide'

Aggregates of chlorite and carbonate, as much as I mm in diameter' gccur

infrequent'ly (Plate 6, F'ig. 2). These beds are interpreted as metamorphosed

ferruginous chert.

Theferrugìnousquartzitesareas.ign.ifjcant]itho]ogyjntheKlondike

Foramtìon, suggesting that chemjca'l sedimentation occurred during deposition

of the unit. Their thickness suggests that depos'itional rates were

suff icienily rapid as to prec'lude formation of si gn'if icant chem j cal deposi ts
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in the immediate area.

Ca'lc-Si'l i cate Assemb'lages

Rocks rich in quartz and carbonate in beds as much as 3 m in thickness

occur in the section (Fig. 7). The carbonate present is usua'lìy ferroan

dolomite, determined by staining with a 9% solution of Alizarin Red and

potassium ferricyan'ide. Siderjte is rare. In some samples the reaction:

Ferroan Dolomite + Quarlz + HrO + Actino]ite + Calsj¡s + C02

has taken p1ace. Elsewhere the reaction has reversed, form'ing pseudomorphs

of ferroan dolom'ite and quartz after amph'ibole (Plate 6, F'ig' 3)'

The calcareous rocks are interpreted as thin beds of sil'iceous marble.

Their mode of deposition is unknown.

Metamorphi sm

Two deformational events are documented on a mesoscop'ic and microscop'ic

scale. Metamorphic equi'librium assemblages for the assoc'iated metamorphic

events are l.isted in Table l. The metamorphic history of the Nasina Series,

although s'imilar, is ìnadequately documented'

The fìrst recorded event in the Klondike Format'ion comprised cataclasis,

leading to the development of augen and fjaser structures I - l0 cm jn length.

Strain was concentrated in micaceous litholog'ies, hence the mica-poor proto-

mylonìtes escaped severe cataclasis.

Ml metamorphism comprised recrystallizat'ion of granoblastic quartz and

'lep.idoblastic muscovite, ch'lorite and biotite, forming an S1 cleavage. The

grade of metamorphism is documented by the assemblage actjno'lite + calcite +

quartz in calcareous assemblages. Actinolite may have been formed by the

reacti on :

Ferroan Dolomi¡g + Quartz + Hr} * Actinolite + Ca'lsjts + C02'

saturated condìtions are assumed with respect to water and carbon djoxide'
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Ta.rc does not form part of the metamorphìc assembrage. This implies a h'igh

activity of carbon dioxide during metamorphism (Winfler' 1979' p'll9)'

constraínts for the Fl event are provided by the stable coexistence of

the assemblage bjotite-chlorite- muscovite. staurolite and garnet are absent'

indicating that neither pressure nor temperature rose above conditions expected

for greenschist facies metamorphism'

A later FZ event fojded the sl cleavage and fractured mica' feldspar and

amphìbole in the matrix. M2 petrograde metamorph'ism' possÍb'ly related to F2 '

is ind.icated by the assemblage ferroan dolomjte-quartz after actinolite and

by the appearance of chlorite after biotite' Plagioclase is pe¡ipheral'ly

a'lbitized (Plate 5, Fig.4). Actinolite and biotite are preserved jn the

higher levels of the section. Fracturing of competent members' with jater

carbonate fi'll ing occurred.

Mineral a.ssemblages were used to estimate P-T condìtions during meta-

morph.ism. Act'inolite and b'iotite are present and the coexistence of chlorite

and muscovìte was observed (plate 6, Fig.4),'indicating 1ow pressure meta-

morph.ism .in the upper greenschist facies (Fig. 8). Th'is possibil ity ìs

further supported, in micaceous blastomylonjtes, by the absence of garnet'

which would form from the reaction:

Chlorite + muscovite + quartz + a'lmandi¡s + biotite + HrO

at pressures greater than 4-5 kb (Wtntler, .¡979, pp.220-?21) ' The equilibrium

curve for this phase change, beìng sensitive to garnet compos'ition, is not

presented here.

The observed deformational events, F'l and F2, can be correlated with the

Ml and M2 metamorphic events. uninterrupted recrystal'ljsation and formation

of sl c'leavage suggests that Ml metamorphism outlasted Fl deformation' Fs

bending of M2 pseudomorphs after actino]ite suggests that M2 and F2 were

synchronous.
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3.5 SUMMARY 0F PTTROGRAPHI

The Klond'ike Formatjon, hereìn defined, is a sequence of leucocratic

blastomylonite schists with minor protomylonitìc members' The 'latter retain

primary textures indicative of vojcanjc origin, owing to concentratjon of

deformational strain in the enclosing micaceous bìastomy'lonitic members.

Textural studies indicate that the formation was injt'ially subiected to

catacras.is: recrystaìiization of phyrìosiricates formed an Sr creavage paralleì

to observed composjtional layering. Refold'ing during a second deformatjon

kinked and fractured the Sl cìeavage'

Mineral assemb'lages ind.icate that the Klondike Formation was metamorphose

in a thermal gradient of approximately 70'C km-l to upper greenschìst facies

during Ml. Subsequent thermal retrograde metamorph'ism has occurred'

Thin beds of ferruginous quar-zjte in the lower part of the section are

possib'ly chem.ical sedimentary deposits. Rapid depos'ition of clastic sediments

in th'is area precluded format'ion of extensive çhemical deposìts'
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Chapter IV

CHEMISTRY OF THE KLONDIKT FORMATION

4.] ANALYTICAL RESULTS

Fif ty-six samples were selected for ana'lys'is from the type section. Al l

had been subjected to petrograph'ic studies (Chapter III). Nine samples, from

the "greenschists" of King Solomon Domes and from the Mooseh'ide Assemblage,

were also analysed; these are discussed in Chapter VI. All samples were

anaìysed for major elements and for f*,ln0, S, PZ}S, Bâ, Rb, Sr and Cs. The

analytical procedure is described in Appendix B. Analyses for the Klondike

Formation are presented in Table 2.

4,2 TREATMTNT OF ANALYTICAL RESULTS

Major oxides are presented in frequency variation diagrams (FiSs. 9 and

l0). The purpose of these diagrams is to detect any bimodality in chemical

compos'iti on .

Silica and alumina distributions are un'imodal and skewed, silica

negative'ly, alumina positively. The erratic distributìon of iron-oxide

concentrat'ions reflects leaching by surface processes.

The major a'lkali and a'lkaline-earth ox'ides are plotted on Figure 10. CaO

.is positively skewed; carbonate veins and stringers noted in the samples

suggest that the calcium is, at'least in part, derived and is therefore an

unsafe criterion upon which to base a ciassifìcat'ion. NarO is negativeiy

skewed.

Mgg and Krg both exhibit clearly bimodal distribut'ions. A plot of KrO

aga.inst Mgg (FiS. 1l) shows that the protomyìonites are separated from the

remainder of the samp'les. This chemical separation reflects the relative

abundance of K-feldspar in the protomy'lon'ites and the presence of chlorite

interfoliated w'ith muscovite in the blastomy'lonites. It is apparent that
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Table 2

tlhole Rock Analyses of Klondike Formation

Member

Sampl e

I

14/811

I

14/8/2

I

14 /B/5

I

14/8/e

l1
14/8/14 16/8/7

si02

Al 
203

Fer0,

Fe0

Ca0

Mgo

Nar0

Kzo

Ti 02

P^0 -¿5

Mn0

S

coz

Hro+

Hzo

Total

75.90

12.67

1 .20

0 .40

0.05

'l .14

3.48

3.20

0..l 6

0.01

0.02

0 .041

0 .09

1 .49

99.85

0.'195

ll9

3l

73.85

14.20

0 .85

0 .48

0 .03

0 .8.l

5 .30

2.60

0. 18

0.01

0.0r

0.018

0 .06

1 .29

99 .69

0.162

102

44

69.75

16.28

1 .27

0 .48

0.42

I .84

2.52

5.21

0.22

0 .02

0 .02

0 .009

0.ll

2.15

99 .90

0.320

184

44

84.85

7.48

0.74

0.56

0 .45

0.69

2.62

1 .04

0.10

0.02

0 .02

0.005

0 .98

0.89

I 00 .45

0.073

55

71

78.90

10.94

1 .27

0.20

1 .21

0.65

I .68

2.16

0.23

0.01

0.0?

0.020

l.l4

1 .52

99.95

0. l8l

100

70

75.'10

10.22

0.92

0.36

2.94

27L

0.82

2.14

0.17

0 .04

0.03

0 .081

2.64

2.00

99.80

0.171

BI

54

Ba

Rb

Sr

(%)

( ppr)

( ppm)

Not Analyzed
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Table 2 (continued)

Member

Sampl e

??

16 /B/10 18/8/11 16/8/128 14/8/15 16/8/1 16/8/2

si 02

A]203

Fer0,

Fe0

Ca0

Mgo

Nar0

Kzo

Ti 02

P^0-¿5

Mn0

S

coz

Hro+

Hzo

Tota I

Ba (%)

Rb (ppm)

Sr ( ppm)

74.40

12.65

0 .93

0.46

I .41

2.13

'ì .45

2.84

0. l6

0.01

0.02

0. 000

I .30

2.15

99.91

0.155

B8

76

71 "40

'15.06

't .37

0 .46

n?o

3 .06

2.33

2.91

0.18

0 .03

0.02

0 .000

0.38

2 .35

99.94

0.'l88

i08

l3

76.60

12.57

0.87

0.20

't .04

I .39

I .08

2.72

0.17

0.0s

0.02

0.000

't .05

2.00

99.76

0.121

175

4l

77 .70

'12 
. 58

0.26

0.32

0.06

0.07

2.27

s.78

0.r0

0.02

0.01

0.005

0.20

0.61

0 .65

'l 00 .03

0.225

l6l

56

71 .55

'l 0.36

0.36

5. 58

0.07

'l .88

4.78

0.12

0 .02

0.1 0

0.003

4.65

0.38

0 .43

99 .90

80.30

I 0.9s

0.10

0 .08

0.13

0.08

2.10

5.22

0.10

0.00

0.0r

0.014

0.12

0.55

0.61

99.81

0.'182 0.i83

147 I 36

I '12 43
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Table 2 (continued)

Member

Samp'le

2a

16/8/12A 16/8/14 16/B/15C 16 /8/1sA 16/8/16

222a 2

16/B/17 A

si02

Al 
203

Fer0,

Fe0

Ca0

Mgo

Naro

Kzo

Ti 02

Peos

Mn0

S

coz

Ht0+

Hzo

Tota l

(%)

( ppm)

(ppm)

74.65

i 3.36

0.57

0.40

0.30

0. l4

1.40

8. 73

0.1 5

0.00

0.02

0"007

0.24

0.58

0.65

I 00.65

0.234

190

44

74.40

't3.98

0 .61

0.52

0 .86

0 .46

2.39

3.99

0.'12

0.02

0.02

0.017

0 .82

I .45

99.66

0 .373

109

59

58.75

20.10

2.14

1.28

0.81

2.68

0.25

9.12

0.26

0.'t0

0. 04

0.018

0 .85

3.4'l

99.81

0.24?

46?

