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Frontispiece 
The Skidder Area: a clear day on a portion of the "vast fishing-rock, enveloped in everlasting fog, 

placed in an Arctic position in the Atlantic Ocean" (quote from Alexander Murray (Murray, 1877); written 
by him to point out the misconceived notion of Newfoundland that many people had at the time). 
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ABSTRACT 

r . 

" The Skidder ·Basalt, which outcrops in an area of central Newfoundland 

irrimedi.ately to the northwest of Red Indian Lake and approximinel~ 12 km southwest of . . 
' . 

the mwn c1f Buchans, is a spil~tized .• tholeiitic, sub-alkaline assemblage cor:tposed mainly 

,of mafic v.ariolitic and non-variolitic pi!Jpw lava, mafic pillow breccia and massive-mafic 

flows; these exrrusive. rocks are interlayered with lesser amounts of mafic1 pyf~lasric roc\<s . . ... 

and chert, a...rd are intruded by diabase dykes. Units typically strike northeast to east-
. . . . 

• . northe~sterly and dip steeply; facing directions are typically northwesterly, although local 

' reve-rsais, particularly in the vicinity of the Skidder Prospect, are noted. Foliations trend 

northeasterly and dip steeply. Several' ncmheasrerly, northerly and northwesterly trending , . 
lineaments are evident on aerial photogra'phs, and many _corr~spond to linear magnetic 

features. 
~ f' 

Rocks of the Skidder Basalt are dominated by secondary mineral assemblages. 

Typically, albitized plagioclase phenocrysts occur in an intergranular to inters.-tal 

groundmass of albite, chlorite, quartz, dense granular sphene, and variable amounts of . . 
subhedral to acicular opaque minerals: Primary clinopyroxene and chromite, and 

·~ ' 

secondary cakite, amphibole and epidote are constituents of some samples. Clinopyroxene . . \ 

·and albMed plagioclase in some low-Zr S'kidder basalts exhibit quench-texture 

morp~ologies. Formation of varioles, presentih some of the low-Zr Skidder basalts, is 

suggested to be a result of quelikhing. Spilitization of the Skidder Basalt has involved 

albitization of .plagioclase, chloritization of bas;utic ~. alteration of, ferromagnesian 

minerals to chlorite and lesser amphibole, and alteration of opaque ·Fe-Ti oxides l9 dense 
. . I 

intergranular sphene. Ge~hemically, spilitization has resulted in redistribution· of Si02 

·. and te>tal jron, removal :of K20 and MgO, and extensive addition of ~a20. ·.The spilitization 

/ 
J 
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is suggested to have r~sulted from interaction of the rocks with circulating seawater under . 

conditions of low se.awater/rock rdtios. . · , 

". The ch~mistry of Skid
1

~asalt cli~opyroxenes' a~d chromites suggests it has 

greater similarity to ocean-floor basalts than to basalts formed in an island arc environment. 

The Skidder Basalt rocks define tholeiitic dends and plot either within the ocean ·floor basalt 

' ,..._ 
field or overlap the ocean floor basalt and island arc tholeiite fields on trace element 

, 
variation diagrams. It is geologically and geochernically more similar to the pillow lava 

9 
sections of ophiolite complexes than to the Buchans Group basalts. The Skidder Basalt 

probably formed in an .extensional tectonic environment. at a slow-spreading oceanic or 

back-arc basin ridge. 

Low-AI203. oceanic-type trondhjemite dykes and pods intrude, or are interlayered 
. ( . 

with, the Skidder Basalt in places. They are. chemically similar to ttondhjemites considered 

If 

to represent late magmatic differentiates of basaltic magma. 

The Skidder Prospect is an ophiolite-type volcanoge~ic massive sulphide deposit 

hosted by basaltic pillow lavas, mafic pillow breccias and aquagene tuffs of the Skidder 
. ' I 

Bas~lt. Brecciated, quanz-~eiried, unlayered and lesser bedded jasper and j asper-rich 

--~lts~on~ ar~ s_pa~~~!!r_<:~~-ociated ~~~-~the I11_a~siy_~_~ulphides. Trondhjemite dy~es intrude 

rocks in the Skidder Prospect area in several places. 

The deposit contains possible and probable reserves of 200 000 tonnes grading 2% 

copper and 2% zinc accompanied by very minor a111ounts of lead. The sulphides occur 

. mainly in two lenses composed of semimassive to massive unlayered and layered' pyrite 

containing lesser amounts of chalcopyrite and low-iron sphalerite. Rare galena, hematite 

and magnetite are also noted. Quartz, chlorite and lesser calcite are the predominant g~hgue' 

minerals. Abundant disseminateQ sulphides, mostly pyrite, occur in a quanz- -and/or ..... :;-:,.,.· ··· -... __ 
chlorite± talc- rich stringer zone underlying .the massive sulphides. 

J 
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Distinct alteration zones characterized by secondary r. ' ineral assemblages envelop 

the massive sulphide lenses and flank the under_lying stringer zone, typically up to 150m . ' 
away from the sulphide-bearing zones. The alteration pri.W,aniy involves large increases in 

the amount of_intersertal chlorite and quartz; replacement of mafic minerals by chlorite; and 

replacement of albitized plagioclase by. quartz and lesser p'hengitic sericite. Quartz has been 

rem4d replaced by chlorite, in places. Chloriti:s from the alteration zone a<e 

significantly enriched in magnesium relative to those of typical spilitized Skidder Bpsalt. 

Calcite and epidote, which occur in abundance in the Skidder BasalLj are absent in the most 

intensely altered rocks of the Skidder Prospect alteration zone. 

Geochemically, the alteration is characterized by sporadic enrichment of K, Rb, Ba 

and Pb; depletion of ~a. Sr and Na; and redistribution of Si in most of the altered rocks. 

Magnesium and zinc are enriched in intensely chloritized zones. The Zn probably occurs in .. . . 

tiny sphalerite grains intimately associated with high-Mg chlorite. The sporadic enrichment 
' .. 

of K and related ele~ents is evident up to~ m away from the sulphide-bearing zones; the 

_other geochemical effects are recognizable only about 150m away. Incompatible elements 

Zr, Y, P and, to a lesser extent, Ti; and compatible elements Cr and Ni have remained 

stable, even in intensely altered rocks. Chondrite-nonnalized rare earth element patterns 

associat~ with sulphide-poor samples, including some that are relatively unaltered to 

ot~ers that ~e silicified and intensely chloritized, are similar to those of s~zed Skidder • 

Basalt. Sulphide-rich samples are depleted in REE concentrations re'lative to the others and 

some show relative depletion of Ce and the midlie REE; characteristics shown by 

chonOrite-nonnalized REE patterns for seawater. 

X Lead isotope ratios of the Skidder prospect sulphides are some of the least 

radiogenic of Newfoundland mineral deposits. On the 207Pbf204 Pb v,s. 206Pbf204 Pb 

diagram, they plot ,Pong the mantle lead evolution curve of Zartma~ and Doe (1981). 

\ 
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The genetic!~~ suggested for formation of the Skidder Prospect is similar to that 

proposed for other pphidte--related massive sulphide d~posi~s. Metals are ~uggested,to 
have been leached from underlying rocks by heated, deep ~ircularing, modified seawater · 

possibly similar in composition to that being enlitted at present on the East Pacific Rise. 

The metals were probably carried in solution as ~hloride complexes. Local fa1,1lting .. 
. provided upward access to ihe seafloor for the metal-bearing hyillothennal fluids where the 

massive sulphides are suggested to have been deposited possibly in a manner similar to 

; thos~ now forming on the East Pacific Rise. Mixing between the hot, upwelling, metal-

' bearing hydrothermal fluid and cool, shallow-convecting seawater is suggested to have 

produced the associated alteration effects and the disseminated-sulphide stockwork wn~k~ 

Much of the spatially associated jasp~ has probably been produced by oxidative leachirfg '\_ ... 
of sulphides exposed on the seafloor. 
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l.l Location and Access 

Chapter l 

NTRODUCTION 

1 

The Skidder area is located in central Newfoundland immediately to the nonhwest 

of Red Indian Lake and approximately 12 km southwest of the town of Buchans. The 

study area (approximately 24 km2) occupies the nonhwest part ofAhe Lake Ambrose map 

sheet (12 NlO; scale 1:50 000) and extends into the southwest comer of the Buchans map 

sheet (12 Nl5; ~ale 1:50 000) (Figure 1-l). The Skidder Prospect which is located near 

the centre of the study area occurs at latitude 48° == 43.5' north fnd longitude 56° "' 56' 

west. The northern portion of the study area is included in Reid Lot 232 and its southern 

portion is covered by ground held under the Anglo Newfoundland Development 

Corporation Charter. Mineral rights to the area are presently ( 1988) held by BP-Selco Ltd. 

having been purchased from former owners Abitibi Price Mineral Resources and the 

American Smelting and Refining Company (ASARCO). 

Access to the southern ponion of the study area and to within 900 m of the Skidder 

Prospect may be gained by branching from paved highway Route 350 at approximately 5 
\ . 

km east of Buchans and thence travelling west via 14 km of gravel-surfaced woods-access .. 
road along the nonh shore of Red Indian Lake (Figure 1-1 ). A muskeg trail leads from the 

gravel road northward to the Skidder Prospect. Road access may be restricted during times 

of heavy rainfall due to washouts, and alternate means Q[ access either by all-terrain 

vehicle, by boat on Red Indian Lake, or by .helicopter must be used. The nonhwestern 

portion of the study area is readily accessed by helicopter only. 

1.2 Physiography and Glaciation 
~ 

Twenhofel and MacClintock ( 1940) show the Skidder area as pan of the High 

Central Plateau, a portion of the Atlantic Upland stretching from Red Indian Lake westward 

--- - - -- -- -----~--- -
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to Grand Lake:. According to them, the High Central Plateau represents a glacially 

modified, subaeri.ally developed peneplain of Tertiary age. Hills rising above the general 

kvel of the peneplain are considered to be glacially plucked monadnocks, their upper 

surface mark_ing the level of a late Cretaceous-early Teniary peneplain which Twenhofel 

and MacCiintock (1940) term the Long Range Peneplain. 

The study <U"ea is dominated by a glacier- and stream-dissected ridge rising 

upproximatdy 150m along a densely wooded slope from R¢ Indian Lake about 1.5 km to 

th~ southeast. Hills having a further relief of 30 to 40 m cap the ridge. One bare outcrop 

. ' ridge immediately nonhw~st of the arrow-shaped lake in the southwestern ponion of the 
-. . 

study area rises to about 350 m above the levet of Red Indian Lake. · Numerous lakes, 

ponds and bogs are present. Drainage, including Skidder Brook, the only large stream in 
• 

the iinmediate area, is southeasterly into Red Indian Lake. 

According .. to Vanderveer and Sparkes (1979), directional glacial striae in the 

vicinity of Red Indian Lake, within the study area, i~dicate an early south-southeasterly 

11ow of ice followed by later flow to the southwest. This is substantiated by till fabric a . 
imalysis carried out by these same authors about 2 km south of the study area. 

1..3 PrevioUs Work 

Previous ge6logical wolk in the study area has been dominated by exploration and 

prospecting conducted by ASARCO under agreement with the Anglo Newfoundland , c 
• Development Corporation which became known as Price Newfoundland Ltd. and 

sub~equently as Abitibi-Price Mineral Resources. Government surveys in the area have 

inc!uded: regional geological mapping by the Geological Survey of Canada (Riley, 1957; 
, . 

W illi:tms, 1970) and by the Government of ,Newfoundland, Department of Mines and 

...E,nergy (Kean, 1979; Kean and Jayasinghe, 1980); aeromagnetic surveys by the Geological 

Survey of Canada (Geological Survey of Canada, 1954a; 1954b; 1968); and a regional lake 
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\ ' . . 
sediment survey conducted by the Newfoundland DeRartment of Mines and Energy (Butler 

and Davenport, 1978). 

Murray (1881) notes "a great display of igneous and eruptive rocks of various 

. ' 
mineral qualities which have greatly ili.sturbed and altered the sedimentary fonnations for 

the whole length of the Exploits River and Red Indian Pond (Lake)". He correlated the 

rocks ~n the Red Indian Lake area with "Silwian" rocks to the nonh. 

Sltll'tgrove (1928) def!hed the Cencral Mineral Belt, which includes the Skidder 

area, as being a southwesterly narrowing wedge extending from Notre Dame Bay 

~southwestward to the Rose Blanche-Cinq Cerf area on the sollth coast. He divided the 

"Red Indian Lake District" into two series: i) an older one of andesitic and rrachytic lavas 

and pyroct~stic rocks which strike northeast and dip northwest and; ii) a later series of 

granite, granite pqrphyry ~ ba~lt. 
. , . . 

Newhouse (1931) shows much of the Skidder area to be underlain by fine to 

·medium grained ophitic-textured diabase and the remainder by pillowed andesites and 

basalts of the "Cambro-Ordovician" Buchans Series. He also mentions well banded white 

and green cherts with jasper occurring along Skidder Brook that are "probably several . . 

hundred feet thick". He describes poorly consolidated shales, arkoses and conglomerates .. . 
. . 

that oceur i~iately to the southwest of the Skidder area and reports that thin shale beds 

near the top of the stratigraphic section contain carbonaceous material and Carboniferous 

plant remains. 

George (1937) shows the Skidder area geology to be dominated by diabase and 

Buchans Series rocks and the staff of the Buchans Mining Company (1955) show the area 

to be underlain by basic volcanic rocks of the Basal Formation of the Buchans Series which 

they suggest to be possibly of Ordovician age . . 
Reily (1960) recommende~. changing the Buchans Series of Newhouse (1931) to 

the Buchans Group. He shows the Skidder area to be unde"r'lain by Ordovician(?) or 

Precambrian(?) andesite and basalt flows and agglomerate. 

( 
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Swanson and Brown (1962) correlate the Buchans Group with the Roberts Ann 

Group of Notre Dame Bay. They describe the Footwall Andes!t~ (in which the Skidder 

area rocks had been included) as a thick (4000' (1219 m)) sequence of predominantly 

basaltic pillowed and massive flows containing interbedded pyroclastic rocks. 

Published results of regional geological mapping by H. Williams for the Geological 

Survey of Canada during 1965 and 1966 (Williams, 1970) show the 'Skidder area as being 

underlain by "green to purple and re~ amygdaloidal lava (locally pillowed) and 
~ . .. 

agglomerate" plus lesser massive green lava. Williams (1967; 1970) re-assigned these and 

other rocks of the Buchans Group to the Silurian on the basis of lithological similarities of 
,(/ .... 

the volcanic rocks and locally interbedded red sandstones to those of the Silurian 

Springdale Group of north-central Newfoundland. 

An ASARCO (1972) unpublished compilation map of the Skidder area at a seal~ of 

1:12 000 shows the area to be underlain predominantly by "Silurian" basaltic to andesitic 

flows. tuffs and agglomerates termed "cycle 1 - basement rocks". Rocks exposed along 

Skidder Brook referred to as well banded white and green chert with jasper by Newhouse 

(1931) are shown as dacitic flows and tuffs. Felsic rocks in the northern portion of the ... 

Skidder area are termed "orange to reddish rhyolite flows_and .intrusives". 

Results of an extensive lithogeochemical ~study in the vicinity of the Buc~ans 

polymetallic massive sulphide deposits and a 'description of the Buch.ans geology and 

orebodies (Thurlow, 1973) are published in Thurlow (1974) and Thurlow~ (1975). 

Thurlow (1973; 1974) and Thurlow~ (1975) describe the·Buchans Group as consisting 

of four mafic to felsic volcanic cycles; cycles one and two containing the·main orebodies. 
4 

The Footwall andesite interpreted as forming the base of the Buchans Group and including 

rocb in the Skidder area is described as consisting of mainly "andesitic basalts, _ 

agglomerates. tuffs and flow breccias" accompanied by "less abundant flows and only local 
. -

occurrences of pillowed flows pnd flow breccias" .(Thurlow, 1973). •"M~erate 

• chloritization and development of calcite amygdules in blocks and bombs are characteristic 
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of the unit" (Thurlow, 1973). Thurlow (1973) fun her concludes, on petrochemical 

grounds, that the Buchans Group is a calc-alkaline island arc rock suite (with slight island 

arc tholeiite tendencies). Thurlow tl.M. (19751 sugg.est "numc:rous" similarities of the 

Buchans ore bodies to the Kuroko deposits of Japan. 

Thurlow (1975) discusses the geology and mineral deposits of the Buchans area in 

a report to the Buchans Task Force . .He notes the recognition of major north to south thrust 

' faulting and suggests a more simplified Buchans stratigraphy based on repetition of units 

due to the thrusting. He divides the Buchans Group into a lower and upper subgroup. The 

Footwall Andesite is re-assigned to t~e Red Indian Lake Formation, a~ 4000 m-thick, 

north-dipping, north-facing sequence of basaltic pillow lavas, pillow breccias and ot'her 

volumetrically less significant lithologies which forms the. base of the Buchans Group. He 

considers the Red Indian Lake Formation to be -correiative with basalts of the Roberts Arm 

Group to the northeast. Thurlow (1975) describes. the Skidder prospect as a pyrite, 

chalcopyrite, sphalerite volcanogenic massive sulphide depos.IJ occurring in basalts of the 

Red ,Indian Formation. He notes that the sulp~e deposit is associated with jasper ch~rt 

and und~rlain by pyritic and siliceous stockwork. Thurlow (1975) points out the 

anomalous nature of the-deposit relative to others in the Buchans area. 

Barbour (1977) provides a more detailed description of the geology and 

mineralization of the Skidder Prospect in an unpublished company report for Price 

Newfoundland Limited and ASARCO. 

The two subgroups of the Buchans Group and southwestward-directed thrusting 

with later open fo!ding about north~st-trending·axes (cf. Thurlow, 1975) are emphasized 

on a geological map of the Buchans area (12N15; scale 1:50 000) compiled from regional 

mapping by ASARCO, Price Company Limited and by B.F. Kean (Kean, 1979). The 
' J 

Skidder area is included. in the Basal basalt unit (Kean, 1979) which has a similar lithologic 

~· 
description to the Red Indian Lake Formation (cf. Thurlow, 1975). Felsic units in the ... 

I \ 

• 

, 

·., 
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northeast portion of the Skidder area are described as pink and purplish grey spheroidal 
~ 

rhyolite (Kean, 1979; cf. ASARC0~1972). 

Rocks of the Skidder area-ale shown as mafi; volcanic and volcaniclastic rocks)of 

the "Middle Ordovician ~nd Silurian" Buchans Group by Kean and Jayasinghe (19,0). 

They point out the ubiquitous presence of red cherts throughout the rocks in the area, a 

particularly well expotied section being present along Skidder Brook (cf. Newh9use, 

19 31 ). They describe conformable relationships southeast of Red Indian ~ake where a 

siltstone unit termed the Harbour Round Fonnation overlies the Victoria Lake Group and 

underlies mafic volcanic rocks included by them in the Buchans Group. Kean and 

Jayasinghe (1980) consider the Buchans Group to be post-Caradocian in age and 

equivalent to the Roberts Arm Group.of Notre Dame Bay (cf. Dean and Strong, 1975; 

Williams, 1967). ·Also included in the report is a brief description of the Skidder Prospect. 

They point out that the simple rniner.Uogy,lower metal grades and lack of associated felsic 

rocks make the deposit different from other polymedulic deposits in the Buchans-Roberts 

Ann groups (cf. Thurlow, 1975) and suggest a similarity to the Gullbridge deposit (cf. 

Upadhyay and SmitheringaJe, 1972). 

Two comprehensive studies of Buchans area geology were completed in 1981. 

Thurlow (1981a) completed a Ph.D. thesis on the geology and ore deposits of the Buchans 

Group and the Geological Association of Canada (GAC) published a commemorative 

volume on the Buchans orebodies (Swanson tl.AL. 1981). 

Thurlow (1981 a) divides the Buchans Group into two subgroups, representing two 

major cycles of volcanism. He describes the lower Buchans subgroup as "voluminous 

bas~tic volcanics overlain by arkosic rocks followed by intermediate and felsic volcanics 
' 

which contain the major ore ~eposits". He describes the Upper Buchans Subgroup as a 

"second volcanic cycle" including "mafic volcanism and arkose deposition" followed by 

eruption 0f "voluminous, dominantly felsic volcanics". He includes the Skidder prospect 

host rocks a.1d other rocks in the Skidtr area in the Footwall Basalt, the lowermost unit of 
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the Buch~ns Group. Thurlow (1981a) reiterates the importance of southwestward 

thrusting resulting in repetition of stratigraphic units (cf. Thurlow,l97 5), and the calc-

alkaline geochemical affinity of the Buchans Group rocks (cf. Thurlow, 1973). He also 

suggests a faulted relationship between the Buchans Group at~d Caradocian sedimentary 

rocks that overlie the Victoria Lake Group (cf. Kean and Jayasinghe, 1980). 
~ 

Thurlow's in depth' study of the Buchans Group geology, geochemistry and 

contained orebodies (Thurlow, 1981a) is synthesized in two papers (Thurlow, I981b; 

Thurlow and Swanson, 1981) included in the commemorative GAC Buchans volume 

(~wansfl ~. 1981). Also included in the volume are papers on the mining history, 

regional geology (Kean ~. 1981), geochronology, isotope studies and ore horizon 

breccias of the Buchans area as well as a geological compilation map of the central volcanic 

belt at a scale of 1:250 000 (to accompany Kean ~ 1981) and a geological map of the 

Buchans area at a scale of 1:50 000 (to accompany Thurlo·w and Swanson, 1981 ); both 
! ' 

' 
maps include fue Skidder area. Kean _tlAl ( 1981) include the Buchans Group 'in their post-

Caradocian "late arc" sequences and mention the Skidder Prospect as an example of 

mineralization in mafic (vs. felsic) volcanic rocks within the "late arc" sequences. ThurJ.ow 

and Swanson (1981) include the Skidder Prospect in the Footwall Basalt unit of the 

Buchans Group'·(cf. Thurlow, 198la). 

1.4 Present Study 

The prime objectives of this study are : i) to describe the geology, petrology, 

geochemistry and petrogenesis of the Skidder Basalt and trondhjemites that intrude it; ii) to 

describe the geotogy' and ore petrology of the Skidder Prospect, a volcanogenic massive 

, sulphide deposit hosted by the Skidder Basalt; iii) to indicate the mineralogical and chemical 

changes that have occurred in the host rocks to the Skidder Prospect as ._result of the 

passage of hydrothermal fluids and sub.sequent sulphide deposition and; iv) to assess the 

environment and controls of deposition of the sulphides comprising the Skidder Prospect. 

$-.. 
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1.5 Method of Investigation 

During the summer of 1983,limited regional geological mapping was-carried out in 

the Skidder area and detailed geological mapping was done in the immediate vicinity of the 

Skidder Prospect. This was augmented by relogging of about one half of the 7795 m of 
I 

diamond drill core from a selected number of the 38 holes drilled into the prospect by 

Abitibi Price Mineral Resources and ASARCO Inc. Selected outcrops were sampled for 

mineralogical and petrograp}Jic ~tudies.,Seventy-nine of these s~ples were analyzed for 
' 

major and tr.tce elements and a select number analyzed for rare-earth elements. In addition, 
I 

extensive sampling of drill core was .carried out concentrating mainly on a cross section of· 

holes through the central pan of the Skidder Prospect. Of these samples; 169 were 

analyzed for major and trace tlements and a select number analyzed for rare-earth elements. 

/ 

\ 

.. 
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Chaptcr2 

REGIONAL TELIONICS AND OROGENESIS 

~ 
2.1 Introduction 

The Skidder area occurs in the Dunnage zone (Williams, 1978; 1979) or Dunnage 

terrane (Williams and Hatcher, 1983), one of four tectonic lithofacies zones into which the 

Newfoundland Appalachians have been divided (Fig~re 2-1 ). The northern part of the 

Appalachian orogen in North America, including the geology of Newfoundland, was 

considered by Williams · (1964) to be a two-sided symmetrical system composed of 

filii" Pred.mbrian continental margins to the west (western platform) and east (Avalon platform) 

separated by an early Paleozoic mobile belt (the Central Volcanic Belt). Subsequently, 

Williams.~ (1972; 1974) d_ivided the Canadian Appalachians into a somewhat more 

cumbersome nine zones designated alphabetically ·A to I. Williams' (1978 and 1979) 

subdivision of the Appalachian orogen lessened the number of zones to five which he 

termed the Humber, Dunnage, Gander, Avalon and Meguma zones; all of these except the 

Meguma zone are present in Newfoundland (Figure 2-1 ) . ·The zones are suggested to 

record the development and later destruction of a late Precambrian/early Paleozoic Iapetus 

Ocean (Wilson, 1966; Stevens, 1970; Dewey and Bird, 1971 ; Williams, 1979). 

2.2 Humber Zone 

Late Preci!ffibrian rifting of the Grenvillian basement of eastern North America was 

accompanied by: rift-related tholeii.tic volcanism, e.g. the autochthonous Lighthouse Cove 

Formation of nonhem Newfoundland (W_illiams and Stevens, 1969; Strong and Williams, 

1972); intrusion of granitic and extrusion of volcanic rocks of alkaline affinity, e.g. the 

Hughes Lake Complex, exposed in an allochtlionous slice northwest of Deer L4e 

(Williams~. 1985); and deposition of clastic sedimentary sequences. Deposition-of an 

} easterly thickening carbonate platform and clastic prism plus shelf-edge coarse limestone 

., 
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breccias, turbidites and shales record the development of a Cambro-Ordovician Atlantic-

type plate margin (Figun: 2-1 ). Destruction of the margin was accompanied by uplift and 

development of karst topography which was followed by subsidence and deposition of 

deep water carbonates and later by deposition of easterly derived clastic rocks containing 

ophiolite debris (Stevens, 1970). Much of the Humber zone is composed of a series.of 

westv..prdly emplaced allochthonous tectonic slices stacked such that successively higher 

slices represent f?CkS derived more and more distant from the contim:ntal margin'cS tevens 

and Williams, 1973; Williams, 197l)), Ophiolites. e.g. the Bay of IsL.wds complex 

(Malpas. 1976). the St. Anthony Complex (Jamieson, 1979; 19RO; 1982) and the Li!tk 

Port Complex (e.g. Karson' and Dewey, 1978) that comprise the structurally highest slices . 
are interpreted to. be remnants of oceanic crust (e.g. Malpas, 1976) (Figure 2-1 ). Volcanic 

rocks interpreted to be remnants of off-ridge volcanism are also preserved in the Humber 

Am1 allochthon i.e. the Skinner Cove volcanic rocks (Strong. 1974), and alkalic vo_lcanic 

rocks occur in the Hare Bay allochthon (Jamieson, 1977). The boundaries between the 

various tectonic slices are marked by thin, shaly melange zbnes. Emplaceinenr of the 

Taconic allochthons was essentially complete by Middle Ordovician rime as indicated by the 

ne<;>autochthonoliS Caradocian Long Point Group (Rodgers, 1965; Williams, 1979). 

2.3 Dunnage Zone 

The Dunnage zone is deemed to be composed of remnants of the Cambro-

Ordovician Iapetus Ocean (Wilson, 1966; Stevens, 1970; Dewey and Bird, 1971; 

Williams, 1979) that is proposed to have reached a minimum width of 1000 km (Williams. 

1980). 

Dismembered to complete ophiolite se4uences occur in the Dunnage, Humber and 

Gander zones (Figure 2-1 ). They represent the oldest rocks preserved in the Dunnage zone 

and have been interpreted as ponions of oceanic crust and upper mantle. Dunning an~ 

Krogh ( 19g5) reviewed previous dating of most Newfoundland ophiolites and presepted 
I 
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new U-Pb in zircon ages for several of the complexes. Their results indicate that most of 

the complexes are Arenigian, their ages ranging from 493.9_~~i Ma for the Pipestone Pond 

Complex to 477.5_;~06 Ma for the Annieopsquotch Complex. 

Several partially complete east-facing ophiolite sequences, e.g. the Advocate (Kidd, 

1974; Hibbard, 1983) and Grand Lake (Knapp, 1980) complexes that are overlain by 

coarse conglomerates and olistostromal melanges, in places mark a portion of the Baie 

Verte-Brompton Line (Figure 2-1). This narrow zone is suggested to be the structural 

boundary between the Iapetus ocean and the eastern portion of the ancient continental 

margin, now represented by poly-deformed and metamorphosed rocks of the Fleur de Lys 

Group (Piedmont Terrane) (Williams and St. Julien, 1982; Williams and Hatcher, 1983). 

Dismembered ophiolites exposed southwest of Buchans to King George IV Lake, 

e.g. the Annieopsquotch Complex (Dunning and Herd, 1980; Dunning and Chorlton, 

1985) (see Figure 2-1), are considered to represent remnants of N-type MORB Iapetus 

oceanic crust (Dunning and Chorlton, 1985). 

Other dismembered ophiolites, e.g. the Pipestone Pond-Coy Pond Complexes and 

the Gander River Ultramafic Belt, occur at the Dunnage-Gander zone transition (Figure 2-

1). The Pipestone Pond-Coy Pond Complexes have been thrust eastwards over 

continentally derived metasedimentary rocks, the Mount Cormack Terrane, (possibly 

correlatives of rocks exposed in the Gander Zone) which led Colman-Sadd and Swinden 

(1984) to suggest that they are exposed in a tectonic window and hence that much of the 

Dunnage zone may be allochthonous. Results of a P-wave travel time residual 

seismographic study led Stewart (1984) to also suggest an allochthonous model for much 

of central Newfoundland resulting in "an average crustal thickening of 10 km relative to 

adjacent platformal areas". 

The Gander River Ultramafic Belt "GRUB Line" (Figure 2-1) has been interpreted 

to mark the eastern edge of the Dunnage zone (Blackwood, 1978; Williams, 1978). 

However, fossiliferous early Ordovician metavolcanic and terrigenous metasedimentary 
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rocks of the Indian Bay Formation· t~at are similar to Dunnage zone rocks are exposed well 

to the east of the "GRUB Line" (Wonderley and Neuman, 1984). Wonderley and Neuman 

suggest that these rocks were thrust eastward over the Gander zone. 

At least two of the partially preserved ophiolite sequences in Notre~me Bay, the 
. . . \ 

Lushs Bight Group (Strong, 1973; Kean, 1983; 1984) and the Betts Cove Complex 
' 

- (Figure 2-1) are conformably overlain by Lower Ordovician volcanic and sedimentary 

sequences, the Western Ann and Snooks Ann Groups respectively. The Western Ann 

Group is thought to be of island arc affinity (Marten, 1971a; 1971b; Kean, 1984) and the 

~nooks Ann Group has been variably interpreted as being deposited in an island arc 

(Upadhyay, 1973) or oceanic-island type of environment (Jenner and Fryer, 1980). The 

ophiolitic ie'us Cove Complex itself is unusual in that it contains high-Mg. low-Ti flows 

interpreted to be boninites by Coish .tlJ!1 (1982) . 

Development of an east-dipping subduction zone in the lower Ordovician resulted in 

island aro volcanism now represented as several volcanic and volcaniclastic groups of rocks 

throughout the Dunnage zone (e.g. StrongtlJ!L,l974; Dean,l978; KeanllJ!!., l 981 ) . 

Dean (1978) and Kean .tlJl!.. (1981) divided the island arc volcanic and volcaniclastic rocks 

of the Dunnage zone into two sequences, the pre-Caradocian or "early arc" (Figure 2-1) 

and the post-Caradocian or "late arc" sequences separated by a laterally extensive 

Caradocian shale horizon. 

, A controversy has developed over contact relationships between the "late arc" 

Roberts Arm Group (Figure 2-1) and the Caradocian sedimentary rocks known to overlie 

the "early arc" sequences. Dean (1978) states that the volcanic olistostromal Sops Head 

complex of Notre Dame Bay interpreted as a "giant slump deposit" resulted from "tectonic ., 
disturbances duri~g initiation of Roberts Ann volcanism" and confonnably overlies the 

post-Caradocian Sansom Greywacke. Dean (1 978) equates the Sops Head Complex with 

the late Ordovician Boones Point Complex. Nelson (1981) indicates that volcanic material 

in the Boones Point Complex is very similar to rocks of the Roberts Arm Group and that 
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this material represents chaotic debris shed from uplifted and southeasterly thrusted Roberts 

Arm Group rocks . . Thus he states that the Robens Ann Group was laid down prior to late 

Ordovician volcanism in the area. 

Fossil evidence from the Buchans Group (Nowlan and Thurlow, 1984) and U-Pb 

in zircon ages of 475.;
3

·
5 

Ma for the Buchans Group, 474 ± 1.5 Ma for the Robens Arm 

Group and 462~ Ma for the "early arc" Tulks Hill Volcanics (Dunning, 1986) as well as 

Pb isotope studies on massive sulphide deposits that occur in a number of the volcanic 

sequences (Swinden and Thorpe, 1984) suggest that the "late arc" Buchans-Roberts Arm 

Group rocks are, in fact, correlative with "early arc" sequences but probably deposited in 

areas far removed from each other. 

In the Notre Dame Bay area the stratigraphic successions of the "early arc" 

sequences (Figure 2-1) are dominantly interbedded submarine mafic volcanic and 

volcaniclastic rocks with local, areally restricted, felsic domes composed mostly of 

pyroclastic rocks. The domes are suggested to represent the culmination of mafic to felsic 

volcanic cycles (Dean, 1978; Swinden and Thorpe, 1984). Turbidite sequences containing 

abundant volcanic detritus are associated with the volcanic and volcaniclastic rocks. 

Felsic pyroclastic rocks are more abundant in the "early arc" (Figure 2-1) Victoria 

Lake Group of central Newfoundland. These rocks forin extensive, laterally continuous 

sheets of lapilli tuff, crystal lithic tuff and porphyritic rhyolite (Kean and Jayasinghe, 

1980). Mafic volcanic rocks in the Victoria Lake Group are primari!y pyroclastic aquagene 

tuffs, lapilli tuffs and volcanic breccia (Kean and Jayasinghe, 1980). An extensive clastic 

sedimentary sequence overlies the volcanic and volcaniclastic rocks of the Victoria Lake 

Group. These interbedded greywackes, volcaniclastic sandstone-conglomerates and black 

argillites are interpreted to be derived from surrounding volcanic terranes. 

Volcanic rocks of the Summerford and Davidsville groups exposed in the eastern 

portions of the Dunnage zone (Figure 2-1) and formerly included in the "early arc" 

sequence (Dean, 1978) have since been interpreted to have fonned in an oceanic island 
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environment (Pickerill et al., 1981; Jacobi and Wasowski, 1985). Similarly, volcanic 

blocks in the Dunnage melange have also been found to be geochemically similar to ocean­

floor enriched tholeiites and have been equated to the Summerford Group (Wasowski and 

Jacobi, 1985). 

Volcano-sedimentary rocks along the Hermitage flexure (Figure 2-1 ), e.g. the Baie 

d'Espoir and Bay du Nord Groups, have been considered coeval with the Victoria Lake 

and Notre Dame Bay "early arc" sequences (Charlton, 1980; Colman-Sadd, 1980; 

Swinden, 1982). A U-Pb in zircon age for the Bay du Nord group of 468 ± 2 Ma agrees 

with this interpretation but two U-Pb in zircon dates for the La Poile Group (402 ± 5 Ma 

and 423 ± 3 Ma) are considerably younger and suggest that more than one pulse of 

volcanism is represented in the La Poile Group rocks (Dunning, 1986). 

The Buchans-Roberts Arm Groups (Figure 2-1) are subaqueous, bimodal, basalt­

rhyolite assemblages of calc-alkaline affinity (Thurlow, 1973; Dean, 1978; Thurlow, 

1981 a; 1981 b). The Roberts Arm Group consists predominantly of pillow lavas, massive 

basalts, volcanic breccias, some chert, siltstone and greywacke (Bostock, 1978). 

Accumulations of felsic volcanic rocks, interpreted to be volcanic centres, cap the more 

mafic sequences (Bostock, 1978; Dean, 1978). Bostock (1978) indicates that the Roberts 

Arm Belt is exposed as fault-bounded blocks. 

Mafic volcanic rocks of the Buchans Group are, for the most part porphyritic, 

amygdaloidal, pillowed basalts, pillow breccia, massive flows and lesser pyroclastic rocks 

exhibiting features of quiet effusion (Thurlow, 1973; 1981a; Thurlow and Swanson, 

1981). Felsic volcanic rocks (host to the Buchans ore bodies) are primarily dacitic to 

rhyolitic tuffs and breccias that have features characteristic of explosive eruption. Clastic 

sedimentary rocks including mudstone, siltstone, greywacke and polymictic volcanic 

conglomerate are associated with the felsic pyroclastic rocks. 
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c 
Caradocian shales of the Dunnage Zone are overlain by late Ordovician to early 

Silurian greywacke-conglomerate, flysch-turbidite sedimentary rocks (Strong, 1977; 

'Several Silurian-Devonian mafic to felsic volcanic and felsic plutonic rocks occur in 

the western ponion of the Dunnage Zone. These volcanic-volcaniclastic sequences, e.g. · \ 

the Springdale. Group, the King's Point Complex,'the Cape St. John Group (and oth~, 

and plutonic rocks of the Topsails Igneous Complex, have been interp:eted by Coyle a11d 

Strong (1987) to represent different structural levels of several calderas and related 

subjacent plutons. They suggest that magmatic activity at this time was related to large­

scale melting of thickened and subducted continental crust by trapped heat and basaltic 

magma following closure of the Iapetus Ocean. The magm ic activity is suggested to have 

occurred in a transpressional tectonic regime. 

.... + 
2.4 Gander Zone 

The eastern margin of Iap;;.t~ is generally thought to be represented by the Gander 
~' 

zone (Williams, 1979) (Figure 2-1) or Gander Terrane (Williams and Hatcher, 1982; 

1983). Roe'ks of the Gander zone include a thick sequence of pre-Middle Ordovician 

. ... 

arenaceous. rocks, the Gander Group, that, in most places, is polydeformed and . 

medimorphosed~ The Gander Group is underlain to the east by migmatites and granitic 

~gneisses. Blackwood and Kennedy (1975) interpreted the latter which they termed the 

"Bonavista Bay gneiss complex" to be possible Precambrian basement and that the Gander 

groHp unconformably overlay the gneisses. Jenness (1963) and Blackwood (1978), on the 

other hl!Jd. suggest that the Gander Group, the granitic gneisses and migmatites are a 

conformable sequence which underwent prograde metamorphism from east to west. 

The Dunnage-Gander zone contact is generally considered to be markeD by the 

Gander Rive~ Ultramafic Belt (the "GRUB" line), GRUB line rocks having been thrust 

over the Gmder Group (e.g. Blackwood, 1979). The late Llinvimian to early Llandeillian 
,_ 
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(Stouge. 1980) Davidsville Group nonconfonnably overlies the GRUB line rocks 
' 

(Blackwood 1979) and tias been interpreted to confonnably overlie the Gander Group 

(Blackwood. 1980). Currie nl!!.. ( 1979) interpret Davidsville Group sedimentary rocks in 

the Carmanville are\~ing a resedimented ~semblage deposited on the contine~tal slope 

and toe of the Iapetus ocean. Pajari ru1 <W-79> and Pickerill nAL. (1981) funher suggest 
. ( . I 

that associated Cannanville volcanic rocks _).-hich they interpret as being of oceanic island 
. l .. 

affinity are olistolilhs and that together with ultramafic olistoliths represent allochthonous 

masses of lower Paleozoic oceanic crust and upper mantle and super-incumbent volcanics 

that were obducted eastward. Pickerill tlJlL. {1981) consider the Gander River ultramafic 

belt rocks to be tec~onically emplaced ~mnants of oceanic crust and upper mantle. 

2.5 Avalon Zone 

Therl is a general consensus that the Avalon zone (Figure 2-1) of .N ewfoun4Jand 

has a separate lower Paleozoic geological history from that of the zones to the west and its 

\ 

' 

.geology has been compared to that of the Pan-African continent (e.g. Schenk, 197.1; · 

Hughes, 1972; Strong, 1979a; O'Brien~. 1983). It may represent a true "suspect 
#" 

terrane" (Coney u. 1980; Williams and Hatcher, 1982; 1983). The Avalon and Gander 

zones are separated by the Dover-HermitageFault (Blackwood and Kennedy, 1975; 
. ' 

Blackwood and O'Driscoll, 1976) (Figure 2-1 ).represented by a 300-500 m--wide mylonite 
' . ..., 

zone (Blackwood, 1978) and interpreted as a major sinistral wrench fault system 

(Blackwood, 1985): Sinistral movement along the Dove;-Hermitage Fault system of 

eastern Newfoundland and the Long Range-Cape Ray fault systems of western 

Newfoundland is suggested to have resulted in clockwise rotation of structural elements of 

the Dunnage-Ganper zones producing the main Hennitage (Figure 2-1) and other 

subsi<t,iary flexures of the Central Mobile Belt (Church and Stevens, 1971; Hanmer, 1981; 

O'Brien ~ 1986) 

.. 
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.. 
The Avalon zone consists predominantly of late Precambrian volcanic and 

sedimentary sequences that are relatively undefonned and unmetarnorphosed compared to 
. ' 

adjacent rocks of. the Gander zone (Williams, 1979). 

King~ (1974) divi~ed the . stratigraphy of the· Avalon Peninsula into three 

assemblages. The lower assemblage consists of late Precambrian marine and terrestrial 

volcanic roc~ i.e~ the Harbour Main and Love Cove Groups, and related plutonic rocks. 

Hughes ( 1970) suggested that these rocks were of island arc affinity whereas Papezik 
\ 

( 1970) indicated a Basin and Range rift type of environment for deposition of the Harbour 

Main ~oup. These volcanic rocks are conforrria,b1y (?)overlain by fine grained submarine" 

turbiditic siliceous siltstones and sandstones of the Conception and Connecting Point 

Groups (Williams and King, 1976; Strong~. 1978). Included in the former is the 

Gaskiers Formation, a late Precambrian "tillite" composed of glaciogenic subaqueous 

debris flows (Gravenor, 1980). 
-\ 

The middle 3_§5emblage includes a shallowing upward sequence from basinal deltaic 

black shales (e.g. the St. John's Group) through green sandstones to molasse-like red 

sandstones and conglomerates (e.g. the Cabot Group) (King, 1986). Short-lived 

Proterozoic rifting of the western A val on zone is recorded in alkalic basalts passing upward 

into ocean-floor related pillo't lavas and a gabbroic as represented by the Burin Group 

(Strong tlJll.., 1978; Strong, 1979a). Mild tectonism of Burin Group rocks was followed 
( 

by subaerial bimodal volcanism as· represented l)y the Marystown and Monier Bay Groups 

(Strong tl..a1. 1978; ·Strong, 1979a). 

The upper sequence of the A val on Zone in ~ewfoundland is recorded by deposition 

~f uppermost Precambrian to Cambrian conglomerates, san~es and shales id'fault­

bounded basins, e.g( the Rencontre and Chapel Island formations exposed in the Fortune .. 
Bay <> rea (Smith and Hiscott, 1984), and depo_sition of macrotidal cross-bedded quartz 

arenites of the platformal lower Cambrian Random Formation (Hiscott, 1982) . . . .. 
Volumetrically small amounts of basaltic volcanic rocks are interbedded with middle 

v 
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Cambrian shales on the Avalon peninsula. These rocks have alkaline geochemical affinities 

and are considered to be indicative continental fracturing in an extensional tectonic 
I 

environment (Greenough amJ Papezik, 1985). Upper Cambrian (?) to Arenigian micaceous 

sandstones, siltstones, .shales and ironstones interpreted to have been laid down in a tidal 

environment (e.g., Ranger~. 1984) occur in the Bell Island area of the Avalon zone. 

2.6 Accretionary History . 
Williams and Hatcher ( 1982; 1983) describe the accretionary history of the various 

'-

tecto.nic zones (terranes) and suggest a relationship between accretion of the various 

terranes and periods of deformation, metamorphism, and plutonism. Thus, the · Middle 

Ordovician Taconic orogeny affected. the eastern margin of the North American 

miogeocline, the margins of the Dunnage Terrane and most of the Gander Terrane. They 

suggest that accretion of the Dunnage Terrane to the Nonh t-merican miogeocline was 

effected by its obduction during the Taconic orogeny and that subduction of the Dunnqge 

Terrane beneath anctior obduction across the Ga':lder Terrane a:Jso occurred during this 

orogeny. The mid-Paleozoic Ac~ orogeny_ affected all of the NewfO\.I.ndlan? 

Appalachians except for areas of the .eastern Avalon Terrane and has been suggested to be 

related to "compression and shearing across the orogen in response to the accretion of the 

Avalon Terrane" (Williams and Hatcher, 1983). The late Paleozoic Alleghanian orogeny 

resulted in large scale deformation of rocks in the southern Appalachians but affected rocks 

in northern p<>nions o_fthe Appala~hians only locally (Williams and Hatcher, 1982; 1983 ). 

2. 7 Granitoid Plutorljsm. 

Granitoid plutonism in the Newfoundland Appalachians ranges in age from 
,.. 

Precambrian to Carboniferous (e.g. Srrong. 1980;· Strong, 1982). Precam~a~ granitic 

rocks in Newfoundland are repreient~d by folded Precambrian granitoid rocks in the Long 

Range Grenvillian outlier (Figure 2-1), and late Precambrian calc-alkaline granite, 



J 

.. 
{ 

21 

granodioritic plutons; e.g. rhe Holyrood granite (Strong and Minatidis, 1975) and the Swift 

Current.Granite (e.g. Dallmeyer tlJ!L., 198la), which intrude late Precambrian volcanic 

rocks of the Avalon zone (Figure 2-:1). 

Ordovician granitoid plutonism is represented by late-differentiate trondhjemites 

associated with ophiolites (e.g. Malpas, 1979; cf. Pederson arid Malpas, 1984) or other 

rrondhjemites which intrude amphibolites and are interpreted as being fonned as partial 

melts of metamorphosed basaltic rocks, e.g. the Twillingate trondhjemite (Payne and 

Strong, 1979). Small tonalitic to granitic;pr~bably subvolcanic stocks are associated with 

felsic portions of several Ordovician volcanic sequences in Notre Dame Bay (Dean, 1978) 

and in the Buchans area (e.g. Thurlow, 198la; 198lb; Stewart, 1987). 
\ 

Dallmeyer ~ (198lb) report a U-Pb in zircon age of 460 ± 20 Ma for the 

Lockers Bay Granite located in the Gander zone within the immediate vicinity of the Dover 

Fault. The Lockers Bay Granite is interpreted by them to have been formed by anatexis 

related to migmatite formation during high grade regional metamorphism of the Hare Bay 
~ 

Gneiss. 40Arf39Ar in biotite ages of 370 ± 6 Ma for the same pluton led them to suggest a 

"prolonged tectonothermal evolution for the Gander Zone". 

' The Ordovician or Silurian (?) tonalitic to granitic Port aux Basques granite of 

southwestern Newfoundland is interpreted by Dingwell ( 1980) and Wilton ( 1985) as 

having been formed by partial melting of surrounding rocks during intense metamorphism 

and tectonism p{(ssibl; related to "continuation of stresses that caused ophiolite obduction" 
., 

" (Wilton, 1985). The tonalitic Cape'Ray Granite, also of southwestern Newfound;and, is 

suggested by Wilton (19R5) to have been produced by partial melting of ophiolitic material 
~ < 

due to over-thickening by thrusting or obduction. However, subsidiary megacrystic S-ty~ 

!Jhases of the Cape Ray Granite suggest underplating by continental crust (Wilton, 1985). 

Numerous granitic batholiths of Devonian age occur throughout eastern portions of 
' 

the Humb.:r, Dunnage and Gander zones and in western portions of the A valon zone (e.g., 

Strong and Dickson, 1978; Strong, 1980). These include hornblende- ± biotite-bearing 
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granites, e.g. the bimodal mafic-silicic Mount Pe.yton batholith (Figure 2-1) interpreted by 
' . 

(Strong, 1979b; Strong and Dupuy, 1982) as having been generated by crustal melting due 

''to intrusion of a mantle-derived magma. Other types include: biotite-microcline 

megacrystic -granite~ the Middle Brook Granite; muscovite-biotite "two-mica" 

granites, e.g. the Middle Ridge granite; and alkaline-peralkaline granites such as the 

Topsails Igneous Complex (Strong, 1980) (Figure 2-1). 

Strong (1980) suggests that Devonian plutonism resulted from continued plate 

compression and rotation after closing of Iapetus. This resulted in over-thickening of the l 
crust and "megashearing" which, in tum, caused crustal melting. He funher suggests that 

. . 
the hydrous accessory minerals present in the different granitoids i.e. muscovite, biotite or 

hornblende represent i~.creasing degree~ of partial melting in a compressive-shearing 

environment. In co~, he suggests that the peralkaline, alkaline granitoids probably .. 

formed in loc~ly extensional crustal environments: Taylor~ (1980), for example, 

indicate ~hat the peralkaline, alkaline Topsails Igneous Complex probably developed from /-...._,J 
0 • \ 

an "interaction of. local crustal ext;nsion, basaltic intrusion, and volatile fluxing, with 

subsequent high-level intrusion and fractionation, along with metasomatism by 

magmatic ally ·derived fluids". More complex intrusive histories are being suggested for 

sorne of the all-inclusive batholithic suites. Tuach tl.f· 1986, for example, identify 10 

plutonic phases in the the Ackley Granite. They note that the northwestern portion .of the 

Ackley Granite which intrudes rocks of the Gander terrane is geochemically distinct from 

its southeastern portion which intrudes rocks of the Avalon terrane; re~ecting differences in 

the composition of the source rocks. Also, although the the southeastern portion of the 

Ackley Granite has overall "1-type" granite (Chappell and White, 1974) affinities, more 

silicic, mineralized varieties·have "A-type" (Collins ru1. 1?82) affinities. 

Carboniferous plutonism in Newfoundland is not widespread. The alkaline­

peralkaline !laskitic St. Lawre~ce granite ~Figure 2- ~: date~ at 334 ± 5 Ma has been 

interpreted ~o have been fonned man extensiOnal tectomc enyrronment (Teng and Strong, 
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1976; Stro~g ~ 1978; Strong, 1982). The late Devonian-early Carboniferous 

Strawberry and Isle aux Mons granites exposed near the CaplRay fault zone on the 

southwest coast haye been interpreted by Wilton (1985) to be "A-Type" granites (Collins~ 
·.._ 

ill..., 1982) which were formed by panial melting of depleted granulitic crust. Since the 

Strawberry granite intrude\ the ophiolitic Long Range mafic-ultramafic complex Wilton 

(1985) suggests that felsic granulite basement underlies the ophiolite complex, implying 

• 
that the Long Range ophiolite complex is allochthonous and that significant underplating of 

proto-North American crust has occurred in southwestern Newfoundland.' 
. (~ 

2.8 Carboniferous Sedimentary Rocks 
J 

Late Devonian to early Carboniferous right-lateral wrench faulting in western 

Newfoundlan~ is s-uggested to have resulted in a graben structure into which non-marine 

sedimentary rocks of the Deer Lake Group were deposited (e.g. Hyde, 1984) (Figure 2-1). · ( 

Non-marine Carboniferous sandstones and conglomerates also outcrop on the northwest 

shore of Red Indian Lake immediately south of the Skidder Area (Figure 2-1 ). 

2.9 Mesozoic Dykes 

Jurassic to C;etaceous laml.?_rpphyre dykes in Notre Dame Bay (Strong and Harris, 

1974) and a ~assic nonheast-trending tholeiitic diabase dyke cutting the Avalon peninsula 

(Papezik and HOdych, 198~{;9ave been amibuted to extensional tectonics related to the 

opening of the modem Atlantic Ocean. 

( 

.. 
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Chapter3 .. 
GEOLOGYOFTHESKIDDERBASALT 

3.1 Introduction 

Th~ Skidcter Basalt underlies an area of approximately 30 km2 located about 10 Ian 
r · 

south~Of the town of Buchans in central Newfoundlan~ (Figures 1-1 and 3- 1 ). It 

comprises basaltic pillow lava, pillow breccia and massive flows plus lesser diabase dykes, 
... 

gaQbro, mafic pyroclastic rocks and chert. Trondhjemite pods and dykes intrude the 

' Skidder Basalt in places. 

The Skidder Basalt had previously been included in the Footwall Basalt of the 

Buchans Group (Thurlow, 1981a; 1981b). Thurlow (198la) describes the Footwall Basalt 

as being "the lowermost un~f the Buchans Group ... . ", consisting of "a 'thick' ( = 3800 
{ 

m), laterally continuous sequence composed mainly of basaltic pillow lava and pillow 

breccia int~rbedded with lesser pyroclastic rocks and discontinuous lenses of 
\ 

multicoloured, bedded chert". Thurlow and Swanson (1987) subsequently reinterpreted 

the stratigraphy of the Buchans Group; they include the Footwall Basalt in the Sandy Lake 

Formation, the uppermost unit of the Buchans Group. 

~urlow (personal communication to D.F. Strong, 1983) pointed out that, although 

the basaltic host rocks to the Skidder Prospect "appear to be part of the Buchans Group ... ", 

"'the proximity to the Star Lake Gabbro allows the possibility that the ba .. alts are ophiolitic". 

In contrast to those of the Footwall Basalt (Sandy Lake Formation), basalts in the Skidder· 
I 

area are spilitized (see Chapter 4) and pillows in some Skidder area basalts are variolitic. 

Also, pillows in basalts from the Skidder area contain fewer in number and smaller-sized 

arnygdules than those of the Footwall Basalt. The Skidder area rocks also have a higher 

magnetic susceptibility than those of the Footwall Basalt (Figure 3-2). On the basis of 

these differences, Pickett and Barbour (1984) assigned the Skidder area rocks to a new unit 

··· · i 

, 



LEGEND 
CARBONIFEROUS 
§ 15 Sandstone, conglomerate ; and minor amounts of limestone and siltstone 

SILURIAN 

14 Amphibole± pyroxene, amphibole-biotite and biotite, one or two feldspar granites 

13 Amphibole, pyroxene gabbro to syenite 

~8881 12 Agmatite comprising mafic to ultramafic blocks in a granitoid matrix 

D 11 Red micaceous sandstone 

Springdale Group 

- 1 0 Rhyolite, rhyolite breccia, laharic breccia, minor subaerial basalt 

ORDOVICIAN OR SILURIAN 

ll ! ljljlj l 9 Feeder Granodiorite 

~ 8 Massive to moderately foliated granodiorite containing many small mafic to 
I222:S.a ultramafic fragments 

~ 7 Moderately to strongly foliated tonalite to diorite containing many mafic to 
~ ultramafic inclusions 

Hungry Mountain Complex 
~ 6 Moderately to strongly foliated hornblende gabbro, diorite, tonalite, and granodiorite; 
~ many mafic inclusions 

ORDOVICIAN 

!ttt] Sa 
Mafic pillow lava, pillow breccia, and interpillow chert (B.F. Kean, personal 
communication, 1988) 

Sb Mafic lava (locally pillowed), agglomerate, tuff; and minor amounts of sedimentary 
rocks 

[d 4 Siltstone, conglomerate; minor limestone and siltstone 

Buchans Group 

0 3 
A 

A 

Mafic to intermediate volcanic rocks (locally pillowed); felsic volcanic breccia and 
agglomerate; rhyolite and dacite flows; tuff; chert; graywacke; conglomerate; 
sandstone; and siltstone 

Victoria Lake Group 
2a Mafic to intermediate tuff, lesser mafic flows, pillow lavas and minor felsic 

volcanic rocks 

~ 2b Felsic pyroclastic rocks and rhyolite flows, minor unseparated mafic volcanic rocks 

Dismembered Ophiolite Suites, and Mafic to Ultramafic Rocks of Uncertain Affinity 

1 Undivided 1c Gabbro 

1 a Skidder Basalt 1d Layered troctolite, gabbro, pyroxenite 

- 1 b Sheeted diabase dykes 

Legend to accompany Figure 3-1. 
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Figure 3-2: Photograph of part of the bottom portion of GSC Aeromagnetic Map 177G (Buchans, NTS 
12N15, Scale 1:63,360), and part of the top portion of GSC Aeromagnetic Map 187G (Lake 
Ambrose, NTS 12N10, Scale 1:63,360). Note that rocks of the Skidder Basalt have a higher 
magnetic susceptibility than those of the Buchans Group to the north, and higher than most 
rocks of the Victoria Lake Group, which outcrops to the southeast of Red Indian Lake. 
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called the Skidder Basalt. As indicated below and in Chapters' 4 and 5, the Skidder Basalt 

probably represents the upper portion of a now dismembered ophiolite. 

The Skidder Basalt has not been dated either paleomologically or radiometrically. 

However, the Annieopsquotch Complex to the south and o~~•ex:. op!",iolite sequences in 

Newfoundland are Arenigian in age as indicated by .U -Pb ir. zircon ra'diometric dates 

reported by Dunning (1984) and by Dunning and Krogh (1985). A similar age is ~med 

for the Skidder Basalt. 

. ) 
3.2 Regional Setting 

The Skidder Basalt forms part of the Dunnage Zone (Williams, 1979) or Dunnag~ 

Terrane (Williams and Hatcher, 1982; 1 983) of central Newfoundland. The Dunnage Zone 

corriprises: Cambro-Ordovician ophiolitic rocks and Ordovician island arc sequences 

deposited during the early opening and closing of the Iapetus Ocean (Dean, 1978; Williams 

1979); and post-closure Silurian caldera-related vo!canic and voica11iclastic rock sequences 

(Coyle and Strong, 1987). The ophiolitic rocks and island arc seq·Jences are overlain by 

Devonian to Carboniferous terrestrial sedimentary rocks and intruded by Ordovician to 

Carboniferous intrusive rocks. 

3.2.1 Surrounding rock units and contact relationships 

The Skiddet Basalt is bounded to the nonh and northwest by the early-Middle 

Ordovician (Nowlan and Thurlow, 1984; Dunning, 1986; Dunning .tl.£1, 1987) Buchans 

Group (Unit 3, Figure 3- 1). Thurlow (198l a) and Thurlow and Swanson (1981) report 

the Buchans Group to be a calc-alkaline suite of volcanic and volcaniclastic rocks of island 

arc affinity. How~ver, the dominantly bimodal (basalt-rhyolite) nature of the Bu<;:hans 

Group led Kirkham (1987) to suggest that rocks of the Group were formed during a period 

of tectonic extension accompanying arc rifting and dismemberment after subduction-related 

calc-alkaline volcanism had ceased. Kirkham and Thurlow (1987) use the similarities of 
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the Buchans Group rocks and related sulphid~ deposits to those in the Kuroko area of 

Japan to further suggest that the Buchans. Group was possibly formed in a submarin~ 

resurgent caldera tectonic environment. They point out that this provides an appropriate 

environment of fonnation for the debris flows which incorporate the Maclean channel 

transponed sulphide ores (Binney, 1987). 

Calon and Green (1987), McClay ( 1987) and Thurlow and Swanson (1987) 

envisage the Buchans Group as being a thrust belt composed of a complex array of thrust­

related duplex structures and related antiformal stacks that have resulted from south to 

southeasterly directed thrusting sometime between the Middle Ordovician and the Middle 

Si Juri an (Kirkham, 1987). Having recognized the greater structural complexity of the 

Buchans Group, Thurlow and Swanson (1987) introduced a more simplifiedstratigraphy 

for the Buchans area removing the former division of the Buchans Group into uppe~ and 
... 

lower subgroups and consolidating the stratigraphic sequences into five formations. 

Rocks of the Lundberg Hill Formation (Thurlow ahd Swanson, 1987), lowermost 

of the Buchans Group and formerly the Wiley's Prominent Qtlartz Sequence (Thurlow and 

Swanson, 19X I), occur immediately to the nonh of the Skidder Basalt. Lithologies 
~ 

indude: quartz-feldspar-phyric felsic pyroclastic rocks (outcrop sample locationS 63, 

Figure 3-3; unit 5, Figure 3-4); massive and pillow~d ba3alts (unit 6, Figure 3-4); and lithic 

arkose, aquagene tuff breccia, feldspathic tuffs, tuff:iceous wacke, siltstone and cheny 

mudstone (rt 7, Figure 3-4). . 

The contact between the Buchans Group and Skidder Basalt was not observed in 

the field by the author since areas proximal to the contact that were traversed by him are 

covered by glacial drift. On Figure 3-4 the nonhwestern contact 'between the Skidder 

Busalt and the Buc~ans Group is shown to be a thrust fault; possibly a continuation of the 

Tilley's Pond thrust fault (Figure 3-2) (Thurlow and Swanson, 1987). A thrust fault 

contaLt is considered plausible on the- basis ofsimilar structures recognized el sewhere in the 

Buchan.:; area (Thurlow and Swanson, 19~7 ). The assumed thrust fault follows a 
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LEGEND 
ORDOVICIAN 
BUCHANS GROUP 
Lundberg Hill Formation (Thurlow and Swanson, 1987) 

7 Lithic arkose, aquagene tuff-breccia, feldspathic tuffs; m inor interbedded siltstone 
(Thurlow and Swanson, 1981 ;1987) 

li'~SZ'S%~ 6 Massive and pillowed basalt (Thurlow and Swanson, 1981 ;1987) 
~~S%~~ 

DIEITEJ 5 Quartz-feldspar-phyric dacitic pyroclastic rocks (Thurlow and Swanson, 1981 ;1987) 

SKIDDER BASALT 
Pil lowed and massive basalt; p illow breccia; lesser diabase dykes, gabbro, trondhjemite, mafic tuff 
and jasper 

~ 4 Trondhjemite 

~ 3 Pillowed and massive basalt having Zr concentrations ~ 85 ppm 

1:. );) ·:ji.:! f 2 ~~~~~s aun:d~~:s~v~k~~~=~ :~~~!ning Zr >50< 85 ppm; 

em 1 Pillowed and massive basalt having Zr concentrations s 50 ppm 

SYMB OLS 

Road 

Stream 

Outcrop visited 

Geological unit; 
contacts approximate 
or assumed 

Diabase dyke 

Strike and dip of pillows: 
(tops known, inclined; 
dip unknown) 

+ 

(tops unknown, inclined; J / 
dip unknown) ~ 70° 

Legend and symbols to accompany 
Figure3-4 

Bedding: 
(tops known, overturned) 
(tops unknown, inclined) 

Foliation: 
(inclined, dip unknown) 

Anticline: 
(location approximate, 
assumed) / .. 

Syncline 

Thrust fault (?) 
(assumed dip in 

direction of teeth) 

Vertical projection of 
Skidder Prospect 
sulphide lenses 



FigUre 3-4: Geological compilation map, Skidder area. Legend and symbols on facing page. 
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~ -
--northeasterly trending lineament shown both topographically and by regional magnetic 

susceptibility contrasts (Figure 3-2) (Geological Survey of Canada, 1954a; 1954b; 1968). 

As shown on Figure 3-2 an easterly trending lineament Oineament A) and a north­

nortpwesterly trending lineament (lineament B) mark the north arJd east contacts between 

the area of high magnetic susceptibility suggested to be underlain by Slcidder Basalt rocks 

and the area of low magnetic susceptibility possibly indicative of Buchans Group rocks. 

The geometry of lineament "A" in relationship to the possible extension of the Tilley's . 
Pond thrust fault is consistent with stacking of thrust slices in a manner similar to that 

suggested for the Buchans Group to th'! north (Thurlow and Swanson, 1987). Lineament 

"A" possibly represents a thrust fault related to southerly directed thrust faulting and along 

which a slice of Buchans Group rocks have been thrust over rocks of the Sk.idder Basalt 

The Tilley's Pond fault possibly represents a thrust fault structurally higher than that 

suggested to be represented by lineament "A". It is possibly related to subsequent 

southeaste.rly directed thrusting which .has thrust Buchans Group rocks over the Skidder 

Basalt and over other Buchans Group rocks in lower structural slices including those 

structurally above Lineame-nt "A" (cf. Thurlow and Swanson, 1987). Lineament "B" may 

represent a high angle tear fault (cf. Thurlow and Swanson, 1987). Rocks in some areas 

beheath Red In~ian Lake such as in area "C" on Figure 3-2 have a high magnetic 

susceptibility and in this way are similar to the Skidder Basalt. Assuming that the area of · 

high magnetic susceptibility labelled "C" on Figure 3-2 is underlain by Skidder Basalt, the 

suggested fault represented by lineament "B" would have a right lateral displacement of 2.5 
; 

km. 

Rocks in the Harbour Round area on the southeastern shore of Red Indian Lake 

also have a high magnetic susceptibility (area "D" on Figure 3-2). Rocks underlying area 

"D" (unit 5a, Figure 3-l) include pillow basalts, mafic pillow breccias and interpillow 

chert; geochentically they have 1-1.5% Ti02 and 100-150 ppm Zr (B.F. Kean, personal 

communication 1988). These rocks are thus geologica1y and_. on the basis of limited 
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informa,tion, geochemically similar to the Skidder Basalt (cf. Chapter 5). Kean and 

Jayasinghe (1980) included units Sa and 5b (Figure 3-4) into one unit which they 
~. 

considered to be part ·or the Buchans Group. The contact between unit 5 and bedded 

siltstone and chert of the Harbour Round Formation (unit 4, Figure 3-l) is suggested by , 

Kean and Jayasinghe ( 1980) to be conformable in the Harbour Round area but faulted 

elsewhere. However, B.F. Kean (personal communication, 1988) suggests that the 

contac:t between the two units in the Harbour Round area is most probably a fault also. The 

• Harbour Round Formation conformably overlies mafic flows, pillow lavas, mafic 

pyroclastic rocks (unit 2a, Figure 3-1) and felsic pyroclastic rocks (unit 2b, Figure 3-1) of 

the pre-Caradocian Victoria Lake Group (Keah, 1977; Kean and Jayasinghe, 1980). 

To the west, the Skidder Basalt is intruded by massive to moderately foliated 

g:anodio.rite which contains many small mafic to ultramafic fragments (Whalen and Currie, 

1983; 1987) (unit 8, Figure 3-1). These and similar rocks in the area, e.g. the Hungry 

Mountain Complex: (unit 6, Figure 3-l) to the northwest of the Skidder Basalt, and mafic 

and ultramafic inclusion-bearing tonalites (unit 7, Figure 3-1) exposed to the southwest, are 

suggested to be post-ophiolite intrusive suites (Dunning, 1984; Whalen and Currie, 1987). 

Dunning (1984) suggests that the tonalites were produced by partial melting of imbricated 

and partially subducted oceanit crust bufwith a compone~ of Grenvillian continental crust 

or derived sediments; the latter is indicated by the presence in the tonalites of residual 

zircons having an age of 1400 Ma. 

To the south, the Skidder Basalt is unconformably overlain by brown, red and 

minor grey conglomerates and sandstones of the Carboniferous Shanadithit Formation 

(Unit 15. Figure 3-1) (Kean, 1978; Kean and Jayasinghe, 1980). 

3.2.2 Regional synthesis 

As suggested above. the Skidder Basalt probably represents the upper portion of a 

now dismembered ophiolite. Dunning (1984) proposes that a number of ophiolitic 

\ 
I 
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fragments (including units lb. and 1 c and probably much of unit 1 on Figure 3-1) exposed 

from Buchans to the southwest tip of Newfoundland were once part of a continuous sheet 

of oceanic crust (cf. Church and Stevens, 1971). He suggests that the slab of oceanic crust 

was "systematically decoupled from mantle lithologies along the layered critical zone and 

emplaced over the partially subducted continental margin". The tonalitic rocks (unit 7 and 

possibly unit 8, Figure 3-1) which now completely surround small ophiolitic fragments ·and 

partially surround the larger are considered by Dunning ( 1984) to have been produced by 

partial melting of a "mixed package of subducting rocks, including oceanic crust, Fleur de 

Lys-type sediments and conti~ental crust. .. " that "intruded and, in some cases, engulfed 

and disrupted the ophiolitic rocks". Stewart (1984); Colman-Sadd and Swinden (1984); 

and Wilton ( 1985) cite various (ypes of evidence to suggest that much or even all Qf the 

Dunnage zone may be allochthonous. 

3.3 Rocl( Types 

The Skidder Basalt comprises a sequence of mafic pillow lava, pillow breccia and 

massive flows plus lesser diabase dykes, gabbro, mafic pyroclastic rocks and chert. The 

rocks are altered as indicated ~y the presence of secondary calcite, epidote and ubiquitous 

chlorite. Secondary minerals fill vesicles, irregular vugs, fractures and intergranular 

spaces. In places, they partially to completely replace prifl}ary minerals throughout the 

rock. 

On Figure 3-4, rocks of the Skidder Basalt have been subdivided into three types to · 

show the distribution, in the Skidder area, of basalts of different composition based on 

their Zr concentrations. The types are low-Zr basalts (S 50 ppm), intermediate Zr basalts 

(50-85 ppm), and high Zr basalts(> 85 ppm). Although there is no implication that rocks 

comprismg these various subdivisions have different source regions or are of otherwise 

consistcnt.y different character, they are distributed as coherent clusters on Figure 3-4 (see 

Chapter 5). 

• 
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3.3.1 Mafic rocks having Zrconcentratiom S SO ppm 

4 . 36 

0 Approximately one third of the analyzed mafic outcrop samples, which include 

' 
massive and pillowed basalt, pillow breccia and diabase dykes, have Zr concentrations 

below 50 ppm (see Chapter 5). These low-Zr mafic rocks occur in the northwestern and 

southern portions of the area mapped and in the vicinity of the Skidder Prosp~ct (Fig]Jre 3-

4). About two thirds of the low-Zr lavas show well develo~d, close-packed pillow 

structures. Pillows are typically less than 500 em across but locally are up to 1 m in 

diameter. They are round but irregular in cross-section. Interpillow material, typically· 

hyaloclastite, is generally more chloritic than that making up the pillows t~emsefves. In 

some areas small ~gular jasper bodies fill pillow interstices. 

The low-Zr basalts, both pillowed and massive, are light green and are fine- to 

medium-grained. An estimated 25 per cent of them are amygdaloid~!. The amygdules 

which are fllle(i"by calcite and to a lesser extent by epidote, quartz or chlorite are typically 

2-4 men in diameter and make up .less than 10 per cent of the rock. 

Some pillows contain light grey varioles, 3-6 mm in diameter, within a green, 

. chloritic matrix (Figure 3!5). In general, these pillows have a 2-3 em-thick, chlorite-rich, 

non-variolitic outer rim. The varioles are typically 3-4 mm in diameter; are individually 

distinct in outer portions of the pillow but coalesce to form a continuous mass iri pillow 

cores. Smaller variolitic pillows ( < 20 em in diameter) generally do not have coalesced 

cores (Figure 3-6). 

3.3.2 Mafic rocks having Zr concentrations of 51-85 ppm 

. A bout one half of the mafic outc.-op samples analyzed have Zr concen iration s 

between 51 and 85 ppm (Chapter 5). Close-packed pillow lava comprise about one half, 

massive flows approximately one quarter, pillow breccia <'bout 10% and mafic dykes about 

15% of these intew·~Jiate-Zr mafic rocks. They occur throughout the Skidder area (Figure 

3-4). 
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Figure 3-5: Variolitic pillow lava, sample locationS 35 (Figures 3-3 and 3-4). 

Figure 3-6: Small variolitic pillow showing incomplete coalescence of varioles in its centre, sample 
locationS 35 (Figures 3-3 and 3-4). 
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The rocks are medium green and fine- to medium-grained. Locally the massive 

flows .have been auro-brecci2.ted. Pillows ate similar in size and outline to those of the low­

Zr basalts. However, none of the intennediate-Zr pillowed flows observed in outcrop are 

variolitic. Pillow interstices are filled by chlorite-rich hyaloclastitc and, in places, irregular 

jasper bodies. About one quarter of the flows are amygdaloidal; amygdules are filled· by 

calcite arid lesser epidote, chlorite or quartz. 
,. 

Pillow breccias include broken pillow breccia (Carlisle, 1963) consisting of angular 

basaltic fragments within a chloritic and, in some places, epidote-rich matrix (Figure 3-7). 

Other pillow breccias are more characteristic of isolated pillow breccia (Carlisle, 1963). 

These consist of rounded "mini-pillows" 5-20 em in diameter that occur within a darker 

green, more chloritic. hyaloclastite matrix. The matrix characteristically comprises 30 to 60 

per cent of the rock. 

Calcite, epidote and chlorite fill open spaces as well as intergranular areas 

throughout the rock. 'In. addition, fibrous actinolite rosettes,i>Ccur as fracture fillings in 

basalts exposed on Halfway Mountain. in the vicinity of rock sample locations S 23 to S 28 

(Figures 3-3 and 3-4). 

3.3.3 Mafic rocks having Zr concentrations > HS ppm 

About 15% of the mafic outcrop samples analyzed have Zr concemr:nions > 85 ppm 

'(Chapter 5). About 50% of these high-Zr mafic rocks consist of close-packed pillow lava.. 

the remaining 50% being massive flows. High-Zr mafic rocks outcrop northwest and 

immediately south of the Skidder Prospect as well as along the road in the e as.tern portion 

o f the .Skidder area (Figure 3-4). 

The rocks are medium to dark green-grey and fine to medium grained. Pillows are 

subrmmded and about 0.5-0.75 m across. About one half of the flows contain calcite-filled 

I 

amygdu:cs; in a few areas the amygdules are up to 2 em across which is larger than thpse 

.. 
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Figure 3-7: Broken pillow breccia; located about 50 m northwest of sample locationS 28 (Figures 3-3 and 
3-4). 
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found in the lower-Zr mafic rocks. Calc_ite, epidote, chlorite and locally quartz fill open 

spaces as well as intergranular areas throughout the rock. 

3.4 Mafic Intrusive Rocks 
/ 

Diabase dykes occur in several areas (Figure 3-4) intruding both massive and .. 
pillow lava as well as pillow breccia (Figure 3-BJ. Samples S 37 and S 27 A, two of four 

of the mafic dykes analyzed, have Zr concentrations of 30 and 32 ppm respectively. One 

o f these low-Zr dykes, S 37, intrudes low-Zr mafic rocks but the other intrudes mafic 

rocks having intermediate Zr concentrations. The remaining two dykes have higher Zr 

concentrations (61 and 73 ppm) and intrude intenncdiate-Zr mafic rocks. The dykes are 

li ght to medium green, (higher-Zr dykes being darker), fine to medium grained and range 

in width from 20 em to 1 m. The medium green, medium grained, intermediate-Zr diabase 

dykes(?) occur at sample locations S 22 and S 49 (See Figures 3-3 and 3-4). At both of 

these locations the contact of the diabase with adjacent rocks is not exposed. 

Subophitic intergrowths of 2 mm-long plagioclase and chloritized, epidotized 

clinopyroxene arc vi sible in hand specimens of some of the dykes. Ubiquitous 

chloritization and the presence of secondary calcite, epidote and, locally, quartz suggest that 

the dylo: ::s have bce:1 altered like the surrounding basaltic flows. Calcite- and, in one 

sample, quartz-filled amygdules are present in some of the dykes. 

3.5 Mafic Pyroclastic Rocks 

Mafic pyroclastic rocks in the Skidder area consist of medium green-grey tuffs. 

These tuffs have an overall massive appearance and are poorly bedded. Bedding can be 

seen on the weathered surface of a 0.5 m-thick unit in a well exposed outcrop on the shores 

of Red Indian Lake at samplelocation S 36 (Figure 3-9). However, on a fresh surface the 

ruff is indistinguishable from a massive flow. 

( 
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Figure 3-8: Diabase dyke cutting broken pillow breccia, sample locationS 27 (Figures 3-3 and 3-4). 

Figure 3-9: Bedded mafic ash tuff showing "loading" features, sample locationS 36 (Figures 3-3 and 3-4). 
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3.6 Chert 

Jasper and red cherty siltstone fill pillow interstices in several areas. The 

interpillow jasper bodies are typically irregular in outline and conform to the shape of the 

open spaces. In addition, two larger jasper units each having a minimum strike length of 

10m have been mapped. One of the units; about 25 em thick, is interlayered with massive 

basalt immediately south of the Skidder Prospect (Figure 3-4). The second outcrops in the 

nonheastem portion of the area shown on Figure 3-4 at sample locationS 70 (Figures 3-3 

and 3-4 ). It is about 2m thick and occurs at the contact betweeri basaltic rocks to the south • 
and a body of trondhjemite to the north (Figures 3-4 and 3-10). The large jasper units are 

typically brecciated and quartz veined. Quartz also fills areas between breccia fragments. 

Some of the fragments show discontinuous, convoluted layering. 

3.7 Skidder Trondhjemites 
. . 

A small body of trondhjemite outcrops about 2.5 km northeast of the Skidder 

Prospect (Figure 3-4). Discordant contacts suggesting intrusion of the trondhjemite into 

adjacent mafic rocks are exposed in some areas. However, as indicated above, a 1 rn-thick 

unit of jasper marks the contact between the trondhjemite and basaltic rocks at one locality. 

The trondhjemite is light grey to light green, fl.ne grained and massive. 

Light grey-green, fine grained trondhjemite dykes intrude the Skidder Basalt in the 

immediate vicinity of the Skidder Prospect (see Chapter 6). Trondhjemite dykes also 

intrude altered mafic rocks at sample location S 73 near a pyrite-rich alteration zone at 

sample locationS 72located about 2 .5 km to the nonheast of the Sk.idder Prospect (Figure 
)~ ( . . 

3-3). The dykes, which are typically less than 5 rn thick, strike approximate:}y nonheast 

and dip steeply to the southeast. In most areas the dykes are very fine grained and massive 

but in some areas they contain about 5 per cent feldspar phenocrysts which are typically 1 

to 3 mm across. In many areas layering is present within 30 em of the contact between the 
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Figure 3-10: Thick jasper unit at sample locationS 71 (Figures 3-3 and 3-4). 
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•. 

dyke"s and adjacent units. The layers, typically 0.5 to 1 em wide and ranging in colour 

from light and dark grey-green to buff, parallel the dyke contact. 

At sample location S 10 (Figures 3-3 and 3-4), angular 2-4 em-long fragments of 

wall rock are incorporated into a trondhjemite dyke (Figure 3-11 ). The xenoliths are darker 

green and relatively more chloritic than the surrounding trondhjemite. Malpas (1979) 

reports the occurrence of similar partially resorbed xenoliths in trondhjemitic dykes of the 

Bay of Islands Ophiolite Complex. 

3.8 ~1etarnorp~~ 

Rocks of the Skidder Basalt examined in outcrop typically contain mineral 

assemblages characteristic of spilites and greenschist facies metamorphism. Epidote, 

calcite and, in places, chlorite veins and amygdule'S are common. In addition, alteration of 

mafic minerals to chlorite is ubiquitous. Pervasive alter;1ti.()n of mafic minerals to epidote, 

particularly in the matrix to pillow breccia fragments, is also ~oted in some areas. Quartz 

veins and amygdules are common in the vicinity of the Skidder Prospect but are rare 

elsewhere. 

3.9 Local Structures 
< 

Individual flow units as well as pyroclastic and sedimentary rocks in the western 

· two thirds of the map area strike generally northeasterly and dip steeply to the southeast 

(Figure 3-4). However, in the easterly portion of the map area some units strike easterly 

and dip steeply to the south. Diabase dykes strike 025°-035° in most places. However, a 

dyke outcropping at sample location S 37 strikes 110°. 

Foliations trend predominantly northe.asterly but in a few localities a second 

foliation striking approximately 075° is present; the foliations dip steeply in all areas. 

Pillows, where suitable for determining stratigraphic tops, indicate northwest facing of 

units in most areas (Figure 3-12) except in the immediate vicinity of the Skidder Prospect 

' 
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Figure 3-11: Trondhjemite containing severa12-3 em-long mafic xenoliths, sample locationS 10 (Figures 
3-3 and 3-4). 

Figure 3-12: Basaltic pillow lava at sample location S 7 looking northwest (Figures 3-3 and 3-4). The 
pillows indicate flow tops are to the northwest here. 
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where some indicate a southwest facing of units. Loading struCtlll"es in a mafic tuff unit at 

sample location S 36 (Figures 3-3 and 3-4) indicate northwest facing of units in that are/. 

Reversals in facing direction of pillows in the Skidder Prospect area (Figure 3-4) 

and the local geology of the Skidder Prospect itself (see Chapter 6) suggest folding about 

possible northeast trending axes in the area. Fold axes shown on Figure 3-4 are assumed 

on the basis of r~versals in pillow facing direction, their exact trend is unknown. Aexuring 

of the trend of units from northeasterly to eal>terly in the eastern portion of the area shown 

on Figure 3-4 suggests late, large scale open folding about a north to northwest, steeply 

sbuth-plunging axis. 
. . 

Thurlow and Swanson (1987) indicate that thrust faults in the Buchans area . 

propagated preferentially along earlier fault planes and that an anticlinal axis pres~nt at the 

surface of, and parallel to, the Ski Hill-Buchans River fault system was generated during 

thrusting. Similarly, folding in the vicinity of the Skidder Prospect may be related to 

southeastward compression related to the thrusting episode. 

Several topographic lineaments are evident on aerial photographs of the Skidder 

area and many of these correspond to linear magnetic features. The linears strike in three 

dominant directions: northeasterly, nonherly, and approximately northwesterly (Figure 3-

13). 

The northeast-trending topographic lineament (Number 1, F~) .which 

separates rocks of relatively high magnetic susceptibility to the southeast from less 

magnetic rocks to the northwest is suggested to mark the northwesterly contact of the 

Skidder Basalt and the B uchans Group as discussed in Section 3.2.1. 

A second northeast-trending lineament (Number 2; Figure 3-13) passes through the 

Skidder Prospect and through a pyrite-rich zone about 2.5 km to the northeast at sample 
-I 

locationS 72 (Figure 3-13). 

This lineament may represent an "old" fracture zone which provided access for the 

intrusion of-several trondh~ite dykes that occur in the vicinity of the Skidder Prospect 

. , 

... 
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and near the pyrite-rich zone at S 72. It also may have provided a locus for upward 

migration of metal-bearing hydrothermal fluids that produced the intense alteration 

associated with the Skidder Prospect and the pyrite-rich zone at S 72. 

The association of sulphide-rich zones and trondhjemites is not unique to the 

Sk.iddt=r area for Malpas (1979) repons the occurrence of a small trondhjemitic stock in the 

vicinity of th~ Gregory Copper deposit in the Bay of Islands Ophiolite Complex. 

The structural significance of the northeast-trending lineament present southeast of 

the Skidder Prospect (Number 3, Figure 3-13) is unknown but basalt samples collected 

along this lineament contain significantly higher concentrations of large ion lithophile 

elements (K, Rb and Ba) than other Skidder Basalt samples. This suggests that ~ 

hydrothermal fluids may also have permeated along a possible fracture zone related to this 

lineament. 

The structural significance of the north and north-nonhvJesterly trending lineaments 

shown on Figure 3-13 is unknown. They may however be topographic expressions of 

high-angle tear faults like the north-nonhwesterly trending tear faults noted in the Buchans 

Group to the north (Thurlow and Swanson, 1987). Thurlow and Swanson (1987) relate 

these faults to south-southeasterly directed thrusting in the Buchans area. 



Chapter 4 

PETROGRAPHY AND MINE.RAL CHEMISTRY 

4.1 Petrography of the Skidder Basalt 

,.a.l.l Introduction 
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I~ thin section, exrrusive rocks of the Sk.idder Basalt are dominated by secondary 

mineral assemblages. In general, albitized plagiodase phenocrysts occur in an 

intergranular to intersertal groundmass of albite, chlorite, quartz, dense granular sphene, .J 
and variable amounts of subhcdral to acicular opaque minerals. Primary clinopyroxene and 

chromite as well as secondary calcite, amphibole and epidote are constituents of some 

samples. 

A geochemical subdivision of the Skidder basaltic rocks is used as a hasis for the 

following petrographic descriptions, since differences In some of the basaltic composit ions 

are reflected by differences in texture and mineral proponions. The geochemistry of the 

Sk.idder Basalt is discussed fu!!y in Chapter 5. 

4. 1.2 Low-zirconium basalts (~ 50 ppm) 

Thin sections of low-Zr Skidder basalts are typically composed of secondary albite, 

chlorite and lesser quartz and sphene; amphibole, calcite and epidote are present in some 

sections. Primary magmatic minerals preserved in some samples include small amounts of 

subhedral chromite and relict clinopyroxene. Many of these rocks sh.ow textures 

characteristic of quenching, some are variolitic, and a few display inte rgranular or 

intersertal texture. 

4.1.2.1 Quench-textured low-zirconium basalts 

Table 4 - 1 shows the basalt types and gives a partial geochemical analysis and 

quaiitative estimate of the abundances of conunon minerals in the low-Zr basalts. 

'· 



Table 4-1: Petrographic table showing rock type, partial geochemical analysis and mineralogy of basaltic outcrop samples having 
Zr concentrations~ 50 ppm; samples not analyzed but of similar mineralogy and texture are also included 

Key: See Figures 3-3 and 6-1 for sample locations 
Mineral abbreviations: Ab-albite, Cpx-clinopyroxene, Cl-chlorite, Cc-calcite, Ep-epidote, Qz-quartz, 
Chr-chromite, Amph-amphibole, hm-hematite, py-pyrite 
Abundance of mineral relative to its average content in mafic rocks from the Skidder area: 
x-low, xx-medium, xxx-high 
See Appendix 8 for complete whole rock analyses and description of analytical methods 

Sample Rock Type Si02 Ti02 MgO Zr Ab Cpx a ~phene Cc Ep Qz Chr Opaques Am ph Other Minerals and 
Name o/o o/o % ppm Comments 

S1A Pillowed basalt XX XXX XXX XX X calcic plagioclase (?) 
518 Pillow basalt/Pillow breccia XX XXX XX XXX X XX foliated 
S1C Pillow basalt/Pillow breccia X ? XXX XX XXX X XX variolitic 
55 Pillowed basalt 42.4 0.7 4.2 33 XXX XX XX XXX X XX acicular opaques (xx) 
56 Massive/Pillowed basalt XXX XX XX XX XXX X XX 

S7A Pillowed basalt 47.8 0.7 6.2 38 XX XX XX XXX XXX X serpentine (?) 
S9A Pillowed basalt 48.9 0.8 3.1 50 XXX XX XX XXX XX XX XX 

s 11 Pillowed basalt 48.0 1.1 5.0 47 XXX X XX XX XX XX X XX acicular opaques (xx) 
530 Massive basalt 49.4 0.6 5.7 30 XXX XX XX XX XX X X XX X XX olivine pseudomorphs 
s 31 Pillowed basalt 48.6 0.7 4.5 34 XX ? XX XX XX XX XX X ? variolitic, spinel (?) 
S35A Pillowed basalt 48.5 0.6 8.9 38 XX XXX XX X X X XXX X XXX 

5358 Pillowed basalt X X XXX XX X X XX X XXX variolitic 
s 39 Pillowed basalt 50.6 0.8 7.4 50 XXX XX XX XX X X X X 

s 45 Pillowed basalt 45.9 0.6 6.5 39 XX XX XX XX X X X X X porphyritic 
S55A Pillowed basalt XX ? XX XX XX X X X X variolitic 
s 558 Pillowed basalt XX ? XX XX X X X X X variolitic 
559 Pillowed basalt 47.9 0.5 11.1 16 XX XXX XXX XX X X XX XX 

s 668 Massive basalt 53.6 0.9 4.4 41 XX XX XX XX X XXX XX 

S80A Feldspar porphyritic basalt XX XX X X XX XX 

s 81 Massive basalt 50.0 0.9 8.9 44 XX XX XX XX X X 

AVERAGE 48.5 0.7 6.3 38 

I 

I 

Vl 
0 
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Albite is abundant in most sections; it OC(.;urs typically as randomly oriented laths 

usually less than 0.5 mm long, but in some sections (e .g. S 30); shows quench textures. 

Quench-textured albite occurs: as elongate 1 mm-long skeletal laths. in places grou~d into 

fan-~haped (Figure 4-1) to radially aligned clusters (Figure 4-::n; and as hollow rectangub.r 

"bell buckk"-shaped.lcf. Lofgren, 1974) grains (Figure 4-3) . Albite locally occurs as 

"open space" fiil.ings. For example, chlorite-filled vugs in thin section S 80A contain 

several 1-2 mm-long albite laths that do not show quench-texture morphologies in contrast 

to albite elsewhere in the section. 

Plagioclase other than albite has been identified in only one Skidder Basalt th in 

section, i.e. S 59 where it occurs as phenocrysts(?) partially altered to calcite and albite . 

Clinopyroxene typically occurs as colourless to light brown, 0 .5 to 1 mm-long 

elongate grains (Figures 4-4 and 4-5) that combine to form masses displaying "quench­

texture" morphologies. Textures considered by Lofgren (1974) to be typical of quenching 

such as spherulitic, bow-tie, fan, plumose and axiolitic (Figure 4-6) morphologies are 

shown in several sel:tions. Section S 59, for example, is dominated by elongate 

clinopyroxene throughout, which, in places, forms fan-shaped clusters. Thin section S 30 

wntains irregularly shaped areas dominated by tabular elongate axiolitic clinopyroxene 

accompanied by accessory sphene and interser.al chlorite. Clinopyroxene is partially to 

completely altered to amphibole or chlorite in some areas. 

Amphibole occurs as elongated prismatic crystal<; or fibrous masses that partially 

surround or completely replace clinopyroxene grains. Textures characteristic of quenching 

of the now replaced clinopyroxene are preserved in places. For instance, 0.5 mm-long 

brown pleochroic radial plumose masses of amphi~ole (Figure 4-7) and intersenal chlorite 

are seen in quenched areas around amygdules. In other areas, amphibole comprises mat­

like intergrowths preserving axiolitic or other quench-texture morphologies. Amphibole, in 

some places, is altered to talc or chlorite. 
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Figure 4-1: Quench-textured plagioclase showing fan-shaped to plumose morphologies (cf. Lofgren, 
1974); thin sectionS 31, crossed nicols, 10 x. -- 0.2 mm --

Figure 4-2: Spherulitic cluster of quench-textured plagioclase; thin sectionS 55B, crossed nicols, 10 x. 
--0.2 mm--
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Figure 4-3: Quench-textured plagioclase showing "belt buckle" texture (cf. Lofgren, 1974); thin sectionS 
30, crossed nicols, 10 x. -- 0.2 mm --
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Figure 4-4: Haphazardly distributed, elongate clinopyroxene grains; thin section S 30, plane polarized 
light, 10 x. -- 0.2 mm --

Figure 4-5: Haphazardly distributed, elongate clinopyroxene grains; thin sectionS 30, crossed nicols, 10 
x. -- 0.2 mm --
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Figure 4-6: Quench-textured, axiolitic clinopyroxene (cf. Lofgren, 1974); thin section S 30, crossed 
nicols, 20 x. -- 0.1 mm --

Figure 4-7: Plumose (cf. Lofgren, 1974) amphibole, probably after clinopyroxene; thin section S 30, 
plane polarized light, 10 x. -- 0.2 mm --
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Sphene occurs as subhedral granules that. in places coalesce to form dense irregular 

masses. The grains are typically greyish brown under plane-polarized light and show 

internal-reflection effects under crossed nicols. Chromite occurs as opaque to brown 

translucent subhedral grains (Figure 4-8) typically less than 0.1 mm in diameter 

disseminated throughout the thin section. Chroulite may also occur as inclusions in chlorite 

or calcite-filled areas that are pseudomorphic after olivine (Figure 4-9). Unidentified tiny 

subhedral opaque grains are disseminated throughout the samples. 

Chlorite typically occurs as fine grained, light green pleochroic, anhedral masses 

intersenal to other minerals. It displays brown to anomalous blue interference colours. 

Secondary quartz fills fractures and vesicles; and in thin section S 35B, quartz fills spaces 

pseudomorphic after olivine (Figure 4-10). Quanz also occurs in the groundmass as 

anhedral grains intef!ertal to other minerals. Calcite occurs typically as irregular masses 

and as fracture fillings. In places it occurs with albite as a replacement product of 

plagioclase. S~condary epidote occurs as light olive green pleochroic, equant to prismatic 

grains which are 1.5 to 2 mm in length. Epidote may be distributed throughout the sample 

but most commonly fills vugs and fractures. In a few thin sections radially aligned needles 

of epidote occur. 

\, 

4.1.2.2 Variolilic low-zirconium basalts 

In the Skidder Basalt, -.:arioles are defined by a greater abundance of albitized 

plagioclase and quanz which, in,some sections, occur as radial growths around a common . 

centre. The varioles differ considerably in detail howevt;_r. Minerals that mak~ up both 

variolitic and nonvariolitic portions of the sample typically display quench-teKttfre 

morphologies. 

Varioles in thin sectionS 35B are dominated by a haphazardly arranged network of 

elongate skeletal clinopyroxene (?) (amphibole-pseudomorphed clinopyroxene or olivine 

(?)) accompanied by interstitial quartz and albite(?). The intersenal material typically 
' 



57 

Figure 4-8: Subhedral, translucent brown grains of chromite; thin section S 30, plane polarized light, 50 
x. -- 0.04 mm --
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Figure 4-9: Calcite grains, pseudomorphic after olivine, note several subhedral chromite inclusions and 
one inclusion of magnetite (large opaque grain); thin section S 30, crossed nicols, 10 x. 

--0.2 mm--

Figure 4-10: Quartz grains, pseudomorphic after olivine; thin sectionS 35B, crossed nicols, 10 x. 
--0.2 mm--



59 

shows radial extinction and, in tum, imparts a radial extinction to the variole as a whole. 

Some-varioles in thin sectionS 31 have a central area domi~ated by radial quartz or albite 

(Figures 4-11 and 4-12). Haphazardly arranged, elongate, skeletal grains similar to those 

in S 35B are present in S 31, however the grains in the latter sample have low birefringence 
. T 

and parallel extinction suggesting albite (?) may be pseudomorphing quenched 'olivine or 

clinopyroxene in this instance (Figures 4-13 and 4, 14). In S 31 and to a lesser extent in S 

358, the elongate skeletal grains occur outside the varioles as well as inside and some 

crystals cross the boundary between variole and matrix (Figures 4-13 and 4-14). Varioles 

in thin sectionS 55 A are composed of radially aligned, plumose to fan-shaped clusters of 

felsic material (albite (?) and quartz (?)) accompanied by ovoid chlorite-filled areas. 

Albitized plagioclase crystals (2 mm in length) fonn the core of a few of the varioles"' 

(Figure 4-15). Other varioles in this section have a central core of anhedral quartz, lesser 

chlorite and accessory sphene surrounded by an outer ring of radially aligned felsic 

material. In thin section S 66B varioles (?) I to 1.5 mm across are composed of dusters of 

elongate clinopyroxene grains haphazardly to roughly radially arranged about their centres. 

Lesser amounts of indeterminate felsic material fill the interstices. Thin section S IC 

contains varioles having a central core of radially aligned albite and intersertal chlorite that 

is surrounded by an outer ring of secondary calcite (Figure 4-16). 

Chlorite and lesser albite ± amphibole and/or clinopyroxene dominate the 

mineralogy of the matrix to the varioles. In thin sectionS 35B, matrix areas are composed 

predominantly of tiny clusters of axiolitic, fan-shaped, spherulitic or plumose 0.1 mm-long 

clinopyroxene (Figures 4-17 and 4-18), in places altered to amphibole. Accessory sphene 

and intersertal chlorite make up most. of the remainder. In thin section S, 31, the matrix to 

the varioles is dominated by skeletal albite which occurs as haphazardly oriented laths, ~r 

plumose, fan-shaped or spherulitic masses. Intricate patterns displayed by axiolitic or 
\ 

spherulitic albite (?) (replacing clinopyroxene (?)) are also present. · Intersti.tial areas 

between grains are filled by chlorite. · Matrix areas in thin section S 55B are filled 
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Figure 4-11: Variole having central core of radially aligned quartz or albite; thin section S 31, crossed 
nicols, 3.2 x. - 0.5 mm -

Figure 4-12: Expanded view of central portion of variole shown in Figure 4-11; thin section S 31, crossed 
nicols, 10 x. -- 0.2 mm --
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Figure 4-13: Haphazardly distributed, elongate grains of olivine or clinopyroxene pseudomorphed by albite 
(?); thin sectionS 31, plane polarized light, 3.2 x. - 0.5 mm-

Figure 4-14: Area shown in Figure 4-13 under crossed nicols; note varioles, and occurrence of elongate 
grains in varioles and matrix; thin sectionS 31, crossed nicols, 3.2 x. - 0.5 mm-



Figure 4-15: Albitized plagioclase grain in core of variole; thin sectionS 55, 3.2 x, crossed nicols. 
-0.5 mm-
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Figure 4-16: Varioles having a central core of radially aligned albite and intersertal chlorite surrounded by 
an outer ring of secondary calcite; thin sectionS lC, crossed nicols, 3.2 x. 

-0.5 mm-
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Figure 4-17: Quench-textured, axiolitic clinopyroxene (cf. Lofgren, 1974) in matrix to varioles (rounded 
outlines in left and bottom right portions of picture); thin section S 35B, crossed nicols, 3.2 
x. -0.5 mm-

Figure 4-18: Expanded view of quench-textured, axiolitic clinopyroxene between varioles; thin sectionS 
35B, crossed nicols, 20 x. -- 0.1 mm --
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. predominantly by chlorite; .inS 66B, elongate albit\laths and intersertal chlorite dominate 

outside the varioles; and in thin sectionS lC, c~te, accessory sp.hene·and lesser 

subhedral chromite occupy the matrix between varioles. 

4.1.2.3 lntersertal- and intergranular-textured low-zirtooium basalts 

A few of the low-zirconium basalts do not show quench-texture morphologies. 

These are composed of intergranular to subophitic intergrowths of tiny ( < 0.1 mm long) .., 
stubby prismatic clinopyroxene and albitized plagioclase (0.1 to 0.4 mm long) accompanied 

by intersertal anhedral chlorite and lesser quartz. Accessory sphene and, in some places, 

• subhedral opaque minerals ± secondary calcite and epidote comprise the remainder. 

Secondary K-feldspar is present in sampleS 81 (see Section 4.4.4). 

The int;rsertal- and intergranuiar-textured low-Zr SkiOqer basalts are· similar 

texturally to those having intennediatc; ZI concentrations described in the next section. 

4.1.3 Basalts having Zr concentrations of Sl-85 ppm 

Table 4-2 shows the rock types and gives a partial geochemical analysis and 

qualitative estimate of the abundances of cornmo~ minerals in Skidder Basalt extrusive 

rocks having Zr concentrations of 51-85 ppm. Albite, intersertal chlorite and quartz, plus 

intergranular accessory sphene and subhedral opaque minerals occur in all sections. Most 

sections have a few 1- 1.5 mm-long albitized plagioclase phenocrysts(?) and some also 

contain a few 1 mm-long relict clinopyroxene phenocrysts (?). Some samples have 

intergranular to subophitic intergrowths of albitized plagioclase and stubby prismatic 

clinopyroxene (Figures 4-19 and 4-20). An overall increase in amount of sphene, 

subhedral opaque minerals (magnetite(?)) and intersertal anhed-:al quartz is noted with with 

an increase in Zr concentration. Some samples contain acicular opaque minerals (magnetite 

(?)) in addition to or in place of subhedral opaque minerals. 



Table 4-2: Pctrogr:.~phic l:.~blc showing rock type, partial geochemical analysis and mineralogy of b.tSaltic outcrop samples having 
Zr concentrations of 51-85 ppm; samples not analyzed but of similar mineralogy and tcx ure are also included 

--
Key: See Fioures 3-3 and 6-1 for sample locations 

Mineral abbr9viations: Ab-albite, Cpx-dinopyroxene, Cl-chlorite, Cc~lcite, Ep-epidote, Oz-qvartz, 
Chr-ehromite Amph-amphibole hm-hematite py-pyrite · 
Abundance of mineral relative to its average cont9nt in malic rocks from the Skidder area: 
x-low xx-medium xxx-high 
See Appendix 8 lor complete whole rock analyses and description of anafvtical methods 

Sample Rock Type SiC>:! TtO:! MgO ~ Ab Cpx a Sphene Cc Ep Qz Chr Opaques Amph Other Minerals and 
Name % % % ~ppm ' Comments 

5 13A Basalt XX XX )()()( X XX XX 

S13C Basalt 68.2 0.9 1.2 80 XX X XX XX )()()( XX silicil ied 
S 14A Pillow breccia 54.0 1.0 4.6 68 XXX X XX XX XX X XX XX 

5148 Pillow breccia 55.2 1.1 6.2 60 XXX X XX XX X X XX XX acicular opaques ()()( ) 
5 15A Pillow breccia 53.8 1.0 6.2 60 XXX X XX XX lO( XX XX 

S16 Pillow breccia 55.5 1.0 6.1 51 XX XX XX X XX XXX K-feldspar (xx) 
s 19 Massive basah 48.1 1.1 7.1 62 XX XXX XX XX XX X X X XX•' 

s 23 Pillowed basalt 46.9 1.6 8.0 82 XX XX XX XXX XX X XXX 

5278 Pillow breccia 52.8 1.7 6.6 74 XXX XX XXX ' lO( X XX 

528 Pillowed basalt 51 .8 1.1 7.1 61 XXX )()()( XX XX X X XX 

5 41 Massive basalt 49.8 1.2 7.6 68 )()()( XX XX XX XXX xx : X acicular ooaouesjxxx) 
S43 Pillowed basalt 38.4 1.0 5.1 64 XX XX XX XXX X X XX acicular opaques (xx) 

544 Pillowed basalt 47.8 1.2 8.1 72 XX XX XXX XX XX X X 

5528 Pillowed basalt 52.2 1.0 6.3 80 XXX XX XX XX XX X XXX 

S52C Pillowed basalt XXX XX XX XX X X XXX 

553 Pillowed basalt 50.9 1.1 7.6 66 XX XX XX XX X X X X XX 

556 Pillow breccia(?) 44.4 1.1 13.1 74 XX ; XXX XX X XX X aheredlll 
s 57 Massive basalt 49.8 0.9 7.4 58 XX XX XX XX XX XX X X 

560 Pillowed basalt 51 .8 1.3 6.7 82 XX X XX XX XX X X ? acicular opaques (xx) 

s 61 Massive basalt 49.1 1.6 6.4 80 XX XXX XX XXX X XXX medium/coarse grained 
564 Pillowed basalt 43.8 1.1 9.0 59 XX XX XX XXX X X X ? acicular opaques (x) 

579 Pillowed basalt 49.4 1.2 5.9 78 XX JO( JO( JO( X X X X acicular_Qpaques {xxx) 

AVERAGE 50.7 1.2 6.8_ 6~ 

I 
! 