27

70 .90

15.67

0.06

0 .40

0.15

0 .3.l

2.67

7.52

0. l7

0 .06

0.0.l

0.024

0.22

0.92

0.98

99. l4

0.291

182

35

75.20

13.06

0.38

0.20

0 .84

0.09

2.32

6. 53

0.12

0.02

0. 03

0.'l l 9

0 .73

0 .48

0.53

100.17

0.207

163

56

77 .25

11.66

0. 38

0.10

I .03

0.04

2.01

5.92

0.13

0.0r

0. 03

0.078

0 .87

0 .36

0 .40

99.91

0 .208

103

59

Ba

Rb

Sr
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Table 2 (continued)

Member

Samp'le

J

?5/8/3

3

25 /8/4

3a3
25/8/sB 25/8/5C

44
25 /8/6 25 .8/7

sj02

Al 
203

Fer0,

Fe0

Ca0

Mgo

Nar0

Keo

rio2

P zos

Mn0

S

coz

Hro+

Hzo

Total

Ba (%)

Rb (ppm)

sr (ppm)

70.05

I 5.64

1.47

0.30

0 "44

2.36

0.18

6.45

0.19

0 .04

0.02

0 .003

o.44

2.51

1 00.09

0 .3s9

?28

54

82.50

I .44

0.82

0 .48

I .39

o .69

't .54

1.52

0.21

0.02

0 .02

0.074

l.l6

'r .07

99.93

0 .065

74

89

78.40

'l 0.96

2.06

0.36

0 .40

I .09

I .05

3..l0

0.?7

0 .04

0.02

0.000

0 .38

1 .66

99.79

0.229

108

3l

85.10

6.26

't .07

0.10

I .45

0.51

2.05

0.92

0.18

0.03

0.03

0.000

1 .31

0.88

99 .89

0.028

125

32

72.65

14.'16

I .56

0 .60

0.74

2.04

2.25

2.98

0 .36

0.05

0.03

0.000

0 .45

I .89

99.76

78 .60

il.12

I .53

0 .48

0.93

0.41

0 .08

?o?

0 .33

0.05

0.03

0.010

0.74

I .63

99.87

0.'167 0.099

I 08 127

68 48
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Table 2 (cont'd)

Member

Sampì e

4

26/811

4

26/8/2

4

26/8/3

4

26 /8/4

4a

26 /8/5

4

26/8/6

si02

A1 
203

Fero,

Fe0

Ca0

Mgo

Nar0

Kzo

Ti 02

Pzos

Mn0

S

coz

Ht0+

Hzo

Total

Ba (%)

Rb (ppm)

sr (ppm)

79.00

11.04

0. 39

0.90

0.28

0.25

0. 75

6.24

0.06

0.02

0.02

0.037

0.34

0.8?

0 .89

100.22

0. 183

'146

52

77 .60

11.24

0 .49

0. 58

0 .16

0.08

0. l7

8.28

0 .09

0.14

0.03

0.026

0.1 6

0.76

0 .90

99 .95

0.225

164

66

77 .90

11.02

0 .55

0.64

I .35

0 .34

1 .43

5.51

0.06

0.02

0.04

0.007

l.l0
0.79

0 .85

't 00 .82

0 ..l85

148

79

75.10

11 .74

I .41

0.72

0 .58

0 .38

I .43

6.02

0.13

0.01

0.01

0.078

I .32

0 .87

0.95

99.88

0.2s5

130

66

78.00

11.36

0.72

0 .98

0.58

2.08

1 .63

2.4?

0.1 0

0.02

0.02

0.036

0 .38

I .86

'r00.19

77 .60

l'l .58

0.65

0.50

0.80

0.29

1 .98

5.13

0.05

0.00

0.01

0.I00

0.77

0 .65

0.71

100.I7

0.076 0 . 260

76 104

66 59
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Table 2 (continued)

Member

Sampl e

4

26 /8/7

4

26/8/e

44
?7 /8/1A 27 /8/18

4b5
27 /8/1C 27 /8/2

sì02

A1 203

Fero,

Fe0

Ca0

Mgo

Nar0

Kzo

ri02

P^0-¿)
Mn0

S

coz

Ht0+

Heo

Total

72.50

12.56

0.75

0.26

'l .50

0. 18

0.80

9.13

0 .06

0. 00

0.01

0.7s0

I .9'l

0.36

0.42

1 00 .83

0.?70

180

86

78.60

10.77

0 .40

0.38

0.50

0.19

0.42

7.35

0 .04

0.02

0.02

0 .082

0 .56

0.62

0.67

1 00 .00

0..l85

1?9

46

72.20

I 3.46

0.20

0.18

I .65

0.15

't .50

8. 59

0.07

0.01

0.02

0.026

'l .34

0.38

0.41

99.81

0.'184

l4l

79

75.65

'l 
1 .66

0 .48

0.62

1.75

0 .41

I .78

5.27

0.07

0.00

0.02

0.007

I .36

0 .83

0.93

1 00.01

0.222

'133

79

63 .90

13.'l 7

1 .47

0 .88

5.52

2.14

0 .04

6. 14

0 .06

0.02

0 .07

0.0.l8

4.35

2.23

't 00.01

76.70

12.24

1.20

0.76

1 .20

0 .82

3.27

2.08

0..l3

0.00

0 .02

0 .064

0 .40

l.l8
I 00 .06

Ba

Rb

Sr

(%)

( ppm)

( ppm)

0 .l 75 0 .240

252 69

]59 l7l
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Table 2 (continued)

Member

Sampl e

6

27 /8/34 27 /8/4 27 /8/5

Upper section

27 /8/6 27 /B/7 27 /8/8

si02

Al 
203

Fer0,

Fe0

Ca0

Mgo

Naro

Kzo

Ti 02

P^0-¿3
Mn0

S

coz

Hro+

Hzo

Totai

Ba (%)

nb (ppm)

sr (ppm)

75.90

12.96

0. 35

0.34

0.49

0.24

0 .83

B.l6

0.'l I

0.00

0. 03

0.024

0. 54

0. 6l

I 00 .04

0.290

106

66

2.36

3.21

2.09

l.l9
3.78

0.76

0 .08

0.lsl

0.50

0.285

117

340

0.07

0..l01

0 .84

69 .90

14.92

2.28

1 .12

?.50

't .45

I .38

?¿q

0 .54

0 .08

0.07

0.123

0 .64

I .83

I 00.32

0.175

106

189

66.05 77 .45

I4.33 12.20

1"72 l.16

?.78 0 .40

3.44 0.56

3.49 1.06

1 .83 2.70

2.79 2.64

0.68 0 .22

0..l5 0 .02

0.09 0 .02

0.044 0.002

0.25 0.27

66.05 7l .85

'15.12 13.36

2.58 2.33

1 .12

1 .21

I .14

2.86

2.96

0.57

0.1 7 0.08

2.15

99.79

0.220

'l'19

129

1.12

99.82

0.140

ill
72

0.301

100

6'l

2.28 I .45

I 00.32 99 .94
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Table 2 (cont'inued)

Member

Sampl e 27 /8/9

Upper section

27 /8/10 27 /8/11 27 /8/12 27 /8/13 27 /8/14

si02

A1 
203

Fero,

Fe0

Ca0

Mgo

Nar0

Keo

Ti 02

Pzos

Mn0

s

coz

Ht0+

Hzo

Tota I

76.'l 0

11.76

I .07

0 .88

0.68

1.?8

2.35

3.02

0.44

0.06

0. 03

0.007

0.90

1.22

99.80

0.185

89

66

75.65

132.6

1.27

0.60

0.16

0.68

3.10

3.78

0.18

0.01

0.0?.

0.030

0..l9

0.92

99.85

0.234

99

44

73.65

14.04

I .96

0.32

1 .65

0.75

2.42

3.42

0.25

0.02

0.03

0. 054

0.27

'r .09

99.92

0.31 3

112

96

73.10

13.42

1 Ã.Ã

I .04

0. 59

0.92

4.62

2.44

0.37

0 .06

0.03

0.019

0 .64

1 .17

99.88

0.166

69

7?

73.60

'l 
3 .84

0 .80

0 .36

0.54

1 .02

3.00

3. 60

0.1 0

0.01

0 .02

0.012

0.50

0.220

109

56

75.05

14.02

I .43

0.44

0.20

0.56

4. 98

2.01

0.09

0.09

0.03

0.063

0. 28

1 .24 0.9]

98.64 'l 00. I s

Ba

Rb

Sr

(%)

(pp*)

(ppm)

0.255

6B

50
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Tab'le 2 (continued)

Member

Sampl e

Upper sect'ion

27 /8/15 27 /8/16

si02

A1 
203

Fer0,

Fe0

Ca0

Mgo

Nar0

Kzo

Ti 02

'zos
Mn0

S

coz

Hzo

Total

70.30

12.84

3.46

1 .00

0.82

1.29

3.43

s.20

0.74

0.'t2

0. 05

0.031

0.72

1 .44

99.44

0.065

106

79

74.35

12.06

0 .68

1.62

0.36

2.49

4. 00

I .70

0 .48

0 .08

0. 05

0.007

0 .08

i .54

99. 50

0.050

51

3B

Hro+

Ba

Rb

Sr

(%)

( ppm)

(ppm)
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those members of the Klond'ike Formation exhibìtìng textures suggestìve of a

vo'lcanic orjgin are also distingu'ishable chemically from the rest of the

formation. The KrO-Mg0 p'lot is not reliable where metavolcanics have a

sì.ightly h.igher content of Mg mjnerals. This method is, therefore, useful

on'ly wìth felsic volcanics.

An attempt was made to classify the metasedimentary members of the Klondil'

Formation, using a p'lot of log (Si02/AlZ03) agaìnst log (NarO/KtO), after

Pettijohn et a'l . ('1973). The plot is shown in F'igure 12, wtth the compo-

sitional fjeld of the volcanics added for comparison. The metasedimentary

samples of the Klondike Formation plot in a trend from arkose through lith'ic

arenite to the greyvracke field, away from the compositional range of the

vo'lcan.ic rocks. This suggests that the metased'imentary rocks were derived

from rocks similar to the metavo'lcanics, suffering leaching of potassjum and

progressive admixture of magnesian clay minerals to produce the chemical

b'imodal ity.
Members 2,4 and 6 of the Klondike Formation appear to be metavolcanic

units, d jst.ingu.ishable from the enclosing blastomy'lonites by their petrographit

and chem.ical characteri sti cs . Samp'l es f rom these members were cl ass i f i ed on

the basis of normatjVe composition, using a conventjonal system of nomen-

clature (Irvine and Baragar, l97l ).

Normative analyses were carried out on l9 chemical anaiyses from the meta

volcanic members, using the RENORM computer programme' This programme was

desìgned for rapid app'lication of the Irvjne and Baragar classjfication to any

su j te of vo] cani c rocks. A brì ef descri pti on of the prograr[ne 'i s presented 'i n

Appendix C, with a list of the parameter configurations used. Sjx runs were

made.

The results from Run 3 are presented in Appendix D, beneath the appropria

chemical analyses. Figures l3 to l6 document the classificat'ion process.

F.igure l3 assigns the suite to the subalkaline fam'ily, F'igure'14 to the ca'ìc-
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alkaline series. Fìgures'15 and l6 assign a name and chemical serjes to each

sample. Tje lines indicate the variance in classifÍcation introduced by

s.ignificant amounts of carbonate. it is probabìe that the carbonate, and

therefore the calc.ium, is secondary; C0, was therefore ass'igned as a perm'itted

component in the norm calculation. The author concludes that the protomyloniti

members are vo'lcanics of rhyolìtic composition, wjth a low'initial calcium

concentrati on .

4.3 SUMMARY OF CHTMISTRY

The protomyìonitic members of the Klondike Formation are chemica'ììy

d.istinct from the enclosing blastomylon'ites and are interpreted as calc-

a'lkaline rhyoìites, potass'ium-poor, in a succession of quartzofeldspathic

sediments w.ith minor ferruginous quartz'ites. The quartzofeldspathic sediments

are c]assified chemically as rang'ing from arkoses to greywackes and are

possibly derived from the metarhyolites or chemically equivalent rocks.
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Chapter V

ISOTOPIC STUDIES

5. I PREVIOUS STUDiES

K-Ar isotopic ages hitherto reported for igneous and metamorphic rocks

in the Yukon crystaì'line Terrain (Lowdon, l96l,1962; Lowdon et a1., 1963;

Leech et a] ., .l964; 
l.lanless et a'l ., ì965, 1966, 1967, 1968, 1970, 1g7z) are

summarised in Tempelman-Kluit and l.lanless (1975). Two further pub'l.ications

(Wan]ess et al., 1978,1979) present further K-Ar data. The results of Rb-Sr

and U-Pb studies are presented, respectively, by leCouteur and Tempelman-Kluit

(1gla) and rempelman-Kluit and l.lan'less (1980). In add.ition, an Rb-sr

isotopic age on metamorphic rocks is included in a study of the Clinton Creek

asbestos mine (Htoon, 'l97g) 
"

Isotopic ages obtained for metamorphic rocks of the Yukon Crystalìine

Terrain are'listed in Table 3. Samp'le locations are pìotted on Figure ì7.

Results from the plutonic rocks are too numerous to be listed here; the

reader is referred to the appropriate paper for a more comprehensive treatment.

Isotopic studies using the U-Pb method indicate a diversity in ages for
the 'Pe'lly Gneiss'unit. Severaj un'its have been, inadvertently, assigned to

this unít as reported by Tempe'lman-Kluit and l+tanless (1980) and it is

questìonable as to whether the name 'Pe]'ly Gneiss' is sti'll val id. U-pb

zircon ages obtained for two of the three samples are Lower and Mjddle

Palaeozoíc, considerably greater than K-Ar dates from the same sampìes. The

third age is a Triassic age, from a sample of the Klotassín suite.

K-Ar ages from metamorphic and plutonic rocks in the Yukon Crystalline

Terrain defjne three thermal events (Tempe'lman-Kiuit and Wanless, 1975).

These are related to the intrusion of three generations of plutons; the "pink

quartz monzonite" suite (160-170 Ma), the Coffee Creek quartz monzcnite
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Table 3

Previous Isotopic Ages of Metamorphic Rocks

Locati on L'ithol ogy Method ?fiir Rerl

63.47'30"N
I 40"28' 00"l^l

63 "54' 00 "N
.l 
38'52'00"l^l

6'l "'l 7,00,,N
I 39"07' 00 "l^J

6]'14'00"N
1 36"57'00"hl

62.47 '30"N.l3g"l6' .ì 
5,'[^J

62.55 '30"N
139.27'20"l^J

62"46 '45"N
'138".l8'30"l^J

64"07'00"N
I 40'49',00"l^J

62'53 '30"N
138"51 '00"l,'l

63"06'45"N
139"29 '30"[,'l

64"02'00"N
140"23 '20"1,J

64"25 '00"N
i 40"40'00"l^J

Gnei ssìc bioti te-quartz
monzonite with K-feldspar
augen (Pel ly Gneiss)

Quartz-muscovite schi st
(Ki ond'ike Sch'ist)

P'l ag i ocl ase-bi oti te-garnet
schist (Kluane Schist)

Quartz-biotjte schist
(B'iotjte Schist unit)

Stronql v fol i ated b'ioti te
granoã'iäri te ( Pe'l ly Gnei ss )

Biotite-muscovite schist
(Pe1 ly Gneiss)

Strongìy foliated bjotite-
muscov'ite-quartz d'iori te
(Pel 1y Gneiss)

Quartz-muscovi te schi st
(Klond'ike Sch'ist)

Quartz-fe'l dspar-b'i oti te
hornbjende gneiss (Pelly
Gneiss)

Bi oti te-muscovi te
granodiorite gneiss (Pelly
Gne'iss )

Fol 'iated bi oti te
granodiorite (Pelly Gneiss)

Quartz-muscovi te schist'
quartz-bi oti te-mu scovi te
schist, "greenstone" and
amph'i bo'l i te

BJ

7r
9814 1

37516 2

l38tll I

l40rll l

147!12 1

I 6416
276!5

I 6816
I 3715

16.ìt6
'16016

Bi

Bi
7r

,Mu
B'i

Bi
Mu

Bi

Mu

Bi

Bi
Mu

Bi

Rb

Mu

Hb
Hb

j
2

1

1

l
I

l

B'i
Hb

i75tl4 1

l87rl0 I
l8lr28 I

I 8218 I
178!7 I

202t1 6 I

256t22 3

245!8 3

278t1 0 3

19117 3

Bi = K-Ar B'iot'ite
Mu = K-Ar Muscovite
Hb = K-Ar Hornb'lende
I References: 'l = Tempelman-Kluit

2 = Tempelman-Kluit
3 = Htoon, 1979

and l^lanl ess , I975
and l^Janl ess, '1980

Zr=
Rb=

U-Pb Zircon
Rb-Sr Whole rock

*fff'*i'ttvffi
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(90-'100 Ma) and the Nisling Range Alaskite (50-60 Ma). Later isotopìc studies

on the intrusive rocks, using the Rb-Sr method (leCouteur and Tempeìman-Kluit,

1976; Morrison et al., 1979), confirmed these ages and suggested an age of

empl acement of 190 Ma for the Klotass'in quartz d'iorite.

5.2 ISOTOPIC AGE OF THE KLONDIKE FORMATION MTTARHYOLITES

Rb-S¡isotopic stud jes were conducted on the Klondike Formation, as part

of the present study, to determine an age of formation for the unit. Seven

samples were selected from the metavolcanic members in the type sect'ion (Fig.

l). All had been petrographicalìy and chemica'ììy analyzed and appeared least

a'lter ed of the samples examined.

Isotopic Analysjs

A detailed account of chemical preparatìon is g'iven in Appendix B.

B¡iefly, the samples were digested in hydrofluoric and njtric acids, then

spiked with solut'ions of standard'isotopic composit'ion. The spiked sanples

were homogenized in 6.2N HCl. Rb was removed from sampìes for Sr analysis by

passìng these through ion exchange columns. All samples were evaporated to

drynes s .

The mass spectrometry is described in detail by Cheung (1978). Isotop'ic

measurements were made on a trjple filament, sìngle focusing, mass spectrometer

having a 25 cm radius tube and a 90o sector magnet. Sìgna'ls were measured

using a Cary VRE (model 401 ) and recorded with an HP model 53268 timer-counter

DVM.

Rb and Sr concentrations were determined by isotope dilut'ion mass

spectrometry and 
87sr/86s. ratios were measured on spiked samp'les. During the

study, several analyses of the E and A SrC03 standard (lot 492 327) gave an

average value of 0.7083 t 0.0003 (one s'igma) for the 875./86S, ratio when

normalized to un 86sr/88sr value of 0.1194.
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0n the basis of replicate determinatjons on samples and standards, the

errors used in calculatjng the ages and initial ratios are 0"8% for the

87RU/86S, ratios and 0 .07% for the 87S"/865r ratio (one sigma). Errors

quoted for the age and 'initial ratjo are at the one s'igma level ' The age was

calculated us.ing the method of york (.l966) from the REGROSS programme of

Brookes et al . (1972). Rn 
87RU decay constant of 1.42.10-1lyr-l (steiger and

Jager, 1977) was used in the age calculation'

Analytical Results

I sotop'ic

ìn Table 4.

regression of the data gives an age of 202

ratio of 0.7140 t 0.0001. The mean square

i ndi cat'ing that th'i s I i ne i s an i sochron '

compositions and concentrat jons for each samp'le are presen ted

Stati sti cal

BTsr/86s"

0.83,

t ll Ma and an initial

of weighted deviates is

5.3 DISCUSSION

The age obtained here for the Klondike Formation is in reasonable agree-

ment wjth previous'ly reported K-Ar ages. The high initial ratio for the

suite ìndicates that the age is one of metamorphism, rather than an age of

formation and probab'ly manks the end of cataclasis and greensch'ist fac'ies

metamorph ì sm.

An estìmate of an age of formation can be made if it'is assumed that

jsochemical metamorph'ism took p'lace, wjth redistributjon of isotopes' The

isochron can therefore be rotated about an estimated mean value of I for

A7p5¡86sr to an assumed injtiul 87sr/86s" for^ continental arc rhyoìites of

0.704 (Carmichael et a1.,1974). The rotation point at 8'is a mean value of

87R¡/86s, for the entire suite of metarhyol'ite samples. An age of formation

of 290 Ma is therebY derived.

It is poss'ible that some red'istrjbution of elements has taken p'ìace'

Figure l8 ìs a plot ot 87R¡/86sr again't 87st/86s''
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Tabl e 4

Isotopic Analysis : Results

Sampì e
number

Rb
(ppm)

Sr
( ppm)

Stool

86 )̂r

87- 2
5r

86 5̂r

26/8/6

?6 /8 /7
?6/8/e

27 /8/1A
27 /8/18
27 /B/34
16/8/1

I I 8.88

213.49

I 63.06

I 90.78

175.14

14.|.00

I 65 .86

76.07

87 .60

56.87

88.82

87 .76

75.44

121 .3?

4.52s0

7 .0625

8.3122

6.2686

5.781 4

5.4178

3.9583

0.7268

0.7350

0.7376

0.7320

0.7307

0.7289

0.7?58

l.
2.

Atom'ic ratio
Normalized to .n 865r/885r ratio of 0.1194.

Klondike Formot¡on
melorhyolites

o.74
87s u

I 6st

o.73

a-v 2

lnllisl
AEe * 2Oz

I 75 ,/865 r *
* ¡l Mq

0-7r40

o.7 I

67
8Znbz86s,

Fìgure ì8. Rb-Sr isochron for Klondike Formation metarhyoììtes.
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The erratjc distribution of carbonate in samp'les and the skewed distribution

of Ca suggests that extraneous Ca, and therefore Sr, was introduced during

the course of metamorph'ism. Brooks et al. (1969) showed that vein calcite

can have a small but significant affect on 875r/865r^ fo. a sampìe suite.

Samples low'in carbonate have a mean 
87n¡/86s. value of ll; an estimated

primary age of 265 Ma would result from rotat'ion about this point.

Isotop'ic ana'lysis of the Klotassin suite of intrusive rocks yieìded an

injtiul 87S./865r of approximateìy 0.707 (Tempelman-Kluit and [^Janless, 1975).

In a later paper Tempelman-Kluit (1979) suggested that the Klotass'in suite

and Klondike Formation are genet'icaì1y related; accordinglY, the isochron

was rotated to an initial value of 0.707. The mean for all ì9 samples of

the metarhyolite suite and for the low carbonate metarhyolites was used; the

ages obtained were 260 Ma and 250 Ma respect'ive'ly.

5.4 SUMMARY

Rb-Sr isotop'ic analysis of the Klondike Formation metarhyo'lites gave an

isochron age of 202 ! 11 Ma, interpreted as an age of metamorphism. Rotation

of this isochron to an assumed initiul 87Sr/865r of 0.704 resulted in an age

of 290 Ma, possibìy an age of formation. The mjnimum age of the unit is

260 Ma. Rotation to an initiaj value of 0.707 yielded ages of 260 Ma and

250 Ma for the suite and low-carbonate sampies, respectively.

The metamorphic age and estimated primary ages are consistent wjth

pubì ished isotopic ages and geo'logica'l age est'imates. This is the f jrst

Rb-Sr whole rock age to be reported for stratigraphicalìy coherent rocks of

the Klondike Formation.
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Chapter VI

CHLORITE.ACTINOLITE SCHIST ASSEMBLAGES

Assemblages in the study area whjch contaìn apprecjable amounts of

chlorite are of particular interest w'ith regard to current theories of

Cordil leran evolution (e.g. Tempelman-Kluit, I 979) ' Two "greenstone"

assemblages were identified in the study area: a) the ultramafìc rocks and

associated amphibolites and chlorite schists of the Moosehide Assembìage and

b) the chlorite-actinolite schists of King Solomon Dome and upper Bonanza

creek. The latter assemblage has hitherto been classified as part of the

Klondike Schist.