I 

0\ 
Ut 
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Figure 4-19: Subophitic intergrowth of plagioclase and clinopyroxene; thin sectionS 53, crossed nicols, 
20 x. -- 0.1 mm --

Figure 4-20: Intergranular to subophitic "stubby" clinopyroxene grains and elongate albite laths within 
intersertal chlorite and quartz; thin sectionS 53, crossed nicols, 10 x. -- 0.2 mm --
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Quench-textured elongate clinopyroxene grains and stubby prismatic grains, both 

types being subophitically intergrown with albitized plagioclase in places, occur in a few of 

the low!!r-Zr samples included in this group (e.g. sample S 19). Segregation vesicles 

(Smith, 1967; Baragar tl...ill.... 1977) are noted in samples S 19, S 43 and S 60. They are 

typically fllled by: quench-textured clinopyroxene, partially altered to amphibole; quench-

textured albite showing radial extinction; and intersenal chlorite - many have a calcite 

core. In most other sections, clinopyroxene occurs as pale · brown to colourless stubby 

prismatic grains which are typically 0.1-0.5 mm in length. A few l to 1.5 mm-long 

clinopyroxene phenocrysts (?) are present in some sections. In places these grains are 

subophitically intergrown with albitized plagioclase. Larger prismatic clinopyroxene grains . 

typically show "hourglass" extinction. Edges of some of the clinopyroxene grains are 

altered to amphibole. In a few sections, subophitic glomeroporphyriti~ clusters of 0.5 mm­

long albite and clinopyroxene are noted. 

In the samples containing segregatic!! vesicles, albite, which shows radial 

extinction, occurs with chlorite and, in some sections, clinopyroxene. However, albite 

most commonly occurs as elongate laths 0.1-1 mm 1n length haphazardly arranged 

throughout the thin section. Albite grains are roughly aligned in thin sections of the few 

rocks that are well foliated. Most thin sections contain several 1-1.5 mm-long phenocrysts 

(?) of albitized plagioclase. Ih places these occur as glomeroporphyritic clusters (Figure 4-

21 ). Most albite grains show albite twinning and some "phenocrysts" display pericline 

twinning. Locally, albite± calcite, chlorite and quanz fill vugs . . Albite in vugs is generally 
.. 

coarser grained than that which occurs throughout the remainder of the thin section. 

Chlorite, typically pale green, occurs most commonly as fine grained anhedral 

masses intersertal to other minerals. It also fills vugs, vesicles and fractures. In some 
\. 

sections it displays pale green to colourless pleochroism. In a few sections, vug-filling 

chlorite forms radial aggregates; in thin section S 13A, vug-filling chlorite ± talc show 

radial growth morphologies. 
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Figure 4-21: Glomeroporphyritic albitized plagioclase in intergranular clinopyroxene and albite; and 
intersertal chlorite and quartz; thin sectionS 53, crossed nicols, 10 x. 

--0.2 mm--
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· _Sphene occurs throughout the samples as small brown subhedral to anhedral grains 
· . ~ '· - . . -

_ < ·o. l ll1IT! across that, in plac_.es, are joined t~ others to form dense ir'regular masses. Tiny 

subhectrat opaque mir.~rals occur in interglinular areas throughout the samples. lnterse~ 

anhedral quanz, in places showing undulatory extinction, occurS with chlorite in the_ 

groundmas-s. It also fills ~ugs, vesicles and fractures. In some sections of samples close ' 

to the Skidder Prospect, quartz partihlly or totally re-places intersertal 'chlorite and albite. 

Amphibole occurs typically as optically continuous pale green to colourless fibrous grains 

that, in many areas, enclose remnant grains of clinopyroxene. Irregular masses composed 

of calcite grains are haphazardly distributed throughout some sections; anhedral calcite also 

fills v4_gs, vesicles and fractures. Secondary epidote occurs as pleochroic. light olive 
' . 

green, equant to prismatic grains that are 1.5 to 2 mm across. Epidote-is randomly 

distributed thr~ughLt some samples but in most areas it fills vugs and fractures. In a few 

samples, epidote occurs as radially aligned needles. 

Secondary K-feldspar occurs in thin section S 16 as ''rims" surrounding albitized 
. 

carbonatized feldspar phenocrysts and as stubby irregular grains in the matrix (see Section 

4.4.4). The K-feldspar does not show twinning characteristic of microcline and is similar 

to untwinned albite; the two minerals being difficult to distinguish optically. 

In rare instances, Skidder bas!llts included in this group show a bimodal grain-size 

distribution. For example in thin sectionS 61, glomeroporphyritic, subophitic 0.5 to 1.5 . 
mm-long clinopyroxene and 1 to 3 mm-long albitized plagioclase make up about one half of 

the sample. The remainder consists of finer grained (0.1 mm long or less) stubby prismat~c 

clinopyroxene and albite laths; intergranulai' sphene and subhedral .opaque mineraisS and 

intersenal chlorite and lesser quanz. 

4.1.4 Mafic flows having Zt concentrations> 8S ppm 

Table 4-3 shows the basalt types and gives a panial geochemical analysis and 

qualitative estimate of the abundances of common minerals in the high-Zr mafic flows. 



Table 4-3: Petrographic table showing rock type, partial geochemical analysis and mineralogy of basaltic outcrop samples having 
Zr concentrations> 85 ppm; samples not analyzed but of similar mineralogy and texture are also included 

Key: See FiQures 3-3 and 6-1 for sample locations 
Mineral abbreviations: Ab-albite, Cpx-clinopyroxene, Cl-chlorite, Cc-calcite, Ep-epidote, Qz-quartz, 
Chr-chromite, Amph-amphibole, hm-hematite, py-pyrite maq-maqnetite, ilm-ilmenite 
Abundance of mineral relative to its average content in mafic rocks from the Skidder area: 
x-low, xx-medium, xxx-hiqh 
See Appendix B for comQ!§_~ whol~_r()ck analyses and description ofan(ilytic(!l rT1E!tt"l()d_s ____________ 

Sample Rock Type Si02 li02 MgO Zr Ab Cpx a Sphene Cc Ep Qz au Opaques Amph Other Minerals and 
Name % % % ppm Comments 

S 21A Pillowed basalt 58.7 1.6 4.1 95 XXX XX XXX X XX XX 

s 218 Pillowed basalt XXX XX XXX X XX XX anatase (?)!brookite (?) (x) 
s 29 Massive basalt or Andesite (?) 56.7 1.9 2.4 110 XXX XX XXX X XX XXX 
s 77 Pillowed basalt 57.7 1.3 3.1 88 XX XX XXX XX XX XXX 

AVERAGE 57.7 1.6 3.2 98 

S78 Pillowed Basalt 69.8 0.4 2.3 92 .J_~j I XX I XX I X I lxxx I ? I XX I I silicified 

Table 4-4: Petrographic table showing rock type, partial geochemical analysis and mineralogy of miscellaneous outcrop samples from the Skidder area 

I Key: lAs per Table4~3ab6ve] 

Sample Rock Type Si02 Ti02 MgO Zr Ab Cpx a Sphene Cc Ep Qz Chr Opaques Amph Other Minerals and 
Name % % % ppm Comments 

s 22 Diabase dyke 48.5 1.0 7.2 68 XX XX XX XX XX X XXX mag. pseudomorphs of ilm. 
s 25 Diabase/Gabbro (?) 49.8 1.5 7.4 73 XX XXX XX XXX X X XXX 
s 49 Diabase/Gabbro (?) 58.8 0.8 4.1 64 XX XX XX XX X XX XX XX calcic plagioclase (?) 
Complete whole rock analysis for S 71 presented in Table 6-34 
s 71 Jasper 86.8 0.0 0.0 8 XXX hematite (xxx) 

S98 Mafic tuff XXX XXX XX XX X XX serpentine (?) 
s 108 Mafic tuff (?) 53.2 0.9 5.6 46 XXX X XX XX XX X XXX 

-.....J 
0 
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These samp~es are predominantly composed of 0.~ rtun-long albite .laths; intergranular 
• . "'' ' • .1 • 

sphene and subhedral opaque minerals; and intersenal chlorite and quartz. A few 0.5 to I 

· mm-long albitized plagioclase phenocrysts.{.2We present. Quanz and lesser chlorite and 

calcite ~ll vugs, vesicles and fractures. In thin .secti9n, greater <lmounts of quartz, opaque 

minerals, and sphene; a Jesser amoJJnt of ~hlorite; and a lack of preserved clinopyroxene 

' distinguish these rocks from lower-Zr basalts.. · 

4.1.5 Mafic intrusive rocks 

Mafic i'ntrusive rocks within the Skidder Basalt sequence include some which are 

clearly diabase dykes and others which make up an entire outcrop and may thus be either 

large sills, dykes or small gabbroi~ies. The mineralogy of these rocks is similar· to the 

basalts. 

Thin section S 25 (Table 4-4) is predominantly composed of intergranular or 

subophitically intergrown. l to 2 mm-long albitized plagioclase .and 0.5 to 1 mm-long 

clinopyroxene (Figure 4-22). The clinopyroxene is typically very pale brownish green to 

colourless and, in plac~s. shows hourglass extinction. In places it is parti~ly altered to 

amphibole and chlorite. Skeletal opaque mineral~ (0.1 -0.4 mm across), subhedral opaque 
, 

· minerals and sphene are distributed throughout the sample. Some of the skeletal grains are 
f' 

probably altered, pseudomorphed ilmenite as indicated by alteration to sphene around grain 

edges. l~tersertal anhedral chlorit~ and quartz make ~p the remai~der of the groundmass. ·"F 

The sample also contains a few segregation vesicle's (Smith, 1967; Baragar tLaL. 1977), 

each comprising a chlorite-± epidote- filled vesicle, about 2 mm across, surrounded b:r a 

0.5 mm-wide rim composed of fine grained albite and clinopyroxene; intergranular sphene 
4 

and opaque minerals; and intersertal chlorite (Figure 4-23). 

Thin section S 22 (Table 4-4) is simil!ll' in texture and mineralogy to S 25 but is 

more extensively altered. Clinopyroxene has been completely altered to chlorite or replaced 
'\ 

by various combinations of epidot~, calcite and locally quartz. Skeletal opaque gr:tios 
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Figure 4-22: Subophitically intergrown albitized plagioclase and clinopyroxene; thin sectionS 25, crossed 
nicols, 10 x. -- 0.2 mm --

Figure 4-23: Segregation vesicle; thin sectionS 25, crossed nicols, 3.2 x. -0.5 mm-
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(magnetite pseudomorphs of ilmenite) occur throyghout the sample (Figure 4-24). Albite 

and ~alcite rep-lace plagioclase; calcite also occurs as irregular. masses througho_llt the 
I • , 

sample: Segre~ation vesicles similarto those described in S~i-5 are also noted. 

T~ection S 49 ('!;able ~-4) has a bimodal grainoSize distribution. About.one 

· third of the section 'Js composed of: 2 mm-l(>ng albitized, :pidotized plagioclase lath~· 

which, in places, are replaced by quartz; and 1-1.5 mm-long clinopyroxene grains that are 

panially t_o completely replace~ by amphibole, chlorite ± epidote: Amphibole ±quartz, 

epidote and lesse.r amounts of calcite fill vugs. The remaining two thirds of the section 

comprises: intergranular 0.1-0.2 mm-long albite laths; lesser amounts of clinopyroxene 

altered-to.amphibole and chlorite; sphene; and intersertal chlorite and quartz. 

4.1.6 ·Jasper 

· Th'in section S 71 (Table 4-4) is from a large 3.4 rn-thick jasp~r unit exposed near 

the tr<?ndhjemite pod northeast of the Slcidder Prospect (Figures 3-3 and 3-4) . . It contains 
.. I . , ...._ 

ubi94ito_us quartz spherulites (0.1-0.2 mm in diameter) which occur in a hematite-rich 

matrix. Some Qf the spheru,liies have a central hematized core (Figure 4-25). · The 

remainder of the sample consists of hematite and quartz~ Variations in -the amount of . . 

hematite define a streaky "layering" in 'nonspherulitic parts of the sample: Anhedral quartz 

grains, 0.2-0.5 mm across, fill fractures and one ovoid vug. 

4.1.7 Mafic tuff 

Thin section S 9B of interflow mafic tuff consists of 0.1-0.2 mm-long albite (some 
... :, -, 

of which is altered to quartz); anhedral elongated quartz grains; intersertal chlorite; 

intergranular subhedral opaque minerals, 0.05 mm across, and tiny grains of sphene. One 

c~cuning.calcite-chlorite v~in is present and irregular masses o( calcite occur throughout 
. . 

/ the section. Aligned albite grains along with elongated qu~ and chlorite masses define a 

foliation in the sa~ple. . , 

, . 

.. 
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Figure 4-24: Magnetite pseudomorph of skeletal ilmenite; thin sectionS 22, plane polarized light, 10 x. 
--0.2 mm--

Figure 4-25: Quartz spherulites; thin sectionS 71, crossed nicols, 10 x. --0.2 mm--



4.2 Petrography of the Skidder Trondhjemites 

4.2.1 Trondhjemite dykes 

75 

Table 4-5 gives a partial geochemical analysis and qualitative estimate of the 

abundances of common minerals in outcrop samples of Skidder area trondhjemites. The 

trondhjemite dykes are composed of 1 to 3 mm-long, albitized plagioclase and qu.artz 

phenocrysts in a matrix of anhedral quartz grains (~ 0.1 mm across) and 0.1 mm-long 

albite laths (Figure 4-26). In places, large grains of albitized plagioclase± quartz occur as 

glomeroporphyritic clusters. Minor amounts of chlorite occur as elongate anhedral masses 

intersertal to quartz and albite. uartz, chlorite, or calcite or a combination of these 

minerals fill fractures and vugs. Sericite veinlets are present in some samples. Pyrite and 

minor amounts of other opaque minerals; sphene; and tiny subhedral zircon are finely 

disseminated throughout the samples. 

SampleS 10C contains two angular 2-4 em-long fragments of mafic wall rock that 

have been incorporated into the trondhjemite. The xenoliths have been altered such that 

they are similar in most respects to the assimilating trondhjemite except for a greater amount 

of intersertal chlorite and correspondingly lesser quartz. 

4.2.2 Trondhjemite pod 

Samples of the trondhjemite pod exposed about 2.5 km northeast of the Skidder 

Prospect (Figures 3-3 and 3-4; Table 4-5) have a _.mineralogy similar to that of the dykes. 

Quartz, which occurs as anhedral grains ~ 0.1 mm across, and 0.1 mm-long albite are the 

dominant minerals. In addition, abundant quartz grains 0.2-0.3 mm across and having 

anhedral to, in places, rounded outlines are ubiquitous in some samples. A few 1 to 3 mm­

long albitized plagioclase and quartz phenocrysts are present in most samples. In thin 

sectionS 73, quartz amygdules 2-3 mm in diameter, are noted. Vugs in sectionS 69 are 

filled by quartz, or locally by quartz and 0.8 mm-long albite. Sample S 68 contains 

"quenched" areas filled with spherulitic felsic material displaying radial extinction 



Table 4-S:Petrographic table showing partial geochemical analysis and mineralogy of outcrop samples of Skidder trondhjemites 

Key: See Figures 3-3 and 6-1 for sample locations 
Mineral abbreviations: Ab-albite, Cpx-clinopyroxene, Cl-chlorite, Cc-calcite, Ep-epidote, Qz-quartz, 
Chr-chromite, Amph-amphibole, hm-hematite, py-pyr~e 

Abundance of mineral relative to its average content in mafic rocks from the Skidder area: 
x-low, xx-medium, xxx-high 
See Tables 5-12 and B-1 0 {S 721 for complete whole rock analyses 

Sample Rock Type Si02 Ti02 MgO 71 Ab Cpx a Sphene Cc Ep Qz Ctl' Opaques Am ph Other Minerals and 
Name % % % ppm Comments 

52 Trondhjemite dyke 77.4 0.1 0.6 142 XXX X X XXX XX 

S4 Trondhjem ite dyke 80.2 0.1 0.7 133 XXX X X X XXX XX hm, zircon 
S 10A Trondhjemite 75.6 0.2 1.1 169 XXX X X XXX XX zircon 
S 10C Silicified mafic inclusions XXX XX XX X XXX XX 

S138 Trondhjemite 76.1 0.4 1.0 132 XX X XX XXX X X PY. hm· silicified 
s 68 Trondhjemite 67.9 0.4 1.4 220 XX X X X XXX XX sericite (xxx), zircon 
S69 Trondhjemite 76.9 0.3 0.4 182 XX X X XXX X 
S72 Trondhjemite 74.5 0.2 1.7 182 X X XXX X sericite (xx), zircon · altered 
573 Trondhjemite 80.0 0.3 0.6 170 XX X X XXX X zircon 

AVERAGE 76.1 0.3 0.9 166 

Table 4-6: Petrographic table showing partial geochemical analysis and mineralogy of outcrop samples of the Buchans Group; sample S 63 is of the 
Lundberg Hill Formation, and samples S82A and S 82B are of the Sandy Lake Formation (cf. Thurlow and Swanson, 1987) 

Key: Mineral abbreviations: Ab-albite, Cpx-clinopyroxene, Cl-chlorite, Cc-calcite, Ep-epidote, Qz-quartz, 
Chr-chromite, Am h-am hibole, hm-hematite, - me 
Abundance of mineral: x-low, xx-medium, xxx hi h 
See Appendix EUor <::9rT1Qiete whole rock analyses and desc_riQtj_on_ of analytical methods 

Sample Rock Type Si02 Ti02 MgO 71 Ab Cpx a Sphene Cc Ep Qz Ctl' Opaques Am ph Other Minerals and 
Name % % % ppm Comments 

563 Quartz feldspar porphyry 65.5 0.4 1.6 142 X X X XX XX 

S 82A Pillowed basalt 44.4 0.6 6.8 53 X XX XX XXX X X X K-feldspar (?), seric~e (?) 
S828 Pillowed basalt 47.9 0.6 5.5 59 XX XX XX XXX XX X K-feldspar (?), sericite (?) 

j 

I 

I 

I 

I 
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Figure 4-26: Intergranular quartz and albite, and minor intersertal chlorite; thin section S 4, crossed nicols, 
20 x. -- 0.1 mm --
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.. . 
(segregation vesicles (?)). This sample also contains quartz-± chlorite-f.illed vugs; and 

I • -

~ygdules composed of calcile and lesser amounts of fine grained anhedral quartz. Sericite 
-

veinlets are present in some sections: Like the trondhjemite dykes, disseminated pyrite, 

minor amounts of subhedr~ opaque minerals, sphene and tiny subhedral zifcon occur 

throughout most samples: 

Altered sample S 72 (Figures 3-3 and 3-4; Ta~le 4-5) is characterized by a lack of 

albite. It-<:omprises anhedral quartz grains (~ 0.1 mm !!Cros~) and an intergranular, 

typically interlocked networ~ of sericite grains. Quartz veins, consisting of anhedral quartz 

grains 2-2.5 min across, are also present: Disseminated pyrite and very minor amounts of 

chlorite, sphene and zircon make up the remainder of the section. A few quartz-chlorite 

qveins and opeq-space fillings are no~d. 
_J 

' . 

( 

, 
" 

\ 

~-
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4.3 PetrQgn~phy of the Buchans Group 

' Thin se~ions s- 82A and S 828 are of two samples of pillowed basalt from the 
. . . . \ .. 

Sandy Lake Foi"rrtation of the Buchan's Group collect~ along the side of Highway 350 

about 25 km. east of the town of Buchans, near Mary March Provincial Park (Table 4-6). 

The samples contain abundant calcite ± quanz amygdules, 3 mm in diameter. Irregular 

.. 

masses of calcite occur throughout the sections. Va,rious combinations of calcite, qu~ 

. and chlorite form 1 mm-wide pseudomorphs of olivine (?) or clinopyroxene (?) in places. 

Subhedral grains of chromite are present in many of the pseudomorphs. In addition, the 

~ samples contain a few 1 rrun-long calcite ± quartz pseudomorphs of plagioclase (?). The 

groundmass consists of 0.1-0.2 mm-long carbonatized. sericitized plagioclase laths; 

interseitallight green chlorite and anhedral quartz; and accessory, intergranular sphene. 

Thurlow (1981 a) describes the petrography of the Footwall Basalt pillow lavas of 

the Buchans Group a$ follows: "The pillow lavas are normally feldspar phyric with laths 
·~ 

less than 2 mm long and of andesine-labradorite composition. Colourless to light brown 

augite phenocrysts are locally present and may attain :sizes up to one centimetre, although . 

those of 1-2 mm are most common. The groundmass consists of a fir:te grained 
\ 

intergro~th of plagioclase, clinopyroxene anJmuch less magnetite. MatJ:ix plagioclase is .. ' . ., 

variably altered to various combina~ons of epidote, calcite, clay minerals and sericite and is 

locally replaced byjumpellyite. Clinopyroxene may be altered to .. epidote and c~orite." 

Thin section S 63.(Figure 3-3; Table 4-6) is of quartz feldspar porphyrit~c da~ite 

(felsic tuff (?)) from the Lundberg Hill Fonnation (formerly Wiley's Prominent Quanz 

sequence). The mineralogy is qominated by abundant rounded quartz grains (up to 7 mm 

across) and cloudy, brownish feldspar grains (2-4 mm across) that occur in a brownish 

aphanitic matrix. Accessory subhedral opaque minerals and sphene are ~so present 

I 

' 
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4.4 Mineral Chemistry 

Electron, microprobe a~alyses of mind?tls from a suite of Skidder basalt samples, 

ranging from quench-textured, low-Zr basalts to high-Zr mafic rocks, were'done to: i) 

indic;-~te possible variations in the chemistry of preserved primary minerals with changes in 

composition of the }lost rock; ii) determine the ~"c;mposition of pnmary minerals such as llf 

clinopyroxene and chromite to be used as possible indicators of tectonic sening for the 

Skidder Basal,t; iii) determine if variationi in the composition of secondary minerals such as • 

chlorite reflect variations in host rock composition and iv) elamine the chemistry of 

secondary minerals to in'-:estigate effects of spilitization on the sGdd~r Basalt Mirierals in 

two Buchans Group samples, one of Sandy Lake Formation basalt (S 82A) and the other 

of quartz-feldspar-phyric dacite of the Lundberg Hill Formation (S 63), were analyzed for 

comparison with the Skidder Basalt: Minerals were analyzed using a JEOL JXA-50A 
' , 

I 

wavelength dispersive electron microprobe; analytical tec;hniques are given in Appendix. A. 

4.4.1 Clinopyroxenes 

4.4. Ll Introduction 

Many of the elements that are common in basalts (except potassium) can be 

incorporated into the "clinopyroxene structure. Although spilitized basalts such as those of 

the Skidder area are dominated by secondary mineral assemblages, clinopyroxenes in 

spilites elsewhere. have been found to be in equilibrium with magmatic Ca-rich feldspars, 

not secondary albite, and ata__ considered to have a primary magmatic origin (,e.g. Battey, 

1974; Vallance, 1974). · ' ( 

Kushiro '( 1960) and LeBas (1962) showed that the composition of clinopyroxenes 

varies according to the chemistry of the host lavas. Thus, clinopyroxenes from alkali 

basalts are AI- and Ti-rich but Si-poor relative to clinopyroxenes from tholeiitic lavas; and . . ~ . . 

clinopyroxenes from ~d arc tholeiites have lower Cr and Ti contents than 

clinopyroxenes from oc'"ean floor basalts. Using these differences, seve~ scattergrams and 
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~ "' . . ... . 
·ternary diagrams of clinopyroxene components have been proposed to discriminate basalts , , <C_~ 

of different tectonic settings (e.g. Kushiro, 1960; Le.Bas, 1962; Nisbet and Pearce, 1977; 

. ' 
and Lete.rrier llill.., 1982). However, as shown by Coish an~ Taylo~ ( 1979) and i{~cus~ 

by Leterrier eta!. ( 1982), facto;s other than the"-chemistry of the'iiost lava play a JOie in 
,. • ' t . ,~ ·~ ... • .. .. _ 

· d~terrnining clinopyroxene compositions. Cmsh and Taylor ( 1979) and Grove an~ Bence 
. 8 

( 1977) show that cooling rate c;:an profoundly affect the amounts of min~.co01pon~ts s'Uch 

as Ti and A1 incorporated into the clinopyroxene. structurer They irfdicate thilt ·- ~ 
J ' . 

ciinopyroxenes from ~salts ·'Showing quench textures typically ~e higher Ti ~d AI 

contents. Co ish and Taylor ( 1979) suggest that greater amounts of Ti and AI are present irr . . 

quenched clinopyroxenes partly due to the preference of growth over diffusion from 
. ~ 

growth s~rfaces during rapid ·crystallization . . "Impurities " such a'S Ti and AI which h;v,_ 

lower distribution coefficients between clinopyroxc:ne and liquid relative to the major 
' . 

r . • • 
components would normally be expelled f~om t,he clinopyroxene structure under slow-

\ cooling equilibrium conditions but are retained ouring rapid crystallization (cf. Grove and 

\ . 

. . . 
. . 

Bryan, 1983). Also, rapid crystallization suppresses the ability of plagioclase to nucleate 
. . . 

more than that of olivine and clinopyro'.(ene, thereby increasing the availability of AI and Ca ., 
. , .. .. ~ 

ions for incorporation into the clinopyroxene structure (Grove and Bryan, 1983). Coupled 
. "' 

substitution, e.g. Si for Al, iP the tetrahedral site also affect clinopyroxene compositioni 
. • (i 

e.g. greater amounts of AI will result in lesser amounts of Si being present. Hence, 

availability and incorporation of components such as AI b1" Ti in clinopyroxene affect the 

contents of other elements. These other factors may result in mi~"Ciassification of the b~t 

types on diagrams utilizing elements such as Ti and A1 (Coish and Taylor, 19f9). · 

Clinopyroxenes that do not show quench textures but contain bigh AI may be · 
. 

indicative o(deep seated or xenocrystic origin since solubility of AI in clinopyr~xene~ 

increases with pressure (Stolper, 1980; Grove and Bryan, 1983). High Cr contents 1n 

clinopytoxenes may also indicate a similar origin (Bence and B~nder, 1978). ~ 
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4.4.1.2 Discussion of results 
..r;? 

Electron microprobe analyses of Skidder Basalt clinopyroxenes are presented in 

Table 4-7; they are arranged in ascending order on the basis of Zr concentration in whole 

rock (Chapter 5). Clinopyroxenes in thin sections S 59 and S 19 are predominantly 

elongate grains showing evidence of quenching. Clinopyroxenes from thin section S 81 

are typically stubby grains displaying intergranular texture. Clinopyroxene analyses 
• • 1 4 

presented for samples S 53, S 79 and S 60 are predominantly of large grainsM grains 

are probably not xenocrysts but ~crophenocrysts in equilibrium with the ~nal Jlt from 

which the rocks ~rystallized since small, ma~x clinopyroxenes analyzed in S ,{and S 79 

are not of significantly different chemical composition from the larger grains. Thin section 

S 25 is of a medium grained diabase in which the clinopyroxenes typically display 

subophitic intergrowth with albitized plagioclase. 

Analyses of clinopyrox.enes in samples S 59 and S 19, whic.h show quench 

textures, are enriched in Ti, AI and Ca. anp depleted in Si and Mg relative to the others 

(Table 4-7; Figure 4-i7). The high Ti and Al in the quench-tex,ured clinopyroxenes is 

supponive of concl~sions drawn by Coish and Taylor ( 1979), Grove and Bence (1 ?_77), 

,Leterrier ~ ( 1982) and Grove and Bryan ( 1983) as discussed in the introduction above. 

Sample S 19 has a relatively high whole rock Zr concentration relative to other quench-
~ . 

textured Skidder basalts. Clinopyroxenes in this sample also contain highet Ti 

concentrations than those oflower-Zr, quench-textured basalts probably reflecting a greater 

concentration of Ti in the liquid from which they crystallized. The relatively high contents 

of Ca and AI in these clinopyroxenes may reflect suppression of plagioclase nucleation due 

to rapid cooling thereby making more Ca and AI availahle to be incorporated into the 

clinopyroxene structure (Grove and Bryan, 1983). Low contents of Mg and Si in the 

~yroxenes reflect coupled substitution effects since AI substitutes for Si, and AI and 

Ca substitute for Mg in the clinopyroxene structure. 

( 
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Table4-7: Electron microprobe analyses of Skidder Basalt clinopyroxenes; analyses 
that have been a~eraged are presented in Table A-2, Appendix A 

Weight% 
5102 
1102 
Al~3 
Cr~3 
Feo· 
MnO 
NIO 
MgO 
cao 
Na~ 
K~ 
Total 

51 
T1 
~ 

c:r 
Fe 
Mn 
f'l 
Mg 
Ca 
Na 
K 
Total 

Fei(Fe+Mg) 
Oxygens 
AnalyseS 

s 59 
48 .65 
0.73 
6 .04 
0 .26 
7.40 
0 .15 
0 .03 

13 .27 
21 .66 
0.28 
0 .01 

98 .461 

1.836 
0 .021 
0 .269 
(}:008 
0 .234 
0 .005 
0 .001 
0 .746 
0 .876 
0 .020 
0 .000 
4 .0151 

0.24 
6 
4 

Zr~50ppm 

s 59 5 81 s 81 
47 .90 50.53 48.59 

1.54 0 .67 1.02 
4.63 4 .09 6.48 
0 .04 0.13 0 .10 

11.17 9.48 8 .06 
0 .14 . 0 .27 0.18 
0.00 0 .05 0 .07 

13 .14 15.46 14.64 
19.74 20.14 20.10 
0 .12 i .22 0 .15 
o.d1 0.00 0 .01 

98.43 101 041 99.40 

1.834 1 .866 1.614 
0.044 0 .019 0 .029 
0 .209 0 .178 0 .285 
0.001 0 .004 0 .003 
0 .358 0 .293 0 .252 
0.005 0 .008 0.006 
0.000 0 .002 0.002 
0.750 0 .851 0 .814 
0 .810 0 .797 0.604 
0 .009 0 .016 0 .01 '1 
0 .000 0 .000 0 .000 
4.021 4 .0331 4 .019 

0.32 0 .26 0.24 
6 6 6 
1 3 1 

z r>50s85ppm 
s 19 s 19 519 553 553 
48.90 48 .19 46.11 53.43 53 .59 

1 .43 2.08 3.18 0.47 0.50 
6 .35 6 .86 6.06 3.08 2.52 
0 .11 0 .10 0.08 0.62 0 .22 

10.30 10.12 10.12 6.45 8 .26 
0 .29 0., 6 0.25 0.16 0 .25 
0 .02 0.03 0.00 0.03 0 .07 

1, .69 12 .00 12.25 17.19 -16.60 
21 .24 21 .58 19.44 19.40 18.86 

0 .39 0 .35 0.27 0.25 0 .27 
0.01 0.00 0.01 . 0.01 0 .00 

100.93!101.47) 97.77101 .091101.14 

1 .822 1 .788 1.775 1.932 1.948 
0 .040 0.058. 0.092 0 .013 0 .014 
0 279 0 .300 0 .275 0.131 0.108 
0.003 0 .003 0 .002 0 .018 0 ,,006 
0 .321 0 .314 0 .326 0 .195 0 .251 
0 .009 0 .005 0.008 0.005 0 .008 
0.001 0 .001 0.000 0 .001 0 .'002 
0.660 0 .663 0.703 0.926 0 .899 
0.848 0 .858 0.802 0 .751 0 .735 
0 .028 0 .025 . 0 .020 0 .017 0 .019 
0 .000 0 .000 0.000 0 .000 0 .000 
4 .0121 4.0151 4.004 3.9901 3.990 

0 .33 0 .32 0.32 0.17 0 .22 
6 6 6 6 6 
3 4 1 3 1 

Whole Rock (complete analyses presented in Apper-nd....;....ix_B~)~--.,..---:--T--..,.....,---~ 
Zr(ppm) 16 16 44 44 62 62 62 66 66 
1102(%) 0 .49 0 .49 0 .87 0.87 1.13 1.13 1.13 1.09 1.09 
F&203(%)" 10 .12 10.12 10.78 10.78 9 .23 9. 2 3 9.23 9.51 9 .51 
MgO (%) 11.13 11.13 8 .87 8.87 L..-_7:.....;·..;;.0.;;.8_..:..7.;.;. 0;..::8~....;7..:... 0;..::8;.a......_;7~ . .::..6 4..:..-___;,7..:... 6;;...;.~4 

• Total iron as FeO 

•• Total iron as F.ei)3 

0 
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Table 4-7 (continued): Electron microprobe analyses of Skidder Basalt clinopyroxenes 
having 'h concentrations> 50~ 85 ppm 

Weight% 
5102 
noa-­
AI~ 
CriJ3 
FeO* 
MnO 
NIO 
MgO 
cao 
NaiJ 
K20 
Total 

Sl 
11 
AI 
0' 
Fa 
Mn 
Jll 
Mg 
ca 
Na 
K 
Total 

Fe/Fe+Mg 
Oxygens 
Analyses 

Large Grain 
Am COre 
553 5 53 
52 .82 52 .46 
0.57 0.83 
2.69 3.70 
0.14 0.03 
9.15 9.74 
0.27 0.14 
0.01 0.05 

16.31 15.38 
18.54 19.19 
0.34 0.36 
0.00 0.00 

100.841101.88 

1.935 1.909 
0.016 0.023 
0.116 0.159 
0.004 0.001 
0.280 0.296 
0.008 0.004 
0.000 0.001 
0.890 0.834 
0.728 0.748 
0.024 0.025 
0.000 0.000 
4.0021 4 .001 

0.239 0.262 
6 6 
1 1 

s 25 s 25 579 s 79 s 79 
52.01 51 .82 54.71 53 .44 52.26 

0 .67 0.87 0.39 0.52 0 .72 
3 .59 3.98 2.71 3.50 3.79 
0.05 0.08 0.10 0.11 0.04 
8 .64 8 .33 7.41 7.98 10.67 
0 .23 0 .17 0.18 0.16 0.25 
0 .02 0.02 0.00 0.02 0 .01 

14.92 15.52 17.25 16.82 15.20 
19.60 19.89 20.99 19.5 1 19.44 

0 .18 0.28 0.26 0.27 0.31 
. ·o .o1 0 .00 0.00 0.01 0 .01 
99.89l100.96 104.001102.311102 .70 

1 .923 1 .897 1.934 1.920 1 .897 
0.018 0.024 0.010 0.014 0 .020 
0 .157 0 .172 0.113 0.148 0.162 
0.001 0 .002 0.003 0.003 0.001 
0 .267 0 .255 0.219 0 .240 0 .324 
0 .007 0 .005 0.005 0 .005 0 .008 
0 .000 0 .001 0.000 0.000 0 .000 
0 .822 0 .847 0.909 0.900 0 .823 
0.776 0 .780 0.795 0.751 0 .756 
0.013 0 .020 0.018 0.018 0 .022 
0 .000 0 .000 0.000 0.000 0.000 
3 .9861 4 .002 4 0071 4 0001 4 013 

0 .245 0 .232 0.194 0.210 0 .282 
6 6 6 6 6 
2 3 1 2 3 

Whole Rock 
~.(ppm) 

no2C%> 
Fe~(%) .. 

(complete analy_ses presented in Appendix B) 
66 

1.09 
9.51 

MgO(~) 7.64 

• Total iron as FeO 

•• Total iron as Fep3 

66 73 
1.09 1.45 
9.51 11.68 
7.64 7 35 

73 78 78 78 
1.45 1.15 1.15 1 .15 

11 .68 13.49 13.49 13.49 
7 .35 5.90 5.90 5 90 

s 60 s 60 560 
52.25 52.91 51 .34 

0 .65 0.50 0.78 
3 .07 2.05 3.12 
0.16 0.03 0.03 
9.08 12.00 11 .61 
0.20 0.25 0 .28 
0.04 0 02 0 .01 

16.28 16.65 15.11 
19.98 16.55 18 .29 

0.22 0.29 0 .38 
0 .01 0.01 0.01 

1.01 .911101 .241100 .95 

1.903 1.944 1.903 
0 .018 0.014 0.022 
0 .131 0.089 0 .136 
0 .005 0.001 0 .001 
0 .276 0.369 0 .360 
0 .006 0.008 0.009 
0 .001 0.001 0.000 
0 .884 0.912 0.835 
0 .780 0.652 0.726 

'0.016 0.021 0.027 
·o.ooo 0.000 0 .001 
4 .0191 4.0081 4 .020 

0 .238 0.288 0 .301 
6 6 6 
2 2 3 

82 82 82 
1.27 1.27 1 .27 

13.68 13.sa 13.68 
6 .66 6.66 6 .66 
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Figure 4-27: Miscellaneous X-Y plots for Skidder Basalt clinopyroxenes. See text for 
discussion. 
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Some clinopyroxenes in sample S 53 have high Cr contents despite the relatively 

high whole rock Zr concentration of the host rock (Table 4-7; Figure 4-27). The highest Cr 

contents of the clinopyroxenes analyzed in this sample are in small stubby grains; and the 

rim of a large clinopyroxene grain in the sample has highe; Cr and lo~er AI and Ti contents 

than its core (Table 4-7; Figure 4-27). This would suggest that the melt from which the 

high-Cr clinopyroxenes in S 53 crystallized was enriched in Cr. 

A chromite grain analyzed in thin section S 53 contains a higher Ti content than 

other Skidder Basall chromites (Section 4.4.2) and as indicated above several of the 

" 
clinopyroxen s in the sample have high Cr contents. Irvine (1967; 1976) reports a 

ationship between chromite and clinopyroxene. Thus, the compositions of 

clinopyroxene and chromite in S 53 may reflect a point in magmatic evolution at which 

clinopyroxene joined the liquidus and was fort11ing at the expense of chromite. 

Alternatively, the high-Ti chromite compoSition may have resulted from Cr-spinel 

crystallization triggered by an influx of fresh magma since Dick and Bullen (19R4) indicate 

that magma mixing may trigger Cr-spinel crystallization even at low Cr concentrations 

(Irvine, 1967). 

4.4.1.3 Quadrilateral plots and discrimination diagrams 

The Skidder Basalt clinopyroxenes· plot mainly in the augite field on the pyroxene 

quadrilateral. with the exception of the quench-textured, Ti-enriched samples which plot as 

salitcs (Figure 4-28). They plot within the Af4-rich portion of the "others" diagram of 

Papike ~ (1974) (Figure 4-28). Proportions.of the pyroxene quadrilateral c~rnponents 

in the Skiddcr 13asaft clinopyroxencs arc similar t¥ose in clinopyroxenes f~om both ocean 

t1oor basalts and island arc lavas, whi~h essentially overlap on the pyroxene quadrilateral 

:tlthough some ocean floor basalt clinopyroxenes crystallizing from late-stage melts may 

re:~ch more iron-rich compositions (Basaltic Volcanism Study Project (BVSP), 198!a; 

I 
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1981c). Clinopyroxenes of endiapside composition, which are often reported to occur in 

orogenic basalts (Ewart, 1976) but are rare in ocean floor basalts (e.g. BVSP, 1981a), are 

not noted in the Skidder Basali. 

' On Figures 4-29, 4-30 and 4-31., the Skidder Basalt clinopyroxenes are plotted on 

diagrams after LeBas (1962), Nisbet and Pearce (1977) and Leterrier tl1!L. ( 1982) used by 

·them to discriminate between different basalt types. On the Si02 vs. Al203 diagram 
. . 

(Figure 4-29), most ?f the _non-4~nch- textured clinopyroxenes plot in the field of 

clinopyro~nes from non-alkaline basalts, but the quench~textured clinopyroxenes plot in 
.....____ . 

the fields of clinopyroxencs from alkaline or perallr.::aline basalts (see discussion regarding 

quench-textured clinopyroxenes in Section ~.4.1.2 above) (cf. Coish and Taylor, 1979). 

On the Ti02-MnO-Na20 diagram (Figure 4-30) some of the Skidder Basalt 
• 

clinopyroxenes plot within the ocean floor basalt field; quench-lt;XlUred cJinopyroxcnes 

from S 19 plot in the within plate, alkali basalt field; but most plot in overlapping fields, 
.. 
predominantly that of all1basalts. 

On the Ti vs . (Ca + N ;-~) diagram used hy Lctcrricr tl...i!1. (1982) to distinguish 

tholeiitic and calc-alkaline ha~:-~lts from alkali basalts, the Skidder Basalt clinopyroxe~~ 

plot on the tholeiitic and calc-alkaline basalt side of the dividing line, within the tholeiitic 

and calc-alkal ine basalt field (Figure 4-3 la). Clinopyroxenes that show quench-textured 

morphologies (those in samrles S 19 and S 59) have not been plotted on Figures 4 -31a and 

' 4-31 b. Lctcrrier et al. (19R2) cautioned that only pyroxene phenocrysts should be used on 

the diagrams to avoid c6mpositional variations due to l~n~hing and · other factors. 

Clinopyroxene compositions plotting within the tholeiitic and calc-alkaline basalt field on " 

Figure 4 -31a are plotted on the second discrimination diagram of Lctcrrier kill (1982) 

(Figure 4-3 1 h) . Seventy per cent of the Skiddcr 8;1s:ll~ clinopyroxenes plot on the non-
. ~ 

orogenic basalt side of the dividing line on this diagram and most plot wi thin the non-.. .-. 

orogenic basalt field. 
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Figure 4-29: Skidder Basalt clinopyroxenes plotted on Si02-Al203 diagram. Fields for 
different basalt types after Le Bas (1962). 
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Figure 4-30: Clinopyroxenes from Skidder Basalt plotted on triangular diagram of weight 
per cent Ti02 -MnO-Na20, used by Nisbet and Pearce (1977) to discriminate 
between basalts from different tectonic settings. 
Key: VAS-volcanic arc basalts; OFB-ocean floor basalts; WPA-within plate 
alkalic basalts; and WPT -within plate tholeiitic basalts. 
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4.4.2 Chromites 

4.4.2. I Introduction and presen,tation of results 

Chromire in the Skidder Basalt occux;s as disseminated, opaque to traf1slucent 

brown. subhedral grains, typically less than 0.1 mm in diameter. In places, the chromite 

gr~1ins are included in chlorite- or calcite-filled areas that are pseudomorphic after olivine 

(Figure 4-9). Although chromite is most common in the low-Zr Skidder basalts its 

occurrence is sporadic; Dick and Bullen ( 1984) report a .similar irregular distribution of 

chromite 'in abyssal basal!s, noting only a limited correlation between the occurrence of Cr- . 

spinel and chromium in whole rock. 

In Buchans Group basalt sample S 82A, subhedral grains of chromite occur in 

calcite-quartz-chlorite-bearing areas pseudomorphic after olivine(?) or clinopyroxene(?). 

Ercctron microprobe analyses of Skidder Basalt chromites are presented in Table 4-

R. Sample S 30 is of quench-textured, low-Zr basalt and sample S 53 is of non-quench-

textured, intermcdiate-Zr basalt. Samples SK 28 75 and SK 28 7R are of chrome-rich 

~ 

basalts from the Skidder Prospect alteration zone (Chapter 6). Co1'11parison of the chromire 
\ I 

' compositions of sampks SK 28 75 and SK 28 78 to those of other Skidder Basalt samples 

suggests that the chromite compositions have been little affected by the alteration resulting 

from the Skidder Prospect mineralizing event The Skidder Basalt chromites show little 

variation in major components Cr. AI, Fe and Mg (Table 4-8). Minor components Ti and 
I 

I, 

N i show greater variation such that chromites from sample S 53, wh ich contain's the 

hi6hcst whole rock Zr concentrntion. have the highest Ti and lowest Ni contents (Table 4-• 

• 
X) . 

Compared to the Skidder Basalt chromites, those of the Buchans Group are much 

more refractory, being significantly enriched in Cr and depleted in AI, Ti and Ni (Table 4-

S). This :s evident on Figure 4-32 and on Figure 4-33, the latter being the Cr/(Cr +AI) 

.. Cr#·· vs. Mg/(Mg: + Fc2 +) "1\tg#" plane of the spinel prism (c f. Stevens, 19·t4; Irvine, 

' 
1965). Fc2+ ;.and Fc3+ in the Skiddcr Basalt and Buchans Group basalt c hromites plotted on 
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T:~ble 4-8: Analyses of Skiddcr Basalt and Buchans Group basalt chromitcs 

We~ght% 

5102 
Tl~ 

A¥P3 
Cl:PJ 
Feo• 
MoO 
NiO 
MgO 
CaO 
Na:z() 
Total 

530 530 S30 530 s 30 
0., 1 0 .07 1.18 1.00 0.13 
0 .74 0.48 0 .52 0 .53 0.49 

21.29 23.78 20. 44 21 .18 . 2y16 
33.93 36.64 37.55 38.48 39.12 
23. 80 23.25 23.57 26.38 23.89 

0.28 0.21 0 .06 0.70 0.14 
0. 23 0.22 0.16 0 .22 0.16 

13.01. 14.04 12.2& 12.11 13.11 
1.12 0.21 0 .80 0 .61 0 .37 
0.09 0.10 0.06 0 .05 0.02 

94.611 99.001 96 .631101 .2131 98.59 
; based on 4 oxyQens) Atomic proponions 

11 
/ij 

Q 
Fe 
Mg 
S4~N4Na-tCa 

Total 
Fe2• 

0.019 0.011 0 .013 0.013 0.012 
0 .835 0.880 0 .784 0.784 0.798 
0 .892 0.909 0 .~ 0.955 0 .990 
0.662 0.610 0 .641' 0.692 0.639 
0.645 0.657 0 .595 0.566 0.625 
0.063 0.026 0 .076 0.079 0 .026 
3 .1171 3 .0951 3 .0761 3.0 891 3 .091 
0.334 0.350 0.392 0.415 0.383 
0.328 0 .260 0.250 0.277 0.256 

I · 0 .160 0.127 
Fe3• 
Fal-tFel++Cl+Al 
Q~O+AI) 
~Fe2, 
Whole Rock (comp 
lz(ppm) 

0.125 0.138 0.125 

. Tl~ ('Y.) 
Cr(ppm) 
~(%)-

""0 l'Y•) 
MgO("'e) 

0 .517 0.508 0.552 0.549 0.554 
0 .659 0.652 0 .603 0.577 0.620 

>lete analysas presented in Appendix 8) 
30 30 30 30 30 

0.61 0 .61 0.61 0 .61 0 .61 
349 349 349 349 349 
7.60 7.60 7.60 7.60 7.60 
0.13 0 .13 0 .13 0.13 0.13 
5.70 5 . 70 5.70 5.70 5 .70 

s 53 
0.10 
1.02 

22.36 
35.95 
26.49 

0.23 
0.14 

12.49 
0.06 
0 .08 

98 .93 

0.025 
0.843 
0.909 
0.708 
0.595 
0.020 
3 .099 
0.421 
0.287 
0.141 
0.519 
0.586 

66 
1.09 
182 

9.51 
0.16 
7.64 

• Total iron as FeO 
"Total iron as Fef)3 
Fe 2 • and Fe 3 • caiculated assuming stoichiometric sptnel formula 

Skiddar Prospect . 
chlorite, quartz, pyrite aleratlon zone 

SK 28 75 SK 28 75 SK 28 78 5K 28 78 
0 .13 0 .09 0.10 0.18 
0.52 0 .45 0.63 0.56 

24 .55 22.76 24.41 23 .50 
37.92 39.75 40 .05 40.66 
25 .00 24.98 21 .42 22 .17 

0 .25 0 .30 0 .2 1 0 .23 
Q.13 0.16 0.18 0 .16 

12 .03 11 .75 14 .07 13.76 
0 .01 0.03 0.0 1 .0 .02 
0 .04 0 11 0.00 0 01 

1 OQ 581 100.381 101.091 101 .27 

0. 0 12 0 .0 11 0.014 0.013 
0.900 0 .844 0 .879 0.850 
0.932 0 .988 0.967 0.986 
0 65<l 0 .657 0.547 0.569 
0.558 0 .551 . 0 .640 0.629 
0.017 0 .023 0.013 0 .0 17 
3 .069! 3 .0741 3 .0601 3 .064 
0.453 0 .454 0 .369 0 .380 
0.197 0 .203 0 .178 0 .188 
0.097 0 .100 0.088 . . 0 .093 
0.509 0.539 0.524 0.537 
0.552 0 546 0.634 0.623 

50 5 0 51 51 
0 .55 0.55 0.88 0.88 
483 483 773 773 

10.36 10.36 7.24 7.24 
0 .1 7 0.17 0 .10 0.1 0 

16.68 16.68 9 .08 9.08 

u 

.... ,) 

, 

Buchana Group Basalt 
Sandy Lake Formation 
S 82A S 82A S 82A 

0 . t 2 0.08 0.09 
0.36 0.40 0.34 

14.41 13.93 12.60 
48 .75 50.67 

.• 
51 .45 

. 24.55 25.12 24.94 
0 .31 0 .33 0.24 
0 .1 a 0.05 0.11 

12 .38 11.24 10.82 
0.71 0 .0:2. 0.09 
0 .00 O.OOr 0 .00 

101 .78 101.86 100.68 

0 .009 0.010 0 .008 
0.547 0.531 . 0 .490 
1.241 1.296 1.341 
0.661 0.680 0.687 
0.594 0.542 0.532 
0.041 0.014 0 .016 
3 0941 3.074T 3.073 
0.399 0.47 1 0.480 
0.262 0 .209 0 .207 
0. 128 0.103 0.102 
0.694 0.709 0.732 
0.598 0.535. 0 .525 

53 53 53 
0 .58 0.58 0.58 
455 455 4 55 

7.98 ~.98 7.98 
0.32 0.32 0.32 
6 .79 6.79 6.79 

\ 

\0 
N 
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Figure 4-33 were assigned assuming stoichiometric proportions of components according 

to kte ideal spinel fommla R2+R3+204 . The Skidder Basalt chromites form a tight cluster 

near the Cr-rich portion of the field for abyssal basalts (Dick and: Bullen, 1984) on Figure 

4-33 whereas the Buchans Group samples plot at higher Cr#'s outside the abyssal basalt 

field and within the field of Aleutian basalts (Dick and Bt\llen. 1984). 

Figure 4-34'l compares the chromite compositions of the Skidder and Buchans 

Group basalts to those of basalts from different tectonic seuings using the Cr# vs. Mg# 

plane of the spinel prism. On these diagrams. the Skidder Basalt chromite compositions 

ovalap the Cr-rich portions of the fields for chromites from abyssal and back arc basin 

has:tlts but are less Cr-rich than chromites of Aleutian basalts. boninites and basalts from 

' 

the Troodos Ophiolite. The Buchans Group b::tsalt chromites, which plot in the field of / 

chromites from the Aleutian basalts. have similar Cr#'s but slightly lower Mg#'s than the 
I 

Troodos Ophiolite basalt chromites and have lower Cr#'s than chromites from boninites. 
~ 

The Skidder basalt chromites overlap the Cr-rich region of the abyssal peridotite 

chromite field (Dick and Bullen, ~984) and the lower portion of the field for chromitcs 

fro'Ffarzburgitcs of the Bay of Islands Ophiolite (Malpas. 1976) (Figure 4-34b). Both the 

Skirltkr R3qlt and Buchans group basalt chromites have Cr#'s less than those of the Betts 

Cove Ophiolite (Coish and Church, 1979) which overlap the field for boninite chromites 

(Cameron et :1!.. 19~0) (Figure 4-34h). 

Data presented by .Mal pas and Strong ( 1975) indicate that most chromites from the 

- . · ~ 
Great Bend and Pipestone P.ond ultramafic bodies of central Newfoundland and those of 

the Bu.~lington Peninsula hav~·igher Cr#'s than the Skidder Basalt chromites and many are · 

more refractory than chromites of the Buchans Group basalt . 
. \~ 
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Figure 4-32: Weight per cent Ti02 vs. 100 x Cr/(Cr+Al) for Skidder Basalt and Buchans 
Group chromites. 
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Figure 4-33: Skidder Basalt and Buchans Group chromite compositions plotted on 100 x 
Cr/(Cr+Al) vs. 100 x Mg/(Mg+Fe2+) diagram (after Stevens, 1944; Irvine, 
1965). Fe 2+ assigned assuming stoichiometric proportions of components 
according to the ideal spinel formula. Fields for abyssal and Aleutian basalts 
after Dick and Bullen (1984). 
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Figure 4-34: Skidder Basalt and Buchans Group chromite compositions compared to those of basalts 
and ultramafic rocks from various tectonic settings, and to those of Newfoundland 
ophiolites. Abyssal basalts chromites are from Sigurdsson and Schilling (1976), Dick 
and Bryan (1978), and Dick and Bullen (1984); the boninite chromites are from 
Cameron et al. (1980); the Aleutian basalts chromites are from Dick and Bullen (1984) 
(personal communication to them from C. Nye); the back arc basin basalts chromites are 
from Ridley et al. (1974), Saunders and Tarney (1979), Mattey et al. (1980), and Dick 
and Bullen (1984); and the Troodos basalts chromites are from Dick and Bullen (1984). 
Chromites from abyssal peridotites are from Dick and Bullen (1984); those from the Bay 
of Islands ophiolite are from Malpas (1976); and those from the Betts Cove ophiolite are 
from Coish and Church (1979). 



\ 

• 

.. 

• 

-

96 

4.4.2.2 Chromian spinel and basalt petrogenesis 

Chromian spinel is sensitive to bulk rock composition and the petrogenesis of the 

host rock (e.g. Irvine, 1965; 1967; Thayer, 1970; and Dick and Bullen, 1984). Major 

factors that affect its composition include: a) preferential paniticining of two of its major 

components Mg and Fe2..- into the solid while AI partitions into the melt; b) partitioning of 

Mg and Fe2• between spinel and silicate melt being temperature dependent, re-equilibration 

of olivine and spinel at lower temperatures causes a shift to lower Mg#'s; c) higher 

pressures (8-9 kb) favouring aluminum-rich spinel compositions and d) the rano of ~e2+ to 

· Fe3+ in spinel being dependent upon f~. 

The most significant chemical variation noted in chromites from alpine peridotites, 

abyssal and island arc basalts, boninites and layered intrusions is the reciprocal variation of 

Cr and AI and the relatively small but pe~istent decrease in Mg# with increasing Cr# (e.g. 

Irvine, 1965; 1967; Dick and Bullen, 1984). An increase in Cr# from aluminous chromites 

of lhazolites, thought to represent primary or only slightly depleted mantle, to those of 

. harz bur gites, which are considered to be the residuum from partial melts that produce 

overlying "oceanic" crustal rocks, has been demonstrated for the Bay of Islands ophiolite 

(Malpas and Strong, 1975) and to a lesser extent for alpine-type peridotites (Dick and 

Bullen, 1984). Chromites from abyssal basalts (Dick and Bullen, 1984), back-arc-basin 

basalts.(Dick and Bullen, 1984) and early formed oceanic crustal material, e .g. dunites 

from the Bay of Islands ophiolite (Malpas, 1976), occupy intermediate positions between 

lherzolite and harzburgite (Figure 4-34). Chromite compositions from oceanic fracture 

zones, e.g. the Islas Orcadas Fracture Zone (Le Roex tl.J!l.., 1983), have lower Cr#'s and 

would plot at the lower part of the abyssal basalt field on Figure 4-34. 

Chromian spinel accompanied by olivine crystallizes early in most basic igneous 

melts; it stops crystallizing shortly after the appearance of plagioclase (Dick and Bu11en, 

1984). ~n the-ternary system Si02 - Mg2Si04 - .MgCr204, chromite c?-precipitates with 

forsterite or a magnesium-rich pyroxene along liquidus boundaries very close to the Si~-
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forsterite join (Dick and Bullen, 1984); thus, only small amounts of Cr20 3 are required to 

precipitate chromite even at potentially olivine- or pyroxene-rich compositions (Irvine, 

1965). 

Chromian spinel is a common accessory mineral of "primitive" abyssal basalts but 

rare in more differentiated basalts of this type. High-Al spinels in abyssal basalts are 

restricted to subhedral and resorbed grains in basalts representative of the most primitive 

melt compositions. Dick and Bullen (1984) conclude that, since most abyssal and alpine 

peridotites have compositions restricted to a narrow range of Mg#'s on the Cr# vs. Mg# 

diagram, they probably crystallized at a relatively uniform temperature of about 1100-

12000C. 

The upper limit of spinel Cr#'s can give an indication of the degree of depletion of 

the underlying mantle (Dick and Bullen, 1984). Dick and Bullen (1984) suggest that 

during the production of abyssal basalts mantle melting has not proceeded beyond the 

diopside-in/diopside-out phase boundary for abyssal peridotites, suggesting a thermal 

divide exists at this degree of melting and, under the pressure conditions for production of 

these melts, a steep rise in temperature is required for further melting to occur. 

Volcanic arc lavas and Alaskan intrusives, which are thought to have formed in 

magma reservoirs beneath island arcs, have chromites with Cr#'s higher than those of 

abyssal basalts. According to Irvine (1976) Cr#'s increase with the amount of silica in the 

melt. Chrome-rich spinels from island arc lavas may thus reflect high silica content of the 

parental melt (Dick and Bullen, 1984) and/or greater degrees of partial melting (beyond the 

diopside-in/diopside-out thermal divide). Interaction with hydrous fluids may provide the 

catalyst required to produce the greater amounts of melting. The refractory, high Cr#'s of 

boninite chromites clearly supports the conclusions of several workers (e.g. Crawford et 

al., 1981; Cameron et al., 1983) that these fore-arc rocks have been derived from melting 

of multiply depleted sub-arc mantle facilitated by interaction with slab-derived hydrous 

fluids. 



Irvine ( 1976) showed that, in high-alumina melts, spinel Cr#'s and Mg#'s decrease 

with co-precipitating olivine until piagioclase joins olivine on the liquidus (Figwe 4-35) 

·spinel Cr#'s increase slightly after plagiocbse becomes a liquidus phase (Dick and Bullen, 

198--1). his evident on Figure 4-35 that spinels coexisting with melts richer in Si02 have 

higha Crlfs. Suggested schematic crystallization paths for abyssal basalts, island an: 

lavas, and boninites are presented on Figure 4-35 based on their respective chromite 

compositions. The suggested crystalhzation path for MORB on Figure 4-35 supports the 

mineral crystallization order suggested for abyssal basalts (e.g. Perfil~. 19RO; BVSP, 

l98la), i.e. Cr-spinel + olivine; Cr-spinel + olivine + plagioclase; and plagioclase + 

clinopyroxene :i: olivine. Note that the suggested crystallization path for island an: basalis 

on Figure 4-35 supports the late appearance of plagioclase on the liquidus of mdts from 

which these rocks crystallized (cf. Perfil tl...i!L.. 1980). For island ate basalts, Perfit et at., 
. . ' 

(19~H}) suggest a mineral crystallization order of: Cr-spinel +olivine; Cr-spinel + olivint! + 

clinopyroxe~e; and clinop~oxene + ~lagioclase ±olivine. The Skidder Basalt Cr-spinel 

compositions would suggest a mineral crystallization order similar to abyssal basalts. 

Qn~siS-uf chromite compositions the Skidder Basalt is suggested to have a 
~ 

similar petrogenesis to that of either abyssal or back arc basin basalts. · In contrast, the more 

refractory chromite compositions of the Buchans Group basalt sample suggests a 

petrogenesis similar to island arc lavas for the Buchans Group basalts and thereby supports 

the conclusion reached by several workers in the Buchans area, i.e. that the Bu.chans 

Group was fanned in an island arc setting (cf. Thurlow 1973; Thurlow et al., 1975; 

Thurlow, 19~la; Thurlow and' Swanson, 1981). 

IJ 

.. 
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Forsterite + Chromite 

An .37 .47 .54 .78 Fo 

Figure 4-3.Silicate relations in the plane Fo-An-Qz (after Dick and Bullen, 1984). 
Cr/(Cr+Al) ratio of spinel in experimentally crystallized basalts of various 
compositions are shown (after Dick and Bullen, 1984; from Irvine, 197 6). 
Open circles are experimentally crystallized synthetic glass compositions 
from Irvine (1976). Solid circles are natural glass and rock compositions 
(Dick and Bullen, 1984). Numbers next to symbols are the Cr/(Cr+Al) ratio 
of spinels co-existing with the particular melt composition (Irvine, 1976). 
Patterned lines are schematic illustrations of crystallization paths for 
MORBII!!IIIll, Island arc lavasr/rr::::?, and boninites ~based on the 
Cr/(Cr+Al) ratios of their chromites. Skidder Basalt chromite compositions 
have Cr/(Cr+Al) ratios of less than 0.55, suggesting a crystallization path 
similar to MORB. 
Abbreviations: Qz-quartz, An-anorthite, Fo-forsterite. 
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4.4.3 Plagioclase 

Analyses of plagioclase from a suite of Skidder Basalt samples are presented in 

Table 4-9, where they have been grouped according to whole rock Zr content of the host. 

Analyses of the same grain of grains which show a minimal variance in composition have 

been averaged. All analyses that have been averaged are presented in Appendix A (Table 

A-3). 

tJii' -Feldspars analyzed include: phenocrysts in thin sections S 59, S 60 and~ 21A, 

which were analyzed in an effort to find primary magmatic calcium-rich plagioclase; 

feldspars displaying quench textures, including "belt-buckle"-textured feldspar in thin 

section S-30 and fan-spherulitic feldspar in thin section S 35A; and groundmass feldspar 
... :. 

laths in several of the thin sections. The central portion of an altered feldspar phenocryst in 

sample li 59, o1byto<vnite composition, represents the only non-albite plagioclase 
"' .· 

composition analyzed. All others are albite with molecular percentages ranging ,from 97 to 

99.% Ab, 0.6-2.2% An and 0.1-0.4% Or. There is n~ significant variation in albite 

compositions between albitized phenocrysts and groundmass laths or between albite 

displaying quenc;h versus imergr.mular textures. 

Table 4-.10 lists analyses of feldspar phenocrysts and gr,pundmass feldspars from 

Buchans Group basaltS 82A and Lundberg Hill Formation dacite S 63. Analyses that 

have been averaged are presented in Appendix A (Table A-3). Feldspars analyzed in blsalt 

S 82A are of albite c~position, having only 1.1 to l.4111olecular per cent an~nhi.te but up 

to 5.3 molecular per cent orthoclase. Plagioclase phenocrysts and groundmass feldspar 
. ' 

analyzed in dacite S 63 are also albites. They have a similar range of orthoclase 

components as the basalt but their anorthite components are slightly greater. 

Average albite compositions for the Skidder Basalt groupings and for the Buchans 

Group basalt and dacite are presented in Table 4- 11. Plagi~lase grains in Skidder basalts 
' 

having higher Zr concentrations have a slightly higher average molecular percentage of 

albite and correspondingly lower molc!cular percentage of anorthite t~an plagioclasf grains 
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Table 4-9: Ekctron microprobe analyses of plagioclase from the Skidder Basalt; 
analyses that have been averaged are ~resented in Tabl'e A-3, Appendix A 

Zr550ppm 
Rock Type Basalt Basalt 
Mineral Bytownite Albite Albite 
Weight% s 59 s 59 S30 
5102 52.40 68 .17 68 .80 
Tl~ 0.01 0.03 0.02 
AJ.P3 20.39 19.45 19 .83 
Cr~3 0 .02 0.02 0 .00 
Feo• 1.89 0.25 0.07 

0 .00 0.02 0 .03 
0 .03 0.01 0.00 

~MnO 
'-

NIO 
MgO 0.02 0.02 o.ocr 
cao 18.74 0.35 0 .34 
Na;P 2 .18 11 .66 11.96 
K2<) 0 .00 0.05 . 0 .07 
Total 95 .68 -100.021 101 .121 

Atomic, Propo rtions (based on 8 oxygens) 
Sl 
l1 
/IJ 
Q 
Fe 
Mn 
N 
Mg 
ca 
Na 
K 
Total 
Analyses 

Molecular% 

2 .545 
0.000 
1.167 
0.001 
0 .071 
O.OuO 
0 .001 
0.001 
0 .975 
0.205 
0.000 
4 .973 
1 

2.984 2.979 
0.001 0.001 
1.004 1.012 
0.001 0.000 
0.009 0.003 
0.001 0.001 
0.000 0.000 
0.001 0.000 
0.017· 0.016 
0.989 1:004 
0.003 . 0.004 
5.0091 5.0191 
4 1 

Z~ppm ~85ppm 

Diabase Basalt easan 
Alb1te . Albite Albite · Albite 
S35A s 25 s 60 S 21A 

67.48 69 .36 67 .86 69.31 
0.01 0 .01 

" 
0.03 0.00 . 

19.19 19 .98 19.85 19.00 
0.01 0 .02 0.01 0.00 
0 .29 0 .14 0 .56 0.02 
0.04 0 .00 0 .03 0.01 
0.00 0 .00 0.04 0.02 
0.00 0 .01 0 .03 0.01 
0.48 0.21 0 .25 0.14 

11 .59 12 .59 11.82 11 .92 
0 .04 0.02 0 .09 0.04 

99 .13 102 .341 100 .54 1 00 .46 

2 .983 2.973 2 .96 3 .013 
0 .000 0.000 0 .00 0.000 
1.000 1.009 1.02 0.974 
0 .000 0.001 0.00 0.000 
0 011 0.005 0.02 ... 0 .001 
0.001 0.000 0 .00 0 .000 
0 .000 0.000 0 .00 0 .001 
o·.ooo 0.001 .0 .00 0 .000 

. 0 .023 0.010 0 .01 0 .007 
0.993 1.046 1.00 1 .005 
0 .002 0.001 0 .00 0 .002 
5 .014 5.0461 5 027 5 .003 , 1 4 3 

Ab []]7.4 98.1 98 .1 97.5 99 .0 98.5 []9.2 
An 82.6 1.6 1.5 2 .2 0 .9 1 .1 0.6 
er • o . o ~....-_....:o::..:.· =-3 __ ....:o::..:.·~4 __ _;;;.o~. 2 ~...-_.....;;o;.;... 1.;__ _ _.....;;o...;_. 3~ 0.2 

( . 

Whole Rock (complete analyses given in Appendix B) 

Zr (pPm) I 1 s II 1 s 3 o 3 a I ._I ----'-7~3_...__a;;...;2;...__.1 ._I _.;;...s 5.;;....__. 

• Tot.JI iron as FeO 

. I 

" 
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Table 4-10: Electron microprobe analyses of feldspars from the Buchans Grdup; 
sample S 82A is. a basalt from the Sandy'Lake Formation, and sample 
S 63 is a quartz-felchpar,phyric dacite of the Lundberg Hill Formation 
(cf. Thurlow and Swanson, 1987); analyses that have been averaged are 
presented in Table A-3, Appendix A 

Weight% 
5102 

. Tio2 · 
Al203 
Cr~3 
FeO* 
MnO 

BuchaM G~ Basalt · 

Sodlc 
Altirte K-Feldspar 

S82A S82A S 82A S82A 
68.04 67.37 66.77 62.42 

0.00 0.00 0.03 0 .05 
19.44 f8.91 20.02 21 .91 

0.03 0 .00 0 .00 0.01 
0.21 0.33 0 .52 1.49 
0.00 0 .01 0 .00 0.00 

Luncllerg Hlft Fonnatlon Dacite 

Albite~ K-Feldspar 
S63 563 'S 63 s 63 
67.65 68 .62 66.00 63.55 

0 .00 0 .00 0.01 0.00 
J9.58 19.64 20.17 23.32 

0 .01 0 .02 0.00 0 .00 
0 .05 0.03 0.45 0.78 
b .01 0 .00 0.00 0'.04 

• NIO 0.00 0.05 0 .05 0.00 0 .03 0.01 0.00 0.01 
MgO 
cao 
Na~ 
K~ 
Total 

0.02 e.o7 0.25 
0.29 0 .31 0.24 

12.05 11.89 11.34 
0 .07 0 .28 0 .98 

100.151 99.221100.20 

Atomic Proportions (based on 8 oxygens) 
Sl 
11 
AJ 
cr 
Fe 
Mn 
N 
Mg 
ca 
Na 
K 
Total 
Analyses 

Molecular% 
Ab 
An ' 
Or 

2.979 2.983 2.940 
0.000 0.000 0.001 
1.003 0.987 1.039 
0 .001 0.000 0.000 
0.008 0.012 0.019 
0.000 0.000 0.000 

. 0.000 0.002 0.002 
0.001 0.005 0.016 
0.014 0.015 0.011 
1.023 1.021 0.968 
0.004 0.016 0.055 
5.0321 5.0411 5.051 

1 1 1 

98.3 !t].1 93 .6. 
1.3 1.4 1.1 
0 .4 1.5 5.3 

1.00 0 .00 0 .00 0.06 0.21 
0 .15 0.29 0.79 0.87 0.00 
6.68 11.57 11.10 10.86 0.98 
3 .80 0.07 0.19 1.04 8.80 

97.51 99 .241100.401 99.46 97 .69 
.. 

2 .846 •2.981 2 . ~87 2.929 2.890 
. 0.002 0.000 0.000 0.000 0.000 
1.178 1.017 1.008 , .055 1.250 
0.000 0.000 0.001 0.000 0.000 
0.057 0.002 0.001 0.017 0.030 
0 .000 0.000 0.000 0.000 0.002 
0 .000 0.001 0.000 0.000 0.000 
0 .068 0.000 0.000 o.bo4 0.014 
0 .007 0.013 0.037 0.041 0.000 
·0.591 0.988 0.937 0.934 0.086 
0 .221 0.004 0 .011 0.059 0.511 
4.969 5.0061 4.9821 5.040 4.783 

1 4 , 1 1 

72 .1 98 .3 95 .2 90 .3 14.5 
0 .9 1.3 3 .7 4.0 0.0 

27.0 0 .4 1 .1 5.7 85 .5 

Whole Rock (complete analyses given in Appendix 8~) ---..,..----,---.....---~ 
zr(ppml I 53 s3 531 sJII 142 142 1421 142) 

• Total iron as FeO 

\ . 

/ 

, 
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Table 4-11: Aver:~ges of albite analyses from the Skidder Basalt compared toJhose of 

• the Buchans Group · 

Weight% 
. 5102 
no2 
AJ-z03 
Cr:P3 
Fee• 
MnO 
NIO 
MgO 
cao 
Na2<) 
K2<) 
Total 

zsso r_ 'PPm 
68.35 

0.02 
19.59 

0.01 
0.22 
0.03 
0.00 
0.01 
0.40 

11 .75 
0.05 

100.43 

Skidder Basalt 
- Average Albite 

z ~ r> _ 5ppm 
68.16 

0.03 
19.87 
0.01 
0.47 
0.02 
0.03 
0.03 
0.24 

11.98 
0.05 

100.90 

Atomic Proportions (based on 8 oxygens) 
51 
T1 
/!J 
()' 

Fe 
Mn 
t..t 
Mg 
ca 
Na 
K 
Total 
Analyses 

Molecular% 
.Ab 
An 
Or 

• To:al iron as FeO 

6 

2.980 2.965 
0.001 0.001 
1.007 1.019 
0.000 0.000 
0.008 0.017 
0.001 0.001 
0.000 0.001 
0.001 .0.002 
0.019 0.011 
0.993 1.010 
0.003 0.003 
5.013 5.031 

5 

97.9 98.6 
1.8 1.1 
0 .3 0.3 

Buchans Group 
A vera! e Albite 

Basalt Dacite 
z r>85Ppm SJ32A .. 563 

69 .31. 67.39 67.54 
0.00 0.01 0.00 

19.00 19.46 19.69 
0.00 0.01 0.01 
0.02 0.35 0.11 
0.01 0.00 0.01 
0.02 0.03 0.02 
0.01 0.11 0.01 
0.14 0.28 0 .47 

11 .92 11 .76 11.37 
0.04 0.44 0 .25 

100.46 99.86 99.47 

3.013 2.967 2.973 
0.000 0.000 0 .000 
0.974 1.010 1.022 
0.000 0.000 0.000 
0.001 9.013 0.004 
0.000 0.000 0.000 
0.001 0.001 0.001 
0.000 0.007 0.001 
0.007 0.013 0 .022 
1.005 1.004 0 .971 
0.002 0.025 0.014 
5.003 5.042 5 .008 

3 3 6 

99.2 96.3 96.5 
0 .6 1.3 2.2 
0 .2 2.4 1.4 
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in basalts having lower Zr concentrations. Plagioclase: grains from the Buchans Group 

rocks corll:lin a higher ~verage molecular percentage of orthodasc than those from the: 

Skidder Basalt. 

• 
-'..1.4 Potassium feldspars 

Samples S 81 and S 16 are enriched in potassium relative to other Skiddcr Basalt 

samples (Chapter 5). These are two of several potassium-enriched samples collected from 

outcrops that occur along a prominent lineament (figure 3-10). Electron microprohe 

,.. analyses of mineral phases in thin s~ctions of these :ocks indicate that the potassium­

bearing phase is K-feldspar (Table 4-12). 

Two analysc::s from S 81 arc presented in Table 4-12; one of albite containing a 

minor anorthite component and the second of K-feldspar with a significant molecular 

percent~ge of albite. 

Analyses of feldspar phenocrysts and groundmass feldspar' laths in thin sectionS 

16 show feldspar compositions having a low anorthite component but a range:: of Ab/Or 

ratios. Orthoclase components range from 0.4 to I 0.9 molecular pc:r cent in albitc:s, 17.1 to 

19.1 in sodic K-feldspar and 82.9 to 98.5 molecular per cent inK-feldspar. K-feldspar 

having a high onhoclase component occurs as stubby grains in the groundmass and as rims 

around albitized feldspar phenocrysts. ln each case the K-feldspar is untwinned and 

optically indi.stinguishable from albite .. Analyses of one large feldspar grain show the 

central portion of the grain to be essentially pure albite and the rim to be almost pure K-

feldspar. 

Results of experiments conducted to investigate the interaction of basalt and heated 

seawater suggest that spilitization of basalts may occur as a result of the interaction of basalt 

with heated circulating seawater (e.g. Mottl, I983a and 1983b). PQ(assium is leached from 

basalt by seawater at temperatures in excess of 150°C (e.g. Mottl, 1983b), a process which 

possibly played a role in the very low average content of potassium in the Skidder Basalt 
. ' 

~ ...... 
1 
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Table 4-12: Electron microprobe analyses of feldspars from potassium-rich Skidder Basalt samples 

t,tneral 
Weight% 
SI02 -
no2 ...__ __ 
Ai203 
Ct203 
Feo· 
MnO 
NIO 
MgO 
cao 
NaZ) 

_ K:;.O 
Tala I 

Albite K-feldspar 
s 81 s 81 

&,9 .46 66 .. 49 
0.00 0 .00 

20.32 19.52 
0 .01 0.00 
0 .18 0 .09 
0 .03 0.03 
0.01 0.03 
0.01 0 .02 
0 .56 0 .54 

12.05 3 .93 
0.06 11.97 

102 .6~!>2~~ 

Albite Albite Albite Albite 
s 16 s 16 s 16 s 16 
68.39 68.90 67 .68 67 .71 

0.00 0.00 0 .00 0 .00 
18.70 19.20 19.13 19 .42 
0 .01 0.00 0 .00 0 .00 
0.02 0.21 0 .10 0 .76 
0.01 0.01 0 .01 0.00 
0.01 0.00 0.05 0.05 
0.01 0.05 0 .00 0.33 
0.03 0 .11 0.10 0 .00 

12 .16 11 .55 11 .90 1 e .12 
0.07 0.27 0 .65 1.88 

99 .39(100.30[ 99 .62[ 100.27 
Atomic ProportiOns (based on 8 oxyqens) 
Sl 
~ 

Ca r 

Na 
K 
Others 
Totll 
Analyses 
Molecular% 
Ab 
An 
() 

2.965 • 2.960 
1.023 .1 .025 
0.026 0 .026 
0 .997 0.339 
0.003 0.680 
0.009 0.007 
5.0231 ~ 5 .037 
1 1 

97.2 32.5 
2.5 2.5 
0.3 65 .1 

3 .010 3.004 2.985 2.977 
0 .970 0 .987 0.995 1.007 
0.001 0.005 0.005 0'.000 
1 .038 0.976 1.018 0.863 
0 .004 0 .015 0.037 0.105 
0 .002 0 .011 o.oos- o.051 
5 .0251 4 .9981 5.0451 5.004 

2 1 1 1 

99.5 98.0 96.1 89.1 
0 .1 0 .5 0.4 0.0 
0.4 1.5 3.5 10.9 

Whole Rock 
Zr(ppm) 
K~(%) 

(complete analyses qiven an (qlpendix B) 

1~~5 II 44 44 51 51 51 
0.71 0 .71 1.45 1 .45 1.45 -

·Total iron as FeO 

.... 

,,.._ .. 
Centre I Rim Sodic So die 
Albite. K-feldspar K-feldspar K-feldspar K-feldspar K-feldspar 
s 16 s 16 s 16 s 16 s 16 s 16 
68.55 63.48 ·sa.39 68 .20 67.18 67.38 

0.00 0 .00 0 .01 0.00 0 .00 0 .02 
18.64 . 17.50 , 19.07 19.08 17.81 17.52 
0.01 -o .oo 0.00 0 .00 0 .00 0 .02 
0 .16 0 .11 ~9 0 .47 0 .02 0.4 7 
0.00 0 .00 0 .03 0.01 0 .03 0.01 
0 .02 0 .01 0.05 0.00 0 .00 0 .01 
0 .00 0 .00 0 .01 0 .25 0.00 0 .07 
0.11 0.00 0.09 0 .00 0 .00 0 .00 

12.25 0 .16 9 .94 9 .55 1.93 0.51 
0 .04 15 93 3 .1 1 3 .43 14 21 15.28 

99 .78[ 97 .19 _j00.99j 1Q0.9~ 101.181 101.29 

3.009 3.017 2 .997 2 .992 3.039 3.053 
0.965 0.981 0.985 0.987 0.950 0.936 
0.005 0.000 0.004 0.000 0 .000 0.000 
1.043 0.015 0.845 . 0.812 0 .169 0.045 
0.002 0.966 0 .174 0.192 0 .820 0.883 
0 .007 0 .005 0.014 0.034 0 .002 0 .025 
5.031[ 4 .983 5 .0191 5.0171 4.9811 4 .942 
1 ' 1 1 1 1 1 

I 

99.3 1.5 82.6 80 .9 1 ~.1 .4 .8 
0.5 0.0 0.4 0 .0 0.0 0 .0 
0 .2 98 .5 17.0 19 .1 82 .9 95 .2 

I 51 51 II 51 51 51 s, . I 
1.45 1 .45 1.45 1.45 1.45 1.45 • 

• 

,_ 

.... 
0 
VI 
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(Chapter 5). The presence of K-feldspar as rims around albitized feldspar in sampleS 16 

·suggests tldt the potassium has been introduced by way of a fluid which passed through 

·the roclnl\ter spilitization. The presence of a foliation definc.:d by feldspar grains in 1hin 

sectionS 16 suppons the possibil ity rha. ,;1e the lineament along which the potassium-rich 

samples occur marks a fault zone which provided a passageway for the ascending fluid. 

4...&.5 Amphiboles 

' All amphiboles observed in the Skidder Basalt are second:1ry, having formed by 

alteration of clinopyrollene or, in some places. possibly olivine . Greater amounts of 

amphibole are noted in the low-Zr basalts where it occurs as elongated prismatic crystals or 

fibrous masses. In places, pleochroic, brown , plumose masses of amphibole and 

intersenal chlorite are present in quench-textured ru~as around amygdules. In other areas, . . 

amphibole comprises mat-like intergrowlhs pseudomorphing primary axioli tic or other 

quench textures. In a few areas. amphibole forms an alteration rim around clinopyrollene 

gra1ns. 

Three electron r.nicroprobe analyses of Skidder Basalt amphiboles are presented in 

Table'4-l3. The amp1Tiboles have negligible Feh wntents act:ording to the methods of 

Stout (1972) and Papike .tl.i!l. (1974) used to estimate minimum and maximum Feh. 

They are Na rich, and, according to the classification st:heme of Leake ( 1978) and 

Hawthorne (1983) are silit:ic edenite (S 30), ferroan pargasitic hornblende (S 19 (l)) and 

edenitic hornblende (S 19 (2)). 

The amphiboles have Alz03 contents below 10% which, according to Liou and 

Ernst ( 1979), is charat:teristic of metamorphic amphiboles in ophiolites and may be 

indicative of low pressure origin. Low Na in the~ site, also typical of these amphiboles, 

has similarly been attributed to a low pressure origin (Brown, 1977). The high Na conten~ 

.... ' 
' 

\ 



Table 4-13: Electron microprobe analyses of Skidder Basalt amphiboles 

Weight% 
SI02 
TI02 
Al:z03 
Cr:zOJ 
Feo• 

• MnO 
NIO 
MgO 
cao 
Na;P 
K:z() 
Total 

Atomic Proportio 
Sl 
AJ4 
AJ6 
11 
fe3+ 
cr 
Mg 
fe2• 
Mn 
N 
ca 
Na 
Na 
K 
Total 

S30 s 19(1) 
56.52 40 .48 

0.03 0.57 
6.16 9.59 
0.05 0.09 
6.77 10.98 
0.16 0.08 
0.05 0.03 
6.79 9 64 

13.28 13.63 
6.88 8.67 
0.04 0.03 

96.73 93.79( 

ns (based on 23 oxygens) 
8.078 . 6.397 
0.000 1.603 
1.038 . 0.183 

" 
0 .003 0.068 
0.000 0.000 
0.006 0.011 
1.446 2.270 
0.809 1.451 
0.019 0.011 
0.006 0.004 
2.034 2.308 
0.000 0.000 

- 1.907 2.656 
0.007 0.006 

15 3541 16.968( 

s 19(2) 
43 .23 

1:31 
9.98 
0 .06 

10.57 
0 .10 
0.00 

10.34 
15.63 

2 .64 
_Q_J)_4 

93 .90 

6.637 
1.363 
0.443 
0.151 
0.000 
0.007 
2.366 
1.357 
0.013 
0.000 
2.571 
0.000 
0.786 
0.008 

15.702 

Mg/(Mg.tfe2+) I 0.641L 0.610 0.6351 

Tstte 

M(1-3)sltes 

M4 Site 

Asrte 

"i . 
Mini~n.~m and maxirrumFe3•calculated according to the methods 

of Stout, 1972: Papike ~. 1974; and Hawthorne, 1983 

Whole Rock (complete ·analy_ses presented in Ap~ndix B) 
SI02(%) 49.40 48.10 48 .10 
TI02(%) 0.61 .t-13 1.13 
Al~:i(%) 1.~.50 1'2( .50 14.50 
Cr(Rxn) 349 144 144 
Fe~(%)•• 7.60 9.23 . ~ - 9 .23 
MnO(%) 0.13 0.16 0 ., 6 .._ 
Nl(ppm) 156 67 -67 
Mg0(%) 5.70 7.08 7 .08 
CaO(%) 10.80 9.43 9.43 
Na~(%) 5.20 5.02 5 .02 
K~(%) 0.02 0.12 0 .12 
Zl(ppm) 30 62 62 

• Total iron as FeO 
•• Total iron as Fe2D:3 

1 

' 

I • 
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of the amphilx>les is probably a result of interaction of the rocks with seawater during 

spilitization. 

/'-

4.4.6 Chloritcs 

4.4.6.1 Introduction and presentation or results 

In the Skidder Basalt away from the Skidder Prospect alteration zon·e, chlorite 

occurs typically as fine gr~ned, light green, pleochroic, anhedral masses interienal tQ other 

minerals. It also fills vugs, vesicles, fractures and fills areas pseu.domorphic after olivine. 

In a few sectio;.::>, vug-filling chlorite occurs as radial aggregates. It typically displays 

brown to anomalous blue interference colours. 

In Buchans Group basalt sample S 82A, chlorite occurs in the groundmass as light 

green anhedral grains intersertal to other. minerals, and, along with calcite and quartz, forms 

olivine (?) or clinopyroxene (?) pseudomorphs. 

Electron microprobe analyses of chlorites from Skidder Basalt samples unaffected 

by the Skidder Prospect mineralizing event are presented in Appendix A (Table A-4). 

Within a given sample, there is little variance in the composition of chlorites overall, and 

intersenal chlorite' compositions do not vary significantly from those of chlorites filling 

open spaces or in areas pseudomorphic after other minerals. Therefore, analyses of 

chlorites which have similar compositions and occur in the _same th~n section have been 

averaged. The averaged chlorite analyzes are presented in Table 4-14. The samples, 

arranged by increasing whole rock Zr content, cover the range of Skidd~r Basalt 

compositions. Chlorites analyze9 hom Buchans Group sample S 82A are also listed in 

Appendix A (Table A-4), and an average of the analyses is prese~·ted in Table 4-14. 

All but one of the unmineralized Skidder basalt chlorites are classified as 

pycnochlorites according to the classification scheme of Hey (1954) (Figure 4-31>); the 
• 

remaining chlorite is classified as ripidolite. Chlorites from most of the Skidder basalts 

having Zr concentrations less than 85 ppm plot in the ocean floor metabasalt field (Melson 



Table 4-14: Electron microprobe analyses of Skidder Basalt and Buchans Group basalt chlorites; 
analyses that have been averaged are presented in Table A-4, Appendix A 

Rock Type 
Weight% 
5102 
Tl02 
Al2<'3 
Cr2<>3 
FeO* 
MnO 
NIO 
MgO 
cao 
Na2<) 
K2<) 

Basalt 
5 59 5 59 5 30 5 35A 5 81 
29 .07 28.08 27.85 28 .54 28.86 

0.00 0.02 0.00 0.00 0.01 
19.53 19.50 18.09 18 .41 17.57 

0.05 0.06 0.12 0.06 0.00 
18 .38 19.05 22 .24 19.43 24.21 

0.30 0.31 0.21 0.35 0.49 
0.05 0.08 0.09 0.08 0.05 

20 .07 19.72 18.03 20.17 17.26 
0.10 0.12 0.09 0.03 0.13 
0.04 0.02 0.02 0.04 0.06 
0.04 0.06 0.02 0.03 0.03 

~ ~ ~ 

Basalt Diabase Basalt 
516 519 553 5 22 5 25 5 79 5 60 
28 .58 28 .96 28 .31 29.94 28 .32 27.90 28.30 

0.01 0.01 0.01 0.02 0.02 0.01 0.02 
18.79 19.46 18.67 18.25 19 .52 17.87 18.34 
0.02 0.03 0.03 0.01 0.01 0.02 0.02 

21 .72 23.00 23 .64 19.03 24.34 27.29 24.34 
0.41 0.31 0.23 0.41 0.23 0.38 0.27 
0.01 0.03 0.04 0.02 0.05 0.04 0.03 

18.16 17.87 16.75 21 .50 16.58 15.17 16.97 
0.06 0.11 0.15 0.06 0.08 0.10 0.09 
0.04 0.05 0.05 0.02 0.03 0.03 0.05 
0.06 0.02 0.01 0.01 0.02 0.03 0.02 

--- - - .-.-~--

Basalt 
5 21A 5 21A 5 29 
29 .82 26 .98 27 .56 

0.01 0.02 0.03 
17.55 18 .34 19.77 

0.00 0.03 0.02 
24.81 24.43 28 .97 

0.59 0.59 0.54 
0.01 0.03 0.01 

17.66 15 .42 13.42 
0.05 0.23 0.05 
0.11 0.03 0.01 
0.03 0.03 0.02 

Total 87.641 87.02186.761 87.121 88 .64 87.871 89.861 87.88 89 .281 89 .18 88.811 88.44 -~0 . §~4 86 . 1~90.41 
Atomic Proportions (based on 28 oxygens) 
51 
/JJ 
Fe 
Mn 
Mg 
Other 
Total 

Fe/Fe+Mg 
Analyses 

5.875 5. 756 5.833 5.856 5.968 
4.659 4.714 4.468 4.454 4.281 
3.109 3.268 3.896 3.335 4.187 
0.052 0.054 0.036 0.061 0.086 
6.046 6.021 5.628 6.167 5.317 
0.065 0.077 0.070 0.051 0.068 
19 .801 19.891 19.931 19.921 19.91 

0.34 0.35 0.41 0.35 0.44 
3 3 6 2 2 

5.876 5.845 5.878 
4.559 4.631 4.570 

. 3.736 3.882 4.105 
0.072 0.054 0.041 
5.563 5.377 5.183 
0.052 0.059 0.068 
19.861 19.851 19.84 

0.40 0.42 0.44 
3 5 3 

Whole Rock (complete analyses presentedmAppendix B) 
16 16 30 38 44 

10 .12 10.12 7.60 8.86 10.78 
Zl(ppm) 
Fe2<)3 (%)** 
MgO(%) 11 .13 11 .J-~-~_§ ._7_Q __ _§_._91_~Jt~Z 
* Total iron as FeO 
•• Total iron as Fe20 3 

51 62 66 
12.18 9.23 9.51 
6.07 7.08 7.64 

5.961 5.805 5.858 5.860 6.031 5.781 5.719 
4.284 4.715 4.423 4.484 4.184 4.632 4.837 
3.169 4.173 4.792 4.219 4.196 4.377 5.029 
0.070 0.039 0.067 0.047 0.101 0.107 0.094 
6.382 5.065 4.746 5.240 5.323 4.924 4.151 
0.031 0.046 0.051 0.057 0.065 0.086 0.030 
19.901 19 .84 19.941 19.91 19.90119 .91119 .86 

0.33 0.45 0.50 0.45 0.44 0.47 0.55 
4 4 2 4 1 3 4 

--- - - ----- -- --

68 73 78 82 95 95 110 
11 .19 11 .68 13.49 13.68 9.45 9.45 10 .2 

7.15 7.35 5.9 6.66 4.09 4.09 2.37 
--------------- -

---------
Group 
582A 

27.83 
0.01 

18 .78 
0.02 

19.50 
0.40 
0.08 

19 .25 
0.12 
0.04 
0.03 

86.0~ 

5.794 
4.609 
3.397 
0.070 
5.971 
0.070 
19.91' 

0.36 
3 

[ill 8 
9 

1-' 
0 
\0 
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Figure 4-36: Skidder chlorite compositions plotted on classification diagram after Hey (1954). 
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Figure 4-37: Skidder Basalt chlorite compositions compared to those of typical metabasalts, quartz-chlorite 
breccias and a chlorite-quartz metabasalt from sea-floor greenstones (after Melson and van 
Andel, 1966; Hwnphris and Thompson, 1978; Mott11983a). Large open squares represent 
chlorite compositions for different sea water/rock ratios from model predictions of Mottl (1983a). 
Key as per Figure 4-36. 
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and van Andel, 1966; Humphris and Th_ompson, 1978; Mottl, 1983a) on the Al20 3-Fe0-

Mg0 diagram (Figure 4-37) but chlorites from Skidder basalts having higher Zr 

concentrations extend to higher FeO compositions and plot within the quartz-chlorite 

breccia field. 

A Pearson correlation coefficient matrix showing correlations between components 

of S kidder Basalt chlorites as well as correlations between the chlorite components and 

those of the whole rock is presented in Table 4-15. Substitution of FeO for MgO in 

Skidder Basalt chlorites is indicated by their strong negative correlation with each other 

(Table 4-15 and Figure 4-38). FeO* (total iron in chlorite) increases and ~gO decreases 

significantly with increasing Zr in whole rock (Tables 4-14; 4-15; and Figure 4-38). This 

is reflected by positive correlations of FeO• an~ concomitant negative correlations of MgO 

(in chloute) with whole rock Ti02, Na20 and Si~ (Table 4-15). It is also reflected by 

negative correlations of Feo• and by positive correlations of MgO in chlorite with Cr, Ni 

and MgO in whole rock (Table 4-15). Thus, in most Skidder basalts the FeO/(FeO + 

MgO) ratio in chlorites reflects whole rock composition increasing with increasing Zr 

concentration (Table 4-15 and Figure 4-38). 

Si02 in chlorite shows a slight to moderate negative correlation with FeO• and 

moderate positive correlation with MgO in chlorite (fable 4-15). It also shows a very weak 

negative correlation with Ti~ and Zr and a weak positive correlation with MgO in wh~le 

rock (Table 4-15). Si~ correlates negatively with the hydrous component of the chlorites 

as indicated by its positive correlation with analytical totals (Figure 4~38). MnO in chlorite 

shows a weak positive correlation with FeO*, and, like FeO, correlates positively with 

Ti02, Si02 and Zr in whole rock. Note that MnO in chlorite does not correlate positively 

with MnO in whole rock (Table 4-15). Cr203 and NiO present in the chlorites correlate 

positively with each other and negatively with Zr in whole rock. Al203 shows no clear 

variation with basalt composition (Table 4-14 ). This is reflected in the general lack of 



Table 4-15: Pearson correlation coefficient matrix for Skidder Basalt chlorites 

Chlorite 
Si02 
Al~3 
Cr~3 
FeO* 
MnO 
NIO 
MgO 
FeO/(FeO+MgO) 
Total 

Number of samples = 49 

1.00 
.00 1.00 

-.19 .00 1.00 
-.34 .00 -.21 

.00 .00 -. 36 

.00 .00 .56 

.58 -.05 .07 
-.47 .00 -. 16 
.59 .26 -.34 

1.00 
.28 1.00 

-. 33 -.49 1.00 
-.91 -.26 .20 1.00 
.98 .27 -.27 -.97 1.00 I 
.34 .1 3 -. 36 .00 .171 
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1.00 I 
S102 Al~3 Cr~3 FeO* MnO N10 MgO FeO/ Total 

(FeO+MgO) 
Chlorite 

* Total Iron as FeO 
weight% of mineral components rather than atomic proportions were used in the calcu lation 
of the corre lation matrix 

Whole Rock 
SI02 (%) 
Ti02 (%) 
Al~3(%) 
Cr(ppm) 
Fe~3(%)** 
MnO (%) 
Ni(ppm) 
MgO (%) 
CaO(%) 
Na~(%) 

K~(%) 
Zr(ppm) 

-. 31 
-.16 
.24 
.00 
.00 

.32 
.00 
.29 
.00 

-.32 
.13 

-.06 

.00 

.1 0 

.0 0 

.00 

.00 
-.18 
.00 
.00 
.00 
.00 
.00 
.00 

-.22 
-.52 

-.35 
.58 

-.59 
-.27 
.65 
.00 
.50 
.00 

-.20 
-.53 

.57 .68 
.80 .50 
-.13 .22 
-.58 -.36 
.15 .00 

-. 31 .1 0 
-.68 -.51 
-.74 - .42 
-.33 -.72 
.72 .30 
-.09 .25 
. 76 .51 

- .45 -.62 .61 .00 
- .59 -.75 .79 .37 
- .1 5 .22 -.20 .12 
.63 .52 -.57 -. 26 
-.41 .00 .08 .1 8 
.00 .36 -.35 .00 

.70 .62 -.67 -.31 

.35 .67 -.73 -. 14 

.60 .31 -.33 .00 
-. 21 -.65 .71 .07 

-.30 .11 -.1 0 .0 0 
-.61 -.67 . 74 .37 

S102 A1~3 Cr:zQ3 FeO* MnO N10 MgO FeO/ Total 
(FeO+MgO) 

Chlorite 
** Total iron as Fe~3 
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Figure 4-38: Miscellaneous X-Y plots for Skidder Basalt chlorites. FeO*- Total iron as 
FeO. Key as per Figure 4-36. See text for discussion. 
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\ 

correlation between Ah03 and most of the oth~r chlorite and whole rock components 
" 

(Table 4-15). 

' · 4.4.6.:2 !Xscussion 
1 

Mo~l983a) predicts ~~'\n metabasalts that have interacted with seawater, 

~ ' 
chlorite compositions are g;:>Verned by seawater/basalt ratios., Chlorites display an increase 

in Mg, AI and HzO and a decrease in Si and Mn with increasing seawater/rock ratios 

(Seyfried and Mottl, 1982; Mottl, 1983a). Figure 4-37 shows that Skidder Basalt chlorites 

it:J "rocks unaffected by the Skidder Prospect mineralizing event have compositions typical 

of low seawater/basalt ratios (about 1-20). However,lhe higher-Zr Skidder samples define 

a trend toward FeO enrichment and MgO depletion on this diagram, indicating some 

measure of host rock compositional control on the composition of the chlorites. In the 
J . 

Skidder Basalt much of the chlorite (accompanied by quartz) occurs in the groundmass 

intersenal to other minerals and probably form~ by alteration of basaltic glass, the 

composition o~ which is sensitive to magmatic differentiation. Chlorites formed in this 

manner would be expected to reflect, in part, the composition of the basaltic glass and thus . ~ 

the host rock composition. 

Chlorites from diabase dyke sampl~ S 22 contain higher MgO and lower FeO 

contents than would be predicted from the FeO*/(FeO* + MgO) vs. Zr trend defin'ed by 

chlorites from the other Skidder Basalt samples (Figure 4-38). According to Mottl (1983a) 

increased alteration of lhe rock as a result of its interaction with greater amounts of seawater 

would result in the formation of more magnesian chlorites. Petrographic examination of 

thin section S 22 has shown the rock to be extensively altered, e.g. clinopyroxene 

Amicrophenocrysts (?)are replaced completely by epidote and calcite in S 22 whereas in 

" several other Skidder Basalt thin sections clinopyroxene grains are well preserved . 

• 

.. 
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4.4.7 Epidote 

4.4.7.1 lntroductil>n and presentation of results 
. ' 

Epidote is present in many Skidder Basalt samples covering the range of 

compositions from low- to high-Zr basalts. It occurs ~ypically as pleochroic, light olive 

green, equant to prismatic grains that are 1.5 to 2 mm in diameter. It is randomly 

distributed throughout some samples but most commonly fills vesicles, vugs and fractures. . . 
I 

In a few thin sections, radially aligned needles of epidote are noted. Epidote, calcite and 

locally quanz partially or completely replace clinopyroxene in some Skidder area tnafic 

intrusive rocks, e.g. S 22 and S 25 . ' Also, epidote, accompanied by albite, replaces ·. \ 
plagioclase laths in a few samples, e.g. thin sectionS 49. 

Electron microprobe analyses of Skidder Basalt epidotes are presented in Table 4-

16, where they are arranged in ascending order according to host-rock Zr concentration. 

Note that totaUr!in is shown as FeO on Table 4-16, although most Fe in epidote is present 
/~ 

as Feh ~~ :g~Jeer ~. 1966). The epidotes are_ relatively iron richi having a pistacite 

(Ps) component, as indicated by the Fe/(Fe + AI) ratio, between 23 and 33 molecular per 

cent. 