6. I MOOSEHIDI ASSEMBLAGE

The Moosehìde Assemblage comprìses chlorite-actinolite schists, taic

schists, amphibol ites and serpentinites (after Mcconnel I , 1905) . Fjeld

rel ati onsh'ips are di scussed i n Chapter I I . The assembl age overl 'ies the

Klond.ike Formation and Nasina Series on the ridge northeast of Hunker creek

(figs. 3 and 4). The contact is marked by recrystallization of micas and

the appearance of garnet in both of the under'lying unjts.

Severaj samp'les were co'l'lected from localities along the north bank of

theKlondikeRiver(Fig.3).Pooroutcropandextensivedeformatjonofthe

assemblage precìuded adequate stratigraphic control. The number of sampies

was inadequate for a detailed petrologic study but sufficed to gain generaì

knowledge of the lithologies within the assembiage.

Six petrographic descriptions and four whole rock chemical analyses from

a repnesentative suite are presented 'in Appendix E' Norms were calculated

using the RENORM computer programme.

Petrographic studies show that the rocks are part of a sheared and

hydrated assemblage of mafic 'igneous rocks. The serpentinite comprjses
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unsheared pseudomorphs of antigorite after mafic mjnerals, ìndicating that

hydrat'ion persisted beyond the cessation of deformation (Plate 7, Fig. l)'

The pseudomorphs are separated by shear zones filled with sheared antigorite

and chrysotile. The serpent'inite is normatjvely a tholeiitic hartzburgite.

catac'lasti c amph'ibol i tes have the texture and m'ineral ogy of metagabbros and

metabasalts (Plate 7, Fig. 2). Act'inolite has relict cores of uralitic horn-

blende. Plagioc'lase, where determined, is andes'ine. The amphjbolites are

normativery tholeiitic basarts (Fiss.1g-zz). A banded, quartz-rich chlorite

schist 'is interpreted as a metased'imentary rock'

It is concluded that the Moosehide Assembìage is a metamorphosed

tholeiitic assemb'lage of hartzburgite-gabbro-basalt-chloritic sediment'

cataclasticalìy sheared and probably overthrust upon the Klondike Formatjon

and Nasjna Serìes. The assemb'lage is structuraì'ly comp'lex, and thus poorly

understood, but it is possibly related to the Anv'il Allochthon of Tempe'lman-

Kluit (197e).

6.? CHLORITE-ACTIN0LITt SCHIST 0F KING S0L0M0N-D0ME

Green (ig71) noted the presence of chlorite schist members in the Klond'ikr

Formation. Milner (1977) described a band of chlorite schist and amphibolite'

with a weak magnetic signature, crossing the watershed from Hunker and Gold-

bottom Creeks into upper Bonanza Creek. Field work in the area indicates

that the chlorite schists usually d'ip gentìy to the southwest or are flat-

ìying, formìng ridge tops in the v'icinity of King Solomon Dome (figs' 3 and 4)

contacts with the Klondike Formation are not exposed but are poss'ibly vert'icaì

ì n p'l aces , f I at-l Yi ng i n others .

Samp'le I ocations are shown on Fi gure 3 . Petrograph'ic descri pt'ions '

chemical analyses and normative calculations are presented 'in Appendix E'

Petrographìc studies show that most of the samp'les are pìagioclase-

actjnolite-chlorite schists with accessory epidote and 'iron-tjtanium ox'ide
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(plate 7, Fig. 3). Pìagioclase composit'ion ranges from An6 to An34'

suggesting strong leaching of ca. Rare mafic schists occur, with only trace

amounts of plagioclase. coarse-grained amph'iborites (prate r, tig. 4) retain

relict hornblende at the cores of actinolite crystals (Plate 7' Fig' 5)'

Muscovite is a rare accessory.

Asampìetakenfromthecontactbetweenthech]oriteschistsandthe

quartz muscovite schists of the Klondike Formation is a tectonjcally sheared

and reworked garnet-hornbrende-magnetite-plagioc'rase brastomylon'ite (Plate 7'

Fig.6). The presence of garnet, fringed by jron oxide and carbonate

indicates higher metamorphic grade than in either un'it and the hybrid nature

of the rock suggests that the units are in tectonjc contact'

Spec.imen ?6/7 /5, from Quartz Creek (Fig. 3) , conta'ins appreciable amounts

ofch]orite,buthasatextureidenticalwiththefragrnent-bearingmembers

of the type section. The author considers this sample as a chlorite-rich

variant of the Klondike Formation'

Four whole rock chemjcal analyses are presented in Appendìx E. One

samp'l e, 26/7 /5, is treated as part of the Klondike Formation' The rema'ining

three samp'les are similar to the Moosehjde Assemblage (Figs ' 19'22) '

The chlorite-actinolite schists in the area of Kjng soìomon Dome are

excluded from the Klondike Format'ion on the grounds of theìr d'ifferent

compos.ition. They are reclassified as part of the Moosehide Assembìage on

the bas.is of I ithologic simi'larity. chlorite-r'ich fragment-bearing units

are reta'ined 'in the Kl ondi ke Formati on '
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ChaPter VII

CONCLUS I ON

The bedrock of the Klondike placer gold deposits in the Yukon Territory

is here redefjned as the Klondjke Formation' us'ing conventional litho-

stratìgraphic nomenclature. The formation comprises a 3000 m-thick cata-

cl ast j ca'l 'ly deformed sequence of bimodal bl astomyl oni tì c quartz f el dspar

muscovite schists, with intercalated quartz K-feldspar protomyìonjtes near

the observed base of the format'ion. Metamorph'ic grade is m'iddìe greenschist

facjes. The protomy'lonites are petrographjcally d'ist'inct from the blasto-

my1on.itic schists and are interpreted as minor rhyolit'ic volcanic members in

a predominantly arkosic sedimentary succession, the latter possib'ly derìved

from erosion of the rhyolites, or genetically equivalent rocks'

Rb-Sr isotop.ic studies on the metarhyol'ites indjcate an age of ?0? t ll Ma

for metamorph.ism of the Klondike Formation. This age is consistent w'ith K-Ar

studies conducted on the formation. Rotation of the'isochron to an assumed

in.itjal 87S./865" of 0.704 y'ields an age of 290 Ma for formation of the

rhyoìjtes, in agreement with a u-Pb zircon age of 276 x 5 Ma on genetical]y

rel ated sheared pl uton'ic rocks . The m j n'imum estimated age of the f ormati on

is 250 Ma.

The Klondìke Formation is conformable on the structural'ìy underly'ing

Nasìna Series, although discordant cleavages in less competent I jthologies of

the Nasina Series possibly ref'lect a low-angle thrust contact' The two

formations were folded congruently durìng F2'

Chlorite-actinolite schists, 'in the area around King Solomon Dorne' are

associated wjth a serpentinjte body. These have been excluded from the

reclassificat.ion and assigned to the Moosehjde Assembìage on the grounds of

I ithol og'ic sìm'i 1 aritY.
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7 "1 TECTONIC SETTING

Regiona'l models of Cordilleran evolution (Monger, 1977; Monger et al.,

1972,1978; Souther,1977) can be correlated with North American pìate motion

during the Phanerozoic. The Cordilleran colìage'is'interpreted as a series of

island arcs accreted to the continental margin since late Triassic tìme.

Resetting of the Tintina Trench (Roddick,1967) places the study area

adjacent to the Finlayson Lake and Quiet Lake map-areas, mapped and'interpreted

by Tempelman-Kluit (1977a,1977b). The regional settìng of the areas is shown

in F'igure 'l . The area was orig'inaì1y ìnterpreted as a carbonate pìatform-back

basin-foredeep assemblage overthrust by an ophiolite assembìage (Fig. 23).

The Klondike Formation was interpr"eted as an assemblage coeval with rhyo'ìitic

volcanics on the Pe1ly-Cassiar Platform.

In a more recent paper Tempe'lman-Kluit (1979) 'interprets the lateral

equìvalent of the Klondike Formation as an allochthonous assemblage of meta-

sedimentary siliceous cataclasite, the lowermost of three allochthons obducted

onto the North American continental marg'in during the late Triassic and earìy

to mjd-Jurassic. The Nisutlin Allochthon comprises a metamorphosed sequence

of inrmature cjastic rocks, eroded from an island arc and metamorphosed in a

westward dipping subduction zone. This allochthon, in the northern part of

the Yukon Catac'lastic Complex (F'ig. 24) lies at the structural base of an

obducted island arc. A model for initjal riftìng of the arc, westward

subduction of back-arc oceanic crust and arc obduction (Tempelman-Kluit,1979)

is presented in Figure 25. The upper allochthons are interpreted as,

respect'ively, oceanic crust (Anvil Allochthon) and plutonic root of island arc

(Simpson Allochthon). The latter incorporates the Klotassin Granodjorite and

part of the Pelly Gneìss (Tempelman-Kluit,'1980).

The present study on the Klondike Formation suggests that the hypothesis

of island arc-continent collis'ion provides a valid model for the orig'in and

subsequent deformation of these rocks. The calc-alkaline rhyoìites of the
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Figure 25. Model for formation of the Yukon Cataclastic Comp'lex as

result of an island arc-continent collision (Tempelman-

Kluit, 1979)"

a) Initial rjfting of Stikin'ia (S) and formation of spreadìng centre

(R). Erupt.ion of basalts (g) on north American continental margìn,

outboard of the MacKenzie Platform (M).

b) Closure of ocean by subduction of oceanic fithosphere (0) westward

beneath Stikinia. Formation of Lewes River Arc (L) with forearc

sedìments and rhyolites (F) subjected to cataclasis (C).

c) Near-complete obduction of Stikinja along Te'islin Suture Zone (T).

Formation of Selwyn Fold Belt (S), outboard of MacKenzie Platform.

Qbduction documented by emp'lacement of the Nisutlin (N), Anvil (A)

and S'impson (K) Allochthons. Intrusion of the pìnk quartz monzonite

suite.
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Klondike Formation and their associated clastic sediments are typìcal of an

island arc which is developing a base of continenta'l lithosphere. The

discordant cleavages in the Nasina graph'itic phyl I ites suggest overthrust'ing

of the Klondike Formation. Greenschist facíes metamorphism possibly over-

prìnted the conventional blueschist metamorphism developed in the trench

(Erdmer, l98l ). The ages of formatjon and metamorph'ism for the Klond'ike

Formation are consistent with init'iation of back-arc subduction and arc

obduction, respectivelY.

7.2 RECOMMENDATIONS FOR STUDY

Future studies in the Yukon Crysta'lj'ine Terrain may be assigned to three

types, all concentrated on reconstructjon of the 'initial dìsposition of the

various litholog'ic assembìages. Stratigraph'ic stud'ies should'include prec'ise

documentat'ion of the Nasina Series, wel'l exposed in the Yukon River near the

type section of the Klondike Formation. Detailed structural studies on the

basal contacts of the Klondike Formation and Moosehide Assemblage wì1.l determjn

whether these contacts are tectonjc, and rnìght, in part, unravel the apparent'ly

severe deformation of the latter. Petrolog'ic studies on the Moosehide

Assemblage will faciljtate its classification, poss'ibìy as part of the Anvil

Al I ochthon.