Correlations between epidote and host rock compositions (Table 4-17) indic;ate 

some measure of bulk 10Ck compositional control on the Fe and Ca content of the Skidder 

Basalt epidotes. FeO• (total iron in epidote) correlates positively with Zr and Fe203** 

(total iron) in whole rock; and negative!)' with CaO, Ni and Cr in whole rock. Although it 

does not sho'!" a large Jlariation, CaO in epidote correlates negatively with FeO in epidote 

and negatively with a, Na20 and Fe20:3** in whole rock. CaO in epidote shows a strong 

positive correlation with CaO in whole rock. Anal~~i.i totals of the e~otes show a 

positive corr!!lation with Zr, Fez()3•~ Ti~; and a negative correlation with Ni and Cr in . 
whole ··xk. Si02 in epidote correlates positively with Naz() in whole rock, and negatively 

with MgO and AI20J in whole rock. 
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Table 4-16: Electron microprobe analyses of Skidder Basalt epidotes 

Weight% 
Sl~ 

TI02 
AJA 
Cr~3 
FeO' 
MnO 
NIO 
MgO 
CaO 
Na~ 
K~ 
Total 

~~--~~~~~~~~~~~~~~~~~~~~~--~~-=~--~~-=~Sk~P~-
5 59 J-30 S J?A S 22 S 22 S 22 S 25 . S 25 S 25 S 79 S 60 S 60 S 60 S 60 SK 27 8 SK 27 8 
37.41 42 .03 38.18 42.14 . 38 .89 38.93 38 .73 39.04 39 .42 38.54 39.60 39 .73 39.07 39 .30 38 .05 37.39 

0.02 O.U3 0.23 0.01 0.17 0.17 0 .06 0.13 0.11 0.03 0.06 0.08 0.05 0 .06 0.02 0.00 
23.66 17.51 24.13 19.95 23 .78 22.98 24.05 25.52 23.08 22.17 22.03 22.05 22.99 21.23 22.41 20.89 

0.05 0.08 0~05 0.00 0.00 0.00 0 .00 0.01 0.04 0 .00 0 .04 0.02 0 .00 0.04 0.01 0.03 
11 .73 7.51 10.25 · 13.75 11 .26 12.10 10.20 8.92 12.59 13.75 14.01 13.76 13.01 14.44 12.39 14.77 

0.11 0.00 0 .06 0.11 0 .11 0 .19 0 .09 0.17 0.17 0.07 0 .11 0 .01 0.11 0 .08 0.18 0.12 
0.03 0.02 0 .05 0.04 0.02 0.05 0 .03 0.00 0 .01 0 .03 0 .00 0 .10 0.01 0.03 0.05 0.05 
0.04 0 .17 0.45 0.12 . ~ 0 .16 0 . .08 0.00 0 .34 0 .01 0.00 O.Ov 0.84 0 :05 0 .02 0.00 

23.51' 26.95 21 .97 21.93 2'3.49/ 23.14 23.71 23.47 22 .84 23 .75 22.13 21. 95 21 .93 23 .18 24.47 24.54 
0.03 0.03 0 .04 0.09 0.04 0 .01 0 .00 0.00 0.09 0 .03 0 .00 0.00 0.01 0.00 0 .00 0.00 
0.01 0 .01 0 .01 0.00 0 .01 0.02 0 .02 0.00 0.01 0 .01 0 .00 0 .00 0 .00 0 .01 O.Q.3 0.00 

96.601 94.34) 9542) 96.14) 97.81) 97.75) 96.97) 97 .261 98.70) 98 .391 97.981 97.721 98.021 98.42 97 .631 97.79 
ortions (based on 12.5 oxygens) Atomic Pro~ 

$1 3 .077 3 .488 3 .132 3.399 3.139 3 .157 3 .139 3 .125 3.166 3 .140 3 .218 3 .230 3.159 3.203 3.117 3.105 
2.294 1.713 2.334 1.897 2.263 2.197 2.298 2.408 2.186 2.130 2.111 2 .114 2.191 2.040 2 ,164 2.045 
0.807 0 .521 0 .703 0.928 0 .760 0.821 0.691 0 .597 0.846 0.937 0.952 0.936 0.880 0.984 0.849 . 1.026 
0.005 0.021 0.055 0.014 0 .005 0 .019 0.010 0.000 0 .041 0 .001 0.000 0.002 0.101 0.006 0.002 0 .000 
2 .072 2.396 1.931 1.895 2.031 2 .011 2.()59 2.013 1.966 2.074 1.927 1.912 1.900 2.024 2.146 2,183 
0.020 0.014 0.032 0.025 0 .026 0 .030 0.014 0 .020 0 .036 0.014 0.014 0 .013 0 .013 0.015 0 .021 0 .014 
8 .2761 8.1541 8.1881 8 .1591 8 .2241 8 .2361 8.2101 8 .1631 8 .2411 8.2961 8 .2221 8.2071 8 .2431 8.272 83011 8.372 

/JJ 
Fe 
Mg 
ca 
Others 
Total 
Fe/(Fe+AI) 
Whole rock 
Sl~(%} 
Al:zO:J (%) 
~(%)** 
CaO(%) 
Na~(%) 
K~(0k) 
Zt(ppm) 

0.26 0.23 0 .23 0 .33 0 .25 0.27 0 .23 0.20 0.28 0 .31 0 .31 0 .31 0 .29 0 .33 0.28 0.33 
(conY,:>Iete analyses presented in Appendix B) 

47.90 49.40 48.50 48 .50 48.50 48.50 49.80 49.80 49.80 49.40 51.80 51.80 51.80 51 .80 47.10 47.10 
15.10 13.50 14.50 15.10 15.10 15.10 14.00 14.00 14.00 15.30 14.80 14.80 14.80 14.80 16.00 16.00 
10.12 7.60 8 .86 11.19 11.19 11 .19 11 .68 11 .68 11 .68 13.49 13.68 13.68 13.68 13.68 10 ~54 10.54 
8.03 10.80 7 .07 5 .74 5 .'74 5.74 8.27 8 .27 8 .27 4.04 4.02 i' 4.02 4 .02 4.02 9.52 9.52 
3 .68 5.20 4 .89 4.64 4.64 4 .64 4.58 . 4 .58 4 .58 5.35 5 .51 5.51 5 .51 5 .51 1.49 1.49 
0.09 l 0.02 0.03 0 .38 0.38 0.38 0.02 0.02 0.02 0 .06 0 .09 0 .09 0 .09 0.09 2.36 2.36 

16 30 38 68 68 6_§ _ Z3 _ ?3 _ _73 __ 78_ _ 82 82 82 82 45 45 

·Total iron as FeO 
··Total iron as Fe~3 

.. 

,. 

~ 

-
0\ 
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Table 4-17: Pearson correlation coefficient matrix for Skidder Basalt epidotes 

Epidote 
SI02 
Tl02 
Al:z03 
FeO* 
MnO 
MgO 
CaO 
Total 
Fe/(Fe+AI) 

Number or samples = 16 

1.00 
.00 1.00 

·.61 .51 1.00 
.00 -.26 .00 ' 

-.26 .00 .42 
.00 .00 .00 
.00 -.21 -.40 
.00 .00 .00 
00 ·.47 -.40 

1.00 
.00 1.00 
.00 .00 1.00 

·.43 .00 -.21 
. 77 .43 .00 
.93 .00 .00 

5102 TI02 Al:z03 FeO* MnO MgO 

Epidote 

• Total iron as FeO 

1.00 
-.45 1.00 I . 
-.11 .591 1.00j 

cao Total Fe/ 
(Fe+AI) 

. ' 

Except for Fe/(Fe+AI), which are atomic proportions, weight% of mineral oomp(ments rather 
than atomic proportions were used in the calculation of the correlation matrix 

Whole Rock 
5102(%) 
Tl02(%) 
Al:z03 (%) 
Cr(ppm) 
F~(%)** 

MnO(%) 
Nl(ppm) 
MgO(%) 
CaO(%) 
Na:zO (%) 
K:zO (%) 
ZT(ppm) 

.19 

.00 
-.43 
.00 
.00 

-.11 
.00 

·.61 
.00 
.43 

· .29 
.00 

.00 

.00 
-.15 
.07 
.00 
.00 
.00 
.00 
.00 
.18 

-.26 
.00 

.00 .00 

.21 .00 

.00 .65 

.00 -.38 

.00 .63 

.00 .00 

.00 -.51 

.28 .00 

.00 -.54 

.00 .00 

.00 .17 

.00 .34 

-.25 .00 -.33 
.00 .00 - .28 
.18 .00 .00 
.00 .00 .00 
.00 .00 -.54 
.04 .00 .00 
.00 .00 .38 
.20 .00 .00 
.00 .00 .69 

·.39 .13 · .27 
.26 .00 .19 
.00 .00 - .47 

.00 .00 

.58 00 
.39. .58 

-.75 -.26 
.78 .44 
.00 .00 

-.77 ·.34 
.00 00 

· .51 ·.41 
.00 .00 
.00 .23 

.68 .17 
5102 002 Al:z03 FeO* MnO MgO cao Total Fe/ 

(Fe+AI) 
Epidote 

•• Total iron as Fe~3 
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Correlations among epidote components include positive correlations t>etween 

FeO*, MnO and analysis total; and negative correlations between Al2~ and analysis total 

and between AlzOJ·SiOz, CaO-Alz~. and FeO-CaO (Table 4-17). 

4.4.7.2 Discussion 
( 

The presence of abundant epidote in many of the Skidder Basalt rocks enables some 

constraints to be placed on the temperature and f~ conditions under which the rocks were 

altered. Above 250°C, epidote appears as ar. abundant phase in metasomatized rocks & the 

Reykjanes (T6masson and Kristmannsd6ttir, 1972) and Cerro Prieto (Gulf of California) 

(Elders et al., 1979) geothermal fields. Liou and Ernst ( 1979) show that the upper limit for 

the greenschi~t assemblage albite + epidote + chlorite + actinolite is 475°C under fluid 

pressures ~band fo2 values defined by the fayalite-magnetite-quanz (FMQ) rn.ffer . 

Liou. (1973) indicates that bulk rock composition to some extent determines epidote 

composition but maximum Fe3+ content of epidote is determined by fo2. The pistacite 

component range for the Skidder Basalt epidotes (23-33%) overlaps but extends to higher 

values than epidotes of mid-Atlantic ridge basalts which have Ps components of 22 to 25% 

(Humphris and Thompson, 1978). Sivell and Waterhouse ·(1984b) suggest that Ps 

-~• component ranges of 23 to 33%, like those o( Skidder Basalt epidotes, indicate formation 

of the epidote under oxygen fugacities higher than the FMQ buffer and as high as the 

hematite-magnetite (HM) buffer. 

4.4.8 Ti-bearing minerals 

Titanium-bearing minerals in the Skidder Basalt include: Ti-bearing Fe-oxides; Fe-
. I . 

Ti oxide - sphene intergrowths; sphene; and mu.<;h lesser amounts of leucoxene (anatase (?) 

or brookite (?)) (Tables 4-18 and 4-19). Most Fe-oxide grains analyzed are magnetite, 

which contain (P to 3% Ti02 (Table 4-18). Several analyses of opaque grains indicate 

.:ompositions futennediate between magnetite and sphene; this suggests hr.e intergrowth of 
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Table 4-18: Electron microprobe analyses of Skidder Basalt iron-titanium oxides 

Weight% 
SI02 
Tl02 
AJ.P3 
Cr~3 
Feo· 
MnO 
NIO 
MgO 
cao / 
Na.P 
K2<) 
Total 

'I 

s 16 s 16 s 29 S21A S21A S21A 
1 .19 1.17 0 .50 2.55 3 .38 11 .14 
0 .03 3.09 0.77 0.82 2.72 11 .77 
0 54 0.21 0 .25 1 .41 0 .41 2.84 
0 .03 0 .09 0.02 0.02 ( 0.04 0.02 

89.84 85.29 88.95 85.36 80 .39 .57.72 
0 .01 0 .03 0 .06 0.10 0.04 0.00 
0 .01 0 .02 0 .10 0.09 0 .03 0.('5 
0 .05 0 .06 0 .16 3 . .77 0.02 0.05 
0 .04 0 .21 0 .20 0.31 3 .48 9.58 
0.12 0 .07 0 .67 0.02 0 .12 0.07 
0 .04 0 .01 0.01 0.01 0 .02 0.01 

91 901 90.251 91 .691 94.46190.651 93.25 

Atomic Proportions 
51 
11 
/IJ 
Cr 
Fe 
Mn 
N 
Mg 
ca 
Na 
K 
Total 
Oxygens 

0.045 0.044 0.019 0.089 0.122 0.429 
0.001 0.088 0.022 0 .021 0.074 0.341 
0.024 0.009 0.011 0 .058 0.018 0.129 
0.001 0.003 0.001 0.001 0.001 0.001 
2.860 2.701 2.852 2.480 2.436 1.861 
0 .000 0.001 0.002 0.003 0.001 0.000 
0 .000 0.001 0.003 0.003 0.001 0.002 
0.003 0.003 0.009 0.195 0.001 0.003 
0.002 0.009 0.008 0.012 0.135 0.396 
0.009 O.QQ] 0.050 0.001 0.008 0.005 
0 .002 0.000 0.000 0.000 0.001 0.000 
2 .94 7j2.864_l2 .9781 2 .8621 2. 79913.167 

3 3 3 3 3 4 

Skeletal llmenne (?) Sphene/ 
Alteration Products Fe-Ti oxide 

s 22 s 22 s 22 s 25 
• 7.62 17.43 20.59 21 .17 

13.73 17.83 45.45 22.77 
1.21 1.97 1.61 0.88 
0:.04 0.05 0.04 0.03 

67(Jft' 42.00 10.56 29.21 
0.01 0.04 0.25 0.01 
0.04 0.01 0.00 0.06 
0.52 0.48 1.62 0.08 
5.33 16.23 17.01 19.86 
0.09 0.57 0.05 0.01 
0.01 0.02 0.02 0.01 

95.701 96.63 97.201 94.09 

0.340 0.659 0 .652 0 .768 
0.461 0.507 1.082 0.621 
0 .064 0.088 0.060 0 .038 
0.001 0.001 0.001 0 .001 
2 .505 t .328 0 .280 0 .886 
0.000 0.001 0.007 0 .000 
0 .001 0.000 0 .000 0 .002 
0 .'035 0.027 0 .076 0.004 
0.255 0 .657 0 .577 0 .772 
0.008 0.042 0 .003 0 .001 
0.001 0.001 0 .001 0.000 
3 .6711 3.311 2 .7381 3 .093 

4.5 4.5 4 .5 4.5 

Whole Rock (complete analyses are presented in Appendix 8) 

Tl02 (%) 
Fe4P3(%)" 
ZT(ppm) 

1.04 
12.18 

51 

• Total Iron as FeO 
•• Total iron as Fe4P3 

1.Q4 1.88 1.60 
12.18 10.20 9.45 

51 110 95 

. 1.60 1.60 0.96 0.96 0.96 , .45 
9.45 9.45 , 1. '\.9 p .19 11 .19 11 .68 

95 95 68 68 68 73 

( 
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Table 4-19: Electron microprobe analy~es of Skidder Basalt sphene~ and leucoxene '-

1 
Weight% 
SI02 
TI02 
AI:P3 
O':z03 
Feo• 
MnO 
NiO 
MgO 
CaO 
Na~ 
K:z() 
Total 

Atomic Pro~ 
5I 
11 
1-J 
Fe 
Mg 
ca 
Others 
TOtal 

Whole Rock 
T102(0~) 

Fe:z03 (%)** 
CaO(%) 
"Zr(ppm) 

s 59 
32.12 
30.75 

4 .10 
0.07 
3 .07 
0 .20 
0 .02 
1.93 

26.16 
0.03 
0.04 

98.491 

(soh .. 
0 .954 
0 .687 
0.144 
0 .076 
0.085 
0.832 
0.010 
2.788( 

0.49 
10.12 
8.03 

16 

·Total Iron as FeO 
··Total iron as Fei)3 

559 530 
33.81 29.93 
24.44 31 .06 

4 02 3 .46 
0.02 0.07 
5 .74 2.70 
0.20 0 .01 
0 .04 . 0 .03 
5.34 0 .65 

25.36 26 .78 
0.16 0.04 
0.02 0 .03 

99 .151 94.76( 

based on 4.5 - -- - ~ - -- - - -

1.002 0.930 
0.545 0.726 
0 .140 0.127 
0.142 0.070 
0 .236 0.030 

. 0 .805 .0.892 
0 .016 0.006 
2 .8881 2.781( 

0.49 0 .61 
10.12 7 .60 

8 .03 10.80 
16 30 

' 

Sphene 
S30 516 519 553 s 79 . 
32.19 39 .30 32 .35 28 .66 31.91 
32.57 28.27 ~0 .75 27.37 26.60 

3 .08 4 .57 3 .31 2.96 5.78 
0 .09 0 .03 0 .03 o.oo-:J 0 .03 
2.87 1.33 1.73 3.79 4 .41 
0 .02 0.04 0 .06 0.00 0.10 
0 .08 0.00 0 .03 0.05 0.00 
0.01 0.00 0 .06 0 .04 1.09 

26.93 27.43 27 .34 27.45 25 .94 
0 .00 0 .03 0 .05 0 .36 0.05 
0 .03 0 .06 0 .01 0 .01 0.02 

99.871 101.061 95.l_L~o .1i9l 95 .93( 

based on 2 
~- -. - -- - -- - - -- - - - - - - .-..- -, 

0.950 1.106 0.985 0.943 0 .975 
0 .723 0.599 0.704 0.677 0 .611 
0 .107 0 .152 0.119 0.115 0.208 
0 .071 0 .031 0.044 0.104 0.113 
0 .000 0 .000 0.003 0.002 0 .050 
0 .915 0 .827 0.892 0 .968 0.849 
0 .006 . 0 .005 0.006 0 .025 0.007 
2 .7731 2 .7211 2.7531 2 .8341 2.8121 

0.61 1.04 1.13 1.09 1.15 
7.60 12.18 9 .23 9.51 13.49 

10.80 1.68 9.43 8.46 4.04 
30 51 62 6 6 78 

Sample SK 28 75 is from the Skidder Prospect chlorite-quartz·pyrite alteration zone 

··-· 

• 

Leucoxene 
560 S 21A 5 29 S 21A SK 28 75 
32.99 30 .36 30 .89 0.67 0 .15 
31 .90 30 .30 35 .16 93.41 94.23 

3 01 4 .11 1.94 0.18 0.13 
0 .07 0 .03 0.02 ' 0.01 0 .04 
2 .56 2 .68 0.94 0.15 0:-33: 
0 .04 0 .00 0 .02 0 .01 0 .01 
0,04 . 0 .03 0.05 0 .04 0.00 
0 .27" 0 .06 0.03 0.03 0.00 

28 .28 . 27 .69 28 .84 0 .71 i-0 .13 
0 .03 0 .00 0.02 0.01 0.00 
0.12 0 .02 0 .03 0.01 0 .00 

99 .311 95 .28( 97.94 95 .231 95 .02 

0 .974 0 .938 0 .927 0 .009 0 .002 
0.708 0.704'·, 0 .794 0 .981 0 .993 
0.105 0.150 \. 0.069 0 .003 0 .002 
0.063 0.069 0.024 0.'002 0 .004 
0.012 0.003 0.001 0.001 0 .000 
0.895 0 .917 0 .927 0 .011 0 .002 
0.010 0 .002 0.005 0 .001 0 .001 
2.7671 2.7831 2 .746 1.0081 1.004 

1.2 7 1.60 1.88 ""' 1.60 0.55 
13.68 9.45 10.20 9 .45 10.36 

4.02 2.09 3.39 2.09 0.23 
82 95 110 95 50 

-~ 
, 
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the two minerals (Tab\e 4-18). Sphene occurs as subhedral grains that, in places coalesce 

to fonn dense irregular masses. Greater amounts of sphene are present in the higher-Zr 

basalts. Thin sections S 22 and S 25 contain skeletal magn~tite (?) grains rimmed by 

sphene that are probably pseudomorphic after ~lmenite. Sphene, in the Skidder Ba.:>alt, 

shows some substitution of Fe, Al and Mg for Ti (Table 4-19) and covers a greater 
~ . 

compositional range than sphenes from plutonic rocks of the East Taiwan Ophiolite (Lieu 

and Ernst, 197'9), or spilites from nonhern France (Moore-Biot, 1970~ (Figure 4-39). 

Leucoxene analyzed in the Skidder Basalt samples is almost pure. Ti02. Limited amounts 

of Si(h, CaO, Al20:l and FeO in the leucoxenc are probably due to the presence of a small 

am~mnt of sphene. ' Titanium-bearing minerals in the Skidder Basalt are,probably alteration products of 

primary Fe-Ti oxides. Liou and Ernst (1979) suggest that primary Fe-Ti oxides unrnix to 

ilmenite and magnetite during cooling, and that ilmenite is replaced by sphene during 

postmagmatic greenschist facies metamorphism. For example, Liou and Ernst (1979) and 

Evans and Schiffman ( 1983) report intergrowth of magnetit~ and sphene formed. by 
• 

alteration. of ilmenit;ru gabbros of the Etst Taiwan and Del Prieto Ophiolite respecti:ely: 

Leucoxene (anatase or brookite) in the Skidder Basalt probably formed by alteration of 
~ ·-sphene. 

.. 

. , 
( 
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Key 

• Zr$; 50 ppm 

o Zr>50$;85 ppm 

• • Group 2 

Ti 1 0 20 30 40 50 60 70 80 90 

Figure 4-39: Molecular proportions of AI, Ti and Fe in analyzed Sk:idder Basalt sphenes. 
The compositional fields for 5 sphenes in Permo-Carboniferous spilites from 
North France (Moore-Biot, 1970), and 8 sphenes from plutonic rocks of the 
East Taiwan Ophiolite (Liou and Ernst, 1979) are shown for comparison. 
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4.4.9 Calcite 
. ~· ... (~· .>.· ~· I ' 
.- - ~ 
;;' .·rt · ... .:_ 

In the Skidder Basalt, anhedral calcite grains•fo;m i~~gular masses that ~cur 

throughout some samples, ana fill vugs, -·vesictes' ancr-fra etures -in others. In places, it 

OCC'lrS with albite as a replacement product of plagioclase, and in some lo~-Zr basalts it 
• f• • 

accompanies epidote in areas probably pseudomorphic after olivine. In thin section S 22, 
.-

clinopyroxene has been completely alt~red or replaced by various combinations of epidote, 

calcite and quanz. 

Skidder Basalt calcite analyses, presented in Table 4-20, include: calcite from an 
, . 
' . 

altered plagioclase phenocryst; calcite pseudomorphing olivine; and ll~hedral masses of 

calcite distributed throughout the thin sections. Calcite grains analyzed in sample S 29, 

including that from an altered plagioclase phenocryst, and calcite grains in S 30, other than 

that formiug an olivine pseudomorph, contain greater than 99% CaCOJ. Calcite, which 

occurs in an aiea pseudomorphic after olivine in sample S 30, contains mino.r amounts of 

Fe, Mn and Mg carbonate. 
J 

Evarts and Schiff mail ( 1983) conclude, on the basis of textural evidence, that calcite 

formation postdates the main period of hydrothermal alteration in the Del PUerto ophiolite, 
0 

California, and thus that the presence of calcite does not necessarily indicate high peo2 
' 

conditions during submarine hydrothermal alteration of the ophiolite. At least ~orne of the 

calcite in the Skidder Basalt is also probably late as indicated by the presence, in some 

samples, of carbonatized albite, and calcite veins that crosscut other secondary minerals. 

' 



Table 4-20: Electron microprobe analyses of Skidder Basalt calcites 

Weight% 
SI02 
T102 
Al2<>3 
O':z03 
Fee• 
MnO 
NIO 
MgO 
CaO 
Na:zO 
K:z() 
Total 

s 16 
0.02 
0 .02 
.o.oo 
0.04 
0.32 
0.50 
0.00 
0 .11 

60 .84 
0.02 
0 .01 

61.881 

Atomic P 
Sl 

roport1ons 

11 
AI 
Cr 
Fe 
Mn 
N 
Mg 
ca 
Na 
K 
Total 

Molecular% 
FeCO] 
MnCO] 
MgC03 
caCO] 

0 .000 
0 .000 
0 .000 
0.000 
0 .004 
0.006 
0 .000 
0 .002 
0 .985 
0 .001 
0.000 
1.0001 

0 .47 
0.74 
0.21 

98.59 

·Total Iron as FeO 

s 16 s 29 
0.32 0 .35 
0.00 0 .02 
0.07 0.45 
0.00 0 .03 
1.70 0.11 
0.43 0.38 
0.00 0 .00 
1.69 0 .03 

54 .75 61 .79 
0.04 0 .06 
0.07 0 .00 

59 .071 63.22 

(b ed 1 . ) as on cat1on 
0.005 0.005 

• 0.000 0.000 
0.001 0.008 
0.000 0 .000 
0.022 0.001 
0.006 0 .005 
0.000 0 .000 
0.039 0.001 
0.919 0.970 
0.001 0 .002 
0.001 0.000 
0.9961 0.991 

2.62 0 .16 
0.67 0 .55 
3.38 0.06 

93 .34 99.23 

Altered 
Plagioclase Phenocryst 
s 29 s 29 s 29 s 30 

0.14 ~0 . 16 0 .15 0 .17 
0 .02 0.00 0 .00 0.02 
0 .03 0.05 0.02 0 .11 
0 .02 0.02 0 .00 0 .03 
0.03 0.00 0 .01 0 .15 
0.26 0.34 0.13 0 .06 
0 .00 0.07 0 .03 0.00 
0 .03 0.05 0.00 0 .02 

61.58 61 .11 57.91 58.19 
0 .08 0.01 0 .10 0.46 
0 .00 0.01 0.00 0 .01 

62.191 61 .821 58 .35 59 .22 

0.002 0.002 0.002 0 .003 
0.000 0.000 0.000 o.ooa 
0.001 0.001 0.000 o.oo: 
0.000 0.000 0.000 0 .oco 
0 .000 0.000 0.000 0 .002 
0.003 0.004 0.002 0 .001 
0 .000 0.001 0.000 0 .000 
0.001 0.001 0.000 0 .000 
0.989 0.987 0.991 0 .980 
0 .002 0.000 0.003 0 .014 
0 .000 0 0.00 0.000 0 .000 
0.9981 0.9971 0.999 1.003 

0 .04 0.00 0 .02 0.23 
0 .38 0.50 0.20 0 .09 
0 .06 0.10 0.00 0.04 

99 .52 99 .40 99.78 99 .63 
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OIMne 
Pseudomorph 
s 30 s 30 

0.00 1.37 
0.00 0.00 
0.50 0.58 
0.02 0.05 
0.68 0.99 
0 .59 1.02 
0.01 0.00 
0.27 0.74 

55.07 59.50 
0 .07 - 0.02 
0 .00 0.01 

57.21j_ 64 .28 

0 .000 0.019 
0 000 0.000 
0 .010 0.010 
0 .000 0.001 
0 .009 0.012 
0 .008 0.012 
0 .000 0.000 
0.007 0.016 
0 .960 0.906 
0.002 0.001 
0.000 0.000 
0 .9961 0.976 

1.09 1.44 
0.95 1.49 
0 .56 1.39 

97.41 95 .68 
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4.5 Discussion 

4.5.1 Preserved textures 

The ubiquitous presence of albite, chlorite and quartz and the pr~sence, in many 

areas, of calcite and lesser amphibole indicate that rocks of the Skidder Basalt have a 

mineralogy similar to that of spilites (cf. Amstutz, 1974). Although these rocks are now 

dominated by a secondary mineral assemblage, most workers agree that spilitization ic; 

generally an ion exchange process and original textures are preserved (cf. Williams ill.h. 

1982, p. 112-115). This is supported by the presence, in some Skidder Basalt samples, of 

remnant primary clinopyroxene subophitically intergrown with plagioclase that has be_en 

wmpletely albitized; and also by the occurrence of microporphyritic, intergranular and 

intersertal te.-:.tures; these textures being characteristic of un-spilitized basalt . 

... 

4.5.2 Quench textures 

Quench-textured morphologies are common jo many of the Skidder basalts having 

low zirconium concentrations. Some generalizations regarding these rocks that are 

pertinent to the following discussion are: a) it is presumed that the rocks crystallized from a 

low-viscosity magma; b) the presence of olivine pseudomvrphs with chromite inclusions in 

one of the basalt samples suggests that olivine and chromite were on the liquidus of the 

magma before eruption; c) 1-he lack of clinopyroxene phenocrysts suggests that it was 
. > , 

rrobnbly not on the liquidus of the magma before eruption; d) both plagioclase and 

clinopyroxene show quench-type texture.s in the rocks; and e) abundant intersertal chlorite 

ant.! lesser quartz suggest that much of the groundmass was probably composed of basaltic 

!;lass. 

Williams ~ (1982) suggest several kinetic controls of igneous texture, i.e. 

tempe'rature, magma viscosity and crystallization rates (cf. Carmichael~. 1974). They 

point out that crystallization of a mineral occurs in two stages: 1) nucleation of a crystallite 

and 2) growth of the nucleus. Nucleation rate h. determined by degree of undercooling, 
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increases with surface energy contribution to the free energy of the crystalline nucleus and ' . decreases with activation energy requirements (viscosity). Growth increases with amount 

of free energy released during crystallization of ap undercooled melt and is opposed by an 

increase in viscosity as the temperature falls. \Villiarns UJll... (1982) also indicate that both 

nucleation rate and growth reach a peak and then taper off with falling temperature .nnd 

degree of undercooling of the magma, but the growth peak occurs at a higher te_mperature 

- than the peak nucleation rate~ the two peaks being offset from each other by about 30-50°C 

(cf. Cannichaelll.AL., 1974) (Figure 4-40), Thus, slow!~ cooling magmas would pass 

through a temperature and viscosity range in which nucleation rate had not peaked but 

growth rate had, re~ulting in growth of large crystals around few nuclei. Rapid nucleation 

but slow growth would result from undercoating of the magma beyond the growth peak to 

the peak of nucleation. Further undercooling of the magma to temperature and viscosity 

conditions under which both growth and nu~leation- rates fall to zero would rer·ilt· in a 

glass. 

Quench textures in the Skidder Basalt rocks can thus be e)(plained by undercooling 

of a mawna beyond the growth peak for plagioclase and clinopyroxene to temperature and 

visco'sity conditio~s favouring nucleation. · Further undercooling to conditions where both 

growth and nucleation are inhibited would explain the formation of ground~ass basaltic 

glass, 

4.S.J Variolitic textures 

Observations regarding SIUdder Basalt variolitic pillow basalts that are peninent to 

the following discussion are: 

1) The varioles occur typically as distinct light-coloured spherical bodies inside pillow 

rims and coalesce into massive forms at pillow centres. Coalescence of varioles is not 

complete in some small rillows. 

• 
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Figure 4-40: Diagrammatic representation of respective rates of nucleation and crystal 
growth in one-component systems with respect to melting temperature (T m) 
and degree of undercooling (~ T) of the liquid phase (after Williams et al., 
1982, p.49; cf. data for Na2 Si 20 5 shown by Carmichael et al., 1974, p. 165). 
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· 2) Whole rock· analyses of the variolitic rocks suggest that they are of relatively 

"primitive" basaltic composition (Chapter 5). i. 

Jr'i\Ithough separate analyses of varic!e an~ matrix were not done, the inineralogy of 

the varioles, predominantly albite and quartz, is indicative of a more felsic composition for 

the varioles than the matrix, which contains mostly ferromagnesian minerals. 

4) Textures typical of quenching are predominant in both varioles and matrix. 

-5) Elongate grains pseudo~rphing mafic miner.i.ls occur haphazardly throughout both 

variole and matrix in some sections. 

-' The origin of varioles has been attributed to at least three possible mechanisms, i.e. 

" devitrificarion; derivation from two distinct liquids either by ~agma mixing or liquid 
\ 

immiscibility; and quenching. Devitrification is an unlikely mechanism for the formation of 

varioles since they are typically of markedly different composition from their matrix, and, 
<, , \ I 
in many areas, varioles flTe noted to have coalesced to·form a single mass. Also, there is 

very little physical or chemical evidence to suppon magma mixing in. the Skidder basalts. 

' Quench textures however are exhibited by variolitic lavas of the Skidder Basalt and 

elsewhere, e.g. in variolitic pillow lavas and diabase dykes of the Betts Cove Ophiolite 

(Saunders, 1985), of the St Anthony Complex (J arnieson, 1979) and in variolitic pillowed 

and massive metavolcanic rocks of the Archean Abitibi greensto[)e belt (Gelinas, ru1. 

1976). 

Gelinas till. (1976) repon that many of the varioles in the Abitibi Greenstone Belt 

comprise a central core of spherulitic albite surrounded by an intennediate quartz-albite 

mosaic and sometimes an outer rim of mostly sphene. They state that in several areas 

pseud~orphs of skeletal mafic crystals occur both inside and outside the variole and in 

places cross the border between variole and matrix. These features also characterize many 

of the Skidder Basalt varioles. Gelinas~. (.1976) separate variolitic lavas of the Abitibi 

greenstone belt into two types: spherulites which do not have marked differences in 

composition between variole and matrix, and those that do. The former they attribute to 

I 
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quenching and the latter to quenching of immiscible liquids. Liquid immiscibility provides 

a ready explanation for differences in composition between varioles and matrix, however 

one difficulty with this hypothesis when considering varioles in the Skidder Basalt is that 
• 

experimental work on irruniscible liquids with regard to tholeiitic basaltic magmas (e.g . 

Dixon and Rutherford, 1979; Philpotts, 1982) have shown that liquid immiscibility may 

occur in iron-enriched evolved basaltic magma but not in primitive, high ma6flesiwn lavas. 

Of the two plausible processes that may have produced the Skidder variolitic basalts 

(i .e. magma quenching or liquid immiscibility), quenching is a better known and accepted ., 

phenomenon. Bender ~t.J!L. ( 1978) and Basaltic Volcanism Study Project ( 1981 a) state that 

clinopyroxene becomes a liquidus phase after plagioclase in mid-ocean ridge basalts 

, (MORBS) and according to Beccaluva ~ ( 1980) cumulus minerals in the gabbroic 

complexes and phenocryst phases in the lavas of the Northern Apennine Ophiolites, which 

have MORB type chemistry, indicate a crystallization order of Cr-spinel plus olivine, 

pl'agioclase and then clinopyroxene. Assuming a similar crystallization order for the 

Skidder Basalt, as supported by the presence of pseudomorphed olivine- and albitized 

plagioclase phenocrysts and the chemistry of its chromites (Section 4.4.2), kinetic controls 

of crystallization described by Williams tlJ!.L. ( 1982), can explain many of the features of 

the Skidder basalt varioles. 

Two properties of plagioclase which would probably promote variole formation 

under rapid cooling conditions are: 1) plagioclase forms a continuous solid solution series 
t 

such that peaks for growth and nucleation rates for different pl.agioclase compositions cover 

a considerable range of temperature and 2) although rapid crystallization suppresses the 

ability of plagioclase to nucleate (Grove and Bryan, 1983), the thermodynamic properties 

of plagioclase favour nucleation over growth, (the reverse is true for clinopyroxene) 

(Williams u.ill..... 1982). Note that property "1" suggests that primary plagioclase in the 

cenrral core of varioles should be more calcic than that occurring toward the variole rim; 

., 
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this cannot be confirmed in the Skidder Basalt samples however since plagioclase, both in 

the core and rim of the varioks, has been completely albitized. 

Undercooling of a magma with olivine and chromite on the liquidus through the 

growth peak for olivine toward its nucleation peak (Figure 4-40) would result in skeletal 

growth of olivine crystals throughout the lava. Gelinas tlJ!!. (1976) indicate that in the 

Abitibi greenstone lavas the haphazardly arranged pseudomorphs of skeletal mafic crystals 

in both varioles and matrix as well as across their boundary were originally quenched 

olivine crystals. It is thus reasonable to .suggest that similar crystallites in the variolitic 

Skidder basalts (Figures 4-4 and 4-5) may also have been olivine. The widespread 

distribution of the crystallites (including within the varioles) suggests homogeneity of the 

lava during their formation . The presence of an albitized plagioclase crystal in the core of a 

variole in thin section S 55 (Figure 4-15) indicates that plagioclase in addition to olivine 

was on the liquidus prior to eruption of at least some of the lavas from which the Skidder 

Basalt rocks crystallized. 

I· 
Further undercooling of the magma would have eventually reached a point where 

growth and nucleation of olivine ceased. As indicated above, plagioclase solid solution 

-results in growth and nucleation peaks for various plagioclase compositions occurring over 
I ~ 

a range of temperatures. Thus, plagioclase crystals are (!ble to nucleate and grow even 
. 

under rapid cooling conditions and rapid crystallization of the plagioclase could produce the 

spherical forms characteristic of varioles (e.g. Lofgren, 1974). Note that phenocrysts in 

the lava may facilitate nucleation, providing a locus for later rapidly crystallizing mineral 

phases and as shown in thin section S 55B in some instances, form the core of a variole. . 

Still further undercooling of the magma would probably result in quench 

crystallization of clinopyroxene in addition to plagioclase, and finally formation of basaltic 

glass in the matrix and. to a lesser extent, intersenal to plagioclase in the varioles. 
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Coalescence ofvarioles in the central portion of some Skidder Basalt pillows and 

nonvariolitic rocks showing quench textures are suggested to be due to less rapid 

quenching of plagioclase and clinopyroxene. 

4.5.4 Segregation vesicles 

Segregation vesicles which occur in several of the samples havmg Zr concentrations 

between 50 and 85 ppm (e.g. Figure 4-22) are interpreted to be late-stage magmatic 

residues that infill vesicles (Smith, 1967). Smith (1967) indicates that the magmatic 
! 

residue may be "drawn" into the vesicle as a result of pressure reduction from contraction 

during cooling of water vapor that originally filled the vesicle. Baragar ~ (1977) 

postulate that complete filling of the vesicles may result from magmatic dissolution of the 

. water vapour and subsequent crystallization of hydrous minerals. Late-stage magmatic • 

~mehs filling segregation vesicles may reach highly evolved compositions as evidenced by 
( 

the occurrence of rhyodacite segregation vesic1es in basalts from Reunion Island (Upton 

and Wadsworth, 1971). 

Some varioles in the Skidder Basalt have small amygdules distributed throughout 

them i.l.I1d locally forming their cores. These varioles may have originally been segregation 

vesicles as described by Smith (1967). Baragar t.UL. (1977) suggest that some varioles in / 

other a.ucient basalts may have formed in this manner. Note that the highly evolved nature 

of some late-stage melts that fill segregation vesicles provides a mechanism for formation 

of varioles that are of more felsic composition than their matrix. 

- 4.5.5 Spilitization 

The spilitization process predominantly involves albitization of plagioclase, 

chloritization of basaltic glass, alteration of anhydrous ferromagnesian minerals to hydrous 

counterparts and alteration of opaque Fe-Ti oxides to dense intergranular sphene 

(leuco~ene). Chemically, spilitization of the Skidder basalts has resulted in redistribution 

l 
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of SiOz and total iron, removal of K20 and MgO, and-extensive addition of Na20 (Chapter 

5). In some areas, clinopyroxene, has been altered to amphibole or chlorite or a 

combination of amphibole, calcite, epidote and chlorite. Calcium and possibly iron 

released during chloritization of clinopyroxene probably recrysta1lizes in epidote, sphene 

and/or other secondary Ca-bearing minerals; excess silica is probably taken up by epidote 

or quartz. Calcium required for the formation of sphe~by alteration of Fe-Ti oxides may 

be derived from albitization of plagioclase and/or, as indicated above, by chloritization of 

calcium-bearing clinopyroxene and amphibole; released iron probably recrystallizes in 

magnetite or epidote. Abundar.t intersertal chlorite has probably-formed by alteration of 

basaltic glass or palagonite. Crystallization of quartz from excess silica released d~, 
chloritization would suggest that the ubiquitous intersertal ~uartz in these rocks may be 

mostly secondary. 

·45.6 Submarine hydrothermal alteration . 

Many of the mineralogical changes resulting from spilitization of the Skidder Basalt 

have, in other areas, been attributed to interaction with circulating heated seawater shortly 

after deposition of the basalts (cf. Mottl, 1983a), Evarts and Schiffman (1983), for 

example, conclude that zeolite to greenschist facies assemblages in the Del Puerto Ophiolite 

are primarily a result of submarine hydrothermal alteration and that the effects of burial 

metamorphism are restricted to the formation of late calcite and zeolite veins. 

Figure 4-41 compares the concen~ations of various solutes in seawater to that of 

solute species in a solution having a chloride concentration equivalent to that of seawater in 

full equilibrium with an assemblage comprising albite, microcline, muscovite, phlogopite 

and Iaumontite/wairakite, plotted as a function of temperature (interpolated from data 

presented by Giggenbach (1984)). According to Figure 4-41, solubilities of Na, K and 

Si02 in the equilibrium chloride solution increase, the solubility of Mg decreases, and that 
r . 

of Ca remains approximately the sdme with increasing temperature. The diagram also 
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Figure 4-41: Distribution of solute species in full equilibrium between a chloride-bearing 
solution and an assemblage made up of albite, microcline, muscovite, 
phlogopite and laumontite/wairakite; as a function of temperature (interpolated 
from data presented in Giggenbach, 1984; Fig. 7). Chloride concentration of 
19 350 mglkg is that of seawater (Thompson, 1983). Heavy horizontal lines 
are concentrations of solute species in seawater (Thompson, 1983). 
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shows that seawater is supersaturated with _respect to Na and Mg at elevated temperatures. 

Potassium is supersaturated in seawater with respect to the solution and' assemblage 

preseryted up to~ least 200°C but is slightly undersaturat~d at 300°C. Calcium and Si02 

are w1dersaturated in seawater with respect to the equilibrium assemblage presented. 

The,chloride-bearing solution used by Giggenbach (1984) only approximates that 

of seawater, in which, for instance, the presence of S042- will stabilize anhydrite as a 
! .. ----

calcium-bearing phase at approximately I_?O"C (e.g. Roser1bauer and Bischoff, 1983). 
, 'f' I 

Nevertheless, Figure 4-41 illustrates several points which are i~ agreemen~~i1h~esults of 
. '~ -

"""' /~ 

basalt-seawater interaction experiments and with the observed differences between the 

chemical composition of seawater and that of 350°C vent water from 21° N on the East 

Pacific Rise (Edmond, 1981 ). The vent water sampled at this location is an acidic (pH 

3.6), metal-rich solution, that is depleted in Mg, and enriched in Ca, K and SiOz relative to 

normal seawater. 

Summaries of experimental results involving basalt-seawater interaction at elevated 
<'> 

temperatures and various water/rock ratios are presented by Rosenbauer and Bischoff 

(1983) and Mottl (1983a; 1983b). As reponed by these authors, Mg2+ is removed from 

seawater by fonnation of a Mg(OHh component which is incorporated into secondary 

silicates. This occurs over a range of temperatures from 70-700°C. . Removal of the Mg 

hydroxide componeR1 results in a drop in pH of the solution to about 3 and it remains this 

way until Mg stops precipitating, at which time hydrolysis of silicate minerals raises the pi;I 

to near neutrality. At water/rock ratios less than 50, Mg is completely remove~ from the 

seawater. Leaching of Ca2+ from the rock counterbalances removal of Mg2+ from the 

seawater. According to Mottl (1983b) about half of the Ca is redeposited as anhydrite 

abOve 150°C b~t at higher temperatures may be redissolved by reduction of sulphate to 

sulphide. Removal of Na+ from the seawater occurs at water/rock ratios ~ 5. At a 
\ 

water/rock ratio of 10, Na+ is leached from the rock below 300oc: but is precipitated from 

seawater at 350°C. At higher water/rock ratios, Na+ is leached from the rock. K+ is 
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leached from the rock at 150°C and above. At 300°C and higher it is leached almost 

completely, even at low water/rock ratios. Dissolved Si02 is saturated with respect to 

quartz at 150-200°C and is saturated or supersaturated with respect to quartz at higher 

temperatures. 

Albite has been produced as a mineral phase in only a few basalt-seawater 

experiments (e.g. Seyfried and Bischoff, 1981), and, ajthough removal of Na from 

seawater is predicted from the experimental results at low water/rock ratios, the actual 

amount of Na precipi~ted is not as great as is indicated to have occurred in naturally altered 

basalts. For example, as shown in Chapter 5, the average Na20 content of the Skidder 

Basalt (4.94%) is 2-2.5% greater than average unaltered ocean floor basalts (2.3-2.8%) 

and 2.5-3% greater than average unaltered island arc basalts (1.9-2.4%), indicating 

substantial addition of Nato the Skidder Basalt as a result of spilitization. Mottl (1983b) 

suggests that while basalt-seawater experiments duplicate infusion of solution into the 

"' rocks, diffusion of elements away from the reaction front is not duplicated. For example, 

as discussed by Seyfried tlJ!1 ( 1978), Na may diffuse away from circulating pore fluids a~ ' 

pillow rims and into pillow interiors where water/rock ratios would be low enough for Na 

to be removed from the water and albite could form. 

Fonnati<?n of the abundant albite in the Skidder Basalt :s most readily explained by 

the breakdown 'of calcium-bearing plagioclase through ion exchange, possibly by the 

following simplified reaction: 

CaAbSi20s + 4Si02 + 2Na+ = 2NaAJSi)Os + Ca2+ (Helgeson, 1974). 

Na+ may be provided by circulating seawater (at low water/rock ratios) and additional Si~ 

probably provided by release during chloritization of olivine and basaltic glass (much of the 
t 

chlorite in the Sk.idder Basalt is intersenal). Some of the Ca2+ produced by albitization of 

calcic-plagioclase may have be,en redeposited in calcium-bearing secondary minerals such 

as epidL•te and sphene. (Note that abundant calcite, which occurs as open-space fillings 

and, in some places, replaces other secondary minerals in the Skidder Basalt, probably 
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represents later redistribution of calcium as a result of burial metamorphism). As indicated 

in Chapter 5, the average CaO content of the Skidder Basalt (5.43%) is significantly less 

than the average for unaltered Ocean Floor Basalts (11.3-11.8%) and unaltered island arc 

basalts (11.1-11.8% ). Allowing for sampling bias whereby calcite and epidote-rich areas 

of the sample~ were excluded from analysis, it is still probable that at least some Ca was 

removed from the Skidder Basalt during spilitization. 

Albite Jl}aY also be produced from the sodic portion of plagioclase by epidotization 

as indicated by the following reaction, which is used by Rosen bauer and Bischoff (198 3) 

as a possible explanation for the drop in pH observed in evolved seawater-basalt 

experiments: 

NaAlSi30s · 3CaA1Sh0s + Ca2-t- + LH20 = 2Ca2Al3Si30nCOH) + NaA!S130s + 2H+. 
plagioclase clinozoisite albite 

An additional · Fe component would have to be added to this reaction to match the Ps 

component of Skidder Basalt epidotes. This Fe could be provided by breakdown of Fe-Ti 

oxides to produce sphene. 

Figure 4-42 shows the l!tineral stability fields of K-feldspar vs. Na-feldspar as a 

function of aNa+/aK+ and temperature ~after Giggenbach, 1984). The heavy s<:>lid line 

• represents the aNa+/a.K±--9( ~~awater as~uminuctivity coefficients for Na+ and K+ are 

equal (Giggenbach, 1984). The stippled area represents a possible range of activity ratios 

for a seawater solution after reaction with basalt. The upper limit of the stippled area was 

chosen assuming a change from K addition to the rock below l00°C to leaching of K from 

the rock above 100°C (cf. Seyfried and Bischoff, 1979). 

Points A, B. C and D represent a possible sequence of activity ratios that a seawater 

solution could have with increasing temperature and only partial equilibration with K-

feldspar and Na-feldspar. The solid and dashed lines on the diagram represent the relative 
~ 

proportio1.1s of .tlkali ions which would have to be produced or consumed to reach 

equilibrium with the two feldspars (Giggenbach, 1984). The pro~ortions indicate that the 
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Figure 4-42: Stability fields for N a- and K-feldspars as a function of N a+ /K+ activity ratio 
versus temperature (after Giggenbach, 1984). Numbered lines indicate 
relative proportions of alkali ions produced or consumed (-) during isothermal 
equilibration of a solution having a given N a+ [K+ activity ratio, with an 
equilibrium assemblage containing Na- and K-feldspars (after Giggenbach, 
1984). Seawater concentration ratio for Na+ fK+ based on an assumption of 
equivalent activities for Na+ and K+. Concentrations for Na+ and K+ in 
seawater taken from Thompson (1983). See text for discussion of stippled 
area and points A, B, C, D, E and F. 
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degree of undersaturation or supersaturation with respect to K is always greater than Na 

and that ~e-equilibration of the system in response to temperature changes will dominantly 

involve readjustment of K contents (Giggenbach, 198~). For example, a solution at point 

A must deposit 95% of its potassium content but gain only 3% Na to reach equiljbrium . 

with the two fddspars. Upon heating a seawater solution would probably deposit some of 
I 

its potassium such that it reaches a temperature and alkali activity ratio represented by point 

B. At point B, the solution is still supersaturated with respect to K :;uch that 60% of its K 

content would have to be removed and I % Na would have to be gai111!d to attain 

equilibrium with the two feldspars. Upon further heating, the solution would eventually 

attain "accidental" equilibrium with the two feldspars, for example at point C. Upon 

further heating, e.g. to point D, the solution becomes oversaturated with respect to Na such 

that 8% would have to be removed in orde; to attain equilibrium. Consider, however that 

the solution would have to gain 300% K to obtain equilibrium. 

Mottl (1983a) concludes on the basis of the mineralog y of Mid-Ocean Ridge 

greenstones, that seaw.ater during downward circulation must have been he ated quickly to 

about 250-450°C within the upper 1-2 km of the earth's crust. Figure 4-42 illustrates that 

seawater rapidly heated to 200-300°C should leach K from basalt and add Nato it (by the 

fonnation of albite). This is in general agreement with results of seawatq-basalt interaction 

experiments which indicate that at temperatures greater than 150°C, K is le~ched from the 

rock and, at low water/rock ratios, Na is added to it (e.g. Rosen bauer and Bischoff, 1983). 

Interaction with a heated seawater solution at temperatures above 150°C provides an 

explanation for the ubiquitous presence of albite in the Skidder B asalt rocks and their high 

Na20 and very low K20 contents relative to...unaltered basalts (Chapter 5). 

Figure 4-42 also predicts that K-bearing mineral phases will be deposi ted and Na­

bearing phases dissolved by cooling, ascending hydrotht-nna l solutions (Giggenbach, 

1984): On Fig ure 4~42, consider a cooling hydrothermal fluid in equilibrium with both 

feldspars (Point E). In order to m aintain equilibrium during cooling some ion exchange 
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reaction must occur, e.g. an increase in the K-feldspar component of albite. Further 

cooling of the solution would probably result in the solution moving away from the two­

feldspar equilibrium line and t?ecorning oversaturated with respect to K-feldspar (Point F). ··, 

Potassi urn enriched samples as represented by S-16 an: suggested to have fanned 
IS ' • 

by deposition of K-feldspar from an upwelling solution alo!lg a fault zone. Several albites 

in sample S-16 contain higher K-feldspar components than most other Skidder basalts and 

other larger grains in this rock have rims comprising almost pure K~feldspar surrounding 

almost pure albite cores. Ion exchange reactions involving exchange of K for Na within a 

cooling, upwelling solution (Points E or F, Figure 4-42) could explain the relatively high 

K-feldspar components of some albites in S 16 and the K-feldspar rims around some larger 

albite grains in the sample. 

---- ' 
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Samples representing a suite of mafic rocks from the Skidder area were analyzed 

for major element contents and trace element concentrations. The rocks analyzed comprise 

mostly pillowed and massive basalts plus a few samples of mafic pillow breccias and 

diabase dykes. Of the 114 samples analyzed, 58 are from outcrop and the remaining 56 

samples are from the Skidder Prospect drill core. On!)r analyses of Skidder Prospect drill 
,, . .t 

' 
core samples relatively unaffected by the Skidder Prospect mineralizing event are presented 

in this chapter (cf. Chapter 6). Sample preparation and analytical methods used are 

discussed in Appendix B; analyses are listed in Tables 8-3 to B-9, Appendix B . Outcrop 

sample locations are shown on Figures 3-3 and ·6-1; the locations of the Skidder Prospect 

drill holes are shown on Figure 6-1; and drill-core-sample locations are shown on Figures 

6-3 to 6-10. 

Ponions of Sections 5.2.5, 5.2.6, 5.2.7, 5.2.1 0, 5.2.11, 5.2.12, 5.3. 1 and ;5.~.2 

of this chapter are published in Pickett (1987). 

5.2 Geochemistry of the Skidder Basalt 

5.2.1 Major oxide and minor element statistics 

Histograms showing the distribution of the Skidder Basalt geochemical data are 

presented as Figures B-1· to B-7, Appendix. B, and probability plots are presented as 
.... 1"., 

Figures B-8 to B-14, Appendix B. Table 5-1 shows the mean, stand~cf deviation and 

skewness of all the samples as well as a breakdown of the data into samples from outcrop 

vs. those from drill core, and samples of pillowed vs .. massive flows. Table 5-2 

summarizes the data distributions for the various major oxide and u:ace elements analyzed; 

as interpreted from the histograms and probability plots shown in Figures B-1 to B-14, and 
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Table 5-l: Mean, standard deviation and skewness of Skidder Bas all outcrop samples, and Skiddcr Prospect drill core samples 
that arc relatively unaffected by the mineralizing cvcnt(s) 

Weight c;. 
SIO:z 
TIO;z 
Al:lOa 
Fe203 
MnO 
MgO 
CaO 
Na;20 
1<20 
P20s 
LOI 
Total 
ppm 
Pb* 
Rb* 
Sr 
y 
Zr 
Nb** 
Zn 
Cu 
Nl 
Ba 
v 
c. 
Cr 
Ga 

' 
50.39 

1.09 
15.11 
10.76 
0.15 
6.93 
5.43 
4.94 
0.17 

. 0.17 
4 .43 

99.51 
1 

3 
~ 

82 
31 
68 

'i 

83 
40 
47 
29 

327 
65 

146 
16 

1 - Pillowed flows. pillow breccia. massive flows and diabase in outcrop and drill core 
2 - Pillowed flows, pillow breccia, massive flows and diabase in outcrop 
3 - Pillowed flows. pillow breccia, massive flows and diabase in drill core 
4 - Pillowed flows and pillow breccia in outcrop and drill core 
5 - Massive flows and diabase in outcrop and drill core 

2 . 
50.02 

1.02 
14.67 
10.43 

0.16 
. 6.50 

7.08 . 
4.81 
0.11 
0.15 
4.66 

99.61 
\ 2 

3 
2 

86 
29 
62 

4 
75 
47 
52 
24 

309 
57 

141 
!5 

Mean 
3 w 

50.77 
1.16 

15.57 
1 1.1 1 
0.15 
7.38 
3.72 
5.08 
0.23 
0.19 
4.18 

99.54 
3 

4 
3 

78 
34 
74 

5 
93 
32 
42 
34 

347 
74 

151 
17 

4 5 -
50.21 50.74 

1.08 1.10 
15.18 14.98 
10.64 11 .01 
0 .15 0.16 
6.92 6.96 
5.43 5.42 
5.02 4.77 
0.15 0.20 
O.t7 0.18 
4.53 4.21 

99.49 99.74 
4 5 

3 3 
2 2 

83 80 
31 32 
69 66 

5 5 
76 93 
39 42 
47 47 
24 38 

326 331 
63 69 

155 128 
16 17 

51<>4! 
TIO;z 
Al:z03 
Fe20a 
MnO 
MgO 
cao 
Ne;zO 
K~ 

· P20s 
LOI 

Pb* 
Rb' 
Sr 
y 

Zr 
Nb** 
Zn 
Cu 
Nl 
Ba 
v 
Ce 
Cr 
Ga 

4.56 
0.33 
1.16 
1.87 
0.04 
2.35 
3.26 
0.96 
0.17 
0.13 
2.34 

3 
3 

51 
12 
25 

2 
33 
30 
49 
43 
98 
31 

137 
3 

Standard Deviation 
2 3 4 
5.00 4.06 4.65 
0.33 0.32 0.31 
1.06 1.09 1.26 
1.93 1.75 2.03 
0.04 0.05 0.05 
2.08 2.54 2.42 
3.49 1.82 3.24 

· 1.01 0.90 0.92 
0.14 0.19 0.16 
0.14 0.12 0.12 
2.75 1.82 2.50 

2 - 3 - 4 
3 ' 3 3 
2 3 3 

61 38 54 
1 1 13 12 
23 27 25 

2 . 2 2 
29 34 27 
34 23 30 

55 41 41 
50 35 30 
94 100 89 
26 33 31 

133 143 144 
3 3 3 

5 
4 .40· 
0 .371 
0.931 
1.48 
0.04 
2 .24 
3 .32 
1.03 

. 0.20 
0.16 
1.99 

5 
3 
2 

45 
13 
25 

2 
41 
28 
62 
61 

117 
29 

123 
4 

SI02 
TIO;z 
Al203 
Fe~3 
MnO 
MgO 
CliO 
N~ 
K20 
P20s 
LOI 

~ 

Pb* 
Rb* 
~r 
y 

Zr 
Nb** 
Zn 
Cu 
Nl 
8a 
v 
c. 
Cr 
Ga 

1 - Number of samples ·1 14 
2 - Number of samples • 58 
3 - Number of samples. 56 
4 - Number of samples • 76 
5- Number oi samples • 38 

Skewness 
2 3 4 

0.39 0 .25 0.24 0.40 
0.09 -0 01 0.41 0.03 
0.16 0.20 0.46 0.07 

-0.0 1 0.07 -0.04 0.08 
-0.44 -0.24 -0.63 -~ . 59 

0.48 0.08 0.36 0.38 
0.63 0.08 0.77 0.76 

-0.19 -0 04 -0.40 -0.23 

0.88 1.07 1.45 0.84 
0.91 0.61 0.70 0.69 
0.86 1.25 0.64 0.90 

1 2 3 4 
0.36 -0.08 0.28 0.33 
0.30 1.07 0.81 1.36 
0.79 0.79 0.85 0.83 
0.85 0.38 ' 0.94 0.70 

-0.01 0.05 0.36 -0.02 
-0.16 0.76 -1.03 -0.02 
0.21 0.31 0.26 -0.12 
0.53 0.30 0.31 0.51 

0.71 0.70 0.85 0.36 

1.15 . 1.01 0.98 1.30 
0.07 0.00 -0.12 0.34 

-0.09 -0.20 0.06 -0.05 
0.98 0.90 0.95 0.76 
0.03 ·020 0.28 -0 .36 

5 
0.571 
0.55. 
0.25 
-0.01 
-0.07 
0 .57 
0.26 

.-0 16 
1.20 
0.88 
1 m;l 

5 
0.42 
0.40 
0.71 
0.87 
0.02 
·0.421 
0.351 

0.611 
1.01 
1.10 

-0.211 

01:1 1.08 
. 0 .29 

• Pb and Rb concentrations in the Skidder Basalt are very low. close to tile detection limit of X-ray fluorescence spectrometry, the analytical method used 

(Appendix B) 
•• Close to detection limit 'of the X-ray fluoresclmce spectrometry method 

-..... 



Key to Table 5-2 

Percentage or ppm values at' which there 8re slope changes on Element or Log1o Element vs. 
Problts plots shown In FlgUNS N to B-14, Appendix B 

Key: L- lower limit of main population(s) 
0/C.D/C ·change in slope reflecting offset of main outcrop and drill core populations 
U- upper limit of main population(s) 

Qualitative desa1ptlon of skewness shown In Table ~2 

Key: All- outcrop and dnn core samples 
OIC - outcrop samples 
0/C - drill core safll)les 
P - pillowed flows and pillow breccia samples in outcrop and drill core 
M - massive flows and diabase in outcrop and drill core 
+V& - slight positive skewness 
++V8- moderate positive skewness 
+++Ve - strong positive skewness 
N - normal distribution 
·v• -slight negative skewness 
-va - moderate negative skewness 
-ve - strong negative skewness 

Qualitative compartson of means shown n Table ~2 

Key: OIC v•. D/C • outcrop s~ vs. drill core sa!'11>1eS 
P vs. M ·pillowed flows and pillow breccia samples vs. massive flows and diabase. cf. 

histograms shown In Figures B-1 to B-7, Appendix. A; sample group with the 
higher mean value shown 

Plain text - slightly higher mean 
Bold text- rn!Ch higher mean 
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Table 5-2: Summary table of probability plots, histograms and stati.stical parameters presen ted in Figures B-1 to B-14, Appendix il; 
· and Table 5-l; key on facing page 

Changes In Slope on Element or Log Element vs. Probits Plots 

51<>2 
Tl(h 
Al2()3 
Fe203 
MnO 
MgO 
CaO 

Na2<> 
K20 
P20s 
LOI 

Pb 
Rb 

L 
47% 

13.5% 

3°/o 

0.04% 
---- -

0/C-0/C u 
62% 

1% 
14.5% 

14.5% 

' 0.21% 
12% 

3.5% 8% ( DIC) 
12% l OIC l 

o:2% 
0.29% lOtC} 

_4.%_ '----- ___ _6% 

Sr 130 pp ... l 1 . vv oo . ..j 
y . 

Zr 

Nb 
Zn 
Cu 
Ni 
ea, 
v 
Ce 
Cr 125 pp ... j I I 
Ga 

Others 

55% 
1.4% 1.85% 
16% 
9% 

0.17% 
8 .5% 10% 
14% 

4 .5% 
0.6% 
0.4% 0.6% 

~ 9 .5% 

All OIC 

++ve +ve 
N N 

+Ve +V9 
N N 

--ve -ve 
++ve N 

+++ve N 

-ve N 
+++ve +++ve 
+++Ve +++ve 
+++ve +++ve 

++Ve N 
++ve +++ve 

+++ve +++ve 
+++ve ++ve 

N N 

-ve +++Ve 
+ve ++ve 

++Ve ++ve 
+++ve +++Ve 
+++ve +++ve 

N N 
N -ve 

+++Ve +++ve 
N -ve 

Skewness Greater Mean Value 
0 /C p M OIC vs. 0/C Pvs M 
+ve ++Ve ++Ve DIC M 

++ve N ++ve 0/C M 
++ve N +ve OIC p 

N N N DIG M 
---ve --ve -ve OIG M 
++ve ++ve ++Ve 0/C M 

+++ve +++Ve _ tve J OIC p 

--ve -ve -ve DtC p 

+++ve +++ve +++ve DIC M 
+++V9 +++Ve +++ve DIG M 
+++ve +++ve - +++V~} 0 /C --~ 

+Ve ++ve ++ve DIG -
+++Ve +++ve ++ve DIC . 
+++lie +++ve +++Ve OJC p 
+++ve +++ve +++V9' 0/C M 
++Ve N N .I 0/C E.__ 

---ve N --ve DIG . 
+ve -ve ++Ve- DIC M 

++ve ++ve +++ve DIG M 
+++V9 ++Ve +++V9 OIC -
+++ve +++ve +++Ve DIG M 

-ve ++ve -ve OIC M 
N N +V9 0 /C '..M 

+++ve +++Ve +++V9J DIC p 
+Ve --ve +ve I Dl<;_ p 

<:1 1,; 

~ ...... 
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statist~al parameters presented in Table 5-1 . 

As indicated on Table 5-2, KzO, P205, LOI, Rb, Sr, Y, Ni, Ba and Cr show the 

strong positive skewness characteristic of lognormal distributions. Si02 . A l20 3, MgO, 

Pb, Zn and Cu show slight to moderate positive skewness; Fe103 , Zr, V, Ce and Ga are 

normally distributed; NazO shows slight, and MnO moderate negatively skewed 

distributions. CaO and Ti02 show distributions varying from nonnal to modcratdy 

positively skewed. Niobium shows a variable distribution. 

Table 5-1 indicates that, relative to the outcrop samples, those from the Skiddcr 

Prospect drill c ore have a higher average content of most of the major elements, and the y 

have higher average wncentrations of rrace elements Y, Zr, Zn, V, Ce, Cr and Ga. T he y 

have lower contents of CaO, MnO, Sr, Cu, and Ni. These differences are also reflec ted by 

offset peak distributions on histograms presented in Figures S- 1 to B-7, A ppendix B . 

There is little geochemical variation between pillowed and massive flows (T able 5-1 ). The 

pillowed flows do, however, contain a greater average concentration of Cr and lesser . 
overall Zn than the massive flows. 

The presence of more than one data population is indicated for most of the major 

oxides and trace elements (Table 5-2). Two data populations result from the offset of the 

outcrop and drill core data distributions, and outliers of anomalously high and low values 

define separate populations in several of the major oxides a nd trace element Lbt a 

distributions (TJble 5-2). 

5.2.2 Principal component analysis 

Table 5-3 shows a Pearson correlation coefficient matrix for the Skidder Basa lt 
I 

samples, and Table 5-4 lists varimax-rotated factors extracted from .the ri,ajor and trac e 

elem e nt data (see Appendix C for description of method used) . The vario us fac to rs 

presented in Table 5-4 indicate grouping! of intere lement correlations. Eight factors we re 
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Table S-3: Pearson correlation matrix for Skidder Basalt outcrop samples, and Skidder Prospect dril l core'samples 
that are relatively unaffected by the mineralizing evem(s) . • 

Number of Samples= 114 

SiO:z 
TiO:z 
A"z()3 
Fe~3 
MnO 
MgO 
cao 
Nii20 
K20 
P20s 
LOI 
~ 
Rb 
Sr 
y 

Zr 
Nb 
Zn 
Cu 
Nl 
Ba 
v 
Ce 
Cr 
Ga 

1.00 
.10 1.00 

0 o26 000 
000 .46 

0 o33 000 
·.45 • 011 
-.58 -028 
.41 018 

-.04 000 
.43 .45 

-.71 ·.31 
000 000 

-013 000 
0 026 0 o11 
.48 .71 

035 .70 
.00 .48 
000 015 

-026 -028 
-.54 0036 
0 007 000 
-.26 023 
016 .43 

•.43 -027 
'--- 01g_ '----'39 -

1.00 
.16 0 1.00 
.00 028 
024 .15 

-028 -.34 
010 000 

.36 000 
.00 .00 
000 -035 
000 .00 
027 -.14 

030 -003 
0 o02 .31 
.00 026 
.00 025 
.28 .40 
oOO :.23 
000 0 027 
014 000 
028 .52 
.00 024 
008 0o32 

_o15 ~40 

1.00 
030 1.00 
.12 -~09 

0 o27 -.63 
.00 0 000 

0 o22 -038 
000 016 
:15 .00 
000 000 
014 005 

-013 · .40 
-010 ·.30 
000 000 

.36 021 
000 024 
016 .46 
005 000 
000 027 
oOO 000 
000 .47 
000 oOO 

1.00 
0 o28 100 
·.03 000 

-.37 026 
.50 -034 

· 009 000 
.00 .14 
024 -016 

-.45 039 
0 o39 029 

0 015 000 
0039 000 
033 -027 
039 -.44 

00 000 
0 o15 000 

0 033 .00 
024 ·.36 

-035 .00 

1.00 
000 
004 
009 

.73 
.21 
000 

.. 000 
000 
000 
000 

•. 000 
.53 
000 
000 
000 
.01 

Zn 
Cu 
Ni 
Ba 
v 
Ce 
Cr 
Ga 

1.00 
-019 
000 
000 

0 o15 
.63 
.49 

036 
000 

0 o37 
0034 

006 
0 031 

.29 
0 o22 
026 

1.00 
-.0911.00 
-.191 .2911.00 

141 001 .0011.00 - --.28 .00 -.11 oOO 
00 .00 -.17 -027 

-.26 :·21 .88 000 
.32 0 016 0 o34 .07 
Zn Cu Ni Ba 

1.00 
014 1.00 
019 027 1.00 
000 oOO 024 1.00 

-.42 .04 -ooe 0 o26 
0 o27 000 0 o13 ·023 
000 000 000 · .10 

0 009 014 000 000 
017 000 000 000 
.50 .00 .00 .21 
000 000 .34 022 
000 .13 .00 000 

·.18 000 0 o24 0 o17 
. . 41 000 .00 017 

0 031 000 -009 ·024 
Si(h Ti(h Al203 Fe203 MnO MgO CaO ~0 K20 P205 LOI Pb Rb Sr 

1.00 
.00 1.00 

-006 000 1.00 
008 .4_2 . 02!: 
v Ce Cr 

1.00 
.80 1.00 
.45 .61 1.00 
.20 010 .00 

-.38 -.37 -017 
·.54 •.43 -018 
000 .00 .00 
000 000 .00 

.35 .47 .49 
·.50 ·036 · 008 
.46 0 .45 .41] 
Y Zr Nb 

~ 
Vl 
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Table S-4: Varimax-rotated factors extracted from Skiddcr Basalt major and 
trace element geochemil:al daw 

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 
Variance 21 7% 10 5%' 13 9% 171% 119% 10 7% 6 9% 7 3% 

-.341 -.597 -.351 
.678 I 

.432 .267 -.266 .533 .260 
.296 .462 .491 

.738 

.366 .647 -.261 .237 
.797 

-.428 -.460 .382: 
.902 

146 

SI02 
1102 
Al203 
Fe2o3• 
MnO 
..,go 
eao 
Na20 
K20 
P205 
LOI 

.432 -.440 .239. 

Pb 
Rb 
Sr 
y 
Zt 
Nb 
zn 
Cu 
N 
Ba 
v 
Ce 
Ct 
Qi 

.532 

.685 

.807 

.683 

.542 

.331 

.802 

.359 
-.256 

.644 

.744 
.350 .710 

.238 

.825 

.539 .358 
.807 
.273 

.210 -.485 .320 
.202 

· .318 
-.680 

·.248 
.846 

-.234 

-.250 -.292 



147 

extracted from the data. 

f-actor 1 accounting for 21.7% of the variance has large positive loadings for Ti02. 

P20s. Y. Zr, Nb, Ce and Ga and a moderate positive loading for Fe203* (total iron) (Table 

5 -4). Inten:orrelations between the principal components of this factor are probably 

effected by magmatic processes since the elements having large positive loadings in the 

factor ar9 all incompatible with early crystallizing minerals in a basaltic magma. 

} actor 2 accounting for 10.5% of the variance has large positive loadings for 
/ 

Fe203*, MnO and Zn ; moderate positive loadings for MgO and Ba; and a large negative 

loading for NazO (Table S-4). Most elements that have positive loadings for this factor are 

components of chlorite, a ubiquitous phas<t in most of the Skidder Basalt. Magnesium and 

iron are major components of chlorite and the Skidder Basalt chlorites contain minor 

amounts of Mn (Chapters 4 and 6). Also, as discussed in Chapter 6, Zn concentrations are 

high in chlorite-rich rocks from the Skidder Prospe<.:t alteration zone. The negative loading 

for Na20 i~ probably a result of volumetric effects reg~ding mineral components of the . . 
rock, that is, higher contents of chlorite in a sample necessitate lesser '<.:Ontents of albite. 

The po;e loading for Ba in this factor is probably f~rtuitous. 

Large positive loadings for K20. Rb and Ba, and moderate positive loadings for 

Al203 and Sr characterize Factor 3 which accounts for 13.9% of the data variance (Table 5-

4 ). Positive correlations between the principal components of this "potassium" factor i.e. 

K20. Rb, Ba and Sr are readily explained by substitution of Rb, Ba and Sr for potassium 

in potassium-bearing minerals. Airhough aluminum is a component of most potassium 

silicates, it is also a component of mo::t other silicates in the Skidder basalts; therefore, its 

moderate positive loading in this factor is probably fortuitous. 

Factor 4 which accounts for 17.1% of the data variance is characterized by large 

positive loadings for MgO, Ni and Cr, ~light po~itive loadings for Al203, LOI, and Ce; and 
r J 

moderate to strong negative loadings for Si02, Na2o-;,and Y (Table 5-4). Positive 

imercorrelations between the principa l components Cr, N i and MgO are produced by the 
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compatibility of Cr. Ni and MgO with ~arty formed miferals from a basaltic magma. The 

negative loading of Na20 in this "compatible element" factor, although partly attributable to 

the incompatibility of Na in early fanning minerals from a basaltic magma, is probably 

related more to the reci~rocal nature of chlorite and albite contents in the rocks, that is, ~g­

enriched rocks having greater chlorite and therefore lesser albite contents:· Chlorite-rkh 

rocks have highe-r LOI and lower Si02 contents than chlorite-poor rocks thereby explaining 

the positive loading for LOI, and the negative loading for Si02 in this factor. AJ20:J and Ce 

are probably fortuitous components. 

Factor 5 which accounts for 11.9% of the data variance has large positive loadings 

for CaO and LOI; a slight positive loading for Sr; a large negative loading for Si02; and 

slight to moderate negative loadings for Al20J. MgO. Zn and Ga (Table 5-4). This factor 

is interpreted as a "calcite factor" . The positive loading for Sr in this factor can be 

attributed to its substitution for Ca in calcite. Larger amounts of calcite in the rock 

necessitate lesser amounts of silicate minerals; hence the negative loading for Si02, AI203, 

and MgO; and the positive loading for LOI in this factor. The negative loadings for Zn and 

Gain the factor are not readily explained. 

Large positive loadings for Al203, Fe20J* andY; a moderate positive loading for 

MgO; and moderate negative loadings for Si02. P20s. and Ba characterize Factor 6 which 

accounts for 10.7% of the data variance (Table 5-4). This factor is not readily interpreted 

except that a positive correlation between Fe203 and Y can be explained by the 

incorporation of V into Fe-oxides. 

Factor 7, accounting for 6. 9% of the data variance, is characterized by a large 

positive loading for Pb; moderate positive loadings for LOI arid Rb; and a large negative 

loading for Sr (fable 5-4). This factor is interpreted as a "Pb factor". Pb concentrations in 

the Skidder Basalt are near the detection limit for this element using the XRF analytical 

method (see Appendix B) and Pb does not correlate strongly, either positively or 
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negatively, with any of the other elements in t:.e Skidder Basalt analyses. Other 

wmponents of the Llctor are probably fortuitous. 

A large negative loading for Cu; moderate negative loadings forCe and Ga; and 

mod...:rate positive loadings for Al203, Na20. P205, Sr and Y characterize Factor 8, which ' 

accounts for 7.3% of the data variance (Table 5-4). The large negative loading for Cu 

dominates this factor. Copper is a chalcophile element and does not readily enter silicate 

minerals but tends to occur in tir.y• sulphide grains (cf. Krauskopf, .1967); in contrast, 

aluminum and sodium, which have positive loadings in this factor, are components of 

silicate minerals. Other components are probably fonuitous . 
.' 

! 

ln. summary, two factors are interpreted to be related to magmatic processes; Factor 

I, the "incompatible elements factor", and Factor 4, the "compatible elemems factor". Two 

factors are interpreted to be related to specific minerdls; Factor 2 the "chlorite factor", and 

fac tor 5 the "calcite factor". Spilitization has masked the positive correlations of the alkalis 

to other incompatible elements such that potassium and elements that substitute for it form 

an independent "potassium factor" (Factor 3). Na20 contributes to the variance of the data 

mainly through negative loadings in the "chlorite factor" and "compatible elements factor". 

The remaining f,;.tctors comprise a possible .chalcophile-element vs. lithophile-elements 

factor, ie. the "negative copper factor" (Factor 8); a possible combined factor comprising 

Al203 Jnd Fe-oxide "subfactors" (Factor 6); and an independent factor for kad (Factor 7) . 

None of the factors has a positive loading for Si02, its contribution to the variance of the 

data shown by negative loadings in the "compatible elements", "calcite" and "alumina-Fe-

oxide" factors. 

5.2.3 Geochemical subdivision 

In the discussion below, mafic rocks comprising the Skidder Basalt have been 

subdivided into low-Zr pasalts (~ 50 ppm}, intermediate-Zr basalts (51-85 ppm) and high­

Zr basalts (> 85 ppm). The division at 50 ppm is arbitrary·. but as shown on Figure ·s- 1, 
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the-division at 85 ppm is geoc~ically distinct. The high-Zr samples encircled by the 

heavy solid line are tenncd Group 2 throughout the remainder of this chaprcr. Figure 5-2 

shows that with the exceptio~1 of one sarnplt: the Group 2 samples (shown as X's) are 

offset to higher .Y values and like the "?r vs. V plot are separated from the remaining data. 

· Analyses of Skidder Rasalt samples having Zr concentrations~ 50 ppm are listed in 

Tables B-3 and B-4, Appendix B, those having Zr values >50 ppm but ~ 85 ppm !lre 

shown in Tables B-5 and B-6, Appendix B. Skidder Basalt samp.les having Zr 

concentrations gre~ter than 85 ppm but not included 'in Group 2 are listed in Table B-7, 

Appendix B; Group 2 samples are listed in Tables B-8 and B-9, Appendix B. Samples 

from outcrop. or drill core ;ue listed separately ahd they are further broken dow n into 

pillowed flows, massive flows or diabase . 

• The low-Zr basalts occur throughout the Skidder area (Tables B-3 and B-~. 

Appendix B; Fig~res 3-3 and 3-4; Figures 6-l to 6-6), and include variolitic and 

nonvariolitic pillowed flows, massive flows and diabase dykes. Many of the low-Zr 
. . 

basalts display quench-textured morphologies (Chapter 4 ). The high-Zr basalts (Tables B-
·i' 

5 to B-7, Appendix B; Figures 3-3 and 3-4; 6-1 to 6-5; and 6-7 to6-l0) compri se 

intergranul;u- to inter-senal-textured pillowed flows, massive flows and diabase dykes. 

Group 2 samples include pillowed and massive flows from outcrop and the·Skidder area 
\ 

drill core (Tables B-5 to B-7, Appendix B; Figures 3-3; 5-l; 6-l to 6-3; and 6-6 to 6-9). 

Group 2 samples from outcrops are included in Unit 3 on Figure 3-4. 

, .. . . . ' - - - --
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The mean, standard deviation, and range for the low-Zr, high-Zr and Group 2 

samples are listed in Table 5-5. The means for pillowed and massive flows of the low- and 

high-Zr Skidder Basalts a..-c also shown. 

5.2.4 Major oxide and trace element vs. Zr plots 
, 

Major oxide or trace element vs. Zr plots and a plot of Si02 vs. Y are presented in 

Figures 5-3 to 5-9. Zr and Y are resistant to hydrothennal alteration, and, as a result of 
~ 

their incompatibility with early formed mafic phases in basaltic magmas, they can be used 
. ' 

as differentiation indices (Winchesier and Royd, 1976; Pearce and Norry, 1979; Perfit ~ 

al., 1980; Basaltic Volcanism Study Pioject (BVSP), 1981a). Table 5-6 presents a 

. . summary of the characteristics of the various major oxides 'arid tr,ace elements vs. Zr plots 

shown as Figures 5-1 to 5-9. 

. ' Si02 remains a!Jproximately constant with ,increasing Zr and Y (Figure 5-3). 

Moderate scatter above and he low .:the main trend suggests remobilization. Group 2 

samples show a reversal in trend on both diagrams whereby Si(h decreases with increasing 

Zr and Y. This may be explained by fractionation of a mineral phase such as zircon with 

which both Zr andy are compatible. 

Ti~ increases with increasing Zr as would be expected since both are incompatible 

with early fractionating mineral phases from basaltic magmas (Figure 5-3). Group 2 

samples show more scatter than the others but generally show a decrease in Ti02 with 

decreasing Zr. The trend of Group 2 samples on Si02 vs. Zr and Si02 vs. Y plots (Figure 

5-3) suggests that the more "differentiated" of the Group 2 rocks c.ontain lesser Zr andY. 

If. this is the case theTi02 vs. Zr diagram indicates a reduction in Ti02 with magmatic 

evolution of the Group 2 samples suggesting fractionation of a phase such as magnetite, 

which can incorporate Ti into its structure. 

• 
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Table 5-5: Mean, standard deviation and range for Skidder Basalt out~:rop samples, and Skidder Pro-;;Ject drill core samples 

that are relatively unaffected by the mineralizing event(s) Key: a -standard deviation, Min~ minimum, Max· maximum 

Zr ..:; 50 
31 samples Pillowed Massive 

, Mean a Min Max Mean Mean 
49.52 3.8 42.30 60.90 48.89 50.50 

0.76 0.2 0.48 1.11 . . 0.75 0.78 
15.12 1.2 12.20 18.00 15.17 15.05 
10.05 1.6 6.07 12.75 9.52 10.90 

0.16 0.0 0.06 0.28 0.16 0.17 
7.31 2.4 3.14 12.1'8 7.19- 7.51 
6.70 3.6 0.18 14.17 7.55 5.34 
4.73 1.0 3.06 6.54 4.79 4.63 

0.19 0.2 0.02 0.71 0.14 0.27 

0.10 0.1 0.01 0.56 0.10 0.10 
4.90 2.4 1.84 1, .80 5.15 4.50 

weight% 
Si~ 
TID:! 
Ab03 
Fe203* 
MnO 
MgO 
CaO 
~0 
K20 
P20S 
LOt 
Total 
ppm 
Pb• 

99.551 r 98.36T1oo.841 99.431 99.76 

Rb* 
Sr 

· y 

· Zr 
Nb** 
Zn 
Cu 
Nl 
Ba 
v 
Ce 
Cr 

____ Ga _ .. 

3 3.1 
3 2.7 

93 68.5 
20 6.2 
39 8.6 

3 1.4 
84 45.7 
51 34.6 
67 66.0 
35 46.6 

31_9 67.9 
46 20.7 

183 153.5 
14 2.6 

0 
0 

20 
11 
16 

1 
23 

0 
0 
0 

190 
' 6 

15 
-__ e 

12 3 3 
7 2 3 

347 105 72 
43 20 20 
50 "39 39 

6 3 4 
258 71 104 

131 47 56 
331 68 65 
159 31 43 
468 295 358 

84 41 54 

549 201 154 
18 14 15 

62 samples 
Mean a 
49.31 3.7 

1.15 0.2 
15.23 1.1 
11 .04 _1.8 

0.15 0.0 
7.31 2.2 
5.63 3.0 
4.90 0.9 
0.17 0.2 
0.1 5 0.1 
4.59 2.5 

99.63 

3 2.7 
2 2.8 

87 42.7 
31 6.9 
69 . 7.8 

5 1.5 
79 24.5 
41 26.6 

50 38.3 
26 44.9 

353 77.0 
67 31.6 

162 131.9 
• 16 3.3 

Zr >50.., 85 -- -- G 2 _._. ..... -
Pillowed Massive 16 samples 

Max Mean Mean Mean a Min Max 
58.60 49.49 46.86 56.03 5.0 46.80 66.30 

1.75 1.1 5 1.15 1.36 0.4 0.49 2:00 
17.80 .15.25 15.18 14.84 ~ .2 12.60 16.90 
16.16 11 .06 10.98, 10.58' 2.1 6.52 14.80 

0.24 0.15 0.15 0.14 . J 0.0 0.07 0.20 
13.05 7.65 4.81 1.8 1.55 8.21 
16.20 6.36 2.52 0.7 1.56 4.35 

6.95 4.'52 5.70 0.5 . 4.99 6.78 
0.63 0.17 0.15 0.1 0.02 0.40 

0.36 0.14 0.35 0.2 0.07 0.86 
4.62 2.82 . 1.0 0.62 4.61 

99.80 99301 I 98.261100.53 

0 11 3 4 4 3.2 0 10 
0 15 - 2 2 1 1.3 0 4 

12 248 81 102 50 24.8 30 118 
19 50 . 31 31 52 7.9 34 62 .. 
52 85 70 67 112 16.5 88 144 

2 9 6 5 6 1.6 3 9 
36 150 79 81 97 31 .9 29 148 

1 121 40 45 14 15.4 0 61 

0 151 48 55 7 13.4 0 49 
0 316 21 39 30 34.2 0 109 

193 579 354 351 203 116.9 54 479 
17 153 66 70 83 25.0 33 11 6 

0 497 164 156 34 50.1 0 172 
_1Q 28 16 17 19 2.8 . 13 23 

• Pb and Rb concentrations in the Skidder Basalt are very low, close to the detection limit of X-ray fluorescence spectrometry, the analytical 
method used (Appendix B) • 

•• Close to detection limit ol the X-ray fluorescence spectrometry method 
V> ..... 
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Figure S-3: Scattergrams of Si02vs. Zr andY, and Ti02 vs. Zr for the Skidder Basalt. 
Arrows indicate suggested "differentiation" trends, note reversal in trend for the 
Group 2 samples; see text for discussion. 
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Figure 5-7: Scattergrams of Sr, Y and Zn vs. Zr for the Skidder Basalt. 
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Figure S-8: Scattergrams of Cu, Ni and Ba vs. Zr for the Skidder Basalt. 
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Figure 5-9: Scattergrams of Ce, Cr and Ga vs. 'h: for the Skidder Basalt. 
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Table 5-6: Characteristics of major and tra<.:e element versus Zr plots 

Degree of scatter 

Si~ I moderate 
TiO:z I sliahttmoderate 
AI;Z03 I extreme 
Fe~3· I moderate 
MnO I moderate/extreme 

MgO I extreme 

cao I moderate/extreme 

Na2<) I extreme 

K20 extreme 
P205 moderate 
LOI moderate/extremjt 
Pb extreme 
Rb extreme 
Sr extreme 
y sliaht 
Nb moderate 
Zn I moderafelextreme 
Cu extreme 
Nl moderate' extreme 
Ba extreme 
v moderate 

Ce moderate 
Cr moderate/extreme 
Ga moderate 

Behaviour. with Increasing Zr 
Malle rocks other than Group 2 I Group 2 

constant 
increa!>es 
? 
increases 
decreases to Zr=50 ppm then 
increases to Zr=85 oom 
decreases 

decreases 

decreases 
increases 
? 
increases 
decreases 

increases 

constant 

Comments 

Grooo 2 shows oaraflel but offset trend 

Scatter above and below "main" trend 
! 9robablv akeration related · 
Note separation between outcrop ar)d drill 

increases 
core samples __J 

increases to Zr-115 ppmj l 
I then decreases 

? 
increases 
decreases 
? 
? . 
? 
increases 
increases 
increases 
decreases 
decreases 

increases 

increases 
decreases 
increases 

decreases 
? 
sliaht increase 
? 
? 
constant r 

increases 
increases 
? 
constant 
constant 

increases 

? 
? 
increases 

Note possible two groupings with 
I oarallel but offset trends 

...... 
0.. -

:" 
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Fractionation of magnetite from the magma that produced the Group 2 samples is 

supported by V vs. Zr and V vs. Y plots shown on Figures 5-1 and 5-2. The low- and 

high-Zr basalts display considerable point scatter but V shows an overall increase with 

increasing Zr and Y. Group 2 samples show a parallel but offset trend of decreasing V 

with decreasing Zr suggestive of a fractionating mineral phase such as magnetite and/or 

clinopyroxene from the magma(s) which produced tl1e rocks (Shervais,' 1982). 

Fe203* shows moderate scatter but an overall increase with increasing Zr (Figure 

5-4). The parallel but offset trend of decreasing Fe2t~*with decreasing Zr shown by the 

Group 2· samples supports fractionation of magnetite as suggested above. 

A sigmoidal distribution is shown by the data on the plot of MnO vs. Zr (Figure 5-

4). MnO decreases with increasing Zr at Zr values below approximately 50 ppm, increases 

with Zr from Zr concentrations of 50-85ppm, and shows a decrease with increasing Zr for 

Group 2 famples . 

Moderate to extreme scattering of points above and below the "main trend" of 

decreasing MgO with increasing Zr (Figure 5-5) suggests that alteration has resulted -in 

addition of MgO to some of the rocks but removal from others. The trend of decreasing 

MgO with decreasing Zr shown by the Group 2 samples supports the reversal in trends 

suggested above for these samples. 

CaO shows moderate to extreme scatter on Figure 5-5 but does show an overall 

decrease with increasing ZI. The greater amount of CaO in outcrop samples relative to drill 

core samples is evident on this diagram. Group 2 samples have consistently lower CaO 

values. 

Na20 shows extreme scatter on Figure 5-5 suggesting some redistribution in 

addition to the overall addition of Na expected as a result of spilitization. Despite 

modifications as a result of alteration. an overall increase with increasing Z:t is indicated. 

P20 5 shows slight to moderate scatter and overall increase with increasing Zr 

(Figure 5-6). The high P20s content of some Group 2 samples suggests apatite was a 
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fractionating phase and that some of the samples may be samp~ing cumulative apatite from 

within the magma. The very low P20s content of other Group 2 samples suggests that 

these samples are sampling a magma from which a phosphorus-bearing phase such as 

apatite has fractionated. 

Y shows slight to moderate scatter on Figure 5-7 and increases in concentration 

with increasing Zr in the low- and high-Zr basalts, and the Group 2 samples. 

Zn, Ce and Ga show moderate to extreme point scatter but show an overall increase 

in concentration with increasing Zr, suggestive of their being incompatible with early 

fractionating phases (Figures 5-7 and 5-9). Zn and Ce in Group 2 samples show a large 

variation and no clearly defined trend with increasing Zr concentration but Ga shows a 

parallel but offset trend of decreasing Ga with-decreasing Zr. 

Cu, Ni and Cr show moderate to extreme scatter on Figures 5-8 and 5-9 but show 

an overall trend of lower concentrations with increasing Zr concentration. 

<?ther major oxides and trace elements, and loss on ignition (LOI) show extreme 

scatter and no consistent trends with increasing Zr. 

5.2.5 Spilitization 

As indicated in Chapter 4, the Skidder Basalt rocks have a mineralogy characteristic 

of spilites (cf. Amstutz, 1974). Secondary minerals present in the Skidder Basalt (outside 

the Skidder prospect alteration zor.e) are calc it~ epidote, actinolite, albite, chlorite, and 

minor quanz and hematite. Monl ( 1983a) suggested this mineral assemblage to be 

characteristic of hydrothermal alteration under relatively low water to rock ratios (less than 

30) (Figure 5-10). According to experimental results surnmariUd by Rosenbauer and 

Bischoff ( 1983) the effects of seawater interaction with rocks under low water to rock 

ratios should be an overall increase in Mg and proba~ly Na, an overal~decrease inCa and 

K and redistribution of Si, Fe, Mn, and Zn. 
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Redistribution of Si and Fe in the Skidder Basalt from spilitization is supported by .· 

the ~ange of Si~ and total iro~ as Fe203 values at a given Zr concentration shotvn on the 
I ·. . 

element vs. Zr plots (Figures 5-3 and 5-4; Table 5-5). Moderate scaner of points above 
. 

and below the "main trend" on Hie diagrams suggests addition ofsillca and/or iron to some 

samples but removal from others. 

Table 5-7 compares the mean composition of the Skidder Basalt with that of 
~· -

average ocean floor basalts, th~ 'Annie~psquotch Complex, average island are''baialts and 

basalts of th.e Buchans Group. Redistriburion rather than an overall addition or removal Q( 

Si and Fe is further supported by the similarity of the average contents of Si02 and total 

iron as Fe203 in the Skidder Basalt when compared to relatively unaltered ~ean floor 'and 

island arc basalts (Table 5-7). The average content of MgO is lower in the Skidder Basalt 

than in average ocean floor and some island arc basalts but the average Na20 content of the 

Skidder Basalt is considerably higher than the others (Table 5-7). This indicates thai 

alteration has resulted in an ~vJrall addit~n of Na20 to and probably some removal of 

MgO from the Skidder basalts~ The extreme scatter shown by MgO and Na20 on Figure 5-

5 suggests that the amount of removal/addition of ~se elements was i~dependent of the · 

original, unaltered composition of the rocks. The average content of K20 in the Skidder ., . 

Ba-;alt is less than average unaltered ocean floor and island arc basalts (Table 5-7) 

indicating pr~le depletion in the Skidder Basalt as a result of alteration. Average Ca~ 
' -

content of the Skidder Basalt is also less than the others. Calcium removed from feldspars 

as a result of albitization may have been redeposite<i as calcite irt veins. Thus, although the 

low Ca contents of the Skidder Basalt may be due to alteration it may also be partially a 

result of sampling bias since samples rich in calcite were not analyzed and calcite veins 

were removed from the samples that were analyzed. 

( • ,.. 



' I 
/ , 

0 

'· 

Table 5-7: Comparison of averages of major element components of the Skidder Ba.c;alt to those of ocean floor basalis, island arc 
basalts, the Annieopsquotch Ophiolite and the Sandy Lake Formation basalts of the Buchans Group 

/ 

ocean Floor Basalts 
weight% 
SIOz • 

TIOz 
Al203 
FeO 

Fe203 
MnO 
MgO 
cao 
Na~ 

. K20 
P20s 

1a 
50.53 

1.56 
15.27 

10.46* 

. 
7 .47 

11 .49 
2.62 
0.16 
0 .13 

• Total iron as FeO 

•• Total iron as Fei)3 
N - Number of samples 

1b 2 
50.133 49 .56 

1.19 1.42 
15.15 ' 16.09 

10.32* 1 0.17* 

. . 
7.69 7.69 

11.84 , 1.34 
2.32 2.80 
0.14 0.24 
0 .10 

Annieopsquotch Skldder 
9>hlolite Basalt 

3a 3> 
49 .28 

50 .6911 
50 .39 

1 .24 1.35 1.09 
14.92 14.94 . 15.11 
8.20 8.09 
2.70 2 .56 10.76** 

0 .20 0 .26 0.15 
7 .56 7.14 6.93 

11 .05 7.14 5.43 
2.36 3 .99 4.94 

0 . 0~ 0 .06 0.17 
0 .10 ""0.12 0 .17 

N :42 N:7 N :114 

Island Ale Basalis 
4 Sa · 5b. 

51.90 50.73 50 .63 
0 .80 0 .83 -0 .86 

16.00 17.38 18.16 
9.ss· 6 .96 7.79 

. 3 .01 3 .29 
0.17 0 .19 0.19 
6 .77 6 .97 5 .61 

11 .80 11 .51 11 .15 
2.42 2 .06 1.96 
0.44 0.26 0 .27 
0 .11 0 .09 . 0 .10 

N: N :89 

6 
52 00 

0.83 
17.30 

7.53 
. 

0.19 
7.39 

11 .70 
2.26 
0.42 
0.13 

N :12 

I 
I ' 

Buchans Group · 
. Bas:tlts 
7a 7bj 

48.80 46.601 
0 .63 0 .87 

15.47 . 16.81 
. . I 

I 

8 .63** 11 .54**1 

0 .14 0 .13' 

5 .80 6 .72 
9 .90 6 .27 

• 3 .00 1.82 
·0 .97 1.40' 

-
N:S N:S; 

1. Melson u (1976): Averaqe basakic glass: a) Atlantic, Pacijic and Indian Ocean spreading centers, b) Indian Ocean spreading center 
2. Pearce (1976): Average ocean floor basah ~ 
3. Dunning (1984): Annieopsquotch Ophiolite a) average of sheeted dykes b) average of lavas 
4. Jakes and White (1972): Average island arc tholeiite 
5. Ewart (1982): Average basalts of low-K orogenic volcanic rocks a) southwestern Pacnic b) northwestern Pacilic 
6. Basaltic Volcanism study Project (1981b): Average New Britain island arc basalts 
7. Thur1ow (1981a): Buchans Group, Sandy Lake Formation (Thurlow and Swanson. 1987): a) mafic flows b) malic pyroclastic rOCks 
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The chemical effects of spilitization on the alkalies are illustrated on Figure 5-11. 

Hughes ( 1973) showed that, on this diagram, unaltered igneous nx:~~ in a field which 

he tem}ed the "igneous spectrum". The Skidder basalt rocks plot outside the igneous 

spectrum, close to the spilite field, indicative of enrichment of Na20 relative to K20 in the 

rocks (Figure 5-ll). 

Goff (1984)-used a ternary plot of MgO, Si~ and Ca0/Al20 3 in an effort to define 

the mobility of Mg, Si and Ca during alteration. He outlined fields for unaltered ·basalts, ,• . . 

and unaltered intermediate and felsic volcanic rocks. The_ Skidder Basalt samples show 

extreme scatter on this diagram suggesting m overall decrease inCa and a redistribution of 

the other elements (Figure 5-12). For comparison, samples of Annieopsquotch Complex 
) 

dykes (geochemical data presentecfin Dunning, 1984) occupy a restricted area in the fresh 

basalts field (Figure 5-12). 

The redistribution of SiOz and total iron as well as the decrease in potassium as a 

result of alteration of the Skidder Basalt is supportive of alteration by seawater interaction 

with the rocks under low water/rock ratios. However, the substantial increase in sodium 

that has probably occurred as a result of spilitization of the Skidder Basalt is not predicted 

by experimental results (e.g. Rosenbauer and Bischoff, 1983). Mottl (l983b) us~s 

metamorphic differentiation to explain the discrepancy in the amount of -sodium increase 

predicted by-experiments on basalt/seawater interaction and the greater increase noted in 

altered'basalts. He suggests that sodium diffuses away from the "reaction front" under 

natural conditions, a process not duplicated in the' experiments. 

.· 
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Figure 5-11: Skidder Basalt samples plotted on the "igneous spectrum" diagram of 
Hughes (1973). Island arc tholeiite field after Stauffer et al. (1975). 
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Figure 5-ll: Skidder Basalt samples plotted on a ternary diagram after Goff (1984). 
See text for discussion. 
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' 5.2.6 Classificatiorv ~ f 
Winchester and Floyd ( 1977) defined fields for the ~ommon volCanic rocks .on a . . 

· ' binary plot .of Zrffi02 (used as a differentiation index) versus Nb/Y (used as- an index of 

alkalinity) (cf. \P~ce and Cann, 1973). ~e Skidder Basalt rocks are classified as sub-
. K"'- , . . . 

alkaline on this dia~Figure 5-13) andifall dominantly in the sub-alkaline basalt and , _,. 
basalt/andesite fields. Two of the Group 2 rocks are classified a:s andesi.tes . 

. Garciil-(1978) slightly modified fields on a Ti versus Zr diagram of Pearce arid 

Cann ( l973) used to distinguish rocks of tholeiiti.\ersus calc-alkaline affinity, Tholeiitic 

magma types show an increase inTi with differentiation whereas calc-alkaline magmas do · 

not. The SkiddCr Basalt rcx,:ks define a tholeiitic trend 'qn this ~iagram (Figure 5-14 ). • • 

.Skidder Basalt samples containing less~ amounts of Ti and Zr plot dominantly in the 

overlapping island ar,c tholeiite/ocean floor basalt field and those with greater amounts of Ti 

and Zr plot mostly ~ th~ ocean floor basalt field. 

5.2.7 Tectonic setting 

Many authors (e.g. Perfit, tl.AL.. 1980; Basaltic Volcanism Study Project {BVSP), 

1981a; 1981b; Pearce:·l982) have noted th·at mid-ocean ridge basalt suites have higher 

concentrations of the high field strength (HFS) cations Ti, Zr, andY, and the compatible 
. . . 

element Cr, and have much lower contents of the large ion lithophile.(LIL) elements such 

as K, Rb, Ba, and Sr, than do island arc tholeiite~. The high relative abundan~e of the LIL 

elements and yet low relative abundance of the HFS 'cations in island arc tholeiites is 

difficult to explain by magmatic processes since members ?f both elemdlt grFps behave a~ 

incompatible c~mponents ~d wo)lld partition preferentially into early forn\ed melts. The 
~ . . 

selective removal of the LIL elemems from hyc:frous subducted oceanic crustal rocks by 

hydrothermal solutions has been suggested as one possible explanation (e.g. Best, 1975; 

Saunders and Tarney, 1979). Several explanations for the overall lower concentrations of 

the HFS cations in island arc tholeiites have peen put forth; e.g. by dilution of these 

. . . 
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Figure 5-13: Skidder Basalt samples plotted on classification diagram after Winchester and Floyd (1977). 
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Figure 5-14: Skidder Basalt samples plotted on variation diagram used by Garcia (1978) to 
discriminate basalts from different tectonic settings. 
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., .. , 
e~etnents as a result of greater degrees of partial melting (Pearce and Norry,-1979), or by 

. . I ' . . 

stabili-zatio'n of mineral phases with ~hich the HFS cations are compatible, for example, 

stabilization. of minor oxide phases as .a-result of melt generation under higher oxygen 

fu&acity (Dixon and Badza, 1979). An alternate explanation advanced is that ocean floor 

tholeiites have been enriched with respect to the HFS elements due .to repeated influxes of 
J 

primitive magma and subsequent magma mixing (O'Hara, 1977). 
. . 

· The average conter:ts of large ion lithophile elements are lower in the Sk.idder Bas~lt 

rocks relative to island arc tholeiites and Buchans Grou~ basalts and are comparable to . 

- those of average ocean floor basalts and the Annieopsquotch Ophiolite (Table 5-8). The 
1 . 

Lll.. elements are used as indic(l.tors of tectonic setting here with caution since hydrothermal 

alteration has affected the content_s of these element!! in the Skidder Basalt. Basaltic 

Volcanism Study Project authors (BVSP, 1981a) suggest that Sr abundances of less than 
. r . 

200 ppm separate ocean floor tholeiitic rocks from tholeiites of other tectonic regimes. Tl)e 

average con~entration of Sr (82 ppm) for the Skidd~r Basalt is approximately equal to that 
. . f 

of ~e dykes and lavas of the Annieopsquotch Ophiolite and both_ have significantly lower 

average concentrations than island arc tholeiites and Buchans Group Basalts and are 

som~what less than· average values for ocean floor basalts. Other elements used to· 

~riminate between ocean floor and island arc tholeiites, e.g. Ti, il, Y, Cr, and Ni, have 

concentrations, in the Sk.idder Basalt, intermediate between the two types (Table 5-8). 

However, the average concentration of Yin the Skidder Basalt is only slightly less than "the 

average for_ ocean floor basalts and the Annieq¢quotch Ophiolity but is somewhat higher 
. . ' "" 

than average concentrations for island arc tholeiites. 

Trace element variation diagrams co,mmonly used to distinguish blsalts from 

' different tectonic setting are shown in Figures 5-15 to 5-19. TheSkidder Basalt rocks plot 
' - . . ( •. 

dominantly within the ocean floor bas~ field and a few in the low potaSsium tholeiite field 

. on Figures 5-15 and 5-16 after Pearf an~ Can: ( 1973). Some samples, including several .· 

. of the Group 2 samples, plot outside all fields toward the Y apex on Figure 5-15. Several 

··-



Table S-8: Comparison of averages of minor element components of the Skidder Basalt to those of ocean floor basalts, island 
arc basalts, the Annieopsquotch Ophiolite and the Sandy Lake Formation basalts of the Buchans Group 

Ocean Floor 
Basalts 

8 9a 
1064 1660 

1 2 
12.2 20 

- -

Annieopsquotch 
Ophiolite 

Skidder 
Basalt Island Arc Basalts 

LARGE LOW-VALENCY CATIONS 
3a 3b 9b 5a 5b 
747 498 3570 2159 2241 

1 1 4.7 4.1 (22}* 2.4 (2} 
62 50 60 90.2 (21} 195 (8) 
2 3 4 (18} 5.3 (1) 

6 
3487 

5.7 
63.3 

2.4 

ppm 
K 
Rb 
Ba 
Pb 
Sr 127 121 95 83 

1411 
2 

29 
3 

82 231 224 (22) 247 _Gj ... 337.6 

ppm 
'11 
11 
Nb 
y 

ppm 
()' 

v 
Ni 
Cu 
Zn 
Gl 

270 
250 
135 
86 
85 
17 

90 
8393 

4.6 
33 

251 
-
90 
-
-
-

LARGE HIGH-VALENCY CATIONS 
57 70 68 40 

7434 8093 6534 5035 
1 2 5 1.7 

36 42 31 17 

FERRO-MAGNESIAN ELEMENTS 
170 123 
326 352 

74 44 
30 38 
86 143 
14 14 

146 
327 

47 
40 
83 
16 

111 
-
18 
-
-
-

*Values in parentheses indicate number of analyses 

31 (21} 
4975 

1.7 (5} 
16 (21) 

82 (20} 
286 (20} 

36 (20} 
98 (20} 
78 (21} 

-

3. Dunning (1984}: Annieopsquotch Ophiolite a} average of sheeted dykes b) average of lavas 

313 (3} 41 
5156 4976 

- 1.6 
17 (1) 17 

31 (1} 176 
240 (1} 254 

38 (1) 69 
40 (1} 94 

- 711 - 15.2 

5. Ewart (1982}: Average basalts of low-K orogenic volcanic rocks a} southwestern Pacific b) northwestern Pacific 
6. Basaltic Volcanism study Project (1981 b): Average New Britain island arc basalts 

Buchans Group 
Basalts 

7a 7b 
8052 11622 

22 34 
410 721 

25 30 
256 245 

72 80 
4975 5216 

243 134 
177 326 
48 40 
52 66 
64 90 
- -

7. Thurlow (1981a}: Buchans Group, Sandy Lake Formation (Thurlow and Swanson, 1987}: a} mafic flows b) mafic pyroclastic rocks 
8. Basaltic Volcanism study Project (1981a} : Type 1 oceanic tholeiites 
9. Pearce (1982} : a} Mid-ocean ridge tholeiites b) tholeiitic volcanic arc basalts 

,_. 
-....) 
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Zr calc-alkaline Basalts Yx3 

Figure 5-15: Skidder Basalt samples plotted on the Ti-Zr-Y diagram of Pearce and Cann 
(1973), used by them to discriminate basalts from different tectonic settings. 
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Figure 5-16: Skidder Basalt samples plotted on the Ti-Zr-Sr diagram of Pearce and Cann 
(1973), used by them to discriminate basalts from different tectonic settings. 
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~amples pl~t buf'e all fi~lds and away from ·the Sr apex on Figure 5-16 s~ggesting 
~ . . 

relative depletion in Sr for some of the Skidder Basalt rocks. In contrast to the. Skidder 

Basalt samples, the Sandy Lake Fo~ation basalts of the Buchans Group plot 

predominantly in the calc-alkaline basalts field on the Ti, Zx, Sr diagram (Thurlow, 1981a). 
~ 

The SkidderBasalt rocks plot in the MORB/arc lavas and MORB/~ithin-plate. lavas 

fields with some scatter into the field of island arc la~as on Figure 5-17 (after Pearce, ~ 

1980). On Figure 5-18, the Skidder Basalt rocks overlap the MORB, within-plate basalts . 
< • 

-- and island arc ,tholeiite fields at higher Cr concentrations, and plot in the within-plate basalts 

and island arc tholeiites fields at lower Cr .concentrations (after Pearce, 1980). They plot 

close to the bound'ary o'f island arc and ocean floor tholeiites at higher Ni conce~- ions 
. ( 

and predominantly within the tsland arc tholrtiite field at lower Ni concentrations on · gure .... ' 

5-19 (after Beccaluva tli!L_, 1979). 

.r· 

"" . / 

I 

• 

.. 



10.0 

Ti02 
1.0 

% 
, 

I 
I I. 

I 

' _,. 

0.1 

10 

_,.--- --, 
,.,. ' , \ 

/ \ 

MORB I ' 
Within \ 

. ., -- Plate \ .. 
...... -.... --., 

/ Lavas \ ..... \ X 

, 

0 

• X --- .... ,..., 
' Arc 

' . Lavas \ 
\ 

' 
100 

Zr(ppm) 

, .. 
I ' 
\ \ 
I \ 
I 
I \ 
I 

' I \ 
I \ 
I . 
I ' 

1000 

175 

Key 

• 0/C-Pillowed 

0 0/C-Pillowed 

• 0/C-Massive 

D 0/C-Massive 

~ Diabase 

X Group 2 

114 data points 

Figure 5-17: Skidder Basalt samples plotted on the Ti02-Zr trace element variation 
diagram of Pearce (1980), used by him to discriminate basalts from different 
tectonic settings. 
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Figure 5-18: Sk:idder Basalt samples plotted on the Cr vs. Y diagram of Pearce (1980), used by 
him to discriminate basalts from different tectonic settings. 
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Figure 5-19: Log-log plot ofTi/Cr ratios vs. Ni in Sk:idder Basalt samples. Fields after 
Beccaluva .tl..ill.- ( 1979). 
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5.2.8 Rare-Earth Element Geochemistry 
-

/ 5.2.8.1 Introduction 

l 
Eight relatively unaltered Sk~dder Basalt samples we~e analyzed for rare-e~h 

element (REE) concentrations using the method of Fryer ( 1977). Further details of the 

analytical method are gi~en in Appendix. D. The samples chosen c~ver the range of .. 
Skidder Basalt compositio~s from low-Zr quench-textured basalts to high-Zr Group 2 • 

• If 

basalts and andesites (!). Analyses are presented in Tables 5-9 and 5-10, arr3.nged ir. order o 

of mcre;::::~:::~:::~entrations obtainedimm an analysis\, internal Me~orial 
University of Newfoundland (MUN) granite standard MUN-1 are listJ in Appendix D. A 

' 
comparison of try,ls;hondrite-norm~zed (Taylor and Gorton, 1977) REE pattern for MUN-

1 from the analysis performed during this study to the' range of previous analyses suggests 

some loss of Sm, Nd, Gd and Er and severe loss of Eu, presumably du~ng the ion 

exchange process (Figure 5-20). However, the overall LREE-enriched, HREE-depleted ., 
pattern is consistent with the previous analyses. 

5.2.8.2 Results 

Table 5-11 shows a Pearson correlation matrix for the rare-earth elements and other 

selected elements in the representative suite of Skidder Basalt samples. Si02 shows no 

correlation to very weak positive correlation with the light rare-earth elements (LREE), (La, . .. 
Ce, Nd and Sm) and Eu, ~d a weak positive correlation with the heaV-y rare.:efllh elements 

(HREE) Gd, Dy and Er. The "iQ.Compatible" elements'Ti (Ti02) and Zr and the alteration­

modified incompatible element, Na (Na20), show a strong positive corrdatictn with the 

LREE plus Gd and !'how a moderatP. positive correlation with Eu, Dy and Er. P20s shows 
..... 

a strong positive correlation with the middle rare-earth elements (MREE) Nd, ~m and Gd 

and moderate posirive correlation with the remainder of tt"te REE, probably reflecting the 

high mineral to melt distribution coefficients for all the REE in af)atite but also its relatively 

r: · 

c. J 



178 

Table 5-9: Major element contents, and trace and rare-earth element concentrations for a 
representative suite of Skidder Basalt outcrop samples, and Skidder Prospect 
drill core samples that are relatively unaffected by the mineralizing event(s) 

Weight % 
5102 
Ti02 
Al203 
Fe203* 
MnO 
MgO 
cao 
Na20 
K20 
P20s 

s 59 
47 .90 

0 .49 
15 .10 
10 .12 

0.16 
11 .13 

8 .03 
3.68 
0.09 
0 .01 

LOI 3 .75 
Total 10 0.461 
ppm 
Pb 
Rb 
Sr 
y 
zr 
Nb 
Zn 
Cu 
Ni 
Ba 
v 
Cr 
Gl 

* Total iron as Fe2o3 
n.d. - not detected 

n .d. 
n .d. 

67 
17 
16 

4 
68 
84 

148 
n .d. 
190 
371 

13 

SK 2717 
53.70 

0 .82 
14.30 
10.61 

0 .14 
7 .13 
3 .16 
4 .12 
0 .30 
0.10 
5.34 

99 .721 

4 
5 

58 
23 
43 

4 
105 

55 
27 
42 

379 
96 
16 

RARE EARTH ELEMENT CONCENTRATIONS 

La 
Ce 
Nd 
Sm 
Eu 
Gel 
Dy 
Er 
Total 

ppm 
2 .7 
7 .0 
8 .1 
4 .0 
1.9 
4 .9 
8 .7 
4.4 

41 .7 

559 
chondrite 

nonnallzed 
8.6 
8.6 

13.6 
20 .8 
26 .3 
18.9 
26.8 
20 .7 

SK2717 
chondrite 

ppm nonnallzed 
4 .3 13.7 

12.0 14. 8 
9 .1 15.2 
2 .7 14.1 
1 .0 13.9 
3 .3 12.7 
4 .1 12.6 
2 .7 12.7 

39.2 

5348 
49 .60 

0 .84 
14.50 

9 .65 
0 .15 
5 .77 
8.60 
4.41 
0.14 
0 .13 
5.70 

99 .491 

5 
2 

98 
21 
52 

4 
60 
56 
37 

2 
327 

93 
14 

5348 
chondrite 

ppm nonnalized 
8 .9 28.3 

23.1 28 .4 
17 .4 29.1 

4 .6 24 .0 
1.4 19.4 
6.0 23 .2 
6 .1 18 .8 
2.5 11 .7 

70 .0 .. 
Chondnte-normahz~ng values used are those of Taylor and Gorton (1977) 
Ratlos-{Chondrite Nonnallzed) 

La/Ce [[]·0 
La/Sm 0 .4 
Eu/Eu* 1.3 [[] 0 

0 []] 2 
8 

Eu* = (Sm+Gd)/2 

SK 30 88 
50 .9 0 

1 .07 
15 .00 

9 .77 
0 .10 
8 .92 
3 .96 
5.18 
0 .17 
0.12 
3 .76 

98 .95 

3 
7 

72 
28 
57 

5 
67 
41 
36 

4 
275 
151 

28 

SK3088 
chondrite 

ppm nonnalized 
8 .0 25.4 

20 .9 25 .7 
15 .8 26 .5 

4 .5 23.4 
1 .1 15.2 
6 .2 23 .9 
6 .8 20 .9 
3.4 16.0 

66 .7 

DIJ 1 
6 



\ 

.~ 

t. 

" 

f 
I 

• 

Table 5-9 (continued): 

-4' 

~ 

Weight% 5K 27 1 S80B 
. 5102 48 .30 48.10 . 
Tl02 1.27 1.76 
Al203 17.10 14.10 
Fe2o3• 14.58 11 .24 
MnO 0 .10 0 .13 
MgO 4 .95 4 .48 
CaO 5 .40 9 .55 
Na20 '.5 .21 4.56 
K20 
P205 

0 .42 0 .03 
0 .13 0 .22 

LOI 2.77 6 .53 
Total - 100.23 100.70 
ppm .. 
Pb n.d. 5 
Rb 3 n .d . 
Sr 134 45 
y 27 47 
'Zr 75 92 
Nb 6 9 
Zn 62 85 
cu 8 28 
t.a 49 . 6 
Ba n .d . n .d . 
v 237 480 
0' 243 34 
GJ 16 18 

• Total iron asFep3 
n.d.- not d elected 

RARE-EARTH ELEMENT 
CONCENTRATIONS' 

La 
ce 
Nd 
Sm 
Eu 
Gd 
ov 
Er 
Total 

SK 'E1 1 

24 .8 
7 .0 
2.0 
8 .0 
8.4 
3 .6 

9 6 .4 

chondrlte 
nonnallzed 

34 .6 
39.0 
41 .5 
36 .5 
27 .7 
30.9 
25 .8 
16.9 

[ppm 
. 9 .7 
26 .3 
21 .2 

6.1 
2 .0 
8 .2 
8 .8 
4 .4 

86 .7 

o.r:rlzed) 9 
8 

- ~s(Cho 
La/Ce 
La/Sm 
Eu/Eu* 
Eu'"' (Sm+ Gd)/2 

5808 
chondrtte 

normalized 
30 .8 
32 .3 

. 35 .5 
31.8 
27 .7 
31 .7 
27 .1 
20 .7 

1.0 
1 .0 
0 .9 
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Table S-10: Major element contents, and 
trace element concentrations 
of two Group 2 samples 

Weight % r--....::::_~~------=-:...=:...__, 
5102 

5 21A s 58 
58.70 61.30 

T102 
Al203 
Fe2o3• 
MnO 
MgO 
cao 
Na20 
K20 
P20s 
LOI 
Total 
ppm 
Pb 
Rb 
Sr 
v 
'll. 
Nb 
Zn 
Cu 
tl 
Ba 
v 
() 

Gl 

1.60 
14.30 

9 .45 
0.15 
4 .09 
2 .09 
5 .98 
0.13 
0 .38 
2 .39 . 

99 261 

6 
4 

31 
53 
95 

5 
117 
n .d . 
n .d . 

52 
131 
n .d. 

16 

• Total iron as Fe203 
n.d. :iOI de_tected 

1.22 
14.10 
945 
0.14 
3 .17 
1.65 
5.93 
0.34 
0 .17 
1.84 

l 99 .31 

n.d 
n.d . 
32 
44 

103 
4 

107 
14 

n.d . , 
124 

3 
19 

RARE-EARTH ELEMENT 
CONCENTRATIONS 

521A 558 

La 
Ce 
Nd 
Sm 
Eu 
Gd 
Dy 
Er 
Total 

ppm 
8.8 

27.9 
25 .6 
9 .0 
2 .2 

10.3 
10.9 
5 .0 

99 .7 

chondrlte 
nonnallzed ppm_ 

27.9 12.4 
34.3 32 .1 
42 .9 24.2 
46.9 6 .9 
30 .5 1.9 
39 .8 9 .3 
33 .5 10.3 
23 .5 5 .2 

1 02.3 

Ratios (Chondrtte Nonnallzed) 

La/Ce []]·8 
LatSm 0 .6 
Eu/Eu• t 0 .7 
Eu' = (Sm+Gd )t2 

chondrHe 
nonnallzed 

39.4 
39.5 
40 .5 
35.9 
26.3 
35.9 
31.7 
24.4 

[]] 1 
7 
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Figure 5-20: Chondrite-normalized (Taylor and Gorton, 1977) rare-earth element pattern 
for internal Memorial University of Newfoundland granite standard MUN-1 
(analytical results presented in Table D-1, Appendix D). Results from this 
study are compared to the range of chondrite-normalized rare-earth element 
abundances for MUN-1 from other studies (D.F Strong, personal 
communication, 1986). 



Table 5-11: Pearson correlation mauix for tare-earth element and other selected 
element concentrations in representative suite of Skiddcr Basalt samples 

Number of samples ::: 8 

La 
Ce 
Nd 
Sm 
Eu 
Gd 

ov 
Er 
Total REE 

La 
Ce 
Nd 
Sm 
Eu 
Gd 

ov 
Er 
Total REE 

.00 .61 ·.81 .73 .36 .00 .00 .50 

.00 .71 · .85 .80 .53 .00 .00 .59 

.14 . 77 •.83 .83 .68 ·- .24 .00 .70 

.27 .71 ·.64 .79 .77 ·.46 .00 .76 

.00 .39 · .23 .07 .32 ·., 7 ·.53 .48 
.32 . 76 ·.69 .82 .74 ·.39 .00 .83 
.15 .40 · .19 .53 .43 ·.53 -.30 .64 

.36 .30 .00 .41 .29 -.48 · .31 .66 
.22 .75 -.81 .83 .64 · .31 .00 .72 

SI02 TI02 MgO Na20 P20s LOI Rb Y 

T.OO 
.98 1.00 
.90 .97 1.00 
.62 .76 .90 1.00 
.06 .30 .54 :77 1.00 

. 74 .82 .92 .97 .72 1.00 
.30 .40 .60 .83 .88 .85 1.00 
.00 .00 .33 .63 .75 .68 .92 1.oo I 

.91 .96 .99 .90 .58 .95 .67 .451 
La Ce Nd Sm Eu Gd Dy Er 

.85 ~.78 -.63 .00 

.89 ·.88 -.65 00 

.90 ·.92 -.58 .00 

.77 ·.85 ·.30 -.33 

.36 ·.36 .00 · .15 

.86 ·.83 ·.42 · .22 
.51 ·.46 .00 -.51 
.44 · .28 .00 -.43 

.91 ·.90 -.55 00 

Z1 Cu "" v 
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-.47 
•.47 
-.43 
· .20 
.00 

· .38 
.00 
.00 

· .41 



higher distribution coefficients for the middle REE (Henderson, 1984). Y shows a strong 

positive wrrelation with Nd, Sm and the HREE and a moderate positive correlation with ., ~ 

La, Ce and Eu, probably reflecting similarity in the chemical behaviour ot Y to that of the 

HREE (Henderson, 1984). TiOi, Na20, P205, Y and Zr all display strong positive 

corrcl:ltions with total REE. 

The ''compatible'' elements Mg (MgO) and Cu show a strong negative correlation 

with the LREE and Gd, and a weak to moderate negative correlation with Eu, Dy and Er 

(Table 5-11 ). Elements Ni and Cr, compatible with early fractionating phases in basaltic 

m:tgm as, have moderate to strong ne¥ative correlations with the LREE and weak negative 

correbtions with the remaining REE. MgO and Cu show a strong negative correlation and 

LOL N i :md Cr show :~ weak to moderate negative corre !at ion with total REE . 

• 
La. Ce and Nd display a strong positive correlation with Gd and with each o~ 

and show a weak to moderate positive correlation with Eu, Dy and Er. Samarium and Gd 

arc strongly positively correlated wi•h all the REE and with eac h other. Europium, D y and 

Er show a strong positive correlation with each other and moderate positive correlation with 

1\:rl :1 nd Sm. • 
Figures 5-21 to 5-24 present chondritc- nom1alizcd (Taylor and Gorton , 1977) 

p:1ttcm-; for the Skiclcic-r Ra<qlt sampks arranged in order c•f increas ing Zr concentratio ns . 

REE concenr,rations range from 8 to 47 x chondrite as shown by a composite of all the 

Skiddcr B:t~alt REE patterns presented in Figure 5-25. Sample S 59, a low-Zr quench-
" 

te xtured basalt, gives a LREE depleted- (La/Sm = 0 .4) and relatively HREE-enri ched 

- pattern with a slight positive Eu anomaly (Eu/Eu"' = 1. 3 ). The other samples have 

relatively flat REE to slightly LREE depleted· patterns (La/Ce = 0.8-1.0 and L:VSm = 0.6-

1.2) and show a ge neral inc..:rease in total REE with inc..:rea s in ~ Zr conc..:enrnllion (Figures 5-

21 ,o 5-25). Sample SK 27 17 ;has no Eu anomaly but samples with hi gher Zr · 
r~ 

concc .1rrations have slig ht negative Eu anomalies (Eu/Eu* = 0 .6 -0.9). All samples except 

S 51} anc1 SK 27 17 show depletion of the HREE relative to the others. \ 



C1) 
~ ... 
"0 
s:::: 
0 
.l: 

100 ---

(.) 10 : 
Q) 
c. 
E 
~ 

-

I 

La Ce 

I I I I I 

Sm Eu Gd Dy Er 

Key 

·• - s 59 {16) 

-0- SK 27 17 (43) 

Zr concentrations 
in brackets 

183 

Figure 5-21: Chondrite-normalized rare-earth element patterns for Skidder Basalt samples 
having ZI concentrations < 50 ppm. 
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Figure 5-22: Chondrite-normalized rare-earth element patterns for Skidder Basalt samples 
having ZI concentrations > 50 < 85 ppm. 
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Figure 5-23: Chondrite-normalized rare-earth element pattern for Skidder Basalt sample S 
SOB, a high-Zr basalt not included in Group 2. 
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Figure 5-24: Chondrite-normalized rare-earth element patterns for Skidder Basalt Group 2 
samples. 
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5.2.8.3 Disl·ussion 

Studies of ~he effcs;:ts of alteration•on the REE hav~ given conflicting results (cf. 

Ilumphri s, 1984 ). l .udden and Thompson, (1978; 1979) repon that low-temperature 

alteration, e.g. palagon. zation of submarine basalt glasses, can result in LREE enrichment, 

and a unifonn increase n the IIREE in the rims of pillows relative to the interiors. Studies 

of spilites have shown either enrichment of the REE (Hellman and He!"derson, 1977) or no 

effect at all on REE concentrations (Herrmann~. 1974) as a result of spilitization. 
\ . 

' Experimental studies on the effects of hydrothennal alteration of basalts suggest slight 

enrichment or depletion of the LREE, hut very little modification ofthe HR.EE under 

hydrothermal conditions ranging from 150°C to 350°C (Menzies~. 1979). Similar 

results were reported after experimental reaction of oceanic tholeiite with seawater at 500- <.,j 

6<Xl0 C, R00-1000 bars and water/rock ratios of 1-3 (Hajash, 1984). 

Under magmatic conJiti'ons, the r~re-earth elements tend to concentrate in the r{eft 
., .. •· 
. -

(e .g. Humphris, 11JR4). ·Of the corftmon rock fonning minerals, clinopyroxene is one of 

the most iinportant major phases in terms of removing REF. from the liquid and also 

selectively enrid1ing the liquid in the LREE (Henderson, 1984; Humphris, 1984). 

'· 
Distrihution coefficients are low for REE partitioning in other common rock forming 

minerals such· as olivine, magnetite and plagioclase (Eu being an exception in the latter 

case). llowcvcr, common accessory minerals in basalt such as apatite and sphene, and 

possibly zircon in more diffcre11tiatcd compositions, play a major role in REE distribution. 

Miucral/mdt dis tribution coclticicnts presented by Henderson (1984) for apatite and sphene 

in fel s ic roc ks range from 17-50 for apJt itc and 27-102 for sphene. Both these miner~ls 

concentrate the MREE rcl :nivc to the LREE and IIREE. ·Zircon tends to co ncentrate the 

· "a 
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HREE. Henderson (1984) reports ~neraVmelt dis'trit>ution coefficients for Zr in felsic 

rocKs of about 4 for the LREE, in contrast to ab-ovt 48 for Dy and 345 for Lu. 

With the ~ption of S 59, the Skidder kasalt samples show a similarity of REE 

patterns which supports a cogenetic origin for the. basalts including the Group 2 samples. 

Extensive clinopyroxene fractionation which would expect to be reflected hy LREE 

enrichment in the high-Zr basalts is not indicated. The relative depletion of the HREE in 

the Skidder samples, is probably a result of loss during the ion exchange process 
. ~ 

• (Dunning, 1984; G. Jenner, personal communicati'on , 1987). Hgwever, it is possible that 

- ·. ) 

' 

the convex downward REE patterns shown by several of the samples may be partially 
/ . ! 

controll~d 
1
by the host minerals to the REE within thc"spilitized Skidder Basalt. Sphene is a 

commo~ ~ccessory mineral in the Skidder samples (Chapter 4) and presumably much of the 

phosphorus content of the samples is hosted by apatite. Both these minerals have high 

mineraVmelt distribution coefficients for the REE and preferentially incorporate the MREE 

(Henderson, 1984 ). 

Europium anomalies are often attributed to substitution of Eu2+ for Ca2+ and Na+ in 

plagioclase (e.g. Henderson, 1984). Thus, positive Eu anomalies are suggested ro indicate 

plagioclase accumulation and negative Eu anomnlics indicative of substantial plagioclase 

fractionation (at least 2.5% plagioclase removal, Basaltic Volcani;'in Siudy Project (BVSP), 

1981a). Coi-s_h ~ (1982) suggest removal of Ca and Eu during albitization of 
c ' .. 

plagioclase although mobilization may only be local since reprecipitation of these clements 

may occur by formation of epidote and/or calcite near plagioclase grains. Sun and Nesbitt 

(1978) also attribute Eu anomalies to alteration. 

The Skidder Basalt samples do not show the severe depletion of Eu that would be . 
! 

expected by comparing the analysis of the MUN-1 standard conducted during this study to 

previous analyses of the standard (Figure 5-20) but loss of Eu and hence productio n of the 

negative Eu anomalies in the Skidder Basalt samples as a result of the analytical method 

cannot be ruled out. Loss of Eu as a result of albitization in some of the Skidrler Basali (I 
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samples is supported by the most pronounced negative Eu anomaly being in sample SK 30 

RR which has the lowest CaO content and the highest positive Eu anomaly being in sample 

S 59 which has a high CaO content. However, contrary to this argument and supportive of 
at least some magmatic control, i.e. plagioclase fractionation, on the negative Eu anomalies 
~ 

in the Skidder Basalt is that sample S 80B which has the highest CaO content has a 

negative Eu anomaly and sample SK 27 17, which has a low CaO content has no negative 

Eu anomaly. 

5.2.8..& Tectonic environment .. 
The range. of chondrite-nonnalized REE concentrations in the Skidder Basalt is 

compared to that of ocean floor basalt lavas in Figure 5-26. H.igh-Zr and Group 2 Skidder 

Basalt samples contain higher LREE and MREE concentrations than "normal" or N-type 

MORBS (Figure 5-26). A highly evolved ocean floor basalt from the Galapagos Ridge 

(BVSP, 198la) contains about the same LREE and MREE concentrations as the 'most REE-
• 

\ enriched Skidder Basalt samples but it has a significantly higher HREE concentration. 
' 

Some, but not all of the Skidder samples show LREE depletion a typical c haracteristic of 

N-type MORB (e .g. BVSP, 198la; Saunders, 1984). The Skidder Basalts do not show 

the characteristic LREE e.ryrichment of enriched MORBS (Erlank and Kable, 1976; Le Roex 

et al.. 1983; Saunders, 19R4lor the extreme LREE enrichment. typical of within-plale 
. ' 

alkalic lavas from oceanic islands, represented on Figure 5-26 by Azores Islands lavas. 

The Skidder Basalt samples do fall within the range of "transitional"' or T -type MORBS 

(Fi gure 5-26) which have intermediate REE characteristics between N-type and enriched 

MORBS showing eithe r LREE depletion or enrichment. 

Figure 5-27 compares REE concentrations in the Skidder Basalt to those of island 

arc basalts. Some ofthe Skidder samples sho~ flat REE patterns characteristic of island 

arc thokiites (e.g. BVSP, J9R I b) hut the ovC'r.tll abundance~ of REE in the Skidder Basalt 

are greater such that the most evolved of the New Britain island arc reference suite 
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Figure 5-26: Range of chondrite-normalized rare-earth element abundances in the Sk:idder 
Basalt compared to: N-type MORBS (Saunders, 1984; data from: Frey~., 
1980; Kay et al., 1970; Saunders, 1983; Schilling, 1975a; Srivastava et al., 
1980; Sun et al., 1979; Thompson et al., 1976); transitional MORBS 
(Saunders, 1984; data from: Langmuir et al., 1977; Wood et al., 1979; 
O'Nions et al., 1976); enriched MORBS (Saunders, 1984; data from: O'Nions 
et al., 1976; Schilling, 1975b; Wood et al., 1979); and alkalic Azores Islands 
Lavas (White et al., 1979). The rare earth element pattern for a highly evolved 
ocean floor basalt from the Galapagos Ridge is also shown (Basaltic 
Volcanism Study Project, 1981a). 
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Figure 5-27: Range of chondrite-normalized rare-earth element abundances in the 
Skidder Basalt compared to that of: the New Britain Island Arc Tholeiite 
reference suite (Basaltic Volcanism Study Project, 1981b); tholeiitic and 
calc-alkaline basalts from the Sunda Arc (Whitford~ .• 1979); basalts, 
basaltic andesites and andesites from the Marianas Islands (Dixon and 
Batiza, 1979); and modem boninites from the west Pacific (Crawford and 
Cameron, 1985; data taken from: Cameron~. 1983; Jenner, 1981; 
Sun and Nesbitt, 1978). 
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(BVSP, 198lb) overlaps only the lower-Zr Skidder samples. Some of the Skidder 

samples have' negative Eu anomalies, a characteristic usually lacking in island arc basalts 

(BVSP, 1981 b). The Skidder Basalt samples do not s~ow the LREE enrichment 

characteristic of calc-alkaline basalts represe'nted on Figure 5-27 by the Sunda Arc _ 
• 

(Whitford ~. 1979) and they do not show tne overall REE depletion chai.tctcristic of~----

modem boninites (Cameron~. 1983; Jenner, 1981; Sun and Nesbitt, 1978). 

_Rare-eanh element analyses of basalts and andesites from -the Marianas Islands 

show considerable overlap with the Skidder Basalt but the formet QClve a characteristic 

negative Ce amm1afy not shown by the .Skidder samples (Dixon and Batiz.a, 1979). 

Negative Ce anomalies have been noted in several island arc suites (e .g. Jakes an<J 
. I . 

Gill, 1970; Ewan ru..L 1973; Taylor u..;il, 1969; White and Patchett, 1984 ); and in the 

Point Sal ophiolite in California (Menzies~. 1977), interpreted by Pearce ll.i!l.. ( 1984) 

~~ < 
I ., as having been fanned in a supra-subduction zone setting. Dixon and Batiza ( 1979) relate 

If • 

the negative Ce anomalies in the Marianas lavas to the ability of Ce to attain a quadrivalent 

ionic state with correspondingly smaller ionk radius; they suggest that depletion of Ce is 

related to depletions in other small, highly charged ions such as Ti, Zr ami Hf. Wh ire and 

Patchett (1984) suggest that negative Ce an~malies are a "co~mon, but not. ubiquitous, 

feature" of island arc volcanic rare-eanh element patterns. They indicate that the anomalies 
r :, 
i may be inherited from slibducted altered oceanic crust or sediments or alternatively be a 

result of fluid -solid panitioning during dehydration of the subducting slab. Cullers and 

Graf (I ~84) also suggest that the negative Ce anomal ies are source related. Menzies rr1!L 

(1977) attribute the negative Ce anomalies in the Point S:ll ophiolite as being related to , 
prolonged interaction ofthe lavas with sea water, the latter having a pronounce:-d negative 

Ce anomaly (e .g. Humphris, 19R4). Stabili7ation of minor oxide phases as a result of 
~ . 
melting under hydrous conditions in the source for island arc basalts has been i1. •oked as 

one possible explanation for depletion in these basalts of high field strength cations such as 

Ti, Zr and Nb, and the REE (e.g. Saunders tl.J!L.. 1980)'. Presumably, conditions of 

4' 
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higher oxygen fugacity would tend to stabilize the quadrivalent Ce ion (cf. White and • • 

Patchett, 1984) and destabiliz-e the Eu2+ ion and could pro~ide an explanation for Ce . 

depletion in some and a general lack of Eu anomalies in most island arc basalts. Cenainly, 
.- I 

however, lack of extensive plagioclase frac~onation in island arc basalts (e.g. Perfit tlJ!!., · 

1980) can al~o provide an explanation for their lack of negative Eu anomalies. 

5.2.9 Extended rar~~h element diagram 

Pearce ( 1982) attempted to incorporate several of th~ geochemical features that 

characterize basalts from various tectonic settings onto one extended rare-earth style 

di<tgram on which average compositions are normalized to N-type MORB (Figure 5-28). 

On Figure 5-28 the average composition for the Skidder Basalt normalized to N- type 

l\.10RB is compx-ed to the average nonnalized composition forE-type MORB (Wood tUL.. 

1979; Pearce, 19R2); for alkalic oceanic island hasalts from the Azores (Pearce, 1 982); for 

the·New Hebrides calc-alkaline basalts (Gorton, 1977); and for island arc tholeiites from 

' the South Sandwich Islands (Pearce, 1982). Also presented for comparison is Ule average 

composition of Ll-jc Annieopsquotch Complex dykes and lava!'! (calculated from geochemical 

data presented in Dunning, 19R4). 

Alkalic oceanic island ba:..alts show a characteristic enrichment (relative toN-Type 

MORR) of 1he large ion lithophile elements (LIL) Sr, K. Rb and Ba; high field strength 

cations (HFS) :-.rb, P, Zr, Ti andY; and rare-earth elements (REE) Ce and Sm (Pearce, 

19R2). E-type MORB are enriched in the LIL elements and HFS elements Nb, P and Zr 
• 

plus the light REE (Pearce, 1982) relative toN-type MORn. Calc-alkaline basalts are 

highly enriched in the UL elements; are depleted in HFS elements Nb. Zr, Ti andY; but 

<trc enriched in the light rare-earth elements and P relative toN-type MORB (Pearre. 1982). 

Island arc thole iites are slightly enri<.:hed in Rb and Ba but :tre significantly dep,eted in the 

IIFS clements and Cr rcl:ltive toN-type MORR (Pearce, i9R2). 

r 
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Figure 5-28: N-Type-MORB-normalized trace element patterns for: average Skidder Basalt; 
average Annieopsquotch dykes and lavas (data from Dunning, 1984); E-type MORB 
(Pearce, 1982; Wood et al., 1979); alkalic, oceanic island basalt (Pearce, 1982); 
island arc tholeiite (Pearce, 1982); and calc-alkaline basalt (Gorton, 1977). 
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Th~ Skidder Basalt is slightly enriched in Ba, Nb, P and the LREE, is slightly 

depleted in Sr. and, like the Annieopsquotc~ Complex is slightly depleted in Zr, Ti and Cr 

relative toN-type MORB. Overall, both the Skidder Basalt and Annieopsquotch Co~ 

have a pattern more similar toN-Type MORB than to the other basalt types. The Skiddy 

Basalt does not show depktion of the HFS elements nor as much deplelion of Cr as is 

characteristic of island arc tholeiites. 
I 
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5.2.10 Petrogenetic model 

' Mid-ocean ridge basalt geochemistry is dominated by low pressure fractional 

crystallization of olivine + Cr-spincl followed by olivine + plagioclase; only late in the 

crystallization history does dinopyrmene become a liquidus phase (e.g. Bender~. 

1978; BY SP, 19g I a). 1l1is ~·ontrasts with the liquid line of descent proposed for island arc 

tholeiites (cf. Perfit tlJ!.L.,l980) in which clinopyroxene instt:ad of plagioclase is the early 

mineral phase. Clinopyroxene replaces olivine as the liquidus phase at pressures greater 

than 12 kb (BVSP, Jt)Xlc). Also, Holloway and Burnham (1972) showed that plagioclase 

is not a stable phase under hydrous magmatic conditions and that the important crystallizing 

phases under th.ese conditions are clinopyroxene, olivine and magnetite. This prompted 

Perfit ·er a!. (I 980) to suggest that the substitution of clinopyroxene for plagioclase as an 

early mineral phase in island arc tholeiites may be due to crystalliY.ation at greater depths or 

at higher PH2o conditions. . . \ 
Skidder Basalt chromite compositions suggest a liquid line of descent for the 

Skidder Bas<_ilt similar ro that for MORB, i.e . early crystallization of Cr-spinel and olivine, 
.... ~~r--:---- ;., 

followecfoy olivine and plagioclase± Cr-spinel and late fractionation of clinopyroxene (see 

Figure 4-34). Early crystallization of plagioclase is supported by the presence in the 
• 

Skidder basalts of ubiquitous large albitized plagioclase phenocrysts. Pearce and NojlY 
__ ., 

( 1979) modekd the effects of fractionation of several minerals with regard to Zr and Y. 

These effects are shown as vectors on Figure 5-29. The trend outlined by the Skidder 

Basalt samples is consistent with fractionation of olivine and plagioclase. Extensive . . . 

fractionation of clinopyroxene which would tend to lower the Y fZr ratio is not observed . 

Holloway and Burnham ( 1972) suggest t:1at early fractionation of plagioclase from 

a magma is indicative of fractionation under low fo2 conditions. Vanadium, which is 
I 

compatible with Cr-spinel, is also compatible with clinopyroxene and magnetite under low 

oxygen fugacity conditions (less than or equal to log fen of -10) (Shervais, 1982). Hence, 

vanadium concentrations in the Skidder Basalt should show the effects of fractionation of 
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Cr-spinel, clinopyroxene an'd magnetite. The behaviour of Ni and Cr in basaltic magmas is 

dominated by the three phases olivine, Cr-spinel and clinopyroxene. Nickel partitions into 

olivine and Cr into Cr-spinel, which crystallize early from bJsaltic magmas, and both Ni 
'-. 

and Cr partition into clinopyroxene, having distribution coefficients of 2 a nd 10 

respectively (Sun S1...!!1. 1979). 
• 

Figure 5-30 illu.strates the behaviour of Y with respect to Cr and Ni in the Skidder ... . 
Basalt and Figure 5-31 is a plot of log Ni versus log Cr for the Skidder BasaJt samples. 

Although consiuerable point scatter is evident, the data presented on each of the three 

diagrams define a trend with several changes in slope as shown by the visually estimated 

~~best fit" lines through the data. Slope changes between line segments labelled A -~ on 

Figure 5-30 and A to E on Figure 5-31 are thought to reflect changes in the number and 

~ourrt of mirteral phases..., that were fractionating from the the magma(s) which produced 

the rocks. Note that the range of Ni or Cr values included in each line segment labelled A 

roD on Figure 5-30 is equivalent to the range of values included in each of the similarly 

labelled line segments on Figure 5-3 1. Stippled areas on Figure 5-31 outline the two fields 

in which data from the Annieopsquotch Dykes plot (geochemical analyses in Dunning, 

1984). 
.. . 

Segment A on Figures 5-30 and 5-31 is thought to reflect coprecipitation of olivine 

and Cr-spinel ±plagioclase. Peaking of the amount.of Cr-spinel and olivin~ fractimhtion 

is sutgested by segment B which shows an overall decrease in V wi~h decreas;ng Cr and 

Ni. The general increase in V concentration with decreasing Cr and Ni as shown by 

segment C is probably indicative of the coprecipitatJon of olivine and plagioclase and 

presumably marks the reduction and then cessation of Cr-spinel precipitation. The 

continued reduction in Cr concentrations shown by segment C suggests that clinopyroxene 

is probably a fractionating phase at this point in the ~volution of the magma (or magmas) 

that produced the Skidder Basalt rocks. However, the increase in overall Y concentration 
:.-. .,. ., 

shown .by segment C suggests that fractionation of clinopyroxene was not e*ensive 

, 

• 
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are suggested "differentiation" trends. Line segments A, B, C and D are 
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1000 

100 

-E 
c. 
S: 
.... 
(.) 

10 

1 10 

A 

I 
I 

Annieopsquotch 
J.---t- Dykes 

100 

Ni (ppm) 

199 

Key 

• 0 /C-Pil lowed 

0 0 /C-Pillowed 

• 0 /C-Massive 

0 0 /C-Massive 

.A. Diabase 

X Group 2 

114 data points 

1000 

Figure 5-31: Cr vs. Ni plot for the Skidder Basalt. Heavy lines mark suggested 
"differentiation" trend. Line segments A, B, C and D, and the dashed lines 
mark the same ranges of Cr and Ni concentrations as on Figure 5-30. 
Stippled lines outline fields in which the Annieopsquotch diabase dykes plot 
(data from Dunning, 1984). Line segment E is discussed in text. 



,. 

.. 

• 
200 

enough to prevent a buildup ofV in the remaining magma or alternatively that aft inqease in 

. fo2 occurred thereby reducing the compahbility of V in clinopyroxene (Sh\rvais, 1982). 

The rQarked reduction in V shown by Trend D defined mainly by Grodp 2 samples 

probably indiqnes more exLensive fractionation of clinopyroxene and the onset of magnetite 
\ . . .. 

as a fractionating phase. 

Trend E on Figure 5-31 1 defined by the Annie~psquotctl Ophiolite dykes is a 

deviation frop,1the Skidder Basalt trends and probably marks more extensive fractionation 

of clinopyroxene and a cessation of olivine precipitation in the magma that produced these 

rocks. Note that Skidder Basalt trends C and D on this diagram are subparallel to the Ni 

axis which further supports the suggestion made above, that fractionation of large amounts 

of clinopyroxene did not occur until late in the fractionation of the magma or magmas that 

produced the Skidder Basalt rocks. 

5.2.11 Group 2 petrogenesis 

Group 2 samples are characterized by: large variations in Si~. Ti~. Fe20), P:zOs 

and V contents; high Na20, 'band Y concentrations and; low MgO, CaO, Sr, Ni and Cr 

coments (Figures 5-3 to 5-9). The high total REE, Zr andY concentrations and low Ni and 

Cr concentrations of the Group 2 samples suggest that they crystallized from a somewhat 

differentiated basaltic magma. Comparison of the rare-eanh element patterns for che Group 

2 samples and those of the other Skidder Basalt rocks (section 5.2.8) suggests that the 

Group 2 rocks are cogenetic with the others. Their variable Ti02, Fe203, P20s and V 

conti!nts suggest that accessory minerals such as magnetite and apatite were probably on the-

liq~idus of the magma(s) from which they crystallized. 

5.2.U Comparison to ophiolite complexes 

Spilitization, the presence of variolitic pillow lavas, the sparseness and smaller size 

of arnygdules, the high m~'gnetic susceptibility and tholeiitic chemistry distinguish the 

I 
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Skidder Basalt from the Buchans Group basalts and illustrate its similarity to ophiolite 

pillow lava sequences, e.g. those of the Annieopsquotch (Dunning, 1984) and Bay of 

Islands Complexes (Malpas, 1976), and to pillow lavas of the ophiolitic Lushs Bight 
• 

-.Group (Smitheringale, 1972; Strong, 1973; Kean, 1984). The ore metal content of the 

Skiddor prospec.t, that is, copper and zinc and only a very minor amount of lead;· and the 

occurrence of the prospect in basalts rather than felsic rocks further support an ophioliti~.: 

environment of fonnation. The presence of trondhjemite dykes and pods in the Sk.idder 

Basalt is also consistent with an ophiolitic environment. 
11~ 

Beccaluva .tl_l!l. (1980) state that ophiolites such as the Troodos and Yourinos 

complexes, which plot in the island arc tholeiite field on trace element variation diagrams, 

have sever.al characteristics in common. These complexes often contain lavas similar to 

boninites in that they have very low contents of Ti and the incompatible elements, and very 

high Cr and Ni concentrations. Coish and Church ( 1979) describe flows with similar 

characteristics in the Betts Cove ophiolite. Other effusive rocks present in these ophiolites 

are more depleted in the incompatible elements and compatible elements such as Cr and Ni 

than typical ocean floor tholeiites. Beccaluva llJ!1 ( 1980) funher state that the variation in 

the modal mineralogy of the Troodos and Vourinos ophiolitic rocks define a fractional 

crystallization order of Cr-spinel plus olivine, clinopyroxene, orthopyroxene, and then 

plagioclase, similar to that described for island arc tholeiites (Perfil ~. 1980). 

Miyashiro (1973) suggests that the Troodos ophiolite formed in an island arc environment 

and (Beccaluva ~. 1980) conclude that the Troodos and Vourinos ophiolites probably 

originated by "spreading processes above a subduction zone close to an intraoceanic 

converging plate margin". 

According to Beccaluva lli!!.. (1980) cumulus minerals if\.the gabl;lroic complexes 

and phenocryst phases in the lavas of the Northern Apermint Ophiolites, which have 

. MOR,B-type chemistry, indicate a crystallization order of Cr-spinel plus olivine, 



• 

..../ 

202• 
l 

plagioclase, clinopyroxene, Ca-poor pyroxene, Fe-Ti oxides and finally apatite, similar to 

that suggested for MORB (cf. Bender~. 1978; BVSP, 1981 a). 

The Skidder Basalt rocks have low concentrations of the large ic;m lithophile 

elements like Mid Ocean Ridge Basalts (MORB) and typically plot in the field of MORBS 

or overlap the MORB and island arc tholeiite fields on many trace element variation 

diagrams (section 5.2.7). The lack of lavas similar to boninites in the Skidder Basalt, and 

i\S indicated liquid line of descent, that is, Cr-spinel plus olivine± plagioclase, olivine plus . 1 . 
plagioclase, and laic! in the: fractionating history, clinopyroxene plus magnetite and apatite 

suggest a greater similarity of the Skidder Basalt to MORB-type ophiolites. Pearce tl...l!l... 

(1984) conclude that ophiolites with MORB chemistry, which include the Macquarie Island 

(Griffin and Varne, 1980) and Bay of Islands ophiolites (Suen tlJ!L, 1979), may have 

fanned in "incipient oceans, major oceans, leaky transforms" or in "back-arc basins". 

Figure 5-32 compares the range of chondrite-normalized REE concentrations in the 

Skidder Basalt to that of several Newf9undland ophiolites. As shown, the range of 
l 

Skidder Basalt REE, although extending to higher REE concentrations, overlaps that of the 

Annieopsquotch pillow lavas (Dunning, 1984), the Bay of Islands dykes and lavas (Suen 

.tlJ!L, 1979) and the upper lavas of the Betts Cove ophiolite, but none of the Skidder Basalt . 
samples show the extreme REE depletion characteristic of the Betts Cove lower lavas · 

(Coish t.UL. 1982). The Annieopsquotch and Bay of Islands ophiolites are geochemically 

similar to N-type MORB (Dunning, 1984; Suen tlJ!L, 1979). The upper lavas of the Betts 

Cove ophiolite also have geochemical similariti~s t? MORB, but the lower lavas are more 
. ~ 

similar geochemically to boninitic lavas (Coish tl.ah. 1982). 

Figure 5-3} compares the range of chondrite-normalized REE abundances in the . ' 
Skiddr:r Basalt to dykes and lavas of the Sanniento ophiolite and meta basalts of the eastern • ... 
Liguria ophiolite . . Witp the exception of HRE E depletion and-slightly greater enrichment of 

the light ~~EE,_ t.be range of REE abunda~es is similar in the Skidder Basalt to that of the 

eastern Ligcria ophiolite, which is geochemiCally similar to MORB (Venturelli t1Jll.., 1981; 
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Pearce tlJ!L, 1984 ). The range of REE abundances in the Skidder Basalt is also similar to ., . 

that of the dykes and lavas from the Sanniento ophiolite (Figure 5-33 ), which formed in Jn 

Early Creta~eous extensional back arc basin (Stem, 1979). the Skidder samples, 

however, do not show as much LREE enrichment as those of the Sanniento ophiolite. 

Intermediate icelandites and silicic dykes are present in the Sanniento ophiolite. These 

rocks have higher Zr, Y and REE concentrations than the associated basalts, but have 

similar Ce/Yb ratios prompting Stern (! 979) to suggest a cogenetic origin for the bas:Uts, 

the icelandites and the silicic dykes (Stern, 1979). Ferro-gabbros in the Sarmiento 

ophiolite closely approximate in composition the calculated crystal extracts required to 

-evolve ferro-basalts into icelandites and the more silicic differentiates (Stem, 1979). Stem 

(1979) indicates that the Sanniento ophiolite is best modeled by a "magma chamber 

replenished only a limited number of times with :1 continuously decreasing volume of 

u~differentiated magma followed, subsequent to the last input of new parental magma, by 

closed system fractionation which results in the formation of ferro-basalts, icelandites and 

silicic differentiates". 

The Slddder Basalt contains more rocks characteristic of differentiated basalt 

compositions and has lower average concentrations of incompatible elements than typical 

ocean floor basalts. Stem and de Wit (1980) state that these characteristics are typical of 

ophiolites fanned at slow spreading ridges. They explain this by indicating that slow 

spreading ridges would probably have magma chambers that act as closed systems for 

longer periods of time than those at fast spreading centres where magma chamber3' would 

be constantly replenis~ed with batches of primitive magma. 



5.3 Geochemistry of the Skidder Trondhjemites 

5.3.1 Introduction 
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Trondhjemite dykes intrude the Skidder Basalt in the vicinity of the Skidder 

Prospect and near the pyrite-rich zone at S 72 (Figures 3-3 and 3-4) about 2 km to the 

northeast. Also, a small body of trondhjemite (keratophyre(?)) intrudes or is interlayered 

with the Skidder Basalt in the northeastern portion of the map area (Figures 3-3 and 3-4). 

The trondhjemites are typically light grey-green, fine grained and massive to feldspar 

phyric. Rare, partially resorbed mafic xenoliths are incorporated into the trondhjemite dyke 

at S 10. 

5.3.2 Major and trace element chemistry 

Twelve analyses of trondhjemite dykes from the immediate area of the Skidder 

prospect are listed in Table 5-12. They comprise four outcrop samples and eight samples 

from the Skidder prospect drill core. Like the mafic rocks in the vicinity of the Skidder 

prospect massive sulphide deposit, several of these trondhjemites have been 

hydrothermally altered by the mineralizing event(s) (see Chapter 6). Several of the dykes 

contain fractures, vugs and grain interstices filled by quartz, chlorite or pyrite, or some 

combination of these minerals, and abundant disseminated pyrite occurs in samples SK 27 

29, SK 30 51, SK 30 757 and SK 32 17. Also included in Table 5-12 are three analyses 

of the trondhjemitic pod exposed approximately two km northeast of the Skidder prospect 

and one sample of a trondhjemite dyke (?) (S 73) which occurs near the pyritized area at S 

72 (Figure 3-3). The sample preparation and methods used for the trondhjemite analyses 

are described in Appendix B. 

The rocks fit the geochemical definition of low Ah03 (oceanic) type trondhjemites 

(Barker, 1979) for they contain:;;::: 68% Si02; == 4-5% FeO + MgO; < 2% K20 and; < 15% 

Al203. A Pearson correlation coefficient matrix for the Skidder trondhjemites is presented 

in Table 5-13 and selected X-Y plots are shown on Figures 5-34 and 5-35. 
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Table 5-12: Analyses of Sk:idder trondhjerrpte outcrop samples 
. / 

TrondhJemite Dykes 
Skidder Prosj)ect Area 

weight% 
SI02 
n~ 
Al20, 
Fe203* 
MnO 
MgO 
CaO 
~0 
K20 
P205 
LOI 

52 
77.40 

0 .09 
11 .40 
3 .06 
0.03 
0.60 
0.04 
5 .83 
0.11 
0.06 
0.85 

54 
80.20 

0.11 
10.10 
3.01 
0.06 
0.69 
0.25 
5.08 
0.16 
0.03 
1 .01 

Total 99 .471 100.701 
ppm 
Pb 1 6 
Rb 2 4 
Sr 22 26 
y 46 40 
Zr 142 133 
Nb 2 5 
Zn 51 73 
Cu 11 6 
'N 0 0 
La 4 4 
Ba 15 16 
v 17 10 
Ce 14 19 
0' 0 0 

, Ga 12 12 

, • Total iron as FefJ3 

S10A 
75.60 
0.22 

1"1 .40 
3.21 
0.05 
1.12 
0.46 
5.78 
0.1 5 
0.06 
1.20 

99 251 

1 
2 

31 
56 

169 
5 

40 
0 
0 
0 

13 
19 
13 
0 

10 

s 136 
76.10 

0.44 
10.80 
2.76 
0.03 
1.00 
0.73 
5.50 
0.1 1 
0.09 
1.14 

98.70 

2 
4 

54 
50 

132 
6 

30 
14 
3 
7 

30 
73 
15 
0 
9 

5 73 
80.00 

0 .28 
10.00 

2 .61 
0.02 
0 .59 
0 .10 
4 .76 
0.20 
0 .11 
0 .87 

99.54 

3 
1 

2 1 
48 

170 
6 

53 
1 7 

0 
3 
4 

10 
64 

5 
1 3 

Trondhjemite Pod 

s 67 568 
80.00 67.90 

0 .21 . 0 .43 
10 .20 14.60 

1.86 5 .32 
0.02 0 .06 
0.36 1.35 
0 .1 3 0 .89 ' 
4 .03 

I 
4.66 

1 .08 2 .00 
0 .02 0.05 
0 .89 2 .38 

9a.aoJ I 99.64j 
( 

0 7 
20 35 
19 48 
58 74 

186 220 
6 6 

21 90 
14 29 
0 0 

14 19 
21 88 
1 3 15 
81 90 

6 1 
12 20 

RARE-EARTH ELEMENT 
CONCENTRA TlONS 

568 
chondrite 

ppm normalized 
Chondrite-normalizing values used are those of La 14.4 45.7 
Taylor and Gorton (1977) Ce 

Nd 
Sm 
Eu 
Gd 
Oy 
Er 
Total · 

34 .7 
27.6 

7.9 
1.3 
7.9 
9.6 
5.4 

108.8 

42 .7 
46 .2 
41.1 
18.0 
30.5 
29 .5 
25.4 

Ratios (Chondrite Nonnalized) 
La/Ce 1.1 
La!.Srn 1.1 
Eu/Eu• 0.5 
Eu· - (Sm+Gd)/2 

207 

5 69 
76 .90 

0 .28 
11 .50 

2 .04 
0.02 
0 .39 
0 .14 
5.89 
0 .03 
0 .05 
0 .62 

97 .86 

7 
2 

23 
69 

182 
6 

61 
17 

0 
9 
0 

1 3 
98 

3 
13 
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Table 5-U (continued): Analyses of trondhjemite dykes from the Skidder Prospect driU core ... 
weigh1% SK 6 8 SK 21-25 SK 27 29 SK 29 45 SK 30 1 SK 30 757 SK 32 17 
5102 
1102 
Alz03 
Fe~3· 
MnO 
MgO 
CaO 
Na20 
K20 
P20$ 
LOI 
Total 
ppm 
Pb 
Rb 
Sr 
y 
:;a. 
Nb 
Zn 
Q,J 
N 
La 
Ba 
v 
Ce 
cr 
Qa 

Depth (feet) 
Depth (metres) 
Distance .. 

78 .00 
0 .07 

10 .70 
1.23 
0.03 
2 .39 
0 . 18 
4.34 
0.54 
0 .01 
1.50 

98.991 

9 
6 

39 
53 

162 
5 

36 
14 

0 
28 

104 
15 

125 
5 

13 

143.0 
43.6 
63 .2 

·Total iron asFetJ3 

76.90 
0.16 

11 .20 
2.20 
0.04 
2.42 
0.07 
4 .95 
0.10 
0.04 
1.17 

99.251 

0 
2 

43 
46 

163 
7. 

67 
18 

0 
5 

19 
23 
77 

. 10 
12 

379.5 
115.7 

.. 24 .3 

Distance frc,n most intensely altered rocks 
in the driU hole 

78.80 
0.13 

10.30 
0.99 
0.03 
2.67 
0.08 
4.52 
0.09 
0.02 
1.34 

98.971 

5 
0 

34 
50 

167 
4 

34 
17 
0 

15 
25 
14 
73 

4 
9 

444.0 
135.3 

4.7 

... 
c. 

70.30 
0.31 

12.80 
2.63 
0.05 
4 .90 
0 .14 
3 .23 
1.73 
0.02 
2 .74 

98 .851 

6 
26 
29 
54 

211 
8 

72 
12 

0 
18 

144 
20 
84 

0 
17 

691 .0 
210.6 
37.4 

75.00 
0.18 

12.10 
2.45 
O.Q3 
0 .91 
0.18 
5 .90 
0.97 
0.15 
0.52 

98 .391 

7 
7 

35 
49 

199 
6 

31 
19 
0 

14 
86 
17 

110 
8 

14 

11 .0 
3.4 

238.6 

RARE-EARTH ELEMENT 
CONCENTRA llONS 

SK301 
chondrtte 

ppn normalized 
32.5 103.2 
81 .5 100.2 

Chondnte·normalizing values used are those of Nd 48 .5 81.2 
Taylor and Gorton (1977) Sm 

Eu 
Gd 
Dy 
Er 
Total 

13.8 
2.2 

13.0 
12.4 

5.5 
1

209.4 

71 .9 
30.5 
50.2 
38.2 
25.8 

Rallos '"""""" .. r., ..... 
1 

LaiC. 1.0 
~ 1.4 
Eu/Eu" 0.5 
Eu' • (Sm+Gd)/2 

. 

81.10 
0.13 

10.30 ' 
0.60 
0.01 
0.50 
0.20 
2.80 
1.81 
0.02 
1.58 

99.051 

6 
23 
32 
47 

170 
7 

54 
24 

0 
1 1 

156 
19 
84 
12 
12 

757.0 
230.7 

11.3 

. --.. 
78.40 

0.00 
9.30 
3.00 
0.02 
1.19 
0.24 
4.82 
0.06 
0.00 
1.76 

98.79 

4 
3 

30 
49 

145 
6 

38 
13 

0 
. 8 

5 
12 
77 

4 
12 

523.0 
159.4 

25.6 

.. 



TableS-13: Pearson correlation matrix for Skidder trondhjemites 

5102 
T102 
Al203 
fe2<>3• 
MnO 
MgO 
cao 
Na20 
K20 
P20s 
LOt 
Total 
Pb 
Rb 
Sr 
y 

Zr 
Nb 
zn 
cu 
N 
La 
Ba 
v 
Ce 
0' 
Gi 

N\Mllber of samples= 16 

1.00 
- .59 1.00 

-.93 .59 1.00 
-.72 .44 .65 

·-.65 .23 .61 
·.48 .00 .28 
-.49 .63 .42 
.00 .00 .00 

-.34 .18 .45 
.00 .35 . 12 

-.56 .00 .38 
.00 .00 .00 
.00 .00 015 

-.43 .32 .50 
-.26 .28 .15 
·.52 .52 .56 

-.60 .37 .68 
.00 .23 .00 

·.44 .17 .52 
.00 .00 .00 
.00 .47 .00 

-.32 .00 .31 
-.20 .00 .29 
.00 .49 .00 
.00 .00 .00 
.46 . -.30 -.30 

-.69 .29 .73 

1.00 
.68 1.00 
•.00 .36 1.00 
.58 • . 37 .00 

.39 .00 -.19 
.00 .00 .00 
.16 .00 -.08 
.17 .34 .66 

.34 .57 .00 
.00 .00 .00 
.00 .00 .00 
.00 .00 .00 
.27 .00 .00 
.00 .00 .23 
.00 .00 .15 
.44 .55 .00 
.00 · .15 .00 
.00 .00 .00 
.00 .00 .44 
.00 .00 .36 
.00 .. 00 .00 

-.19 -.18 .00 
-.63 -.60 .00 

.50 .35 .15 
5102 T102 AI203 Fe203• MnO MgO 

• Total iron as Fe;P3 

1.00 
.00 1.00 
. 1 1 -.62 
.00 .54 
.26 -.52 
.00 .00 
.00 .00 

.32 -.58 

.64 .00 
.42 .00 
.00 .00 
.00 -.45 
.00 .00 
.00 -.27 
.48 .00 
.00 -.26 
.00 ·.62 
.46 .00 
.00 - .29 

· .32 -. 36 
.12 . . 00 

Nb 
Zn 
Cu 
N 
Ba 
v 
Ce 
()' 

~ 

1.00 
.00 
.56 
.00 
.26 

.96 
.00 
.28 

.70 
.44 
.22 
.50 
.00 
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Figure 5-34: Element versus Si02 plots for Skidder trondhjemites. 
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Figure 5-35: Miscellaneous X-Y plots for Skidder trondhjemites. 
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Si02 has a significant negative correlation with the other major oxides which, in tum, have 

positive correlations· with each other (Table 5-13; figures 5-34 and 5-35). These 

correlations are, in pan, a result of the large amounts of Si02 present and the fixed total of 
\ 

I 00~. However, the negative correlations of Si02 with major OJtides su-:h as Ti02 and .. 
MnO, which are present in relatively small amounts, and with trace elements such as Zr and 

• 0 

Y suggest that minor mineral phases, e .g. Fe-Ti oxides and zircon, fractionated from the 

trondhjemitic melt(s) (Table 5-13; Figures 5-34 and 5-35). Substitution of Rb and Ba for 

K and of Sr for Ca in minerals containing these elements is indicated by positive 

: correlations between Rb, Ba and K20 ~between CaO and Sr. 
. / 

The relatively high MgO conrents of some trondhjemite dykes from the Skidder 
I 

prospect drill core (Figure 5-34) are probably a re-sult of hydrothermal alteration associated 

with forn1ation o.f the massive sulphide dcposi~ (see Chapter 6). Some of the trondhjemites 

fro1111he Ski~der prospect area also have slightly elevated Cr concentrations (Figure 5-34), 

which ~';y lf~o be due to hyd.rothe.rmal alteration(??) or pcssibly wall tack contamination. 

All but one of the Skidder trondhjemites plot in the trondhjemit~ field on the 

normative A b-An-Or diagram according to the classification scheme of O'Connor ( 1965), 

the remaining sample plots as a granite (Figure 5-36). Most Skidder trondhjemites co~tain 
i , 

higher Si02 and lower Sr than the trondhjemites and granophyres from various tectonic 

settings presented op variation diagrams after Coleman and Peterman (1975) (Figure 5-37) 
0 - • 

and Coleman and Dona~o (1979) (Figure 5-38). The high Si02 content is probably partly 

due to greater differentiation of the magma which produced the Skidder trondhjemites 

relative to the others (see below) and I>ossibly partly due to local introduction of si lica as a 

"'""/ ""· ~-result of hydrothermal alteration related to spilitization of the surrounding basalls and/or the 
I -..,J 

Skidder prospect mineralizing event. The relatively low Sr concentration~ of the Skidder 

trondnjemites is probably mainly due to hydrothermal alteragon. 

Many workers suggest that the low K20 contents of oceanic plagiogranites cannot 

be fully explained by igneous processes and are probably a result of K removal ~e to 
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Figure 5-36: CIPW normative proportions of weight per cent albite, anorthite and 
orthoclase for the Sk:idder trondhjemites. The classification scheme is after 
O'Conner (1965). 
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Figure 5-37: Si02 -K 20 contents of Sk:idder trondhjemites compared to those of other rock 
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Figure 5-38: Rb/Sr variation diagram on which the Skidder trondhjemites are compared to 
silicic rocks from various tectonic settings (after Coleman and Donato, 1979). 
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interac tion with hydrothermal fluids, specifically heated seawater (e.g. Coleman and 

Donato, 1979). The presence of hydrous phases in many ophiolite trondhjemites and late­

stage gabbros, and the association of epidotite with some ophiolite trondhjemites has led 

some workers to postulate introduction of heated seawater into the magma from which the 

trondhjemites crystallized (e.g. Malpas, 1979; Sivell and Waterhouse, 1984a; Pederson and 

Mal pas, 1984 ). They suggest that water saturation of the magma would result in 

development of a metasomatic fluid into which K, Rb and Ba would partition and be 

removed from the crystallizing magma. Coleman and Donato ( 1979) indicate that the 

higher K20 and Rb contents of Iceland rhyolites and Red Sea granophyres probably better 

reflect the original contents of these elements from igneous processes since these rocks 

have not been exposed to heated seawater but have interacted with hydrothermal meteoric 

water, which is ineffective in removing K20 and Rb from the rocks. 

Rb and to a lesser extent K20 contents in the Skidder trondhjemites roughly derme 

mixing lines between the low contents characteristic of oceanic plagiogranites and the high 

contents typical of Iceland rhyolites and Red Sea granophyres (note however that the data is 

offset to higher Si02 and lower Sr contents) (Figure 5-37 and 5-38). While lack of 

interaction with seawater may explain the higher K20 and Rb contents of some of the 

trondhjemite pod samples, the higher contents of these elements in some of the 

trondhjemite dykes from the Skidder prospect drill core suggest that addition of K20 and 

Rb to the trondhjemites by interaction with upwelling hydrothermal fluids may provide a 

more appropriate explanation (see section 4.5.6). 

Two contrasting origins have been proposed for low-Ah03-type trondhjemites. 

For example, the Visnes plagiogranites, and trondhjemites in the Bay of Islands complex 

are thought to have formed by magmatic differentiation of basaltic magma (Mal pas, 1979; 

Pederson and Malpas, 1984). In contrast, the East Karmoy trondhjemites are considered to 

have formed by partial melting of amphibolite (Pederson and Malpas, 1984), and the Little 

Port and Twillingate trondhjemites by partial melting of mafic tholeiites (amphibolites) , 
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which are basement to, or occur at the base of, island arc sequences (Malpas, 1979; Payne 

and Strong, 1979). Pederson and Malpas (1984) noted that the Visnes and Karmoy 

trondhjernites can be distinguished by the higher concentrations of Y and 'll of the former. 

As shown in Table 5-14, the trondhjemites suggested to have fonned by magmatic 
. . / ( . 

differentiation have higher average concentrations of Y and Zr than the trondhjemites 

considered to have formed by partial fusion. Skidder trc1ndhjemites have significantly 

higher average Y concentr1tion than the Little Port and Karmoy trondhjemites and have . ·~, 

higher average Zr concentration thatl.the Little Port and Twilli~e trondhjemites. These 

features suggest that Skidder trondhjemites are more akin to those presumed to have 

formed b'y magmatic differentiation than those considered to have foiTlled by partial fusion . 

. Figure 5-39 illustrates the relationship between the Slcidder trondhjemites and the 

Skidder basalts on the basis of Si~·~d Zr contents~ Silica enrichment in basaltic magmas 

is typically ascribed to fractionation of Fe-Ti oxides (e.g. Dixon and Rutherford, 1979; 

Stem, 1979; Pederson and Malpas, 1984) but crystal fractionation alone cannot readily 

explain the gap in S!~ concentrations that is evident between the highest-Si~ Skidder 

Basalt compositions and the Slcidder trondhjemites (Figure 5-3_9). 

Dixon and Rutherford (1979) suggest that the gap in silica compositions between 
l; 

oceanic and ophiolite plagiogranites and associated basalts could be a result of liquid 

immiscibility processes. They demonstrated experimentally that extreme fractionation of . . 

basaltic liquid under low fo2 conditions resulted in an Fe-enriched basaltic liquid that 

-separated into immiscible silica-rich and Fe-rich liquids at Wl0°C. They suggest that 

plagiogranites may be the solid equivalent of the silica-rich liquid but tlle crystalline 
' 

equivalent of the Fe -enriched basic liquid has not been identified in mid-ocean ridge rocks 

or in ophiolites. · Philpotts (1979) and others, however, have described occurrences of 

immiscible glasses in tholeiitic basalts. Phil pons (1982) showed that if imrniscitiility of an 
0 

Fe-enric:ted basalt occurs at Si~ concentrations below 52 per cent, the felsic melt will be 

enriched ill Na and that K will enter the mafic melt. This situation is reversed if 

( / 

~-
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Table ~14: Comparison of average Skidder trondhj_emite to averages of other trondhjernites 
-.. 

Trondhjemites suggested 
to have formed by 

maomatic differentiation 
Vlsnes Bay of 

Name Plaglogranlles lsla1ds 
1 2 Reference 

weight% 
SI02 

;:.:63% SI02 2:65%5102 

T102 
Al203 
FeO 
Fe203 
MnO 
Mgo· 

J cao 
Na20 
K20 
P20s 

ppm 
' Pb 

Rb 
Sr 
y 

lr 
Nb 
zn 
Cu 
t-1 
Ba 
v 
()' 

Ql 

r: 

I 

73 .50 
0 .32 

12.64 
0 .48 
3 .76 
0 .06 
0 .24 
4 .28 
4 .73 
0.13 
0 .07 

-
-

233 
116 
590 

11 
7 

128 
4 

-
18 
18 
-

N = 12 

1 Pederson and Malpas (1984) 
2 Malpas (1~79) 
3 Payne and Strong (1979) 

• Total iron as Fep3 

· N - number of samples 

75 .06 
0.20 

13.10 
1.33 
1.30 
0 .06 
0 .19 
1.02 
6.07 
0.72 

' -

1 
8 

80 
76 

225 
8 

61 
9 
3 

188 
7 
7 

21 
N:3 

Skldder 
\ 

Trond~nes 

n26 
020 
10.97 

2.32* 
0.03 
1.33 
0.25 
4.74 
0.62 
0 .05 

4 
9 

33 
53 

169 
6 

49 
15 
9 

48 
19 
4 

13 
N = 16 

Trondhj~ites suggested 
to have formed by 

partial fusion of amphibolites 

Little Pon East 
Complex Karmoy TwUIIngate 

2 1 3 
71.42 76.40 74~ 

0 .23 0 .17 0.22 
13.56 13.19 13.02 

2.09 0.47 -
0.81 0 .49 2.62* 
0 .11 0 .03 JJ.07 
0.94 0 .36 0.28 
2.25 2 .97 1.85 
7.96 5 .69 503 
0 .70 0.27 0.47 
0 05 0 .20 o'.01 

3 - 3 
12 - 10 

129 77 97 
21 13 -
69 206 88 

6 4 5 
46 22 39 
11 95 17 

1 9 -
68 - 74 
43 10 -

8 15 -
.13 - 14 

N = 10 N:9 

• 
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Figure 5-39: Si02 vs. Zr plot for Skidder area rocks. 
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immiscibility occurs at higher Si02 contents. Watson ( 1976) experimentally determined 

partition coefficients for several elements between inuniscible mafic and felsic liquids in the 

system K20-Al203-FeO-Si02 at 1180°C and 1 atm. He found that P, Ca, Zr, Tl, Sr, Ba, 

Cr, Mn, Mg and the rare-earth elements all partition into the mafic melt. Thus, while major 

element contents of plagiogranites compare relatively well with those of the felsic ponions 

of acid/basic immiscible liquid pairs (d. Philpotts, 19R2), experimentally determined 

partition coefficients for minor and trace elements between liquid immiscibility pairs 

(Watson, 1976) suggest that the felsic ponion of an immiscible liquid would probably have 

lower minor and trace element concentrations than do plagiogranites (cf. Pederson and 

~alpas, 1984). 

Pederson and Malpas (1984) suggest that magmatic differentiatioll involving filter 
'11 . 

pressing·vf differentiated interstitial liquids in gabbro provides an alternative to liquid 

immiscibility as an explanation for the gap in silica compositions between the Visnes 

plagiogranites and more mafic rocks of the Kannoy Ophiolite. The process involves 

crystallization under static magmatic conditions and lack of complete equilibrium between 

solid phases and the encompassing melt (Allegre and Minster, 1978; Pederson and Malpas, 

'>1984) 

Figure 5-40 shows ·that afihough Zr and Y reach higher concentrations in the 

trondhjemites, and have slightly higher Zr at a given Y concentration, no large gap exists 

between t~ highest-Zr and highest-Y Skidder basalts and the Skidder trondhjemites. 

Watson (1979) concluded that melts with molar ratios of (Na20 + K20) I Alz03 below 1.0 

could become saturated with respect to zircon with less than 100 ppm Zr in the melt. Thus, 

zircon is probab.ly a liquidus phase in a trondhjemiiic melt and, if differentiation of the melt 

occurs, trondhjemites formed from early differe~iates will probably contain more ZI than 

rocks formed from later di.trerentiates of the melt. Zirconium and Y correlate negatively 

with Si~ in the Sk.idder trondhjemites (Table 5-13; Figure 5-39) suggesting that both were 

being removed from the melt which produced the trondhjemites. Vectors on Figure 5-40 
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show that fractionation of amphibole and/or apatite followed by zircon plus amphibole 

and/or apatite would produce the suggested trend to lower Zr and Y concentrations with 

increasing differentiation. With the exception of two samples, P205 shows a rough 

negative correlation with Si02 (Figure 5-34) supporting the suggested fractionation of 

apatite. Greater differentiation of the trondhjemitic melt accompanied by zircon and apatite 

±amphibole fractionation provides one explanation' for the slightly lower average Zr and Y 

concentrations of the Skidder trondhjemites compared to those of the Bay of Islands 

ophiolite and the significantly lower contents of these elements ·in the Skiddcr and Bay of 

Islands ttondhjemites when compared to the Visnes plagiogranites. 

Pederson and Malpas (1984) note that, on the basis of Zr-Y concentration, the 

Visnes plagiogranites, considered by them to be magmatic differentiates, lie on a Raleigh 

fractionation trend from more mafic members of the ophiolite; but that the anatectic East 

Kannoy plagiogranites are relatively depleted in Y and lie away from this trend (Figure 5-

41). The Skidder trondhjemites have lower Zr and Y conccntra:!ons than the Visnes 

plagiogranites but do plot on the suggested Raleigh fractionation trend, occupying an 

intermediate position between the gabbros and the biotite diorites, which are intimately 

asiociated with the Visnes plagiogranites in some areas (Pederson and Malpas, 1984). In 

fact, fractionation of minor phases with which Zr anq Y are compatible from a magma of 

similar composition to that which produced the biotite dio.rites could produce the trend 

shown by the Skidder trondhjemites . 

... 
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Figure 5-41: Zr and Y concentrations of the Sk:idder trondhjemites compared to rock suites 
from the Karmoy ophiolite (after Pederson and Malpas, 1984). 
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S.JQ Rare-earth element chemistry 

Rare-earth element (REE) patterns for two $kidder trondhjemites are presented on 

Figure 5-42. The rare-earth element concentrations (listed in Table 5-12) were determined 

using the thin film methud of Fryer (1977) (see Appendix D). SampleS 68 is from the 
. J 

trondhjemite pod. and sample SK 30 1 is of a relatively unaltered tr<Jndhjemite dyke from 

the Skidder prospect drill core. The patterns are flat to slightly light rare-eanh element . . 
enriched and have negative Eu anomalies. Rare-earth element concentrations for sample S 

I . 

68 and the heavy REE concentrations of sample SK 30 1 generally overlap the range of 

'-' REE coqcentrations for the high-Zi:- Skidder Basalt samples; but SK 30 1 has significantly 

1 higher light REE concentrations than the high-Zr Skidder BasAlt samples and trondhjemite 

sampleS 68. 

On Figure 5-43, REE patterns for the Skidder trondhjemites are compared to silica­

rich rocks from the Mid Atlantic Ridge and East Pacific Rise, and tc ophiolite ... 

plagiogranites. The Skidder trondhjemites have total REE concentrations approximately 

equivalent to those of the quartz diorite from the Mid Atlan'tic Ridge, and their pattern of 

light RE~ enrichment is similar to, bot less pronounced than that of the quartz diorite. The· 

Sk\dde:: trondhjemites have o~erall REE abundances less tliim the high-silica g~ass from the 

East Pacific Rise and do not show the light REE depletion which characterizes this sample. 
( 

The REE patterns for the Skidder trondhjcmites qyerlap those of the Semail and Visnes 

plagiogranites, but the Semai1 and Visnes plagiogranites do not show slight light REE 

enrichment, which is characteristic of Skidder trondhjemite sample SK 30 1. The Skidder 

trondhjemites are significantly more REE enriched than the anatectic East Karmoy 

plagiogranites, and the negative Eu anomalies shown by the Skid9er trondhjemites contrast 

with the positive Eu anomalies shown by the East Karmoy trondhjem!tes. 

" Zircon preferentially incorporates the heavy REE, having a mineraVmelt distribution 

coefficient of 400 fm Lu, but having mineraVmelt distribution coefficients of only 10 to 20 

for the light REE (Henderson, 1984). Hornblende also preferentially inc6rpo~ates'the 

\ 

) 
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heavy REE, but has much lower mineral/melt distribution coefficients, ranging from about 

4-7 for the middle' and heavy REE to about 1 for the light REE (Anh and Barker, 1976). 

Pederson and Malpas (1984) showed that, by using a two-stage process, the flat R~E 

patterns of the Visnes plagiogranites could be produced from a light-REE-depleted, highly 

evolved basalt. The ftrst stage involves removal of plagioclase and clinopyroxene from the 

melt, and the second involves fractionation of appropriate amounts of plagioclase, 

hornblende, Fe-Ti oxides, apatite and zircon. Similru:ly, it is suggested that the REE 

pattern shown by Skidder trondhjemite S 68 could be produced from evolved basalt by 

fractionation of appropriate amounts of these minerals. Sample SK 30 1 has higher overall 

REE concentrations, a lower Zr concentration, and shows relative light REE depletion 

relative to S 68. Fractionation of an appropriate amount of zircon from a magma of similar ~ 

composition to that which produced S 68 could result in the lower Zr concentration and the 

relatively light-REE-enriched pattern of~he magma from which SK 30 1 crystallized. The 

higher P20s content of SK 30 1 relative to S 68 suggests that although apatit~ may have 

been a fractionating phase in the t:rOndhjerhitic magma, not enough was removed to deplete 

the magma in either P or the REE. 
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5.4 Conclusions 

The Skidder Basalt c3'tnprises a spilitized, tholeiitic, sub-alkaline, assemblage of 

basaltic pillow lava, pillow breccia and massive flows; accompanied by lesser amounts of 

mafic pyrocbstic rocks and chert. Spilitization of the rocks has resulted.ln redistribution of 

Si02 and total iron, removal of K20 and MgO, and extensive addition of Na20. The 

Skidder Basalt rocks define thoieiitic trends and typically plot within the ocean floor basalt 

field or overlap the ocean floor basalt and island arc ~~~ite fields on trace element 

· variation diagrams. (Chemistry of Skidder Basalt clinopyroxenes and chromites suggest it 

has greater similarity to MORB than to island arc tholeiites (Chapter 4)). The suggested 

paragenesis of the Skidder Basalt is olivine + Cr-spinel ±plagioclase, olivine + pbgioclas~ 

and, late in the crystallization history, clinopyroxene +plagioclase +magnetite+ apatite. 

The $kidder Basalt is geologically and geochemically more similar to the pillow lava 

sections of ophiolite complexes than to the Buchans Group basalts. It probably formed in 

an extensional tectonic environment at a slow spreading oceanic or back arc basin ridge 1. ,, 
Low-Alz03 oceanic-type trondhjemite dykes and pods intrude or are interlayered 

with the Skidder Basalt in places. They are chemi<;ally similar to trondhjemites considered 

to represent late mag;natic differentiates of basal~ic magma. 

1 Re -analysis of a selected number of the Skiddcr Basalt samples hy G. Jenner using the ICP-MS 
analyt.ical technique, which provides more accurate Nb results than the X-ray fluorescence spectrometry 
method used in this study, showed that some of the Skiddcr Basalt :(.'\mplcs arc depleted in Nb, a 
characteristic of island arc tholeiites, others, however. arc not depleted in Nb and arc similar to I\10RB 
(G. Jenner, personal communication , 1988). 
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Chapter6 
.!~ 

GEOLOGY, ORE PETROLOGY AND LITHOGEOCHEMISfRY OF 

THESKDDDERPROSPECT 

6.1 Introduction 

The Skidder Pr~:;pcct, located approximately 12 km souui-southwest of the town of 

Buchans, is a volcanogenic massive sulphide deposit hosted within mafic volcanic rocks of 

the Skidder Basalt (Figur.~s 1-l, 3-1, 3-3 and 3-4). The prospect was discovered in 1971 

by ASARCO Incorporated, and later outlined by infonnation from 77~5 m of drill core 

from 38 diamond drill holes drilled in the immediate area. The drilling was done by 

ASARCO Incorporated between 1971 and 197 5, and by Abitibi Price Incorporated, in a 
• 

~int venture with ASARCO Incorporated, during 1976 and 1977. The total probable and 

(possible reserves for the prospect are approximately 900 000 tonnes, grading about 2% Cu 

and 2% Zn (Barbour, 1977). The reserves also include minor amounts of P~ ~nd Ag 

(Ba1bour, 1977). 

During the summer of 19~3. the author carried out detailed geological mapping in 

the vicinity of the prospect, and relogged approximately 50 per cent of the drill core. • 

6.2 Local Geology 

6.2.1 Introduction 

The massive and disseminated sulphides comprising the Skidder Prospect are 

hosted within basaltic pillow lavas, mafic pillow breccias and aquagene tuffs of the Skidder 

Basalt (Figures 3-3 and 3-4 ) . Outcrop sample locations, vertical projections of the 

/ diamond drill holes, and vertical projections of the Skidder Prospect two main semimassive 

to massive sulphide-bearing lenses (Lenses 1 aEJd 2) are shown on Figure 6-1. A detailed 

geol0gical compilation map of the Skidder Prospect area is presented as Figure 6-2. The 

distribution of units on Figure 6-2 has been determined on the basis of outcrop 
/ 

l 
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Figure 6-1: Detailed sample location map of the Skidder Prospect area. Location of drill holes and vertical 
projection of massive sulphide lenses after ASARCO-Price (1977). 



LEGEND 

ORDOVICIAN 

SKIDDER BASALT 

Pillowed and massive basalt; pillow breccia; lesser diabase dykes, gabbro, trondhjemite, mafic tuff 
and jasper 

m 3 Pillowed and massive basalt having Zr concentrations ;;:: 85 ppm 

D 2 Pillowed and massive basalt having Zr concentrations > 50 < 85 ppm 

rB 1 v Variolitic pillowed basalt 

1 Pillowed and massive basalt having Zr concentrations :5 50 ppm 

Drill Road 

Outcrop visited 

Geological unit; 
contacts approximate 
or assumed 

Trondhjemite dyke 

Strike and dip of pillows: 
(tops known, Inclined; 
dip unknown) 

(tops unknown) 

Bedding: 
(tops known, overturned) 
(tops unknown, Inclined) 

+ 

SYMBOLS 

Foliation: 
(inclined, dlp·unknown) 

Quartz Vein: 

Fault 

Diamond Drill Hlle: 

Vertical projection 
to surface of Skldder 
Prospect massive 
sulphide lenses 

Legend and symbols to accompany Figure 6-2. 
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Figure 6-2: Detailed geological compilation map of the Skidder Prospect area Location of drill holes and 
vertical projection of massive sulphide lenses after ASARCO-Price (1977). Legend on facing 
page. 
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observations and the projection of geological unirs to surface from those observed in drill 

core. In the vicinity of the Skidder Prospect, :;ubdividing the Skidder Basalt into 

geological units is difficult since ,the variou~ rock ·units, i.e. pillowed basalt and lesser 

amounts of mafic pillow breccias and aquagene tuffs, are interlayered. Thus, with the 

exception of distinctive variolitic pillowed basalt uni~, subdivisions of the mafic rock units 

on Figure 6-2 are based on their Zr concentrations (geochemical analyses are presented in 

Appendix B). 

As shown below, variolitic pillowed basalts are spatially associated with sulphide-
. 

rich units of the Skidder Prospect. These basalts, projected to surface, comprise the 

variolitic pillow bixsalt unit shown in the northwestern portion of Figure 6-2. The variolitic 

pillowed: basalts typically have Zr concentrations less than 60 ppm (see Section 6.10.1 ). 

Outcrops of variolitic pillow basalt also make up a portion of the low-Zr (<50 ppm' basalt 

unit in the central-eastern portion of Figure 6-2. ~st of the nonvariolitic basalts in the 

area have intermediate il c~ncentrations. Exceptions are: a low-Zr basalt unit and a high-

Zr (> 85 ppm) basaltlandesite unit in the central portion of Figure 6-7; ~d a low-Zr basalt 

unit located in its central portion. 

Drill log secti~-n~ fo~ _the ~!a~nd drill holes reloggee by th~ auth<:>~ ?I'e presented iJ1 ___ _ 

Figures 6-3 to 6-10, including a cross-section through the prospect along Line 33200 west 

(Figure 6-3) (see Figure 6-2 for location of cross-section). Patterns shown along the right 

side of the drill holes represent the different rock units, while those along the left side of the 

ho les indicate the. alteration secondary mineral assemblages; Zr concentrations of analyzed 

core samples are also indicated. 

An attempt has been made to texturally suixlivide the Skidder Basalt into three ~nits 

on Figure 6-3. Underlying the semimassive and massive sulphide units of Lens I are at 

least 200m of variolitic pillowed' basalts. A 160m-thick package of nonvarioJitic pillowed 

basalt interlayered with massive basalt overlies the semimassive and massive sulphide-
I 

bearing units (see drill holes SK 27 and 28, Figure 6-3b). This package is, in turn, 
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overlain by mafic isolated pillow breccia (Carlisle, 1963 ), lesser massive basalt and/or 

diabase dykes, and minor pillowed basalt. The drill section for SK 29 (Figure 6-4) shows . . 

a similar sequence of units. In drill hole SK 3.1 (Figure 6-5) semimassive layered pyrite is 

interlayered \1.-ith fine grained black chlorite-talc ruff. 

Drill holes SK 35 and SK 37 (Figures 6-8 and 6-9) intersected semimassive and 

massive sulphides of Lens 2 (Barbour, 1977). Pillowed to massive basalt and very fine 

grained chlorite-talc tuff immediately underlie the sulphide-bearing zones in these two drill 

holes. Variolitic pillowed bJsalt and lesser massive basalt overlie the sulphide-bearing 

zones. Variolitic pillows are noted up to 100m above the sulphides in SK 37A and up to 

200 m above in SK 35. The variolitic pillowed basalt is overlain by interlayered 

nonvariolitic pillowed and massive basalt:· 

Trondhjemite dykes cut all units. 
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LEGEND 

Geology Alteration Mineral Assemblages 

Pillowed basalt, lesser mafic pillow breccia [JJ chlorite, calcite, epidote± hematite 

• IITIII1 

Mafic pillow breccia 

Massive basalt, diabase dykes (?) 

chlorite, calcite, epidote, quartz 

~ chlorite, quartz, calcite 

Diabase dyke 

§ Mafic tuff 

• Semimassive sulphides 

• M Semimassive to massive sulphides 

m T Trondhjemite dyke 

~ Jasper 

IIIII chlorite, quartz, pyrite 

R quartz, chlorite, pyrite 

~ quartz, pyrite± chlorite 

SYMBOLS 

Geological contact (Figure 6-3) 

Alteration mineral assemblage 
boundary (Figure 6-3) 

Note: 

.... .......... __ _ 
\\ 

Sample number 

Sample 
location 

Hole Number 

+ 
SK 29 

-- 100m 
Some sample locations for drill holes SK 27, 
28 and 30 not preceded by drill hole number 
due to lack of space. 
Zr concentrations on a portion of Figure 6-8 
are included in bold type in brackets following 
sample number. 

py- pyrite 
qz- quartz 

Abbreviations 

ep- epidote 
hm - hematite 

M semimassive and massive sulphides 

cc- calcite 
cl - chlorite 

T trondhjemite dyke E.O.H - end of drill hole 

Legend, symbols and abbreviations to accompany Figures 6-3 to 6-10. 

' Elevation (metres) 

Geology 



E.O.H 
217.6 m 

E.O.H 
243.2 m 

Quartz veins 

335.3 m 

SK 27, 28 

Variolitic 
SK30C 

SK30D 
SK30944 

SK 34 105 

487.7 m 

SK30 

235 

SK34 

T 

SK 3414 

200m 
150m 

- 100m 

Variolitic 

- sealevel 

- -100m 

Figure 6-3a: Cross-section (looking 060°) through the Skidder Prospect at line 33200 west (see Figures 6-1 and 6-2) 
showing geology (right of drill hole), alteration (left of drill hole), and whole rock sample locations for 
drill holes SK 6, 27, 28, 30 and 34. Legend and symbols on page 234. 
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cl,qz,cc,ep 
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cl,qz,py 
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Variol itic 
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SK34 

200m 

100m 

\. alteration assemblage 

cl,qz,py 
and 

qz,cl,py 

qz,py±cl 
- sealevel 

- -100m 

Figure 6-Jb: Cross-section (looking 060°) through the Skidder Prospect at line 33200 west (see Figures 6-1 and 6-2) 
· showing geological units and alteration zones as logged in drill holes SK 6 , 27, 28, 30 and 34. 

Zirconium concentrations in bold type. Legend and symbols on page 234. 
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28,61 

~~~~~ 

~~~~~46: M Gouge 
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237 

SK 29 

102 

--100m 

50m 

100m 

Brecciated 

--200m 

--100m 

Figure 6-4: Drill section (looking = 060°) showing geology (right) and alteration (left) as logged in drill 
hole SK 29 (see Figures 6-1 and 6-2). Whole rock sample locations in plain text to left and Zr 
concentrations in bold type to right of drill hole. Legend and symbols on page 234. 
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SK 31 

-300m 
SK311 

77 

50m 

-200m 

27 

150m 

182.9 m 

Figure 6-5: Drill section (looking= 070°) showing geology (right) and alteration (left) as logged 
in drill hole SK 31 (see Figures 6-1 and 6-2). Whole rock sample locations in plain 
text to left and Zr concentrations in bold type to right of drill hole. Legend and 
symbols on page 234. 



239 

SK 32 

SK321 

- 250m 

100m 

-200m 

Variolitic in places 

- 150m 

Figure 6-6: Drill section (looking 060°) showing geology (right) and alteration (left) as logged in drill hole SK 32 
(see Figures 6-1 and 6-2). Whole rock sample locations in plain text to left and Zr concentrations in 
bold type to right of drill hole. Legend and symbols on page 234. 
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133.5 m 

SK 3318 
SK3319 

100m 
Semi massive 

sulphides 

Gouge 

240 

SK33 

-300m 
SK331 

69 

80 

50m 

-200m 

Figure 6-7: Drill section (looking 080°) showing geology (right) and alteration (left) as 
logged in drill hole SK 33 (see Figures 6-1 and 6-2). Whole rock sample 
locations in plain text to left and Z:r concentrations in bold type to right of drill 
hole. Legend and symbols on page 234. 



SK 35A 6,7 
(19,13) 
Gouge 

SK 35,35A 

SK353 

SK 3512 

SK 3516 

100m 

200m 

Feldspar porphyritic 

Variolitic 

250m 

Trondhjemite and 
"late• mafic dykes 

300m 

K-feldspar-rich mass 

350m 
SK 35 44 (59) 

400m 

~~~~ SK 35 63 (75) 
~ -Gouge 

SK 35 66A,668 (49,53) 

SK35 70(58) 

SK 35 75,77,78 (57,22,73) 

SK 3582 (57) 

SK 35 93 (144) 

Figure 6-8: Drill section (looking 055°) showing geology (right) and alteration (left) as 
logged in drill holes SK 35 and 35A (see Figures 6-1 and 6-2). Whole rock 
sample locations in plain text and Zr concentrations in bold type. Legend and 
symbols on page 234. 
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SK 37 41 

SK37 
E.O.H 

353.9 m 

SK 37A 15 

K-Feldspar-rich mass 

SK 37A 32 
SK 37A 34 ~~~~ 

SK 37A39 
SK 37A 49 

SK37A 
E.O.H 

522.1 m 

Porphyritic in places : .-:· . . . . 
SK 372 ·:<-:· ... 

SK377 

SK 3716 

SK3727 

350m 

Variolitic 

400m 

Variolitic 

250m 

76 

50m -- 300m 

100m 

--200m 

--100m 

--sealevel 

---100m 

Figure 6-9: Drill section (looking 055°) showing geology (right) and alteration (left) as 
logged in drill holes SK 37 and 37 A (see Figures 6-1 and 6-2). Whole rock 
sample locations in plain text (left of drill hole) and Zr concentrations in bold 
type (right of drill hole). Legend and symbols on page 234. 
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-300m 

100m 

-200m 

150m 

Variolitic 

Variolitic 

250m -100m 

Variolitic 

274.3 m 

Figure 6-10: Drill section (looking"" 045°) showing geology (right) and alteration (left) as logged in 
drill hole SK 38 (see Figures 6-1 and 6-2). Whole rock sample locations in plain text to 
left and il concentrations in bold type to right of drill hole. Legend and symbols on 
page 234. 
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6.2.2 Rock unit descriptions 

6.2.2.1 Pillowed basalt and pillow breccia 

. Pillowed basalt that is relatively unaffected by alteration associated with 'formation 

of tht! Skiddt!r Prospt!ct sulphides is generally medium green to medium grey and fine 

grained. Pillows are typically between 0.5 and 1 min cross-section, but locally are up to 

1.5 m across (as estimated by the spacing of chlorite-rich selvages). An estimated 25 per 

C"'-e,_nt of the pillows are amygdaloidal. The amygdules are filled by calcite and/or lesser · 
.J ' ' /1 ...... ,_, 

'-·- / amounts of epidote, quartz or chlorite. They are typically 2-4 mm in diameter, and make 

up less than 10 per cent of the rock. Interpillow material, typically hyaloclastite, is 

generally more chl9ritic than that making up the pillows themselves. 

Most pillow breccia units in the vicinity of the Skidder Prospect are similar to 

isolated pillow breccia, as described by Carlisle (1963). They consist of rounded "mini-

pillows", 5-20 em in diameter, within a darker green, more chloritic. hyaloclastite matrix. 

The matrix characteristically comprises 30 to 60 per cent of the rock. Lesser amounts of 

"broken-pillow" (Carlisle, 1963) and flow-top breccias, consisting of angular ba~altic 

fragments within a chlorite-rich matrix, are also present. · · 

A_ photograph of drill core samples representative o( isolated pillow breccia units in 

the Skidder Prospect area is presented as Figure 6-ll. Rounded miniature pillows in the 

sample at the top of the photograph are epidotized, as is a portion of t!te matrix. Hematite 

forms a ring just inside the pillow selvage. Note that the pervasively epidotized pillows are 

cut by epidote/calcite veins. Light grey-green, round, brecciated, mi.1iature pillows occur 

in a darker green chlorite-rich matrix in the sample at the centre of the phOtograph. 

Chlorite-bearing veins cut the pillow at right and buff calcite fills interstices between breccia 

fragments at left-centre. A sample of highly silicified pillow breccia is showri at the bottom 

of the photograph. In this sample, interpillow areas are completely replaced by quartz and 

pyrite, while the pillows themselves are relatively less altered. 



245 

Figure 6-11: Photograph of drill core samples showing features of mafic, "isolated" (Carlisle, 1963) 
pillow breccia as noted in the Skidder Prospect drill core. Sample at top of photograph is 
from DDH SK 30 at 96' (29.3 m); sample at centre of photograph is from DDH SK 33 at 
74.5' (22.7 m); and sample at bottom of photograph is from DDH SK 32 at 388' (118.3 m). 
See text for discussion. 
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Variolitic pillowed basalts that occur in the vicinity of the Skidder Prospect have 

undergone various degrees of alteration, but otherwise are similar to those exposed 
( 

elsewhere in the Skidder area (see Section 3.3). The varioles are typically light grey, 3-6 

mm in diameter, and~- in most places, occur within a relatively more rhloritic matrix. In 

g~neral, the variolitic pillows have a 2-3 em- thick, chlorite-rich, nonvariolitic outer rim. 

Th~ varioles are typically Individually distinct in outer portions of the pillow but coalesce to 

· form a continuous mass in pillow cores. Smaller variolitic pillows ( < 20 em in diameter) -, 
·, 

generally do not have coalesced cores. 

A photograph of drill core ·:;amples showing varioles is presented as Figure .6-12 . 

• Note that the rocks s~led have been extensively altered. Varioles are coalesced to form a 

continuous mass in the centre sample, but are incompletely coalesced in the sample at the 

top. Larger, more silicified varioles are present in the sample at the bottom. Note that 

pyrite occupies the interpillow area in the top sample. 

6.2.2.2 Massive basalt and diabase dykes 

Medium green-grey, fine- to medium-grained massive basalt flows, sills or dykes 

are interlayered with the pillow basalt and mafic pillow breccia. Massive flows and diabase 

dykes are difficult to distinguish from each other in drill core. On Figures 6-3 to 6-10 

massive units that have well developed chilled margins and show intrusive relationships 

with adjacent rocks are shown as diabase dykes. ln places, the massive units are 

autoc1astically brecciated. 

Relatively unaltered, fine- to medium-grained mafic diabase dykes intrude sulphide­

rich units in places; e.g. a diabase dyke intrudes massive layered sulphides between 635' 

and 644.5' in drill hole SK 27 (Figure 6-17), and one intrudes intensely silicified, pynte­

bearing rocks between 1258' and 1267.5' in drill hole SK 34 (Figure 6-20). 

\ 
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Figure 6-12: Photograph of drill core samples showing features of variolitic pillow lavas. Sample at top 
of photograph is from DDH SK 37 A at 1282.5' (390.9 m); sample at centre of photograph is 
from DDH SK 34 at 1028' (313.3 m); and sample at bottom of photograph is from DDH SK 
27 at 709' (216.1 m). See text for discussion. 
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6.2.2 . .3 Mafic pyroclastic rocks 

Minor amounts of mafic pyroclastic rocks are interlayerecl with the mafic flows in 

th~ Skidder Prospect area. The pyroclastic rocks are typically poorly bedded and range in 

grain size from fine grained tuffs to lapilli tuffs composed of angular medium green-grey . .. ' 

lapilli in a chloritic matrix. A photograph showing typical features of the mafic pyroclastic 

rocks is presented as figure 6-13. The sample in the top of the photograph shows light 

green-grey, elongate angular fragments in a dark~r green, more chlorite-rich matrix. The 

sample at the centre of the photograph is of bedded, medium gr~en mafic. tuff. Note that 

this rock has been significantly altered by the sulphide mineralizing even~(s). Deposition of 

quartz and pyrite has occurred parallel to the layering. lbe sample at the botto_m of the 

photograph shows rounded to subangular light green-grey mafic fragments in a dark green 
I 

chlorite-rich m;1trix. 

' 6.2.2.4 Trondhjemite dykes 

Light grey-green, fine grained trondhjemite dykes intrude mafic rocks in the area of 

the Skidder Prospect. The dykes are massive to feldspar ± quartz porphyritic. The 

porphyritic dykes contain 5 per cent of 1 to 3 mm feldspar and lesser amounts of quartz 
' i 

phenocrysts in a dense matrix. In many areas, layering is present within 30 em of the 

contact of the dykes with adjacent units. The layering is defined by alternating light and 

dark grey-green to buff, 0.5 to 1 em wide zones that parallfl the dyke contact. 

Trondhjemite dykes that intrude the rocks in the vicinity of the Skidder Prospect in 

places separate rocks that have been affected by different intensities of alteration (e.g. the 

dyke at 250m in drill hole SK 34, Figure 6-3). In other areas, particularly in the most 

intensely altered zones, the trondhjemite dykes have highly altered rocks on either side and 

are typically altered themselves (Figure 6-19). This implies that intrusion of trondhjemite 

dykes occurred in the Skidder Prospect area both before and after fonnation of sulphides. 

( 
\ 

-
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Figure 6-13: Photograph of Skidder Prospect drill core samples showing features of mafic pyroclastic 
rocks. Sample at top of photograph is from DDH SK 28 at 295' (89.9 m); sample in centre 
of photograph is from DDH SK 31 at 193' (58.8 m); and sample at bottom of photograph is 
from DDH SK 29 at 467' (142.3 m). See text for discussion. 
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6.2.2.5 K-feldspar-rich masses 

"' K-feldspar-rich areas. typically less than 10 em wide (as estimated from length of 

cored sections), were intersected by dral holes SK 35 and SK 37. The modeuf occurrence 

of these K-feldspar-rich masses ranges from distinct K-feldspar crystals in a black chlorite 
, • 

matrix (Figure 6-14) to foliated gouge zones' in which rounded K-feldspar +quartz masses 

are incorporated in a chlorite matrix (Figure 6-15). 

6.3 Sulphide-bearing Zones 

6.3.1 Introduction 

Detailed stratigraphic columns for the sulphide-rich zones in diamond drill holes 

relogged by the author are presented as Figures 6-16 to 6-24. 

Drill holes SK 6, 27, 28, 30 and 34 provide a cross-section through sulphide-rich 

zones related to Lens 1. Semimassive to massive layered and unlayered sulphides plus 

spatially related jasper were i-ntersected by\irill holes SK 6, 27 and 28; disseminations and 

veins of sulphides in intensely altered rocks were intersected in SK 30and 34. Brecciated 

jasper is underlain by 0 .3 m of massive pyrite in DOH SK 6 (Figure 6-16). Thin massive 

sulphide zones interlayered with brecciated jasper, massive basalt and mafic lapilli tuff 

occur over a 75' (22.8 m) section in SK 27 (Figure 6-17). In places, the massive 

sulphides in SK 27 are; cut by post-ore diabase dykes. Several gouge zones are noted . 

Two sulphide-rich zones were intersected by drill bole SK 28 (Figure 6-18). Massive and 

layered sulphides; pyrite, chlorite-rich tuff; intensely silicified, quartz-pyrite-bearing rock; 

and brecciated jasper comprise the upper zone which has a cored thickness of 28.5' (8 .7 

m). The lower sufi,hide-rich zone, which occurs - JOO' (30~5 m) below the upper, 

represents one of the thickest cored sections of mas~ive sulphides in the Skidder Prospect. 

In the lower zone, ·16.5' (5.0 m) of brecciated jasper and lesser massive pyrite overlie 

39.5' (12.0 m) of layered and unlayered massive sulphides (Figure 6-18) . 
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c RE 
Figure 6-14: Photograph of drill core sample showing K-feldspar crystals in black chlorite. Sample is 

from DDH SK 37 at 392.5' (119.6 m). 

Figure 6-15: Photograph of drill core sample showing rounded K-feldspar/quartz masses in a foliated 
chlorite-bearing gouge zone. Sample is from DDH SK 37A at 1510.5' (460.4 m). 
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Brecciated basalt, 1-2% ch lorite veins 

Light grey-green silicified rock; 5-10% quartz veins, 1-2% pyrite 

Bright red , brecciated jasper; 3-5% quartz veins, and some quartz­
chlorite veins containing 1-2% pyrite; angular jasper fragments 
occur in a ch loritic matrix at upper contact 

Purple, brecciated jasper containing 10-30% quartz veins; 
1-5% disseminated pyrite throughout 

Massive, fine- to medium-grained pyrite, rare jasper fragments 

Silicified, brecciated mafic pyroclastic (?) rock; 1 0% quartz, and 1-5% 
pyrite throughout 

Figure 6-16: Stratigraphic column showing sulphide-bearing units noted in core from 
diamond drill hole SK 6. Sample locations and numbers indicated on left 
side of stratigraphic column; hole-depths, in feet and metres, on right. 
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Chlorite and lesser quartz, foliated in upper section; 
2-5% sphalerite and chalcopyrite in lower section 

Layered massive sulphides comprising pyrite, 20% sphalerite and 
25% chalcopyrite; greater proportion of chalcopyrite down hole 

Quartz-rich foliated zone, probably fault 
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Strongly foliated, highly chloritized mafic lapilli tuff; 5% pyrite in veins 
and irregular masses throughout 

Brecciated, quartz-veined jasper; some calcite and chlorite veins; 
about 1 0% pyrite 

Fine- to medium-grained massive basalt 

Foliated, chlorite gouge zone 

Medium- to coarse-grained massive basalt 
Layered jasper and oxide iron formation; 5 em-thick, magnetite-rich 

section at top; 10% interlayered pyrite; possible load cast feature 
indicates stratigraphic top to be up hole 

Layered, medium grained pyrite containing about 2-5% chalcopyrite 

Dark green diabase dyke; post ore 

Medium grained, massive pyrite and lesser chalcopyrite 

Dark green diabase dyke; post ore 

Layered pyrite containing 5-10% chalcopyrite; near base of section, 
interlayered hematite-rich jasper and brecciated quartz-veined jasper 
occur, the jasper contains chalcopyrite and sphalerite veins 

Medium grained basalt containing 5-10% quartz veins; chlorite rich 
in places 

Figure 6-17: Stratigraphic column showing sulphide-bearing units noted in core from 
diamond drill hole SK 27. Sample locations and numbers indicated on left 
side of stratigraphic column; hole-depths, in feet and metres, on right. 



36-

37-

38-

39-
40,41 = 

42-

43-

44-46-

47,48 = 
49-

61-

64-

65-

SK 28 
517' 

518.5' 

523' 

160m 

- 529.5' 

- 533 .5' 

164m 

540' 

542.5' 

544' 

547' 

549' 

649' 

650.5' 

- 659.5' 

- 661 .5' 

, , 
, 

, , 

- 687' 

"' , 

254 

Chlorite-rich basalt, 5% quartz veins 

30-70% pyrite in a matrix of quartz and lesser chlorite ; 1-3% chalcopyri te ; sphalerite 
veins at 522' ; pyrite occurs as rounded masses and as cubes, 2-4 mm across 

Semimassive sulphides; 7Q-80% pyrite ; 2-5% chalcopyrite in a matrix of chlorite and 
lesser quartz; subrounded pyrite fragments, 0 .5-1.5 em across, present in some 
areas 

Pyrite-chlorite "tuff" ; 40% pyrite cubes and irregular fragments in a dark green chloritic 
matrix 

Quartz and pyrite ; 1 0-20% disseminated and vein pyrite in a silicious, quartz-veined 
matrix ; sphalerite occurs along the outer edges of quartz veins in places; 
chalcopyrite makes up 1 0% of the sulphides in some areas 

Layered massive sulphides comprising pyrite and an estimated 5-1 0% chalcopyri te and 
2-5% sphalerite 

Massive unlayered sulphides; pyrite and 5-1 0% chalcopyrite 

Brecciated jasper cut by numerous quartz and sulphide (predominantly chalcopyrite) 
veins 

Brecciated, very chlorite-rich basalt 

Massive basalt; about 1% pyrite 

Brecciated jasper; 1-5% quartz veins; 1-2% disseminated pyrite 

Massive pyrite 

Brecciated jasper; 1-5% quartz veins; 
1-2% disseminated pyrite ; grey chert near base 

Laminated pyrite; 
2-5% chalcopyrite ; 
1-3% sphalerite 

, 
Massive, medium 

grained pyrite; 
5% chalcopyrite ; 
lesser sphalerite 

07-

68-

69-

70-

- 687' 

-210m 

-213m 

- 704' 
705' 

- 706.5' 

- 708' 

Fine- to medium-grained, 
layered pyrite; 
3-10% chalcopyrite ; 
3-5% sphalerite 

Chlorite, talc (?) schist 
Layered pyrite and quart 
Chlorite- and talc-

bearing, schistose rock 

Figure 6-18: Stratigraphic column showing sulphide-bearing units noted in core from diamond drill hole 
SK 28. Sample locations and numbers indicated on left side of stratigraphic column; 
hole-depths, in feet and metres, on right. 



49-

757-

52-

53-

771-

55-

SK 30 
725' 

- 728' 

- 755' 

-231m 

764.5' 

765.5' 

-235m 

-241m 

~~~~-907' 

-277m 

Fine grained basalt; 1-2% pyrite; silicified in sections 

Very dark green, intensely chloritized, talcose rock; 10% quartz; 
pyrite veins 

Highly silicified, brecciated rock; several 5-10 em-wide, cross-cutting 
quartz veins; minor pyrite in thin chlorite veinlets 

Highly silicified, buff, brecciated rock; 10-15% thin, chlorite, pyrite, 
quartz veins 

Basalt; quartz-filled amygdules 

Quartz, much of which occurs in veins, and 10 to 80% medium 
grained pyrite; few preserved fragments of original host rock 

Variably silicified, mafic rock; quartz veinlets throughout 

10-80% typically medium- to coarse-grained pyrite in intensely silicified 
rock; about 50% of this section contains highly altered fragments of 
brecciated mafic host rock, recognizable variolas in places; about 
20-50% quartz veins; 1-5% chalcopyrite and sphalerite in 0.5-0. 75 
em-wide quartz veins between 800 and 825 feet, sphalerite typically 
occurs along vein walls 

Light grey-green, brecciated, quartz-veined trondhjemite dyke; contains 
finely disseminated pyrite throughout; rock consists almost totally of 
quartz within 30 em of contact 

1 0-80% typically medium- to coarse-grained pyrite in intensely silicified 
rock; about 30% of this section contains highly altered fragments of 
brecciated mafic host rock, recognizable varioles in places; about 
20-50% quartz veins. 