Studies on the Klondike Formation are, as yet,'incomp'lete. The upper

part of the type section should be studied in detail, with regard to petro-

genesis and to the orìg'in of the quartz-plagiocìase fragments. The appropriate

djvisjon of the "Pelly Gneiss" should be considered, both as a parent for the

fragments and as a coeval unit, genet'ically related to the Klondjke Formation-

More Rb-Sr and U-Pb isotopic ages are necessary on both unìts. In the'ìight

of more data, the Klondjke Formatjon and related rocks may then be assìgned

to their correct context wjthin the Cordilleran tectonic collage.
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PHOTOGRAPHIC PLATIS

Pl ate I

Fig. l. The area to the north of King Solomon Dome, character-

istically poolin outcrop. The valley of the Tjntina

Trench (dashed line) separates the djssected Yukon Plateau

phys'iographical'ly and geologically from the 0gì'lvie

Mounta'ins in the background.

Fig. 2. Entrenchment of the Yukon River at Dawson City (fore-

ground). The type section of the Klond'ike Formation

lies on the far bend of the river, to the southwest of

Dawson Cjty.
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Fig. l.

Fig.2.

Fi g. 3.

Fig. 4.

Fi g. 5.

Fís. 6.

Pl ate 2

Para'lle1ism of Sl cìeavage and S0 compositional layering in

rocks of the Klondike Formation. The dark bands are

ferruginous quartzites in quartz muscovite feldspar

blastomy'lonite. Photograph from the type sectìon.

Close-up of compositional layering and Sl cleavage in type

secti on.

Discordant S0 and Sl in graphitic phy'llites of the Nasina

Series. Photograph from mouth of Bonanza Creek, right bank.

Non-paraìjelism of Sl to composìtional layering in mica

schist (top) contrasts with parallelism observed in

competent quartzite (bottom). Photograph from ríght bank

of Yukon River, 5 km north of Dawson City.

Shear zones in graphitìc phyllites of Nas'ina Series.

Photograph from mouth of Bonanza Creek, right bank.

High-angle reverse fault (F) in type section, dis'locating

the contact between members I and 2 of the Klond.ike

Formation by 40 m.
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Pl ate 3

Hand specimen of bimodal

biastomylonite, stained

quartz muscovite feldsPar

with sodium cobaltinitrite.

Fig. 1.

Fig.2.

Fig. 3.

Fi g. 4.

F'ig. 5 .

Fi g. 6.

Hand specimen of quartz K-feldspar protomylonite,

stained with sodium cobaltinitrite.

B'lastomylonjte, showing F2 refolding of S'l c'leavage.

The matrix of quartz-plagioclase (Q-p) has an Sl cleavage

defined by lep'idoblastic mica (M). Scale bar 2.0 mm

( pl ane po1 ari sed I i ght) .

Deformation of p'lag'ioclase grain (P),by FZ (crossed

po'lars). Scale bar 1.0 mm.

Quartz fragments (Q) in blastomylonite interna'liy

recrystallized, with sutured gra'in boundaries (crossed

pol ars ) . Scal e bar 2.0 mm.

Compound fragment, comprising equigranular quartz (Q)

and plag'ioc'lase (P) , in blastomy'lonite (crossed po'lars).

Scale bar 'l .0 mm.
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Fig. l.

Fig. ?.

F'ig . 3.

Fi s. 4.

Fig. 5.

Fi g. 6.

Plate 4

protomyìonite, showjng fine-grained, almost isotropic

matrix (crossed polars). Scale bar 2.0 mm'

close-up of unrecrystallized matrix, which appears to show

a dev.itrification texture (crossed polars). Scale bar

0.1 mm.

Relict spherulitic texture in protomylonite matrix (crossed

polars). Scale bar 0.2 mm.

Devitrified glass fnagment in the pressure shadow of a

quartz crysta'l (crossed polars). Scale bar 0.2 mm'

Embayed quartz grain

recrystal I ization of

within the embaYment

i n protomyì onì te. Note Parti a'l

quartz and unrecrystall'ized matrix

(crossed po]ars) . Scale bar I .0 mm.

Strained quartz

matrix fi1ìing

1.0 mm.

crystal, embaYed, with

the embayment (crossed

unrecrystal I i zed

po'lars). Scale bar
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Fig. 1.

Fi g. 2.

Fig. 3.

Fi g. 4.

Fi g. 5.

F'ig. 6 .

Plate 5

Elongate K-feldspar in protomy'lon'ite, rimmed with rel ict

matrix (crossed polars). Scale bar 'l.0 
mm"

Embayed K-feldspar in protomyionìte with relict matrjx

filling embayment (crossed polars). Scale bar 1.0 mm.

Embayed K-feldspar in protomyìonite, marg'inal'ly recrystal-

I ized (crossed polars). Scale bar I .0 mm.

Embayed K-feldspa|in protomy'lon'ite wjth embayments fijIed

wjth relict matrix; the K-feldspar is also rimmed with

rel 'ict matri x and perì phera'l ly recrystal I i zed (crossed

polars). Scale bar 0.2 mm.

K-feldspar, twinned accord'ing to the Baveno law, exso'lving

al b'ite (crossed pol ars) . Scal e bar I .0 mm.

Compound fragment of quartz and p'lagioclase with a thin

rim of relict matrix (crossed polars). Scale bar 1.0 mm.
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Fig. 1"

Fi S. 2.

Fig. 3.

F'ig. 4.

Pl ate 6

Banded ferruginous quartzite

Scale bar 2.0 mm.

Chlorite (Chl )-carbonate (Cb)

ferruginous quartzite (Plane

1.0 mm.

( pl ane po'l ari sed I i ght ) .

aggregate 'is banded

po'larised light). Scale bar

Retrograde reaction of actinol'it'ic amphibole (n) to

feroan dol omi te (D)-quartz (Q) (pl ane pol arì sed l 'ight) '

Scale bar 0.2 mm.

Chlorite (ç=, after b jotite (B) , and muscov'ite (M) 'in

bìastomyion.ite. Note absence of garnet and staurol jte

(plane polarised l'ight). Scale bar 0..l mm.
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Fig. I

Fig.2.

Fi g. 3.

Fi g. 4.

Fi g. 5.

Fig. 6.

Pl ate 7

Sheared serpentinite (sampl e 4/6/1 ) from Moosehide

Assemblage. Areas of antigorite (A) are bounded by sheared

antigorìte (SA) with veins of chrysot'ile (C) and chrysotile-

iron titanium oxide (C-0). Crossed polars; scale bar 2.0 mm.

Cataclastic amph'ibolite (sampl e 27/5/3A) w'ith large amphìbole

(A) crysta'lloblasts (crossed po'lars). Scale bar 2.0 mm.

Mylonitized metabasalt (sample H-62) from Upper Bonanza

Creek. The light areas are granoblastjc albite-quartz;

darker areas comprise biotite, chlorite, êPidote and

actinolite. Plane po'larised light; scale bar 2.0 mm.

Catacl asti c amph'ibol i te (samp'le H-l l9) f rom Upper Bonanza

Creek with large actinolite grains (A). Crossed polars;

scale bar 2.0 mm.

Relict hornblende (H) in actinolite (A); sample H-ll9

(pìane poìarised light). Scale bar 0.2 mm.

Garnet (G)-magnetite (M)-albite (P)-actinolite (A) - chlorite

(C) b'lastomylonite (plane poìarised light). Scale bar 2.0 mm.
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Appendix A

PETROGRAPHIC DESCRIPTIONS OF KLONDIKI FORMATION

Sampìes taken from the lower part of the type section have been assigned

to discrete members, in order to present petrographic data conciseìy. Members

were defined on the basis of stratigraphic height and petrographic simiìarity.

Th'is designation is informal as indiv'idual members cannot be traced for any

distance in the field.

l^lhere a single, litho'logifal'ly distinct, bed was included in a member,

the bed was classified as part of the member. Such a bed is described by a

subscript a, b, c...; "a" having the lowest stratigraphic height. A separate

description is included for each "submember".

Modes are visual estimates. Variations in modal composition occur within

members but the mineral assemblages exh'ibit little or no variation. I^lhere

small grain sìze precluded accurate estimates, the material was counted

ensemble as "matrix". Subsequent stajning wìth sodium cobaltinitrite indicatec

that the material js dominantly K-feldspar.

A. I MEMBER I

Stratigraphic height: 0-200 m

Blastomyl onitic schist

Modes in Tabie A-l

Crystal 'lobl asts of quartz and sodi c pì ag'iocl ase (0. I -0.4 mm) form the

matrix. Lepidoblastíc muscovite (0.2-0.4 mm) forms an Sl cìeavage, deformed

by a'later (F2) event. Areas of finer gra'in size denote cataclast'ic shear

zones. The matrix occasional ly exhibits sutured grain boundaries.

Clast-like fragments of quartz and plagiocìase (0.5-4.0 mm) occur,

comprr'sing as much as 20% of the rock. Quartz'is recrystallized wl'th pre-

metamorphic marginal textures obscured; some samples exhibit rare embayments.
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Pìag'ioclase (4n26) ìs periphera'l1y alb'itized with no relict textures. Rare

compound fragments of interlocking quartz and plagioclase (4n26) occur.

A.2 MEMBTR 2

Strati graph'ic he'ight: 200-275 n

Protomyl oni ti c granofel s

Modes in Tabl e A-2

Relict matrix (C.03-0.05 mm) contains rare spheru'lites and ìs variably

recrystaìlized to granoblastic quartz and alkali feldspar (0.3 mm). Lepido-

blast'ic muscovite (0.3 mm) is oriented para'l1el to Sl . Fracturìng of the

matrjx replaces folding due to low rnìca contents.

Rounded grains of quartz and euhedral to subhedral K-feldspar ('l-4 mm)

exhibit well-developed magmatic embayments. The embayments are fjlled with

unrecrystallized matrjx; the grains occas'ionally exhibit unrecrystallized

matrix aìong thejr marg'ins. K-feldspar is twinned on the Carlsbad Law, is

sericitized and exhibits albite exsolut'ion.

Fragments of quartz-pìagìoclase (An26), 1-2 mm, are extremely rare. The

fragments exhibit unrecrystallized matrix along their margìns. Pìagiocìase

is marginaì'ly albjtized and clouded by alteration.

Submember 2a

Stratigraphic height: 230-250 m

Bìastomylonitic schist

Crystalloblastic matrix of quartz and plagìoc'lase (0.2-0.3 mm) wjth

l ep'idob'lasti c muscovi te formi ng the Sì cl eavage. The Sl cl eavage i s refol ded

by F2. Quartz fragments (1-2 mm), with marginal textures obscured by

recrystallization, are the only coarse component.
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4"3 MTMBER 3

Stratigraphic height: 275-490 n

B'l astomyl onitic schist

Modes in Table A-3

The matrix comprises crystalloblastic quartz and plagiocìase (0.1-0.3 mm)

with lep'idoblastic muscovjte (0.5 mm) ìmparting an S'l cleavage refolded by

F2. Anhedral carbonate, Fe-Ti oxides and leucoxene (0.1 mm) are accessory.

Carbonate-quartz 'intergrowths ('l -2 mm) , after acti nol i te porphyrob'lasts , occur

in carbonate-rich samples.

Rare rounded quartz fragments (ì-4 mm) are frequently recrystaìlized.

Sutured grain boundaries occur in both fragments and matrix. Feldspar frag-

ments are absent.

Submember 3a

Stratigraphic heìght: 470 m

Ferrugì nous quartzites

Mode in Table A-3

Granoblastic quartz (0.3 mm) occas'iona1'ly exhibits sutured graìn

boundaries. Quartz crystalloblasts enclose eìongate gra'ins of iron ox'ide

(0.05-0.1 mm) which form bands (S0). Muscovite and feldspar are present onìy

in trace amounts. Chlorite-carbonate-epjdote intergrowths (0.5-1.0 mm) are

possibly reaction products after garnet. Fragments are absent.