Figure 6-19: Stratigraphic column showing sulphide-bearing units noted in core from 
diamond drill hole SK 30. Sample locations and numbers indicated on left side 
of stratigraphic column; hole-depths, in feet and metres, on right. 
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SK30 

925AtoE-

74-

75-

76A-

944-

768-

- 928' 

-285m 

- 939' 

- 948' 

-290m 

- 955' 

Variably silicified, mafic dyke; quartz veinlets throughout; minor 
disseminated pyrite 

Semimassive, coarse grained, angular to subrounded pyrite in a 
black chlorite matrix 

256 

5-70% medium- to coarse-grained pyrite in quartz; chalcopyrite up to 
5% in some sections; sphalerite occurs along walls of quartz veins 
in places 

Chlorite, talc tuff(?) (chemical sediment(?)); irregular masses and 
veins of light green talc occur in black chlorite; pyrite± quartz 
veins occur in places 

Figure 6-19 (continued): Stratigraphic column showing sulphide-bearing units noted in 
core from diamond drill hole SK 30. Sample locations and numbers indicated 
on left side of stratigraphic column; hole-depths, in feet and metres, on right. 



SK34 

88- - 1182' 

89-

-362m 

-1190' 
90-

-1253' 

96-

-1258' 

-384m 

-1262.5' 

97 -1265' 
98 

-1267.5' 

-387m 

112 -~~~~m~~ 
-1452' 

113 - -443m 

257 

Highly chloritic pillow breccia; 15% quartz veins; 3 -5% pyrite, much of which 
is in quartz veins 

25-75% pyrite in massive and vein quartz; minor chalcopyrite and rare 
sphalerite, the latter occurring on the outside edges of quartz veins 

5-25% pyrite in massive and vein quartz; rare sphalerite, typically occurring 
on the outside edges of quartz veins; few fragments of intensely altered 
host rock, including variolas in some places 

White-grey quartz containing very finely disseminated pyrite; few chlorite 
vein lets 

Medium grey-green, amygdaloidal, "late" mafic dyke 

White-grey quartz containing very finely disseminated pyrite; few chlorite 
vein lets 

Medium grey-green, amygdaloidal, "late" mafic dyke 

Variably silicified, chloritic, variolitic pillow basalt; selvages very chloritic; 
about 1% quartz veins and 2-5% disseminated pyrite and pyrite vein lets 
more silicified and chloritic from 1 275' -1297'; pyrite typically less than 
25% but up to 80% in places 

Variably silicified, variably chloritic, intensely altered mafic rock; 5-10% 
quartz veins; 5-10% black chlorite masses; 5-30% medium grained 
pyrite; some irregular masses of intensely altered host rock, including 
variolas in places 

Highly chloritic, intensely altered mafic rock; some sections indicate part of 
unit may be a very fine grained chlorite-talc tuff(?) (chemical sedimentary 
rock(?)); other sections suggest unit is very intensely altered mafic 
volcanic rock, eg. the presence of altered variolas; unit typically contains 
5% pyrite; also 5% pyrite-bearing quartz veins in places 

Chloritized, variably silicified basalt; about 1% pyrite 

Figure 6-20: Stratigraphic column showing sulphide-bearing units noted in core from diamond 
drill hole SK 34. Sample locations and numbers indicated on left side of stratigraphic 
column; hole-depths, in feet and metres, on right. 



51-

52-

53-

59-

GOA-

62-

SK 29 

- 785' 

-240m 

- 795.5' 

- 854' 

- 862' 

258 

Highly chloritized, pillowed basalt; 5% quartz veins, several of which 
are pyrite bearing 

Massive quartz and pyrite; about 1 0% quartz veins cut more 
massive, silicified sections; about 10-15% pyrite occurs as veins 
and irregular masses; rare chalcopyrite and sphalerite in quartz 
veins 

Dark green, medium-grained, very carbonate-rich basalt (?) 

Predominantly massive quartz containing about 15% quartz veins, 
and 30-50% pyrite, in veins and irregular masses; rare 
chalcopyrite and sphalerite in quartz veins; rare preserved host 
rock consisting of grey, amygdaloidal, intensely altered basalt 

Massive, medium- to coarse-grained pyrite (70-90%) in 
predominantly quartz gangue; minor chalcopyrite and sphalerite 
in quartz veins from 850 to 854 feet 

Chlorite- and talc (?)-rich gouge zone; quartz-carbonate veins 
present; slickenslides noted 

Brecciated, brick-red jasper; about 5-10% quartz veins; 2% pyrite 
and chalcopyrite veinlets from 857.5-858.5 feet; 1-2% pyrite veins 
below 858.5 feet; jasper is layered, and less brecciated from 
861.5-862 feet 

Massive and layered fine grained pyrite containing minor amounts of 
sphalerite and chalcopyrite; calcite and quartz are predominant 
gangue minerals 

Moderately to strongly foliated, very chlorite-rich, talcose (?) rock; 
about 1% pyrite and 1% quartz and calcite vein lets 

Figure 6-21: Stratigraphic column showing sulphide-bearing units noted in core from 
diamond drill hole SK 29. Sample locations and numbers indicated on left 
side of stratigraphic column; hole-depths, in feet and metres, on right. 



11 
12 

13 

14 

15-

16-

17-

SK 31 
130' 
40m 

- 136' 

- som 

- 171.5' 

- 175' 

55m 

183' 

- 190' 

259 

Very chloritic pillow breccia or mafic pyroclastic rock; rounded 2-10 
em-long fragments in a black chlorite, locally pyrite-bearing matrix 

30-70% coarse grained pyrite in a quartz and/or chlorite gangue; 
contains up to 5% chalcopyrite in places; minor amounts of 
sphalerite also present in some places 

Medium green, mafic ash tuff; about 30% of section is fine grained, 
very dark green chlorite "tuff"; about 2% pyrite veinlets occur 
throughout 

Fine- to medium-grained, bedded pyrite containing up to 5% chalcopyrite 
and minor amounts of sphalerite 

Chlorite-talc gouge zone; about 1 m of core missing from this section 

Chlorite "tuff" consisting of elongate, irregular, medium green fragments, 
0.5 x 2cm across, and Jesser round fragments, 3-4 em across, in a very 
dark green chlorite-rich matrix 

Figure 6-22: Stratigraphic column showing sulphide-bearing units noted in core from 
diamond drill hole SK 31. Sample locations and numbers indicated on left 
side of stratigraphic column; hole-depths, in feet and metres, on right. 



2-

3-

SK35A 

- 1499' 

- 458m 

1511.5' 

1513.5' 

~~~~~-462m 

- 466m 

1550' 

Variably silicified and chloritized pillowed basalt 
and mafic pillow breccia 

Fine- to medium-grained, poorly to well layered pyrite 
containing local chalcopyrite and sphalerite-rich 
sections 

Highly silicified, chloritized mafic rock 

Fine- to medium-grained, poorly to well layered pyrite 
containing local chalcopyrite and sphalerite-rich sections 

Highly silicified, altered, mafic rock; contains about 1% pyrite 

Moderately to intensely chloritized mafic rock; contains 
about 2% pyrite-bearing quartz veins 

1551' Quartz containing 50-70% pyrite and minor sphalerite 

- 474m 

1593.5' 

458m 

1599' 

1601' 

Moderately to intensely chloritized mafic rock; contains 
about 2% pyrite-bearing quartz veins 

Layered pyrite containing about 1 0% chalcopyrite and minor 
sphalerite layers 

Jasper containing about 2-4% typically coarse grained pyrite; 
jasper fragments occur in a pyrite-quartz matrix at 1573.5 feet 

Moderately chloritized mafic rock; contains about 3-4% quartz 
veins 

Layered, fine- to medium-grained pyrite containing up to 5% 
chalcopyrite and very minor amounts of quartz 

Moderately to intensely chloritized mafic rock 

Figure 6-23: Stratigraphic column showing sulphide-bearing units noted in core from 
diamond drill hole SK 35A. Sample locations and numbers indicated on 
left side of stratigraphic colwnn; hole-depths, in feet and metres, on right. 
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37 

38 

39-

40-

41-

42-

43-

44-

45-

46-

47-

48-

49-

SK37A 
1505' 

459m 

1507' 

1508' 

1509' 

151 0' 

1512' 

1513' 

- 462m 

1517.5' 

1519' 

1520' 

1521' 

1523' 

1524' 

465m 

1528' 

1529' 

1531.5' 
467m 

Variolitic pillow basalt and pillow breccia 

Brecciated, quartz-veined jasper and pyrite 

Chlorite gouge zone 

Jasper and red, cherty siltstone; contains about 2% pyrite layers 

Chlorite gouge zone 

Bedded jasper and red, cherty siltstone; 5-10% pyrite layers 

Highly chloritic, fine grained mafic tuff; minor pyrite layers 

Massive to bedded jasper and red, cherty siltstone; 
5-10% pyrite layers (calcite gangue) 

Chloritic, fine grained mafic tuff 
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Massive to bedded jasper and red, cherty siltstone; 5-1 0% pyrite layers 

Massive and lesser bedded medium- to fine-grained pyrite 
in calcite gangue; irregular jasper fragments at 1522 feet 

Brecciated jasper; about 2% quartz veins and irregular quartz; some 
pyrite fragments 

Fine- to medium-grained, massive to laminated pyrite and minor 
chalcopyrite in calcite gangue; few irregular jasper fragments; 
black argillaceous layer from 1527-1528 feet 

Black argillite 

Brecciated jasper; about 2-3% quartz veins; minor pyrite 

Pillowed basalt 

Figure 6-24: Stratigraphic column showing sulphide-bearing units noted in core from 
diamond drill hole SK 37 A. Sample locations and numbers indicated on 
left side of stratigraphic column; hole-depths, in feet and metres, on right. 
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Sulphides intersected in drill holes SK 30 and SK 34 occur as di~seminations and veins in 

highly silicified and/or chloritized rocks (Figure 6-19 and 6-20). The sulphide-bearing 

zone has a cored. width of 220' (67.0 m) in DDH SK 30, and 323' (98.5 m) in SK 34. 

Py:i te and minor chalcopyrite and sphalerite comprise from 10 to 80% of the rocks. A 

trondhjemite dyke cuts intensely silicified rock in SK 30. The dyke is brecciated, quartz 

vt:ined and contains fmely disseminated pyrite throughout. \., 
.... _ .,...,;. 

Sulphide-rich units related to Lens 1 were also intersected in diamond drill holes 

S K 29 and SK 31. Highly silicified rock overlies massive pyrite in the upper Portion of the"" 

sulphide-bearing zone intersected in SK 29 (Figure 6-21). A chlorite-rich gouge zone 

separates this upper zone from interbyered brecciated jasper and layered massive sulphides 

below. In SK 31, pyrite-rich, highly altered, silicified and chloritized rock is u_nderlain by 

mafic tuff, some of .the latter being composed of medium green chlorite-talc fragments in a 

black chlorite matrix (Figure 6-22). Massive, medium grained, bedded pyrite directly 

underlies the tuff. A chlorite/talc gouge zone separates the bedded pyrite from underlying 

chlorite "tuff'. 

' Massive sulpr.ides of Lens 2, as intersected in drill holes SK 35A and SK 37 A, 

compri~e several zones of massive and layered sulphides, which occur withiflo variably 

s,9JJ:>ritized, silicified, pyrite-bearing rocks (Figures 6-23 and 6-24). Mafic chlorite-rich 

tuffs in SK 37 A include some pyrite layers. Brecciated and layered jasper is spatially 

associated with the sulphides in places . 

6.3.i Jasper-chert · 

Brecciated, quartz· veined, unlayered and lesser bedded jasper and jasper-rich 

siltstone are spatially associated with the massive ~ulphides in several places (Figur,es 6-- }6 

to 6-24). The jasper, in units which ra.r.ge from 0 .3 to 8 m thick, occurs.cs brecciated, 

irregular inclusions embedded in pyrite, as semicontinuous layers interbedded-with pynte, 

and as massive to layered bodies consisting predominantly of jasper but in places 

(" 

I 

. '\ 
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containing medium- to coarse~ grained pyrite, either as disseminations or in irregular masses 

and lenses. 

A.photograp~ of drill core samples presented as Figure 6-25 illustrates the different 

modes of occurrence of the J!isper. Drill core sample l c9mpris~s brecciated quartz-veined 

jasper; sample 2 shows disse~inated medium grained pyrite i;ftnlaY.eredjasper; samples 3 

and 4 are of interlayered jasper anijasper-rich siltstone and pyrite:>·and samples 5, 6 and 7 

show irregular clasts of jasper embedded in fine- to medium-grained pyrite. Note that an 

irregular mass of sphalerite-bearing quartz partially surrounds one of the jasper fragments 

in sample 7, and abundant quanz accompanies the pyrite and partially comprises one of the 

jasper fragments in ,s,arnple 6._. Note also that much of the jasper·is composed of rounded 

bright red masses about 2-.10 mm across; in places the masses have dull red, relatively 

more s!lica-rich, central portions. In several areas, the jasper is cut by "late" quartz veins. 

Pyrite-bearing quartz-veined grey chert occurs between jasper and laminated 

sulphides in SK 28. A photograph of a sample of this unit is showrt below (~a\ple 6 in 

Figure 6-28). 

6.3.3 Semima.ssive to massive sulphides 

Both layered and unlayered semimassive to massive sulphides occur in th:e Skidder 

Prospect (Figures 6-16 to 6-24). The Ulllayered sulphides typically consist of semimassive . 
to massive, medium- to coarse-grained pyrite wit~ 5-15 per cent quartz and lesser calcite 

gangue. ~are. fine grained chalcopyrite and sphalerite-rich zones. occur within the massive 

pyrite. The layered sulphides consist of laminated, fine- to medium-grained pyrite with 10 

to 15 per cent interlaminated chalcopyrite and sphalerite. · 

A photograph of drill core samples showing features typical of the semi massive to 

massive sulphides is presented as Figure 6-26. Sample 1 shows layered, massive, fine- to 

medium-grained pyrite; the layering is defined by variations in the grain size of the pyrite. 

Sample 2 shows fine grained pyrite interlayered with chalcopyrite (light gold) and 



Figure 6-25: Photograph of drill core samples illustrating different modes of occurrence of jasper associated 
with the Skidder Prospect. Sample 1 is from DDH SK 32 at 707' (215.5 m); sample 2, DDH SK 
35A at 1571' (478.8 m); sample 3, DDH SK 27 at 632' (192.6 m); sample 4, DDH SK 37A at 
1518.5' (462.8 m); sample 5, DDH SK 37A at 1521.5' (463.8 m); sample 6, DDH SK 35A at 
1573.5' (479.6 m); and sample 7, DDH SK 29 at 858' (261.5 m). 

Figure 6-26: Photograph of drill core samples showing features of the Skidder Prospect semimassive to 
massive sulphides. Sample 1 is from DDH SK 28 at 700' (213.5 m); sample 2, DDH SK 27 at 
579' (176.5 m); sample 3, DDH SK 37A at 1508' (459.6 m); sample 4, DDH SK 27 at 580' 
(176.8 m); sample 5, DDH SK 30 at 938' (285.9 m); sample 6, DDH SK 28 at 532.5' (162.3 m); 
sample 7, DDH SK 28 at 526' (160.3 m); and sample 8, DDH SK 29 at 802.5' (244.6 m). 
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sphalerite._(dark grey). Sample 3 shows layered, fine grainea pyrile; "dendritic" 
I . 

chalcopyrite _(light gold) fills interstices between pyrite grains. Not~ the presence of small 

jasper fragments (dull red) elongated parallel to the layering in this sample. Discontinuous, 

c,onvoluted layers of ~ine grained pyrite arid sphalerite (dark grey) ~ccompanied by 

discontinuous layers and "dendrites" of chalcopyrite are shown ill' sample 4. Sample 5 is - . \ 

of typical massive, medium grained pyrite. Samples 6 and 7 show medium- to coarse-

graiJ(ed pyrite in a predominantly chlorite gangue. In places, fractured, subhedral pyrite 

grains. reach up to 2.5 em across iri units similar to that _displayed in sample 7. Sample 8 

shows medium-'? coarse-grained pyrite in predominantly quartz gangue. 

6.3.4 Disseminated and vein sulphides 

6.3.4.1 .Chlorite-quartz-pyrite type 

Black-chlorite containing various amounts (20-80%) of quartz and medium- to 

coarse-grained· pyrite characterize this type of sulphide-bearing unit. In places the pyrite 
·~ -

occurs as disseminations in chlorite, but mo~ typically it is associated with quartz, either in 

vein networks or irregular masses. A photograph of drill~ore samples showing features 

typical of this .rype of sulphide-bearing unit is presented as Figure'6:..27. The sample at the 
L. 

bottom left ::;f ·the photograph shows medium- to coarse-Yf'ned pyrite in black chlorite. 

Network pyrite:bearing quartz veins cutting black chlorite, seen in samples at the top and . 

bottom centre of the photograph, give the rock a brecciated appearance. The bottom-right 

sample shows abundant medium- and coarse-grain~d pyrite in black chlorite and quartz 

gangue. 

6.3.4.2 Quartz-pyrite-chlorite type 

' The quartz-pyrite-chlorite sulphide-bearing ~nits consist of 30 to 70 per cent pyri~e, 

plus rare chalcopyrite and sphalerite, in quartz-veined to massive silicified rock. A 
\ 

continl)um exists between the chlorite-pyrite-quart~ type of sulphide-bearing unit and this 

! • . 

"· 
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Figure 6-27: Photograph of drill core samples showing features of the chlorite. pyrite. quartz sulphide­
bearing zone. Sample at top of photograph is from DDH SK 30 at 959' (292.3 m); sample 
at bottom-left of photograph is from DDH SK 28 at 530.5' (161.7 m); sample at bottom­
centre of photograph is from DDH SK 30 at 821' (250.2 m); and sample at bottom-right of 
photograph is from DDH SK 28 at 532.5' (162.3 m). See text for discussion. 
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type. Quartz aod pyrit~ make \up approxiL 80 per c~nl ~fthe rocks. !, n:mainin::: ' 
/ 

per cent consisting of scattered, discontinuous c~lorite-rich masses, some bf which contain 

extremely altered v~oles. The pyrite is generally medium to coarse grairwd and occurs as. 

veins, massive bodies and disseminated cubes within ~he quartz. The chalcopyrite and 

sphalerite occur typically along th(outside portions of quartz ~eins. 

Figure 6-28 is a photograph of core samples typical of this type of sulphide-bearing 
. -

uri it. Note the varying proponions of quartz to pyrite in the samples and the occurrence of 

small amounts of very dark green chlorite in sample 7. The dark mineral surrounding the 

irregular quartz mass at the bottom of sample 5 is sphalerite . .Alternating quanz- and pyrite­

rich areas in sample 2 'impart a poorly developed "layering". Sample 4 is rich in sphalerite 

(dark grey) and chalcopyrite (light gold), the sulphides occur as discontinuous, contgrted 

layers in quartz. 

Sample 6 is of a pyrite-bearing quartz-veined grey chen unit present in DDH SK 

28. Note that the chen is hematite stained in its central•ponion. 
. .. I . 

6.4 Local Alteration .. 
6.4.1 Secondary mineral assemblages 

Distinc1 alteration zones, characterized by changes in the componeltls ·and 

proportion of components comprising secondary mineral assemblages, envelop the Skidder 

Prospect sulphide-bearing zones. The secondary rnine~al assemblages a:re: chlorite, calcite, 
) . 

epidote ± hematite; chlorite, quartz, calcite, epidote; chlorite, quanz, calcite; chlorite, 

quartz, pyrite; and quartz, pyrite, chlorite- arranged in order .from farthest away to closest 
. ·: ~ ....... 

to the sulphide-bearing. zones. The distribution of the various secondary mineral' 

assemblages is shown on Figures 6-3 to 6-10. 

The se~dary mineral assemblage chlorite, calcite, epidote ± hemat~te, which is· 
/f 

typical of }pilirized Skidder basalts, marks the outer limit of mineralogical changes 

\ -
, associated. with the Skidder Prospect alteration zone. On this basis, the outer limit or the 

j 
f. 
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Figure 6-28: Photograph of drill core samples showing features of the quartz, pyrite, chlorite sulphide­
bearing zone. Sample 1 is from DDH SK 31 at 138' (42.1 m); sample 2 frorri DDH SK 30 
at 912.5' (278.1 m); sample 4 from DDH SK 27 at 579.5' (176.6 m); sample 6 from DDH 
SK 28 at 666' (203.0 m); and sample 7 is from DDH SK 30 at 908.5' (276.9 m). It is 
unknown from which diamond drill hole(s) samples 3 and 5 were collected. See text for 
discussion. 
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~Iteration is between 100 a~d 300m awaY, from the sulphide-beari~e,s. The modes of 

occu;;rence oLthe various;secori~n.e:.als are descrit:eQ...below. Calcite and epid~te . 

occur in veinlets and amygdules. "Blotches" of epidote, typically 5-15 em in diameter, are 

also present in some areas. Hematite is less abunda.ll'Nhan epidote and calcite, and is more 
'""" -

prevaleM in pillow breccia zones. He~ati.te occurs as vejn~ and, in some areas, is 

disseminated throughout the rock. Figure 6-29 is a photograph of drill core samples that · .. 

show the typical mode of occurrence of the secondary minerals in this alteration zone. The · • • 

' sample at the top shows a hematite veinlet cut by epidote veins, which are, in turn, cut by 
. . 

calcite veins. In the sample at the centre of the photograph, an epidote-rich area is ~ut by 

calcite-hematite veins .. An epidote "blotch", containing white-pink calcite-filled amygdules, 

is shown in the bottom sample. ( 

The absence of hematite, and the ·occurrence of quartz ± calcite in veins and 

amygdules define the chlorite, quartz, calcite, epidote alteration zone, this being the 

outermost alteration assemblage associated with the Skidder Prospect. The c·hange in 

secondary mineral assemblage is typically noted about 50 to 75 m away from the massive 

sulphide; zones and 100 to 300 m removed from the disseminated and ·~in sulphides, e.:g . . 

. . _ _ ----lhose present-in- holes SK 30 and SK 34. 

An increase in the amount of chlorite, the lack of epidote, and the pre~ence of fine 
\ 

gr'ained, grey siliceous areas mark the chlorite, quartz, calcite alteration .. zone. Thi~ ~ineral 

assemblag~ occurs typically between 30 and 70 m away from the massive sulphide zones 

and 70 to 150 m away from the disseminated and vein sulphide zones. The siliceous 

sections characteristically have quartZ veinlets throughout and range from 5 to 20 em across 

(as estimated from the length of the silicious ar~as in_ drm .core). Figure 6-30 is a , 
photograph .f>f-drill core samples showing characteristics of this 'alteration zone. 11)-e ligh! 

grey_ area at the centre of the variolitic pillbw in the drill . core sample at the top of the 

photograph, and the brown and grey pillow breccia fragments in the centre and bottom-left 

drill core samples, have been Pc=rvasively si'!icified and cut by later quanz veins. Note that 

. ) 
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Figure 6-29: Photograph of drill core samples showing modes of occurrence of secondary mineral 
assemblages characteristic of the chlorite, calcite, epidote± hematite alteration zone. Sample 
at top of photograph is from DDH SK 28 at 189' (57.6 m); sample in centre of photograph 
is from DDH SK 35 at 992.5' (302.5 m); and sample at the bottom of the photograph is 
from DDH SK 28 at 190' (57.9 m). See text for discussion. 
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Figure 6-30: Photograph of drill core samples showing modes of occurrence of secondary mineral 
assemblages characteristic of the chlorite, quartz, calcite alteration zone. Sample at top of 
photograph is from DDH SK 34 at 982' (299.3 m); sample in centre of photograph is from 
DDH SK 30 at 77.5' (23.6 m); sample at the bottom-left of the photograph is from DDH SK 
32 at 196' (59.7 m); and sample at the bottom-right is from DDH SK 30 at 612' (186.5 m). 
See text for discussion. 
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the pillow and pillow breccia fragmen~s have been ptefe~nially s!liclled, -~ co.ntrast t9 the 

~ QJ.atrix, ~hi~h has been highly chloritized. Grey, fin.e grained quartz veins cut by white 

~ vein lets, which are at right angles to the walls of the larger vei_n~, are·also characteristic of 

this type of alteration (bonom-right drill core sample). Note that pyrite occurs in the centre 

of the large vein. 

A marked increase in chlorite, quartz and pyrite, accompanied by a decrease in 

calcite relative to zones one and tw9 characterize the chlorite, quart;, pyri~d quartz, 

chlorite, pyrite alteration ZOf\eS. Rocks displaying these secondary mineral assemblages are 

the most inte.nsely altered, typically occurring less than 50 m away from the sulphide-

bearing zones. Chlorite and quartz have an antithetic relationship in these alteration zones, 

and a continuum exists between rocks that col'!tain ~estimated 60 to 90 per cerit chlorite 

~ and those that contain similar percentages of quartz. · Rocks in these alteration zones also 

• 
contain between 10 and 80 per cent pyrite,± minor chiUcopyrite and sphalerite. Drill core 

samples showing features typical -of this alteration zone are shown in Figure 6-31. The 

sample at the t<?;> of the photograph is of highly . ~ilicifi~ rock; not~ that bleaching and 

silicification has permeated outward from fractures (now filled with pyrite) such that 
~ . 

' 
isolated patches of medium green-grey less silicified material are preserved away from the 

fractures. The sample in the bottom of the photograph illustrates characteristi9s of the 
/ 

chlorite-rich end member of this alJeration zone; in this sample highly chloritized basalt is 

cut by pyrite-bearing quartz veins. Note again that pyrite occurs in the centre of the quartz 
.. ( 

veins. Other examples 'of rocks that have been almost completely altered to chlorite ±talc 

are shown in Figures 6-32 and 6-33. In places, these rocks are composed of very fine 

graine.d,light green, elongate,.chlorite-rich "fragments" in a black chlorit¥Mtrix (sample at 

right in Figure 6-32), in other ai:eas the chlorite ± talc rock has an autobrecciated 

appe~e (sample at left in Figure 6-32). Abundant pyrite occurs between "fragments" in 

p~f(sample at left in Figure 6-32), ~~in 'black chlorite (sample at right in Figure 6-32). 
. . 

Note that the fragments in the sample ~n the left in Figure 6-3~ can be fined back together. 

\. 
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Figure 6-31: Photograph of drill core samples showing modes of occurrence of secondary mineral 
assemblages characteristic of the quartz, pyrite, chlorite; and the chlorite, quartz, pyrite 
alteration zones. Sample at top of photograph is from DDH SK 29 at 707.5' (215.6 m); and 
sample at the bottom of the photograph is from DDH SK 28 at 632' (192.6 m). See text for 
discussion. 
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Figure 6-32: Photograph showing features of chlorite/talc-rich rocks as noted in the Skidder Prospect drill 
core. Sample at left of photograph is from DDH SK 30 at 578.5' (176.3 m); sample at right of 
photograph is from DDH SK 34 at 1454.5' (443.3 m). See text for discussion. 

Figure 6-33: Photograph of Skidder Prospect drill core samples composed almost entirely of talc (very light 
green) and black chlorite. Sample at left of photograph is from DDH SK 31 at 93' (28.3 m); 
and sample at right of photograph from DDH SK 30 at 967 .5' (294.9). See text for discussion. 
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~ . 
In places, the light green chlorite-rich mat~rial, black chlorite and pyrite occur in distinct 

layers .. In ot~er places, the rocks are compo~ed .entirely of_ black chlorite and/or light green· 
. 

talc (Figure 6-33). Sulphide-rich end members of the chlorite, -quartz, pyrite~ and quartz, 

chlorite, pyrite alt~tion zones are desc~bed above in Section 6.3.4 (disse~ted and v~in ° . 
. ' ' 

sulphides). Ex~ptes of pyrite-rich samples are shown in Figures 6-27·and 6-28, which . I 

accC?mpany Section 6.3.4. 

, 

6.4.2 Preserved host-rock textures 

In most areas alteration is not intense enough in the chlorite, calcite, epidote ± . 
hematite;. chlorite, quartz, calcite, epidote; and chlorite, quartz, calcite alteration zones to 

'o~literate original textures of the rock. ' In contrast, original textures have been completely 

obliterated in large ponions of the most intensely altered roc~~ that occupy the chlorite, 

quanz, pyrite.; a.nd pyrite, quanz, chlorite ·alterati~n zo~es: Hence, for example, the. 

c~te- ± talc-rich rocks have been variably labelled cnlorite-talc rock, chlorite tuff or 

c~lori~-rich· aquagene tuff ~n Figures 6-3 to 6-10 and Figures 6-16 to· 6-24. Nevenhele'ss, 
' . 

in places, some macroscopic features such as pillow outlines'and variates ate preserved, 

even though the rocks have been almost completely replaced by vario~s combinations of 

quanz, black chlorite and pyrite. Photographs showing preserved host-rock textures are . . . . 

presented in Figures 6-34 and 6-35. Pillow selvages and amygdules ru:e preserved in drill 

core samples at the top and bottom of Figure 6-34, and in sample i on Figure 6-35. Note .. 
that the selvages are marked by. abundant pyrite-be~ng black chlorite; Highly altered 

variates are evident in the centre-right sample on Figure 6-34 and in samples l t~ on . 
' ' 

Figure 6-35. Buff angular fragments of highly altered host rock occur in quanz· in,sample 

6 on Figure 6-35. Note tha!._the rock is intensely silicified. 

..: .· 
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Figure 6-34: Photograph of drill core samples showing preserved host rock textures from the chlorite, 
quartz, pyrite; and the quartz, pyrite, chlorite alteration zones. Sample at top of photograph 
is from DDH SK 30 at 674' (205.4 m); sample in centre-left of photograph is from DDH SK 
31 at 28' (8.5 m); sample in centre-right of the photograph is from SK 34 at 1243' (378.9 
m); and sample at bottom of the photograph is from DDH SK 34 at 1339' (408.1 m). See 
text for discussion. 
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Figure 6-35: Photograph of drill core samples showing preserved host rock textures (particularly varioles) 
from the chlorite, quartz, pyrite and quartz, pyrite, chlorite alteration zones. Sample 1 is 
from DDH SK 35 at 1499' (456.9 m); sample 2 is from DDH SK 32 at 572' (174.3 m); 
sample 3 is from DDH SK 30 at 821' (250.2 m); sample 4 is from DDH SK 30 at 822' 
(250.5 m); sample 5 is from DDH SK 30 at 848' (258.5 m); and sample 6 is from DDH SK 
30 at 893' (272.2 m). See text for discussion. 
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6.5 Structure 

The strike of rock units in the vicinity of the Skiddcr Prospect varies from north­

northeasterly, as shown in the southwestern portion of Figure 6-2, to northeasterly, as 

indicated in the northeastern pan of Figure 6-2. Foliations trend predominantly 

northeasterly and dip steeply to the southeast. One outcrop in the east-central portion of 

Figure 6-2, however, shows an . east-northeasterly srriking, steep southerly dipping 

foliation. 

As shown in Figure 6-3, yari'Olitic pillow basalt occurs both above and below 

sulphide-bearing, intensely altered rocks in SK 30 and SK 34, and highly altered varioles 

are preserved in the sulphide-bearing zones in both holes. In contrast, variolit ic pillow 

basalt occurs only below the massive sulphides in drill ~oles SK 27 and 2R. This suggests 

that the disseminated and vein sulphide-bearing alteration zones in SK 30 and 34 crosscut 

stratigraphy (Figure 6-3), and supports Barbour's (Barbour, 1977) interpretation that these 

zones represent a stockwork or feeder zone to the overlying massive sulphides. This 

relationship between the massive sulphides and rel:lted alteration, and the contact between 

variolitic and nonvariolitic pillow basalts shown on Figure 6-3, suggest that the rock un its 

are gently dipping and facing toward the southeast. Caution is warranted here however 

since the very presence of an intense alteration zone indicates a zone of high permeability 

and probable faulting. Pillowed basalt in outcrop shown in the east-central ponion of 

Figure 6-2 also faces southeast but is steeply dipping. This southeast facing of uni ts is in 

contrast to northwest-facing directions typical of the Skidder Basalt elsewhere and suggests 

local folding and/or faulting in the area (see Figure 3-4). Pillows indicrtte that uni ts to the 

southeast of the fault shown in the southeast portion of F~gure 6-2 are steeply southc:-~st 

dipping and face to the northwest. ,. 
A large number of gouge zones are noted in the Skidder Prospect drill core. They 

are particularly common in the highly altered, intensely chloritizcd rocks. as would be 



expected since these rocks are very soft and thus sus~eptible t9 deformation. The amount 

of movement, if any, that has occurred along the gouge zones is unknown. 

The Skidder Prospect semimassive to massive sulphides occur predominantly in 

two lens-shaped bodies tenned Lenses 1 and 2 (Barbour; 1977) (Figure 6-1). Lens 1 

extends from surface to a depth of 213 m. It plunges 37 degrees west having a known 

length of 380 m along the plunge. It has a maximum width of 90 m. a maximum known 

thickness of 11 m, and an average thickness of 4.1 rri.' Lens 2 extends from about 2l3 m 

to a depth of 412 m. It plunges 57 degrees west having a defined length along plunge of 

243 m. h has a maximum width of 68 m, a maximum known thickness of 6.7 m,' and an 

average thickness of 3.4 m (BarbOur, 1977). 

The occurrence of the sulphide-bearing zones at the contact between variolitic and 
• 

overlying nonvariolitic basalts in Lens 1, and the reverse for Lens 2 suggests that, barring 

structural complexities, Lens 2 stratigraphically underlies Lens 1 . 

• 

• 

I 
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6.6 Petrography 

-
'Jhe petrography of the Skidder Basalt has been presented in Chapter 4. Hence, the 

descriptions and discussion below conc~ntrate mainly on c~anges in the petrography of the 

rocks as a result of interaction with hydrothermal fluids during the Skidder Prospect 

mineralizing event(s). The descriptions are arranged in order from the least altered rocks of 

the chlorite, calCite, epidote± hematite alteration zone, which have a similar petrography to 

spilitized Skidder basalts elsewhere, ro the highly altereti rocks of the chlorite, quanz, 
... 

pyrite; and quartz, chlorite, pyrite alteration zones, which are almost completely domina tel) 

by secondary minerals and textures related to hydrothermal alteration during ·the 

n'llneralizing event(s). ~phic descriptions of the mas~ive and heavily disseminate~ 
sulphide-bearing rocks, the spatially associated jasper, and the trondhjemites that intrude 

rocks in the immediate4\ri~inity of the Skidder Prospect are also presented. 

6.6.1 Petrography of the alteration zones 

Summary tables showing the relative abundances of minerals in, and a panial 

geochemical analysis of rocks thin-sectioned from the various alteration zones "are presented 

in Tables 6-1 to 6-6. Rocks analyze,d show a considerable range of Zr concentrations in 

each of the alteration :wncs, snggr~ti ng that a nricty of b:\ saltic compositions are 

represent~d. 

6.6.1.1 Chlorite, calcite, epidote± hematite zone 

Rocks having this secondary mineral assemblage are similar to spilitized basalts 

outside the Skidder Prospect alteration zone. Pillowed and massive basalts are composed 

predominantly of albite, intergranular sphene and subhedral opaque· minerals (abundant in 

some rocks), and intersertal chlorite and quartz (fable 6-1). 

Most samples have several 0 .5 tot mm-long, alhitiud plagioclase phenocrysts , 

and a lesser number also contain relict clinopyroxene grain~, which. are up to I mm across. 

I 
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Table 6-1: Petrographi~ table showing rock ~pe. partial geochemical analysis and mineralogy of mafic rocks 
from the Slodder Pros peer cl,cc,ep ± hm alteration zone 

I 
Simple _! Rock 
Name Type 

SK 27 01 Pillow Bx 
SK 27 02 Massive 

Key: I See Figure 6-1 tor location of drill hOles 
Abbreviations: Alralbile, Cpx-clinopyroxene, Cl-chlorite, cc:calcite, Ep-epidote, Qz-quartz, Chr-chromite 
Amph-amphibole , hm-hematite, py-pyrite, sefP':Mrpentine, sc-sericite , opaques or opaq-opaque minerals 
acic-aciclJiar minerals. bx-breccia · · 
Abundance ol mineral relative to its average content in malic rocks from the Skidder area: 
x-low. xx-medium. xxx-hiah "' · 
I See N)~ndix B for comj2)ete whole rock anal~ses and descriQtion of ~nal~ical methods 

Depth 5102 TI02 MgO zr Ab Cpx a !Sphene Cc Ep Qz OV' Opaques Other MineralS 
feet m % % :'P Prl11 - and Convnents 

20 5.9 48.3 1.3 5:0 75 JO( X JO( XX JO( XX X )()()( IA~ematite acic. opaq. 
31 9 .3 52.7 0.8 5.7 44 )()()( XX lO( XX X JO( )()()( serde (?) 

SK 27 08 Pillowed 142 43 .3 47.1 0.9 8 .9 45 l( l( l(l( l(l( . l( XliX X X K-feldspar alll)h. l?l_ 
SK 28 06 Pillowed 99 30.0 51.5 0.8 9.2 41 XXX X lO( XX X XX X XX 
SK 28153 Bx zone 153 46.6 X X X XX XliX 

SK 2915 Diabase (?l 228 69.5 50.4 1.3 8.7 75 XX XX )[)( XXX X 1( X 

SK 30 20 Massive 244 74.2 53.1 1.0 5.4 48 
SK 30 245 Massive 245 74.7 XliX XX XX XX X X XliX 

SK 35 995 Pillowed 995 303 .3 JO( XliX XX )0( ~. )0( X X )0( X 

SK 36113 Pillowed 113 34.4 )0( XX XX XX )()()( X X X 

Table 6-2: Petrographic table showing rode type, partial geochemical analysis and mineralogy of mafic rocks 
from the Skidder Prospecl cl,qz,cc,ep alteration zone 

!Key: lAs per Table 6-1 . I 

1 pyrite sericite 

' 
amph. {x) 

Sample Rock Qepth SI02 TI02 MgO Zr Ab Cpx a !Sphene cc Ep Qz Olr Opaq\Jes Others + <Jomments 
Name Tvoe .,- teet m % % % ppn 

SK 14 543 Massive(?)· 543 165.5 XliX \ 
)0( XliX XX X X XliX 

SK 24100 Pillow Bx 100 30.5 XXX • XX XX XX X XX XX amph. (x) 

SK 24 1180 Massive 1180 359.7 )0( XX XX XliX XX X XX XXX 

SK 24 1184 Massive 1184 360.9 lOf X )0( XX )()()( XX )0( afl'l)h._(xx) 

SK 32 74 Tutl (?) 74 22.6 ? )()()( XX XX XX 
- --

,.. 

N 
00 ...... 

. ,. 
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A few plagioclase phenocrysts are carbo~tized. Many samples have inrergranular ro 

subophitic intergrowths of 0.1-0.3 mm-long albirized plagioclase and stubby 0.05-0.2 mm-

long prismatic clinopyroxene. Subhedral chromite is present in some thin sections. 

Hernatization of subhedral opaque minerals impart~ a pronounced reddish colouration to 

some of the rocks. In thin section SK 35 995, 0.5 rnrn-long, quench-textured 

clinopyroxene grains are inrergrown with albitized plagiocla:se that does not exhibit quench­

textured morphologies. 

ClinopyroxeoDe is typically altered to various combinations ~f amphibole, epidote 

and chlorite. In a few samples, K-feldspar replaces albitized plagioclase, panicularly larger . . 
grains. Calcite± chlorite± quartz amygdules, and calcite and epidote veins occur in most . 

samples; epidote also occurs as subhedral grains throughout some samples. 

Thin section SK 28 1~3 .. of a breccia zo~e. is compo~ed predominan~~of an~hed~~ 
quartz cut by coarse grained quartz veins and a few calcite and sericite veinlets. 

6.6.1.2 Chlorite, quar17..., calcite, epidote alteration zone 

Pillowed and massive basalts from this alteration zone are composed predominantly 

of intergrJUlular albite~ sphene and subhedral opaque minerals; and intersenal chlorite ~nd 

quanz (Table 6-2). Chloritized clinopyroxene grains are present in some samples and 

many samples have several 0.5 to 1 mm-long al.bitized plagioclase phenocrysts. 

Calcite, epidote, quartz and chlorite occur in veinl~s and amygd.ules, although . ~ . 
subhedral epidote grains occur throughout some samples. Quanz has-; panially replaced 

intergranular albite laths in some areas, and, in thin section SK 24 100, has also partiJIIy 

replaced albite displaying fan-shaped and bowtie "quench-texture" morphologies (Lofgren, 

1974). '-. 

'-.. . 

• 
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,, 
6.6.l.J Chlorite. quartz, calc&~e alteration zone• · 

Macroscopically, this ah;ration zone is characterized by an overall i!lcrease in the 

amount of chlorite, lack of ~idote, and the presence of fine grained, grey siliceous areas. 

Quartz veins are. common and the siliceous sections characteristically have quartz veinlets . 

throughout. 

Samples from this alteratior . zone that are richer in chlorite are colllposed 

predominantly of 0.2 to 0 .5 mm-lm1g, albitized plagioclase, accessory sphene and 

iubhedral opaque minerals, and abundant intersertal chlorite (Table 6-3): Pyrite is 

abundant in some samples. A fe~_JJo 1.5 mm-long albitized plagioclase phenocrysts are 
_., . 

present in most samples. 

In many areas, albite laths, particularly the larger ones, have been panially to 

completely replaced by quartz, calcite and, locally, sericite. Alteration of albite to quartz in 

places results in two elongate single grains or aggregates of quartz separated by a thin sliver 

of chlorite or quartz along the original twin planes. Rounded quartz grains occur 

throughout some thin sections. Chlorite pseudomorphs grains that were probably 

originally clinopyroxene in some places, and, in some sample's,sphene pset><J6morphs 

skeletal grains that were probably originally ilmenite. A small number of quartz, chlorite or 

calcite veins are pr~sentin some samples, and a few contain "wispy" sericite veinlets. 

Pyrite occurs in some of the quartz veins. Anhedral masses of calcite occur throughout 

some samples. 

Thin section SK 29 64 shov,s a cruss-section through the outer rx:>rtion of'an altered 

variolitic pillow; including a portion of the nonvariolitic interior portion of the pillow, part 

of its outer variolitic rim and a portion of the chlorite-rich selvage. Varioles in the pillow 

rim contain a central core of chlorite and spherulitic albite concentrically surrounded by a an 

inner "ring" of albite and sphene, and an outer ring dominated by sphene (Figures 6-36 and 

6-37). Brown birefringent chlorite and accessory sphene are the dominant minerals in the 
. Oft 

matrix. to t!"te varioles. The nonvariolitic inner portion of the pillow consists of partially 

' · 
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Table 6-3: PetrogrJphic table showing rock type, partial geochemical analysis and mineralogy of mafic rocks 
from the Skidder Prospect cl,qz,cc alteration zone 

lKey: lAs per Table 6-1 I 

Sample Rock Deeth 5102, TI02 MgO 11 Ab q:>x a ~phen€ Cc Ep az Olr Opaques 
Name Tvoe feet m %~ % % ppm -

SK 1 296 Massive-(?) 296 90.2 lO( lO( lO( ' lO( X XX 

SK 1 271 Tuff 271 82.6 lO( lO( . lO( X XXI( lO( 

( SK 1 312 ? 312 95., XXX XX X XX XXX X 
SK349 Pillow Bx !?' 49 14.9 XXX XX XX XXI( J , 

SK387 Pillow Bx (?I 87 26.5 X lO( X XXX lO( lO( 

SK 5 361 Pillow Bx (? 361 110.0 lO( xX lO( )(lO( X XX 
SK 7105 Pillowed 105 32.0 lO( XX XXI( XX XlOC 

SK 7159 Tuf1 (?) 159 48.5 ' 
'('" XX - XX lO( )(lO( XX 

SK 17 375 Massive !?l 375 114.3 lO( XX X lO( lO( X lO( 

SK 18 52 Pillow Bx l?l 52 15.8 - lO( XX X )(lO( X X 

SK 18 88 Diabase (?). 88 26.8 41 XX XX X lO( X X 

SK 18 299 Pillow Bx C?\ 299 91 .1 XX XX XX )(lO( X X 

SK 18 357 Massive-(?\ 357 108.8 lO( XX XX XX XX X 

SK 19 114 Diabase[?) 114 34.7 XX XX lO( XXX XX X 

SK 20 403· Pillow Bx 403 122.8 XX XXX XX lXXI X XXX 
SK 2718 Massive 316 96.3 71 .4 0.3 2.5 94 XXI( XX XX XXI( X 
SK 27 33 Pillowed 517 157.6 46.5 1.1 12.7 77 XX XX )0( lO( 

SK 2817 Diabase(?) 335 102.1 46.7 0.9 9.2 48 - XX XXI( XX XX XX 

SK 28 20 Massive 408 124.4 43.2 0.3 16.3 64 lO( XXX X lO( XX 

SK 28 58 Massive 640 195.1 47.9 ~.2 12.3 74 XX XXX lO( X xX ..,, X 

SK 29 416 Diabase(?) 416 126.8 lOC- lO( XXX X X 

SK 29 506 Diabase (?) 506 154.2 XX XX XX XX XX XlOC 

SK 29 33 Diabase(?) 510 155.4 52.2 0.9 6 .1 47 
SK 29.63 Pillowed 887 270.2 50.9 0.9 15.8 46 X ? XXX XX X XX X 

SK 29 64 Pillowed 915 278.7 43.5 _1_.1_~ . 1 55 X XXX XX X XX 

'v '-' 

Other Minerals 
and Comments 

autobrecciated silicified 

sericite or talc ( xxxl 
foliated 
calcic Dlaci. (?). sericite (x) 
sericite (?.) 

.. ' 

.._ ...... " 
I ovr~e calcite vein 

lovrite 
sericite 

lo.vrite 

amohibole txl 

va~litic . pyrite N 
CXl 
~ 

\ 

' 
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Figure 6-36: Transmitted light photomicrograph of chlorite-rich variolitic pillow rim. Thin section SK 
29 64, plane polarized light, 3.2 x. -0.5 mm-

Figure 6-37: Transmitted light photomicrograph of same area shown in Figure 6-36 but under crossed 
nicols. Thin section SK 29 64, crossed nicols, 3.2 x. -0.5 mm-
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silicified albite, much of which displays fan-shaped quench textures; dense granular 

sphene; intersertal chlorite; and lesser amounts of opaque ·minerals and inter~ertal quanz. 

Poorly aligned albite, flattened calcite amygdules, and intersertal cHlorite defi_!le a 

foliation in thin section SK 7 159. Similarly, elongate quartz, calcite and poorly aligned 

carbOnatized, silicified albite define a foliation in thin section SK 32 74. 

Coarser grained massive units, interpreted as coarse grained massive flows or 

diabase, typically display intergranular to subophitic textures; they have a similar 

mineralogy, and show a similar style and degree of alteration to finer grained mafic· units. 

Average grain size for albite, the predominant euhedral mineral, is about 0 .5 mm in these 

rocks. Portions of 0.5 mm-long prismatic clinopywxene grains are preserved in thin 

section SK 29 416. Most of the grains have been altered to chlorite and lesser amounts of 

fibrous actinolite (Figures ~-38 and 6-39). The grains aJI4t subophitically intergrown with 
. '/ ... 

albitized plagioclase that has been variably silicified, carbonatized and/or sericitized. 

Calcite completely replaces what were probably originally clinopyroxene grains in thin 

section SK 28 17, as indicated by preserved subophitic texture between the cafcite masses 

and silicified, sericitized albite. 
\ 

Quartz-rich samples from this alteration zone are similar in mo\t respects to the 

nonvariolitic chlorite-rich samples. the major difference being that intersertal quartz rather 

than chlorite predominates in the groun~mass. Albite ~~s are partially altered to quartz in 

most places. Glomeroporphyritic clust<!rs, in addition to single grains, of silicified, 

plagioclase phenocrysts occur in some s;tmples. 

6.6.1.4 Chlmite, quar1.7 .. pyrite alteration 7.one 

· The chlorite, quanz, pyrite alteration zone is characterized by a marked increase in 

chlorite and decrease in calcite, relative to the chlorite; quartz, calcite zone. In some areas. 

chlorite makes up an estimated 50 to 60 per cent of the rock. Pervasively silicified areas cut ... 
by quartz veinlets, similar to those in the previously described zone, arc present. All rocks 
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Figure 6-38: Transmitted light photomicrograph showing prismatic clinopyroxene grain partially altered to 
chlorite and fibrous actinolite, the latter being confined to the grain's extremities. Thin 
section SK 29 416 (416'), plane polarized light, 10 x. -- 0.2 mm --

Figure 6-39: Transmitted light photomicrograph of same area shown in Figure 6-38 but under crossed 
nicols. Thin section SK 29 416 (416'), crossed nicols, 10 x. -- 0.2 mm --
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in this alteration zone have been highly altered (some more intensely than others) to various 

combinations of chlorite, talc; quartz and., in some places, calcite (Tables 6-4 and fi-6 ). 

Less intensely altered rocks from 1is alleration zone are composed of abundant 

chlorite, in many areas showing anomalous blue birefringence, and lesser amounts of0.05 

to 1 -mm long quanz pseudomorphs of albite . Although in most places the albite has been 

completely replaced and pseudomorplJed by quartz, in a few areas the replacement is not -

complete and some al~ite is preserved. Selective replacement of albite hy q uartz is 

suggested in thin seciion SK 29 49, where larger grains have been completely replaced by 

yuartz whereas 0.1 mm-IC?ng albite grains in the groundmass are, in places, partially 
. . 

preserved. Pans of thin s~tio~ SK 27 27 show fan-shaped or bow-t ie shaped clusters of 

p:trtially sdicificd albite , suggesting preserved quench textures. Chlorite pseudo morphs 

' ' albite and clinopyroxene (?)in some places. Chlorite and quartz or, to a Jesser extent, 

ca lc ite fill amygdulcs. lntergranu lar sphene and pyrite make up most of the remainder of 
i · ' 
· ·•I the rocks. Thin section SK 27 44, of a diabase dyke ('!) that intrudes layered massive 

sulphides (Figure 6-17), shows similar mineralogy and degree of alteration as the less 

altered rocks in this zone. Some albite is preserved in this sample but much of the , 
' ' groundm:~ss is composed of quartz and chlorite, pyrite is also noted. 

More intensely altered samples from this alteration zone J rexomposcd almost 

entirely of chlorite, accompanied by lesser amounts of quart z and pyrite. S ut>hcdral 
r:- ~ 

'chmmite is noted in some thin sections. Chlorite, in places showing spheruli tic growth. 

occupies intersertal area's and fills amygdules, irregular-shaped vugs and veins. Quartz 

occurs as albite pseudomorphs, as irregular grains throughout the rock. and in amygdules 

and veins. Quartz that pseudomorphs albi~ has, in some thin sections, been pani al ly to 

--- -~ompktely replaced by chlorite (Figures 6-40 and 6-41 ). Abundam pyrite occurs with 

4uartz in v~ns, and as disseminations throughout the samples. Variolcs in thin section SK 

28 81 are completely replaced by quanz and minor ch lorite. The matrix is prcdommant ly 

' I _, . 
( 
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Table 6-4: Perrographic table showing rock type, panial geochemical analysis and mineralogy of mafic rocks 

from the Skidder Prospect cl,qz,py alteratio n zone 

IKey:JAsperTable6-1 I 
/ 

Sample ,.... Rock Depth Si02 TI02 MgO Z1 lib Cpx a f:>phene Cc Ep Qz ~ Opaques Other Minerals 
Na~- Tvoe feet m % % % ppm and Comments 

SK-5"154 Massive(?)· 154 46.9 )()( XXX )0( )()( :ovri1e 
SKfr 280 Tuff(?) 280 85.3 XXX XXX X :ovrile talc (xx) 
SK7354 Massive(?) 354 107.9 XX XXX )0( XX lovrile 
SK 7379 Massive(?) 379 115.5 XX XX )0( X XX lovrile 
SK 7 392 Massive(?) 392 ~ ~~ .5 XX XXX XXX X XX lovrile 
SK 16 296 P~low Bx (?) 296 90.2 XXX X X )('( lovrile 
SK 22 605 Pillowed 605 184.4 XX ? XXX XXX X X XX · variolitic 
SK 25 891 Pillow Bx 891 271 .6 )0( JOO( XXX X XX ' lovrrte 
SK 27 26 Massive 401 122.2 41.6 1.1 21.3 65 X JOO( )0( X lO( X lovrrte 
SK 27 27 Massive 425 129.5 41.5 1.3 19.7 73 X XXX )0( )( X X 

SK 27 44 Diabase(?) 636 193.9 48.0 1.2 15.0 68 X XXX XX )0( lovrile 
SK 27 48 Massive 666 203.0 40.2 0.5 23.1 64 X XXX XX )0( lovrite 
SK 28 27 Pillow Bx 477 145.2 28.6 0.6 27.2 58 XXX )0( )( X lovrite 
SK 28 51 Massive 558 170.1 53.1 0.5 12.2 26 )0( XXX )0( )0( mtnor ovrrte 
SK ~8 71 Diabase(?) 709 216.1 43.7 1.0 18:0 65 XX XXX XX )0( 

SK 28 73 Tuff(?) 716 218 .1 31 .4 0.4 27.4 55 XXX X XX X I ovr~e talc (xx) 
SK 28 75 Massive(?) 741 225.9 53.7 0.6 ~6.7 so XXX XX )0( )0( I ovrite serpentine ( ?) 
~K 28 81 Pillowed 798 243.1 46.1 0 .8 19.0 51 X XXX XX lCX )( lovrite serpentine{?) 
SK 29 572 Massive 572 174.3 XX XX XX XX 
SK 29 49 Pillowed 749 228.1 44.4 1.1 19.5 61 X ·xxx XX )0( 

. 
I ovrite seroentine ( ?l 

SK 29 50 Pillowed 7S7 230.6 45.9 1.2 17.7 69 X '100( )0( X Xx lovrite: talc-(?) . 
SK 29 51 Pillowed 783 238 .7 48.7 1.0 18.0' 59 X XXX • )0( JO( X I ovrite talc(?) 

SK 29 868 ? 868 264 .6 XXX )0( )0( XX 

SK 30 950 Tut11?l 950 289 .6 XXX X JOOC X lovrite 
SK 31188 Tuff (?l _' 188 57.3 XXX JO( X XXX lovrile • 

,. 
• , 

~ 

' 

1\.J 
00 
<.0 
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Figure 6-40: Transmitted light photomicrograph showing chlorite having partially replaced quartz 
pseudomorphs of albite. Note that the matrix has been almost completely chloritized. Thin 
section SK 5 154 (154'), plane polarized light, 20 x. -- 0.1 mm --

Figure 6-41: Transmitted light photomicrograph of same area shown in Figure 6-40 but under crossed 
nicols. Thin section SK 5 154 (154'), crossed nicols, 10 x. -- 0.2 mm --
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chlorite. Elsewhere in this thin section, plumose and fan-shaped quartz-pseudomorphed 

albite clusters are present. 

Son1e of the rocks in this alteration zone have been so intensely altered that even 

pseudomorphs of host-rock textures have been destroyed. In thin section, these extremely 

altered rocks are shown to consist predominantly of veins and elongate masses of chlorite, 

accompanied by lesser amounts of quartz, talc, and, in some thin sections, calcite. A minor 

amount of sphene is also present. In places, parallel alignment of the veins and elongate 

masses produce a foliation (sensu lato) in the rocks (Figure 6-42) . Some samples, e .g. SK 

27 39 and SK 28 27, are composed almost totally of chlorite and lesser pyrite (Figure 6-

42), often containing a small amount of quartz or talc in "pressure shadows". Talc 

typically occurs as intergrowths of elongate platy grains, occurring either in veins or as 

irregular masses (Figure 6-43). Pyrite occurs with quartz, calcite or talc, in veins, or as 

disseminations throughout the samples. Even though chlorite is the predominant mineral in 

these rocks, pyrite grains are typically not in direct contact with chlorite anywhere but are 

surrounded by a small amount of quartz, calcite or talc (cf. Figure 6-42). 

Intersertal quartz rather than chlorite predominates in the groundmass of more 

quartz-rich samples from this alteration zone. Quartz veins are abundant in these rocks, 

and many contain sericite veinlets. Pyrite ± quartz veins, and disseminated pyrite are 

present in most places. Subhedral chromite occurs in several samples. 

6.6.1.5 Quartz, chlorite, pyrite alteration zone 

In this alteration zone, an estimated 90 per cent of the rock has been replaced .bY 

various combinations of quartz, chlorite and pyrite (Table 6-5 and 6-6). Quartz is the 

predominant mineral in these rocks, occurring as equigranular anhedral grains throughout 

the sample, or as elongate anhedral grains protruding inward from the walls of veins, or 

outward away from pyrite grains (cf. Figure 6-45). Quartz pseudomorphs of plagioclase 

are noted in thin section SK 29 57. Sericite typically occurs as intergranular, elongate 
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Figure 6-42: Transmitted light photomicrograph showing parallel alignment of elongate chlorite masses 
(olive green and blue) and calcite and/or quartz veins. Note that the abundant disseminated 
pyrite grains are not in direct contact with chlorite, but are surrounded by a small amount of 
quartz or calcite. Thin section SK 28 27, crossed nicols, 3.2 x. -0.5 mm-

Figure 6-43: Transmitted light photomicrograph showing a fibrous, platy talc intergrowth. Thin section 
SK 28 73, crossed nicols, 20 x. --0.1 mm --
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Table ~5: Petrographic table showing rock type, partial get:>Otemical analysis and mineralogy of rocks 
from the Sk.idder Prospect qz,cl,py alteration zone 

I Key: lAs per Table 6-1 I 

"-') 

Sample Rock .Depth 5102 ncn MgO 11 Ab Cpx a ~phene cc Ep az Ctl Opaques 
Name Type leet m % % % oom 

SK 7186 Pillow Bx (?) 186 56. 7 )0( • Xll )0( )00( 

1 SK 7 206 Pillow Bx 206 62 8 )0( :lOt Xll )00( 

SK 2878 Pillowed 778 237.1 63.1 0.9 9.1 51 xx\ XI( XXX XXX 

SK 34 ·1254 stockwori( 1254 382.2 ,, ? xr )( )( 
. 

XXX 

SK 34 1260 Diabase(?) 1260 384 .0 XX XX XX '· XXX 
' 

o~ 

'· 

I 
_ I 

' 

r 

Other Minerals 
and Comments 

lov. sero. (?) talc(?) sc (?) 
sericite (xx) 
I pyrite sericite (xx) 
lovrite sericite (xl 
lovrite 

lSK 25 969 lOuartz I 9691295 .41 ) , I I I x I I I x I xx I lxxxl I J. I 

..; 

-• 

"" 
~ 

N 
'-C 
~ 

,.· 
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"' Table 6-6: Petrographic table showing rock type, partial geochemical analysis and minercilogy of sulphide-rich rocks 
from the cl,qz,py and qz,d,py alteration zones 

,• 

Key: See Figure 6-1 for location of drill holes . 
Abbreviations: Ab-albite. Cl-chlorite, Cc-calcite, Qz-q'\Jartz, hm-hematite, sc-seric1te, Py-pyrite'. Cp-chalcopynte, Sph-sphalerite 

F- fine gr'ained, M- medium grained, C- coarse grained 
~ Abundance of mineral as estimated from examination of the polished thin sect1ons using transmitted and reflected 

liaht microscopy: x-k>w xx-medium· xxx-hiQh. 
See Appendix 8 for complete whole rock analyses and description of analytical methods 

Sample Oe:llh Alteration 5102 Tl02 MgO 'lr Grain Py Cp Sph Sphene az a Cc Other Minerals 
\Name feet m zone % % % ppm Size and Comments 

SK 28 37 520 .5 158.6 qz cl,py 11.7 0.1 3.7 31 M XX • • XXX XX XX 

SK 28 39 530 .5 161.7 CI,QZ,PY F/M XX XX XXX . 
SK 28 40 532.0 162.2 qz cl,py F!M XX X XXX X XXX XX X 

SK 28 41 532.5 162.3 ci.Pv.Qz M XX X X XXX XXX X 

SK 28 62 666 .0 203.0 qz cl,p~ F/M XX XXX 

SK 29 51 823 .0 250.9 qz cl,py FIM X )( X X XXX XX sph cp, qz vein · sericite (xx} 
SK 30 73 917.5 279.? _qz ci.PY F/M JOC )( XX XXX 

SK 3112 136.0 42 .1 QZ,CI,py 39.9 0.1 6.7 12 F/M XX X X X XX XX XXX talc 

.. 
,. 

... 

• 

tJ 
\C .... 
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fibrous grains but in places occurs as· clusters of radially aligned grams. Sericite I . 
pseudomorphs a large plagioclase grain in thin section SK 7 206 {Figure 6-44). 'Pyrite 

occurs as subhedral to euhedral grains or, locally, as tiny spheroidal grains. The pyrite is 

present In veins or is disseminated throughout the samples. Lesser chlorite and calcite are 

intersenal to quanz. Minor amounts of sphene are preserved in some samples. Anhedral 

c~alcopyrite and/or sphalerite occur with pyrite ± quartz in veins or, in some areas, 

inter~ertal to py(ite. Calcite is the dominant 'mineral in thin section SK 31 12; it is 

accompanied by lesser amounts of quanz, pyrite, chlorite and talc. About equal amounts of .. 
quartz, calcit~,_.pyrite and chlorite make up thin sections SK 28 37 and SK 28 41. 

" \ , 

6.6.2 Jasper petr,ography 

As seen in thin section, the jasper consists of quartz and very fine grained heriJ~tit~ 

(Table 6-7), which defines rounded to irregular, translucent to opaque masses intergrown 

with pyr!te. In places, the rounded masses have a core of specular hematite. Quartz occurs 

as very f111e gnined intergrowths; as elongate grains that define myrmekite-like texture, in 

places nucleating on pyrite (Figure 6-45); and as spherulites. 

In thin and polished sections of jasper i~terlayered ~ith·pyrite, ~jas~er coniists 

of fine grained hematite that forms opaque to, in some areas, translucedt masses; fine 

grained quartz is interlayered with the hematite in some areas. Elongate, wispy chlorite and 

hematite form discontinuous layers ill some places. In polished se~tio.n SK 37 A 42, flaky 

specular hematite, in jasper and to a lesser ·extent in pyrite, parallels layering defined by 

• pyrite elsewhere in the sample. 

Jasper fragme~~ s in thin sections of brecciated jasper and pyrite are composed of 

fine grained anhedral quanz and tiny grains o! hematite, the latter occurring as red 
I 

translucent to opaque masses. Coarser grained quanz ± calcite and, to a lesser extent, 

calcite± quartz veins crosscut the jasper fr~gments. Subhedral to euhedral pyrite, in pl:l\:es 

sorrounded by coarser grained quartz, also od~urs throughout the fragments. In thin .. 
,- - --....... / . 

'-
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Table 6-7: Petrographic table showing rock type; panial geochemical analysis and mineralogy of sulphide-rich, jasper-hearing rocks; 
petrographic information either from polished thin-sections or from polished sections 

Key: See FiQ'ure 6-1 for location of drill holes -
Abbreviations: Ab-albite, Cl<hlorite, Cc<alcite, Qz-quartz, hm-hematite, sc-sericite, py-pyrite, cp-chatcopyrite, sph-sphalerite 

L - layered, F- fine grained, M - medium grained, C -coarse grained 
T - thin section PT - polished thin ~ection 

_, 
I Abundance ol mineral as estimated lrom examination of the polished thin or polished sections: 

x-low xx-medium xxx-hiQh 
See Table 6-34 for complete whole rock analyses and Appendix B lor descriotion of ana!Y1kal methods .. 

Sample Def;th Sulphide Grain SIO:l TI02 MgO zr Py Cp Sph tm Sphene Qz a a: Other Mu1era1S , 
Name teet m Type Size % % % ppm and Comments • 

SK 7 329 329 100 .3 L XX XXX X XXX lO( X T - specular hm 
maQnetite i ?J 

SK 27 39 605.0 1184.4 • brecciated I I F!M 85.8 0.0 I 0.1 I 8 XX XX XXX X XX PT. 
SK 27 42 633 .0 192 .9 semimassive I L I F/M I I. I xxxl I X lO( XXX lO( X PT ·jasper 

inclusions 
SK 29 608 858.0 261.5 semimassive MIC XXX X XX XX XXX PT • Oz veins 
SK35A 7 1574.0 479 .8 [la~_r oz and py F/M 71.0 0.0 0.6 13 XX X X XX XXX X XX PT -jasper 
SK 37A 38 1508.0 459 .6 semimassive L F/M ...... XX XX X lC( X XXX lO( X specular hm. 
SK 37A 42 1518.5 462 .8 semimassive L F/M XXX XXX XX X XXX speculqr hm., 

maoneiite (xx) 
SK37A 43 1521 .5 463 .8 semimassive L F/M XX X X :XX XXX lC( jasper 
SK 37A44 1523.0 464.2 massive FIM XXX lC( X X X X :XX minor jasper ; 

SK 37A45 1525.0 464 .8 massive L F/M XXX X X XX lC( X XXX jasper inclusion 1 
SK37A~ 1526.0 465.1 massive L FIM XXX ,X)( XX XXX ~ X XX 

1 
jasper inclusion 

,. 
,. 

t 

N 
\0 o-. 
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Figure 6-44: Transmitted light photomicrograph showing interconnected network of fibrous sericite, which 
also pseudomorphs a large plagioclase grain. Abundant rounded anhedral quartz grains are 
also present. Thin section SK 7 206 (206'), crossed nicols, 10 x. -- 0.2 mm --

Figure 6-45: Transmitted light photomicrograph showing elongate anhedral myrmekite-like grains of 
quartz that radiate outward from pyrite grains (black), the quartz grains are typically 
interlocked with grains of similar habit protruding from adjacent pyrite grains. Thin section 
SK 37 A 43, crossed nicols, 10 x. -- 0.2 mm --
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section SK 27 39, coarser grained, red translucent to opaque hematite, and quartz grains 

partially to completely fill vugs. Colloform (?) masses of hematite, consisting of 

concentrically layered silica and coarser hematite cores that are surrounded by brilliam red, 

very fine grained hematite, are displayed in polished Section S'K 37 A 46 (Figures 6-46 and 

6-47). 
.. 

Quartz in veins cutting sulphides and jasper occur~ as fine grained equi&rranular 

i~tergrowths, and, in places, as elongate, interl<?cking ~yrmekite-like imergrowths 

displaying cockade structure. In some areas, quartz grains show undulatory extinction. 

~ossibl'- four generations of quartz are shown in sample SK 28 62. Early ub iquitous 

quartz is cut by quartz veins, which are cut by pyrite-bearing quartz veins; the pyrite-

bearing quartz veins are, in tum, crosscut by barren quartz veins. 

\ . 

1 
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Figure 6-46: Reflected light photomicrograph of hematite showing colloform (?) structure. Polished 
section SK 37A 46, plane polarized light, 20 x. -- 0.1 mm --

Figure 6-47: Reflected light photomicrograph of hematite showing colloform (?) structure. Polished 
section SK 37 A 46, plane polarized light, 50 x. - 0.04 mm --
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6.6.3 ·Petrography of the trondhjemite dykes 

Trondhjemite dykes that intrude the rocks in the vicinity of the Skidder Prospect, in 

places se.par.ue rocks that have been affected ~y different intensities of alteration (Figure 6-

3). In other areas, pankularly in the most intensely altered zones, the trondhjemite dykes 

have highly altered rocks on either side and are typically 'altered themselves (Figure 6-19). 

The lea'st altered trondhjemite dykes have similar mineralogy and textur~ to 

trondhjemites that occur in rocks unaffected by the mineralizing solutions that formed the 

Sk.idder Prospect (Section 4.2). In some samples, 1-3 mm-long albitized plagioclase and 

lesser quartz phenocrysts occur in a matrix of~ 0.05 mm anhedral quartz grains and 0.05-

0 . 1 mm-long albite laths (Table 6 -8). In places, the albitized plagioclase ± quarrz 

(phenocrysts (?))occur as glomeroporphyritic clusters. Minor amounts of chlorite occur as 

elongate anhedral masses intersertal to quartz .t.'1d albite. Quartz± lesser chlorite or calcite 

fill veinlets. Minor amounts of pyrite, sphene, and rare tiny subhedral zircon are finely 

disseminated throughout the rocks. 

Relative to the unaltered trondhjemite dykes, the more altered ones are characterized 

by: an increase in the number of quanz veins; the occurrence, in most samples, of abundant 

sericite veins, in places forming an interconnected network; and an increase in the size of 

groundmass arhedral quartz grains to an average of about 0.3 mm across, this increase 

..... 
"' being at the expense of albite. Many larger plagioclase phenocrysts are replaced by quartz 

(Figure 6-48) and quartz pseudomorphs of tiny albite laths are present in many samples. 

Subhedral pyrite, in places abundant, is finely disseminated throughout the rocks. 

\ 

.... 
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Table ~aphic table showing rock type, panial geochemical analysis and mineralogy of trondhjemite dykes 
il)truding the Skidder Basalt in the Skidder Prospect area 

As per Table 6-1 
Complete whole rock analyses are presented in Tables 5-12 and 6-37 

Sample DEDih AlteratiOn Si02 T102 Mg(; 11 AD Cpx a Sphene Cc Ep Qz Opaques Other Minerals 
Name feet m zone % % % I ppm and Comments 

SK364 64 1.-9.5 az cl cc ? X l( XXX silicified· py sericite (xx) 

SK. 346 346 (05 .5 XX X X X XXX I porphyritic· sericite (x) 
SK 8 t15 215 '65 .5 XX X X XXX 
SK 17 332 332 101 .2 ..... • X X, X xn· lovrite sericite (x) 

· SK 18 307 307 93.6 X X X XXX I pyrite sericite (x) 
SK 26 510 510 155 .4 XX X X X XXX XX zircon 
SK 27 25 380 115.7 az ci.PY 76.9 0.2 2.4 163 XX X X · x XXX zircon 
SK 2945 691 210 .6 \ CI.OZ.PV 70.3 0.3 4.9 211 
SK 29 695 695 211 .8 · az cl,py 70.3 0.3 4.9 211 X X X XXX sericite ( xx ) zircon 
SK 3009 9 2.7 dcc.eO±hm XXX X X X XXX XXX zircon 
SK 3001 11 3.4 d cc,ep±hm 75_0 0.2 0.9 199 
SK 30747 747 227.7 · QZ cl,py 

.. 
XX X X XXX silicified, pyrite 

SK 30 51 753 229 .4 az ci.Pv 83.5 0.1 0.2 159 
SK 30 901 901 274 .6 qz cl,py XX X X I ovrite . sericite (xl 
SK 34 799 799 243.5 XX X X XXX )01 - -

( 

Vol 
0 
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Figure 6-48: Transmitted light photomicrograph showing quartz that has pseudomorphed 
glomeroporphyritic plagioclase grains in altered trondhjemite. Fibrous sericite forms an 
interconnected network of grains surrounding anhedral quartz. Thin section SK 29 695 
(695'). crossed nicols. 3.2 x. - 0.5 mm -



6. 7 Mineral Chemistry 

6.7.1 Chlorite 

303 

Electron microprobe analyses of chlorites that occur in rocks from the various 

Skidder Prospect alteration zones, and as gangue to the semimassive and massive 

sulphides, are listed in Table A-4, Appendix A; selected analyses are presented in Table 6-

9. Averages of chlorites proximal to the Skidder Prospect are compared to the average of 

chlorites in spilitized Skidder Basalt unaffected by the Skidder Prospect mineralizing event 

in Table 6-10. 

As shown in Tables 6-9 and 6-10, most chlorites from rocks proximal to the 

Skidder Prospect are significantly enriched in Mg, and depleted in Fe and Mn relative to the 

chlorites from the Skidder Ba_salt unaffected by the mineralizing event. Chlorites from the 

less altered rocks included in the cl,cc,ep + hm alteration zone are less enriched in Mg and 

depleted in Fe than those from rocks in the more intensely altered cl,qz,cc; cl,qz,py and 

qz,cl,py alteration zones. Only limited variation in chlorite composition is evident in rocks 

from the latter three alteration zones; all are Mg-enriched and Fe-depleted, including those 

from quartz-rich rocks in the qz,cl,py alteration zone. Chlorites that occur as gangue in 

semimassive sulphides are similar to those from rocks included in the three most intense 

alteration zones. Chlorite gangue in massive sulphides is, on average, slightly enriched in 

iron relative to chlorite gangue in the semimassive sulphides and to chlorites from the most 

intensely altered rocks. Chlorites associated with jasper or jasper-rich sulphides are the 

only chlorites (of those analyzed from rocks proximal to the Skidder Prospect) that are 

relatively enriched in Fe and depleted in Mg. These chlorites have Fe, Mn and Mg contents 

similar to chlorites from typical spilitized Skidder Basalt. 

The Mg-enriched, Fe-depleted character of most chlorites from rocks proximal to 

the Skidder Prospect is further illustrated on Figure 6-49. The Skidder Prospect chlorites 

show a range of compositions on the basis of atomic Si (Figure 6-49). According to the 

classification scheme of Hey (1954) most of the chlorites are classified as clinochlore and 
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Table ~9: ~lecrron microprobe analyses Of chlorites from rocks in the Skidder Prospect area; . 
analyses that have been averaged are presented in Table A-4, Appendix A 

Weight% 
5102 
no2 
A1:P3 
O':P3 
Feo• 
MnO 
NIO 
MgO 
cao 
Na:P 
K~ 
Total 

ct,cc, 
ep:thm 

SK 
27 8 
28 .18 
o.oa 

18.60 
0 .04 

16.62 
0 .38 
0 .07 

21 .6;3 
0 .09 
0 .04 
0 .02 

85.64 

cl,qz, 
a: 
SK 

27 33 
29.43 

0.02 
22.17 

0 .07 
8 .25 
0 .23 
0 .04 

26.22 
!LQ6 
0.07 
0 .{)1 

86.57 

Cl,qz,py 
" 

SK SK SK 
28 27 28 39 28 41 
31.53 27.79 29.39 

0.02 0 .01 0 .01 
17.81 20.41 18.86 

0.05 0 .08 ' 0 .08 
9 .95 13.24 9 .92 
0.23 0 .23 0 .21 
0 .03 0 .04 0 .01 

26.51 22 .72 24.29 
0.10 0.06 0 .06 
0 .02 0.02 0.04 
0 .02 0 .01 0 .02 

86.27 84.61 82 .86 
ortions (base<f on 28 oxygens) Atomic Pro!J<i 

~ '5.804 5 .705 6 .182 5 .675 6 .008 
Al 4.516 5 .058 4.116 4.914 4.544 
Fe 2 .863 1 .337 1 .631 2 .261 1.695 
Mn 0.067 0.037 0 .038 0 .040 0.035 
Mg ' 6 .639 ·7.574 7 .745 6 .930 7.392 
Others ' 0 .053 0 .058 0 .043 0.042 0 .043 
K 0 .004 0 .003 0 .004 0 .004 0.004 

19 .95 19.77 19.76 19.87 19.72 
0 .30 0 .15 0 .17 0 .25 0 .19 

2 3 5 3 4 

\ 

SK 
28 73 
33.46 

0.01 
15.61 

0 .06 
8 .39 
0 .11 

. 0 .01 
28.26 

0 .15 
0.03 
0 .05 

86.14 

6 .501 
3.577 
1.365 
0:018 
8 .186 
0 .057 
0 .013 
19.72 

0 .14 
5 

Total 
Felfe+Mg 
Analyses 
Whole Rock 
Zr(ppm) 
F~r~ar 
MgO(%) 

(COO'l>lete analyses presented in Appendix B) 
45 

10.54 
8 .87 

·Total iron as FeO 
··Total iron as Fe;P3 

77 
10.38 
12 .74 

58 55 
14.93 14.07 
27.18 . 27 .38 

qz,cl,py semimassive . sulphides 
SK SK SK SK SK SK 

28 75 28 40 29 57 27 37 29 60 30 67 
29 .00 30.23 30 .62 32 .79 28 .92 27 .12 

0 .00 0 .03 0.03 0 .03 0 .02 0 .02 
19.67 19.99 20.47 17 .48 19.83 19.80 

0 .05 0 .04 0.07 0 .01 0.02 0 .08 
12 .57 11.01 10.32 9.04 8 .32 12.88 

0 .26 0 .25 0 .21 0.19 0 .16 0 .26 
0 .02 0 .03 0.03 0.02 0 .02 0 .03 

23.80 24 .95 20.51 27.51 26.23 22 .91 
0 .04 0 .08 0.07 0.11 0.05 ' 0 .03 
0.00 0 .04 0 .05 0 .04 ' 0 .05 0.01 
0 .02 0 .02 0 .93 0 .03 0 .01 0 .02 

85 .42 86 .66 83.48 87.241 83.601 83.16 

5 .838 5 .936 6 .250 6 .312 5.816 5 .645 
4 .668 4.623 4.896 3 .967 4 .702 4 .853 
2 .115 1.807 1 .752 1 .456 1 .399 2 .242 
0 .044 0.041 0 .037 0 .032 0 .026 0.046 
7 .140 7 .296 6 .197 7 .892 7 .660 7 .101 
0 .021 0 .046 0 .052 0 .046 0 .038 0 .031 
0 .004 0 .005 0 .240 0 .006 0 .002 0 .005 
19.83 19.75 19.42 19.71f 19.84 19.92 

0 .23 0 .20 0 .22 0 .16 0 .15 0 .24 
2 3 2 3 2 3 

50 61 
10.36 31.00 
16.68 16.52 

lo 

', 

semimassive 
.su!Dhldes 

SK SK 
30 80 30 822A 
26 .94 25.86 

0 .01 0 .02 
21 .36 20.72 

0 .04 0.09 
, 1.36 15.03 
0 .14 0 .15 
0 .04 0 .02 

23 .16 21.05 
0 .02 0 .03 
0 .02 . 0 .02 
0 .01 0.01 

83 .10 82 .97 

5.549 ' 5 .460 
5 .187 5 .159 
1 .957 2.654 
0 .024 0 .026 
7 .110 6.625 
0 .028 0 .032 
0 .003 0 .003 
19 .86 19 .96 

0 .22 0 .29 
1 ' 2 

20 48 
35.05 23 .10 
0~ __ 10~ 61 

... 

SK 
31 13 
27.46 

0 .01 
18.84 

0 .57 
9.73 
0 .17 
0 .03 

24.57 
0 .01 
0.00 
0.00 

81 .38 

5 .744 
4.644 
1.703 
0.029 
7 .663 
0 .103 
0.001 
19.89 

0 .18 
4 

'Vl 
0 
~ 



~ 

, 
Table 6-9 (continued): Electron microprobe analyses of chlorites from rocks in the Skidder Prospect area; 

analyses that have been averaged are presented in Table A-4, App~ndix A 

Weight% 
$!02 
002 
Al:P3 
Cr~3 
Feo• 
MnO 
NIO 
MgO 
CaO 
Na:P 
K:zO 
Total 

massive sulphides 

SK SK SK SK SK SK 
27 46 28 38 28 67 3058 30 81 35A6 
26.36 28.80 31 .18 27.90 30.75 30.36 

0 .02 0 .02 0.00 o.oo 0 .01 0 .01 
16.52 22 .00 16.36 22 .34 15.10 16.82 

0.02 0.02 0.01 0.04 0 .03 0 .02 
15.87 10.12 10.59 13.26 9 .92 6 .00 

0 .25 0.15 0.14 0 .16 0.10 0 .18 
0 .04 0.04 0 .05 0 .03 0 .00 0.03 

21 .73 23.89 26.64 22 .48 26.51 28 .34 
0 .04 0.01 0 .16 ~ 0.02 0 .11 0 .00 
0 .02 0.04 0.03 0 .00 0.04 0 .00 
0 .00 0.01 0.03 0 .02 0 .00 0 .00 

80 .87J 85 .09) 85.171 86.25) 82.56) 81.74 
Atomic ProportiOns (based on 28 oxygens) 
Sl 
N 
Fe 
Mn 
Mg 
Others 
K 
Total 
Fe/Fe+Mg 
AnalyseS 

5 .773 5 .732 6 .227 5 .574 6.319 6.163 
4 .260 5 .140 3.850 5 .262 3.656 4.028 
2 .908 1 .684 1.768 2 .216 1.704 1.019 
0 .046 0 .026 0.023 0 .027 0 .018 0.030 
7 .078 7.089 7 .927 6 .694 6 .115 8.575 
0 .030 0 .031 0 .055 0 .015 0.046 0.008 
0 .001 0 .002 0 .006 0 .005 O.OC'J 0.000 
20.101 19.70f 19.86! 19.79T 19.s sT 19.62 

0 .29 0 19 0 .18 0 .25 0.17 0.11 
3 3 2 1 2 2 

I jaSper·l1ctl 
sulphides 

SK SK SK 
. 27 42 27 45 37A 46 

27.84 25 .87 21.95 

0 .00 0.03 0.02 
18.57 17.13 17.75 

0 .01 0.03 0.02 
22 .35 20 .32 26.33 

0 .29 0.22 0.38 
0 .03 . 0.03 0.04 

17.68 18.58 12.62 

0 .08 0.02 0.02 

0 .00 0 .04 0.01 
0 .03 0.01 0 .02 

86.871 82.261 79.12j 

5 .820 5.701 5 .270 
4.577 4 .451 5 .031 
3.906 3.746 5 .293 
0.050 0 .041 0 .077' 
5 .507 6.101 4 .519, 
0.025 0.035 0.021 
0.007 0.003 0 .005 
19.691 20.081 20.21 

0 .42 0.38 0.54 
2 2 2 

~~;·I I ·1 I I I·~ HI I I I 
. . .. . . .. 

• Total iron as F eO 
•• Total iron as Fep3 

... 

---

•. 
w 
0 
Vl 

~-"S 
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Table 6-10: Average of chlorites from the Skidder Basalt ou~ide the Skiddcr Prospect alteration 
zone ( 1) compared to chloritcs from rocks proximal to the Skiddcr Prospect (2); also 
listed are the averages of chlorites from the various alteration zones; the average of 

·, chloriLes that are gangue to !he semimassive and massive sulphides and the average 
of chlorites from jasper-bearing sulphides 

Weight% 
5102 
1102 
Ai2()3 
Q~3 
FeO' 
MnO 
NlO . 
MgO 
eao 
Na~ 
K~ 
Total 

Skidder 

B~ 
1 

Mean 
28 .40 

0.01 
18.76 

0 .04 
22.93 
0.35 
0.04 

17.65 
0 . 10 
0 .03 
0 .03 

88.34 

Skidder 
Prospect 

2 
Mean 

29.15 
0.01 

18.71 
0.08 

11.95 
0.21 
0.03 

24.00 
0.06 
0.03 
0 .05 

84 .26 

cl,cx;, cl,qz,cc 
ep±hm 

SK SK 
27 8 27 33 
28 .18 29.43 

0.00 0 .02 
18.60 22 .17 
0.04 0 .07 

1U2 8.25 
0.38 0 .23 
0.07 0.04 

21 .63 26.22 
0.09 0.06 
0.04 0 .07 
0.02 0 .01 

85.64 86 .5 71 

Atomic Proponions (based on 28 oxygens) 
Sl 
11 
AI 
Q 
Fe 
M, 
N 
Mg 
01 
Na 
K 
Total 

5.847 . 
0.002 
4.554 
0.006 
3.954 
0.061 
0.007 
5.408 
0.021 
0.014 
0.007 

, 9.882 

5 .924 
0.002 

• 4 .495 
0 .013 
2.068 
0.036 
0 .005 
7 .253 
0 .014 
0.010 
0 .012 

19.831 

5.804 5.705 
0 .000 0.003 
4.516 5 .058 
0 .006 0.011 
2.863 1.337 
0.067 0.037 
0 .012 0.006 
6 .639 7.574 
0 .020 0.013 
0.0 16 0.025 
0 .004 0.003 

19.9451 19.7711 

cl,qz,py qz,cl,py Semi Massive Jasper-nch 
massive sulphides sulphides 

sulphides 
Mean Mean Mean Mean Mean 
30.73 30.47 28.40 28.65 24.8 9 

0.01 0 .03 0.02 0 .01 0 011,1 
18.06 20 .18 19.31 . 17.91 18. HS 

0 .06 0 .05 0.18 0 .02 0.0 1 
10 .33 10. 73 10.85 12.32 24.34 

0 .20 0.23 0. ~8 0 . 18 0 .33 
0 .02 0.03 0.03 0 .0 3 0 .03 

25 .62 23. 17 24 .48 23.96 15.15 
0 .09 0 .08 0.04 0 .05 . 0 .05 
0.02 0.04 0.02 0 .03 0 .00 
0 .03 0.38 0.01 0 .01 0 .02 

85 . 161 85 .39 83.531 83 .1 7 82.99 

6 .113 6.062 5.796 5 .927 5.545 
0 .002 0.004 0.003 0 .002 0 .002 
4 .248 4.732 4.663 4 .362 4 .804 
0 .010 0.008 0.031 0 .0 04 0 .002 
1 .725 1.785 1.864 2 .164 4 .600 
0 .033 0.039 0.032 0 .031 0 .064 
0 .003 0 .004 0.004 0 .005 0 .006 
7 .594 6.856 7.447 7 .375 5 .013 
0 .019 0 .016 0.009 0 .01 1 0.012 
0 .009 0.016 0.008 0 .010 0.001 
0 .006 0 .099 0. 003 0 .002 0. 00 6 

19. 764}_ 19.621 19.8601 19 .894 20.054 

Felf&+Mg Ll -~0 .;.=4~2LJ -~0 .~2:.~2l'--_::;0 .~30:::..._......::::0.!.!1_=.5_~0~. 1:..:9'---......::::0.:.!:. 2:...:.1.1.l __ 0~· ::.:20::.___...::0~. 2:.::3:.L.l _ _;0~.~4 BJ 

An~l LJ-~4~9LJ __ ~6~3J'---~2~ _ _..:::.3 __ ~1~9'--_ _..:::.5.1.J __ ~15::.__ _ _;1~5:.L.l __ ~4l 

• Total iron as FeO 
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Figure 6-49: Chlorites from rocks proximal to the Skidder Prospect plotted on classification 
diagram after Hey (1954). 
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. ' 
penninite; a few are classified as sheridanite, ri pidolite and .pycnochlonte. Chlorites in 

jasper and jasper-rich sulphides are classified as ripidolite and pycnochlorite; these latter 

chlorites represent the only compositions that overlap the field for spilitized Skidder Basalt 

chlorites on this dia~m (Figure 6-49). . 
1 

. 

Chlorites in jas;~ and jasper-bearin/~~ssive sulphides plot in the fields defined 
' \ 

by typical spilitized Skidder Basalt chlo~s on Figure 6-5(J'. Four o f these chlorite . ~ 

compositions plot in the typical metabasalt field, and two in the field of quartz chlorite 

breccias (fields after ~ottl, 1983a) . The remainder of the Skidd~r Prospect chlorite 

compositions'define a curved path which trends away from the FeO apex (and the field for 

chlorite-quanz metabasalt) and then toward the MgO apex. This trend matches very well 

that predicted by the model of Mottl ( 1983a) for variation in chlorite compositions as a 

result of intreasing seawater/rock ratios. The trend defined by the Skidder Prospect 
J \ 

chlorites, however, extends toward the MgO apex of the diagram well beyood the chlorite 

composition that, according to Mottl (l983a), would result from a seawater/rock ratio of 

125 (the highest seawater/rock ratio used in his model). In fact, phyllosilicates, analyzed in 

SK 28 73 , that have compositions intermediate between high-magnesium chlorite and talc 
/' ~ 

provide an almost complete link between the high magnesian chlorit.es and Skidder 

Prospe~t tales (Table 6-11 ), which plot very close to the ¥gO apex on this diagram. 

Variations in the compositions of d"orites discussed above aie effected by 

interatomic substitutions, as described, for example, by Deer ~ (1962). Hence, 

substitution of Mg for Fe and Mn is reflected by the marked n'egative correlations between 

MgO and FeO, and the positive correlation between FeO and MnO (fable 6-12 and Figure 

6-51 ). A reduction in the substitution of Al for Si and Mg in the higher magnesian chlorites 

is supportAed by the negative correlations of Si and Mg with AI, and by the positive 

correlation between Si and Mg (Table 6- 12 and Figure 6-51). The high-magnes ium, high-

silica chlorites have a lower hydrous component as indicated by p·ositive correlations of 

SiOz and MgO with analytical totals (Figure 6-51 ). 

\ 

.. 
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Figure 6-50: 

Breccias 
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Metabasalts 

50 

• cl,cc,ep±hm 

0 cl,qz,cc 

• cl ,qz,py 

60 

Skidder Basalt 
chlorites 

70 

Molecular Proportions 
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MgO 

Chlorites, talc-chlorites and talc from rocks proximal to the Sk:idder Prospect compared to Skidder 
Basalt chlorite compositions; and to those of typical metabasalts, quartz-chlorite breccias and a 
chlorite-quartz metabasalt (after Melson and van Andel, 1966; Humphris and Thompson, 1978; 
Mottll983a). Large open squares represent chlorite compositions for different seawater/rock 
ratios from model predictions of Mottl (1983a). 



Table 6-11: Electron microprobe analyses of chlorite, talc, and mineTals intermediate 
in composition between chlorite and talc, in rocks proximal to the Skidder 
Prospect; analyses that have beep averaged are presented in Table A-4, 
Appendix A -

Weight% 
SI02 
no2 
AJ-/)3 
Cr-/)3 
FeO* 
MnO 
NIO 
MgO · 
cao 
Na~ 
K~ 
Total 

Atomic Proportions 
5I 
T1 
AI 
Cr 
Fe 
Mn 
t-1 
Mg 
Ca 
Na 
K 
Total 

AnalySes 

Fe/(Fe+Mg). 
Mg/(Mg+Fe+Mn) 

Chlorite 
SK 

31 12 
31.67 

0.02 
17.46 
0.03 
5.39 
0.03 
0.01 

29.22 
0.05 
0.03 
0.02 

83 .94 

6.225 
0.002 
4 .046 
0.005 
0.887 
0.005 
0.002 
8 .556 
0.011 
0 .012 
0.006 

19.756 

31 

0 .091 
0 .91 

Talc 
SK 

31 12 
62.94 

0.00 
0.64 
0 .02 
2.17 
0.03 
0.00 

28.78 
0.05 
0.05 
0.02 

94 .69 

8 .059 
0 .000 
0 .095 
0 .002 
0 .232 
0.003 
0 .000 
5 .486 
0 .007 
0 .012 
0 .003 

13.900 

211 

~ : ~:II 
t 

Chlorite 
SK 

28 73 
33.46 
0.01 

~.61 
.06 

8.39 
0.11 
0.01 

28.26 
0.15 
0.03 
0.05 

86.14 

6.501 
0.002 
3.577 
0.010 
1.365 
0.018 
0.002 
8.186 
0.031 
0.012 
0,..61-3 

19\716 
.) 

5j 

0.141 
0.86 

Talc/Chlorite 
SK SK SK 

28 73 28 73 28 73 
39.51 48.58 50.00 

0.03 0.00 0.00 
10.88 10.18 6.72 

0.03 0.00 0.00 
5.97 6.94 5.34 
0.11 \ 0 .12 0.06 
0.05 0.06 0.01 

27.61 28.31 28 .87 
0.16 0.04 0.05 
0.02 0.01 0.02 
0.03 0.01 0.03 

84.401 94 .251 91 .07 

7.639 8 .326 8.778 
0.004 0 .000 0.000 
2.480 2.057 1.389 
0.005 0.000 0.000 
0.965 0.995 0.783 
0.018 0 .017 .... 0.008 
0.008 0 .008 0.001 
7.955 7 .231 7.555 
0.033 O .OOT•~.008 
0.007 0 .003 .005 
0.007 0 .002 ~ . 006 

19.1221 18.6481 18.533 

1 1 2) 

0.11 0.12 0.091 
0.89 0.88 0.91 

Talc 
SK 

28 73 
56.22 

0.01 
1 .81 
0 .02 
3 .14 
0 .03 
0 .03 

28.24 
0.05 
0.02 
0.02 

89.57 

7.698 
0 .001 
0 .299 
0.002 
0.360 
0 .003 
0.003 
5 .773 
0 .007 
0.005 

~·~ 
14.154 

. 21 

0 .061 
0.94 

XMgJ(1·XMg) 

K~Mg)m~h~me~~~--~~~~~~--------------~~~ 
8.09 7.14 9.55 

Oxygens 
Alteration 

• Total iron as FeO 

28) 
gzlcf.PY 2211 

281 221 28 28 2sl 
cl , gz 1Q~ 

310 

XMg.- ionic fraction of Mg in chlorite or talc· Mgt(Mg+Fe+Mn) (cf. Mcleod and Stanton. 1984) 
Kd(Mg) - distribution coefficient of Mg betw~n coexisting talc and chlorite 

• (XMg(talc)/( 1-XMg(talc)) ytXMg(chlorite)l,t'I -XMg( chlor~e) )J 
~ 
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Table 6-U: Correlation matrix for Skidder Prospect chlorite compositions 

Al:z()3 
O':z03 
Feo· 
MnO 
MgO 
cao 
Total 

-0.17 
-0.17 
·0.74 
·0.50 
0.82 
0 .64 
0.67 

" 

0 04 
-0.04 
0 . , 4 

-0.13 
·0.41 
0 :37 

-0.13 
-0., 1 0.67 

·0.91 ·0 .63 
-0.26 -0.24 . -0 .18 
-0.28 -0.30 -0 .09 

SI02 Al:z()3 O:z03 Feo• MnO 

• Total iron as FeO 

, ., 

0.401 
0.481 0.421 

MgO cao 

311 

' 
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Figure 6-51: Miscellaneous X-Y plots for chlorites from rocks proximal to the Skidder Prospect. 
FeO*- total iron as FeO. Key as per Figure 6-49. See text for discussion. 



313 

·~ 
Deer llill... (1962) indicate that Ca. which occurs in small amounts in most chlorites, 

occurs as structural ions or impurities. The positive correlation ·of CaO with Si02 and 

MgO, and its negative correlation with AI203 in the Skidder Prospect chlorites suggests 

that its occurrence in the chlorites is not random but is favoured by 'higher amounts of Si 

and Mg, and by lower amounts of AI. 

6.7.2 Muscovite 

Limited amounts of sericite (muscovite) have been noted in rocks fi;brp.. all alteration 
. \ ~ 

zones, except the very highly chloritic rocks of the chlorite, quartz, pyrite zone. Electron 

microprobe analy~s of muscovites from rocks proximal to the Skidder Prospect are 

presented in Table 6-13 (analyses that have been averaged are presently individually in 

Table A-5, Appendix A). Muscovites analyzed include some from rocks included in the 
~ 

4uartz, chlorite, pyrite alteration zone, and muscovites that are gangue to semimassive and 

mass~ve sulphides. The muscovites are phengitic, containing up to 2.42% FeO and 3.56% 

MgO. On the portion of a triangular plot of atomic Si .vs. atomic AI vs. atomic (Fe + Mn + 

Mg) shown in Figure 6-52, they show a trend that is parallel to the muscovite (sensu 

stricto) to celadonite Line but offset to higher silica values (cf. McNamara', 1965) .. 

l,,; 

.-..~ 6.7.3 Other minerals 

Albite is abundant in the less intensely altered rocks proximal to the Skidder 

Prospect, but much of the..albite in the more intensely altered rocks has been altered to 
~ 

quartz (see Section 6.6). Albite analyzed in sample SK 27 33 from the cl,qz,py alteration 

' zone is similar to the average of albites from typical spilitized Skidder Basalt (Table 6-14). 

The potassium-bearing mineral in more intensely alte~<Il'OCks proximal to the 

Skidder Prospect is muscovite, but, as shown in Table 6-14, at least some of the potassium 

in less intensely altered rocks proximal to the Skidder Prospect is present in orthoclase. 

Note that K-feldspar m~y be more abundant than shown in the petrographic tables .. 
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Table ~13: Electron microprobe analyses of muscovites from rocks proximal to the 
Skidder Prospect; analyses that have been averaged are presented in 
Table A-5, Appendix A 

Weight% 
5102 
Tl02 
Al203 
0'2<'3 
Feo• , 
MnO 
NIO 
MgO 
CaO 

Na:zO I 
KlD:. 
lotal 

SK 
28 78 

49 .18 
0.20 

30 .91 
0.05 
1 . 11 
0 .02 
0.03 
2.23 
0.05 
0.09 
9 .40 

. 93 .24 
u \ 

SK 
29 57 

47.32 
0.03 

33.22 
0.02 
0.48 
0 .01 
0 .05 
1.25 
0.02 
0 .22 
9 .88 

92.50 

Atomic Proportio b d 22 ns( ase on oxygens 
Sl 
n 
AJ 
0' 
Fe 
Mn ,... 
Mg 
Ca 
Na 
K 
Total 

6.606 
0.020 
4.895 
0.00? 
0.124 
0.002 
0.003 
0.445 
0.007 
0.022 
1. 611 

13.741 

6.414 
0 .003 
5.309 
0 .002 
0 .054 
0 .001 
0 .005 
0 .253 
0.003 
0.058 
1 .709 

13.811 

SK 
30 58 

4S 75 
)l.o5 

__,.-31 . 72 
0.03 
0.77 
0.00 
0.03 
1.40 
0.12 
0.14 
9.45 

89.46 

6.421 
0.005 
5.248 
0.003 
0.090 
0.000 
0.003 
0.293 
0 018 
0.038 
1.692 

13.813 

SK 
30 80 

49.89 
0 .22 

25.35 
0.05 
2.42 
0 .03 
0 .01 
3.56 
o.oo 
0.02 

10.06 
91 .61 

6.912 
0.023 
4.140 
0.005 
0.280 
0 .004 
0.001 
0.735 
0.000 
0.005 
1.778 

13.884 

SK 
30 B 

44.53 
0 .13 

31.80 
0 .09 
0 .96 
0 .01 
0.02 
1 .17 
0 .03 
0 .15 
9 .67 

86 .56 

6.340 
0.013 
5.339 
0.010 
0.'115 
0.002 
0 .002 
0.248 
0 .004 
0.042 
1.757 

13 .8 72 

Fe/(Fe+Mn+Mg) I 0.2211 0 .1811 0.2411 0.281 '-' _..::;.0.:..:::3.=J21 

\ --..../ Analyses ~...---_ _;:;;,211 '--____,...;..J11 ._I __ ..;...!11 ~.-I --~1l '-1 __ .-.=J3I 

Allarallon/ r,CI,p'. wz,cl,py I 
sulphide type 

massive semi-
sulphides massive 

sulphides 

• Total iron as FeO 
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Figure 6-52: Portion of atomic Si-Al-(Fe+Mn+Mg) triangular plot (after McNamara, 1965) showing 
celadonite component of muscovites from rocks proximal to Skidder Prospect. 
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Table 6-14: Electron microprobe analyses of albite ard K-feldspar from rocks proximal to 

the Skidder Prospect: average of albite from Skidder Bac;alt samples 
unaffected by alteration associated with the Skidder Prospect mineralizing 
event(s) shown for comparison 

. Weight% 
5102 
no2 
AI~ 
Feo• 
MnO 
MgO 
cao 
Na~ 
K.p 
Total 

Atomic Propo 
51 
n 
AI 
Fe 
Mn 
Mg 
Ca 
Na 

, K 

Total 

Analyses 

Molecular% 

Albite 
Average 

Skidder Basalt 

68.41 
0.02 

19.51 
0.27 
0.02 
0 .02 
0.28 

-11 .84 
0 .05 

- 100.44 

r!Jons (bas ed 8 on 
2.983 '' 
0.001 
1.003 
0.010 
0.001 
0.001 
0.013 
1.001 
0.003 
5.017 

Albite 
cl,qz,cc 

alteration 
zone 

SK 27 33 
66.75 

0 .00 
19.38 
0 .05 
0.04 
0.02 
0 .48 

12.66 
0 .05 

99.44 

oxygens) 
2.955 
0 .000 
1.011 
0 .002 
0 .001 
0 .001 
0 .023 
1.087 
0.003 
5 .084 

Ab ·o·5 LE An 1.3 o 
Ot 0.3 3 

v 

OrthOclase 
Large Grain . cl,cc,ep ± hm 

, Albite • Orthoclase alteration 
Centre Aim zone 
SK278 SK 278 SK 278 

68.60 65.81 65.13 
0.03 0.13 0.00 

19.86 18.59 18.51 
0.21 0.22 0.18 
0 .01 0.04 0.00 
0.10 0.00 0.00 
0 .65 0.21 0.21 

12.02 0.71 1.61 
0.64 15.06 14.11 

102 .171 100 .77 99 .75 

2.958 3 .001 2 .996 
0.001 0.004 0 .000 
1.010 0.999 1.004 
0.008 0.008 0 .007 
0.000 0 .002 0 .000 
0.006 0.000 0 .000 
0.030 0.010 0 .010 
1.005 0.063 0.144 
0.035 0 .876 0.828 
5.055l 4.964 4.988 

1 
,, 

Whole Rock (complete analyses presented in Appendix B) 

~~: . I o .~~l I 2 -~~ 2 ~~I 2 -~~1 
• Total iron as FeO 

•' .. s·-: .. 
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presented in Section 6.6 since, in thin sections of Skidder·~a-~~lt where its presence has 
... •. ) . : ~1 

been confirmed by electron microprobe analy~is~ -the. ·K-feldspar is optically 

indistinguishable from albite. K-feldspar analyzed in SK.' 27 8 from the cl,cc,ep,±hm 

alteration zone contains about 6.6 and 14.6 molecular per cent albite and 1.1 molecular per 
. ,. ~ 

cent anonhite. Multiple analyses perfonnef. on one grain in this sample showed it to have 
o· 

an albite con: and almost pure onhoclase rim (Table 6-14) (cf. Skidder Basalt sampleS 19. 
• ( r -

Section 4.4.4') . 

, Electron microprobe analyses of calcites from the Skidder Prospect area are 

compared to those of typical spilitized Skidder Basalt on Table 6-15. The Skidder Prospect 

calcites have, on average, similar FeC03 components but slightly higher MgCO:J, and a 

somewhat higher component of MnC03 compared to those of typical Skidder Basalt . . 

Calcites in thin section SK 28 27 are particularly enriched in MnC0:3. 
. . . 
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Table 6-15: Electron microprobe analyses of calcite from rocks in the vicinity of the Skidder Prospect; average 
of calcite fro~ rocks unaffected by the Skidder Prospect mineralizing event(s) shown for comparison 

Weight% 
5102 
Tl02 
AJiJ3 
CriJ3 
Feo• 
MnO 
MgO 
CaO 
Na~ 
K;zO 
Total 

Average Average 
Skidder Skidder 
Basalt Prospect 

0.30 0.20 
0.01 .r 0.03 
g.20 0.18 
0.02 0.01 
0.44 "b.43 
0.41 0.96 
0.33 0.45 

58.97 57.60 
0.10 0.04 
0.01 0.01 

60.801 59.94 

Jasper Jasper 
+ + 

sulphides sulphides 

SK SK 
27 42 "27 42 

1.07 0.05 
0.02 0.00 
1.21 0 .03 
0 .00 0 .00 
1.14 0.39 
0 .29 0 .43 
0.60 . 0 .03 

51 .93 53 .07 
0.10 0.22 
0 .02 0.00 

5§.39( 54 .281 
Atomic ProportiOns (based on 1 ca!10n) 
Fe 
Mn 
Mg 
Ca 
Others 
Total 
Analyses 
Molecula 
FeC03 
MnCO:J 
MgCO:J 
CaC03 

•% 

0.006 
0.005 
0.007 
0.965 . 
0.017 
0.9951 

91 

0.67 
0.62 
0.64 

98.07 

• Total iron as FeO 

0.006 
0.013 
0.010 
0.958 
0.014 
0.995 

9 

0.66 
1.47 
0.89 

96.98 

0.015 0 .006 
0.004 0.006 
0.014 0 .001 
0.895 0 .980 ' 
0.059 0 .014 
O.S73I 1.0031 

11 11 

1 .91 0 .65 
0.49 0.72 
1.30 0.07 

~6.30 98 .56 

semi-
massive 

ci,Qz,py ci,Qz,py Qz cl,py CI ,QZ,PV sulphides Qz cl,py 
SK SK SK SK SK SK 

28 27 28 27 28 40 28 41 28 66 31 12 
0.03 0.29 0.00 0 .01 0 32 0 .01 
0 .03 0.22 0.00 0 .00 0.00 0 .00 
0.20 0.1 1 0 .03 0.03 0 .00 0.02 
0 .00 0.02 0 :00 0 .00 ; 0 .02 0 .01 
0.38 0.51 0.43 0 .13 0.38 0.23 
1.91 2.41 0 .94 0 .58 0.93 0 59 
0.65 0.85 0 .63 0 .33 0 .38 0 .47 

50.28 58,25 61.79 63.16 59 .25 60 .06 
0.00 0.00 0 .00 0.02 0 .00 0 .00 
0.00 0.1)1 0.01 0 .01 0 .00 0 .01 

53 .52( 6~681 63.83} 64.32T 61.331 61 .401 

0 .006 0.006 0.005 0.002 0 .005 0.003 
0 .028 0 .030 0.012 0.007 0.012 0.008 
0.017 . 0 .019 O.OH 0.007 0.009 0.011 
0.941 0 .928 0.968 0.982 0.964 0.978 
0 .011 0 .015 0 .006 0.003 0 .010 0.004 
0.997f 0 .9921 1.0001 1.0001 0.995( 1.0001 

1! 1} 11 11 11 11 

0.65 0.74 0.61 0.18 0.56 0 .34 
3.26 3 .54 1.34 0 .~2 1.39 0.87 
1.43 1.61 1.16 0 .60 0.73 0 .90 

94.66 94 .11 96 89 98.39 97 .32 97.89 
-- -~ -----

cl,qz,py- alteration zone characterized by secondary mineral assemblage chlorite an<11esser amounts of quartz and pyrite 
qz,cl,py - alteration zone characterized by secondary mineral_ assemblage quartz and lesSer amounts ol chlorite and pyrite 

. 

Sulphides 
+ 

jasper 

SK 
37A 46 

0.04 
0.02 
0.00 
0.01 
0 .30 
0.59 
0 .11 

60.63 
0.00 
0 .00 

61 .i4 

0.004 
0 .008 
0.002 
0.984 
0.005 
0 .999 

1 

0.44 
0.87 
0.21 

98 .48 

IJJ ,_. 
00 
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6.7.4 Discussion 

McLeod and Stanton (1984) show that coexisting talc and chlorite in several 

southeastern Australia stratiform mineral deposits have distribution coefficients for Mg 

relative to Mn and Fe between talc and chlorite that range from 2.45 to 3.15, averaging 

· 2.84. As shown on Table 6-11, coexisting talc and chlorite in Slcidder Prospect sample SK 

31 12 and SK 28 73 are 2.43 and 2.68 respectively, somewhat similar to those prese:lted 

by McLeod and Stanton (1984). Intermediate compositions between talc and chlorite in SK 

28 73 may represent preserved compositions during the formation of which deposition was 

so rapid as to prevent attainment or equilibrium between the two minerals. 

In the Woodlawn deposit, chlorites associated with s'phalerite-rich sulphide 

assemblage are significantly enriched in Mg than those associated with a chalcopyrite-rich 

4 

sulphide assemblage (McLeod and Stanton. 1984). The dividing line is at a Fe I (Fe+ Mg 

+ Mn) ratio of about 0.2 (McLeod and Stanton, 1984). As ghown on Figure 6-49 most 

Skidder Prospect chlorites are similar to those associated with the Zn-rich sulphides, in that 

they have a Fe I (Fe + Mg + Mn) ratios less than 0 .2. McLeod and Stanton (1984) also 

show that, ;n the Woodlawn deposit, sphalerites associated with Mg-rich chlorites have 

' 
lower FeS contents than those as~iated with Fe~ rich. chlorites. As noted" in Section 6.9, 

sphalerites in the Skidder Prospect have low concentrations of FeS. 

Muscovites in "southeastern Australia stratiform mineral deposits are ph,engitic 

(McLeod and Stanton, 1984), like those of the Skidder Prospect Phengitic muscovite (1-

3% FeO and MgO) and talc have also been noted in the hydrothermal sulphide deposits 

located on the East Pacific Rise at 21 °N (Hekinian ~. 1980; Spiess t.Ui, 1980). 

McLeod and Stanton (1984) suggest that phyllosilicates that are interlayered with, -
. ' . . 

and immediately surround the sulphide minerals in stratiform sulphide deposits in . ' 

southe::~.stern Australia were deposited a~ chemical precipitates from hydrothermal fluids 

during fonnation of the mineral deposits. A similar origin is plausible for the Skidder 

Prospect phyllosilicates. 
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6.8 Ore Pet~phy 

6.8.1 Introduction 

' Polished thin sections of samples representative of the semimassive to massive 

nonbedded sulphides consist of subhedral to euhedral pyrite, and anhedral sphalerite and 

: chalcopyrite in a gangue of quartz and chlorite ± calcite; in some samples the gangue J 

consists of approximately equal amounts of quartz and calcite plus lesser chlorite (Table 6-. 
16). Minor amounts of sphene are also present. Equigranular quartz occurs throughout the 

i. . . . 
samples as dense masses of uny anhedral grains, and as coarser graine:d anhedral grains, 

0.1 mm across, accompanied by calcite. In some areas, quartz occurs as elongate, 

\. . anhedral~ mynnekite-like grains that radiate around pyrite grains; the quartz grains are 

typically interlocked with other quaitz grains of similar habit protruding from adjacent 

pyrite grains (cf. Figure 6-45). Calcite and l~sser chforite occur in areas intersertal to pyrite 

and as irregular anhedral masses intergrown with quanz. . 

Polished thin sections of the layered massive sulphides sho.w fine- to medium-

grained pyrite interlayered with anhedral chalcopyrite and sphalerite, and, in polished thin 
.... 

section SK 27 42C, 4nterlayered with magnetite and hematite. Gangue is typically quartz. 

which displays similar habit and textures to that occurring in the lH1layered sulphides. 

Some thin sections show anhedral calcite as the principal gangue mineral. It typically 

occurs as anhedral masses intersertal to the sulphide minerals. 

6.8.2 Petrography of the sulphide minerals 

Pyrite, chalcopyrite, sphalerite and galena are the only sulphide minerals identified 
I 

in the Skidder ProspecL Pyrite is ubiquitous and is by far the dominant sulphide. It ranges . 
in content from 5 to 10% as disseminated grains and pyrite-bearing veins in less altered 

rocks. from1 10 to 80% in quartz within the most intensely alte~d portion of the alteration 

pipe; and from 80 to 90% in mas ;ive sulphide portions of the prospect. Lesser amounts of 

\ 

\. 



Table 6-16: Ore petrography table showing partial geochemical analysis and mineralogy of semimassive to massive sulphides 

Key: See Figure 6-1 for location of drill holes 
Abbreviations: Ab-albite, Cl-chlorite, Cc-calcite, Qz-quartz, hm-hematite, sc-sericite, Py-pyrite, Cp-chalcopyrite 

Sph-sphalertte; L - layered, F - fine grained, M - medium grained, C - coarse grained 
semimass.- semimassive; PT- polished thin section 

Abundance of mineral as estimated from examination of polished sections: 
x-low, xx-medium, xxx-hiqh. 
See appendix B for complete whole rock an(llyses and descri~tion of anal;ttical methods. 

- -- --

Sample ~)th Sulphide Grain Si02 Ti02 MgO zr Py Cp Sph ttn Qz a Cc Other Minerals 
Name feet m Type Size % % % ppm and Comments 

SK 27 37 579.5 176.6 semi mass. L F XXX XX XX XXX X XXX PT; folded lavers; galena (x) 
SK 27 42C 633 .0 192.9 semi mass. L F/M XXX X X X XXX magnetite 
SK 27 43 635.0 193.5 massive L F/M XXX XX XX X XX XX 

SK 27 45 639.5 194.9 massive M/F XXX XX XX XX XX 

SK 27 46 644.8 196.5 massive L F/M XXX XXX XXX XX XX 

SK 28 38 526.0 160.3 massive M/C XXX X X XX XX X 

SK 28 44 541.0 164.9 semimass. L F/M XXX XX XX XX XX X 

SK 28 61 661.8 201.7 massive L F/M XXX X X 

SK 28 66 691 .0 210 .6 semimass. F/M XXX XX X XXX X X 

SK 28 67 697.0 212.4 massive L F/M XXX XX X X X XXX 

SK 29 52 788 .5 240.3 massive F/M XXX XXX XX XXX X sph-qz veins framboidal py 
SK 29 55 802 .5 244.6 semi mass. M XXX X X XXX X 

SK 29 59 847.5 258 .3 massive L M/C 14.0 0.2 0.3 28 XXX X X X X 

SK 29 60 849.5 258.9 semi mass. M 20.0 0.2 16.5 61 XXX XX XX 

SK 30 58 804.0 245.1 massive M/C XXX X X XX X X pyrite fractured 
SK 30 59 811 .0 247 .2 semi mass. M XXX XX XXX XX X qz-sph vein 
SK 30 822A 822.0 250.5 semi mass. M 41.9 0.2 10.6 48 XXX XXX XXX X 

SK 30 63 837.0 255 .1 massive M/C XXX XX X X pyrite fractured 
SK30B 863.5 263 .2 qz,cl,py F/M XX X XXX 

SK 30 67 872.0 265 .8 semi mass. M/C XXX X XXX X X 

SK 30 75 938.0 285 .9 massive M/C ~.1 0.1 3.6 37 XXX X X X X XX pyrite fractured 
~ 
N 
........ 
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Table 6-16 (continued): 

Sample Deoth Sulphide 
Name leet m Tvoe 

SK 30 76 940.5 286.7 semmass. 
SK 30 80 973.5 296.7 semmass. 
SK 30 81 985.5 300.4 massive L 
SK 3111 137.0 41.8 semmass. 
SK 3113 142.5 43.4 semimass. 
SK 3117C 174.0 53.0 massive L 

! 
SK 33 20 346.0 105.5 semimass. 
SK35A 2 1501 .0 457.5 massive L 
SK 35A3 1507.0 459.3 massive L 
SK35A6 1570.5 478.7 massive L 

n.d. - not detected 

., 

~ 

(jlr-aiiJ 5102 
Size % 
FIM 
FIM 39.3 
M 
M 
M 

F/M 
M 

F!M 
F/M 
FIM 4.4 

"*' 

Tl02 MgO 
% % 

0.1 0.6 

n.d. 0 .6 

.r---. .._ 
\ 

Zr 
ppm 

20 

19 

~ 

,......, 

Py Cp Sph 1-tn Qz 
' 

XXX XX XXX XX 
XXX XXX X XXX 
XXX • • X 

XXX Xx XX XX 
XXX X X XX 
XXX XX X X 
XXX XX 
){)()( XX XX XX 
XXX XX X . XX 

XXX XX XXX X 

-' 

a Cc 

X 

X 

X XXX 

XX XXX 

XX , •. 

X XXX 

X 

X 
x · 

• 

' 

\ 

Other Minerals 
and Comments 

. lqz-sph-co vein 
lqz-co-soh vein 

PT 

.. 

l 
I 

. 

l 
' 

I 
. 

= 

/ · 

,...;-

• 

\.#.) 

N 
N 
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sphalerite and chalcopyrite occur interstitial to pyrite, or in quartz veins that cut the massive 

sulphides . 

Pyrite occurs typically as subhedral grains that show a range of grain sizes up to 

• about 2 mm across (Figure 6-53). It reaches !maximum size in the semimassive to 

massive unlayered sulphides, where, in rare instances, grains up to 2 em across are 

present. In most places, pyrite grains show well developed cleavage, and, in many places, 
I 

irregular fractures . Cleavage cracks occur in two directions m,ostly at right angles to each 

other; irregular fractures in a third diiection often result in angular wedge-shaped grains ., 

(Figure 6-54). Where not surrounded by other sulphide minerals, pyrite is typically 

surrounded by quartz, even where the gangue is predominantly c~lorite. Pyrite most 

. frequently occurs as subhedral grains where surrounded by quartz but it tends to occur as 
I 

angular anhedral grains in the very few places where it is immediately surrounded by 

chlorite (Figure 6-55). In a few areas, e.g. in polished section SK 29 59, pyrite grains in 

contact with each other show equilibrium 120° triple point junctions. Pyrite, -where 
~ 

surrounded by sph3.lerite or chalcopyrite is typically more anhedral than where surrounded 

" by quartz and in many areas is embayed along grain edges and cleavage cracks (Figures 6-
.·~ .. 

56, 6-57 and 6-58). Fractures in the pyrite are cemented by the chalcopyrite (Figure 6-54) 

or sphalerite. Chalcopyrite or s~halerite or both occur as rounded inclus!on~ in the pyrite_ 

(Figure 6-rounded inclusions of chalcopyrite or sphalerite also occur in pyrite 

surrounded by gangue. Subhedral pyrite pseudomorphs feldspar in polished sections SK 

29 52 and SK 37 A 47. Pyrite grains are replaced by calcite in SK 27 39. 

Numerous tiny framboidal grains of pyrite or "mineralized bacteria" (Ramdohr, 

1980) occur in quartz adjacent to a sphalerite-bearing quartz vein in polished section SK 29 

52 (i=igure 6-60). Pyrite elsewhere in the sample occurs· as typical subhedral grains. In 

places. the framboidal grains coalesce to form anhedral masses with cuspate rounded 

"' edges. Detailed examination of the pyrite spheres show them to be composed of tiny 

subhedral oyrite grains cemented by a dark-coloured material, possibly very fine grained 

t_~-~ 
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Figure 6-53: Reflected light photomicrograph of subhedral pyrite grains in quartz. Polished section SK 31 
17C, plane polarized light, 10 x. -- 0.2 mm --

Figure 6-54: Reflected light photomicrograph of fractured pyrite. Chalcopyrite fills fractures and cleavage 
cracks. Note rounded anhedral sphalerite inclusion in the chalcopyrite. Polished section SK 
27 45, plane polarized light, 10 x. -- 0.2 mm --
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Figure 6-55: Reflected light photomicrograph showing contrast between subhedral pyrite grains in quartz 
(medium grey) at the bottom of the photograph, and anhedral, angular pyrite grains in 
chlorite (dark brown) in the central and top portions of the photograph. Polished section SK 
27 43, plane polarized light, 10 x. -- 0.2 mm --

Figure 6-56: Reflected light photomicrograph showing subhedral pyrite in quartz (dark grey) at the right of 
the photograph, and anhedral pyrite in sphalerite (medium grey) at the left of the photograph. 
Polished section SK 35A 6, plane polarized light, 10 x. -- 0.2 mm --
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Figure 6-57: Reflected light photomicrograph of anhedral resorbed pyrite in chalcopyrite. Note anhedral 
sphalerite inclusion (grey) in the chalcopyrite. Polished section SK 29 52, plane polarized 
light, 10 x. -- 0.2 mm --

Figure 6-58: Reflected light photomicrograph of pyrite, which is embayed along chalcopyrite-filled 
fractures. Note anhedral sphalerite inclusion (grey) in the chalcopyrite. Polished section SK 
29 52, plane polarized light, 20 x. -- 0.1 mm --
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Figure 6-59: Reflected light photomicrograph of subhedral to anhedral, partially resorbed pyrite grains in 
chalcopyrite. Rounded chalcopyrite inclusions occur in the pyrite, and rounded anhedral 
sphalerite occurs in both chalcopyrite and pyrite. Polished section SK 35A 6, plane polarized 
light, 10 x. -- 0.2 mm --
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Figure 6-60: Reflected light photomicrograph of framboidal pyrite in quartz. Polished section SK 29 52, 
plane polarized light, 10 x. -- 0.2 mm --

Figure 6-61: Reflected light photomicrograph of framboidal pyrite grains showing them to be composed of 
tiny subhedral pyrite grains cemented by a dark-coloured material. Microscope has been 
focussed on framboidal grains slightly beneath surface of polished section. Polished section 
SK 29 52, plane polarized light, 50 x. - 0.04 mm --
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sulphide grains (figure 6-61). In some places the framboidal pyrite occurs as inclusions in 

sphalerite, however no inclusions of framboidal pyrite are noted in chalcopyrite (Figure 6-

62). 

Chalcopyrite most typically occurs as anhedral masses interstitial to, or, to a lesser 

extent, as rounded inclusions in pyrite (Figures 6-54, 6-57, 6-58 and 6-59). Chalcopyrite . . . 

and sphalerite are typically intricately intergrown, having cuspate irregu)ar boundaries, and, 

in many instances, containing irregular anhedral inclusions of one mineral within the other 

(Figure 6-63). Chalcopyrite is also present in quartz veins, where it occurs as anhedral, 

dendritic masses. Anhedral chalcopyrite cements pyrite grains, and fills cleavage cracks 

and fractures withiil the grains themselves (Figures 6-54, 6-57, 6-58 and 6-59). In places, 

the chalcopyrite occurs around the edges of pyrite grains adjacent to gangue. Minor 

amounts of chalc6 pyrite also occur in jasper fragments embedded in pyrite, e.g. in SK 37 A 

45. 

Sphalerite occurs in thin units interlayered with pyrite or in quartz veins cutting 

pyrite. It also fills interstitial areas between pyrite grains and cleavage cracks in •he grains 

themselves (Figure 6-64), but to a lesser extent than chalcopyri :;. Some sphalerite is 

intergrown with chalcopyrite in areas interstitial to pyrite (Figures 6-57, 6-58 and 6-59). In 

quartz veins, sphalerite occurs as anhedral grains (Figure 6-65) (less dendritic than 

chalcopyrite) and in places preferentially occurs on the flanks of the vein . 

. Polished section SK 35A 6 contains a 2 em thick layer of sphalerite. The sphalerite 

contains ubiquitous elongate rounded inclusions of gangue. Anhedral to subhedral pyrite 

inclusions in the sphalerite· parallel _layering in the remainder of the sample. In one area, the 

sphaferite contains chalcopyrite inclusions, the largest of which display intricate 

intergrowth tex.mres with the sphalerite. 

9ccurrences of galena are rare in tpe Skidder Prospect. Where present, it occurs as 

anhedral grains intergrown with chalcopyrite, sphalerite or a combination of these minerals 

(f-igures t:-66 and 6-67). In places. it shows characteristic triangular pits. Djhedral angles 

.. • 
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Figure 6-62: Reflected light photomicrograph of framboidal pyrite in quartz and sphalerite (light grey). 
Note the lack of framboidal pyrite in the anhedral chalcopyrite masses. Polished section SK 
29 52, plane polarized light, 10 x. -- 0.2 mm --

Figure 6-63: Reflected light photomicrograph showing intricately intergrown chalcopyrite and sphalerite, 
each containing irregular anhedral inclusions of the other. Polished section SK 29 52, plane 
polarized light, 10 x. -- 0.2 mm --
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Figure 6-64: Reflected light photomicrograph of anhedral pyrite, chalcopyrite and sphalerite. Sphalerite 
occupies areas between pyrite grains at the top of the photograph, chalcopyrite occupies 
intergranular areas at the bottom. Polished section SK 27 43, plane polarized light, 20 x. 

--0.1 mm--

Figure 6-65: Transmitted light photomicrograph of an anhedral mass of sphalerite in a quartz vein. 
Polished thin section SK 29 57, plane polarized light, 3.2 x. - 0.5 mm -
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Figure 6-66: Reflected light photomicrograph showing small anhedral masses of galena (silver grey) 
intergrown with chalcopyrite (golden yellow), sphalerite (medium grey) and pyrite (white). 
Polished thin section SK 27 37, plane polarized light, 20 x. -- 0.1 mm --

Figure 6-67: Reflected light photomicrograph showing anhedral sphalerite (medium grey), chalcopyrite 
(golden yellow), galena (silver grey) and subhedral pyrite (white). Note rounded anhedral 
chalcopyrite inclusions in sphalerite and galena. Polished section SK 29 52, plane polarized 
light, 20 x. -- 0.1 mm --
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exhibited by three phase triple point junctions between galem, chalcopyrite and sphakrite 

are roughly charaeteristic of equilibrium minimum surface energy boundaries reported by 

Stanton ( 197'2), i.e. the smallest dihedral angle exhibited by galena, an intermediate angle 

by chalcopyrite and the largest by sphalerite (Figure 6-66). 

Layering in. the sulphides is, in placel>, produced by alternating coarser and finer.. 

gr~tined pyrite. Although a large range of pyrite grain sizes is usually represented, in some 

samples pyrite shows a prcrlominantly bimod.ll grain size distribution, consisting of smaller 

grains ·less than 0.5 rpm across interlayered with larger grains about 1-2 mm across. . . 

Layering may also result from areas alternately enriched in pyrite, chalcopyrite, ~phalerite 

or gangue. Note for example in Figure 6-64 where sphalerite occupies interstitial areas 

between pyrite grains at the top of the photograph, and chalCopyrite occupies interstitial 

areas in the bottom of the photograph. 

6.H.3 Petrography of the oxide minerals 

Hematite and magnetite are the only oxide minerals noted in the sulphide-rich 

zones. Very fine grained hematite and lesser specular hematite, the.latter typically 

occurring as elongate laths, are an essential component of the jasper-rich units as described 

in 3~:ction 6.6.2. In thin section SK 7 329, specular-hematite-rich layers occur between 

layered pyrite and jasper. 

When viewed using reflected light micrcscopy, hematite occurs as irregular 

anhedral masses or as rectangular laths, which occur sin~ly or as intergrown groups of 

grains (Figures 6-68 and 6-69). In poorly polished sections, the hematite shows a 

"pockmarked" appearance. 

Magnetite is noted as occurring in significant amounts in only one polished section, 

i.e. SK .... ~.Z 42C, where textures indicate that some of it has resulted from replacement of 

hematite (Figures 6 -70 and 6-71). Hef!latite laths have heen almost perfectly 

pseudomorphe d by the magnetite in some places (Figures 6-71 and 6-72). Magne tite also 

c 
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Figure 6-68: Reflected light photomicrograph showing anhedral masses of "pockmarked" hematite (blue 
grey) accompanied by chalcopyrite, pyrite and sphalerite. Polished section SK 27 42C, plane 
polarized light, 50 x. --0.04 mm --

Figure 6-69: Reflected light photomicrograph showing anhedral masses and elongate rectangular laths of 
hematite (blue grey) in gangue and intergrown with chalcopyrite. Polished section SK 27 
42C, plane polarized light, 50 x. -- 0.04 mm --
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Figure 6-70: Reflected light photomicrograph showing partial to complete replacement of hematite (blue 
grey) by magnetite (steel grey). Polished section SK 27 42C, plane polarized light, 50 x. 

--0.04 mm --

Figure 6-71: Reflected light photomicrograph showing partial to complete replacement and 
pseudomorphing of hematite laths by magnetite (steel grey). A small amount of hematite 
(blue grey) remains in the lath shown in the right portion of the photograph. Polished 
section SK 27 42C, plane polarized light, 50 x. -- 0.04 mm --
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Figure 6-72: Reflected light photomicrograph showing equant masses of magnetite (steel grey) in gangue 
and magnetite pseudomorphs of hematite laths in pyrite. Polished section SK 27 42C, plane 
polarized light, 50 x. - 0.04 mm --
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occurs as subhedral equant masses, some of whicfl contain small anhedral chalcopyrite 

inclusions (Figure 6-72). The equant masses _pf magnetite may be pseudomorphyf 

intergrown hematite laths (compare grains in the top left portion of Figure 6-72 to 

inter grown hematite laths in the bottom right portion of Figure 6-69) . 
. 

Hematite is accompanied by chalcopyrite, sphalerite or pyrite o~. some combination 

of these minerJ.is in portions of SK 27 42 (Figure 6-68). It is imergrown with chalcopyrite 

in pans of polished section SK 29 42C (Figure 6-69). In other parts of this section, 

magnetite-pseudomorphed hematite laths occur as inclusions in pyrite (Figure 6-72). 

\ 
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6.9 Ore Mineral Ch~ry 

Electron microprobe analyses of Skidder Prospect pyrite, chalcopyrite, sphalerite 

and galena compositions are presented in Tables 6-17 to 6-20. Analytical procedures are 

described in Appendix: A. 

Skidder Prospect pyrite compositions are relatively uniform (Table 6-17). The 

pyrite contains only trace amounts of Ni. Slightly elevated coments of Zn and Cu in 

analyzed pyrites proximal to sphalerite and chalcopyrite respectively are probably due to 

minute inclusions of these latter minerals in the pyrite (cf. Deer tlJ!l., 1966; Ramdohr, 

1980). 

Chalcopyrite in the Skidder Prospect also has somewhat unifonn composition 

(Table 6-18). Minor amounts of Zn present in chalcopyrite that is proximal to, or occurs as 

inclusions in sphalerite is most probably a result of admixed sphalerite since solid solution 

of zinc in chalcopyrite at low temperatures is unlikely (cf. Ramdohr, 1980). 

Skidder Prospect sphalerites have low Fe contents (less than 2 weight per cent 

(wt% )) and contain only minor amounls of Cd (less r.han 0.4 wt%) (fables 6-19 and 6-20). 

The iron contents depend to a certain extent on the mode of occurrence of the sphaleri te. 

For example, sphalerite comprising a 1 em-thick layer in sample SK 35A 6 is extremely 

low in Fe (less than 0.2 wt%). Also, spha!erites that are not in close proximity to pyrite or 

chalcopyrite have lower iron contents (less than 1 wt%) than those that are proximal to 

these minerals (these sphalerites typicaily contain 1.5 to 2 wt% Fe). Analyses of 

sphalerites that are proximal to, or intergrown with chalcopyrite show up to 2 wt% Cu and 

typically 1 to 2 wt% Fe. This, like the increased contents of Zn in chalcopyrite proximal to 

sphalerite, is probably due to admixing of these two minerals. 

The Skidder Prospect galenas analyzed contain minor amounts of bismuth and only 

trace amounts of silver (Table 6-20). 
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Table 6-17: Electron microprobe analyses of Skidder Prospect pyrite 

Weight% 
s 
Fe 
tl 
cu 
Zn 
Cd 
Total 

Unlay•ed 
Masalve Sulphld .. 

1 
SK SK SK 

28 38 29 52 29 52 
53 01 52.43 52 .54 
48.56 48.92 50.02 

0.03 0.02 0.05 
0.06 0.00 0.08 
0.09 0.13 0 .05 
0.02 0 .02 0.04 

101 .76 101.52 t02 .77 

SK 
28 44 
53.73 
49.21 

0.02 
0 .13 
0 .07 
0.00 

103.16 

Atomic Proportions (Formula Base. 3) 

Fe 
N 
cu 
Zn 
Cd 

1.964 
1.033 
0 .0(}1 
0 .001 
0 .002 
0 .000 

1 .952 
1 .045 
0 .000 
0 .000 
0 .002 
0 .000 

1.937 1 .964 
1.059 1 .032 
0.001 0 .000 

~a} 
0 .002 
0.001 

0. OP 0 .000 

Layered 
t.1uaM Sulphide• 

2 
SK SK 5K SK 

27 43 31 17C 35A 15 35A 15 
53.68 53.84 52.<43 53.88 
48.43 48.79 50.33 47.22 

0 .03 0 .05 0.07 0.04 
0 .05 0 .12 0.10 0 .22 
0 .16 0 .05 0.09 0 .10 
0 .01 0.03 0.04 0 .02 

102.36 102.88 103.04 101 .48 

1 .974 1.971 1.931 1.991 
1.022 1.025 1.064 1.002 
0 .001 0 .001 0.001 0.001 
0 .001 0.002 0.002 0 .004 
0.003 0.001 0.002 0.002 
0 .000 0 .000 0.000 0 .000 

3 3 
SK SK 

35A 6 35A 15 
54.15 53.34 
48.00 48.31 

0 .02 0 .12 
0 .05 0 .0 1 
0 .21 0 .62 
0.00 0 .05 

102 .43 1Q2 .45 

1 .985 1.964 
1.010 1 .021 
0 .000 0 .002 
0.001 0.000 
0 .004 0 .011 
0 .000 0 .001 