A.4 MEMBER 4

Stratigraphic height: 490-600 m

Protomyl on'iti c aranofe'l s

Modes in Table A-4

A rel ict matrix (0.03-0.05 mm) contains rare spherul ites and fragments
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of devitrified gìass (0.5 mm). Sta'ining of this matrix with sodium cobaltj-

nitrite jndicated that it is dominant'ly K-feldspar. Recrysta'llized matrix

comprises granoblastíc quartz and alkal'i feldspar (0.2 mm) with a weak Sl

cleavage imparted by oriented lep'idobìasts of muscovite (0.1-0.3 mm). Late

(FZ) fractures are filled with quartz and carbonate.

Rounded quartz grains, euhedral to subhedral K'feldspar and rare p'lagìo-

clase (l-3 mm) are present. Plagioclase Ís altered to muscovite and carbonate.

Quartz and K-feldspar are strongly embayed and rjmmed by relict matrix.

Submember 4a

Stratigraphic height: 540-560 m

Bìastomylonitic schi st

Quartz and m'inor plagioc'lase (0.1-0.4 mm) form a sutured matrix. 0riented

lepidobìasts of muscovite (0.5 mm) form a penetrative Sl cleavage, refolded by

F2. Quartz-carbonate aggregate5 (l mm) are alteration after actinoljte

porphyroblasts. Quartz and albìte fragments are rare.

Submember 4b

Strati graphì c he'ight: 590 m

Bl astomyìoni tic schist

A granoblastic matrix of quartz and carbonate (0.4 mm) is transected by

cataclastjc shean zones of ìepidoblastic muscovite (0.5 mm). The Sl cleavage

is refolded by F2. Fragments are rare.

4.5 MEMBER 5

Stratigraph'ic height: 600-850 m

B'l astomy'l oni tic schi st

Modes in Table A-5
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A granoblastic quartz-p'lagioclase matrix (0.2 mm) exhibits an Sl cleavage,

imparted by oriented ìep'idoblastic muscovÍte (0.1-0.5 mm). The cleavage ìs

refolded by F2.

Rounded quartz fragments (l-3 mm), f'lattened parallel to Sl, have their

marginaì textures obscured by recrystallizatjon. Plagioclase (4n32), ì-2 mm

in size, is also present.

Tabl e A-5

Member 5: modes

Sample Coarse fraction Matri x

number Comp Qz Plag %An Qz Fsp Mu Chl Bi Act Ep Ap C03 0x Py

27 /8/2 5 5 32 35 30 20*

27 /8/38 45 545
5 TrTr

2/3

* Possible interlaminations of chlorite

Canbonate as I eucocarbonate/s'ideri te

A.6 MEMBIR 6

Stratigraph'ic height: 850-870 m

Protomyl on'it'ic granofel s

Mode in Table A-6

Relict matrix (0.03-0.05 mm), stained wjth sodium cobaltinitrite, is an

ìntergrowth of quartz and K-feldspar. Recrystallized matrix comprises

crysta'lloblastic quartz and K-feldspar (0.1-0.3 mm) with m'inor oriented

'lepìdoblastìc muscovite (0.2 mm). Quartz fills fractures (FZ). Graph'ite is

a finely-disseminated accessory.

Rounded quartz and subhedral m'icrocline (l-2 mm) are fractured and

exhibit rare embayments. Microcline js extens'ively sericitized.
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Table A-6

Member 6: mode

Sample Coarse fraction Matrjx

number comp Qz Kfsp Pl ag %An Fine Qz Fsp Mu Sph C03 0x Py Gr

?7/8/3A lo 5 55 l5 l0 ?ïr 3

A.7 UPPER SECTION

Stratigraphic heìght: 850 m+

Bl astomyl onitic schi sts

Modes in Table A-7

The mat¡ix comprises crystalloblastic ouartz and albite (0.2-0.5 mm),

frequently exhibit'ing sutured grain boundaries. Lep'idobìastic muscovìte and,

rarely, amphibole ìmpart a penetrative Sl cleavage refolded by F2. Sphene'

biot'ite and increasingly calcic p'lag'ioclase appear h'igher in the section.

Pistacite forms as much as l0% of the matrix.

Quartz fragments are as much as 7 mm in diameter. Many are recrystaìlizet

some w.ith sutured ìnternal grain boundaries. They are frequentìy flattened

tectonical'ly, with long cross-sections paral'lel to Sl .
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Table A-8

stratigraph.ic Height of sampìes from the Type section

Heisht (m) Sampl es

3l l0
3l l0
3080
3060
3 020
2950
2940
2650
2600
1 900
I 600
I 170
I 135
860
840
590
575
570
565
555
540
5?5
510
500
490
485
475
470
395
3?5
275
270
245
240
210
200

0-200

27 /8/16
27 /8/15
27 /8/14
27 /8/13
27 /8/1?
27 /8/11
27 /8/10
27 /8/e
27 t8/8
27 /8/7
27 /8/6
?7 /B/5
27 /8/4
?7 /B/3A, 27 /8/38
27 /8/2
?7 /8/1A, 27 /8/18 , 27 /8/1C ' 27 /B/10
26/8/e
?6/8/7
26/8/6
?6/8/5
26/8/4,26/8/8
26/8/3
26/8/2
26 /8 /1
25/B/7
25lB/6
25 /8 /5A, 25 /8 /58, 25 /8/5C
25/8/2, 25/8/3, 25/8/4
25/8/1
17 /8/1A, 17 /8/18
16/8/17A, l 6/8/178, l6/B/17C
16 /8/16
16/8/154, l6/8/158, j6/8/15C
16 /8/14
16/8/1 , 16/8/2, 16/8/4, 16/8/5
16/8/12A, 16/8/128, I 6/8/9A, 16/8/98
tq'ßtl, i+ta'tz, 14i8/3, 14/8/4, 14/8/5' 14/8/6, 14/8/7 '
lißtg, tqtanl , lq/a/12, 14/8/13' 14/8/14, 16-/8/34,
16/8/38, 16/8/6, 16/8/7 , 16/8/8, 16/8/9A, 16/8/10
16 /8 /11
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Appendix B

PROCIDURES FOR þJHOLE ROCK ANLAYSIS AND

ISOTOPE DILUTION

B.I ï,JHOLI ROCK ANALYSIS

Samples were trimmed of weathered surfaces and passed through a jaw

crusher. Fragments were screened for steel -grazed surfaces, then ground to

-200 mesh, us'ing a disc Arinder.

HrO- va'lues were determined by heating aliquots to constant weight at

ll0"C. Total HrO and C0, were measured by heatìng in an induction furnace

using oxygen. HZO was collected on Anhydrone, C0, on Ascarite. S0, vaìues,

from wh'ich S was determined, were obtained usìng an automatic t'itrator.

FeO aliquots were decomposed in a l:4 m'ixture of HF and H'SOO. FeO was

then determined by titration w'ith potassium dichromate using sod'ium diphenyì-

amine sulphonate as an indìcator

Nar0, MgO, P,OU, Rb, Sr and Cs al'iquots were djssolved in platinum

crucibles using HF, HZS04 and HNO'. PZ0S values were measured by absorption

of the molyd'ivanadophosphoric acid comp'lex at 430 nm., using a Unicam SP 500

spectrophotometer. Nar0, MgO, Rb, Sr and Cs values were determined us'ing a

Perkin Elmer 303 Atomic Absorption Spectrophotometer.

Single weighed aìiquots were heated to ll00'C'in platinum crucjbles wjth

L128407 and 1a203. The result'ing beads were made up to 2.1000 gm with H3803,

ground to -200 mesh and compressed at a pressure of 50000 psi to obta'in d'iscs.

These were ana'lysed sjmultaneousìy for SiOZ,41203, Fe as FeO, Ca, K, Ti, Mn

and Ba on a multi-channel ARL X-ray spectrometer.

8.2 SAMPLE PREPARATION FOR RB-SR ISOTOPIC ANALYSIS

Rb and Sr concentrations

whole rock cherical analysis.

were determined by atom'ic

Sampìes were weighed in

absorption during

aluminium foil boats
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Table B-l

Methods, Precision and Rep'licability of chemical Ana'lysìs

Consti tuent Method Concentratì on

Instrument Repl ica-

prec'i s'ion bì ì i ty

si02
Al 203

*Fer0,

Fe0

Ca0

Mgo

Nar0

Kzo

Ti 02

Pzos

Mn0

S

coz
*Hzo

Ba

Rb

Sr

Cs

XRF

XRF

XRF

Ti trati on

XRF

AAS

AAS

XRF

XRF

S pe ct rophotometrY

XRF

Combust'ion

Combustion

Combusti on

XRF

XRF

XRF

AAS

59.60

9.34

I 0.08

10.9?

10.22

4.04

4.20

2.69

0 .48

0.20

0.41

0.185

1.15

I .60

0.015

228 ppn

260 ppm

820 ppm

r0.12
r0.05

t0.01 7

!0.02
10 .04

t0.01

r0.01

t0.02
r0.01

r0.01

10.003

r0.05

r0. 03

r0.005

tl .0

t5. 0

t5.0

r0 .20

t0..l3
10 .03

r0. 04

r0.07
t0 .'t 0

t0 .05

r0.01

r0.02

t0 .01

r0.01

10.005

r0.12

10.06

r0.005

t2.0
18. 0

tl 3.0

Total concentration exPressed as

Concentration in weight percentages unless stated

preci s i on and rep'l 'icabi I i ty i n uni ts of measurement
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on an electric balance, transferred to 100 ml Teflon beakers and d'igested

overnight in a 4:l mixture of 49% HF and 70.9% HN03" The solutions were then

evaporated to mush, dissolved in double-d'istilled water and evaporated to

dryness.

Samples were spiked with the appropriate volume of 87Rb or 84Sr spìke

solution. The spiked samp'les were equilibrated by refluxing in 6.2N HCI for

two hours, then evaporated to dryness. Samples for Rb isotopìc anaìysis were

transferred in solution to l0 ml Pyrex beakers, evaporated and baked.

Samp'les for Slisotopic analysìs were redissolved in 6.2N HCI and

cent¡ifuged to remove undissolved material. They were then passed through ion

exchange columns packed with catíon exchange resin (Biogr ad Anaìyticaì Grade

Cation Exchange Resin, hydrogen form, AG 50W-X12, 200-400 mesh). The first

40 ml was discarded; the following 95 ml was collected and and evaporated to

dryness. It was necessary to elute sampìes twice (because of high Rb ievels),

the second time discarding the first 50 ml. Samp'les were then evaporated,

transferred to l0 ml beakers and evaporated to dryness.
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Appendix C

RENORM

C. I FUNCTION

The purpose of th'is programme is to compute the normatíve mineral

compositjon of a rock from the chemical ana'lysis for major oxides. The

programme is intended to be particularly relevant for volcan'ic rocks but wjll

compute norms for other igneous rocks. It is a hybrjdjzat'ion of three pre-

ex.isting norm-calculatìon programmes and includes the variations in calcu-

lation by means of oPt'ions.

The calculation method was derived by T.N. Irvine and W.R.A. Baragar

(.¡97'¡) from the ear'lier CIPW and Barth-N'igg'l'i norms. Both weight percent and

percent cation equiva'lents are calculated. The programme includes algorithms

for ass'ignat'ion of a name based on the Irvine and Baragar classification and

for calculation of indìces and ratios used in petrology.

C.? PROCESSING LOGIC

The processìng log'ic of the programme is:

l) Read in the title, parameter and format cards.

2) Print out the oPtions selected.

3) Read in the data.