~~~~--~2~'--~----~2'~---1'~--~2~1 ___ ,~'--~2~--~--~----~~~ 

1 • framboidal pyrite 
2 - cemented by chalcopyrite 
3 - proximal to sphalerite 

Table 6-18: Electron microprobe analyses of Skidder Prospect chalcopyrite 

Weight% 
s 
Fe 
N 
cu 
Zn 
Cd 
Total 

lkllayered 
PwtissiiM 

1 
SK SK 

29 52' 29 52 
34.87 34.92 
31 .98 30.71 

0.01 0.05 
34.07 33.91 

0.07 0.71 
0.05 0.02 

101 .05 1 00.3t 

LAyered 
S«nl-masalve Sulphides 

. 1 2 
SK SK . SK SK 

2737 28 44 28 44 28 44 
34.54 34.14 34.09 33.70 
32 .00 31 .37 :l1 .31 30.19 

0.03 0.03 0 .03 0 .01 
34.41 33.99 33.97 33.73 

0.18 0.11 0.19 1.17 
0 .01 0 .06 0 .02 0 .03 

101 .16 99.69 . 99.60 98.81 

Atomic Proportions (Formula Base • 4) 
s 
Fe 
N 
cu 
Zn 
Cd 

1.979 
1.042 
0 .000 
0 .976 
0 .002 
0 .001 

1.995 
1.007 
0 .001 
0 .977 
0.020 
0.000 

1 - proximal to sphalerite 
2 - inclusion in sphalerite 

1.963 
1.044 
0.001 
0.987 
0.005 
0.000 

1.968 , .967 1.964 
1 .. 038 1.037 1 .010 
0 .001 0 .001 0 .000 
0.989. 0 .989 0.992 
0.003 0 .005 0.033 
0.001 0 .000 0 .000 

LAyered 
Massive Sulphides 

1 
SK SK SK SK 

27 43 3117C 35AI5 35A 15 
34.30 34.55 34. 11 34 .09 
31 .55 31.44 32.02 31.74 

0.03 0 .03 0 .02 0 .03 
33.40 33.89 33.76 33 .85 

0.13 0 .12 0.10 0.15 
0.04 0.03 0 .02 ' 0.01 

99 .44 100.04 100.03 99 .86 

1.979 1.981 1 .961 1.963 
1 .04~ 1.035 1 .057 1.049 
0.001 0 .001 0 .001 0 .001 
0.972 0 .980 0.979 0 .983 
0.004 0.003 0.003 0.004 
0.001 0 .000 0 .000 0.000 
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2 
SK 

35A 6 
34.30 
31 .50 

0.03 
33.67 

1.21 
0.07 

100.76 

1.960 
1.033 
0.00 1 
0.971 
0.034 
0.001 
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T11Die 6-19: Eleclron microprobe analyses of Skidder Prospect· sphal<!rite 

Weight% 
s 
Fe 
Ni · 
CIJ 
2h 
Cd 
Tollll 

U.yer.d 
MueMSUptjdel 

1 
SK SK SK SK 
28~ 2952 29 52 29 52 
33.55 33.18 33.27 33.37 

0.44 1.01 1 .53 1.99 
0 .01 0 .00 0 .04 0.03 
0.18 1.68 0 .56 2 .39 

70.46 66.21 68.77 66.89 
0.25 0 .26 0 .38 0 .28 

104.88 1 02.33 104.55 104.94 

Atomic Proportions (FOfTTlula Base a 2) 
s 
Fe 
Nl 
CIJ 
Zn 
Qi 

0.979 
0.007 
0 .000 
0 .003 
1.009 
0.002 

0.988 
0 .017 
0 .000 
0 .025 
0.967 
0.002 

0.974 0.973 
0.026 0.033 
0.001 0.000 
0.008 0.035 
0.988 0.956 
0.003 0.002 

Ltyered 
Sen*naulve Sulphldea 

2 
SK 5I( SK SK 

77'.f7 2844 2844 28 44 
33.27 .32.65 33.29 32.89 

0.90 0 .40 0 .46 1.50 
0.02 0.02 0 .04 0 .02 
0.35 0 .50 0.40 1.30 

69.89 70.58 70.5R 68.00 
0.25 0 .23 0 .30 0 .28 

104.67 104.38 105.06 104.00 

0.974 0.963 0 .972 0 .970 
0.015 0.007 0.008 0 .025 
0.000 O.uOO 0 .001 0.000 
0.005 0.007 0 .006 0 .019 
1.003 -1.021 1.011 0.983 
0.002 0.002 0 .002 0 .002 

3~0 

layered 
Massive SuJphidea 
3 4 3 

Sl( Sl( Sl( SK SK 
2743 2743 35A6 35A6 35A6 
31 .87 32.81 32.80 33.82 32.88 

1.20 2.12 0.11 0 .81 1.47 
0.01 0.05 0.02 O.o3 0.02 
0.46 0.17 0.10 0 .21 0.17 

69.38 68.26 69.98 69.88 69.58 
0.39 0.38 0 .11 0 .17 0 .14 

103.31 103.77 103.12 104.92 104.24 

O.J;l52 0.969 0.975 0 .984 0 .967 
0 .021 0.036 0.002 0.014 0 .025 
0.000 0.001 0.000 0 .000 0 .000 
0.007 0.002 0 .002 0 .003 0.002 
1.017 0.989 1.020 0 .997 1.004 
0.003 0.003 0 .001 0 .001 0 .001 

AMiyaea!~--~21~~2~--~---=2LJ--~2~J--~2~--~2~--~3LJ--~--~2~J--~4 ____ ~3 ____ ~2J 

1 - Sphalerite Inclusion in chalcopyrite 
2 - Proxim.al to chalcopyrite 
3 - Sphalerite indusion in pyrhe 
4- Sphalerite cementing pyrite 

Table 6-20: J!lectron microprobe analy~s of Skidder Prospect sphalerite and galena 

Sphalerite Analy~ 
SM SM SM SM M 

1 1 
SK SK SK SK SK 

Weight% 
s 

28 66 30 59 30 60 30 80 27 45 
33.23 32.64 33.05 32.89 

Fe 0 .63 1.01 0 .05 0.33 
;2h 69.26 71.60 72.85 69.78 
To~ 103.12 105.24 105.95 103.00 

s· 
Fe 
Zn 1.017 

AnalyaeaJ 21 21 11 

' Form..lla base • 2 
SM - unlayered semimassive sulphides 
M • unlayered maasive sulphides 
MIL - layer9d massive sulphides 

1 - Sphalerite proximal to chalcopyrite 

32.63 
1.02 

73.70 
107.35 

0.941 
0.017 
1.042 

11 

MIL MIL 
_} 

SK SK 
2743 35A6 
33.10 33.01 

1.04 0 .09 
67.91 69.36 

102.05 102.46 

11 21 

Galena Analysea 

s• 
Pb 
Bl 

SM!L MIL 

SK SK 
27 37 35A6 
13.09 13.24 
86.59 86.83 

1 .33 0.90 
0 .00 0.01 1<0 

Total 101 .00 100.97 

s .. 
Pb 
Bl 
1<0 

'Weight% 

0.981 
1.004 
0.015 
0.000 

0 .987 
1.002 
0.010 
0000 

• " Atomic ProportiOns (Formula base 2 2) 
SM/L • layertld semimassive sulphides 
MtL - layered massive sulphides 



6.10 Geochemistry of the Alteration Zone 

6.10.1 Presentation of results 

341 

A total of 152 Skidder Prospect drill core samples, comprising basalts from each of 

the Skidder Prospect alteration zones (see Section 6.4) and semimassive and massive 

sulphides from the prospect, were analyzed for whole rock contents and _trace element 

concentrations. Details of the methods used are presented in Appendix B. Samples having 

different amounts and proponions of the various secondary ~ineral assemblages were 

chosen in an attempt to show the geochemical variatir:m within, as well as between the 

various alteration zones. Individual analyses are listed in Tables B-11 to B-16, Appendix 

B. The mean, standard deviation, minimum and maximum for the samples repres~ntative 

of each alteration zone are presented in Table 6-21. 

The geochemistry of the Sk.idder Basalt is presented in Chapter 5 and will not be 

discussed in detail here. Thus, following a brief description of the "alteration-resistant 

element" geochemistry of the rocks in the im)ediate vicinity of the prosp~ct, this section_ 

will concentrate on the geochemical effectsj hydrothermal alteration associated with the 

Skidder Prospect mineralizing event(s). It ' is shown below that the i~compatible elements 

Zr, Ti andY, and the compatible elements Cr and Ni are relatively unaffected by all except 

the most intense alteration associated with the Skidder Prospect. 

Zr concentrations for each of the analyzed samples are p~tted on Figures 6-3 to 6-

10. V ariolitic pillow basalts that underlie massive sulphide Lens 1 have low to intennediate 

~r concentrations, typically 30 to 60 ppm. Massive portions of the overlying interlayered. 

~illowed and massive basalt (diabase dykes (?)) unit tend to have lower Zr concentrations 

(typically 40-60 ppm) than the pillowed basalt or mafic pillow breccia portions (typically 

60-90 ppm Zr). Note, however, that massive units in much of the upper portion of SK 34 

have high Zr concentrations > 100 ppm. Massive and pillowed basalts immediately 

adjacent to Lens 2, as shown in drill holes SK 35, 35A, 37 and 37 A, and variolitic pillow 

basalts which overlie Lens 2 contain intennediate 'ZI concentrations (typically 50-80 ppm). 
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Table 6-21: Mean, standard deviation, minimum and maximum for whole rock analyses from the various Skiddcr Pro~pa: l alteration zones 

weight% 
SIO:z 
TIO:z 
Al;z03 
f&203* 
MnO 
MgO 
cao 
N8',20 
K:zO 
P:zOs 
LOI 
Total 
ppm 
Pb 
Rb 
Sr 
y 
Zr 
Nb 
Zn 
Cu 
Nl 
Ba 
v 
Ce 
Cr 
Ga 

Alteration zone - cl,cc,ep ± hm 
Standard 

Mean Deviation Minimum Maximum 
49.41 • 44.20 53.30 

1.11 0.66 1.79 
15.67 14.20 18.00 
11.40 8.65 14.58 
0.17 0.07 0.24 
7.52 3.13 12.05 
5.20 1.16 9.52 
4.82 1.49 6.65 
0.6'3 0.05 2.70 
0.14 0.30 
3.71 8.03 

99.82 100.64 

3 3 n.d. 10 
7 8 n.d. 35 

114 72 41 331 
28 8 10 50 
65 21 24 106 

5 . 2 2 10 
84 16 52 121 
38 22 7 75 
53 42 n.d. 151 

131 218 n.d. 987 
339 65 237 533 

66 36 3 129 
17 t 124 26 496 
16 2 12 21 

n.d. - not detected 

Alteration zone- cl,cc,qz,ep 
Standard 

Mean Deviation Minimum Maximum 
52.46 7.36 39.20 69.10 

1.20 0.37 0.54 2.00 
14.88 . 1.59 16.90 
10.98 2.50 14.80 
0.14 0.05 0.20 
6.54 2.79 11.10 
3.73 1.43 7.54 
5.22 0.94 6.78 
0.35 0.41 1.50 
0.18 0.08 0.36 
3.16 8.39 

98.84 100.15 

5 3 n.d. 14 
3 4 • n.d. 11 

92 49 34 194 
38 14 19 62 
79 32 35 144 

5 2 2 9 
86 34 25 150 
29 15 3 56 
31 51 n.d. 215 
74 117 n.d. 406 

352 113 179 579 
76 36 15 141 

103 144 4 628 
18 4 9 28 

Alteration zone • cl,qz,cc 
Standard 

Mean Deviation Minimum Max imum 
51 .71 5.37 43.40 65.50 

, 1, 0.26 0.48 1.86 
15.83 1.89 12.30 22.50 
9.50 2.08 3.65 12.40 
0.13 007 0.01 0.:33 
6.49 3.19 1.14 13.03 
3.18 2.29 1.00 11.22 
4.68 0.90 . 3.23 6.66 
0.80 118 0.05 5.09 
0.22 0.13 0.01 0.58 
5.21 2.00 2.40 10.76 

99.06 I 0 95[ 95.59 I 100.66 

7 7 n.d. 27 
13 22 n.d. 84 
75 ' 31 32 163 
31 10 17 59 
72 20 27 125 
6 2 2 10 

62 32 37 161 
41 28 1 98 
56 / .44 n.d. 143 
86 124 n.d. 490 

320 101 54 493 
71 39 9 166 

218 156 n.d. 533 
17 4 7 25 

Distance' 207.71 107.11 78.21 4447 11 143.21 9451 26.01 316.11 I 7981 7941 14.01 46971 
Samples 28 21 34 

·Total iron as Fe20:J 
Distance· distance from massive sulph id~s or most intertse aheration 

.. 
.. 

~ 

\;J .... 
N 

,.. 



Table 6-21 (continued): 

Alteration zone- cl,qz,py 
Standard 

weight% Mean Deviation Minimum Maximum 
51~ 
TIC>.! 
Al203 
Fe:P3• 
MnO 
MgO 
CaO 
Na:zO 
~ 
P2<>s 
LOI 
Total 
ppm 
Pb 
Rb 
Sr 
'( 

Zr 
Nb 
Zn 
Cu 
Nl 
Ba 
v 
Ca 
Cr 
Ga 

42.25 
0.82 

14.76 
9.91 
0.16 

20.10 
1.07 
1.62 
0.15 
0.14 
8.87 

99.84 

13 
3 

26 
20 
56 

5 
490 

52 
92 
35 

387 
57 

332 
16 

7.82 
0.33 
2.07 
2.74 
0.04 

22 
4 

18 
6 

15 
2 

658 
75 
72 

110 
61 
27 

240 
3 

28.50 53.70 
0.08 1.25 
8.09 18.40 
3.15 15.60 
0.07 0.27 

10.96 31 .35 
0.18 5.04 
0.01 3.74 

1.19 
0.27 

13.76 
100.89 

n.d. 116 
n.d. 19 

4 76 
8 33 

22 73 
1 9 

66 3817 
7 464 

23 390 
n.d. 604 
209 528 

15 111 
72 1294 
10 22 

Alteration zone- qz,cl,py 
Standard 

Mean Devialion Minimum Maximum 
. 60.18 41 .90 78.80 

0.63 0.04 1.34 
11 .52 2.30 18.70 
10.69 0.85 23.10 
0.06 n.d. 0.22 
4.42 0.10 
1.16 0.01 
1.82 n.d. 
1.85 
0.11 
6 .60 

99.03 

52 75 4 293 
27 25 1 81 
25 26 1 75 
17 10 n.d. 33 
57 26 5 113 
6 2 2 10 

192 202 24 937 
38 29 12 . 113 
56 54 n.d. 2321 

2(,2 463 n.d. 1861 
224 129 6 418 

56 34 n.d. 132 
234 189 1 773 

13 5 5 21 

Semimassive and massive sulphides 
Standard 

MPan Deviation Minimum Maximum 
24.15 13.08 4.35 47.00 

0.17 0.19 n.d. 0.78 
4.69 0.40 12.80 

37.89 23.10 54.64 
0.06 0.00 0.14 
4.90 0.11 16.52 
1.24 0.04 7.96 
0.02 n.d. 0.06 
0.42 1.71 
0.04 0.24 

20.78 28.53 
94 .37 - 100.43 

166 154 14 443 
14'' 7 2 27 

..• 11 18 1 54 
13 13 n.d. 39 
33 15 14 61 

9 3 4 15 
26731 46218 31 137221 
13856 25613 14 94181 

37 32 5 111 
43 50 n.d. 141 

120 127 9 362 
22 23 n.d. 65 

159 133 n.d. 402 
24 23 2 85 

n.d. - not deteded 

~=~;~:! 25:i!l 21 .11 o.ol 79811 202~~ 2o.sl ool 78811 2~~~ 1311 441 47.ol 

• Total iron as Fe20:J 
Distance- distance from massive sulphides or most intense alteration 

/ 

w 
~ 

' w 
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Pillowed basalts overlying the variolitic ba~~in these drill holes have intem1ediate to high 

Zr concentmtions (70- 130 ppm Zr). Diabase dykes intruding these units have much lower 

Zr concentrations (40-45 ppm). 

The averages for nmfic rocks from each .of the alteration zone s is compared to the 
J 

av~rage of the Skiddc:r basalts not affected by the Skidder Prospect alteration event on 

Table 6-22 . The alteration zones from left to right represent increasing intensity of 

alteration of the rocks and closer proximity to the sulphide-bearing units. The higher 

average Cr and Ni .concentrations in samples from the cl,qz,~:~; d ,qz.,py and qz,cl,py 

alteration zones relative to the others may represent a primary magmatic feature, since, in 

the case of the d .qz.py ar.d qz.cl,py alteration zones, the higher Cr and Ni is accompanied 

by lower Ti, Zr and ·y in the samples. Caution is advised however since these represent 

some of the most intensely altered rocks associated with the Skidder Prospect. 

Table 6-23 ~hows the results of dividing the mean and standard deviation of 

average contents of major and minor elements in each alteration zone by those of typical 

Skidder Basalt!. A qualitative summary of these results is presented in Table 6-24. To 

augment these >Jbles, scattergrams of major oxide and selec)ed minor elements versus 

distance from most intense alteration are presented in Figures 6-73 to 6-80. 

Sporadic; enrichment of K20, Rb and Ba relative to typic;al Skidder bas~Ut is evident 
\ 

in the c l ,cc,e~±hm alteration zone and marks the outem1ost geochemical effects of alteration 

associatt:d wiili-· rhe Skidder Prospect mineralizing event. Sporad1c ennchment of these 

elements is recognizable up to 400 m away from the most intensely alrered rocks (Figures 

6-75, 6-76, 6-77 and 6-79), and is evident to varying degrees in all the alteration zones 

(except the cl,qz,py zone). Eleroon microprobe analyses presented in Section 6.7 indicate 

that the potassium is present in two different mineral phases, i.e. in K-feldspar in the less 

altered rocks but in muscovite in more intensely altered rocks. 

I Note that mass changes have not been taken into account, thus these ra tios only show a scmi­
quantit.alive estimate of the actual change. 



"j 

\ 345 

Table 6-2.2: Averages of analyses from the various Skidder Prosp~ct alteration zones 
compared to the average of those~ of typical spilitized Skidder Basalt 

weight % 
Skidder 
B I asa t cl,cc,ep + h m C CC,QZ ep CI,QZ CC ct,qz,py qz c ,py sulphides 

Si02 50 .39 49.41 52.46 51.71 42.25 60.18 24.15 

Ti02 1.09 1.11 1.20 1.11 0.82 0.63 0.17 

AJ.zOJ 15.11 15.67 14.88 15.83 14.76 11 .52 4.69 
Fe2o3• 10.76 11 .40 10.98 9 .50 9 .91 10.69 37.89 
MnO 0.15 0.17 0.14 0.13 0 .16 0.06 0.06 ' 
MgO 6.93 7.52 6.54 6.49 20.10 4 .42 4 .90 
CaO 5.43 5.20 . 3.73 3 .18 1.07 1.16 1.24 
Na2<) 
K20 

'4.94. 4 .82 5.22 4 .88 1 .6~ f82 0.02 
I 

0.17 0.69 0.35 0 .80 0 .15 1.85 0.42 

P20s 0.17 0 .14 0.18 0 .22 0.14 0.11 0.04 
LOI 4.43 3 .71 3.16 5.21 8 .87 6 .60 20.78 
Total 99.57 99.82 98.84 99.06 99.84 99.03 94.37 

ppm 
Pb 
Rb I 3 3 5 7 13 52 166 

2 7 3 13 3 27 14 
Sr ·82 114 92 75 26 25 11 
y 
Zr 

31 28 38 31 20 17 13 
68 

., 
65 79 72 56 57 33 

Nb 5 5 5 6 5 6 9 
Zn 83 84 86 82 490 192 26731 
Cu 40 38 29 41 52 38 13856 
Ni 47 53 31 58 92 56 37 
Ba 
v 

29 131 74 86 3~ 262 43 
327 339 ' 352 320 387 224 120 

Ce 65 66 76 71 57 ·?6 22 
Cr 146 171 103 218 332 234 159 
Ga 16 16 18 17 16 13 24 

Distance (m) ,_1 ___ ..._ __ :.;20:..:7 ..... 7'-'l....__1.:....4;.;::3;.;.:.2 ... l _ ___;,7..:::.9.;.;:.8~l-.....=.25:..:·.:::..3.._J _....:2:..:0:..:....1'-'l ___ __, 

Samples 1141 281 21l 341 $11 201 

·Total iron as Fe203 

Distance - average distance from massive sulphides or most intense a~eration 

• . 

I 
'· ; 

, 
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Table 6-23: Mean and standard deviation of samples from the various skidder Prospect alteration zones and massive sulphldes divided ,. 
by that of typical spilitized Skidder Basal! samples 
1 Mean of ahe.ration zone samples divided by mean of unaHered Skidder Basah samples 
2 Log ol1 • · 
3 Standard deviation of alteration zone samples divided by standard deviation of unaltered Skidder Basalt samples 
4 Log of 3 

~ -

cl,cc,ep ± hm aneratlon zone ~ 
Mean Standard [)eylatJon 

weight o/o 
5102 
TI02 
Al203 
Fe2~· 
MnO 
MgO 
CaO 
Na20 
K20 
P20s 
LOI 

1 ' 2 . 3 4 

ppm 
Pb 
Rb 
Sr 
y 

zr 
Nb 
Zn 

· eu 
N 
Ba 
v 
Ce 
Q 

0.98 
1.02. 
1.04 
1.06 
1.10 
1.08 
0 .96 
o·.9a 
4.04 
0.81 
0.84 

1.02 
3.46 
1.39 
0.89 
0.96 
1.09 
1.01 
0 .96 
1.12 
4.51 
1.04 
1.01 
1.17 
1.02 Ql -

• Total, iron as Fe~3 

-0.01 
0.01 
0.02 
0.03 
0.04 
0.04 

-0.02 
-0.01 
0.61 

-0.09 
-0.08 

0.01 
0.54 

0.14 
-0.05 
·0.02 
0.04 
0.01 

-0.02 
0.05 
0.65 
0.02 
0.00 
0.07 
0.01 

0.52 ' -0.28 
0 .81 -0.09 
0 .85 -0.07 

0.72 -0.14 
0.93 -0.03 
0.94 -0.03 
0.50 -0.30 
1.23 ·0.09 
4.54 0.66 

0.53 -0.28. 
0.58 -0.24 i 

. 1.07 . 0.03 
2.66 0.42 
1.42 o: 15 
0.70 ·0.15 
0.83 ·0 .08 

. 1.04 0.02 
0.49 -0.31 
0.72 ·0.14 
0.86 ·0.06 

5.08 0.71 
0.66 -0.18. 
1.15 o.osi 
0.90 -0.041 

0.76 ·0.121 

SI02 
T102 
Al203 
Fe203* 
MnO 
MgO 
cao· 
Na20 
K20 
P20s 
LOI 

Pb· 
Rb 
Sr 
y 

Zr 
Nb 
Zn 
Cu 
N 
Ba 
v 
Ce 
Q 
Qi 

. 
cl,cc,qz,ep a~eratlon zone 
Mean S1andard Deviation 

1 2 3 4 
1:04 0.02 ; 1.61 0.2~ 
,_ 10 0.04 1.114 0.06 
0.98 -0.01 1.37 0.14 
1.02 0.01 1.34 0.13 
0.93 ·0.03 1.35 0.13 
0.94 ·0 .03 1.19 0.07 

0.69 I -0.·16 0.44 -0.36 
1.06 0.02 0.98 -0.01 
2.06 0.31 2.44 0.39 
1.04 0.02 0.61 ·0.21 

L_ 0, 71 _l -()_.J 5 0.69 -0.16 

1.60 0.20 1.11 0.05 
1.52 0.18 1.21 0.08 
1.12 . 0.05 0.95 ·0.02 
1.23 0.09 1.17 0.07 
1.16 0.07 1.29 0. 11 
1.03 0.01 . 0.80 -0.10 
1.03 0.01 1.04 0.02 

0.721 ·0.14 0.51 ' -0.29 
0.671 -0.18 1.05 .] 2.57 0.41 2.72 0.43 
1.08 0.03 1.16 0 .06 
1.17 0.07 1.17 0.07 

0.71 I ·0.15 1.05 0 .02 
'---1_._10_ 0.04 1.40 0. 15 

SI02 
T102 
Al203 
Fe2o3· 
MnO 
MgO 
cao 
Na20 
K20 
P20s 
LOI 

Pb 
Rb 
Sr 
y 
2'1 
Nb 
Zn 
Cu · 

"' Ba 
v 
Ce 
Q 
Qi 

'-cl,qz,cc alteration zone 
Mean Stanciard Deviation 

1 2 3 4 
1.03 0.01 1.18 0 .07 
1.02 0.0~ 0.79 -0.10 
1.05 0.02 1.63 0.21 

.·0.88 ·0.05 1.11 0 .05 
0.89 -0.05 1.64 0.22 
0.94 -0.03 1.36 0.13 
0.591 ·0.23 0.70 -0.15 

. 0.99 ·0.01 . 0.94 -0.03 
4.69 0.67 6.91 0.84 
1.32 . 0.12 0.97 -0.01 
1. 16 0.07 0 .85 -0.07 

2.25 0.35 2.20 0.34 
6.29 0.80 7.19 0.86 
0.92 -0.04 0.60 -0.22 
1.00,. 0.00 0)4 . ·0.07 
1.05 0.02 0.'80 ·0. ib 
1.13 0.05 0.93 ·0.03 
0.99 -0.01 0.98 ·0.01 
1.03 0.01 0.92 ·0.03 
1.24 0.09 0.69 ·0.05 
2.98 0.47 2.88 0 .46 
0.98 ·0.01 1.03 0 .01 
1.09 0 .04 1.24 0.09 

1.49- 0 .17 1.14 0 .06 
1.03 0 .01 1.22 0 .09 

~ 

VJ 
~ 
0'1 



Table 6-23 (oontinued): · 

1 Mean of alteration zone samples divided by mean of unaltered Skidder Basalt samples 
2 Log of 1 

\ 

3 Standard deviation of aneration zone samples divided by standard deviation of unahered Skidder Basah samples 
4 Log of 3 • 

weight% 
SI02 
no2 
Al203 
Fe2o3• 
MnO 
MgO 
CaO 
Na20 
K20 
P20s 
LOI 
ppm 
Pb 
Rb 
'Sr 
y 
2r 
Nb 
Zn 

.CU 
N 
Ba 
v 
Ce 
0' 
Gl 

cl,qz,py alteration zone 
Mean 3tandard Deviation 

1 2 3 4 
0.841 -0.08 1.71 0.23 

0.751 ·0. 12 1.01 0 .00 
0.98 -0.01 1.78 0.25 
0 .92 -0.04 1.47 0. 17 
1.04 OJ42 1.10 0 .04 
2.90 0 .46 2.39 0.38 
0.201 ·0.70 0.31 -o.5o 
0.331 ·0.48 1.48 .· 0.17 
0.86 ' -0.06 1.57 0.20 
0.83 ·0.08 0.42 -0.381 
2 .0()___() .30 0.97 -0.01 

4.34 0.64 7.17 0.86 
1.44 0. 16 1.33 0.12 
0.311 -0.5(] 0.36 -o.45 
0.65 -0.18 0.53 -o.27 
0.82 -o ~o9 0.60 .().22 
0.97 -0.01 0.99 -0.01 
5~91 0.77 19.94 1.30 
1.30 0.12 2.51 0 .40 
1.96 0.29 1.47 0.17 
1.21 0 .08 2.57 0.41 
1.18 0 .07 0.62 -0.21 
0.88 ~<los 0.89 -0.05 
2.28 0.36 1.76 0.24 
0.98 -0.01 1.01 _Q_._O 11 

• Total iron as FetJ3 

SI02 
no2 
Al203 
Fe2~3· 

. MnO 
MgO 
cao 
Na20 
K20 
P20s 
LOI 

Pb 
Rb 
Sr 
y 

qz,a,py alteration zone 
Meal Standard Deviation· . 

1 2 3 4 
1.19 0.08 2.43 0.39 
0.581 -0.24 1.31 0 .12 

0.761 -0. 12 3.85 0.59 
0 .99 0 .00 3.60 0.56 
0.38 -0.42 1.20 0.08 
0.64 ·0.20 1.34 0.13 
0.21 .0.67 0.61 ·0.21 
0.37 -0.43 2.23 0.35 

10.89 1.04 10.41 1.02 
0.62 -0.21 0.53 -0.28 
1.49 0.17 1.41. ____ _(U~ 

17.32 1.24 25.03 1.40 
13.30 1 .12 8.39 0.92 

o.3or -o.52 . 0.51 -0.29 
0.541 -0.27 0.81 -0.09 
0.84 -0.08 1.05 0.02 
1.14 0 .06 1.14 0.06 
2.32 0.37 6.12 0.79 
0.94 -0.03 0.96 -0.02 
1 .20 0 .08 1.11 0.04 
9.04 0.96 10.78 1.03 

0.68-1 ·0.16 1.32 0.12 
0.86 -0.06 1.10 0.04 
1.60 0.21 1.38 

:zr · 
Nb 
Zn 
cu 
N 
Ba 
v 
Ce 
a 
Ql ~so I -0.10 1.52 

. 0.141 
0 . 18 

5102 
Tl~ 
Al203 
Fe~ 
MnO 
MgO 
cao 
Na20 
K20 
P2Ds 
LOI 

Pb 
Rb 
Sr 
y 
2r 
Nb 
zn 
cu 
N 
Ba 
v 
ce 
0' 
Gl 

I 

Semknassive and massive sulphides 
Mean Standard Deviation 

1 2 3 4 
0.48 -0.32 2.87 0.46 
0.16 ·0.80 0.58 ·0.23 
0.31 ·0.51 3.65 0.56 
3.52 0.55 4.90 0.69 
0.39 -0.41 1.31 0.12 

0.71 -0. 15 2.55 0.41 
0.23 -0.64 0.80 ·0.10 
0.00 -2.44 0.02 -1.72 
2.48 0.39 2.85 0.46 
0.241 -0.61 0.51 .().30 

-· 4_.6~- 0.67 1.81 0.26 

55.49 1 .74 51.20 1.71 
6.80 0.83 2.32 0.36 
0.13 -0.88 0.35 -0.46 
0 .42 -o.37 1.06 0.02 
0.49 -0.31 0.60 -0.22 
1.77 0.25 1.62 0.21 

322.05 . 2.51 1400.53 3.15 
346.41 2.54 853.75 2 .93 

0.791-0. 10 0.65 ·0.19 
1.48 0. 17 1.16 0.06 
0.37f -0.44 1.29 0. t1 
0.34 ·0.47 0.75 ·0.12 
1.09 0.04 0 ,97 -0.01 

1.52 0: 18 7.55 0.88 

f · .... 
C.) 

:!3 
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Table 6-24: Table summarizing data presented in Tables ~22 and 6-23 

Aheration 
Zone 

a,cc,cp± tm 

Cl, CC, QZ, ep 

a,qz,cc 

fl' 

a,qz,py 

Qz,d,py 

Semlmasslve 
and massive 
sulphides 

Enrtctunent relative to Depletion relative to Standard deviation relative to 
typical Skldder Basalt typical Skldder Basalt typical Skldder Basal .. 

Extensive Slight .; Extensive Slight Greater Lesser 

K, Rb, Ba Sr 
•. J 

K, Ab, Sr,Ba Si, Fe, Ca, P, LOI, 
Y, Zn, Cu, V, Ga . 

(K, Ba I Pb, Rb II I ~~-c~OI. Cu. IJ ~:·z~·~:· Mn. I ca. P. LOI. Cu · I 
fK,Pb,Ab,Ba jP, Cr llea I ~~~~.~~.~~,K, lnca,Sr, Zr I 

"'" ... -"'::---.--. ·7 
Mg, LOI, Pb, lAb. Cu Si, Ca, Na, Sr 
Zn, Ni, Cr 

lSi, K, Pb,Rb, LO! Ti, Mn, Mg. Ca. 
Zn,Ba,Cr Na, P, Sr, Y 

Fe, K, LOI, Ba,Ga Si, T i,AI, 
Pb, Rb, Nb, Mn,Ca, Na, 
Zn.Cu P. Sr. Y 

TI,Y 

AI, V,Ga 

Mg, Ni 

Si, AJ, Fe, Mg, Na, 
K, Pb, Rb, Zn, 
Cu. Ni. Ba. Cr 

Si, Ti, AJ, Fe, Mg, 
Na, K, LOI, Pb, Rb, 
Zn. Ba. V. Cr. Ga 

Ca. P, Sr 
Y, Zr, V 

ICa, P, Sr 

Si, AI, Fe, Mg. Mn, JTi, Ca, Na, P, 
K, LOt, Pb, Rb, Nb, Sr, Zr, Ni, Ce 
Zn. Cu. V. Ga 

w 
-l:>-
00 
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Figure 6-73: Major oxide contents of samples from the various Skidder Prospect alteration 
zones versus distance from massive sulphides or most intense alteration. 
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Figure 6-74: Major oxide contents of samples from the various Sk:idder Prospect alteration 
zones versus distance from massive sulphides or most intense alteration. 
* Total iron as Fe2 03 . 
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Figure 6-75: Major oxide contents of samples from the various Skidder Prospect alteration 
zones versus distance from massive sulphides or most intense alteration. 
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Figure 6-76: Major oxide contents and loss on ignition of samples from the various Skidder 
Prospect alteration zones versus distance from massive sulphides or most 
intense alteration. 
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Figure 6-77: Trace element concentrations of samples from the various Skidder Prospect 
alteration zones versus distance from massive sulphides or most intense alteration. 
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Figure 6-78: Trace element concentrations of samples from the various Skidder Prospect 
alteration zones versus distance from massive sulphides or most intense alteration. 
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Figure 6-79:Trace element concentrations of samples from the various Skidder Prospect 
alteration zones versus distance from massive sulphides or most intense alteration. 
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Figure 6-80: Trace element concentrations of samples from the various Sk:idder Prospect 
alteration zones versus distapce from massive sulphides or most intense alteration. 
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Slight depletion of CaO and slight enrichment of Pb accompanies .enrichment of 

K20, Rb and Ba in the cl,cc,qz,ep alteration zone, and extensive depletion of CaO and 

enrichment of Pb accompanies K20, Rb and Ba enrichment in the more altered rocks from 

the cl,qz,cc alteration zone. Depletion of Na20 and Sr accompanies depletion of CaO and 

enrichment of Pb and Zn in the cl,qz,py alteration zone; all of which is accompanied by 

enrichment of K20, Rb and Ba in the qz,cl,py alteration zone. As mentioned previously, . , 

the cl,qz,py and qz,cl,py alteration zones are e~d members of a continuum m;u:ked by a 

pred~minance of chlorite for .the former and quartz for the latter. It is not suiPris~ng 

therefore that enrichment of MgO and depletion of Si02 marks the former, and the reverse 

is true for the latter (Table 6-24). As shown in Figures 6-73 to 6-80, the alteration effects 

described in this paragraph are evident only within about 100 to 150 m of the most 

intensely altered rocks related to the sulphide-bearing zones. 

Enrichment of Fe, Pb, Zn and Cu, which are common constituents of sulphide 

mine~als, ~nd depletion of elements that occur in silicate minerals characterize the 

semimassive and massive sulphide samples, as would be expected. Note however that the 

massive and semimassiv~ sulphide samples are enriched in K20, Rb and Nb, and depleted 

in Ni relative to typical spilitized Skidder Basalt. 

Comparison of the standard deviations of the elements for each of the various 

alteration zones to those of typical Skidder Basalt shows tr.at in most areas the alteration-

resistant incompatible and compatible elements 1-.~·.c standard deviations similar to, or 

lesser than typical Skidder Basalt. In contrast to this, elements that are susceptible to 

alteration have standard deviations that are greater in the alteration zones than in typical 

Skidder Basalt. This serves to illustrate that, although trends toward increases or. decreases 

of the various elements are statistically evident, the effects are sporadic (cf. Figures 6-73 to 

6-80). A notable exception to this is CaO, which is depleted in almost all samples analyzed 

from the more iNensely altered zones. 
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Pearson correlation coefficient matrices for the samples from each of the alteration 

zones are presented in Tables B-17 to B-22, Appendix B. In order to better illustrate 

groupings of interelement correlations for the whole rock and trace element geochemical 

data, and to detennine the effects.of alteration on the various groupings, factor analysis was 

undertaken (see Appendix C for description of method used). Nine groupings of analyses 

were chosen: 1) Skidder Basalt samples unaffected by the Skidder Prospect alteration event 

(Group 1) (see Sect.ion 5.2.2); 2) all analyses of drill core from the Skidder Prospect, 

· excluding trondhjemite and jasper, but incl~1ding sulphide-rich samples (Group 2); 3) 

. Group 2 excluding sulphide-rich samples (Group 3); the chlorite, calcite, epidote ± 
f 

hematite (cl,cc,ep±hm) alteration zone (Group 4); the chlorite, calcite, quanz and epidote 

(cl,cc,qz,ep) alteration zone (Group 5); the chlorite, quanz and calc::ite (cl,qz,cc) alteration 

zone (Group 6); the chlorite, quanz and pyrite (cl,qz,py) alteration zone (Group 7); the 

quanz, chlorite, and pyrite (qz,cl,py) alteration zone (Group 8); and the sulphide-rich 

samples (Group 9). 

Varimax-rotated factcrs detennined for each of the data groupings are presented in 

Tables C-1 to C-9, Appendix C. Facto·:s having similar loadings in the various data sets 

have been grouped together and presented in Tables 6-25 to 6-32. 

6.10.2.2 Factpr grouping l 

Factor 1 of Group 1, the Skidder Basalt samples unaffected by the Skidder 

Prospect alteration event, is typified "'Y large positive loadings -for Ti02, P205, Y, Zr, Nb, 

Ce and Ga (Table 6-25) (cf. Section 5.2.2). This factor, with slight modification, occurs 

in all alteration wnes. Modifications of the factor in the the qz,cl,py alteration zone (Group 

8) involve lesser loadings for Ti02, and exclusion of Ga, Nb and Ce from the factor. The 

factor has positive loadings for SiO:z, Alz03, Na20, Fe203, and "distance from most 
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Table 6-25: ·Factor Grouping l - "incompatible elements" factors extracted from the various data groupings 

Data 
Grouping 
Factor 
%variance 
5102 
TI02 
Al203 
Fe2o3• 
MnO 
MgO 
cao 
Na20 
K;P 
P~s 
LOt 
Pb 
Rb 
Sr 
y 
zr 
Nb 
Zn 
Cu 
N 
Ba 
v 
Ce 

·, o 
QJ 

Distance 

Skldder 
----
1 of 8 

21 .7% 

.678 

.296 

.432 

' 

.532 

.685 

.807 

.683 

. .542 

Aldrfl All except 
---- .,.... ______ 

1 of 7 1 of 7 
25.5% 20.7% 

. ~13 \ 
.627 ..... .451 
.348 .154 

-.297 

.444 

.744 . .737 
-.324 
-. 185 

! 

.756 .611 

.831 .725 

.518 .734 . .158 

-.260 -.209 

.670 .573 

' .172 .351 
.269 

-- -- -,..- · ···· -- - _.,,._ -r - - 1~1'--

1 of 7 4 of 5 Sot 6 
20 .3% 19.0% 16.5% 

.242 
.865 .564 .170 

· .266 
.213 

-. 195 
-.232 -.338 

.210 .:., ·. 198 .194 

.239 .751 .712 

-.359 
.782 .630 .405 

,. .861 .745 .297 
. . 78:1 -) .640 .453 

. \, . .156 -.241 
.271 -.513 
.201 "' .150 

.295 -.304 -.646 

.437 .188 .184 

.429 .292 -.163 

.348 .299 .402 

. ·Total iron as Fep3 
· Skidder Basal!- Skidder Basalt samples relatively unaffected by Skidder Prospect alteration event(s) 

Distance - distance from massive sulphides or most intense alteration 
1 "" 

\__ 
~ 

--1"'1_,,.., 
4018 
13.6% 

.271 

.792 

. . 612 
.806 
.748 
.171 

.547 

.241 

, 

- _., ...... 
2 of 6 

20 ."9% 

.226 

.458 
-.212 

.743 
-. 274 

.626 
-.318 

·.306 
.640 
.714 
.447 

·. 179 

-.201 
. 335 

. .852 

--· . .. _ _. ..... 

1 of 7 
30.6% 

_, -.375 
.62~ 

.777 

.687 

.876 

-.250 

·.346 
-.321 

.251 

.829 

.202 
-.271 

.380 

.843 

.669 

.553 
I 
I 

_c_.) 
VI 
\C) 

~ 
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intense alteration" (distance); and neg~tive ·loadings for MgO and Ba in some of the 

groupings. Loadings for other'elements are inconsistent. In the sulphide-rich samples/ the 

factor has positive loadings for Al2~. MnO, MgO, V, and Cr in addition to most of those 

typical.of the factor, and it has ~egativ~ loadings for P~d Zn. 
:~ 

The ·principal components of this factor (in most of the data groupings) are all 

incompatible with early crystallizing minerals_.iif"a basaltic magma (see discussion in 

Section 5,2.2). Significantly, this "incompatible element" factor, with slight modification, 

occurs in even the ~ost intensely altered rocks, a testimony to th.e resistance of these 

elements to alteration. Positive loadings for distance from most intense alteration for this -

facwr suggest lower contents of the incompatible elements in rocks closer to the most 

intense alteration. Higher concentrations of the compatible ~dements Cr and Ni in the 

cl,qz,py and qz,cl,py alteration zone suggests that th«? lower contents of the incompatible 

elements may reflect primary low 'incompatible and high compatible element concentrations 

in the original basalt rather than the effects of alteration . . This factor, in the sulphide-rich 

samples grouping, is better interpreted as a "silicate-minerals factor" rather than an 

"incompatible elements factor" since the components having large positive loadings occur 

in silicate minerals whereas the elements .Pb and Zn, which have negative loadings, are 

present in the sulphide minerals. 

6.1 0.2.3 Factor grouping 2 
· ~ 

Large positive loadings for Ni and Cr, and moderate positive loadings for MgO, 

LOI and Na20 characterize another factor that is present in all alteration zone data 

groupings; the components of this factor are included in the "silicate minerals factor" of the . 

sulphide-rich samples (Table 6-26). Positive loadings for Ah0:3. CaO, P20s and Sr. and 

negative loadings for Si(h, Y, Zn, and "distance" are evident in some groupings. 

Positive intercorrelations between the principal components of this factor, i.e. Cr. 

Ni and MgO, and negative correlations of these elements with Na20 are influenced by the 
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Table •26: Factor Grouping 2 - "Compatible elements" factors extracted from th~ various 1ta groupings 

Data Skldder . AD cHI All except • , ·· . . 
Grouping Basal core data suiDhldes Ct.cc.eo ± hm Cl.cc.oz.eo Cl.oz.cc ., ... -,....~ 
Factor 

. %variance 

5102 
002 
Al203 
Fe2o3• 
MnO 
MgO 
cao 
Na20 
K20 
P20s 
LOI 
Pb 
Rb 
Sr 
Y . 
l1 
Nb 
zn 
cu 
N 
Ba 
v 
Ce 
0' 
Gi 

~ 

4 of 8 . 
17.1% 

-.347 

.267 

.647 

-.460 

.331 

.145 
· .256 

.152 

~- .744 
·. 152 

·-
.238 
.825 

. 4 of 7 5 of 7 
11.1% 13.0% 

-.179 

.248 .194 ..,. 
-.268 ·.303 

.184 
-.273 

· . 167 

.924 .910 .. 
.161 

.905 .908 
' 

·.369 -·. -._406 

• Total iron as Fep3 _ 

2of 7 1 of 5 4 of 6 f 

21.8% . 29.3% 17.0% 1
· 

-.727 "•,520 
.260 

.256 . 
-.243 

-.229 
.433 .594 .512 
.414 .718 . · .198 

- -:387 -. 789 . -.598 

. 150 
.606 .689 .209 

.158 
·. 171 .169 

.218 .508 
· .236 · .235 

.186 .251 .317 ' 
· .273 

.511 
.791 .911 .669 

-.217 
-.526 -.291 

.214 .267 .200 

.875 .896 .685 
·.220 

---·- -
-.699 - ·.25!_ ·.302 

v 

Skidder Basah- Skidder Basa~ samples relatively unaffected by Skidder Prospect aheration event(s) 
Distance -distance from massive sulphides or most mtense aHeration · · 

. (_ 

· 5 of 8 
10.7% 

.174 

· .203 

.304 

, · .249· 

.424 

.176 
-.141 

.948 

·.242 
.924 

' 

/ 
..... w.,.... ______ 

6 of 6 1 of 7 
12.4% 30.6% 

. ·.378 · .375 
.624 
.777 

.252 . 

.245 .687 

.773 .876 

•. 162 · .250 
.213 
.229 

·.233 · .346 
· . 163 ·:321 

/ 
.251 

·. 1.73 .829 
·.259 ·.202 

·.277 

.703 . .380 

.157 " .307 I .843 
· . 161 . . 669 

.709 .553 

VJ 

~ 
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compatibility of Cr, Ni and MgO with earlx.forrneci minerals from a basaltic magma (see 

discussion in Section 5.2.2). The str~ng positive cor-relation of Cr arid Ni, in even the . - ·- · .. 

most intensely altered rocks, supp<)rt~ the resistance of these elements to ilteration. The 
A \ 

exclusion of MgO from this factor in the cl,qz,py alterapon zone is probably due to the 

dominance of MgO as a component of the rocks ill. this alteration zone: The negative 

loading of "distance" in this factor suggests _higher compatible element concentrations in 

rocks more. proximal to the Skidder Prospect sulphide-bearing zones (see discuSsion J.n 

Section 6.10.2.2). 

6.10.2.4 Factor grouping 3 · . . 

. Strong pos.itive loadings ~20. Rb and Ba CQaracterize a third factor evident in 

all groupings (Table 6-27). In this factor, p<)sitive loadings for Sr and Al20J are shown by 

the less altered rocks and negative loadings for MnO and MgO are evident in several of the 

groupings. The cl,qz,cc and/or qz,cl,py alteration zones show positive loadings for Ti02, 

Al203, Na20. P10s, Zr, Nb, V, Ce and Ga. A large negative loading for Na10 is shown 
... ~ 

by the cl,cc,ep±hm alteration zone dati 

Jntercorrelatioris between the principal components ·of this "potassium" factor, i.e. 

K20, Rb and Ba, are readily explained by substitution of the latter elements for potassium 
\ 

in the potassium-bearing minerals (cf. Section 5.2.2). - Similarly, Sr and Pb substitute for 

potassium. The large negative/ding for Na20 in .the Cl,cc,e~±hm alterati9n zone da~ i~' 

probably reflects the replacement of Na by K i.n alkali feldspar in these rocks. Potassium 

and its substitutes behave independently in the less altered rocks but share_p<)sitive loadings . 

with the incompatible elements in the cl,qz,cc and qz,cl,py alteration zones . ... 

6.10.2.5 Factor grouping 4 

A fourth factor di~tinguishable in all data groupings is characterized by large 

positive loadings for MgO, MnO (except for the cl,qz,cc alteration·zone) and Zn (exCept for 

(' ' 

... 
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Table 6-27: Factor Grouping 3 -""Potassium" factors extracted from-the various data groupings . . 

Data Skldder 
Gl'cq)lng 
Factor 
%Yal1anee 
SI02 
Tl02 
Al~3 
Fe203" 
MnO 
MgO 
CaO 

-
3 of 8 
13.9% 

.432 

. r 
t'~ 

!'!".;,; 

Na20 .159 . 
-; K2o· 

P20s 
LOI 
Pb 
Rb 
Sr · 
y 
2r 

(.Nb 
Zn 
cu 
N 
Ba 
v 
Ce 
0' 
Ql 
Dislance 

.... 

I 

·Total iron as Fe..,03 

.902 

.164 

.802 

.359 

. 

.710 
..p 

· . 151 

Alcd 

·-
3 of 7 
13.2% 

.217 

-.253-
·.299 

.• 949 

.914 

.167 

.730 

'\ 

All except 
--•r·----- -··--,-... - ··--- _.,~,.,., .... -........ -'1"1..,. 

3 of 7 3 of 7 3 of 5 2ot& 
14.3% 2-1.5% 19.9% 21 .2°/o ' 

.152 ·.206 ·.239 
.413 
.806 

· .181 
·.380 .384 ·.161 
·.356 . ' -.583 

.398 
-.6$~ .207 

. 940 .870 .839 .949 
·. 160 ' . -. 165 -.441• 

.463 · .207 .717 

.906 .834 .683 ... .950 

.149 .795 . 
-.165 "" 154 . 

·.199 . .~75. 

.223 ·.238 • :343 

.504 .231 
' 

.738 .783 .835 .478 . .. 402 
-,221 -.711 .182 

(, 

.480 
__ · - - ~6 .411 

Skidder Basalt · Skidder Basalt sai'Tl'les relatively unaffected by Skidder Prospect alteration event(s) 
Distance - distance 1rom massive sulphides or most intense alteratpn 

' 

\ . 
\ 

_., ...... ,..:r. _..., .... ,l":r 

3of 8 1 of 6 r . 
1 0.5%. , 28.1%) 

I ~3 
~ .'875 
~ .748 

· .178 
·.238 

·. 194 . , 

.931 .801 . .605 

./ .816 .793 

.368 

.482 

.794 
" 

·.217 
.195 

.653 .258 
.665 
.605 

.819 

__ . ..., .. -
2oH 
13.7% 

/ 

" 
' 

-. 193 

.888 

.714 . l . 

.194 

.578 • 

.834 

·.283 

· .303 

/ 

,. 

~-

0\ 
~ 



the qz,,cl,py and sulphide-rich samples) (Table 6-28). Pcfsitive loadings for Ti02, Fe203, 

LOI,V and Ga, and negative lo;!dings for Si~. NaiO, N~Ce and Cr are evident in some' 

altera.tio~ zone data groupings. . ~ . 

·Most elements that have large positive loadings for this factor are components of 
< - . 

chlorite, a ubiquitous phase in most of the Skidder Basalt (see discussion in ~tion' 5.2.2). 

Zinc, a~other component of this factor, correlates QOSitively with MgO in several of the 

sample groupings, but particularly in the high-MgO cl,qz,py zone (see discussion in 

Section 6.1 0.3). Chlorite is the major mineral of rocks in that ~Iteration zone. The 

negativ~ loadings for Si02 and Na20 in several of the alteration zone ~oupings, 

particularly in the high-MgO cl,qz,py zone, are probably a result of_:..vol~metric effects 

regarding the major mineral components of the rock, for example, samples having high 

chlgrite contents would have lesser contents of albite and quartz. Groupings having large 
. ' 

positive loadings forTi~. Fe20:3 and Y may result from incorporation of an Fe-Ti oxide .~ 
I .._ 

compocent along with the chlorite component in this factor. Ga and Zn correlate positively 

in all data groupings, but wh~ther Ga substitutes for Fe or Mg in chlorite or for iron· in Fe­

Ti oxide is uncertain. 

I 

~.10.2.6 F~ctor groupingS 

Large positive loadings for Cad and Sr, a moderate positive loading for MnO, and 
• I 

generally negative loadings for Si02 define a fifth factor (Table. 6-29). This factor is 

independent in 'all data groupings except those of-the cl,cc,ep±hm, cl,cc,qz,ep and qz,cl,py 

, c alteration zones. In the cl,cc,ep±hm alte1ation zone data, it is incorporated into the 

"compatible elements factor" and the "potassium factor'' (Tables 6-26 and 6-27); in the 

~~c.qz,ep _it is incorporated 'into the "compatible elements facto~" (Table 6-26); and, in the 

qz,cl,py data grouping, it is incorporated into the ''chlorite factor" (Table 6-28). Positive 

loadings for LOI, Ba and "distance", and negative loadings for Ce and Ga are shown in 

some data groupings. 

J 

' 

,.•, 



/ , . 

/ 

Table.6-28: Factor Grouping 4 • "Chlorite/ZincJactors extracted from the various data groupings 
. ' • I . '-

Data . Slddder M drll All except 
Grouping 
Factor 
%vartance 

• SI02 

2of 8 
10.5% 

.180 

.462 

·-
6of7 
12.9% 

-.398 
.212 
.491 

lpi-~- _;l.l-, .a~) ... ' .... 

2 of 7 4 of 7 
18.3% 12.7% . 

·.628 . -.302 

-· .... ,;.a.;.. ...!P ""I,QZ"'"' ..,t,QZ.DV 

2 of 5 1 of 6 . 2 Qf 8 
23.3% 20.7% 20.9% 

·.582 ·.429 ·.884 
.362 .519 ·.419 
.116 
.872 .717 .365 

. 
n~ 
Al203 
Fe203* 
MnO .738 .565 .309 .922 .542 .396 . 
MgO 
cao 
Na20 
K~--....., 

P~s 
LOI 
Pb 
Rb 
Sr 
y ' 

Zl 
Nb 
Zn 
Cu 
N 
Ba 
v 
Ce 
cr 
~ 
Distance 

. 
[) 

.366 .649 .668 .700 
·.332 

· .428 -.398 . -.280 
-.099 

-.170 .178 -.239 
.595 .174 

-.283 .293 .' 

-.157 \ 
l -.222 

-.171 .186 
,..... .644 .822 .827 

~ 

.350 i 
.761 .431 

·. 177 
-. 184 . 

.185 .219 .290 . . 274 
r-- -.162 

• .I : • 

.424 .455 . 
· .257 
·. 155 

.375 

- . 
-.310 

.195 

.417 

.181 
.838 .608 

-. 142 -.577 
-.186 -.277 

.703 .287 
-. 180 -. 178 
•.195 -.177 

.505 .264 
-.154 

• Total iron as Fei}3 . L 
Skick:ler Basalt·. Skidder Basah samples relatively unaftecteL by Skidd~r Prospe(:t alteration evenl(s) 
Distanc~ -distance from massive sulphides or most intense [aheration . . 

' . 
' . 

.. ·.,. 

.867 

-.753 

.749 

.365 

· .310 

.709 

·.565 

-•-

.. 
• 

"'" ~~,;I,PV 
3016 
15.9% 

··.561 
. 

.807 
. . 408 

1.. .956 

.225 
-.167 

.504 

.184 

.804 
-. 175 

-. 178 
-.215 
-.207 
-.286 

" 

;:,uloh•oes 
1 of 7 
30.6% 

-.375 
.624 
.777 

.687 

.876 

•.250 

-.346 
-.321 

.251 

.829 

.202 
-.277 

.380 

.843 

.669 

.553 

' 

... 

.. 

~ 

Vol 
- 0'1 

VI 

• 

~ 
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l)ble 6-29: Factor Grouping 5 - "CalCite" factors extmcted from the various data groupings 
·• I ' 
~ . . 

00ta Skldder · AI driJ i · AU except 
Grouping 
Factor 
%vnnce 
SIDl 
TIDl 
AI20:J 
Fe203* 
MnO 
MgO 
CaO 
Na20 
K2<) 
P2<ls 
LOI 
Pb 
Rb 
Sr 
y 
'll ' 
Nb 
Zn 
Cu 
1'1 
Ba ­
v 
ce 
Q' 
Ql 
Oistance -

Basalt 
5of6 
11.9% 

-.597 

·.266 

.148 
-.261 

.797 

.539 

.210 

.181 
-.318 ' 

-. 155 

·.250 

core data sulphides 
5of 7 4 of 7 
9.5% 10.4% 

- . 16 -.301 
.158 

i '\ 

I ' 

.434 .511 
·.156 

.868 .891 

.236 

-. 16'3 

.770 .693 

' 

.429 . 
.211 .205 

· . 176 ·.190 

.363 .309 

Ct,QZ,CC 
3 of 6 
14.2% 

-.572 

' .218 
.650 

.880 
-.228 

• 

.669 
-.179 

.380 

.218 
·. 166 

-. 160 
·.236 

.196 

-' • Total iron as Fe.p3 . 

Ct,qz,py SUtpl'ltdes 
6 bf 8 5 of 7 

10.3% 11 .8% 
.246 -. 194 
.296 ' 

-.782 
.178 .56'4 

.400 .832 

.293 
·.177 
•, 155 

-.312 . 
-.202 ' -.282 

.553 .842 

.164 

-.518 -.156 

.472 

·. 155 

-.373 
- ----

-.6Q1__ 

Skidder Basalt - Skidder Basalt samples relatively unaffected by Skidder Prospect alteration event(s) 
Distance- distance frorri massive sulphides ot most intense alteration a 

:.. - ) 

' 

(7 

/ 

•· 

.. 

;jJ, 
,1,~. ' 
~ .... 

~ 

• 
/ 

\H 
0'1 
0'1 

.. 

! 
! ' 
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This factor is interp~eted as a "calcite factor" since both Mn and Sr substitute for Ca 

r in ~alci~e (see discussion' in Section 5.2.2). Positive loadings for.distance in ~h~ fact~r 
·attest to the depletion of calcite,-and calcium overall, in the more intensely altllred ~cks; 

\ 

note however that calcite is a gangue mineral in the sulphide-rich samples, this being . · 

reflected in "distance" having a large negative loading in this data grouping. 

6.10.2.7 OtheF" factors 

. A factor defined b~ large positive loadings for Al203, and moderate negative 

loadings {:jr Si02 and CaO is evident in four of the data groupings ~Jble 6-30). The 

factor has positive loadings for ~e20:3 and V in three of the groupings. 

This factor is interpreJd as a combination of an "al.umina" and an "Fe-Ti oxide" 

factor. 

An independent factor. having large loadings for lead occurs in the "typical spilitized 

' Skidder Basalt", cl,cc,ep±hm and cl,cc,qz,ep data groupings (Table 6-30). A second 

independent factor having large positive loadings for copper is shown by the cl,~c,ep±hm 

. and cl,q~z,py alteration zone data groupings (Table 6-31 ). Other independent factors, each 

.jA. of which occurs in only one of the data groupings, are listed in Table 6-31. 

6.10.2.8 ·Sulphide-related factors 

Three factors that are probably sulphide retated .~e evident in the data groupings 

(Table 6-32). These are: I) a factor defined by positive loadings for Pb, Zn and. Cu in the 
. . . 

"all drill core" and "sulP.hides" groupings; 2) one defined by positive. loadings for Fe20 3, 
I . 

LOI and Nb, and aegative loadings for Si02 and Ba in the ·:an drill core", "all except 
' 

sulphides" and "sulphides" groupings; and 3) one in the qz~cl ,py data grouping defined by 

positive loadings for Fe2~. LOI, Pt- and Zn, and negative loadings for Si02 and Zr. ·· . ' 

The first factor is interpreted as a "sulphide factor". The three principal components 

of this factor strongly ~tercorrelate in the sulphide rich-samples, and they form a distinct 

... 

/ 

• 
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Table6-~: "Alumina" and "Lead" factors extracted from the various data groupings 

' Akmlna Lead 
Skklder AJJexcept Skldder 

' 
Daa 
~ng 
Factor 
%vartance 
SI02 

Basal SUIDhldes Clcc,ep±hm CI,QZ,PY Basalt Cl cc,ep ± hm Cl cc,az ep 

TI02 
Al203 
Fe2<>3· 
MnO 
MgO 
cao 
Nl20 
K20 

I P20s 
LOI 
Pb 
Rb 
Sr 
y 

zr 
Nb 
Zn 
cu 
N 
Ba 
v 
Ce 
() 

Ql 
.. Distance 

6of 8 
,10.7% 

-.351 
.166 
.533 
.491 

.237 
-.137 

-.440 

.175 : 

. 
· .248 

.846 

• Total iron as Fei)3 

... 
6of7 5of 7 
16.1% 10.0% 

-.470 -.245 
.369 . -.161 
.766 .783 
.142 
.358 ·. 167 
.357 

-.254 ·-.602 
.257 

.315 
' . .398 

· .360 

-.275 

.301 
-.417 t 

.861 
.442 

. • 603 
-.325 ...... 

, 1 of 8 7of8 ~ 6 of 7 
19.3% 6.9% 7.3% 

·.243 .> 

.249 

.899 -.166 

.252 • 

.243 
-.762 ·.173 

-.482 
-.239 .358 .315 
-.617 .807 ·• .910 

.273 .192 
-.480 ·.485 

.322 

.178 ' 
.197 . 

.156 .128 

' 

·.165 ·.165 
.890 
.192 

.729 ' -.357 

--
Skidder Basalt- SIOOder Ba~alt ~alll>les relatively unaffected by Skidder Prospect alteration event(s) 
Distance - distance from massive sulphides or most intense aheratioh 

,. 

5 of 5 
8 .6'% 

-.24 1 

.480 
·.248 

• .189 
.733 

, 

· .233' 
.161 

-.168 

.215 

-.249 
.418 

.I 

; 

\ / .. 

{.). 

. ,.,_ 

I.H 
0'1 
'tiO -

"=· 

; 
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Table 6-31: Miscellaneous faclors extracted from the various data groupings 

Data 
Grouping 
Fac10r 
0_4 varlin:e 
SI02 
no2 
Al203 
Fe203" . 
MnO 
MgO 
cao 
Na20 
K20 
P20s 
LOI. 
Pb 
Rb 
Sr 

t~ 

... 

ci cc.eo ± tvn 
7 of 7 
6.4% 

.172 

·.703 
·' 

.; 

.161 

.253 

.238 

.598 

.161 

CI,QZ,PY . 
7 of 8 
5.6% . .204 

-.164 

-.197 
-.200 

.161 

-.225 

· . 177 

-. 196 
.217 

-. 192 
... 

.817 

. - -:J:l."-·-- ~ - .-r"',...'-- Mn.'Ce 
Skldder 

. Basalt Cl,qz.cc 
8of 8 6 of 6 
7.3% 10.5% 

.150 

' .260 .164' 
-.266 

' /•441 
-.197 .049! 

.362 -.270 
! 

.239 .. 

~ .2071 

: .320 -.251 
.202 . .151 
. 179 

.328 

·.680 .282 

·.691 

.: .. 

Distance · 

Cl,qz~-

8 of B 
9.1% 

·.156 

.158 
·.548 

I 

.299 
I 

" -

.420 

.199 

·.188 
-. 147 

.264 

Nb 
Zn 
Cu 
N 
Ba 
v 
Ce 
0' 
Ql 

· .1631 f.---
.228 -.234 .732 -.617 

' I 
__ -.292 .215 

Distance _ .151 -. 163 .796 
·Total iron as Fe.p3 . . 
Skidder Basalt - Skidder Basalt samples relatively unaffected by Skidder Prospect alteration event(s) 
Distance -distance from massive sulphides or most inten~ alteration 

Bark.m P20s 
.. 

Qzc!Jn'. SU!Q_hldes · 
5of & 7of 7 
10.0% 5.6% 

.302 .1-61 

. 182 
-.558 

-

.169 

.;320 
.890 

·.422 
~· 

.243 

·.215 

·.4461 .233 

.2~7 ·.218 
.735 

J 
•.489 .260 

-.480 
-

r 

Zn.Y.Ga 

SUiohldes ·I 
4of 7 
11 .9% 

-.374 

.728 

.676 

-.168 

·.276 
.817 

~.564 

... 

t 

VJ ' 
a-. 
1.0 

W' 
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Table '-32: Sulphide-related ~actors extracted from the variqus data groupings ) 

Data 
~lng 
Factor 
%vm1ance 
SI02 
TIOt-

. Al203 
Fe2o3• 
MnO 
MgO 
cao 
Na20 
K20 
P20s 
LOI 
Pb 
Rb 
Sr 
y 

'Zr 
Nb 

_ Zn 
\':_, cu 

N 
Ba 
v 
Ce 
()' 
Ql 

Dlstance 

-~· 
All mil 

COJedata 
2 of 7 
13.3% 

• 

. 

.336 

.158 

.830 

.642 

,: 

.831 

• Total iron as Fe.p3 

Sulphides 
6of 7 

\ 9 .1% 

'-..,_ 

; 

-.196 

.679 
-.399 

-.161 

. 311 

.163 

.684 

. 465 

.217 

.258 

• L•··-
Aldlil AU except 

core data sulphides 
7of 7 7017 

14.5% 7.3% 
-.654 -.267 

-.158 
.609 . . . 816 
.172 

.159 
-.290 -.211 

-.207 
.544 .243 
.189 
.150 

... . 

.700 .389 

.266 , 
-.189 -.292 

.186 
-· .177 

Distance -distance from massive sulphides or most intense alteration • 

--

Sulphides 
3of 7 
17.4% 

-.808 

.753 

~ 

.828 

.209 

-.249 

.702 

--. -.517 
-.156 

. 

-.351 

,I 

Pb. Zn 

Oz,CIJ)y 
4 of 6 
12.8% 

-.354 

.498 
. -.241 

·: 

( 
, ' 

.457 

.792 

-. 180 
-.332 . 

.822 

-.234 
.176 

C) 

-.366 .. 
-. 183 

.202 

w 

~;5 
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gro_uping dominated by sulphide mineralogy as opposed to silicate, . oxide or c;arbonate 

mineralogy in t~e "all drill core" data groupi11g. The, secon'd factor is interprete.d as a· 

"pyrite factor". Niobium; which, along with Fe20:J and LOI, has large positive loadings in 
• <> • I -. 

this factor, ~s slightly enriched in the sulphide-rich rocks (Table 6-32). It is uncertain, . 

however, whether the inclusion of Nb in this factor implies that it can be incorporated i.nto 
' 

" pyrite or whether its enrichment in the sulphide-rich roc~~ is due to an(llytical en;9r. The 
I 

third sulphide-related factor probably reflects erui<;.hment of Zn and Pb relative to copper in 

the qz,cl,py alteration zone . 

• ,. 
___.l. . 