4) Reorder the ox'ides jf necessary.

5) Apply iron and carbon dioxide options to the data.

6) Normalize the oxjde (weight %) values to 100%.

7) print out the original data and the normalised results.

g) Compute cation equ'ivalents (mol .%) for the oxides and renormaljze.

9) Compute normative composition in cation equivalents.

l0) Convert normative composit'ion to weight % of each m'ineral and nornralize.

ll) Print out normat'ive composition in weight % and mole %.
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12) Compute and Print mineral ratios and indices in cat'ion equivalents and

wei ght

l3) Assign

o/

a name according to the Irvìne and Baragar classification.

Normative composition is assumed to be water-free. The normative

minerals are derived from the chemjcal ana'lyses in the order: calcite,

apatite, pyrrhotite, chromite, ilmenite, feldspars, corundum, potassjum meta-

silicate, acmite, sodium metas'ilicate, magnetjte,haematite, wollastonjte'

enstat'ite, ferrosil'ite, d'iopside, hedenbergite, quartz, forsterite, faya'lite'

If quartz is defic'ient, nepheline, leucite, larnite and kaliophiljte may be

formed from more saturated minerals.

C.3 OPTIONS

The standard defaults in the programme may be overridden to sujt the

user's requirements. If all defaults are used, data is expected on cards in

the order: Samp'le number - Si02-A1 Z0S- FerOr-FeO-CaO-Mg0-Nar0-KtO-T'i02-P205-

MnO-S-Ni0-Cr0r-C0 Z-H20. COZ is included jn the norm calculation, HrO is

removed and ferric iron is adiusted to be less than Ti0r+ì.5' The rock js

assìgned a name accord'ing to the Irvine-Baragar c'lassifjcatjon'

The options are t

a) Variable inPut format.

b) Input data on cards or d'iscs.

c) Oxides in anY order.

d) C0, may be removed.

e) Ferric iron/ferrous iron may be adiusted so that ferrjc iron is less

than Tj0Z*1.5%.

f) All ferric 'iron may be converted to ferrous jron'

g) A separate output of normative mineral composition for later processìng.

h) A separate output of normaljsed volatile-free composjtion for later
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processing with optional user-defined format'

i) A separate output of ratios and indices for later processing.

j) Suppression of ass'igned name.

C.4 OUTPUT

Printed output comPrises:

a) Parameters and options selected for the data.

b) A table of ox'ide weight percentages and normalized weìght percentages

after the opt'ions have been app'lied.

c) Normative mjneral compos'ition, in weight % and mole % normalized to

100%.

d) Petrologic indices and ratios, 'in weighl % and mole %.

e) The assigned rock name (unless suppressed).

Optionaì output, stored on fjles, comprises:

a) Normal ized volatile-free composition.

b ) Normati ve mi neral compos i t'ion j n mol e %.

c ) Some of the petro'logi c i nd'i ces and rati os .
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APPend'ix D

NORMATIVT CALCULATIONS ON KLONDIKE FORMATION

Normat'ive calculations were carried out using the RENORM programme

(Appendix C). Petrographic stud'ies suggested that calcjte, and therefore Ca,

is not a primary component of the volcanogenic rocks; accord'in9lY, COt was a

permitted component. Adiustment of ferric iron was carrjed out after

preliminary runs assigned the volcanogen'ic rocks to the calc-alkal'ine su'ite.

Further jnformation on parameter selection is presented in Table D-2.



9l

Table D-l

Normative Analyses of Klondike Formation

Oxídes are in weight %, normative minerals in cation %.

Samp'le

number 14 /8 /15 16 /8/1 16 /8/2 16 /8/12A 16/8/15A 16/8/16

Si02
Al 203
Fe203
Fe0
Mgo
Ca0
Na20
Kzo
Tì 02
Pzos
Mn0
S

coz

77.70
I 2.58
0.26
0.32
0.07
0.06
2.27
5. 78
0.10
0.02
0.01
0.0r
0.20

7l .55
10.36
0.00
0.36
0.07
5.58
I .88
4.78
0.12
0.02
0.10
0. 00
4.65

80.30
10.95
0.10
0. 08
0.08
0.13
2.10
5.22
0.1 0
0. 00
0.01
0.01
0.12

74.65
13.36
0.57
0.40
0. l4
0.30
I .40
8.73
0.15
0 .00
0.02
0.01
0.24

70 .90
15.67

0 .96
0 .40
0.31
0. l5
2.67
7 .52
0.17
0 .06
0.01
0.02
0.22

75.20
13.06
0.38
0.20
0 .09
0 .84
?.32
6. 53
0.12
0.02
0. 03
0.12
0.73

q

c
or
ab
an
di
he
en
fs
wo
ru
mt
il
hm

ap
po
carb

40.10
2.89

35. 04
20.89
0.00
0.00
0.00
0.20
0.00
0.00
0. 03
0.00
0 .09
0.19
0.04
0 .04
0.50

39 .65
2.31

28 .68
17 .12
0.00
0.00
0.00
0 .20
0.00
0.00
0. 07
0.00
0.03
0.00
0. 04
0. 00

11.93

45 .85
2.07

31.86
19.46
0. 00
0. 00
0.00
0.23
0 .00
0.00
0 .04
0 .00
0 .06
0.07
0. 00
0.04
0 .31

30.98
1 .78

52. 58
12.80
0.00
0 .00
0.00
0 .39
0.00
0.00
0.00
0 .61
0.21
0 .00
0.00
0.04
0.62

24.54
3.47

45.15
24.34
0.00
0.00
0.00
0 .87
0.00
0.00
0 .00
0.ll
0.24
0.61
0.13
0 .07
0 .57

34.40
2.41

39.24
?1 .16
0.00
0. 00
0.00
0.25
0.00
0.00
0.?1
0.00
0.24
0.27
0 .04
0.04
I .88
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Table D-l (cont'd)

Sampi e

number 16 /8/17 A 25/8/6 ?5 /8/7 26 /8/1 26 /8/2 26 /8/3 26 /8/4

Si 02
Al 203
Fe203
Fe0
Mgo
Ca0
Na20
Kzo
Ti 0Z
Pt0ç
Mn0
S

coz

77 .25
11.66
0.38
0.10
0. 04
I .03
2.01
5.92
0. l3
0. 0l
0.03
0.08
0 .87

77 .10
11.56
I .53
0.64
0.25
0.21
0 .66
6.30
0. l4
0.03
0 .01
0.0r
1 .?9

76.70
11.30
I .98
0.92
0. 25
0.40
I .05
5.49
0.23
0.05
0. 03
0.00
0.39

79.00
11 .74
I .41
0.7?
0.38
0.58
I .43
6.02
0.13
0.0r
0.0r
0. i8
1 .32

77 .60
11.04

0. 39
0 .90
0.25
0.28
0.75
6.24
0 .06
0 .02
0.02
0.04
0.34

77 .90
11 .24

0 .49
0 .58
0.08
0.16
0.1 7
8.28
0. 09
0.14
0.03
0 .03
0.16

7s.10
1r.02

0 .55
0 .64
0 .34
I .35
I .43
5. 5i
0 .06
0.02
0 .04
0.01
l.l0

q

c
0r
ab
an
di
he
en
fs
w0
ru
mt
il
hm

ap
p0
carb

40.60
2.17

35.85
18.48

0 .00
0.00
0. 00
0.1 I
0.00
0.00
0.21
0.00
0.24
0.27
0.02
0.?8
2.25

47 .71
4 .13

38.59
6.14
0. 00
2.24
0.00
0.00
0 .00
I .19
0.12
0.00
0.04
l.l0

.07
0.04
3.38

47 .75
4.15

34.07
9.89
0 .00
0.00
0.00
0.72
0.10
0. 00
0.00
I .90
0.34
0.00
0.1l
0. 00
I .04

41.39
3.20

36 .39
13.12
0.00
0. 02
0.00
0.00
0.00
0 .00
I .48
0.42
2.77
I .01
0.02
2.77
3.41

48.20
3.50

38.40
7.01
0.00
0.00
0.00
0.72
0.65
0.00
0.00
0.54
0 .09
0.00
0.04
0. l4
0 .90

43.15
2.27

51 .14
I .59
0. 00
0.00
0.00
0.23
0. 30
0.00
0.00
0 .59
0.13
0.00
0.31
0.ll
0.42

45.36
3.02

33.44
13.17
0.00
0.00
0.00
0 .96
0 .46
0.01
0.00
0.00
0.09
0.00
0. 04
0 .04
2.86
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Table D-l (cont'd)

Samp'le

number 26/8/6 26 /8/7 26/8/9 27 /8/14 27 /8/18 27 /8/3A

Si02
Aì 203
Fe203
Fe0
Mgo
Ca0
Na20
Kzo
T'i02
Pzos
Mn0
S

coz

77 .60
ll.5B

0 .65
0 .50
0.29
0.80
I .98
5.13
0. 50
0. 00
0.0r
0.1 0

0.77

72.50
12.56
0.75
0.26
0. l8
I .50
0.80
9.13
0 .06
0.00
0.01
0.75
I .91

78.60
10.77
0.40
0. 38
0.r9
0. 50
0.42
7.35
0.04
0.0?
0.02
0 .08
0 .56

72.20
I 3.46
0.20
0. 18
0.15
I .65
I .50
8.59
0. 07
0.0r
0.02
0.03
I .34

75.65
11.66

0 .48
0.62
0 .4.l
1 .75
I .78
5.27
0 .07
0.00
0.02
0.01
I .36

75.90
1?.96
0.35
0.34
0.24
0 .49
0 .83
8.16
0.1'r
0.00
0.03
0.0?

q

c
0r
ab
an
di
he
en
fs
wo
ru
mt
il
hm

ap
p0
ca rb

43.62
3.09

31.06
18. 20
0.00
0.00
0.00
0.82
0.00
0.00
0.31
0.00
0. 09
0 .46
0 .00
0.36
i .99

3l .12
1 .49

54.37
7 .23
0.00
I .89
0.00
0.00
0.00
0.94
I .35
0.00
2.62
0. 53
0.00
2.62
4.86

45.92
2.40

45.17
3.92
0.00
0.00
0.00
0.5s
0.00
0.00
0.07
0.00
0.09
0.29
0.04
0.29
1 .47

?8.57
1 .87

51.65
1.87
000
0 .00
0.00
0.42
0.00
0.00
0 .00
0.00
0.09
0. l4
0.02
0.ll
3 .45

38.67
0.00

32.09
16.45
8.49
0.25
0.ll
I .04
0 .48
0.00
0. 00
0.52
0.10
0 .00
0.00
0.04
3.54

36 .59
2.10

49.73
7 .68
2.51
0.00
0.00
0.68
0.ll
0.00
0.00
0.38
0.16
0.00
0.00
0.07
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Table D-2

Parameter Echo for Norm Calculat'ion Programme

I . I nput data 'i s on cards .

2. Oxide data is expected 'in program order'

s.i02-Al r0r-Feror-FeO-ca0-Ms0-Nar0-K20-Ti02-P205-Mn0-s-Nj0-crt0t-c0?-H20.

3. COZ is a Permitted comPonent-

4. All ferric iron is not converted to ferrous iron'

5. Ferric iron is adiusted to be less than T'i}, + 1.5, the excess being

converted to ferrous iron.