6.10.2.9 Discussion and summary 

Two factors .that probably reflect magmatic processes can be distinguished in all 

data groupings, these ·being the "incompatible elements factor" and the "compatibie­

elements. factor" . Of the elemer.ts having th~ largest positive loadings in the "incompatible 

elements" factor, Zr, Y and P20s remain strongly po~tively correlated in even the most 

intensely altered rocks. However, Ti02 and Ce have only weak positive loadings in the 

more altered rock groupings. In' the "compatible elements factor", Ni an Cr have strong 

positive correlations in all alteration zones, even the most intensely altered. The lack of 

contribution of a sulphide component to the Ni content of the samples, including those that 

are sulphide rich, iJlmp!ied. 

Alteration-related factors evident in several of the data groupings include two 

factors related to specific minerals, i.e. the "calcite" and "chlorite" factors. Spilitization and 

the Skidder Prospect alteration event has masked the positive correlations of the alkalis to 

other incompatible elements such that potassiulll\'and elements that substitute for it, form 

an independent factor in all the data groupings. Na20 has a large positive loading in the 

"incompatible elements factor" only in the_ qz,cl,py data grouping. Like SiOz, the 

contributions of Na20 to the variance in most of the data groupings are through negative 

loadings~ the "compatible elements factor" and the "chlorite factor": 

$'J J 
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. Independent factors for lead and AliO? occur in some ~the d~ta grourH-ngs. · An 

·Fe-Ti "subfactor" is discernible in the "alu,mina factor" in three data groupings,' and in ,ather 
.• I 

factors elsewhere .. 
.. . 

Factors related to sulphides. include a Pb, Zrf and Cu "sulphide factor" in the "all · , 
drill core" and "sulphides" ~uping~. and a ".pyrite" faeu:>r in the"all drill core" •. "aU except · 

sulphides" and "~ulphldes" groupings: Note that several factors or facror components are · 
' . 

unique to the :·sulphides" data grouping. For instance, -Factor 1 in.thiS grouping includes a 

combination of factor components to. form a "silicate factor"; elsewhere these compon~ts 

are separated ~nto the ''jnc~mpatible element~", "compatible e~ements", "chlorite", a~d 
"alumina" factors. Also, the "potassium factor" in the "sulphides" grouping has a positive 

. . . . . ' 
loading with respect to Na20; and P20s is not'included in the "incompatible elements" 

t~ factor in the "sulphides" grouping, but occurs as an independent factor. 

\ 

.. 6.10.3 Zinc enrichment in magnesium-rich rocks 

.. Zn shows a strong positive correlation with MgO in rocks1Jroxirnal to the•Skidder 

Prospect (Figure 6-81). It is particularly enriched in the liigh-MgO rocks of the cl,qz,py 
. 

alteration zone; several of these rocks havin~ Zn _co~centratiqns greater than 900 ppm . 
. .. 

Electron microprobe analysis for S, Fe and Zn was done on several chlorites in thin and 

polished sections of rocks proximal to ttre Skidder Prospect in an effort tcf det~~te , 

• whether the zinc occurs in minute sphalerite grains or whether it is directly incorporated 

into the ~igh-Mg-chlorite structure: Several quartz grains were analyzed·for S, Fe and Zn 

for use as controls. The mean, standard dev~ation, mruiimum and rn1nimurtt for thj S, Fe . 
and Zn contents of the various minerals analyzed are presented in Table 6-33; individual 

. . 
~nalyses are listeti in Table A-7, Appendix A .. The analyse~ show that Zn'contents are 

indeed higher in chlorite than in quartz and muscovite. Zn contents are also higher in the . 

:\lery few analyses earned out on talc, calcite and magn~tite relative to those of quartz an,d. 

muscovite. As shown on Figure 6-82, despite extensive scattering of the data points, there 

• 

' • 
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10000 
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Figure 6-81: Per cent MgO versus parts per million Zn in samples from the various Skidder 
Prospect alteration zones. 



Table6-33: Averages of electron microprobe analyses for S-Fe-Zn in non-sulphide 
minerals from rocks proximal to the Skidder Pr?spect 

1\,11neral 
Average 

Chlorite Ouanz Muscovite Talc 

s 
Fe 
Zn 
Analyses 

0.06 
8.74 
0.30 

41 

Standard Deviation 
s 
Fe 
Zn 

Minimum 
s 
Fe 
Zn 

Maximum 
s 
Fe 
Zn 

0 05 
4.10 
0.12 

0.01 
3.16 
0.15 

0.20 
21 .09 

0.68 

n.d. -not detected 

• 

0.02 0.03 0 03 
0.05 0.82 2.61 
0.16 0.15 0.24 

11 3 2 

0.02 0.01 0.01 
0.05 0.54 0.99 
0.03 0.06 0.05 

0.01 0.02 0.02 
·0.01 0.34 1.91 
0.09 0 .09 0.20 

0.05 0.04 0.03 
0.17 1 .41 3.31 
0.21 0 .20 0.27 

Cslclte Magnetite 

n.d. 0.15 
0.68 98.98 
0.21 ' 0.23 

1 1 
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1 .1 

/ - 0 
0 1.0 • 0 .,... 
)( - 0.8 ·/ · Key .s::: 
C) 

"Ci) • 3: chlorite 
(.) 0.6 • 

~·e . / . .. 0 chlorite 
0 ./.. ... . (sphalerite-rich area) 
'tU 0.4 . " - :a / 
~ 

* 
line having equation 

0 .: Y= X+ 0.3 -.s::: 0.2 C) 

-~ -
0 0.2 0.4 0.6 0.8 1.0 1.1 

s 
(weight o/o I atomic weight x 1 00) 

Figure 6-82: Zn vs. S in chlorites from rocks proximal to the Skidder Prospect. 
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is a crude one to one correspondence between atomic S and Zn in the chlorite analyses. 

The data scattering, and the indicated presence of greater amounts of lUOmic Zn at a given 

atomicS content, is probably a result of analytical uncertainty, since the contents of both 

elements being measured is close to the detection limit for the electron microprobe. 

·· The one to one correspondence between atomic S and Zn in the chlorite analyses 

suggests that the Zn is present in minute sphalerite inclusions in the chlorites rather than 

directly incorporated into the chlorite strucrure . . 

' -
• 

• 
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6.11 Jasper Geochemic;try 

Jasper analyses listed in Table 6-34 include one from the jasper unit at sample 
' ' 

locationS 71 (Figures 3-3 and 3-4); and six of jasper associated with the Skidder Prospect. 

Silica and iron comprise the bulk of sampleS 7i, accompanied by a very smali amount of 

Ca and AI. The reciprocal relationship between silica and iron in the Skidder Prospecr 

jasper samples reflects the presence of varying proportions of quartz and hematite in the 

samples. High LOI values for sample's SK 28 48, SK 35A 7 and SK 37 A 40 indicat~ the 

presence of sulphides, mostly pyrite. Chalcopyrite accompanies the pyrite in sample SK 

28 48 (Cu = 8313 ppm), and chMcopyrite and sphalerite occur•with pyrite in sample SK 

37 A 4~u = 7936 ppm, Zn = 909 ppm). Disproportionately high contents o f Ah03, 

MgO, ~ and V in sample SK 37 A 40 relative to the others are probably due to the 
I I 

presence . of sjlicates other than. quartz in the sample, e.g. silicates comprising an 

, . .incorporated basalt fragment. The high P203 and CaO contents of this sample p~obably 

reflect the presence of apatite, with or without calcite. The apatite may be part of a basalt 

fragmen~ incorporated into the jasper. or alternatively, it may be of sedimentary origin(?) . 

.. 

\ 

c' 
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Tabte·6-34: Whole rock analyses of jasper from.,the Skidder area 

OutcroP' Skidder Prospect Drill Core 
SK SK SK SK SK SK 

weight o;; 0 s 71 27 39 28 48 32 30 35A 7 37A 40 37A 49 
SI02 
TI02 

f.J36.80 85.80 64.90 79.80 71 .00 40.oo· 93.40 
n.d. n.d. 0.04 n.d. n.d. 0.03 n.d. 

Al2<)3 0.10 0.20 0.60 n.d. 0 .50 .1.70 n.d~ 
Fe203" 11 .79 6.60 21 .97 16.26 17.12 45.20 4.33 
MnO 0.01 0.04 0.01 0 .01 0 .04 0.04 0.01 
MgO 0.01 0.10 0.17 0 .02 0.55 1.61 0.05 
CaO 0.21 2.14 0.12 1.74 1.56 2.60 0 .98 
Na:z<> 0 .02 ':J.d 0.05 n.d. 0.01 0.01 n.d. 
K20 .Q.01 n.d. 0.06 n.d. 0 .01 0.03 0.01 
P20s 0.06 0.03 0.06 0 .05 0.06 ' 1.10 n.d . 
LOI 0 .43 4031 11 .43 1.02 8.12 6.72 0.92 
Total 99.44 98.94 99.41 98.90 98.97 99.04 99.70 
ppm ' Pb 2 6 69. 9 10 236 1 
Rb 2 n.d. 6 2 2 11 n.d. 
Sr 3 12 2 11 8 28 6 
y 2 1 n.d. 2. 1 32 n.d . 
Zr 8 8 15 8 13 29 4 
Nb 3 3 8 . 2 

...-. 
3 10 3 

Zn n.d. n.d. 43 n.d. 19 909 4 • 

Cu 38 33 8313 n.d. 84 7936 32 
Ni n.d. n.d. 4 n.d. n.d. 2 n.d . 
Ba n.d. n.d. 6 n.d. n.d. 5)' n.d . 
v 

,~ 

Ce 
10 1 15 56 16 221 16 
27 27 12 13 43 10 68 

Cr 11 3 n.d. 11 n.d. 33 8 
Ga 2 2 2 2 6 14 3 

Average 
(Drill 
Core) 
72.48 

0.04 
0.75 

18.58 
0.03 
0.42 
1.52 
0.02 
0.03 
0.26 
5.37 

99.16 

55 
5 

11 
9 

13 
5 

244 
3280 

3 
·6 
~ 
29 
14 

5 

Depth (feet) 
Depth (metres) 
Distance 
Comment 

605 544.5 707 1574 1513 1531 ~ 
184.4 166.0 215.5 479.6 461.1 466.6 

~.!..11.:..:.·::::.,3 .---....:2;:.:.. 6~___:::.:30~· ::::.,5 ,........_0~·.:;5 ..--.-:5::.:.;. 5;..--~ 10.1 
I Bx I I I L I Bx 

·Total iron as Fe203 
n.d. - not detected 
Depth -drill hole depth at which sample was taken " . 
Distance - distance from massive sulphides or most intense alteration 
Bx - brecciated . ..._,_ 

yered 
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6.12 Miscellaneous Geochemical Analyses ,, 
6.12.1 Diabase dyke intruding massive sulphides 

Sample SK 27 44, of a diabase·dyke intruding massive sulphides, shows moderate 

' enricltment of MgO and Zn, and depletion of CaO, Sr and Na20 relative to typical spilitized 

Skidder Basalt (Table 6-35). These geochemical effects are similar to those of less altered . , . 

rocks from the cl,qz,py alteration zone. This would surgest that. Mg-metasomatism 
.... 

contin~d in the Skidder Prospect area after deposition of the sulphides (see Section 6.15). 

6.12.2 K-feldspar-rich masses " 

~.37A 39 (Table .6-35), from~ chlorite gouge.,1one, is. of ~ynded masses 

composed of K-feldspar and quartz in a chlorite matrix (Figure 6-"15 is a photograph of the 

sample). These K-feldspar-rich areas are discussed briefly in Section 6.2.2.5. The sample 
' . 

is enriched in K20. Rp an~ Ba, as wowld be expected. Surprisingly however, it also has 

unusually high Zr (415 ppm) andY (129 ppm) concentrations. These concenf!ations are 

much higher than in any other sample analyzed from the Skidder area, e.g. trondhjemite 

dyke SK 68, which has the next highest Zr and Y concentrations of the Skidder Basalt 

samples, has a 7.I concentration of 220 ppm and an Y concentration of 74 ppm. Trace 

element concentrations in sample SK 37A 39 are similar ro those in some samples of the 
. 6 

Silurian Topsails peralkaline granite suite exposed to the north.,west of the Skidder Basah "' . (Taylor rut. 1980; Wh;len and Currie, 1983; 1987) (Figutt 3-1 ). These K-feldspar-rich 

masses may therefore have formed later than the Sk'idder Basalt; possibly having 

crystalliTcd from magmatic fluids related to the Topsails igneous event. 
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Table 6-35: Miscellaneous whole rock geochemical analyses of rocks proximal 
' Jo the Skidder Prospect 

Diabase dyt(e Intruding 
massive sulphides K-feldspar-rtch mass 

weight% SK 27 44 we!ght% SK 37A 39 
SI02 48 .00 SI02 54.80 
Tl02 1.20 Tl~ 0.56 
Al203 15.40 Al203 18.20 

' Fe203*, 10.74 Fe2o3• 5.65 . 
MnO 0.18 MnO 0.05 ~' 
MgO 15.01 MgO 4.43 
cao 0.65 cao 1.12 . 
Na20 2.45 Na20 0.28 
K20 0.03 K20 9.30 
P20s 0.17 P205 0.05 
LOI 6.57 LOI 3.76 
Total 100.40 Total 98.20 

... r~ 
!212m Qem " ... 
Pb 3 Pb 8 

~ 

Th 0 Th 7 
u 0 u 0 
Rb 1 Rb 135 
Sr. 23 Sr 19 . 
y 21 y 129 , 

I 
~· Zr 68 Zt 415 -

Nb 7 Nb 9 , 
Zn 188 Zn 156 
Cu 41 Cu 8 
N 78 1'1 4 
u 3 La. 16 
Ba 0 Ba 972 
v ( 400 v 57 
Ce 71 c. 41 
()' 285 ()' 10 
0!1 16 Ql 26 

I 

Depth(f) 636.0 Depth (f) 1510.5 
Depth(m) 193.9 Depth (m) 460 .4 
Distance•• 1.8 Distance- 6 .2 

(f) feet 
(m) metres 

• Total iron as Fe;P3 
•• Distance from most intense a~eration or ~assive sulphides 
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6.13 Rare-Earth Element Geochemistry 

6.1-3.1 Presentation of results 

. ' .. 
; 
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Rare-earth element .(REE) concentrations of eight rock samples from the Skidder 

Prospect are listed in Table 6-36. The REE concentrations were determined according to 

the method of Fryer (1917) (see Appendix D). Samples chosen for analysis include: ~n 

epidotized basalt from the cl,cc,ep±hm alteration zone (sample SK 27 8); a sili~ified~asalt 

from the cl,cc,qz,e~ alteration zone (sample sk 31 522); -~basalt from the cl,.~,cc 

alteration zone (sample SK 28 58); and an int~nsely chloritized basalt from the cl,qz,py 

alteration zone (sample SK 27 27). The remaining S'!Unples are sulphide rich and comprise: 

a silicified, pyrite-rich rock from the qt;Gl.py alteration zone (sample SK 30 61 ); 

sernimassive pyrite in chlorite (sample SK 30 74); sernimasslve pyrite, chalcopyrite and 

sphalerite in quartz (sample SK 30 80); and, massive pyrite, sphalerite and chalcopyrite 

(sample SK 28 69). 

Chondrite-normalized REE patterns for the Skidder Prospect samples presented on 

Figure 6-83 show twodistin~t groupinps. Analyzed basalts that do not contain appreciable 

amounts of sulphides have rare-earth element concentrations (Table 6-36), and display 

chond.rite-normalized REE patt~ms (Figures 6-83 and 6-84) similar to typical spili tized ~ , 

Skidder bais}ts not affected by the Skiqder ~ospect mineralizing event(s) (cf. Section 

5.3.3). Note that silicified basalt sample SK 31 522 and highly chloritizcd bas~lt sample 

SK 27 27, which analyzed 19.65% MgO in whole rock (Table 6-36), are included in this 

group. 

The sul~hide-rich samples are depleted in REE concentrations relapve to the others, 

and their chondrite-nonnalized ~EE patterns show differ.,9!lih!!!_~ristics than the 

sulphide-poor samples. Some characteristics shown by samples SK 30 74 and SK 28 69, 

i.e. ~eplt;tion of Ce·relative td La and Nd, and the depletion of Sm. Eu and Gd relative to 

the light and heavy REE, are similar to those of the REE patterns of hydrothermal crusts 

sampled from the FAMOUS and TAG areas of the northern Mid -Atl antic ridge 
"'-..../ 
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Table 6-36: Representative suite qf altered Sk:idder basalts and sulphide-rich rocks 
proximal to the Skidder Prospect; rare-eanh element chondrite-nonnalizing 
values used are those of Taylor and Gonon ( 1977) 

AltMatlon Cl,cc,ep ± hm Cl,cc,qz,ep 

Weight% SK27 8 · SK 31 522 
5102 47 .10 68 .80 
no2 0 .'85 0 .54 
Al203 16.00 10.80 
Fe~3· 10.54 6.72 
MnO 0 .16 0 .05 
MgO 8 .87 0 .49 
cao 9 .52 2 .82 
Na20 1.49 5 .65 
K20 2 .36 0 .09 
P20s 0 .13 0 .12 
LOI 3 .76 2 .19 
Total 100.781 ' 98 .271 
ppm 
Pb 0 14 
Rb 15 1 
Sr 331 81 
v 21 29 
'Zr 45 68 
Nb 5 4 
Zn 72 25 
cu 54 41 
N 86 0 
Ba 345 25 
v 263 366 
0' 215 25 
eli 16 9 

Cl,qz,cc 

SK 28 58 
47.90 

1.16 
16.70 . 11 .89 

0 .18 
12.25 

1.03 
3 .23 
0.06 
0 .22 
5 .61 

100.23l 

7 
2 

45 
30 
74 

8 
10~ 
35 
91 
22 

404 
307 

14 

Cl,qz,py 

SK 27 27 
41.50 

1.25 
16.90 
8 .54 
0.21 

19.65 
1.34 
2.92 
0.04 
0.16 
8.19 

100.70 

3 
1 

22 
24 
73 

5 
308 

41 
69 
35 

398 
286 

15 

• Total iron as Fep3 
RARE\J;AATH ELEMENT CONCENTRATIONS 

La 
Ce 
Nd 
Sm 
Eu 
Gd 
Dy 
Er 
Total 

SKTT 8 
cttondr1te 

ppm nonnaiiZed 
5 .4 17.1 

13.7 16.9 
10.5 17.6 
3 .2 16.7 
1 .2 16.6 
4 .2 16. 2 
5 .5 16.9 
2.6 12 .2 

46.3 
RatiOs (chondrite normalized) 

L~Ce []]·0 
LaJsm 1.0 
Eu/Eu• 1.0 
Eu• • (Srr:+Gd)/2 

SK31522 
chondrtte 

ppm nonnallzed 
6.1 19.4 

17.0 20 .9 
14.4 24.1 
4.3 22 .4 
1.5 20 .8 
4.5 17.4 
4.5 13.8 
2.1 9.9 

54 .4 

rn 9 
0 

SK2858 
chondrlte 

nonnallzed 
, 0.6 33 .7 
30 .2 37 .1 
22 .7 38 .0 

6.7 34 .9 
2.6 36 .0 
7.4 28 .6 
7.5 23 . 1 
3 .0 14.1 
0 .7 

[]] 0 
1 

SK27TT 
chOndrtta 

ppm nonnallzed 
4.2 13.3 

14.9 18.3 
12.4 20.8 

4.0 20.8 
1.2 16.6 
5.2 20.1 
5.4 16 6 
2:2 10.3 

49 .5 

DIJ 6 
8 
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Table 6-36 (continued): 

Oz,ct,py 

Weight% 
5102 
TJ02 
Al203 
Fe2o3· 
MnO 
MgO 
Ca0 -
Na20 
K20 
P205 
LOI . 

SK 30 61 

Total 
ppm 
Pb 
Rb 
Sr 
y 
zr 
Nb 
Zn 
cu 
1'1 ( 

Ba \, 

v 
0' 
GJ 

• Total iron as FetJ3 
n.d. - not detected 

50.50 
0.22 
7.07 

22 .90 
0 .04 
5.32 
0.32 
0.02 
0 .80 
0 .08 

12.35 
99 .621 

23 
16 

'/ 7 
10 
43 

5 
- 158 

19 
55 
71 

154 
256 

10 

-

pyrite in 
chlorite 

SK3074 
18.30 
0.14 

11 .35 
32.80 

0.13 
15.88 
0.54 
0.00 
0.16 
0.04 

20 .11 
99.451 

43•4 
11 
5 
8 

51 
10 

693 
16 
45 

0 
279 
230 

22 

\ 
•' 

Semmasslye. 

·pyrite, chalcopyrite 
and sphalerite in quartz 

SK 30 80 
39.30 

0 .13 
2 .00 

35 .05 · 
0 .01 
0 .63 
0 .06 
0 .02 
0 .59 
0 .01 

17.78 
95.581 

439 
13 

1 . n.d. 
20 

7 ,. 
4253 

26140 
111 

48 
40 

248 
2 

RARE-EARTH ELEMENT CONCENTRATIONS 

ta 
Ce 
Nd 
Sm 
Eu 
Gd 
Oy 
Er 
Total 

[ppm 
1.2 
2.8 
3.3 
0.6 
0.2 
0.9 
1.5 
1.0 

11.5 

chondrite 
normalized 

3 .8 
3 .4 
5.5 . 
3 .1 
2.8 
3 .5 
4.6 
4 .7 

Ratios (chondrite normalized) laiC. [[]·1 
la/Sm 1.2 
EU/Eu• 0.8 
Eu• - (Sm+Gd)/2 

ppri1 
1.1 
2 .1 
2 .0 
0 .2 
0 .4 
1. 1 
2 .2 
1.0 

.!QJ_ 

chondrite chondrite 
normalized I ppm normalized 

3 .5 0 ,5 1."6 
2 .6 0.6 0.7 
3.4 0 .6 1.0 
1.0 n.d . 
5 .5 0 .1 1.4 
4 .2 0 .2 0.8 
6 .8 0.7 2.2 
4 .7 0.4 1.9 

2J. 

[]] 4 
1 

' 
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Massive 

pyrite, sphalerite 
and chalcopyrite 

SK 28 69 
15.60 

0 .02 
0 .50 

44 .29 
0 .11 
1 .1 0 
7 .36 
0 .02 
0.00 
0 .00 

22.44 
91 .44 

330 
7 

54 
n .d . 
. 20 

10 
22363 
16053 

19 
n .d. 
, 26 
n .d . 

22 

chondrite. 
I~ normalize(! 

1·.s 5 .1 
3 .5 4 .3 
3 .3 5 .5 
n .d . 
n .d . 
0 .4 1 .5 ! 

1 .5 4 .6 
0 .7 3 .3 

ill 
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Figure 6-83: Composite of chondrite-normalized rare-earth element patterns of altered 
rocks proximal to the Skidder Prospect, and sulphide-rich rocks from the 
prospect itself. 
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Figure 6-84: Chondrite-normalized rare-earth element patterns for altered, sulphide-poor rocks 
proximal to the Skidder Prospect. 
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Field of chondrite-normalized (x1 0 6) rare-earth element patterns 
for seawater (after Humphris, 1984; data from Goldberg et al. , 
1963; Hogdahl, 1967; Hogdahl et al., 1968) 

Figure 6-85: Chondrite-normalized rare-earth element patterns for altered, sulphide-rich rocks 
of the Skidder Prospect. Chondrite-normalized (Taylor and Gorton, 1977) REE 
patterns for hydrothermal crusts from the FAMOUS and TAG areas calculated 
from North American shales-normalized (Haskin et al., 1968) REE patterns 
presented as Figure 10.10 by Fleet (1984), from original data ofToth (1980). 
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• 
· (Toth, 1980; Fleet, 1984) (Figure 6-85). Note that the depletion of Ce relative to La is not 

:~s pronounced in the Skidder Prospect samples as in those fro~ the FAMOUS and TAG 

areas. Depletion of Ce and the middle REE are also characteris~cs of chond.rite-nonnalized 

REE plots for seawater (Figure 6-85). Samples SK 30 74 and SK 30 80 also show relative • 

Ce depletion and enrichm~nt of the heavy REE, but, unlike the others, they Have positive 

Eu :momalies. 

6.13:2 Discussion 

The chonct"rite-normalized REE pattern for SK 31 522 suggests that, where 

signifiqnt amounts of sulphides are not present, the REE have not been mobilized as a 

result of pervasive silicification and quartz veining. 

The simil;uity of the chorid.rite-normalized REE pattern for highly chlorithed sample 

SK 27 27 to those of typical spilitized Skidder Basalt samples suggests that the.,.REE have 
~ 

not been leached from the roc k, even though the high MgO content of SK 27 27 is 

r S ll~gCStiVC Of itS intcradion with large alllOUnt's of heated seawater (e.g. rvfottl, 1983a), 
4 

Mcmics ~ ( 1979) report that glassy tholeiitic basalt completely transformed to a mixed 

layer chlorite-smectite phase at temperatures of 150-350°C and seawater/rock ratios of 10-

125 produced a REE profile very similar to the unaltered basalt Thus, hydrothennal fluids 

circulating through a basalt may not be able to effectively leach the REE, even under flu id­

dominated conditions, and therefore. the hydrothermal fluid coutd retain its original relative 

concentrations of the various REE. The REE characteristics of the hydrothermal fluid may, 

in this way, be preserved in sulphide-rich rocks where the dominant products are 

hydrothermal precipitates. The chondrite-nom1alized REE pattern s for the Skidder . . 

Pro. p<:ct sulphide-rich n:x:ks could therefore reflect interaction of Skidder basalts (which 

show relatively flat chondritc-normalizcd REE patterns) ,with hot upwelling hydrothennal 

fluids having the overalt REE depletion, and re lative Ce and middle REE depleted 

characteristics of seawater. 

~-· 
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6.13.3 REE characteristics or an altered Skidder trpndhjemite dyke 

Trondhjemite dyke sample SK 30 51 contains abundant disseminated pyrite, and is 

from the most in,tensely altered portion of the Skidder Prospect alteration zone; it was 

analyzed to che.ck the effects of hydrothemml alteration on REE concentrations in the 

trondhjemites. 
. ... -.-/ 

Altered safli"'ple SK 30 51 has lower cone en trations of all the REE than trondhjemite 

dyke sample SK 3~ l, which has not been extensively altered by the Skidder Prospect 

mineralizing event(s) (Table 6-37; Figure 6-86). However, compru:ed to trondhjemite pod 

sample S 68, it has similar concentrations of most of the REE. The altered sample has a 

much more pronounced negative Eu anomaly than the others. 

.• 

, 

. • 

/ 

I · 



Table 6-37: Geochemistry of a sulphide-bearing trondhjemite dyke that intrudes 
intensely altered rocks of the Slddder Prospect ' 

weight% 
5102 
n~ 
Al203 
Fe203* 
MnO 
MgO 
cao 
Na2D 
K20 
P205 
LOI 

1 Total 
ppm 

SK 30 51 
83 .50 

0 . , 0 
8.84 
0.18 • Total iron as Fep3 
0 .01 
0 ., 6 
0.18 
3.75 
0.75 
0 .02 
1.00 

98.49 

Pb 3 
Rb 10 
~ 37 
y 51 
Zt 159 
Nb 6 
zn 40 
cu 20 
Nl 0 
La 3 
~ 45 
v 7 
Ce 82 
Ct 10 
at 11 
Depth (feet) 752 .5 
'Vepth (metres) 229.4 

I 

) 

Distance•• .. 12.6 •• Distance from most intensely altered rocks in the 

RARE·EARTH ELEMENT CONCENTRATIONS 

La 
Ce 
Nd 
Sm 
Eu 
Q1 
Dt 
Er 
l'ltal . 

SK3051 
Chondrtte 

POrn nonnatlzed 
14.2 45.1 
39 .4 48 .5 

. 26.4 44 .2 
6 .8 35 .4 
0.4 5 .5 
6.6 25 .5 
7.0 21.5 
3 .9 18.3 

104.7 . 
Ratios (cllond~te normalized) 

La'Ce []]·9 . la'Sm 1.3 
Eu/EIJ* · 0.2 
Eu* • (Sm+Gd)/2 

Chondrite-normalizing values used are those of 
Taylor andGorton (1977) 

~· 

ii. ' Jole 
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Figure 6-86: Chondrite-normalized (Taylor and Gorton, 1977) rare-earth element pattern for 
pyrite-rich altered trondhjemite sample SK 30 51 compared to other Skidder 
area trondhjemites; range of Skidder B,asalt REE concentrations shown for 
comparison. 
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6.14 Lead Isotopes 

6. i 4.1' Preamble 

390 

Three of the fq,ur isotopes of lead, i.e. 206Pb, 207pb and 20s Pb, are radiogenic, 

p-rodu\ed from radioactive breakdown of 238U, 2.35U and 232Th respectively. Hence, 

within a closed system, the amounts of each ol the radiogenic Pb isotopes will increase 

with time relative to the stable Pb i.t>otope 204Pb, the amount of the increase beif!g . 

dependent on the amounts of ~38U, 235U and 232Th initially present, and their decay 

constants: The Holmes~outermans lead evolution model (Holmes, 1946; 1947; 1949; 
I 

't 

Houtermans, 1946) assumed such. a cJosed system and presented a series of growth cbnl~s 

'l..originating at timeT, which represented .the age of the eanh as determined from l~ad in th: \ 

troilite phase of the Canyon Dia!>lo meteorite. Lead isotope ratios fro!ll several m}ssive • 
sulphide deposits were found by Stanton and Russell (1959) to fit reasonably well such a 

single-stage growth curve. The model ages detennined for these deposits from the lead­

lead isotope ratios also corresponded relatively well with ages determined for the deposits 

by other ~ethods. 

Improvements in the determinations of lead isotopes, including the redetennination" 

of lead isotopes in the Canyon Diablo meteorite (Tatsumoto Uill.,, 1973), and refinements 
• .... ., • !. 

in the decay constants of uranium and thorium, shifted the growth curves such that they did 

not fit the suatabo~nd sulphides lead isotope data; and mod\1 ages for the deposits no 

!onger. matched ages determined bi_,.other methods (see review by Koppel and . 
Griinenfelder, 1979). To adju"st the revised lead isotope growth curves such that they again 

accommodated the stratabound sulphides data, Stacey and Kramers (1975) proposed a two­

s~age lead isotope growth c'urve; the first stage ending at 3.7 billio·n years ago, at which . ' . 

' time they propose a major differentiation of the eanh into a crust and mantle, the former 

enriched iq Th and U relative to the latter. Cumming and Richards (197.5) (cf. Sinha and 

Tilton, 1973) proposed an alternative to the Stacey and Kramers (1975) model. Cumining . 

and Richards (1975) used a 1~ increase in the 238U J204pb ratio and the 232Th 1 204pb 
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ratio with time to adjust the lead evoluti~~ that it tits the stratabound sulphide 

data. By forcing their curve through· the Canyon Diablo meteorite lead isotope data and 

through the lead isotope data of the Captains Flat, Australia stratabound massive sulphide 

deposit, and by using an age of 430 million years for the latter, th~y found that their model 

yielded acceptable agc:s for the other sulphide deposits investigated by them. 

The plumbotectonics lead isotope evolution models of Doe and Zartman (1979) 
6 • 

(version I) and Zartman and Doe (1981) (version ll) involves a more complex, multistage 

model, which dif(erentiates between leads from three enviro'tlments, i.e. the mantle, upper 

crust and lower crust. They suggest th~t oceanic tholeiite basalts, which probably best 

, represent mantle leads, have lead isotope ratios notably deficient in both 206pb and 207Pb 
" 

, compared to continental-crust-derived leads. They explain the more radiogenic upper­

c~st~ lead isotope ratios as having resulted from their derivation from material having a 
• . I 

high in situ 238U !204pb ratio, and by this ratio gradually increasing with time. According 

.to them, the lower crust is somewhat depleted in uranium but only slightly depleted in Pb 

and Th •. consequently, leads from this environment have a lower 238U !204pb ratio, and 

are depleted i'n 206Pb ·and 207pb but not in 208pb rdative to the upper crust and mantle. 
. . 

The fourth environment included in the plumbotectortics model; i.e. the orogene, represents 

a mixed medium with contributions from the upper and lower crust, and the mantle. Island 
c 

arc volcanic rocks, according to Zartman and Doe (1981), represen! mixtures. of MORB 

and continent-derived material brought together in an o~genic environment. They suggest 

that primitive island arcs away from continents will" have Pb isotope ratios similar to 

MORB, but more mature arcs close to continents will have Pb isotope ratios that are 

influenced by adjacent continental crust 

6.14.2 Presentation of data 

Lead isotope ratios of Skidder Prospect sulphide mineral samples described in 
~ . 

T.able 6-38 are presented by Cumming and Krstic (1987), and reprOduced in Table 6-39. 

, 

\ 
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Table 6-38: Descriptions of Skidder Prospect samples analyzed for lead isotope ratios. 

Sample feet 
~h 

metres ~Jon 

SK35A6 1570.9' 478 .8 m Layered massive sulphides 
I 

SK 27 37 578.5' 176.3 m Layered massive sulphides 

SK 28 63 669 .0' 203.9 m Layered massive sulphides 

.::~K 29 52- 788.5' 240.3 m Sphalerite- and chalcopyrite-bearing quartz 
veins plus pyrite 

SK 35A 3 1507.0' 459.3 m Layered massive sulphides 

Table6-39: Lead isot6{,e ratios of the Skidder Prospect sulphide samples (after .Cumming 
and Krstic, 1987). 

GSC '\ () 

Sample Sample 
206pb 1 204p'b 

\ 

Number Number 2o1pb 1 204pb 208pb 1 204pb Comment 

SK35A 6 K083 72 17.639 15.457 37.458 

SK 27 37 KQ83 73 17.586 15.445 37.498 

SK 28 63 KQ83 77 17.638 15.452 37.491 leach . 17.644 15.445 37.464 residue 

• SK 29 52.i KQ8378 17.634 ... 15.445 37.461 leach 
17.629 15.442 37.463 residue 

SK 35A 3 KQ 83 80 11.ses 15.455 37.481 leach 
/ 17.684 15.455 37.492 residue 

I .. 

:'./' . l 
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6.14.3 207Pb /204Pb vs. 206pb I 204pb ratios 

On Figure 6-87, the "Skidder, Prospect 206pb I 204pb and 207pb 1 204pb lead isotope "' 
. , 

ratios are compared to those of other Newfoundland mineral deposits. Of the deposits 

· compared, the Skidder Prospect leads, along with those of Catchers Pond, have the lowest 

206pb J204pb im~ 207Pb J2~Pb ratios, and plot at the low ra,ogenic lead portion of a 

discontinuous linear trend defined by leads from the various Newfoundland mineral 
\ 

deposits (cf. Swinden and Thorpe, 1984). The Skidder Prospect leads plot along the 

mantle lead evolution curye (version II) of Zartman and Doe (1981), below their orogene 

-. and upper crustal lead evolution curves, and below the lead evolution curve of Stacey and 

Kramers (1975) (Figure 6-87). 

Examination of Figure 6-87 shows that a gap exists in the trend defined by the 

Newfoundland mineral deposit leads- at a 207pb I 204 Pb ratio of 15.7. ;, Of the 

. Newfoundland mineral deposit leads having a 20lf>b f204pb ratio above 15.7, the Victoria 
4 • 

Lake, Wild Bight and Pacquet Harbour Group deposits plot close to the orogene evolution 

curve of Zanman and Doe (1981), and leads of the Barasway de Cerf deposit (Baie 

d'Espoir Group) and the Strickland deposit (Baie du Nord Group) plot close to their upper 

· crustal lead evolution curve (Figure 6-87). Swinden and Thorpe (1984) make two 

alternative suggestions to account for this variation in the lead isotope ratios. They suggest 

that contem{>Oraneous volcanic activity may have occurred, in an oceanic environment for 

the less radiogenic Victoria Lake Group mineral deposits, and at or near a continental 
. 

margin for the more radiogenic Baie d 'Espoir and Baie du Nord Group deposits. As an 

alternative, they suggest that volcanic activity may have been slightly diachronous, 

whereby early ensimatic volcanism, with which the less radiogenic lead-bearing mineral 

deposits are associated, was followed by migration of the volcanic centres toward the 
·:. 

cohtinen~ margin, resulting in some inco~ration of more ra~iogenic continental cruslal 

leads in the more radiogenic lead-bearing mineral deposits. Swinden and Thorpe (1984) 

propose that the mineral deposits having 207Pb (204Pb ratios above 15.7 may have 

) 
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Field for circum-Pacific ophiolites, suggested to have formed in an environment 
similar to present-day "transitional" MOAB (after Hamelin et al.,1984) 

Field for the In Zecca (Corsica), Semail (Oman) and Toba (Japan) ophiolites, which 
have similar isotope ratios to age-corrected MOAB (after Hamelin et al.,1984) 

Field for age-corrected MOAB (after Hamelin ~. 1984) 

Upper Crustal 
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Figure 6-87: 207 Pb I 204Pb vs. 206 Pb I 204Pb for the Skidder Prospect leads compared to those of other 
Newfoundland mineral deposits. Data for the Skidder Prospect, Connel Option and Mary 
March deposits; and some for the Bucbans, Tulks and Victoria deposits taken from 
Cumming and Krstic (1987); the Isles aux Morts data is from O'Neill (1985), and the 
remainder from Swinden and Thorpe (1984). Lines for mantle, orogene, upper crustal and 
lower crustal evo I uti on curves from data presented in Zartman and Doe ( 1981) (version II of 
their model). Abbreviation: m.y.- million years. 
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incorporated relatively radiogenic lead from the Precambrian Avalon terrane continental 

crust; whereas the less radiogenic Buchans, Roberts Arm and Cutwell Group deposits, 

which have 207pb I 204pb ratios below 15.7, have incorporated leads from a less 

radiogenic source, such as the Grenvillian continental crust of the North American craton 

(cf. Fletcher and Farquhar, 1977; Bell and Blenkinsop, 1981). 

The Sk:idder Prospect leads are less radiogenic than those of the B uchans Group 

deposits, which, with the exception of those of the Connel Option deposit, form a tight 

cluster. The linear trend between the Catchers Pond/Skidder Prospect leads and the Mary 

March/Pilleys Island leads may represent a mixing line resulting from incorporation of 

material from increasingly more radiogenic lead sources. 

The relatively radiogenic-lead-depleted nature of the Sk:idder Prospect lead isotopes 

suggests their derivation from a relatively radiogenic-lead-depleted source, but whether this 

source was the Early Ordovician mantle is uncertain; for instance, leads from the York 

Harbour deposit of the Bay of Islands Ophiolite Complex, which represent a possible 

example of Early Ordovician mantle, are more radiogenic than those of the Sk:idder 

Prospect. 

Results of a study by Hamelin et al. (1984) of lead isotope ratios from samples of 

eleven Mediterranean and circum-Pacific ophiolites showed three groupings on the basis of 

207pb content. The In Zecca (Corsica), Semail (Oman) and Toba (Japan) ophiolite 

complexes have 207pb I 204pb ratios similar to those of the least radiogenic present-day 

MORB; the circum-Pacific ophiolite complexes have higher 207pb I 204pb ratios, which are 

comparable to transitional portions of oceanic ridges; and the Troodos, Vourinos and 

Antaly ophiolites have the highest 207pb I 204pb ratios, suggesting incorporation of 

continental-crustal-lead component, and possible origin in an island arc environment 

(Hamelin et al., 1984) (Figure 6-87). The Skidder Prospect leads plot within the field for 

age-corrected MORB leads, and along the trend of the field for leads of the In Zecca, 

Semail and Toba ophiolite complexes. Note that leads from the Newfoundland Victoria 
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Lake Group mineral deposits (Swinden and Thorpe, 1984) plot in _the field defined by the 

·most radiogenic lead-bearing ophiolites (Figure 6-87). 

6.1-1.4 208Pb J204pb vs. 206Pb fZl»Pb ratios 

As shown on Figure 6-88, the Skidder Prospect leads are also depleted in 208pb . 
compared to most othe( Newf,undland mineral deposit leads. The two groups of more and 

Jess radiogenic Newfoundland mineral deposit leads, separated by a gap in the trend 0f 

207Pb/ 204pb ratios at 15.7, are similarly separated by a gap in the trend of208Pbf204pb 

ratios at 37.8 (Figure 6-88). 

Of the mineral deposits having 208pb f204pb ratios less than 37.8, the Skidder 

Prospect leads, most of the Buchans Group deposit leads (except those from the Mary 

March area) and the Catchers Pond leads plot to the left of the orogene, mantle and upper 

crustal evolution curves of Zartman and Doe ( 1981 ), and to the left of the lead evolution 
\ 

curve of Stacey and Kramers ( 1975) (Figure 6-88). · Compared tt> the Buchans and mo~t of 

the other data, the Pilleys Is,and, Mary March and Oil Island leads are offset to a higher 

206pb f204pb ratio at a given 208pb I 204pb ratio; they plot on the mantle orogene curve of 

Zartman and Doe (1981). The York Harbour deposit is offset to lower 206Pb f204Pb and 

208pb I 204pb ratios relative to the oth~rs and plots between the upper crustal anct.mantle 

evolution curves of Zartman and Doe ( 1981 ). 
' . 

~ Of the Newfoundland mineral deposits ha,ving 208pb f204pb ratios greater than 
. ~ . . 

37.8, leads from the Tally Pond and Burnt Pond aeposits plot to the right of the orogene 

·curve of Zartman and Doe (1981), in a similar position, relative to this curve, as the leads 
' -

from the Pilleys Island and Mfll)' March deposits. Leads from the Tulks deposits plot on ' . 
Zartman and Doe'~ (1981) orogene curve; leads from the remainder of the deposits plot to 

the left of tht;_ orogene curve, in a simila( relative position as the Buchans Group, etc., 

deposits. 
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Figure 6-88: 208 Pb 1 204Pb vs. 206 Pb I 204Pb ratios for the Skidder Prospect leads compared 
to those of other Newfoundland mineral deposits. Data for the Skidder Prospect, 
Connel Option and Mary March deposits; and some for the Buchans, Tu1ks 
and Victoria deposits taken from Cumming and Krstic (1987); the Isles aux Morts 
data is from O'Neill (1985), and the remainder from Swinden and Thorpe (1984). 
Lines for mantle, orogene, upper crustal and lower crustal evolution curves from 
data presented in Zartman and Doe (1981), their model version II; note that the mantle 
and orogene evolution curves are slightly different from those shown on Figure 5 
of Zartman and Doe (1981). Since, using their numerical data, the curves plot as 
shown above, not as shown on their Figure 5, an error is suggested in their plot. 
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The offset of several Newfoundland mineral deposit leads, including those of the 

Skidder Prospect, to the left of Zartman and Doe's (1981) orogene, ma~tle and upper 

crustal lead evolution curves, and the lead evolution curve of Stacey and Kram~rs (1975) 

suggest ~-~~ they have been derived from a slightly uranium-depleted/thorium-druiched 
r· 

source' relative to sources used in the calculation of these model curves. Lead isotope ratios 

" used by Zartman and Doe (1981) to calculate their lower crustal evolution curve show a 

somewhat more extreme effect of lead evoh.~tion in a uranium-depleted/thorium-enriched 

environment. 

6.1-'.S Model ages 

A linear regression line through the Skidder P_rospect 207pt) I 204Pb vs. 206pb I 

204pb dat.a confirms the suggestion by Cumming and Krstic (1987) that the data lie along a 

line of shallow slope. This line intersects Zartman and Doe's (1981) mantle evolution 

curve at an unrealistically young age of 230 millio:~ years (Figure 6-89).· The line intersects 
. I ..... .,_ 

Zartman and Doe's (1981) mantle lead evolut10n curve again at 1.6 billion years on a plot 

of 207pb 1204pb vs. 206pb 1204Pb; it intersects the Stacey and Kramers (1975) lead 

evolution curve at 2.09 billion years on this plot. Between-sample point scatter for the _ _..- ·· ------. / 

Skidder Prospect lead isotope rat'\os results in model age estimates between 210 and 290 

million years according to the model of Zartman lJ(ld Doe (1981), and between 530 and 580 
. ' . 

million years using the lead evolution model presented by Swinden and Thorpe (1984). 

Ages determined by U-Pb in zircons rQ;rix:ks in the Skidder Area include.A73~23 Ma for the 
' ~ 

Buchans Group (Dunning ~ 1987), and 477;5~J' 6 
or. 481.4~:.9 Ma for the 

Annieopsquotch Ophiolite Complex (Dunning and Krogh, 1985). Assuming that the 

Skidder Basalt is similar in age to the Annieopsquotch ophiolite, model lead ages for the 

Skiddec Prospect based on Zartman and Doe's (1981) model are unrealistically young, and 
~ - ' 

ages bast-don Swinden and Thorpe's (1984) model are probably too old. The discrepancy 

1 
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Figure 6-89: 207 Pb f204Pb vs. 206 Pb I 204 Pb for the Skidder Prospect leads. Data taken from 
Cumming and Krstic (1987). The Zartman and Doe (1981) isochrons have been 
determined by proportionately dividing into 10 million-year intervals the time between 
their 0 and 400 million-year mantle and orogene isochrons. The Swinden and Thorpe 
(1984) isochrons have been extrapolated to older ages on the basis of 10 million-year 
intervals determined by proportionately dividing the time between the 300 and 500 
million year isochrons shown on their Figure 10. 
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between the age estiltes according to the two different m&!els serves to illustrate the 

mood dependency and unreliability of model lead ages. 

Cum.ming and Krstic (1987) suggest two alternative ex.planations for the scatter of 

Pb-isotope ratios shown by the Skidder Prospect leads, viz. accumulation ·or radiogenic 

lead in the sulphides from the time of ore formation to the presem day, or an -episoqic 

addition of lead for a short period some time after its initial deposition, e.g. recrystallization 

of the leads during the Topsails igneous episode. The latter explanation is supponed by the 

Vi presence of small K-feldspar-rich masses noted in one or two areas in the Skidder Prospe~t 

driU core; these masses have high Zr (415 ppm) andY (129 ppm) concentrations and may 

be related to later magmatic activity associated with the Topsails igneous episcxle. 

I 
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6.15 General ~and Summary 

6.15.1 Geologic setting 
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The Skidder Prospect has more similarities to massive sulphide deposits in ophiolite 

sequences (e.g. Constantinou and Govett, 1973; Constantinou, 1980; Franklin ruL 1981; 

and references therein) than do other deposits in the Buchans area, which are considered 

similar to the Kuroko ore deposits of Japan (Thurlow, 1973; Thurlow~. 1~75). The 

massive and disseminated sulphides, and spatially related jasper comprising the Skidder 

Prospect are hosted within basaltic pillow lavas, mafic pillow breccias and aquagene tuffs 

of the Slddder Basalt, shown in Chapters 4 and 5 to be of ophiolitic affinity. Variolitic 

pillowed b.asalts, typically having Zr concentrations less 'than 60 ppm, are immediate hosts 

to most of the sulphide-rich units. 

Massive pyrite, chalcopyrite and lesser sphalertte bodies occur as stratiform lenses 

and stockwork zones within pillow lava sequences in ophiolites throughout the world. 

'Examples are d_ocumented from Cyprus, Newfoundland, Turkey, Oman, and from the 

Norwegian Caledonides. The massive sulph~de deposits typically occur within the lower 

part of th'! ptllow lavas, immediately above the sheeted dykes, as at Betts Cove 

Newfoundland (Up3.dhyay and Strong, 1973; Saunders and Strong, 1986); or between 

, two, often chem,ically distinct, pillow lava sequences, as do most of the deposits within the · 

Troodos ophiolite, Cyprus. The Skouriotissa orebody of Cyprus is an exception in that it 
' I 

occurs at the top of the pillow lavas, beneath overlying sedimentary rocks. 

In Newfoundland, ophiolite-associated massive sulphide deposits (other than the 

. Skidder Prospect) occur in the Lushs Bight Group, and in the Betts Cove and Bay of 

Islands ophiolites. In the Lushs Bight Group, wpich is composed of spffitized pillow. lavas 

~d she~ted dyke; considered io be of ophiolite. affinity (e.g. Strong, 1973; Kean, 1983; 

1984), the .sulphide deposits are associated with chlorite shear zones (Peters, 1967; Kean, 

I 983; '1984 ).' Several small sulphide showings OCCUr in chlorite shear zones within the 

sheeted diabase dykes (Kean, 1984); the larger deposits, however, occur either in pillow 
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lavas within a few hundred metres of sheeted dykes, e.g. in the Little Bay area, or in pillow 

lavas and intercalated tuffs that show no ~bvious spatial relationship with the sheeted 

dykes, e.g. the Whalesback and Little Deer <!eposits (Kean, 1984). The Tilt Cove and 

Betts Cove deposits (Upadhyay and Strong, 1973; Saunders and Strong, 1986; Strong and-

Saunders, in press) occur near the base of the Betts Cove Ophiolite pillow lavas. Massive 

sulphide mineralization at York Harbour in the Bay of Islands Ophiolite occurs at the ... 
contact between two mafic pillow lava units, the lower of which is more altered and less 

magnetic than the upper (Duke and Hutchinson, 1974). 

Several of the massive sulphide deposits associated with the Oman Ophiolite occur 

in the upper portion of the Geotimes basalt unit, near the contact wi~ the overlying Lasail 

Unit (Alabaster and Pearce, 1985). The Geotimes Unit is compositionally intermediate 

.between mid-ocean ridge basaJts and island arc tholeiite~ and is interpreted to have formed 

··~ 
in a marginal basin setting (Alabaster ~. 1982; Alabaster and Pearce, 1985). · The 

overlying Lasail Unit comprises a sequence of basic to felsic volcanic rocks that have 
l 

geochemical characteristics of the island arc tholeiite series, and are interpretqf to represent 

off-axis seamount volcanism (Alabaster and Pearce, 1985). -The Lasail massive sulphide 
<• 

deposit, one of the massive sulphide deposits that occurs at the top of the Geotimes Unit, is 

interpreted to have formed from hydrothermal circulation localized around an isolated 
0 . 

magma cupola, from which the Lasail Unit volcanic lavas later erupted (Alabaster and 

Pearce, 1985). 

Authors of earlier papers generally concluded that ophiolite-related sulphide 

deposits were fonned on or near ridge axes associated. with major oceanic spreading 

centres; a notable exception being Miyashiro ( 1973), who suggested that the Troodos 

ophiolite, Cyprus, probably formed in an island arc environment. Malpas and Robinson 

(1983) state that the exm.Isive suite of the Troodos ophiolite in Cyprus is composed of two 

distinct magmatic suites, viz. a lower arc tholeiitic suite composed of andesite and . 

rhyodacite, and an upper boninitic suite of basalts and basaltic andesites. These two 
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distinct magmatic suites are also present in the sheeted dyke complex. Malpas and 

Robinson (1983) also state that structural relationships suggest that the. plutonic sequence 

was formed from a series of relatively small, isolated magma chambers. They conclude 

that the ophiolite formed in a supra-subduction zone environment, not at a mid-ocean ridge 

~, spreading centre (cf. Miyashiro, 1973). 

Alabaster (1983) concludes that massive sulphide deposits ot the Oman ophiolite . . 
were formed above magma chambers undergoing "dosed system fractionation and periodic 

expulsion away from the ridge axis". He funher states that the ridge axis was located in a 

marginal basin environment · 1 

On the b~sis of mineral and whole rock geoch~stry presented in Chapters 4 and 5 

the Skidder Basalt is suggested to have formed in a slow spreading oceanic or back-arc-

basin ridge environment 

6.15.2 Sh ucture 

A nonheast-trending lineament passing through the Skidder-Prospect and through a 

pyrite-rich' zone aoout 2.5 km to the northeast of it is suggested in Section 3.9 to represent 

a locus for hydrothermal fluids related to formation of the Skidder Prospect. Many of the 

Cyprus ore bodies are immediately adjacent to steep normal faults and are interpreted to 

have been fonned in fault-controlled basins(Adamides, 1980). Hutchins?n and Searle 
-~ -

( 1971) suggest the faults there may be synvolcanic features, which, according to Oudin ~ 

ilL. (1981 ), may be reactivated after ore deposition. Adami des (1980) indicates that the 

tectonic zones in which the Cyprus ore deposits occur typically have large length to width 

ratios, being bounded on one side by faults and on the other by premineralization lavas . 

..... 
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6.15.3 Composition 

Most ophiolite-type massive sulphide deposits are mineralogically simple. 

Pyrite, chalcopyrite, sphalerite and very minor galena are the only sulphide minerals 

identified in the Slddder Prospect. Pyrite is ubiquitous, occurring as disseminated gr3fns, 

in veins and as massive intergrowths. It is by 'far the dominant sulphide, ranging in content 

from 5 to 10% in less altered rocks; from 10 to 80% in quartz within the most intensely 

altered portion of the stockwork zone; and from 80 to 90% in massive sulphide portions of 

the prospect. Lesser amounts of sphalerite and chalcopyrite occur either interstitial to 

pyrite, or in quartz veins that cut massive sulphides. 

Massive sulphide deposits in the Lus s Bight Group, Newfoundland consist 

mostly of pyrite accompanied by lesser amounts o halcopyrite, sphalerite and, in contrast .. 
to the Skidder Prospect, pyrrhotite (Kean, 1984) Pyrite, chalcopyrite and irregularly 

.... dispersed sp.alerite comprise massive sulphide d sits in the Betts Cove Ophiolite 

(Upadhyay and Strong, l'J73; Saunders and Strong, 1 . Irregular masses of pyrite . 
containing lesser sphalerite and chalcopyrite comprise the York Harbour Deposit in the Bay 

of Islands Ophiolite (Duke and Hutchinson, 197 4 ) . 
.I. I 

Oudin ~ (1981) describe the Cyprus deposits as having a disseminated pyritic 

stockwork zone underlying the ore that becomes massive ~ear the top, where it is enriched 
J, 

in copper and locally in zinc. Constantinou ( 1980) indicates that the <;yprus ores typically 

contain a massive sulphide zone, a sulphide with s,ilica zone and a lower stockwork wne. 

The sulphide with silica zone contains variable amounts of Zn, Cu and Fe sulphides 

intimately mixed with chalcedony and jasper, the latter two components bei.ng younger than 

the sulphides. The massive sulphide section of the orebodies typically consists of massive, 

porous, colloform-banded blocks of pyrit~ marcasite, chalcopyrite and sphalerite within a 

finer ~ined sand-sized sulphide matrix. Constantinou (1976) attributes the conglomeratic 

'nature of the ore to secondary leaching dllrin¥ oxidation of pyrite by sea water. 

l -

t 
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Intensely silicified units, consisting of massive and vein quartz and lesser pyrite, 

are in contact with massive sulphides in Skidder Prospect drill holes SK 28 (Figure 6-18) ,.. 
. and SK \9 (Figure 6-21). Constantinou (1980) suggests that the silica with sulphide zone 

in the C~eposits is fornF by replacement of the sulphides by s\lica. He kin ian and 

Fouquet (1985) ;,port that, i~~ modem hydrothermal dep~sits loc:ted at 13°N on the 

· East Pacific Rise, silica completely replaces pyrite in placeS'. It is plausible therefore that 

the pyrite-bearing silicified units in immediate proximity to the massive sulphides in the 
/ 

S!Gdder Prospect formed in a similar manner, i.e. by replacement of the sulphides by silica 

during continued hydrothermal activity, after sulphide deposition. Intensely silicified, 

sulphide-bearing zones that underlie the massive sulphide units of the Skidder Prospect, 

e.g. those noted in drill holes SK 30 ~d SK 34 (Figure 6-3), probably formed in a 

di!ferent manner, i.e. by replacement of basalt (not previously deposited sulphides) by 

silica and pyri~e. whic~ was deposited from upwelling hydrothermal fluids (see funher 

discussion, in· Section 6.15.10 below). 

6.15.4 Ore petrography .,. 

In the Skidder Prospect, pyrite typically occurs as subhedral grains wl)ere 

surrounded by quartz, and as angular anl1edral grains in the very few places where it is . 
immediately surrounded by chl~ite . Pyrite, where .surrounded by sphalerite or 

chalcopyr:ite, is typically more anhedral than where surrounded by quanz, and in many 

areas is embayed along grain edges and cleavage cracks. Fractures in the pyrite are 

cemented by the chalcopyrite or sphalerite. Chalcopyrite and sphalerite are typically · -

intricately intergrown, and, in many areas, contain irregular anhedral inclusions of one 

~mineral within the other (Figure 6-59). Chalcopyrite is also present in quartz veins where it 

occurs as anhedral , dendritic masses. The minor amounts of galena occur as anhedral 

grains intergrown -with chalcopyriie, sphalerite or a combination of these minerals. 
' . . 

Hematite and magnetite occur in polished section SK.27 42C. Hem~e. laths have been 
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almost perfectly pse'Udomorphed by magnetite in some places. The hematite is, in places, 

. intergrown with chalcopyrite,. and, in some areas, magnetite-pseudomorphed hematite laths· 

are enc:tosed in pyrite. 

Several of the ore mineral textures in massive sulphide deposits within the Semail 

ophiolite.; Oman, as reported by Ixer tUL. (1984), are similar to those of the Skidder 

Prospect. These include fractured subhedral pyrite cemented by chalcopyrite, intimate 

intergrowth of chalcopyrite and sphalerite, intergrowth of chalcopyrite and hematite, and 

enclosure of hematite in pyrite. Colfu£onn pyrite textures reported by her~ (1984) 

were not observed in the Skidder Prospect ores. However, botryoidal hemaQte iri jasper 

associated with the Skidder Prospect show text~s similar to collofonn pyrite (see further ... 

discussion in Section 6.15.10.6 below). 

6.ls'.s ..P~r~nes~s 
Caution is advised when suggesting an ore mineral paragenesis for massive 

sulphide deposits since, as discussed below, modern massive sulphide deposits, which are 

possible analogs to ancient massive sulphide deposits, form in a dynamic environment 

where physical and d~mical conditions and changing fluid compositions within the deposit 

subject early formed sulphides to recrystallization, and replacement by later-forming 

sulphides. Brecciation and sometimes transportation of the ore as well as submarine 

weathering are also an integral pan _of the process. 

The form energy of the minerals themselves can also result in a mistaken 

paragenetic sequence, e.g. it may be concluded, by mi~e, that pyrite, wtrlm ha~ a strong 

tendency to form euhedral crystals (Craig, 1983), has formed before chalcopyrite and ...., .. 
sphal~rite, which typically occur as anhedral masses. 

Pyrite, magnetite and sphalerite are refractory enough to retain original growth 

features through mild metamorphism (Craig, 1983). McOay and Ellis (1983) demonstrate 

that primary textures are preserved by pyrite up to mid-upper-greenschist 'facies 

, 

' . 
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metamor,>hism. Due to the hardness and brittleness of pyrite, it often exhibits cataclastic 

textures as a result pf dynamic metamorphism; recrystallization and development of 120° 

triple junctions, which are characteristic of equilibrated annealed textures, are common 

during thermal metamorphism (Craig, 1983; McClay and Ellis, 1983). 

According to Upadhyay and Strong (1973), pyrite is the earliest phase to crystallize 

in mi-neral occurrences of the S;tts Cove area; chalcopyrite occurs next, as disseminated 

stringers and as anhedral masses interstitial to e!.V1edral pyrite crystals, it ·also ,fills fracrures 

within highly brecciated pyrite grains; sphalerite appears last, filling fractures in both 

chalcopyrite and pyrite. 

' Ixer ~ (1984) indicate a paragenesis for the Oman massive sulphide deposits of: 

i) early euhedral pyrite ± hematite, magnetite and chalcopyrite; ii) coJloform pyrite ± 

marcasite; iii) chalcopyrite, sphalerite± bornite; and i_v) late rhythmic hematite and quartz. 

They also indicate a generalized paragenesis for ophiolite-related deposits to . be: i) early 

euhedral, zoned pyrite, which contains numerous inclusions, a1,1d is extensively shattered, 

recemented and replaced by chalcopyrite ~d locally sphalerite and ii) later, more anhedral 

or colloform-te~tured pyrite. \ 
Early formation of at least some of the pyrite in the Skidder Prospect is ~uggested 

by its occurrence as fractured subhedral grains, the fractures being fill~ by chalcopyrite in 

several places. Note however that Craig (1983) interprets the occurrence of chalcopyrite in 

fractures and. p-acks jn pyrite grains to be due to migration of chalcopyrite to zones of low 

pressure during metamorphism. The contrast between subhedral pyrite grains in quanz, 

and, proximal to these grains, anhedral pyrite surrounded by chlorite, chalcopyrite or 

sphalerite suggests dissolution ~r replacerp{nt of parts of the pyrite. In some areas, 

replacement of pyrite by chalcopyrite f: sph~t~ is also supported. by embayment of the 

pyrite grains where in conta~t with these minerals. Intimate intergrowth of chalcopyrite, 

sphaierite and rare galen, suggest contemporaneous deposition of these minerals in most 

areas. 
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In polished section SK 27 42C (the only polished section where hematite-magnetite 

textures were studied): hematite is intergrown with chalcopyrite,. and magnetite­

pseudomorphed hematite laths are intergrown with, and enclosed by pyrite suggesting 

contemporaneous deposition llf chalcopyrite and pyrite with the hematite. Most magnetite 

in the sample has formed by replacement of hematite. Sphalerite has not been noted in 

contact with the oxide minerals. 

6.15.6 Sphalerite chemistry 

Skidder Prospect sphalerites have low Fe contents (less thah 2 wt%) and contain 

only minor amounts of Cd (less than 0.4 wt% ). 

Craig ~ ( 1984) point out that sulphid~sits of the. Norwegian Caledonides 

containing pyrite as the most abundant rron sul~hi<Ji have sphalerites that are low in iron 

(typically less than 3 wt%). The Fe content of sphalerite in equilibrium with pyrite or 

pyrrhotite increases with increasing temperature and as2 (e.g Banon and Skinner, 1979). 

At any given temperature, over the temperature range 250°C to 700°C, sphaleri"s having 

atomic Fe contents less than about 0.1 are in equilibrium with pyrite in the Zn-Fe-S system, 

those having atomic Fe greater than about 0.2 are in equilibrium with pyrrhotite (Barton 

and Skinner •. 1979). Barton and Skinner (1979) point out the relationship between FeS in 

sphalerite and pyrite as follows: 
~~ 

2 FeS (in sphalerite) + S2 = 2 FeS2 (pyrite). 

At a given temperature of formation (at least between 250°C and 700°C), the Fe content of 

sphalerite can be used to estimate the as2. Figure 6-90 shows sulphide and oxide mineral 

stability fields on a plot of activity O:z versus activity S2 at 250°C and H20 pressure of 40 

bars (after Banon and Skinner, 1979). The shaded region shows the range of atomic Fe 

contents of the Skidder Prospect sphalerites, which indicate formation of the sphalerite 
' 

under lo~ as2 conditions of -10 to -11 assuming a temperature of 250°C. If higher 

temperatur(.S of formation are assumed, the Fe contents indicate higher log as2 conditions, 
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Figure 6-90: Activity 02versus activity S2 diagram after Barton and Skinner (1979) 
calculated for 250°C and H2 0 pressure of 40 bars. Shaded area indicates 
range of iron contents in Skidder Prospect sphalerites. 
Abbreviations: cp - chalcopyrite, bn - bornite. 
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e.g. approximately -8.5 to -9.7 at 300°C, or -6.3 to -7.5 at 350°C (estimated from Figure 
. 

7 .14 of Barton and Skinner, 1979). For comparison, Janecky and Seyfried (1984) 

calculate a log fs 2 of -9.6 at 350°C and 250 bars for an end member solution determined 

from observed compositions of East Pacific Rise (EPR) hydrothermal fluids. 

Figure 6-90 also shows that the Ski~der Prospect sphalerites are in equilibrium with 

chalcopyrite and pyrite but not pyrrhotite at 250°C and 40 bars HiO. At appropriate log 
. '" 

ao2 conditi_ons, i.e. approximately -:33.5 to -35, hematite or bagnetite i's in equilibrium 

· with the Skidder Prospect sulphid~ mineral assemblage (Figure 6-90). A slight reduction 

in log a~ accompanied by a slight reduction in log 1102 could result in magnetite replacing 

hematite as the equilibrium Fe-oxide phase (cf. textures shown in thin section SK 27 42C, 

Secrion 6.8.3). Calculations performed by Janeck)' and Seyfried (1984) show that, due to 

the abundance of reducing agents (e.g, ferrous iron and sulphides), the oxygen fugacity of 

mixtures of their calculated EPR end member solution and seawater decreases from about 

I0·30 at 3S0°C to about I0-70 at about 200C; it rises to that of seawater only at very low 

temperatures. and after mixing of the calculated end member solution with very large 

amounts of seawater. Thus, any equilibrium between the sulphide nlinerals and hematite 
\...._) . 

and/or magnetite would probably be short lived, occurring during initial stages of mixing 

between the hydrothermal fluid and seawater. Note, however, that hematite is the stable 
I • 

. iron-bearing phase under the high log f02 (-0.64) (Janecky and Seyfried, 1984) conditions 

-of ambient seawater; magnetite and the sulphide minerals llre unstable under these 

conditions. 
' 

6.15.7 Alteration 

Rocks which are immediate hosts to the Skidder Prospect massive sulphides are 

typically chlorite(± talc) rich and/or silicified. Distinct alteration zones, characterized by 

changes in the components and proponion of components comprising secondary lllineral 

assemblages, envelop the Skidder ~rospect sulphide-bearing zones. Arranged in order 

( 

;[·· 
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from farthest away to closest to the sulphide-bearing units, the mineral assemblages are: 

chlorite, calcite, epidote ± hematite; chlorite, quartz;calcite, epidote; chlorite, quartz, 

calcite; chlorite, quartz, pyrite; and quanz, pyrite, chlorite (Section 6.4). 

Mineralogical changes associated with the alteration of rocks in the vicinity of the 

Sk.idder Prospect relative to typical spilitized Skidder Basalt include: an increase in the 

amount of intersenal chlorite or quartz; silicification and, to a lesser extent, chloritization or • 

~ricitization of albitized plagioclase (phenocrysts seem to have been more susceptible to 

alteration than grains in the matrix); and the absence of e·pidote, clinopyroxene, actinolite 
<.!'. 

~ 

at subhedral opaque minerals- all having been replaced by chlorite. K-feldspar replaces 

· ~ albitized plagioclase, particularly larger grains, in a few samples. In more intensely altered 
(\ 

zones, albite lalhs, particularly the target ones, have been partially to completely replaced · 

by ,some combination of quartz, calcite and/or sericite. 
\ 

\ Replacement of quartz pseudomorphs by chlorite in places suggests that the intense 
I ' 

chloritization evident in some samples may have been produced at the expense of quartz, in 

addition to chloritization of other minerals. Excess silica produced by massive 

chloritization has probably been locally redistributed to other areas which are now quartz 

rich. The abundant quartz gangue in the massive sulphides, and some quartz in rocks from 

the qz,cl,py alteration zone was probably deposited from upwelling hydrothermal solutions • 

that had transported silica leached from rocks at depth (see f~Jrther di'scussion in Sectfon 
/~ 

6.15. ~ 0). Calcite is rare in most of the altered rocks, but is ubiquitous as gangue in the 

sulphide-rich areas. This suggests that calcium, having been released by alteration of 

epidote, actinolite, clinopyroxene and calcite, has moved upward in the system and 

redeposited wi~h the bulk of the sulphide-bearing minerals. Iron released from various · 

minerals presumably has combined with sulphur to form pyrite. ·-

Most chlorites from rocks proximal to the Skidder Prospeci are_ significantly 

enriche&oin Mg. and depleted in Fe and Mn relative to the chlorites from the Skidder Basalt 

unaffected by the mineralizing event(s). Chlorites associated with jasper or jasper-rich 
I • 
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' sulphides are the only chlorites (of those analyzed from rocks proximal to the Skidder 

Prospect) that are relatively enriched in Fe and depleted in Mg. These ch1orites have Fe, 

Mn and Mg contents similar to chlorites from typical spilitized Skidder Basalt 

Mottl ( 1983a) 'Suggesrtd the following sequences of mineral assemblages to be 

ch<l!acteristic of in~reasing seawater/basalt ratios within the temperature range 250°C to 
, 

450°C: 1) chlorite-albite-epidote-actinolite, 2) chlorite-albite-epido~e-actinolite-quartz, 3) 

chlorite-albite-quanz, and 4) chlorite-quanz (Figure 5-19). These assemblag~s match 

reasonably well those enveloping the Skidder Prospect sulphide-bearing zones, and 

indicate that greater volumes of""drothermal fluids passed through the rocks that are more 

intensely altered (cf. Saunder~ and Strong, 1986). Large-scalejnteraction with seawater is 
~ . 

also supported by the high Mg and relatively low Fe and Mn contents of chlorites in rocks 

proximal to the Skidder Prospect. The trend defined by "the Skidder Prospect .chlorites on 

Figurt 6-70 extends toward the MgO apex of the diagram, well beyond the chlorite 
. . 

composition that, acconttg tb Mottl (l983a), would result from a seawater/:ock·rario of 

i25 (the highest seawater/rock ratio used in ~is model). In fact. phyllosilicates ~ SK 28' 
. I 

73 that have compositions 'intermediate between high-magnesium chlorite and talc provide - . 
an almost complete link between the high-magnesium chlorites and the Skidder Prospect . ~ . 

tales, which plot very close to the MgO apex on this diagram. 

\ 6.15.8 Geoche~ry of the alteration ~es- discussion , , 

( Sporadic· enrichment of K, Rb and Ba rilarks the outermost whole rock geochemical 

Jffect of_ alteration associated with the Skidder Prospect mineralizing event(s). This 

geochemical effect is typically recognizable about 200m aw1y from the sulphide-bearing 
I 

zones but, in -places, is noted up to 400 m away . .. Sporadic enrichment of K and related 

elements is accompAnied by enrichment of Pb, and depletion of Ca in more altered rocks. 

This geochemical signature, charac~ristic of the cl,cc,qz,ep and cl,qz,cc alteration zones, is 

g.enerally recognizable about 75 to 150 m away~om the sulphide-bearing zones, but 

' 
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locally is noted up to 200m away. The most altered rocks are represented by the cl,qz,py 
. 

and qz,cl,py alteration zones. The fonner is characterized by enrichment of Mg, Zn and 

Pb, and .depletion of Na, Si,'Ca and Sr. The latter shows enrichment of Si, K, Rb, Ba, Pb 

and Zn, and depletion of Na, Ca, Sr, Mg, Mn, Ti, P, and Y.- These geochemical effects 

are evident less than 50 m away from the sulphide-bearing zones. Zinc is enriched in high 

MgO rocks, which are composed predominantly of high"Mg chlorite. The Zn probably 

occurs in tiny sphalerite grains intimately associated with the chlorite (Section 6.10.3). 

Principal component analysis on the whole rock geochemical data from rocks 

proximal to the Skidder Prospect shows that "incompatible element" (Zr, Y, P ± Ti) and 

" "compatib_le element" (Cr and Ni) factors are evident even in the mq
11
st intensely altered 

rocks, which would suggest that these elements have been little affected by the alteration 

associated with the Skidder Prospect mineralizing event (Section 6.10.2). Factors 

interpreted to be related to alteration include the "chlorite", "calcite", "potassium" and 

"sulphide" factors (Section 6.10.2). 

6.15.9 Alteration associated with ophiolite-related deposits 

According to Constantinou (1980), the alteration of basalts adjacent . to the 

stockwork zone beneath the Cyprus deposits is characterized mineralogically by destruction 

of plagiocl~e, clinopyroxene, magnetite and the zeolite minerals. Quartz, chlorite and illite 

are the most abundant minerals present in the zone of alteration. Chemically, the alteration 

" zone is characterized by loss of CaO, Na20 .and KzO; and enrichment of MgO, except in 

the sulphide-rich core of the stockwork zone, where MgO is volumetrically depleted. 

Bachinsld ~1977) describes similar alteratiC¥1 effects at the Whalesback Mine, Notre 

Dame Bay, Newfoundland~.-: He reports int~nse chloritization and silicification of basalts 
l 

surrounding the deposits. Chemically, rocks in the alteration zone have been almost 
' 

completely leached of Na20 and CaO; Si~ and MgO have been redistributed. 
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. 
Saunders and Strong ( 1986) describe · mineralogical alteration assemblages in · 

footwall rocks to the Betts Cove ophiolite 'massive sulphide deposits that ~e similar to 

tl}ose of the Skidder Prospect. They note the presence of an inner Cu-enriched chlorite-
. ~ .. 

quartz core alteration zone surrounded by a Zn-enriched chlorite-albite-quartz halo. In 
, I 

contrast to the chlorites in the most intensely alt~red rocks pro~imal to the Skidder Prospect 

· which are Mg rich, chlorites in the central core of the Betts Cove alteration zone are Fe rich. 

Whole rock geochemical effects at Betts Cove include extreme depletion of Ca and Na in 

the "core" alteration zone and variable depletion of these elements in the surrounding 

alteration "halo". No potassium enrichment is indicated in the alteration pipe beneath the 

Betts Cove deposits however, in contrast to that of the Skidder Prospect. 
' . . 

Franklin ~ (1981) summarize the alteration zones associated with ophiolite­

hosted massive sulphide deposits as being characterized by "pervasive feldspar destruction 
0 , 

as well as introduction and redistribution of MgO and FeO to form chlorite". Sericite may 

also be present, but no clear zonation pattern of sericite ·relative to chlorite is reponed. 
- 0 

Silica,.according to Franklin~ (1981), has been redistributed; having been leached from 

surrounding basalts and deposited within the stockwork zone . 
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6.15.10 Genetic model 

/ 6.15.10.1 Introduction 

Genetic models for the formation of ophiolite-related massive sulphide deposits 

have been proposed by several authors, including: Constantinou and Goven ( 1972); Sillitoe 

(1972; 1973); Upadhyay and Strong (1973); Bonaui ~ (1976); Spooner (1977); 

Constantinou ( 1980); and Franklin tUL. ( 1981 ). All of the models have somewhat similar 
.·:' 

characteristics. Typically, the models involve convection of seawater through the oceanic 

crustal sequence, and, due to interaction with surrounding rocks, evolution of the seawater 

into a chloride-rich brine. Nfetals are leached from the surrounding rOcks and transported 

in solution as chloride complexes. The convecting solution, which is being driven by heat 

from sub-axis and off-axis magma chambers, eventually rises along zones of high 

permeability, e.g. fault zones (Spooner and Fyfe, 1973). Permeability is, in part, 

controlled by fracture systems developed above the magma chambers as a result of 

intrusiv~ pressures (Alabaster and Pearce, 1985). Materials being carried in the solution 

are deposited as a result of some combination of the following: C·)()ling of the fluid during 

ascent; reaction with surrounding wall rock; mixing with sea water; or, in a shallow 

seawater environment, boiling of the fluids. Various components of the above model, 

combined with results of studies on East Pacific Rise hydrothermal deposits are discussed 

below as a possible analog to the mode of fonnation of the Skidder Prospect 

6.15.10.2 Modem hydrothennal dep®ts 

6.15.10.2;1 General description 

Since 1979, massive sulphide deposits have been discovered associated with 
..,.\ 

inactive and, in places, active hydrothermal vents on several fast spreading ridges in the 

Pacific Ocean. These include : the East Pacific Rise (EPR) at 21 °N (Francheteau et al., 

1979; Spiess tl.Jll.., 1980), and at 13°N (Hekinian and Fouquet, 1985); the Galapagos 

Ridge (Malahoff, 1981; 1982); and along the Juan de Fuca Ridge (Normark rt.M... 1982; 



416 

Koski ~. 1982). These sulphide deposits provide a plausible modem analog to the 
' ~ 

method of fonnation of the Skidder Prospect massive sulphide deposit, and of other 

ophiolitic deposits. For example, Adami des (1983) and Constantinou and Robinson 

(1983) compare the massive sulphide deposits of Cyprus with those being formed at 

present on the East Pacific Rise; Ixer ru!. (1984) suggest a similar comparison for the 

Oman ophiolite sulphide deposits. 

At the time of writing, infonnation available on the physical appearance, mineral 

composition and chemistry of actively forming sulphide deposits, and on the composition 

of the minenuizing hydrothermal solutions comes mainly from the East Pacific Rise at 21 °N 

(e.g. Spiess~.1980; Hekinian tlJ!., 1980; Haymon and Kastner,l981; and Goldfarb 

tlJ!L, 1983). Vent deposits at 21 °N on the EPR comprise basal mounds that are 15-30 m 

in area and up to 2 m high sunnounted by elongate_ chimney edifices that reach up to 5 m in 

height (Spiess ~ 1980; Hekinian tl..al.... 1980;, Haymon and Kastner, 1981 ). The 

surface of basal mounds is composed of partially Rxidized sulphides (predominantly 

sphalerite, pyrite, and lesser chalcopyrite), which are "honeycombed" by worm channels; 

soft, fine grained sulphide mud is also present in various amounts (Helcinian ~. 1 ?SO; 

Goldfarb .tL.aL. 1983). Chimneys are of two types: 1) "black; smokers", from which 
. ' 

emanate plumes of high temperature (350°C) flui~ that precipitate pyrrhotite and minor Zn-

sulphide, pyrite, Cu-sulphide,,anhydrite, barite, silica and graphite as paniculate matter 

suspended in solution; and 2) "white smokers", emitting cooler (S 32°C' to 300°C) fluids 

precipitating white particulate matter (including anhydrite, barite and amorphous silica) and _, . . 

· pyrite (Spiess tlJll..., 1980; Haymon and Kastner, 1981). Abundant animal life is 

associated with the white smoker chimneys. 

Most black srrtoker chi~eys are concentrically zoned; they have an outer zone 

compo~ of anhydrite and rare magnesium hydroxysulphate hydrate (MHSH), and other 

sulphates; an intermediate zone comprising pyrite and sphalerite; and an inner zone 

composed predominantly of chalcopyrite ~ the chimneys show no axial variability 
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(Haymon and Kastner, 1981). In thin chimneys, a sequence of successively more Cu-rich 

sulp~des, including bornite, cove !lite and chalcocite, replace chalcopyrite radi~ly Outward ) 

' from the centre of the chimney (Haymon and Kas!Jler, 1981; Goldfarb ttJU.., 1983). The 

concentric zoning is thought to result from gradients in temperature. pH, oxygen and 

sulphur fugacity, and solution composition between the inner and o_uter portions of the 

chimneys. The white smoker chimneys have slower flow rates and are composed of 

sphalerite and/or wurtzite, pyrite, anhydrite, barite and amorphous silica; they lack Cu­

sulphides (Spiess", 1980; Haymon and K~stner,1981). 

Lonsdale tlJL., {1982) repory active hyqrothennal vents, which are forming Fe and 

Cu sulphides, on two seamounts about 10-20 km west of the EPR at 21 °N. Also, 

Hekinian and Fouquet (1985) describe recent hydrothennal deposits forming in an axial 

graben located on a fast moving section.02 crn/yr) of the EPR at l3°N, and on off-axis 

seamounts that occur about 7 km from the ridg~ crest. Hydrothermal material formed .on 

the fl~nk and sumnrit of the off-axis seamounts at 13°N coJ!lprise about 62% goethite, 

which overlies material composed of about 24% Fe-rich massive sulphides. 13% silica-rich 

..f sulphides and 1% massive Fe-Cu sulphides. 
tj 

·Massive sulphide staclfs, 3-4 m high, occur along a ~ km stretch of the Galapagos 

Ridge (Malahoff, 1981; 1982; Bischoff rul. 1983). Samples dredged from the area are 

composed of coarsely crystalline pyrite with significant amounts of chalcopyrite (Malahoff, 

1981; 1982; Bischoff~ 1983). Visual estimates of the massive sufphide deposits 

(Malahoff, 1982) suggest a possible 20 million tonnes of massive sulphide to be present 

(Bischoff ru_h, 1983). 

Dredged sulphides from the Juan de Fuca ridge include slabs of crudely layered, 

coarsely crystalline sulphide aggregates composed primarily of Zn sulphides and lesser 

pyrite; other samples are of hard but spongy-textured !ight grey Zn-sulphide similar to that 
) 

forming basal mounds at 21°N EPR (Koski~. 1982; Normark t..t.JlL., 1982; Bischoff'-! 

.ill.,_, 1983). 
\. 

\. 
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6.15.10.2.2 Mineral composition 

In samples of massive sulphides from 21 °N on the East Pacific Rise, pyrite occurs 

as framboidal masses and euhedral crystals; sphalerite as irregular octahedrons and 

dodecahedrons accompanied, in places, by hexagonal wurtzite; and chalcopyrite occurs as 

botryoidal masses (Haymon and Kastner, 1981). The sulphide minerals are typically 

intergrown, mineral banding being a common feature (Haymon and Kastner, 1981). 

Modern hydrothermal sulphide samples typically have insignificant amounts of Au 

and platinum group elements, and low contents of Ni (Bischoff et al., 1983). Zn-rich 

samples from 21 °N EPR and the Juan de Fuca Ridge are enriched in As, Cd, 11, and Ge 

(Bischoff et al., 1983). The Galapagos samples are relatively enriched in Co and Mo. 

Amorphous silica occurs as globules on sulphide surfaces, and as layers 

intercalated with sulphide lamellae in fossil worm-tubes at 21 °N on the East Pacific Rise 

(Haymon and Kastner, 1981). Native sulphur, accompanied by amorphous silica and 

barite, fills inactive chimneys in some areas (Haymon and Kastner, 1981). Minor amounts 

of hydrothermal talc is intermixed with chalcopyrite in disaggregated mound material 

(Haymon and Kastner, 1981). 

Wurtzite is the more common Zn-sulphide in active chimneys of modem 

hydrothermal sulphide deposits, but sphalerite is most common in inactive off-axis 

chimneys (Hekinian ~. 1980; Haymon and Kastner, 1981). Wurtzite and sphalerite 

have Fe contents of 2-22 wt% (Hekinian et al., 1980; Zierenberg et al., 1984). Their 

sulphur isotope compositions indicate that the sulphur is primarily basaltic in origin (Styrt 

et al., 1981; Janecky and Seyfried, 1984). 

Hekinian and Fouquet (1985) suggest a mineral paragenesis for the seamount 

related sulphides at 13°N as follows: early formed colloform pyrite; Zn-sulphides +pyrite; 

chalcopyrite; barite; opal encrustations; quartz; cobaltiferous pyrite; framboidal pyrite; and 

finally, Cu-rich sulphides. In places, silica completely replaces pyrite in the sulphides 
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~po~it~ at 13°N EPR. Framboidal pyrite is associated with' the replacing amm-phous 

silica in some areas (Hekinian and Fouquet, 1985). ~ 

../ 
Anhydrite and MHSH precipitate from seawater due to their reduced solubility at 

t 
high temperatures; e.g. in water depths of 2600 m, anhydrite solubility is exceeded in 

seawater above 130°C (Haymon and Kastner, 1981; Janecky and Seyfried, 1984). 

Precipitation of anhydrite from seawater is supponed by the fact that the ()34S of chimney 
.. . 

anhydrite in modem hydrothennal sulphide deposits is Close to that of _seawater (Hekinian 

llJ!l., 1980; Zierenberg ~. 1984 ). The anhydrite forms the leading edge of chimneys, 

""' which grow upward and outward as sulphide replaces previously deposited anhydrite and a 
~. 

new lay9: of anhydrite forms by precipitation from seawater immediately surrounding tpe 

chimney (Haymon and Kastn~r, 1981). 

<. ' \ 
6.15.10.3 Source of the metals 

\ . 
. '-, 

Bischoff tlAL (1983) indicate that, although the heavy metals are enriched in East 
• 

Pacific Rise sulphide samples, the relative abundances of Zn, Cu, Co, and Ag in the . . -
sulphides are similar to the relative abundances of these metals in MORB. Calculations 

based on enrichment factors of the heavy metals in the sulphides relative to MORB indicate 

that seawfter, jn "reasonable" amounts, could leach the metals contained in the EPR, Juan 
- · r" .. 

de Fuca, Galapagos and Cyprus massive sulphide deposits from the underlying rocks 

(Bischoff~. 1983). 

Rosenbauer and Bischoff (1983) repon that heated seawater can leach significant 

amounts o(heavy metals from basalt between 150°C and 360°C, mainly due to the 

reduction in pH from precipitation of MHSH, but the metals are not retained in solution at 

low water/rock ratios since silicate hydrolysis increases the pH once all the Mg is removed. 

Rosen bauer and Bischoff ( 1983) illustrate by the following reaction how removal of Mg 

can decrease the pH of the solution, note that clinochlore represents the smectite/chlorite 

alteration phase: 
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5 Mg2+ + anonhite + 8 H20 + Si~ = clinochlore + Ca2+ + 8 H+. 
() 
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BaSalt-seawater interaction at temperatures :?! 400°C produce similar results to that at 

lower temperatures with the important exception that heavy metals are retairied in solution 
' - .. 

~ 

under low water/rock conditions (Rosenbauer and Bischoff, 1983). Rosenbauer and . 

Bischoff (1983) suggest that a fluid produced experimentally by interaction with basalt at 
. , _.-/ . 

400°C and 600-bars, or a fluid at 375°C interpolated between their results at 250 and 500 

bars most resemble 21 °N EPR vent fluid.\ 
<I! 

Graf (1977) suggests that the metal content of a sNphide deposit should be related 

to the relative amounts of mafic vs. felsic volcanic rocks in the underlying volcanic pile 

from which the metals have been leached. According to Stephens (1982), Zn and Cu are 

concentrated in Fe-Ti oxides and, to a lesser extent, in pyroxene and plagioclase; Zn is also "<t 

present in biotite; Pb replaces K in K-feldspar, and, to a lesser extent, is present in 

plagioclase and biotite (cf. Graf, 1977). J-Ience, Cu-rich deposits would be expected to be 

underlain by mostly p1afic rocks and Pb-rich deposits underlain by mostly felsic rocks (cf. 

Solomon, 1976; Stephens, 1982). Stephens ( 1 '82) stresses that ophiolite massive 

sulphide deposits are lead free, and that lead-rich massive sulphide deposits.require not just 

felsic but lead-rich felsic source rocks. 

The Yorkflarbour Deposit. which occurs well up in the pillow lava sequence of the 

Bay of Islands ophiolite in mafic lavas that have MORB-like chemistry (e.g. Suen ~. 

1979), is relatively Zn-rich (Duke and Hutchinson, 1974) (like the Skidder Prospect) bUl 

the Tilt Cove and Betts Cove deposits (Upadhyay and Strong, 1973; Strong and Saunders, 

in press), which occur near the base of the Betts Cove Ophiolite within pillow lavas that 

have boninite-like geochemistry, are Cu rich. One explanation for this is that the Zn-rich 

portions of the Betts Cove and Tilt Cove deposits have been removed by submarine 

weathering. An alternative to this is that the source rocks for these deposits is enriched in 

copper reliHive to Zn. The average Zn and Cu' concentrations in 114 nonmineralized 

Skidder llasalt samples are: Zn (83 ppm), and Cu -(40 ppm), for a bVCu ratio of 2.08; in J 
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contrast, the average concentrations of Zn and Cu in 50 nonmineralized Betts Cove basalts 

in the vicinity of the Betts Cove Mine (data in Saunders. 1985) are: Zn (59 ppm), and Cu 

(83 ppm), fof a Zn/Cu ratio of 0. 71. This suggests that, locally at least, the host rocks to 
' 

the Betts Cove deposit are copper rich and Zn poor relative to those of the Skidder 

Prospect. 

Although local differences in the Cu and Zn co~trations of host rocks to the 

Betts Cove and Skidder Prospect are apparent, another consi~ration is the concentrations 

of these metals in the rocks at depth, from which the metals can be effectively leached and 

held in solution. Rosenbauer and .Bischoff (1983) indicate, on the basis of buoyancy 

constraints, that seawater circulating throu_gh a section of oceanic crust having an 

underlying magma chamber would be restricted to about 420°C at 450 bars, the !.mer being 

the probable pressure· at the base of the sheeted dyke 'zone, but, after crystalliza~on of the 

magma was complete, could reach 500~C at 700 bars pressure if circulation occurred tO-tfl'e 

base of the gabbro zone. Thus, the thickness of the pillow lava and sheeted dykes portion 

of an ophiolite~ as well as the timing of the hydrothermal circulation, play a role in which 

rocks are being leached of their metals. 

Lead isotopekatios of the Skidder Pros~ct sulphides, which are some of the least 

radiogenic of Newfoundland mineral deposits, plot along the mantle lead evolution curve of 

Zarunan and Doe (1981) on the 207pb I 204Pb vs. 206pb I 204pb diagram. Stephens ( 1982) 

indicates that Ph-isotope systematics in massive sulphide deposits ultimately reflect the 

material that undergoes partial melting to produce the source rocks. The radiogenic-lead­

depleted nature ofthe Skidder Prospect sulphides may therefore ~attributed to derivation 

of the lead from a· radiogenic-lead-depleted source, one such source being the mantle (see 

Section 6.14). 
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6.15.10.4 Ore Ouid composition 

On the basis of fluid inclusion studies, Solomon and Walshe (1979) concluded that 

the hydrothermal solutions from which the Cyprus massive sulphide deposits fonned 

contained about 0.6 m NaCl and were at 300°C when they were emitted onto the sea floor. · 

Janecky and Seyfried ( 1984) summarize compositional ranges determined for 

hydrothermal solutions emanating from ·vents at 21 °N on tl: ~ East Pacific Rise (cf. 

Edmond, 1981; Rona tl...il1., 1983; Janecky and Seyfried, 1984; and references therein) . 

. They indicate thit the solutions are acidic (pH = 3.5), have H2S concentrations of 6-9 mM, 

Fe concenfrations of 0.7-2.5 mM, and Zn and Cu concentrations of 0.01.:-0.1 mM; the . 
solutions contain Cl as the only. anion (no sulphate), and are strongly enriched in the 

alkalies and barium, and variably so in calcium. Relative to seawater, the solutions have 

~salinity, are depleted in Mg and S04, but are enriched i.n most other components. 

( 

6'\.tO.S Sulphide precipitation on the seafloor 

Buoyancy constraints indicate that high temperature brines emitted from the sea 

floor should be less dense, but ~ot necessarily less saline, than seawater (Campbell t.Uli.., 

1984). Solomon and Walshe (1979) predicted from the density-temperature curves of 

Haas ( 1971) that the hydrothermal solutions associated with formation of the Cyprus 

massive sulphide deposits were prol9ably about 25% lighter than seawater when they 

emerged onto the sea floor, and that they were likely emitted at seawater depths exceeding 

7 50 m, which would have prevented boiling (Haas. 1971; Ridge, 1973; Solomon and 

Walshe, 1979). 

With the exception of stratified brine pools in the Red Sea, modem hydrothennal 

sulphi(Je deposits, e.g. the EPR deposits, are deposited from brines that are less dense than 

seawater (cf. Type ITI brines of Sato, 1972). Campbell tlAL (1984) calculate that a typical 

EPR black. smoker will probably rise to about 300 m before attaining neutral density with 
I 

seawater. They indicate that the fine particulate matter precipitated within the plume will be 
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dispetsed several hundred kilometres before settling .the 300 m. Hence, particulate matter ,, 
from the plumes is unlikely to form massive sulphide deposits - unless the plumes are 

emitted in a narrow sc;afloor depression having walls greater than 300m high. 
\ 

Several authors have proposed models for the formation of EPR-type massive 

sulphide mounds (e.g. Haymon and Kastner, 1981; Gol~rh .u.al. 1983; Hekiriian and 
. _, . 

Fouquet, 1985); and for the formation of off-axis seamount sulphide mounds (Hekinian 

and Fouquet, 1985). Campbell~. (1984) have suggested that a similar model rhay be 
• 

appropriate for the formation of some ancient volcanogenic massive sulphide deposits. The 

salient features stressed in some or all of the models include: i) the importance of anhydrite 

precipitation from heated seawater due to its reduced solubility at elevated temperatures­

the anhydrite forms a protective cap and a porous infrastructufe through which some of 

the hydrothermal fluid and seawater mix, resulting in precipitation of sulphides; ii) zonation 
) 

of chimney edifices and possibly basal mounds- a central wne of Cu-rich sulphides, 

w~ich are precipitated at high temperatures, is surrounded by an outer zone dominated by 
' 

Zn-rich sulphides, which precipitate at lower temperatures; iii) hydrothermal fluids venting 

at lower temperatures may precipitate Zn-rich sulphides only, at surface; Cu-rich sulphides 

probably precipitate below the seawater/basalt interface as a result of mixing with shallo"Y 
., 

convecting seawater; iv) the sulphide mounds are a dynamic system in which minerals that 

precipitate at higher temperatures replace those at lower temperatures and vice versa, 

depending upon the temperature of the ascending hydrothermal fluids, and the stage of 

development of the mounds themselves; v) cessation of hydrothermal activity results in 

dissolution of anhydrite and oxidation of the sulphide minerals. 
\ 

Haymon and Kastner ( 1981) summarize _the evolution of vent deposits as follows: 

metal sulphide-sulphate chimneys are formed by mixing of ambient seawater wi-th a metal­

bearing evclved-seawater hydrothermal solution, which emanates from vents on the sea 

floor- the metal-bearing hydrothennal solution is sulphur rich, oxygen poor and of low­

pH; mixing results in rapid precipitation of a non-equilibrium assemblage of pyrrhotite + 
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pyrite and wurtzite +sphalerite from vent solutions, and Ca-Mg sulphates from heated 

seawater. Janecky and Seyfry~84) modeled mixing of 21 °N EPR hydrothennal fluid 

and seawater. According to their calculations, chalcopyrite, quartz, anhydrite and talc 

should precipitate at high temperatures, followed by pyrite and sphalerite at lower 

temperatures. Barite and dolomite would be expected to precipitate at temperatures less 

than 60°C. The calculated mixing model suggests that quartz, and not amorphous silica, 

should be present in the vent materials, and that bOth quartz and talc should be present in 

greater amounts than are noted. Janeclcy and Seyfried (1984) suggest that kinetic effects 

must play a role in the small amounts of talc being precipitated relative to that predicted by 

the mixing model, and that the presence of amorphous silica instead of quartz is probably a 
' 

result of cooling of the solution by conductive heat loss in addition to mixing. 

Pyrrhotit~_is the observed iron-sulphide phase that precipitates from EPR-type 
) . 

hydrothermal solutions (e..g. Haymon and Kastner, 1981), although the mixing model of 

Janecky and Seyfried (1984) predicts that pyrite should be the iron sulphide phase to 

precipitate. Pyrrhotite precipitating in the discharging fluids is probably a metastable 

phase, its disordered structure favoured kinetically over more structured pyrite as a result of 

the sud~en change in chemical environment experienced by the fluid · (Haymon and 

Kastner, 1981 ). Janecky and Seyfried (1984) indicate that the metastable precipitation of 

pyrrhotite in the vents would result in an increase in the temperature at which sphalerite 

would precipitate, from about 180°C to about 255°C; high-iron sphalerites could precipitate 

-_..: 

at even higher temperatures (about 265°C) - if pyrite precipitation is suppressed. In this 

way, Zn-sulphide precipitation could precede precipitation of pyrite, which could, in turn, 

replace anhydrite and pyrrhotite in the chimney walls- such a paragenesis is consistent 

with textures observed in some are::j.S, e.g. Haymon and Kastner (1981) report that pyrite • · 
:, 

replaces pyrr.hotite in the outer walls of chimneys (cf. Goldfarb~. 1983; Janecky and 

Seyfried, 1984) . . The early, high-temperature crystallization of chalcopyrite provides an 

explanation for its forming the central portion of many chimneys, and its absence as a 
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major phase in the lower-temperature Zn-rich chimneys (Haymon and Kastner, 1981; 
II 

Janecky and Seyfried, 1984). 

Mixing models for 21 °N EPR hydrothermal fluid and ambient seawater presented 
> 

by Janecky and Seyfried ( 1984) show that the pH of the solution will remain at about 1.5 

units more acid than neutral until the temi:>eratw-e reaches about 160°C, below which the pH 

would gradually rise toward tha_t of seawater. Note 9fwever that the pH remains below 5 

until the temperature falls to about l25°C, and does not increase to 6 until the temperature 
' oC) 

of the mixed solution reaches about 50°C (Janecky and Seyfried, 1984). Precipitation of 

sulphides in black smoker chimneys, which occurs at temperatures between 350°C and 

250°C, cannot therefore be attributed to an increase in pH of the solution. Janecky and 
' 

Seyfried ( 1984) indicate that the pH buffering capacity of the hydrothermal solution is a 

result of complex interactions between activities or' various carbonll:te, sulphate and 

hydroxide species; precipitation of the sulphide minerals will also help keep the pH of tfie 

solution lo-..y. 

Calculated precipitates resulting from mixing of 21 °N EPR hydrothermal solution 

and seawater at 150°C, (Janecky and Seyfried, 1984), compare well to the average metal 

composition of the Slddder ProspeCt massive sulphides. 

6.15.10:6 Origin of the jasper 

Brecciated, quartz-veined, unlayered jasper, and lesser amounts of bedded jlsper 

and jasper-rich siltstone are spatially associated with -the $kidder Prospect massive 

sulphides in several places. As indicated above, authors reporting studies of modern 

hydrothermal deposits on the East Pacific Rise suggest that cessation of hydrothermal 

activity results in dissolution of anhydrite and oxidation of the sulphide minerals. These 

workers suggest that, unless they are buried by sed.iments or. lava flows, the sulphide 

mounds would probably be completely oxidized leaving metal-enriched ocherous residues. 

Weathered sulphide samples from the East Pacific Rise have a 5 mm-thick rusty layer 
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compcsed ~f amorphous iron oxyhydroxides and crystalline goethite (Haymon and 

Kastner, 1981). Hematite can form from dehydration of amorphous ferric hydroxide 

acc<?rding to the foUowing reaction: 

" 
goethite hematite 

(Fischer and Schwenmann, 1975; Cole, 1983). Tt\e massive to layered goethite, 

maghemite, quartz, iUite sedimentary rock termed "ochre", which typically caps the Cyprus 
I 

orebodies, is considered by Constantinou and Govett (1972) to have formed by submarine 

oxidative leaching of sulphide minerals that were exposed on the sea floor (cf. 

Constantinou, 1980; Bischoff~. 1983). 
' 

Some of the jasper that is present in the Skidder Prospect area may also have 

formed by oxidative leaching of sulphide minerals t~. were, at one time, exposed on the 

sea floor. Supportive of t~is premise is that Hekinian and Fouquet ( 1985) show 
. 

photographs illustrating pseudomorphic .textures of amorphous silica and Fe-hydroxide 

after pyrite that are similar to those shown in some jasper fragments associated with the 

Skidder Prospect massive sulphides (Section 6.6.2). 

The presence of several jasper units in spatial association with the Skjdder Prospect 

massive sulphides (e.g. seven brecciated and layered jasper units were intersected in the 

mineralized portion of SK 37 A; Figure 6-24) suggests that formation of the massive 

sulphides may have been episodic. Thus, deposition of massive sulp,hides was possibly 

foUowed by oxidative leaching of portions of the sulphides to produce jasper, this, in tum, 

was followed by deposition of more sulphides and so on. Highly altered chlorite-ri~h 

basalts occur between two jasper and massive sulphide-bearing zones in drill hole SK 28 

(Figure 6-18). This would suggesl that volcanic activity proceeded during th~ sulphide 

deposition and further supports episodic introduction of metal-bearing hydrothermal fluids 

into the <.rea. 

I · 
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6.15.10.7 Su~seaftoor precipitation or sulphides, and alteration effects 

Janecky and Seyfried (1984) suggest that mixing of upwelling hydrothermal 

solutions with entrained seawater could result in precipitation of Cu- ami Fe-sulphides in 

altered basalt beneath the zinc-rich chimneys of East Pacific Rise massive sulphide 

mounds. They suggest that this could provide a mechanism for formation of stockwork 

zones that are present beneath most massive sulphide deposits (cf. Franklin rul... 1981; 

and references therein). 

Figure 6-91 presents a schematic model for formation of the Skidder Prospect 

sulphides and related alteration effects. On Figure 6-91 it is suggested that alteration effects 

associated with the Skidder Prospect, and stockwork sulphide deposition have resulted 

from mixing of an upwellin/, metill-bearing, modified seawater hydrothermal fluid and 

cool, shallow-circulating seawater. Roberts and Reardon ( 1978) propose a similar mixing 

model to explain alteration associated with the Mattagami Lake Mine-massive sulphide _ 

deposit, Quebec. 

6.15.10.7.1 Magnesium metasomatism 

Metal-bearing upwelling hydrothermal fluids, such as those forming .modern 

hydrothermal sulphide deposits on the East Pacific Rise, are devoid of Mg. This is 

probably due to removal of Mg from the fluid upon interaction with basalt during its 

downward circulation (cf. Mottl, 1983a; 1983b; Rosenbauer and Bischoff, 1983). Thus, 

the secondary, shallow-circulating seawater hydrothermal circulation suggested on Figure 

6-91 is necessary in order to provide a source of Mg for the intense magnesium 

metasomatism characteristic of the Skidder Prospect alteration zone. 

Chondrite-norrnalized rare-eanh element patterns associated with the Skidder 

. 1 Prospect area rocks indicate that the hydrothermal fluid that caused the Mg metasomatism 

was pr<:>bably not effective -in leaching "stable elements" from the rocks, e.g. sulphide-poor 

samples, even those that have been intensely chloritized, show chondrite-normalized REE 
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patterns similar tp typical spilitized Skidder Basalt. In contrast, sulphide-rich samples have 

much lower REE concentrations than those of typical spilitized Skidder Basalt, and some 

have REE patterns showing relative depletio~ of Ce and the middle ~EE; characteristics 

shown by ~EE patterns for seawater. These sulphide-rich samples probably reflect the 

REE characteristics of the metal-rich, upwelling, modified .seawater hydrothennal fluid. 
I 

In several areas, crosscutting textural relationships suggest that formation of the 

black chlorite in rocks proximal to the Sk.idder Prospect occurred before deposition of 

pyrite-bearing quartz veins (cf. Figures 6-27 and 6-31). Robens and Reardon (1978) 

· repon that formation of Mg-rich chlorite beneath the :vtattagami Lake deposit occurred 

during the early stages oi alte:-ation. Note that, unlike several other massive sulphide 

deposits, no Fe-rich chlorites are noted in the alteration pipe beneath the Mattagairu Lake 

deposit; in this respect the deposit is similar to the Skidder Prospect. Magnesium 

metasomatiSI'l) of rocks beneath the Skidder Prospect may have occurred in stages. 