6. No separate output of normati ve mi neral compos'it'ion on TAPE3 '

7. No separate output of normalized volatile-free composjtion on TAPE4.

8. No separate output of rat'ios on TAPES.

9. The appropriate name for the normative compositjon will be given

accordìng to the Baragar-Irvine classificat'ion'

10. The .input data format is the default - 45, .ì6F4.2 - no decimal points.
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Append'ix E

CHLORITE SCH]STS AND SERPENTINITES

E.I PETROGRAPHIC DTSCRiPTIONS

Moosehide Assemblage

Sampì e 4/6/1

Catacl astic serpentinìte

Mode: Antigorite 45%

Sheared iron sta'ined antigorite 40%

Chrysot'i'le 5%

Iron-titanium ox'ide 10%

Subhedral laths of antigorìte )l-2 mm) are'in l0-15 mm aggregates

pseudomorphous after rounded ol'iv'ine. These are unsheared and bounded by

zones of cataclasis compris'ing sheared iron-stained antigorite with dis-

continuous stringers of iron-titanium oxi¿e (0.5 mm) and chrysot'ile (0.2-

0.5 mm).

Sampl e 27 /5/34

Coarse-grained cataclastic amphibol ite

Mode: P'lag'iocjase (4n37) 40%

Acti nol i te wi th rel i ct ural i te 35%

Epidote (zoisite) 25%

Large plagioclase phenocrysts (4N37) and act'inolite (17 mm) are fractured

by catac'lasis. Relict hornblende is enclosed by the actinolite. The matrix

compri ses granobl asti c zo'is i te , pl ag'iocl ase and actinol i te (0 .4 mm) . Accessory

minerals are absent.

Sampl e 27 /5/38

Catacl asti c amphi bol ì te
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Actjnolite (0.1 mm) is rotated and fractured, chlorjte (0.2 mm) folded

'in a granoblastic matrìx of p'lagioc'lase and quartz (0.1-0.3 mm). Plagioclase

composition was not determjnable. Anhedral epidote, sphene and iron-t'itanjum

oxide are dissemjnated accessory phases.

Mode: Actinol ite

Pl agiocl ase

Quartz

Epi dote

Chl ori te

Sphene

Sampl e 27 /5/5

Catacl asti c amph'ibol i te

Mode : Acti nol 'ite

Pl ag'iocl ase

Epi dote

Ch I ori te

Quartz

Sphene

Samp'l e 29 /7 /3

Bìastomy'l onitic schi st

Mode: Plagioclase (An6)

Acti ncr '' "

35%

20%

15%

15%

10%

5%

40%

20%

20%

1s%

5%

Trace

35%

30%

Subhedral porphyroblasts ('l-4 mm) of actinolite are rotated and fractured

in a granoblastic matrjx of quartz and pìag'ioc'lase with crystalloblasts of

actinolite and ìepidobìasts of chlorite. The fine grain sjze (0.1-0.2 mm)

precludes determination of plagioclase composition. The fabric is random'ly

oriented. Aggregates of epidote (0.5-1.0 mm) and fractured anhedra of sphene

(0.5-'l .0 mm) occur.
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Actinol ite and chlorite (0.2 mm) form a 'lep'idoblastic matrix w'ith inter-

sertal albite, quartz and epidote. Subhedral pyrite (2 mm) is rare. Quartz-

epidote veins parailel the Sl c'leavage. Minor brittle fractures are associated

with S2.

Ch I ori te

Epi dote

Quartz

Pyri te

20%

10%

5%

Trace

Iron-titanium oxide

35%

35%

30%

Trace

Epjdote (0.1 mm) is disseminated in a granoblast'ic quartz matrix (0.2 mm).

Penetrative bands (l-3 mm) rich in oriented'lepidob'lastic chlorite (0.2-

0.3 mm) impart S1 and S0. 52 cìeavage is weak, fractures absent.

King Solomon Dome Assemblage

Samples H-21, H-60, H-62, H129

B'l astomyi oni ti c sch i sts

Modes: Plag'ioclase (Anl5 to An34) 40-45%

Amphibole 10-25%

Chlorite/biotite 10-?5%

Ep'idote (P'istacìte) 10-20%

Sphene/l eucoxene 1-5%

An oriented matrix of lepidoblastic chlorite, altered to biotite, and

acti nol i te , after hornbl ende , encl oses anhedral pì agioc'l ase and epì dote

Sampl e 29/7 /4

B'ì astomyl onitic schist

Mode: Quartz

Ch I ori te

Epi dote
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(0.1-0.3 mm). The F2 deformation

Sphene and I eucoxene ( 0. I -O .3 mm)

Sampìe H-65

Bì astomylonitic schi st

Mode: Actinolite

Ch I ori te

Sphene

Sample H-ll9

Catacl astic amph'ibol i te

Mode: Green hornblende

P'l ag'iocl ase (4n33 )

Ch I ori te

Muscovite

Epi dote

Sphene

fol ded and fractured Sl c'leavage .

accessory phases.

has

are

Chlorite and actinolite (0.2-0.4 mm) are orìented to form the Sl cleavage.

The actìnol'ite frequently enc'loses rel'ict green hornblende. Rare euhedral

sphene is associated with chlorite. The Sl cleavage is folded and fractured

by F2.

60%

40%

Trace

50%

25%

10%

tro/

5%

5%

Rounded fractured anhedra of hornblende (l-5 mm) are separated by

penetrat'ive shear zones comprising granobjastic andes'ine and epidote (0.1 mm)

S1 cleavage is defined by oriented lepidoblasts of chlorite and muscovite

(0.2 mrn) and by laths of hornblende (0.5 mm). The'large hornblende crystals

are rimmed by chlorite and sphene.
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Sampl e 20/8/3

Bl astomyl oni ti c sch'i st

Mode: Albite

Ch I ori te

Epi dote

Carbonate

Qua rtz

Muscovi te

I ron-t'i tani um oxi de

Brown hornbl ende

Chl ori te

Garnet

Carbonate

Magnet'ite

Apati te

Ep'idote

30%

30%

10%

10%

10%

10%

Trace

Albite and quartz (0.2 mm) form a crystalloblastic matrix wjth bands,

0.5 mm in width, rich in carbonate and ep'idote. Lepidoblastìc chlorite and

muscovite (0.2 mm) define an Sl c'leavage paraììe1 to thìs compositjonal

layering. F2 fractures are filled with carbonate.

Sample H-16

Banded garnetìferous bìastomylonite

Mode: Plagioclase (4n33) A\Y"

15%

10%

5%

5%

4%

1%

Trace

A granoblastic matrix of plagíocìase (0.3 mm) contains bands (0.5 mm)

rich in brown hornblende (0.1-0.3 mm). Enrolìed garnet (0.1-0.3 mm) and

magnetite (2 rnm) occur in the bands. Garnet is fractured and marginal'ly

altered to carbonate and chlorite. Aggregates of chlorite (0.5 mm) and

disseminated iron-titanium oxide after garnet occur. Epidote and apatite
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accessory" S0 and Sl have been folded during F2.

Samp'f e 26/7 /5

Bimodal blastomy'lonitic schist

Mode: Quartz fragments

Quartz

Muscovi te

Chl ori te

Pl agiocl ase

Ep'idote

Carbonate

Acti nol i te

Iron-titanium oxide

10%

20%

20%

20%

15%

10%

2%

2%

1%

Lep'idob'lastic muscovite and chlorite (0.3 mm) impart an Sl cìeavage to

a crysta'lloblastic matrix of quartz, albite and epidote (0.2 mm) with accessory

actinol ite, carbonate and iron-titan'ium ox'ide. Quartz fragments, as much as

4 mm, are recrystall'ized, with sutured grain boundaries. The Sl cleavage

has been refolded by F2.

E.2 CHIMICAL ANALYSES AND NORMATIVE CALCULATIONS

Chemical analysis of eight samples was carried out, us'ing analytica'ì

techniques described in Appendix B. Lithologies present in the Moosehide

Assemblage are represented by samp'les 4/6/1 , 27 /5/3A, 27 /5/38 and 27 /5/5;

those in the King Solomon Dome area by sampìes H-119,30/7/30,20/8/3 and

26/7 /5. Anaìytica'l results and normative ana'lyses (using RENORM) are

presented in Table E-1. Programme parameters are also listed (Table E-2)
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Tabl e E-l

Normative Calcu'lations on Greenschists

Oxjdes ìn weight %, normative minerals in cation %

Moosehide Assembl age

Sampl e

number 4/6/1 27 /5/34 27 /5/38 27 /5/5

S'i02
A'ì203
Fe203
Feo
Mgo
Ca0
Na20
Kzo
Ti 02
Pzos
Mn0
S

coz

39.50
0.70
8.41
I .38

38.20
0.04
0 .00
0.34
0.12
0 .00
0 .09
0.00
0 .83

49 .85
16.75
3.88
3.38
7 .60

I I .60
?.43
0.69
0.1 0

0 .03
0. l6
0.00
0 .91

55.25
14.64
4.47
4.86
6.70
7 .95
2.05
0.20
0 .66
0 .05
0.17
0.00
0 .08

53 .60
12.76
2.94
5.58

10.15
8.35
2.23
0 .56
0.52
0.03
0. l8
0 .00
0.05

q

c
or
ab
an
di
he
en
fs
fo
fa
il
ap

0.00
0.29
2.06
0.00
0.20
0.00
0 .00

I 9.84
2.60

66.'l 6
8.68
0.1 7

0 .00

0 .00
0.00
4.20

22.45
33.72
I 3.39
6.86
6.02
3.09
6.66
3.41
0.14
0 .07

10.20
0.00
1.24

19.23
3t .51
4.38
3.ll

17.13
12.14

0 .00
0. 00
0 .96
0.ll

2.67
0.00
3.40

20.55
23.77
10.32
4.53

23.60
10.36
0. 00
0.00
0.74
0. 06
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Ki ng Soì omon Dome As semb'l age

Sampl e

number H-ll9 30 /7 /30 20/8/3 26/7 /5

Si 02
Al 203
Fe203
Fe0
Mgo
Ca0
NaZ0
Kzo
T'i02
Pzos
Mn0
S

coz

48.45
12.99
2.66
7.00

10.75
8.60
2.60
0 .86
1.42
0.29
0.'19
0.00
0.12

52.65.l4.68

3. 90
6 .40
4.40
5.75
5 .00
1 .28
2.38
0.55
0.17
0.00
0.02

55.10
14.28
3.21
3. 56
4.33
5 .83
4 .40
I .50
0 .59
0. l4
0.1?
0 .00
2.76

65.85
12.28

2.7 4
2.70
4.48
4.63
1 .78
1.55
0.60
0.14
0..l0
0.00
0 .54

q
c
0r
ab
an
di
he
en
fs
il
ap

0 .00
0. 00
5.?6

24.13
21 .95
11 .27
4.89
8.14
3 .53
2.05
0 .63

0.00
0.00
7.81

46.30
14.27
4. 55
4.61
4.74
4.80
3.4?
l.l9

2.98 28.96
0.00 0.00
9.47 9.67

42.17 16.86
15.79 22.09
6.37 0.59
4 .96 0 .35
9.59 1?.75
7.51 7 .55
0.88 0.88
0.31 0.31
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Table E-2

Parameter Echo for Norm Calcu'lation Programme

l. Input data js on cards.

2. Oxide data is expected in programme order

si 02-Al 

'0r-Fer0r-Fe0-cao-Mg0-Nar0-K20-T'i 

02-P205-Mn0-S-N i 0-crr0r-c 02-H20

3. COZ is removed from the analysis, which is normalized to 100 per cent.

4. All ferric iron is converted to ferrous iron.

5. Ferric iron is unchanged.

6. No separate output of normative mineral compositjon on TAPE3.

7. No separate output of normalized volatile-free composìt'ion on TAPE4.

8. No separate output of ratios on TAPES"

9. The appropriate name for the normative composition will be gìven

according to the Baragar-Irvine classification.

10. The input data format is the default - 45, 16F4.2 - no dec'imal poìnts.