Secondary circulating s~awater, in the early stages of hydrothennal activity, may have been . 

able to teach the focal point for upwelling hydrothermal fluids before precipitating 

magnesium, whereas later, when the upwelling fluid flow was probably greater, the 

secondary circulating seawater would be heated and depoS'itfhe magnesi~m at a greater 

distance frcim the central focus for the upwelling fluids. In 'iliis way,. quartz and pyrite ' •. 
being deposited from the upwelling fluid could overprint. earlier.-formed chlorite. 

Conversely, deposition of the pyrite-bearing quartz veins could have occurred during the 

waning stages of hydrothermal activity, possibly after deposition of the main sulphide 

lenses. 

Zn is enriched in hi&.h-MgO rocks in the Skidder Prospect cl,qz,py alteration zone. 

The zinc probably occurs in tiny sphalerite grains intimately associated with high-Mg 

chlorite (see Section 6.10.3). Gale (1969) concludes from a study of Spring~e peninsula 

sulphide deposits that Zn and Cu, introduced by epigenetic hydrothennf l Quids, were 

dispersed into the wall rocks. The presence of anomalous values of Zn in tiJe - \ g-chlorite- · L:J 

\ 
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rich zone in the Skidder Prospect area could similarly be explained by precipitation of zinc 

from the upwelling hydrothermal ~lution, and of Mg from shallow-circulating seawater in 

a zone of mixing between the two solutions. Note that, since Zn-chloride complexes are 

more $Oluble than Cu-chloride complexes, Zn would probably diffuse farther outward from 

the focal area for the upwelling sglutions than would Cu (e.g. Finlow-Bates,,.l980). A 

problem with the mixing hypothesis is that, as long as Mg is precipitating,, the pH of the 

solution should remain low, thereby increasing the solubility of Zn. Basalt/seawater 

interaction ~xperiments, however, show tpat Zn, leached when the pH of the solution 
~ : . 

drops due to precipitation of MHSH, copnicipitates with the alteration products when the · 

pH of the sol~tion rises in response to silicate hydrolysis after complete removal of the Mg 

from the seawater (Rosenbauer and Bischoff, 1983; and references therein). This would 

imply that the Zn probably remains in solution in the zone of mixing until all the Mg is 

precipitated. It should be noted that the Mg rr_taY also have been precipitated in areas flfither 

removed from the conduit than where the Zn precipitation occurs. This implies that the Mg 

metasomatism in the area of Zn precipitation could have occurred during prior influxes of 

hydrothermal fluids. ' 
ChJorite-talc-rich rocks in the alteration pipe beneath the Skidder Prospec~ are 

shown to grade into recognizable pillow lava in places. However, in other areas, the 

chlorite-talc-rich rocks are interlayered with mafic tuff (e.g. in hole SK 31). In these latter 

areas, the chlorite-talc-rich rocks could have formed by intense alteration of selected layers 

within the mafic tuff, or alterr atively, by primary deposition as a chemical sediment at the 

seawater interface. The latter hypothesis is supponed by observations reported by Costa ~ 

ill_, (1983) who repon that hydrothenrtal talc probably coprecipitated with sulphides in a 

sea-floor brine pool during formation of the Managami Lake Mine sulphide deposit. 
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6.15.10.7.2 Potassium metasomatism 

Figure 6-91 shows that potassium enrichment has occurred in several of the 

alteration zones associated with the Skidder Prospect. Electron microprobe analyses 

presented in Secti~ 6.7 indicate that potassium is present in two different mindral phases, 

i.e. in K-feldspar infthe less altered rocks of the outer alterauon zones, and in phengitic 

sericite in more intensely altered inner alteration zone rocks. 

Figure 6-92 (after Urabe ~ 1983) shows the relationship between chlorite, 

kaolinite, sericite and albite on the basis of activities of Mg2+ 1 (H+)2 and (total alkalies) 1 

H+. Heating of shallow-circulating seawater as a result of mixing wilh an upwelling 

hydrothermal fluid and thereby deposition of magnesium in MHSH (probably a precursor 

to Mg-rich chlorite) would result in depletion of Mg in the solution, and a large increase in 

the activity of H+ (Rosenbauer and Bischoff, 1983). This would tend to affect the activity 

ratios shown on Figure 6-92 such that the solution could eventually-move away from the 

chlorite stability field (point A) and into that of sericite (point B). 

Fluids emanating from hydrothermal conduits on the East Pacific Rise are enriched 

in K relative to seawater, and lhe solutions are acidic. Mixing of such a fluid with shallow 
, 

circulating seawater, with resultant precipitation of Mg. would probably increase the acidity 

of the solution in the zone of mixing (see above). Figure 6-93 (after Helgeson, 1974) 

shows that high H+ activity favours equilibrium of the solution with muscovite rather than .. 
K-feldspar (point A on Figure 6-93). However, dispersal of some of the K -bearing 

\ . 

upwelling solution away from lhe conduit, and mixing with downwelling seawater could 

eventually result in a· mixed solution having a temperature below 150°C . Magnesium .. 
removal, which is the main source of H+ generation in heated seawater (e.g. Rosenbauer 

and Bischoff, 1983), is not effective below 150°C and therefore mixing between the K· 

bearing hydrothermal solution and low-temperature circulating seawater could raise the pH 

of the solution mixture, and thereby favour production of K-feldspar over muscovite (point 

B on Figure 6-93 ). This provides on explanation for .the change from muscovite, the 
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Figure 6-92: Activity diagram for the system Na-K-Mg-Al-Si-H-Cl-0 at 300°C and a fixed 
K/(K+Na) ratio of 0.123 under the condition of quartz saturation (Na = 0.5 molal, 
K = 0.07 molal, and Mg = 0.01 molal) (after Urabe et al., 1983). Dashed lines are 
phase boundaries at 250°C. K-feldspar is not stable at the ionic concentrations on 
this diagram. See text for discussion. 
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Figure 6-93: Equilibrium activity diagram for the system K20-Na20-Ah03-Si02-H20-HCl at 
100°C and 300°C, one bar, unit activity of H20, and in the presence of quartz 
(after Helgeson, 1974). See text for discussion. 
Abbreviations: mont.- montmorillonite, muse.- muscovite, and bohem.-bohemite. 
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K-bearing phase in the more intensely altered rocks of the inner alteration zones, to K-

feldspar in the less altered rocks of the outer alteration zones, 

6.15.11 Diabase and trondhjemite dykes-discussion 

Diabase dykes noted in the Skidder Prospect drill core presumably "fed'' overlying .. 
mafic flows. The dykes are typically lower in Zr than the basalts they intrude, which 

would suggest a replenishment of the magma chamber(s) between extrusion of the basalts 

and inuusion of the dykes. 

Massive sulphides in SK 27 are cut by post-ore diabase dykes (Figure 6-17), which 

are chlorite rich, and geochemically similar to less altered rocks of the cl,qz,py alteration 

zone. This would suggest that Mg-metasomatism continued in the area after deposition of 

the massive sulphides. 

Host rocks to the Skidder Prospect are cut by trondhjemite dykes, which, in places, 

separate rocks showing different degrees of alteration, but, in other areas, are brecciated, 

silicified and pyrite bearing. This suggests that at least some. of the trondhjemite dykes 

were emplaced prior to or during the sulphide-forming event while others were emplaced at 

a later time. 

\ . l ; 
\J 
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6.16 Conclusions 

The Skidder Prospect is an ophiolite-type volcanogenic massive sulphide deposit 

hosted within basaltic pillow lavas, mafic pillow breccias and aquagene tuffs of the Skidder 

Basalt. Brecciated, quartz-veined, unlayered jasper and lesser bedded jasper and jasper­

rich siltstone are spatially associated with the massive sulphides. Trondhjemite dykes 

intrude rocks in the Skidder Prospect area in several places. 

The deposit contains possible and probable reserves of 200 000 tonnes grading 2% 

copper and 2% zinc, accompanied by very minor amounts of lead. The sulphides occur 

mainly in two lenses composed of semimassive to massive unlayered and layered pyrite 

containing lesser amounts of chalcopyrite and low-iron sphalerite. Rare galena, hematite 

and magnetite are also noted. Quartz, chlorite and lesser calcite are the predominant gangue 

minerals. Abundant disseminated sulphides, mostly pyrite, occur in a quartz- and/or 

chlorite- ± talc-rich stringer wne underlying the massive sulphides. 

Distinct alteration zones, characterized by secondary mineral assemblages, envelop 

the massive sulphide lenses and flank the underlying stringer zone, typically up to 150m 

away from the sulphide-bearing zones. The alteration primarily involves large increases in 

the amount of intersertal chlorite and quartz; replacement of mafic minerals by chlorite, and 

replacement of albitized plagioclase by quartz and lesser phengitic sericite. Chlorite also 

replaces quartz in places. Chlorites from the alteration zone are significantly enriched in 

magnesium relative to those of typical spilitized Skidder basalts. Calcite and epidote, 

which occur in abundance in typical spilitized Skidder basalt, are destroyed. 

In most areas, the alteration is characterized by sporadic enrichment of K, Rb, Ba 

and Pb; depletion of Ca, Sr and Na; and redistribution of Si. Magnesium and Zinc are 

enriched in intensely chloritized zones. The Zn probably occurs in tiny sphalerite grains 

intimately associated with the high-Mg chlorite. The sporadic enrichment of K and related 

elements is evident up to 400 m away from the sulphide-bearing zones; the other 

geochemical effects are recognizable only about 150m away. Incompatible elements Zr, 
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Y, P ± Ti, and compatible elements Cr and Ni have remained stable, even in intensely 

altered rocks. Chondrite-normalized rare-eanh element patterns associated with sulphide­

poor sarnp~es, ranging from relatively unaltered to ·silicified and intensely chloritized. are 

similar to those of typical spilitized Skidder Basalt. Sulphide-rich samples are depleted in 

REE concentrations relative to typical Skidder Basalt, and some show relative depletion of 

Ce and the middle REE; characteristics shown by chondrite-normalized REE patterns for 

seawater. 

Lead isotope ratios of the Skidder Prospect sulphides are some of the least 

radiogenic of :Newfoundland mineral deposits. On the 207pb 1 204pb vs. 206pb 1 204pb 

diagram. they plot along the mantle lead evolution curve of Zartman and Doe ( 1981 ). 

The generic model suggested for formation of the Skidder Prospect is similar to "that 

proposed for other ophiolite-related deposits (Figure 6-91 ). Metals are suggested to have . 
been leached from underlying rocks by heated, deep-circulating, modified seawater; 

possibly similar in composition to hydrothermal solutions emanating from vents on the East 

Pacific Rise. The metals were probably carried in solution as chloride complexes. Local 

faulting provid~ upward access to the seafloor for the metal-bearing hydrothermal fluids; 

there, the massive sulphides are suggested to have been deposited, possibly in a similar 

' 
manner to those now forming on the East Pacific Rise. Mixing between the upwelling, 

metal-bearing hydrothermal fluid and cool, shallow-convecting seawater is suggested ~o .. 

have produced the associated alteration effects and the disseminated-sulphide stockw~ 
I 

zone. Much of the spatially associated jasper has probably been prodpced by oxidative 

leaching of sulphides exposed on the seafloor. 
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·APPENDIX A 
•. 

' ' 
ELECTF;ON '\1ICROPROBE TECHNIQUES AND ANALYSES 

. Silicate, carbonate an~ sulphide minerals were analyzed at ~emorial University of . 
~ 

Newfoundland using a JEOL JXA-SOA election [lrobe microanalyzer wi,th three 

wavelength dispersive spectrometers run automatic_ally by the Krisd control system 

through a PDP-11 computer. An operating voltage of 15 kv and a beam current of 0;22 

rnA were used during all analyseS'. Counts were made for" 30 seconds or until 30 000, 

whichever came ftrst. 

' 
Silicate data reduction ~as performed with the Alpha correction program, using the . . 

. . . 
correction schell)e of B'ence and Albee (1968); sulphide analyses were corrected using the 

Krise! MAGIC program. 

Pyroxene stanaard FCPX (Frisch pyroxene) was used for calibration when silicates 
•· 

were analyzed. Sulphide standards used for calibration were.PYR 242 (CANMET), 
· . _, - ~ - l . • 

CUBS (cubanite from Strathcona), CdS (CANMET), PbS (U.S.G.S.), AgBiSe2 

(CANMET), sphalerite SP 20 (Taylor sulphide brock), and sphalerite 20 (CANMET). 

Statistical parameters for replicate analyses of FCPX are presented in Table A-1. . . 
Averaged analyses for clinopyroxenes, albites, chlorites and muscovites presented in 

. Tables 4-7, 4-9~ 4-~0. 4-12,4-14,6-9 and 6-13 are listeFs A:2 to A-5. Replicate 

analyses of the sulphide standards are presented in Table A-6. fnalyses of various 

minerals for S, Fe and Zn are listed in Table A-7 . 

\ 

' 



Table A-1: Statistical parameters for analyses of pyroxene standard FCPX 
(Frisch pyroxene) 

Weight% 
5102 
TI02 
Al~3 
Cr:z03 
FeO* 
MnO 
NIO 
MgO 
CaO 
Na:z() 
K~ 
Total 

Standard 
Mean Deviation 
(m) (d) 

50.41 0 .92 
0 .77 0 .03 
7 .85 0.14 
0.02 0.02 
5 .95 0 .22 
0.11 0.03 
0.05 0.02 

15.43 0 .27 
17.99 0.48 

1 .31 0.11 
0.01 0.01 

99 .90 1 .05 

Minimum Maximum Ranae Mia (%) 
48.55 51.97 3.42 2% 

0.68 0.81 0 .13 4% 
7.61 8.24 0 .63 2% 
0.00 0 .05 0.05 71% 
5.32 6.26 0 .94 4% 
0 .04 0 .17 0.13 28% 
0.00 0.10 0.10 54% 

14.98 15.95 0.97 2% 
16.98 18.83 1 .85 3% 

1.12 1 .63 0 .51 8% 
0.00 0.02 0 .02 86% 

97 .95 1 01 .60 3 .65 1% 

Atomic Proportions (based on 6 oxygens) 
Si 
ll 
AI 
0' 
Fe 
Mn 
Ni 
Mg 
ca 
Na 
K 
Total 

1.838 
0 .021 
0.337 
0 .001 
0.181 
0.003 
0 .001 
0 .838 
0.703 
0.093 
0.000 
4.018 

Analyses I 2 91 

0 .016 
0 .001 
0 .005 
0 .000 
0.006 
0 .001 
0.001 
0.013 
0.023 
0.007 
0 .000 
0 .015 

1.805 1 .864 0 .059 
0.019 0 .022 0 .004 
0.329 0.352 0 .023 
0.000 0 .001 0 .001 
0.165 0.192 0 .027 
0.001 0 .005 0 .004 
0.000 0.003 0.003 
0 .814 0.865 0 .051 
0 .665 0 .750 0.085 
0.079 0.116 0 .036 
0.000 0 .001 0 .001 
3.995 4 .057 0.061 

Accepted 
Value 

(V) 

49 .85 
0.83 
7.86 

6.17 
0.14 

15.47 
17.75 

1.27 

99.34 

467 

m-v (m-v)/v (%) 
0.56 1% 

-0.06 -7% 
-0 .01 0% 

-0 .22 -4% 
-0.03 -20% 

-0.04 0% 
0 .24 1% 
0.04 3% 

0.56 1% 



-~ 

Table A-2: Averaged clinopyroxene analyses presented in Table 4-7 

Mean Mean 
Weight o/o S 59 S 59 S 59 S 59 S 59 5 81 S 81 S 81 S 81 

·s1~ 48.26 50.02 47.16 49.14 48 .65 50.91 49.39 51.28 50.53 
. TIO:z 0.71 0 .72 0.79 0.70 0 .73 0.64 0.66 0.72 0.67 

Al:z03 
cr~3 
Feo• 
MnO 
tOO 
UgO 
CaO 
Na:zO 
K:zO 
Total 

Atomic pr 
Sl 
l1 
AI 
Q 
Fe 

""' N 
Mg 
Ca 
Na 
K 
Total 

Analyses 

6 .69 5.68 6.51 5.26 
0 .25 0 .19 0. f9 0 .42 

. 6.72 7.09 7.11 8.68 
0.14 0 .11 0.13 0.23 
0 .02 0.00 0.03 0.05 

12.96 13.55 13.70 12.87 
21 .38 21.85 '21 .89 21 .51 

0.25 0.23 0.23 0.40 
0 .00 O.Q1 0.00 0 .02 

97.381 99.451 97.741 99 .28 

sed "'r···-··- ,----- -- - -- . ·:~~- - -, 

1.833 1.861 1.797 1.851 
0.020 0.020 0 .023 0.020 
0.300 0.249 0.293 0.234 
0.008 0.006 0 .006 0 .013 
0.214 0.221 0.227 0.273 
0.005 0.003 0.004 0.007 
0.001 0.000 0.001 0.002 
0.734 0.751 0.778 0.723 
0.870 0.871 0.894 0.868 
0.018 0.017 0.017 0.029 
0.000 0.000 0.000 0.001 
4.0021 4.ooot 4 .03~ 4.021 

• Total iron as FeO 

6 .04 4.93 3 .96 3.38 4.09 
0 .26 0.07 0 .05 0 .27 . 0.1 3 
7 .40 7.90 10.54 9 .99 9.48 
0.15 0.21 0.28 0.32 0.27 
0 .03 .0.05 0.0.4 . 0.07 0.05 

13.27 15.93 , 5.12 15.32 15.46 
21 .66 20.02 20 .05 20.34 20.14 

0 .28 0.05 0.38 0.24 0.22 
0.01 0.01 0.00 0 .00 0.00 

98.46 100.7,21100.4711 01_.93 10~ 

1.836 1.866 ·1.849 1.882 1.866 
0.021 0.018 0 .019 0.020 0.019 
0.269 0.213 0.175 0.146 0.178 
0.008 0.002 0 .001 0.008 0 .004 
0.234 0.242 0.330 0.307 0 .293 
0.005 0.007 0 .009 0.010 0.008 
0.001 0.001 0.001 0.002 0 .002 
0'.746 o:87o o.843 o.838 0 .851 
0.876 0.786 0.804 0.800 0.797 
0.020 0.004 0.028 0.017 0.016 
0.000 0.000 0 .000 0.000 0 .000 

'-4.015 4 .0101 4.0581 4.030 4 .033 

C]] I 31 

' 

' 

).- Mean 
s 19 s 19 • s 19 s 19 
50.05 48.95 47.71 48.90 

1.28 1.48 1.52 1.43 
6 .06 6.16 6.84 6.35 
0 .16 0.09 0.07 0.11 
8.36 10.63 11.91 10.30 
0 .16 . 0.14 0.57 0.29 
0 .00 o:of . o.os 0 .02 

13.09 11.11 11 .47 11.89 
21 .39 2 1.83 20 .50 21.24 . 

0 .28 0.39 0 .51 0 .39 
0 .01 0.01 0.00 0 .01 

,100.84l1oo.aqf10U5 100.93 

1.845 1.~30 1.790 1.822 
0.035 0.042 0.043 0 .040 
0.263 0.272 0.303 0 .279 
0 ,005 . 0.003 0.002 0.003 
0.258 0.332 0.374 0 .321 

-o .oo5 o.oo4 o.o1a 0 .009 
0.000 0.000 0.002 0 .001 
0 .719 0.619 0.641 0 .660 
0 .845 0.875 0.824 O.d48 
.0.020 0.028 0.037 0 .028 
0 .000 0.000 0.000 0 .000 
3 .~961 4.0051 4.033 4 .012 

I 31 

( 
~ 

~M 

519 519 519 519 519 
47.,.88 48 .39 48.08 48 .39 48:19 

1.94 2 .01 2.13 2.25 2.08 
6.46 7.05 7.11 6.82 6.86 
0.09 0 .08 0.09 0 .14 0.10 

10.92 9.1 8 9.87 10.51 10.12 
0.14 0 .16 0.15 0 .20 0.16 
0.03 

. 
0.02 0.03 0.031 0.05 

11.59 12.69
9 

12.18 ,.,, 53 12.00: 
21 .34 21 .88 21 . ~~ 21.68 21.58 

0.33 0.50 0.34 0.24 0.35 
0.00 0 .00 0.01 0 .00 •. 0.00 

t oo.72j101.96T1o1.42f1o1.79 101 .47 

1.796 1. 781 1.782 1.792 1.788 
0 .055 0.056 0.059 0.063 0.058 
0.286 0.306 0.311 0.298 0.300 
0 .003 0.002 0.003 0.004 0.0'03 
0 .343 0.283 0.~6 0.326 0.31,4 
0.004 0.005 0.005 0.006 -o.oos 
0.001 0.001 0.001 0.001 0.001 
0.648 0.696 0.673 0.636 0.663 
0 .858 0.863 0 .850 0.860 0.858 
0 .024 0.036 0.024 0.017 0.025 
0.000 0.000 0.000 0.000 0 000 
4.01 71 4.0271 4 .0151 4.003 4•.015 

• .. c=::3l 
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Table A-2 (cOntinued): 

Mean Mean 
Weight % S 53 s 53 S 53 S 53 S 25 s 25 S 25 
5102 
002 
Al203 
Cr2P3 
Feo• 
MnO 
NIO 
MgO 
cao 
Na2P 
K2;0 
Total 

Atomic pr, 

5I 
11 

. AI 

.() 
Fe ... 
N 
Mg 
ca 
~ 

K 
Total 

-~ 

53.30 54.82 52.18 
0.46 . 0 .27 ·0.68 
2 .89 .-2.12 4.22 
0 .68 . 0.38 .0 .79 
6.11 6.57 6.68 
0.11. 0.19 0.17 
0.03 0.07 0.00 

17.29 _ 18.07 16.22 
~8 .92 18.80 . 20.47 
0 .23 0.19 0.32 
0 .01 0.01 0.01 

1 00.03lfJ)1 .4ID_1 Q_1 . t4 

-. · hs (based on 6 
1.942< 1.967 1.887 
0.013 0.007 0.018 
0.124 0.090.0.180 
0.040 0.011 ·• 0.023 
0 .186 0.197 0 .202 
0.003 . 0:006 0.005 
0.001 0.002 0.000 
0.939 0.966 0.874 
0.739 0.723 0.793 
0.016 0.013 0:022 
0 .0~ O.OOG 0.000 
3.9821 3.9821 4 .005 

• Totjll iron_as Ff.:O "' 

53.43 51 .55 52.47 52 .01 
0.47 0.64 0.69 0.67 
3.08 4.13 -. 3.05 3 .59 
0.62 0.05 · 0.05 0.05 
6.45 9.24 8.03 8 .64 
0.16 0 .23 0.22 0 .23 
0.03 0.03 0.00 0.02 

17.19 14.49 15.34 14.92 
19.40 1.9.07 ·20.12 19.60 

0.25 o': 13 0.23 0.18 
0.01 0.01 0.00 0.01 

1 01 . 0~ 99.571100.20 99.89 

1.932 1.932 1.923, 
0.013 0.019 0.018 
0 .131 0 .132 0.157 
·0 .018 0 .001 o.oq1 
0.195 0.247 0.267 
0 .005 0 .007 0.()971 
0.001 0.000; 
0 .926 
0.751 
Q.017 
0 .000 
3.990 

I 31 I 21 .. _ 

~ 

Mean 
- -- --- - -... --
52.65 51 .70,51 .11 51 .82 

0.82 0.66 0.94 0 .87 
4.00 - 3.77 4.16 3 .98 
0.08 0.1 1 0.05 0 .08 
7.86 8 .93 8 .21 8 .33 
1r 12 0.21 0.17 0 .17 
0.04 0.03 0.00 0 .02 

15.66 i 5.07 15.82 15.52 
20.36 20.39 18.91 19.89 

0.21 0.27 b.37 0 .28 
0.00 0.01 0.00 - 0 .00 

101 .60)1 01 .35199.74 100.96 

1.906 1.895 1.e9o . 1.897 
0.022 0.024 0.026 " 0 .0~4 
0.111 0.163 o.1si 0 .172 
0.002 0.003 0.001 0.002 
0.238 0.274 0 .254 0.255 
0.0~4 0.007 0.005 0.005 
0.0 1 0.001 0.000 0.001 
0.845 0.823 0 .872 0:847 
o.79!1 o:ao1 O.J49 0.7801 

. 0 .015 0.019 0.027 0.0201 
0 .000 0.000 0 .000 0..0001 
3 .993 -4.00914.006 4 .002 

I 31, . . .... 
/ 

J 

,· 

;, 

...--_,/ · 

0 

(.';> 
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Table A-2 (continued): 

~an Mean 
Weeght % S 79 S 79 S 79 S 79 S 79 S 79 S 79 
~ 
T1C)2 

53.89 
0.37 
2 .68 
0 .13 
7.97 
0.19 
0 .03 

16.99 
19.31 
0 .27 
0 .00 

52.99 
0.66 
4.32 
0.09 
7_.99 
0. 12 
0.00 

l6.64 

19.70 
0 .26 
0.02 

53.44 51 .84 
0 .52 0 .64 
3 .50 3 .73 
0 .11 0 .01 
7 .98 9.39 
0 .16 0.:?3 
0 .02 0.03 

16 .82 15.21 

19.51 20 .53 
0.27 0.21 
0 .01 0 .02 

53.02 51.91 52.26 
0 .54 0.98 0. 72 
3 .15 4.50 3 .79 
0 .05 0.05 0.04 

10.96 11 .66. 10.67 
0.27 0.25 0.25 
0.00 0.00 0.01 

15.91 14.49 15.20 
18.17 19.63 19.44 
0 .36 0.35 . 0 .31 
0.01 0.0. o.'o1 

lean Mun Mean 
s 60 s 60 s 60 s 60 s 60 . ·s so s 60 s 60 s so , s so 
50.24 51 .24 52.54 51.34 51.64 52.86 52.25 52.03 53.78 52.91 

0.81 0.71 0.81 0.78 0.56 ~ 0 .73 0.65 0.47 0.52 0 .50 
3.18 2 .99 3 .20 3. 12 2.77 3 .36 3.07 1.94 ' 2 .15 2 .05 
0 .02 0 .04 0.02 0.03 0.18 0 .14 0.16 0 .04 ' 0 .02 0 .03 

11.29 12.21 11 .32 11 .61 8.79 9 .36 9.08 11 .96 12.03 12 .00 
0 .25 0 .28 0.30 ~0.28 0.22 0 .18 0.20 0.20 O,'PO 0 .25 
0.01 0.00 0.03 • 0 .01 0.04 0 .04 0.04 0.04 0.00 0 .02 

15.52 14.95 14.87 15.11 16 63 15 .92 16.28 16.43 16.87 16.65 
18.70 17.05 19.11 18.29 20.07 19.88 19.98 16.66 16.(4 16.55 

0.33 0.47 0.33 0.38 0.20 0 .24 0.22 0.26 0 .32 0 .29 
0 .01 0.03 0.00 0.01 0 .01 0 .00 0.01 0.01 0 .01 0 .01 

~ 
Ct2P3 
Feo· 
.... o 
NIO 
MgO 
CaO 
r-.zo 
K2P 
Total 101 .a:tl_1o2_79 1()2.31 10_1-'-8~1o2.4~1 o3.a2 102.10 10()_ . ..lli_99._9zuo2.53 1oo.95 1o1.1ti1o2 11 101 .91 1oo.o-!J.1o2.44 1o1.24 

Atomic propo based on 6 oxyg_ens) , 
5I 
11 , 
() 

Fe 
M"' 
N 
M;l 
c. 
Nil 
K 
Total 

Analyses 

1.944 1.896 
0.010 0 .018 
0.114 0 .182 
0.004 0 .003 
0.240 0.239 
0.006 0.004 
0 .001 0.000 

0.913 0.887 
o:746 o .755 
0.019 0.018 
0.000 0 .001 
3 .9971 4 .003 

• Total iron as FeO 

1.920 
0.014 
0.148 
0.003 
0.240 
0.005 
0.000 

0.900 
0. 751 
0.018 
0.000 
4.000 

C]] 

1.894 1.923 1.874 1.897 
0.018 0.015 0.027' 0 .020 
·0 . 161 0.135 0.191 0.162 
0 .000 0.001 0.001 0 .001 
0.287 0.332 0.352 0.324 
0.007 0.008 0.008 0.008 
0 .001 0.000 0.000 0 .000 

0.828 0.860 0.779 0.823 
0 .904 0.706 0.759 0.756 
0 .015 0.025 0 .024 0.022 
0 .001 0.000 0 .000 0.000 
4 0161 4.007( 4.016 4.013 

~ 

' 

1.878 1 . 91~1.914 1.903 1.897 1.908 1.903 1.938 1.949 1.944 
0 .023 0.02 0.022 0.022 0.015 0.020 0.018 0. 0 J-3"''-~ 1 4 .0.014 
0.140 0.132 0. 137 0:136 0.120 0.143 0 .131 0.085 . 92 0.089 
0.001 0.001 0.001 0.001 0.005 0.004 0 .005 0.001 0.~1 0.001 
0.353 0.382. 0.345 0.360 0.270 0.283 0 .276 0.373 0 .3 5 0.369 
0.008 0.009 0.009 0.009 .OJ007 0.006 0 .006 0.006 0.009 0 .008 
0.000 0.000 0.001 O.OOCl 0 .001 0.001 0 .001 0.001 0 .000 0.001 
0 .865 0.834 0.807 0.835 0.911 0.857 0.88-4 0.912 0.911 0.912 
0.749 0.684 0.746 0.726 0:790 0.769 0.780 0.665 0.638 0.652 
0 .024 0.034 0.023 0.027 o:ou ' 0.017 0.016 0.019 0 .022 0.021 
0 .000 0 .001 0.000 0.001 0.000 0 .000 . 0 .000 0.000 0 .000 0 .0 00 
4 .041_l4 .014l ... QQ6 4.020 4 .0321 4._007 ( .019 4.0151 4 .002 ... 008 

I 31 c:::ID I 21 

• 

.... 

~ 
-.....l 
0 ' 
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Table A-3: Electron microprobe analyses of aver.tged albites presented in Table 4-9· ,. 

Abfte Mean Alllte Mean Albite Mean 
Weight% S59 S59 S59 S59 S59 S60 S60 S60 S60 S60 S21A S21A 'S21A s·21A 
Sl~ 
TI02 
AJ.P3 
Cr-/)3 
Feo• 
MnO 
NK) 

l 
K2P 
T~ 

Atomic Pr 
Si 
11 
N 
Cr 
Fe 
~ 

N 
Mg 
aa 
Na 
K J 

TcUI 
Analyses 

68.87 67.92 67.83 68 .06 
0 .00 0.10 0 .00 0.03 

19.11 19 .64 19 .61 19.43 
0 .02 0.02 0 .02 0.00 
0 .29 0 .27 0.17 0.26 
0.04 0 .00 0 .02 0.03 
0.01 0 .01 0 .00 0.00 
0.00 0 01 0.04 0.02 
0 .11 0 .39 0 .41 0.50 

11.73 12.02 11.06 11.81 
0.02- 0 .03 0 .07 '-, 0.09 

100.201100 411 99.231100.23 

>p<>l'\jpns (Dasea on~ oxygens) 
3~5 2.968 2.985 2.978 

. 0.000 0.003 0.000 0.001 
0.983 1.012 1.017 1 002 
0 .001 0.001 0.001 0.000 
0.011 0.010 0 :006 0 .010 
0 .001 0.000 0.001 0 .001 
0 .000 0.000 0.000 0.000 
0.000 0.001 0.003 0.001 
0 .005 0.018 0 .019 0 .023 
0.992 1.018 0.944 1.002 
0 .001 0.002 0.004 0 .005 
5 .0001 5 033f 4 .9801 5.023 

68.17 
0.03 

19.45 
0.02 
0.25 
0.02 
0 .01 
0.02 
0.35 

11 .66 
0 .'05 

100.02 

2 .984 
0.001 
1.004 
0 .001 
O.E>09 
0 .001 
0 .000 
0 .001 
0 .017 
0 .989 
0 .003 
5.009 

4 

Molecular o/c;.;.o---,.--------.--~ 

~ 1
9

~ ~: u . • o u ... I I 
• Total l'on as FeO 

68 .50 67.21 66.76 68.98 67.86 70.86 69.75 67.33 69.31 
0.05 0 .02 0.03 0.02 0.03 0.01 0.00 0.00 0 ~~ 20.39 . 19.93 1~3.2 19.75 19.85 19.05 18.87 1!}.07 19.9 
0.02 0-.0.0 0 .03 0.00 0.01 0.00 0 .00 0.00 0 .00 

0.06 0 .07 ::1.18 0.92 0.56 0.04 0.01 0.00 0.02 
0.00 0.04 0.03 0 04 0.03 0.00 0.03 0.00 0.01 
0.00 0.09 0 .01 0.05 '0.04 0.03 0 .00 0 .04 0.02 
0.00 0.00 0.00 0.1"3 0.03 0.00 0.00 . 0 .02 '0.01 
0.15 0 .25 0.30 0.29 0.25 0.16 0.15 0.11 0.14 

-12.21 12.14 11 .93 11 .01 11 .82 11.63 12.26 11 .86 11.92 
o·.o4 0.05 0 .07 0.07 0.06 0.03 0.03 . 0 .05 . 0.04 

101 .421 99 .801 99.661101 .26 100.54 101.811101.101 98 .48 100.46 

2.958 2.955 2.955 2 .983 2.963 3 .032 3 .017 2.991 3.013 

0.002 0 .001 0.001 0.001 0.001 0.000 0 .000 0.000 0.000 

1.038 1.033 1.008 1.007 1.022 0.961 0.962 0.999 0.974 

0.001 0.000 0.001 0.000 0.000 0.000 0 .000 0.000 0.000 
0.002 0 093 ,0.044 0.033 () .020 0.001 ;- 0.000 0.000 0.001 
0 .000 0 .0()1 - 0.001 0 .001 0 .001 0.000 0 .001 0.000 0.000 
0.000 0.003 0.000 0.002 0.001 0.001 0.000 0.001 0 .001 
0.000 0.000 0.000 0.008 0.002 0 .000 0.000 0.001 0.000 
0.007 0.012 0.014 0 .013 0.012 0.007 0.007 0.005 0.007 

1.022 1.035 1.024 0.923 1.001 0_.9.65 1.028 1.022 1.005 

0.002 0.003 0.004 0 .004 0.003 0.002 0.002 0.003 0.002 

5.0331 5 .046[ 5.0531 4 .976 5.027 4.970[ 5.0171 5.022 5 .003 
4 

r-:;t 
3 

• 

r' 
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Table A-3 (continued): Electron microprobe analyses of averaged a! bites presented in Tabks -l- 10 and 4-1 2 

Al>lte Mean 
Wetght % S 63 S 63 S 63 S 63 S 63 
51~ 
~ 
Ai20:J 
O'.PJ 
Feo• 
MnO 
NlO 
MgO 
cao 

·Na.P 
K~ 
T~ 

AtomiC P 
5I ... 

11 
~ 

cr 
Fe 
~ 
N 
Mg 
ca 
Na 
K 

66.67 67.92 67.57 68 .44 67.65 
0.00 0.00 0.00 0.00 I 0 .00 

19.36 20.13 19.39 19.45 19.58 
0.01 0.00 0.00 0.01 0.01 
0.04 0.04 0.07 0.04 0.05 
0.00 0.01 0.00 0 .03 0.01 
0.03 0.03 0.02 0.03 0.03 
0.00 o:oo 0.00 0.00 0.00 
0.33 0.00 0.46 0.35 0.29 

11 .69 11 .68 11 .98 10.91 11 .57 
0.04 0.04 0.09 0.09 0.07 

98.171 99.851 99.58( 99 .35 99 .24 

...... ,...._ ... _. __ \----- -··- ._ .. ,~._ . .. _, 
2.974 2.972 2.976 3.002 2.981 
0.000 0.000 0.000 0.000 0.000 
1.018 1.038 1.007 1.006 1.017 
0.000 0.000 0.000 0.000 0.000 
0.001 0.001 0.003 0.001 0.002 
0.000 0.000 0.000 0.001 0.000 
0.001 0.001 0.001 0.001 0.001 
0.000 0.000 0.000 0.000 0.000 
0 .016 0.000 0.022 0.016 0.013 
1.011 0.991 1.023 0.928 0.988 
0.002 0.002 0.005 . 0.005 0.004 
5.024)' 5 006) 5.035) 4.961 5.006 

4 
Total 
Analyses 
Molecular % ., 

~1 ~~9~~-: ;~;---~-~--=--~-~-~~-~~-~-~1 
Or - 0.22 ~ - -- ~ - ·~ - -• 

'j'j _fts 'j / .4:> ~~ - {41 'jts .30 
0.00 2.07 1.73 1.33 
n ?? n .i!R 0.53 0.36 

·Total iron as FeO 

·1 

1· 

AUe Mean 
S16 S16 S16 
68.49 68 .28 68 .39 

0.00 0.00 0.00 
18.94 18.45 18.70 
0.02 0.00 0 .01 
0.00 0.04 0.02 
0 00 0.01 0.01 
0.01 0.00 0.01 
0.00 0.02 0.01 
0.06 0.00 0.03 

11 .92 12.40 12.16 
0.06 0.07 0 .<»' I 

99.501 99 .27 99.39 

3.008 3.012 3.010 
0.000 0.000 0.000 
0.981 0.960 0.970 
0.001 0.000 0.000 
0.000 0.001 0.001 
0.000 0.000 0.000 
~000 0.000 0 .000 

.000 0.001 0.001 
0.003 0.000 0.001 
1.015 1.061 1.038 
0.000 ' 0.004 0.004 
5.0111 5.040 5.025 

2_ 

99.39 99 .63 99 .51 
0.28 0.00 0.14 
0.33 0.37 0.351 

l , 
~ 

./ 

-....... 

-, 

~ 
-...J 
1-J 



Table A4: Averaged electron microprobe analyses of chlorites presented in Table 4- 14 

Weight o/c 
s~ 

~· 
O;PJ 
Feo· 

- -- ~v 

28 .49 30.73 27.98 
0.00 0.00 0.00 

19 38 19.60 19.62 
0.07 0.07 0.02 

18.02 16.52 18.59 
0.34 0.25 0.32 
0.02 .. 0.06 0.08 

18.91 21 .00 20.30 
0.13 0.08 0.09 
0.03 0.09 0.00 
0.07 0.05 0.00 

Mean 
- --
29.07 
0 .00 

19.53 
0.05 

18.38 
0.30 
0.05 

20.07 
0 .10 
0.04 
0.04 

Mean 
- -- - -- - -- - --
28.99 27.42 27.82 28.08 

0.00 0.01 0.04 0.02 
18.90 19.41 20.19 19.50 
0.04 0.07 0.07 0.06 

18.67 19.11 19.38 19.05 
0.34 0.32 0.27 0.31 
0.08 0.10 0.07 0.08 

20.65 18.46 20.04 19.72 
0.09 0.13 0.15 0.12 
0.01 0.03 0.02 0.02 

. 0.09 0.07 0.02 0 .06 

MnO 
NIO 
MgO 
CaO 
~ 
I(~ 
Total J5.46l 90 .451 87 .00 _87.64 . 87.8ill.._8~ . 13J 88.07 87.02 

Atomic P 
~ 
11 
~ 

Cr 
Fe 

~' Mg 
ca 
Na 
K 
Total 

Anatyses 

~ 

5.904 5.998 5.722 5.875 
0.000 0.000 0.000 0.000 
4.735 4.510 4.730 4.659 
0.011 0.011 0.003 0.009 
3.123 3.023 3.180 3.109 
0.060 0.041 0.055 0.052 
0.003 0.009 0.013 0.009 
5.841 6.109 6.187 6.046 
0.029 0.017 0.020 0.022 
0.012 0.034 0.000 0.015 
0.019 0.012 0.000 0.010 

19.738119.765119 911 19.804 

I 31 

·Total iron as Fe"O 

• 5.867 5. 759 5.643 5.756 
0.000 0.002 0.006 0.003 
4.509 4.806 4 .828 4.714 
0.006 0.012 0.011 0.010 
3.160 3 .357 3.288 3.268 
0.058 0.057 0.046 0.054 
0.013 0.017 0.011 0.014 
.6.228' 5.778 6.058 6.021 
0.020 0.029 0.033 0.027 
0.004 0.012 0.008 0.008 
0.023 0.019 0.005 0.016 

19.889119.846119.938 19.891 

I 31 

Mean 
--- --- --- --- --- --- ---
26.92 28.47 27.58 27.72 27.61 28.78 27.85 

0.00 0.00 0.00 0.01 0.00 0.00 0.00 
18.31 17.12 18.98 18.46 18.21 17.46 18.09 
. 0.14 0 .06 0.18 0.09 0.16 0.08 0.12 
21 .38 21.50 22.14 22.52 22.75 23.16 22.24 
0.23 0.20 0.23 0.18 0.18 0.21 0.21, 
0.09 0.07 0.10 0.06 0.14 0.10 0.09; 

17.95 17.82 17.41 19.24 17.30 18.48 18.03 
0.04 0 .12 0.08 0.14 0.08 0.07 0.09 
0.00 0 .05 0.01 0.05 0.00 0.01 o:o2 
0.01 0 .03 0.02 0.07 0.00 0.01 0.02 

s5.on 85.44 as. 7:U 88 .5'!1. 86.4:U 88.36 a6 . 76 

,' 

5.739 6.028 5.772 5.700 5.823 5.934 5.833 
0.000 0.000 0.000 0.002 0.000 0.000 0.000 
4.602 4.273 4.683 4.475 4.527 4.244 4.468 

•o.024 o.o1o o.o3o o.o.15 o.o21 o.o13 0.020 
3 .812 3.807 3.875 3.873 4.012 3.994 3.896 
0.042 0.036 0.041 0.031 0.032 0.037 0.036 
0 015 0.012 0.017 0.010 0.024 0.017 0.016 
5.703 5.623 5.430 ? .897 5.437 5.679 5.628 
0.009 0.027 0.018 0.031 0.018 0.015 ~:~~~~ 0.000 0.021 0.004 0.020 0.000 0.004 
0.003 0.008 0.005 0.018 0.000 0.003 O.OOE 

19.949I19.84S{19.876l20.072I19.900I19.940 19.930 

I 61 

~ 

.. 

·- ·- ··- ·--· 

~ ...... 
w 
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Table A-4 (continued): 

Mean Mean .. Mean Mean 
Weight% 535A 535A 535A 581 5§_1 _581_. 516 S16 S16 S16 S19 -S19 S19 S19 S19 519 
5102 
002 
AI-PJ 
02D3 
Fee• 
UnO 
NIO 
MgO 
cao 
~ 
K~ 
Total 

Atomic P 
Sl 
n 
AJ 
() 

Fe 
Mn 
N 
Mg 
ca 
Na 
K 
Total 

29 .12 27.95 28.54 
0.00 0.00 . 0.00 

17.87 18:94 18.41 
0.08 0.03 0.06 

19.35 19.51 19.43 
0.36 0 .34 <#35 
0.07 0 .09 0.08 

20.65 19.68 20.17 
0.03 0.02 0.03 
0.08 0.00 0.04 
0.04 0.02 0.03 

87.65J 86.58 ~ 

..... ,..... __ ·-- -- ' --- - -- -

5.935 5.777 5.856 
0.000 0.000 0.000 
4.294 4.615 4.454 
0.013 0.005 0.009 
3.298 3.372 3.335 
0.062 0.060 0.061 
0.011 0.015 0.013 
6.272 6.062 6.167 
0.007 0.004 0.005 
0.032 0.000 0.016 
0.010 0.005 0 .008 

19.933(19.916 19.924 

' 
• Tolal iron as FeO 

'\ 

29.15 28.57 28.86 
0.01 0.00 0.01 

17.93 17.20 17.57 
0.00 0.00 0.00 

24.05 24.36 24.21 
0.48 0.50 0.49 
0.05 0.04 0.05 

17.51 17.00 17.26 
0.13 0.13 0.1 3 
0.03 0.09 0.06 
0.03 0.02 0.03 

89 .371 67.91 86 .64 

~- - -I 

5.964 5.972 5.968 
0.002 0.000 0.001 
4.324 4.238 4.281 
0.000 0.000 0.000 
4.115 4.258 4.187 
0.083 0.089 0.086 
0.008 0.007 0.007 
5.339 5.296 5.317 
0.028 0.029 0.029 
0.012 0.036 0.024 
0.008 0.005 0.007 

19 .883( 19.930 19.906 

' 
I 21 

29.20 27.46 29.08 28.58 28.57 28 .46 29.13 28 .98 29 .66 28.96 
0.0~ 0.01 0.02 0.01 0.05 0.01 0.00 0.00 0.00 0.01 

18.62 9.50 18:'26 18.79 19.27 19.10 20.49 18.96 19.50 19.46 
0.01 0.02 0.03 0 02 0.02 0.02 0 .01 0.06 0.05 0.03 

22.12 21 .45 21 .59 21 .72 22.38 22 .70 23.23 23.23 23 .44 23.00 
0.45 0.41 0.38 0.41 0.33 0.23 0.38 0;30 0.33 0.31 
0.03 0.00 0.00 0.01 0.02 0.05 0.05 '0.03 0.00 0.03 

18.59 17.16 18.73 _18.16 17.63 17.82 17.74 17.77 18.41 17.87 
0.07 0.05 0.05 0.06 0.1 1 0.10 0.11 0.08 o.n 0.'11 
0.06 0.00 0.06 0.-04 0.09 0.07 0.02 0.05 . 0.00 0.05 
0.07 0.04 0.08 0.06 0.03 0.02 0.03 0.02 0.01 0.02 

69.231 86.1QL88~8 87.87 88 .5Ql 88.58J 91 .19j 89.48J 91 .54 69 .86 

5.919 5.764 5.945 5 .876 5.846 5.829 5.789 5.884 5.876 5.845 
0.002 0.002 0.003 0 .002 0.008 0.002 0.000 ' 0.000 0.000 0.002 
4.449 4.826 4.401 . 4 .559 4.649 4.612 4.801 4.539 4.554 4.631 
0.002 0.003 0.005 0.003 0.003 0.003 0.002 &.010 0.008 0.005 
3.750 3.766 3.691 3 .736 3.830 3.889 3.861 3.945 3.884 3.882 
0.077 0.073 0.066 . 0.072 0.057 0.040 Q .. 064 0.052 0.055 0.054 
0.005 0.000 0.000 0.002 0.003 0.008 0.008 0.005 0.000 0.005 
5.616 5.369 5.706 5.563 5.377 5.440 5.254 5.377 5.435 5.377 
0.015 0.01, 0.01, 0.012 0.024 0.022 0.023 0.017 0.030 0.023 
0.024 0.000 0.024 0.016 0.036 0.028 0.008 0.020 0.000 0.018 
0.018 0.011 0.021 o:o11 0.008 0.005 0.008 0.005 0.003 0.006 

19 .875(19.825(19 .872 19.857 19.841119 .878[19.8171 19.854{ 19.844 19.847 

I 31 I 51 

~ ....... ..,. 



Table A4 (continued): 

Weight "/c ~ 
o S53 S53 . Mean S53 

- S53 

- 2 
AlP.! 
O'~J 

27.81 27.93 29.19 28.31 
0.00 0.01 0.02 0.01 

Feo• 
MnO 
NK) 

MgO 
CaO 
Na~ 
K2D 
TOlal 

Aloinic P 
Sl 
n 
~ 

Q 
Fe ..... 
N 

t.tJ 
ca 
Nil 
K 
Total 

18.30 18.55 19.16 18.67 
0.01 0.04 0.03 0.03 

23.36 23.55 24.00 23.64 
0.17 0.25 0.28 0.23 
0.03 0.03 0.06 0.04 

16.55 16.89 16.80 16.75 
. 0.10 0.19 0.15 0.15 
0.04 0.07 0.04 0.05 
0.01 0.01 0.01 0.01 

86 . ~81 87.52( 89 .74 87.88 

- ,-- ~ . - -- -- - - - - - :::1'- - , 

5 .876 5.831 5.926 5.878 
0.000 0.002 0.003 0.002 
4.559 4 .566 . 4.585 4.570 
0.002 0.007 0.005 0.004 
4.128 4.112 4.075 4.105 
0.030 0.044 0.048 0.041 
0 . ~05 0.005 0.010 0.007 
5. 12 5.256 5.083 5.183 
0.023 0.043 0.033 0.033 
0.016 0 .028 0.016 0.020 
0 .003 0.003 0.003 0.003 

19 853119.896119.785 19.845 

I 31 

· Total iron ~ FeO 

'<> 

.. 
s 22 s 22 s 22 - -- - -- - --

Mean 
s 22 s 22 - -- - --

-29.57 30.86 30.36 28.98 29.94 
0.05 0.00 0.02 0.01 0.02 

~18 . 34 19"04 18.23 17.40 18.25 
-a 0.01 0.02 0.02 0.00 0.01 

18.52 19.29 19.29 19.01 19.03 
0.46 0.43 0.42 0.34 0.41 
0.02 0.01 0.05 0.01 0.02 

. 21 .54 21 .45 21 .83 21 .19 21 .50 
0.04 0.10 0.08 0.03 0.06 
0.01 0.01 0.01 0.03 0.02 
0.01 0.02 0.01 0.01 0.01 

88 .571 91 .231 90 .321 87.01' e9 .28 

5.926 6.000 5.979 5.941 5.961 
0.008 {) .000 O.Q03 0.002 .0.003 
4.333 4.364 4 .233 4.205 4.284 
0.002 0.003 0 .003 0.000 0.002 
3.104 3.137 3 .177 3.259 3.169 
0.078 0.071 0.070 0.059 0.070 
0 .. 003 0.002 0.008 0.002 0~004 
6."\33 6.215 6 .407 6.474 6.382 
0.009 0.021 b .017 0.007 0.013 
o.oo4 ·o.oo-4 o.oo4 0.012 0.006 
0.003 o.oo.s 0.003 ...0.003 0.003 

19.902119.821(19.903119.962 19.897 

I 41 

/ 

Mean 
s 25 s 25 s 25 s 25 ' s 25 
28.76 28.21 28.23 28.07 28.32 

0.03 0.00 0.00 0.04 0.02 
• 20.48 18 84 18.95 19.79 1-9.52 

0.00 0.02 O;J)O 0.00. 0.01 
22.81 24 .68 24.89 24.98 24 . ~J4 

0.29 0 .23 0.21 0.17 0.23 
0.06 0.05 0.05 0.05 0.05 

16.36 16.84 16.48 . 16.64 16.58 
- o.o8 0.11 0.07 0.04 0.08 

0.02 0.00 0.04 0.07 '0.03 
0.01 0.02 0.02 0.02 0.02 

88 901 89 .001 88 .94( 89.87 89.18 

5.850 5.814 5.825 5.729 5.805 
0.005 0.000 0.000 0.006 0.003 
4 .911 4.577 4.610 4.762 4.715 
0.000 0.003 0.000 0.000 0.001 
3 .881 4.254 4.295 4.264 4.173 
0.050 0.040. 0.037 0 .029 tt>.039 
0.010 0.008 0.008 0.008 0.009 
4.960 5.172 5.068 5.061 5.065 
0.017 0.024 0.015 0 .009 0.016 
0.008 0.000 0.016 0 .028 0. 0 1 ~i 
0.003 0.005 b.005 0 .005 0.005 

19.695119.899!19.880(19.901 19.8441 

I 41 

...... 
-...J 
VI 

.. 
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Table A-4 (continued): 
!".J 

Mean Mean Mean 
Weight% S 79 S 79 S 79 S 60 S 60 S 60 ·s 60 S 60 __§~~1A S 21A S 21A S 21A 
Sl~· 
~ 
Al:z03 
Cl:zOJ 
Feo• 

27.82 27.97 
0.02 0.00 

18.32 17.41 
0.03 0 .01 

27.23 2).34 
0.39 0.36 
0.08 0.00 

14.81 15.52 
0.10 0.09 
o.o·o 0.05 
0.04 0.02 

27.90 
0.01 

17.67 
0.02 

27.29 
0.3'8 
0.04 

J5.17 
0.10 
0.03 
0.03 

27.04 29 .18 26.81 30.15 28.30 
0.00 0.00 0.02 0.05 0.02 

18.47 17.24 18.96 16.68 ,8.34 
0.04 0.01 <r02 0.00 0.02 

23.82 24 .18 24.29 25.06 24.34 
0.29 0.27 . 0.24 0.27 0.27 
0.01 0.03 0.05 0.03 0.03 

16.99 17.25 16.03 17:60 16.97 
0.07 0.10 0.07 0.11 . 0.09 
0.11 0.02 0.06 0.02 0.05 
0.02 0.01 

, 
0.03 0.02 0.02 

MnO 
NIO 
MgO 
cao 
Na~ 
K:zO 
TOial 68641 88.77 8881 86 .§&Jl!:l_g~~B6 . 60I 91.99 88.44 

Alomic Proportions (based 
5I 
1l w 
() 

Fe 
A.tl 
N 

t.tJ 
c:a 
Na 
K 
TOtal 

5.836 5.880 
0 .003 0.000 
4 .531 ~15 
0.005 .... . 02 
4.777 4.807 
0.069 0.064 
0.013 0.000 
4.630 4.862 
0.022 0.020 
0 .000 0.020 
0.011 0.005 

19.898119.975 

- -- - - .J~- - - ~ 

5.858 5.715 6.044 5 .694 5.987 5.860 
0.002 0.000 0.000 0.003 0.007 0.003 
4.423 4.602 4.210 4.752 4.373 4.484 
0.003 0.007 0.002 0.003 0.000 0.003 
4.792 4.210 4.189 4.314 4.162 4.219 
0.067 0.052 0.047 0.043 0.045 ~047 
0.007 0.002 0.005 0.009 o.oos 0.005 
4.746 5.352 5.325 5.074 5.209 . 5.240 
0.021 0.016 0.022 0.016 0.023 0.019 
0.010 0.045 0.008 0.025 0.008 0.021 
0.008 0.005 0.003 0.008 0.065 0.005 

19.937 20.006119.855119.94.1119.825 lf9.907 

I 21 I 41 

• Total iron as F~O • 

26.84 26.72 27.39 26.98 
0.01 0.05 Q.OO 0.02 

18.36 17.64 19.03 18.34 
0.05 0.01 0:02 0.03 

25.71 23.98 23.61 24.43 
0 .63 0.57 0.57 0.59 
0.00 0.05 0.04 0.03 

15.57 15.55 15.14 15.42 
0.49 0.08 0. 1.1 0.23 
0.08 0.02 0.00 0.03 
0.04 0.03 0.01 0.03 

87.781 84.7!ll_ 85 .92 86.13 

5.689 5.818 - 5.836 5 .78 1 
0.002 0.008 0.000 0 .003 
4.588 4.528 4.781 4 .632 
0.008 0.002 0.003 0 .004 
4.558 4.367 4.207 4 .377 
0.113 0.105 0.103 0 .107 
0.000 0.009 0.007 0 .005 
4.919 5.048 4.808 4 .924 
0.111 0.019 0.025 0 .052 
0.033 0.008 0.000 0 .014, 
0.011 0.008 0.003 0 .0071 

20.032119.918119.773 19.908 - I 31 

.c. 

.. 

I 

( 

.. 

~ 
--.J 
0'-
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Table A-4 (continued): 4? 

Weight% 
SI02 
TI02 
NPJ 
cr~3 
Feo• 
MnO .... 
NK) 

MgO 
CaO 

-~ 
K~ 
Total 

Atornc P 
Sl 
11 
AJ 
0 
Fe 
Mn 
N 
Mg 
ea· 
Na 
K 
Total 

s 29 --- s 29 - -- S29 - -- s 29 - -
27.98 ' 28.15 26.84 27.27 

0.02 0.03 0.05 0.03 
20 04 19.60 20.30 19.15 
0.01 0.03 0.03 0.02 

28.00 28.78 29.34 29.77 
0.54 0.52 0.53 0.56 
0.03 0.00 0.00 0.00 

13.41 13.52 13.33 13.43 
0.04 0.08 .().04 0.04 
0.00 0.00 0.04 0.00 
0.04 0.03 0.00 0.01 

Mean . 
s 29 
27.56 
0.03 

19.77 
0.02 

28.97 
0.54 
0 .01 

13.42 
0 .05 
0 .01 
0.02 

90.11_I 90 .741 90.501 90 .28 90.41 

_.,.._.. ··-··- ,----- --· -- -· ·1~----, 

5.786 5.804 5.582 5.702 5.719 
0.003 0.005 0.008 0.005 0.005 
4.886 4. 764 4.978 4. 721 4.837 
0 ~02 0.005 0.005 0.003 0.004 
4.843 4.963 5.104 5.206 5.029 
0.095 0.091 0.093 0.099 0.094 
0.005 0.000 0.000 0.000 0.001 
4.133 4.154 4.132 4.185 4.151 
0.009 0.018 0.009 0.009 0.011 
0.000 0.000 0.016 0.000 0.004 
0.011 0.008 0.000 0.003 0.005 

19. 772T 19.811119.927119.933 19.861 

0 41 

· Total iron as FeO 

). 

Mean 
S 82A S 82A S 82A S 82A 

-~ ~ 

27.39 27.96 28.14 27.83 
0.02 0.00· 0.01 0.01 

18.45 19.32 18.57 18.78 
0.02 0.00 0.03 0.02 

19.93 19.31 19.27 19.50 
0.38 0.43 0.38 0.40 
0.09 0.09 0.05 0.08 

18.62 20.23 18.90 19.25 
0.08 ,0.13 0.15 0.'12 
0.01 0.06 0.06 0.04 
0.02 0.04 0.04 0.03 

85.011 87.571 85.60 86.06 

5.793 5.713 5.877 5.794 
0.003 0.000 0.002 0.002 
4.601 4.654 4.573 4.609 
0.003 0.000 0.005 0.003 
3.525 3.300 3.366 3.397 
0.068 0.074 0 .067 0.070 
0.015 0.015 0.008 0.013 
5.869 6.160 5.883 5.971 
0.018 0.028 0.034 0.027' 
0.004 0.024, 0.024 0.017; 
0.005 0.010 0 .011 o.oo9' 

19 906119.978119 .850 19.9111 

I Jl 
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·~ 
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Table A:4 (continued): Averaged chlorite analy<.cs prc,-;cntcd in Table 6-1) 

SK 
Weight •4 27 8 

s~ 
no, 
~ 
0~3 
Feo•­
lottO 
NIO 
MgO 
cao 
Na.P 
K.P 
Total 

28.41 
0.00 

18.52 
0.04 

16.60 
0.36 
0 .02 

21.70 
0.12 
0.05 
0 .01 

85.83 

sit 
278 
27.94 

0.00 
18.67 

0.03 
16.63 

0.40 
_o. 12 
21 .55 

0 .06 
0 .03 
0 02 

85 .~ 

Mean 
SK 
278 
28.18 

0.00 
18.60 
0 .04 

16.62 
0.38 
0.07 

21.63 
0.09 
0.04 
0 .02 

_8~. 64 

Atomic P 
Sl 

- r- - - (basad on 28 -

5.834 5.774 5.804 
l1 0.000 0.000 0.000 
~ 4 .484 4.548 4.516 
() 0.006 0 .005 0.006 
Fe 2.851 2.874 2.863 ..., 0.063 0.070 0.067 
N 0.003 0.020 0.012 
Mg 6.641 6.637 6.639 
ca 0.026 0.013 0.020 ... 0.020 0.012 0.016 
K 0.003 0.005 0.004 

. . , _,., 
Mean 

SK SK SK SK 
27 33 27 33 27 33 27 33 
29.39 30.17 28.73 29.43 

0.00 0 .02 0.1>4 o'.o2 
20.18 21 .23 25.11 22 .17 

0.09 0.09 0.04 0 .07 
9.45 8 .21 8.09 8 .25 
0.26 0 .17. 0.25 0 .23 
0.03 0 .04 0.05 0.04 

27.36 25.18 26.13 26.22 
0.07 0.07 0.04 '0 .06 
0.00 .,.0 .11 0.09 0 .07 
0.02 0 .01 0.00 0 .01 
8~8~-85.30 88.57 86 .57 

- . , 
5.765 5.917 5 .433 5.705 
0.000 0.003 0 .006 0.003 
4 .667 4.908 5 .598 5.058 
0 .014 0.014 0 .006 0.011 
1.386 1.347 1.279 1.337 
0.043 0.028 0.040 .0.037 
o.oo5 o.ooa o .oo8 0.006 
7.998 7.359 7.364 7.574 
0.015 0.015 0 .008 0.013 
0.000 0.042 0 .033 0.025 
0.005 . 0.003 0 .000 0 .003 

Mean 
SK SK SK SK SK SK 

28 27 . 28 27 28 27 28 27 28 27 28 27 
31 .25 32.04 31.59 31.77 31.01 31.53 

0 .05 0.02 0.00 0.02 0.01 0 .02 
17.10 17.13 17.82 18.16 18.85 17.81 
0 .02 0 .05 0.04 0.09 0.05 0.05 
9 .82 9.70 9.73 10.35 10.15 9.95 
0 .19 0 .25 0.20 0.25 0 .26 0.23 
0 .00 ·o.oo (}:03 0.07 0 .04 0.03 

25 .90 26.99 27 .11 25.55 27.02 26.51 
a.. 13 0 .13 0.07 0.08 0.11 0.10 
0 .00 0.04 0.01 0.02 0.01 0.02 
0 .02 0.01 0.02 0.02 0 .02 0 .02 

84.48 86.36 86.62 86.38 87.53 ~6.27 

. 
6.252 6.265 6 .161 6 .22~ 6.006 6.182 
0.008 0.003 0.000 0 .003 0.001 0.003 
4.033 3.949 4.097 4.195 4 .304 4.116 
0.003 0.008 0.006 0.014 0.008 0.008 
1.643 1.586 1.587 1.696 1.644 1.631 
0.032 0.041 0.033 0.041 0.044 ' ~038 
0.000 0.000 0 .005 0.011 0 .006 .004 
7.722 7.865 7.880 7 .460 7.799 7.745 
0.028 0.027 0.015 0.017 0.023 0.022 
0.000 0.015 0.004 0.00~ 0.004 0.006 
0.005 0.002 0.005 0.005 0.005 0.004 

ToY! 19.932 19.958 19~ ..!_~.897_1~.641 19.776 1~ J1!.725 19.763 19.792 19 .674 19.842 19.759 

Ana~ I 21 CO]] C3 
• Total iron as FeO 'J 

.. 

Mean , 
SK SK 6K SK 

28 39 28 39 28 39 28 39 
29.25 25.32 28.8 1 27. 7~1 

0.01 0.01 0.02 0.01! 
22.15 19.14 19.93 20.4t 

0.05 0 .08 • 0.11 0 .08 
14,24 12.11 13.37 13.24 

0.22 0 .22 0.25 0 .23 
0.03 0 .05 0.03 0 .04 

23 .04 22 .52 22.59 22.72 
0.04 0 .07 0.06 0 .06 
0.06 0 .01 0.05 0.02 
0.00 0 .02 0.02 0 .01 

89.03 79.55• 85.24 84.61 

5.678 5.512 5 .836 5.675 
0.001 0.002 0.003 0.002 
5.069 4.913 4.759 4.914 
0.008 0.014 0 .018 0.013 
2.312 2.205 2 .265 2.261 
0.036 0.041 0 .043 0.040 
0.005 0.009 0 .005 0.006 
6.665 7.307 6 .819 6.930 
0.008 0.016 0.013 0.012 
0.000 0.004 0 .020 0.008 
0.000 0 .006 0 .005 0.004 

19.782 20 .028 19 .785 19.865 

c=iJ 

0 

~ 

~' 

·' 

' 

..., 

~ 
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00 
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Table A-4 (continued): Averaged chlorite analyses presented in Table 6-9 

Mean 
SK 

Weight % 28 41 
SK SK SK SK 

s~ 
~ 
~ 
tr:z03 
Feo• 
t.tlO 
NO 
MgO 
eao 
"-20 
K:zO 
T~ 

Atomic P 
Sl 
T1 
N 
0 
Ft .... 
N 
Mg 
Ca ,.. 
K 
T~ 

Analy-.s 

28 41 28 41 28 41 28 41 
29 .58 29.76 28.48 29.72 29.39 

0.00 0.02 . 0.02 0.01 0 .01 
19.97 18.95 18.89 17.61 18.86 
0.04 0.14 0 .11 0.03 0.08 

10.52 9.13 10.76 9.25 9.92 
0.21 0.21 0.21 0.19 0.21 
0 .00 0.00 0 .03 0.01 0 .~ 

24.71 21 .52 24 .10 26.82 24.29 
--<>.06 . 0.05 0.05 0.07 0 .06 
0.01 0.00 0 .06 0.07 0.04 
0.01 0.00 0 .02 0.03 0 .02 

85.11 79.78 82 .73 83.81 82.86 

rOQ()_rtions (based on 28 oxygens 
5.899 6.257 5.874 6.001 6.008 
0.000 0 .003 0.003 0 .002 0.002 
4.695 4 .697 4.593 4.192 4 .544 
0 .006 0 .023 0.018 0.005 0.013 
1.755 1.606 1.856 1.562 1.695 
0.035 0.037 0.037 0.032 0.035 
0.000 0 .000 0.005 0.002 0 .002 
7.344 6.744 7.407 8.071 7.392 
0.013 0.011 0.011 0.015 0.013 
0.004 0.000 0.024 0.027 0.014 
0.003 0.000 0.005 0.008 0.004 

c.!J.7§4 19.379 19.833 19.917 19.721 

~ I 41 

' Total IR)('I as F eO 

Mean ~an Mean 
SK SK SK SK SK SK SK SK SK SK SK SK SK 

28 73 28 73 29 73 28 73 28 73 28 73 28 75 28 75 28 75 28 40 28 40 28 40 28 40 
34.32 33.68 34.66 30.85 33.79 33.46 28.96 29.04 29.00 30.33 29.31 31.06 30.23 

0.02 0 .02 0.02 0 .00 0.00 0 .01 0.00 0 .00 0.00 0 .04 0.03 0 .02 0.03 
15.66 15.89 15.84 15.54 15.10 15.61 19.68 19.66 19.67 21 .18 20.69 ·18.09 19.99 
0 .09 0 .01 0.03 0 .11 0.08 0.06 0.00 0.10 0.05 0.07 0.02 0 .04 0.04 
-ri.t4 8.80 7.98 8.79 8.22 8 .39 12.86 12.27 12.57 11 .07 10.69 11 .26 11.01 
0.09 0.13 0.12 0 .11 0.09 0.11 0.24 0 .27 0.26 0.24 .0.25 0 .25 0.25 
0.00 0 .03 0.00 0 .01 0.02 0 .01 0.03 0 .01 0.02 0.03 0.03 0.02 0.03 

28.45 28.82 28.88 27.52 27.81 28.26 23.81 23.79 23.80 26.05 24.26 24.54 24.95 
0.13 0 .10 0.22 0 .12 0.17 0 .15 0.04 0.04 0.04 0.10 0 .04 0 .10 • 0.08 
0.02 0 .00 0.04 0.04 0.06 0.03 0.00 0 .00 0.00 0.01 0 .02 0 .08 0.04 
0.02 0 .05 0.07 0.04 0.08 0 .05 0.01 0 .02 0.02 0.02 0 .02 0.02 0.02 

86.94 87.53 87.86 83. 1_1 85.22 ~4 85.63 85.20 85.42 -~9,1!__85 . 36 85.48 86.66 

6.585 6.455 6.578 6.261 6.626 6.501 5 .824 5.851 5 .838 5. 789 5. 834 6.185 5 .9J6 
0 .003 0 .003 0.003 0.000 0.000 0.002 0.000 0.000 0 .000 0 .006 0 .004 0.003 0.004 
3 .542 3.591 3.544 3. 718 3.491 3.577 4.666 4.670 4.668 .4.766 4.855 4.247 4.623 
0.014 0.002 0.005 0.018 0.012 0.010 0.000 0.016 o.ooe 0.011 0 .003 0.006 0 .007 
1.306 1.411 1.267 1.492 1.348 1.365 2 .163 2.067 2.115 1.767 1.779 1.875 1.807 
0.015 0.021 0.019 0.019 0 .015 0.018 0.041 0.046 0.044 0.039 0 .042 0.042 0.041 
0.000 0.005 0.000 0.002 0 .003 (}.002 O.QOS 0.002 0 .004 0.005 0.005 0.003 0.004 
8.136 8.232 8.169 8.323 8.069 8.186 7.136 7.143 7.140 7.410 7.196 7.283 7.296 
0 .027 0.021 0 .045 0.026 0.036 0.031 0 .009 0.009 0 .009 0.020 0.009 0.021 0.017 
0.007 0.000 0.015 0.016 0 .023 0.012 0.000 0.000 0.000 0.004 0.008 0.031 0 .014 
0.005 0.012 0 .017 0.010 0 .020 0.013 0.003 0.005 0.004 0.005 0 .005 .0.005 0 .005 

19.64019.75219.661 19.88419.643 19.716 19.845 19.809 19.827 19.821 19,739 19.703 19.754 ., 
I sl c::::::2] I 31 

.. ~ 
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Table A4 (continued): Averaged chlorite analyses presented in Table (r.{) 

. Mean : Mean 
SK SK SK · SK SK SK SK 

Weight % 29 57 29 57 29 57 27 37 27 37 27 37 27 37 

~ 
1102 . 
AJ./)3 
0-EJJ 
Feo• 
MnO 
NiO 
MgO 
CaO 
~ 
K~ 
Total 

29.64 31 .99 
0.03 0.02 

19.86 21 .08 
0.06 0.07 

10.09 10.55 
0.27 0.15 
0.05 0.00 

19.55 21 .46 
0.09 0.05 
0.07 0.02 
0.89 0.96 

80.60 86.35 

30.82 
0.03 

20.47 
0.07 

10.32 
0.21 
0.03 

20.51 
0.07 
0 .05 
0.93 

83 .48 

32 .16 33.11 33 .l..C 
0 .02 0.04 0.02 

17.69 17.53 17 21 
0.02 0.00 0 00 
9.36 9.03 8.74 
0 '14 0.21 0 23 
0.03 0.02 0.00 

27.44 27.84 27 .24 
• 0 .13 0.09 0 12 

0.04 0.03 0.05 
0.02 0.03 0.03 

87.05 '"'87.93 86 .74 

Atomic P 
Sl 

ropon10ns (baseo on 21j oxygens) 
6.236 6.264 6.250 6.223 6.321 6.393 

11 0.005 0.003 0.004 0.003 0.006 0.003 
~ 4.926 4 .866 4.896 4.035 3.946 3.919 
0 0.010 0.011 >0.011 0.003 0.000 0.000 
Fe 1.775 1.728 1.752 1.515 1.442 1.412 
Mn 0.048 0.025 0.037 0.023 0.034 ., 0.038 
N 0.008 0.000 0.004 ' 0.005 0.003 0.000 
Mg 6.130 6.263 6.197 7.913 7.921 7.841 
ca 0.020 0.010 0.015 0.027 0.018 0.025 
Na 0.029 0.008 0.019 0.015 0.011 0.019 
K 0.239 0.240 0.240 0.005 0.007 0.007 
Total 19 .~25 19.418 19.422 19.765 19.709 19.657 

Analyses I 21 

• Total iron as F eO 

32 .79 
0.03 

17.48 
0.01 
9 .04 
0.19 
0.02 

27.51 
0.11 
0.04 
0.03 

87.24 

6.312 
0.004 
3.967 
0 .001 
1.456 
0.032 
O.Q()t3 
7 .892 
0.023 
0.015 
0 .006 

19.710 

I 31 

Mean 
SK SK SK 

29 60 29 60 29 60 
29 .08 28.76 28 .92 

0.01 0.02 0.02 
19.04 20.62 19.83 

0.01 0.02 0.02 
8.23' 8.40 8 .32 
0.12 0.19 0.16 
0.01 0.03 0.02 

27.39 25 .07 26.23 
0.04 0.05 0 .05 
0.10 0.00 0.05 
0.01 0.00 0.01 

84.04 83.16 83 .60 
" 

5 .824 5.807 5.816 
0.002 0.003 0.003 
4.495 4.909 4.702 
0.002 0.003 0.003 
1.378 1.419 1.399 
0.020 0.032 0.026 
0.002 0.005 0.004 
8.175 7.544 7.860 
0.009 0.011 0.010 
0.039 0.000 0.020 
0 003 0.000 0.002 

19.947 19.734 19.841 

I 21 

Mean 
SK SK SK SK SK 

30 67 30 67 30 67 30 67 30 80 
26.11 27.81 27.43 27.12 26.94 

0.02 0.03 0.02 0.02 0.01 
19.34 18.31 21 .76 19.80 21 .36 
0.13 0.10 0.00 0.08 0.04 

12.46 12.89 13.29 12.88 11 .36 
0.25 0.27 0.27 0.26 0.14 
0.04 0.03 . 0.03 0.03 0.04 

21.58 23 .01 24 .14 22.91 23.16 
0.02 0.02 0.04 0.03 0.02 
0.01 0.00 0.01 0.01 0 .02 
0.00 0.06 0.00 0.02 0 01 

79.96 82.53 86.99 83.16 83 .10 

5_647 5.831 5.456 5.645 5.549 
0.003 0.005 0.003 0.004 0.002 
4.931 4.526 5.103 4.853 5.187 
0.022· 0.017 0.000 0 .013 0.00.7 
2.254 2.260 2.211 2.242 1.957 
0.046 0.048 0.045 0.046 0.024 
0.007 0.005 0.005 0.006 G.007 
6.956 7.190 7.156 7.101 7.110 
0.005 0.004 0.009 0.006 0.004 
0.004 . 0.000 0.004 0.003 0.008 
0.000 0.016 0.000 0.005 0.003 

19.875 19.901 -19.991 19.922 19.858 

I 31 
..,. 
00 
0 
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Table A-4 (continued): Averaged chlorite analyses presented ·rni'"ablc 6-9 

Mean 
SK SK SK 

Weight % 30 822A 30 822A 30 822A 
Sl~ 
~ 
~ 
Cr~3 
Feo· 
MnO 
HIO 
YgO 
c.o 
Nil~ 
K~ 
Tolal 

26.27 
0.01 

20.55 
0 .09 

' 14.99 
0.14 
0.03 

20.83 
0.03 
0.00 
0.00 

82.94 
-

25 .44 25.86 
0.02 0.02 

20.89 20.72 
0 .09 0.09 

15.06 15.03 
0 .15 
~ 0.00 

21 27 21 .05 
0.02 0.03 
0.03 O.P2 
0.02 0.01 

82.99 82.9? 

Milan 
SK SK SK SK SK 

31 13 31 13 31 13 31 13 31 13 
26.87 28 .08 26.03 26.86 27.46 

0.00 0 .03 0.00 0.00 0.01 
17.59 19.39 19.78 18.59 18.84 

0.68 0.66 0 .46 0.46 0.57 
9.23 8.73 10.28 10.68 9.73 
0. 15 . 0.15 0.21 0 .15 0.17 
0.04 0.04 0.03 0 .01 0.03 

25.19 24.62 24.56 23.91 24.57 
0.02 0 .02 0 .00 0.00 o:.o1 
0.01 0 .00 0 .00 0.00 0.00 
0.00 0 .00 0 .00 0 .01 0.00 

__J9.78 81 .72 83.35 80.67 81.38 

Atomic P 
s 

..,,_. ··- ··- ----- - ·· -- ._ .. '~'- · · -

5.541 5 .378 5.460 5 .739 5.805 5.729 5 .704 5.744 
n 0.002 0.003 0 .003 0 .000 0.005 0.000 0 .000 0.001 ,. 5.110 5 .207 . 5 .1 !?9 4.429 4.725 4.766 4.654 4.644 
Q 0.015 0 .015 0 .015 0.115 0.108 0.074 0.077 0 .094 
Fe 
..... 

2.644 2 663 2 .654 1.649 1.509 1.757 1.897 .1. 703 
0.025 .~: 027 0.026 0 .027 0.026 0.036 0.027 0.029 

N 0.005 .0 .000 0 .003 0 .007 0.007 0.005 0.002 0 .005 
Mg 6.547 6 .702 6 .625 8 .018 7.585 7.482 7.567 7 .663 
c. 0.007 0 .005 0 .006 0 .005 0.004 0.000 0.000 0 .002 
Nil 0.000 0 .012 0.006 0.00-t 0.000 0.000 0.000 0 .001 
K 0.000 0 .005 0 .003 0 .000 0.000 0.000 0 .003 0 .001 
TID! 19.895 2'0.017 19.956 ~.9ru 9 774 19.aso 19.931 19.887 

~ I 21 I 41 

• Total 11'011 as F eO 

~an Mean 
SK SK SK SK SK SK SK SK 

27 46 27 46 27 46 27 46 28 38 ' 28 38 28 38 28 38 
26.57 26.42 26.10 26.36 28.76 28.70 28.93 28.80 

0.02 0.02 0 .03 0.02 0 .02 0.02 0.01 0.02 
17.74 16.13 15.70 18.52 25.58 21 .96 18 46 22 .00 

0.00 0.02 0.03 0.02 0 .03 0.04 0.00 0.02 
15.41 16.05 16.14 15.87 9.89 10.45 10.01 10.12 

0.27 0.23 0.25 0.25 0 .13 0.16 0 .17 0.15 
0.03 0.05 0.05 0.04 0 .03 0.05 0.03 0.04 

23.68 21 .20 20.30 21 .73 23 .44 23.98 24.25 23.89 
0.04 0.02 0.05 0.04 0.02 0.00 0.02 0.01 
0.01 0.04 0 .00 0.02 0 .00 0.09 0.03 0~04 
0.01 0.00 0 .00 0.00 0 .00 0.00 0 .02 0.01 

83.78 80.18 78 .65 80.87 87.90 85.45 81 .93 85.09 

5.592 5 .837 5.889 5 .773 5.509 5 .697 5.989 5.732 
0.003 0.003 0.005 0.004 0.003 0 .003 0.002 0.003 
4.402 4.201 4 .176 4.260 5.776 5.139 4.505 5.140 
0.000 0.003 0.005 0.003 o.oos o.oo6 ___o:.eoo 0.004 
2.713 2.966 3.045 2.908 1.584 1.735 1.733 1.684 
0.048 0.043 0.048 0 .0 .. 6 0.021 · 0.027 0.030 0.026 
0.005 0.009 0.009 0.008 0.005 0.008 0.005 0.006 
7.428 6.981 6.826 7.078 6.691 7.094 7.4$1 7.089 
0.009 0.005 0.012 0 .009 0.004 0.000 0.004 0.003 
0.00-t 0.017 0.000 0.007 0.000 0.035 0.012 0 .016 
0.003 0.000 0.000 0.001 0.000 0 .000 0.005 0.002 

20.207 20.066 20.015 20.096 19.598 19.744 19.766 19.703 

I 31 I 31 

' 

~ 
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Table A4 (cootin~ed): Averaged chlorit~ analyses preSented in Tabh: 6-9 ( . ., 
Mean Mean ~'n- Mean ,Mean Mean 

SK SK SK SK SK SK SK SK SK SK SK SK SK SK • SK SK SK SK 
Weight ~o 28 67 28 67 28 67 30 81 30 81 30 81 35A 6 35A 6 35A 6 27 42 27 42 27 42 ~ 45 27 45 27 45 37A 46 37A 46 37A 46 - p- - -- - - -- - -
Sl~ 

TlO:z 
Ai203 
O'.PJ 
Feo· 
~0 
NIO 
"90 
CaO 
Ha:zO 
K:z() 
Totat 

30.19 32.17 
0 00 0 .00 

17.59 15.12 
0 00 0 .02 

10.69 10.48 
0 .16 0 .11 
0 .04 0.05 

26 .59 26.68 
0.13 0.19 
0 .00 0.06 
0 .04 0.02 

85 .43 84.90 

31.18 
O.O•J 

16.313 
0.01 

10.59 
0.14 
0.05 

26.64 
0.16 
0.03 
0.03 

85.17 

31.05 30.45 30.75 
0.01 0.01 0 .01 

14.39 15.81 15.10 
0 .02 0 .04 0.03 
9.88 9 .95 9.92 
0.11 0 .09 0.10 
0.00 0 .00 0.00 

26.05 26 .96 26 .51 
0.07 0.14 ,0 .11 
0.03 . 0.05 0 .04 
0.00 0 00 0 .00 

81.61 83.50 82 .56 

Atomic Proportions (based on 28 oxygens) 
Sl 
n 

6.021 6.432 
0.000 0.000 
4 .136 3 .564 
0.000 0.003 
1.783 1.752 
0.027 0.019 

AI 
0 
Fe 
~ 
to~ 

Mg 
ea. 
Nl 

• . 0 .006 0.008 

K 
To1al 

Analyses 

7.904 7.950 
0.028 0.041 
0 .000 0.023 
0.010 0.005 

19.9 16 19.798 

'Total iron as FeO 

... 

6.227 6.446 6.192 6.319 
0 .000 0.002 0.002 0.002 
3.850 3.522 3 .790 3 .656 
0.002 0.003 0 .006 0.005 
1. 768 1.715 1.692 1.704 
0 .023 0 .019 0.016 0.018 
0 .'007 0 .000 0.000 0.000 
7.927 8.060 8.170 8.115 
0.035 0.016 0.031 0.024 
0.012 0.012 0.020 0.016 
0.008 0.000 0.000 0.000 

19.857 19.796 19.9 18 19.857 

I 21 I 21 

31 .60 29.12 30.36 
0 .00 0.02 0 .01 

17.19 16.45 16.82 
0 00 0.03 0.02 
6.02 5.97 6,00 
0 .24 0.11 0.18 
0 .00 0.05 0.03 

29 .32 27.36 28.34 
0 .00 0.00 0.00 
0 .00 0.00 0.00 
0 .00 0.00 0.00 

84.37 79.11 81.74 

6.208 6.117 6.163 
0.000 0.003 0.002 
3.981 4.074 4.028 
0.000 0.005 0.003 
0.989 1.049 1.019 
0.040 0.020 0.030 
0.000 0.008 0.004 
8.584 8.565 8.575 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 . 0.000 0.000 

19.802 19.841 19.822 

I 21 

27.84 27.84 27.84 25 .34 26.39 25 .87 20.78 23.11 2 1.951 
0.00 0.00 0.00 0 .02 0.03 0.03 0.02 0 .01 0.02! 

19.12 18.02 18.57 ~6 . 92 17.33 17.13 18.00 17.50 17.751 
' 0.02 0.00 0.01 0 .02 0.04 0.03 0.01 .0 .02 0.02 
22.28 22 .42 22.35 19.87 20.77 20 .32 26.43 26 .22 26.33 

0.24 0 .33 0.29 0 .16 0.28 0 .22 0.33 0 .43 O.J.S 
0.01 0 .05 0.03 0 .03 0.03 0 .03 0.04 0 .03 0.04 

17.14 18.21 17.68 17.90 19.26 18.58 12.54 12.69 12.62 
0.09 0.07 0.08 0 .02 0.02 0.02 0.02 0 .02 0.02 
0.00 0.00 0.00 0 .06 0.01 0 .04 0.01 0.00 0 .01 
0.03 0 .02 0 .03 0 .01 0.01 0 .01 0.02 0 .01 0.02 

86.77 86.96 86.87 80 .35 84.17 82.26 78,20 80.04 79 .12 

5.816 5 .824 5.820 5.713 5 .689 5. 701 5 .078 5.462 5.270 
0.000 0.000 0.000 0.003 0.005 0.004 0 .004 0.002 0.003 
4.709 4 .444 4 .577 4.497 4.404 4.451 5 .186 4.876 5.031 
0.003 O.QOO 0.002 0.004 0.007 0.006 0 .002 0.004 0.003 
3'.893 3.923 3 .908 3.747 3.744 3.746 ·5 .402 5. 183 5.293 
0.042 0 .058 0.050 0.031 0.051 0.041 0 .068 0.086 0 .077 
0'.002 0.008 0 .005 0.005 0.005 0.005 0.008 0.006 0.007 
5.337 5.677 5.507 6.014 6.187 6.101 4 .567 4.470 4 .519 
.0.020 0.016 0.018 0.005 0.005 0.005 0 .005 0.005 0 .005 
0.000 0.000 0.000 0.026 0.004 0.015 0.005 0.000 0 .003 
0.008 0.005 0 .007 0 .003 0.003 0.003 0 .006 0.003 0 .005 

19.831 19.956 19.894 20 .048 20.104 20.076 20 .330 2 (}.0 97 20 .214 

I"'- 21 I 21 I 21 

.... 

~ 

-~ 

+>-
00 
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Table A-5: Averaged electron microprobe analyses of muscovites presente.d in Table: 6-13 

Mean 
SK SK SK 

Weight % 28 78 28 78 28 78 
5102 
no2 
Al:z03 
0..03 
Feo• 
MnO 
NIO 
MgO 
cao 
Na..,O 
K2<) 
lotal 

49:29 
' 0.18 
31 .22 

0 .05 
1:13 
0 .00 
0 .05 
2.32 
0.03 
0 .03 
9 .48 

93. 78f 

49.06 49.18 
0.21 0.20 

30 .60 30.91 
0 .05 0 .05 
1.08 1.11 
'0.03 0.02 
0.00 0.03 
2.13 2.23 
0.07 0.05 
0.14 0.09 
9.32 9.40 

92.69 93 .24 

Mean 
SK SK SK SK 

308 308 308 308 
45.55 43.77 44.26 44 .53 

0.24 0.09 0.05 0.13 
21 .38 32.64 31.38 31.80 

0 .18 0.04 0.04 0 .09 
0 .89 0.93 1.07 0 .96 
0 .01 0.02 0.01 0.01 
0 .01 0.03 0.02 0.02 
, .29 0.97 1.25 1 .1 7 
0 .08 0.00 0.0.0 0 .03 
0.21 0.11 0.14 0.15 
9.61 9 .45 9 .95 9.67 

89 .451 88 .05f 88 .17 88 .56 

Atomic Proportions (based on 22 oxygens) 
Sl 
n 
AI 
0' 
Fe 
Mn 
tf 
Mg 
Ca 
Na 

6.585 
0.018 

. 4.917 
0.005 
0 .126 
o.boo 
0.005 
0 .462 
0 .004 
0 .008 
1.616 

6 .627 
0 .021 
4.873 
0.005 
0 .122 
0 .003 
0 .000 
0 .429 
0 .010 
0.037 
1.606 K 

Total 13.747f13.734 

Anatyses 
) 

• Total iron as FeO 

6 .606 
0.020 
4.895 
0.005 
0.124 
0.002 
0.003 
0 .445 
0 .007 
0.022 
1.611 

13.741 

6.413 6.259 6.348 6 .340 
0.025 0 .010 0.(}05 . 0 .013 
5.208 5 503 5.306 5.339 
0.020 0.005 0 .005 0 .010 
0.105 0 .111 0 .128 0 .115 

. 0 .001 0.002 0 .001 0 .002 
0 .001 0 .003 0 .002 0 .002 
0.271 0 .207 0.267 0 .248 
0.012 0.000 0 .000 0 .004 
0 .057 0 .031 0 .039 0 .042 
1.726 1.724 1.821 1. 757 

13.840113 .855113 .922 13 .872 

' 

r 
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Table A~: Electron microprobe analyses conductc:d on sulphide standards during thi s study 

Standafd: PVR 242 (CAN MET) 

Weight% 
s 
Fe 
N 
Total 
Analyses 

Standard Accepted 
Mean Deviation Value 

m d v 
36 .03 0 .08 36.47 
65 .86 1.21 63.03 

0 .82 '. 0 .29 0.50 
102.71 1 38- 100.00 

2j -

Standard: CUBS (cubanlle frOm Strathcona) 
Standard Accepted 1 

Mean Deviation Value · 
Weight% 
s 
Fe 
cu 
Total 
Anafyses 

m 
35 .31 
42 .40 
23 .03 

100.73 
21 

0 v 
0.06 35 44 
0.23 41 .15 
0.09 23.41 
0 .35 1 00 .00 

trn-v)IV 
m-Y (%) 
-0 .44 -1% 
2.83 4% 
0.32 63% 
2. 71 3% 

(rn-v)IV 
m-v (%) 
-0.14 0% 
1.25 3% 

-0.39 -2% 
0.72 1% 

- Standard: CdS (CANMEn 
' - Thts Accepted 

Weight 04 
s 
Cd 

~-

Study Vafue 
m v 

20.63 22.20 
<76.3& \ 77.80 
97.34 • 100.00 

11 

Standard: PbS (U.S.G.S.) 

Weight% 
s 
Pb 
Total 
AnaJyses 

This Accepted 
Study Value 

m v 
13.27 13.40 
86.95 86.60 

100.22 100.00 
11 .. 

Standard: AgBISe2 (CAN MEn 
This Accepted 

(m-v)IV 
nw ' (%) 

-1.57 -7% 
-1.45 -2% 
-2.66 -3% 

(m-v)IV 
nw . (%) 

-0.13 -1% 
0.35 0% 
0.22 0% 

Study Value (m-v)IV 

Weight % ,...-:::-:m~=----=v-:-:-:::-=--..:..:nw~~-...1. ('07-Yo)~ 
Bl 39 .83 44.03 -4.20 -10% 
Ag · 22 .86 22.72 0.14 1% 
Se 33.25 
Anafyses L......-..:..~1 I 
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Table A~ (continued): Electron microprobe analyses conducted on sulphide standards during this study 

:- Standard: sphalerite SP 20 (Tay1or sulphide block) 

Weight% 
s 
Fe 
Zn 
Total 
Analyses 

Mean 
---
32.66 
11 .55 
55 .89 

100.15 
13 

Standard 
Deviation 

Standard: Sphaleftte 20 (CANMET) 

Weight% 
s 
Fe 
Zn 
Total 
Analyses 

Standard 
Mean Devlalion 

·-· !<.. 

33 .38 0.25 
4.80 0.14 

66 .47 0.42 
104 65 0 .70 

41 

0 

........... ~·· IW'ICIA. I~ It 

1% 32 .09 33.66 
3% 10.69 12.21 
3% 54 .04 60.85 
2% 98 .38 104.52 

V1'U.i('1<1} ....... 1\.1111 .......... ,111ft 

1% 33.18 33.73 
3% 4.62 4 .92 
1% 66.05--./ 67.03 
1% 104.28 105.78 

natt t:' 

1.57 
1.52 
6.81 
6.14 

ne11lOt: 

0.55 
0.30 
0.98 
1.50 

Accepted 
Value 

y 

32.92 
11 .75 
55 .57 

100.24 

Accepted 
Value 

y 

33.18 
4.75 

62.07 
100.00 

(m-v)'V 
llt"V 7o 

-0.26 -1% 
-0.20 -2% 
0.32 1% 

-0.09 0% 

cm-v>'V 

"" {'7o) 

0 .20 1% 
0.05 1% 
4.40 7% 
4 .65 5% 

... 
oc 
'JI ': 

~ 

-
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Table A-7: ~tron midoprob<= anitlyses of various minerals for S, Fe and Zn (wei g ht CfL.) 

Ctllor1te 

Fe 
Zn 
Total 

s 
Fe 
Zn ' 
Total 

s 
Fe 
Zn 
Total 

s 
Fe 
Zn 
Total 

s 
Fe 
Zn 
Total 

SK SK SK ~~ SK 
S 22 S 22 S 30 S 30 S 68B 27 33 27 33 27 45~2~7-=4,::,6:--=~,::,.--_:2::..:;7-::4,;..;:6~ 

1 0.18 0.09 0 .01 0.02 0.02 0.01 0.02 0.02 0 .02 0.1 
12.69 11 .98 15.20 15.29 21.09 

0 .20 0 .24 0.17 0.16 0.24 
12.901 12.24 15 391 15.46 21 .35 

5.22 5 .27 
0.18 0 .15 
5.421 5 .44 

Chlorite 

13.1 

0.3 
13.6 

2 10.60 
8 0 .55 
1 11 .33 

11 .04 
0.46 

11 .59 

SK SK SK SK SK SK SK SK :)~ SK SK 
28 38 28 38 28 67 28 73 28 73 28 73 28 73 28 73 28 73 28 75 28 75 

0 . 11 0.09 0.10 0.05 0 .02 0.02 0 .05 0.01 nd nd 0.01 
5 .73 5.94 I' 6.93 5 . ~1 5.42 5.02 5 .74 5.59 5 .31 8 .39 8.05 
0.29 . 0.20 0.29 0.22 0.24 0.31 0 .36 0.21 0 .31 0 .23 0.23 
6 131 6.23 7.32 5.481 5.681 5 .351 6 .151 5.811 5 .62 8 .621 8.29 

Chlorltl 
SK .. SK SK SK SK SK SK SK SK SK SK 30 

28 75 28 75 28 78 29 60 30 58 30 67 30 67 30 67 30 81 30. 81 822A 
0 .01 0.01 0.03 0.09 0.04 0.04 0 .04 0.05 0 .1-0 0 .06 0.03 
8 .21 8 .35 7.54 5.56 8.87 8.64 8 .30 6.63 5 .86 6 .54 9.76 
0 .. 31 0.26 0.20 0.18 0.25 0 .31 0 .31 0.36 '0.40 0.32 0.25 
8 .531 8.62 7.77 5.83 9.16 8 991 8 .651 7.0.\ 6 361 6 .92 10.04 

Chlol1le calcite 
·sK 30 SK 30 SK SK SK SK SK SK 
822A 822A 31 13 31 13 35A 6 35A 6 37A 4637A 46 5 30 

0 .04 . 0.05 0.07 0.12 0.16 0 .04 0 .19 0.20 nd 
9 .. 77 9.85 6.87 6.21 '3 .82 3 .16 17.86 17.96 0 .68 

. .0.,..29=--"0~4 '-'.1 0.30 0.29 0.31 . 0 .68 0.38 0.37 0 .21 
10.10110.14 7.241 6.62 4.291 3 .88 18.431 18.53 0 .89 

Quartz 
SK SK SK SK SK SK SK SK SK SK SK 

27 46 27 46 28 75 28 75 28 75· 28 75 28 78 28 78 37A 46 37A 46 37A 46 
0 .05 0.04 nd nd 0.01 0 .01 nd nd 0 .02 0.01 0.01 
0.17 0.11 0.05 0.01 0.04 0 .08 0 .01 0.02 0 .05 0.04 0 .01 
0 .16 0.15 0.16 0.21 0.15 0 .17 0 .1" 0.18 0.16 0 .09 0.14 
0 .381 0.30 0.211 0.221 0.201 0.26 0 .151 0.20 0.231 0 .141 0 .16 

Phlogoplte PA.Iscovlte Talc 
SK SK 'SK SK SK SK SK 

29 55 29 55 29 55 28 78 30 58 28 73 28 73 
s 0 .02 0.02 0.03 0.02 0 .04 0.03 0 .02 

Magnetite 
SK 

28 38 
0.15 

98.98 
0.23 

99.36 

Fe . 4 .41 5.07 
Zn 0 .18 0.22 . 
Total 4.611 5.31 

nd · not detected 

1.41 0.72 0.34 
0.20 0.09 0 .15 
1.641 0.831 0 .53 

1.91 3.31 
0.20 0 .27 
2.141 3 .60 

.. 
II 

.. 
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APPENDIXB 

MAJOR AND TRACE ELEMENT ANAL YllCAL PROCEDURES AND ANALYSES 

;,-· 

B. I Sample Preparation and Geochemical Methods for Major and Trace £Jement Analyses 

Samples chosen for analysis were slabbed to remove weathered material and veins. 

The slabbed samples were crushed into chips arut then P.ulverized for 2-3 minutes using a 

tungsten carbide puck mill to produce a powder of approximately -100 mesh. , 

With the exception of phosphorus and loss on ignition, the major element anilyses 

were performed by atomi~ absorption spectrophotometry. Sam~les were prepared in a 

manner similar to that described by ~~myhr and Paus (1968); the elements were anal~ 

on a Perkin-Elmer Model 370 atomlc ~bsorption s.pectrometer with digital r~adout. '\ 

Phosphorus was determined colmiimetrically using a Bausch and Lomb Spectronic...' 20 ... 
Colorimeter, based on a modification of the method described by Shapiro and Brannock 

' 
( 1962). Loss on ignition was determined by weighing approximately 1 g of the powdered 

sample into a porcelain crucible and heating it to approximately l000°C for about 90 

minutes to~olatilize S, C(h, H20 etc. 

Statistical parameters for replicate major element analyses of Skidder Basalt sample -

S 60 are shown in Table B- 1. 

Sample pellets for trace element analysis were made by mixing 10 g of powdered 

sample with approxirilately 1.5 g of bakelite binding resin, the\nixture was pressed and 

then baked for 10 minutes at 200°C. Analyses were made using a· Phillips 1450 X-Ray . . u . 
fluorescence (XRf) spectrometer with a rhodium tube. 

Samples were run. in bat&es of nine with U.S.G.S . standard W-1 run as a tenth 

·sample. A monitor that is saturated with trace ~lements was used to calibrate the machine 

against standard values and correct for instrument drift. 

Table B-2 shows statistical parameters for 26 repeat analyses of W -1. Also, the 

accepted trace element values for W-1 according to Abbey (1980) and the detection limi~of 

Q 
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Table B-1: Replica!~ major element analysey Skidder Basalt sample S-60 

Standard 
weight% Mean Deviation Mlnilun Maxlnun 
5102 
no2 
Al203 
Fe203 
MnO 
MgO 
cao 
Na20 
K20 
P20s 
LOI 
Total 

51 .48* 
1.31* 

14.93* 
13.64* 
0.13* 
6.60* 
4.02* 
5.57* 
0.09* 

.. 0.14** 
2.35*** 

100.26 

0.43 
0.06 

' 0 .21 
0.06 
0 .01 
0 .08 
0.01 
0 .07 
o .. oo 
0.03 
0 .11 

I 

50.90 51.90 
1.27 1.40 

14.70 15.20 
13.57 13.71 
0.13 0.14 
6.52 6.66 
4.00 4 .03 
5.50 5.63 
0.09 0.09 
0.10 0.17 
~5 2.48 

~~~ ' 4 J 
Total iron as Fep3 
• Analyzed by atomic absorption spectrophotometry 
•• Analyzed by colorimetry -" ••• Determined by weight difference alter heating to 1 ooooc for 90 minutes 

, Table B-2: Replicate trace element analyses of U.S.G.S. standard W 1 by 
· " X-ray fluorescence spectrometry 

ppm m 
Pb 
Th 
u 
Rb 
Sr 
y 

'Zr 
Nb 
Zn 
cu 
N 
~ 
Ba 
v 
Ce 
Q' 
Ql 

9 
5 
1 

22 
183 
25 
95 
11 
84 

117 
77 
13 

161 
253 

71 
121 
19 

Number of analyses: 26 
m Mean 
s S1andam Deviation 
Min Mtwmm 
M:tx Maxm.m 
v Accepted Value (Abbey, 1980) 
d Detec110n Limit (D. Press, personal communication, 1984) 

s/ m (m-v)lv •. 
s Min Max % v nw % d 
3.4 3 18 36% 7.8 1.5 19% 6 .4 
2.6 0 10 57% 2.4 2.2 92% 4.4 
•1.4 0 6 207% 06 0.1 19% 1.7 
2.6 17 27 12% 21 1.4 7% 3.4 
2.8 176 188 2% 190 -7.0 -4% 3.1 
1.6 21 28 6% 25 ·0.5 ·2% 3.8 
2.5 90 100 3% 105 ·10.5 \ ·10% 4 .6 
1.6 7 13 15% 9.5 1 . 1 12% 3 .5 
4 .9 65 89 6% 86 -1.8 ·2% 2 .3 
5.1 100 124 4% 110 6.5 6% 2 .5 
4 .2 62 82 5% 76 0.5 1% ' 2 .8 
5.7 0 23 42% 9.8 3.6 37% 6 .3 

37.8 46 208 23% 160 1.0 1% 5 .4 
4 .1 242 261 2% 260 -6.7 1 -3% 2.0 

20.4 30 132 29% 23 47.5 207% 6.5 
2 .8 113 126 2% 115 6 . ~ 5% 1.8 
2.8 14 29 15% 16 2.7 17% 2.1 

488 
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the elements (D. Press, person~) communication, 1984) are listed. The elements Sr, Y, 

Zn, Cu, Ni, V, and Cr have. low standard deviations rflative to the mean, have a limited 

range, a.re close to accepted values, and concentratio~s of"these elements in the Skidder 

Basalt are generally well above the detection lirruts by the XRF method. Zirconitfm values 

are also consistent but are approximately 10 ppm lower than the accepted value for W-1. 

Gallium, rubidium, and niobium have acceptable range and standard deviation relative to 

the mean. and are similar to the accepted values for W-1. ' However, concentrations of Rb 

and .Nb within the ·skidder Basa.lt are close to the detection limits for these elements by the _ 

XRF method. Lead values obtained are extremely variable and Pb concentrations in the 

Sk.idder Basalt are close to or below the detection limit. Barium analyses are highly 

' variable but the mean is close to the accepted-value for Ba in W -1. 

· . . 

1 - ,.._ 
\ 
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B.2 lli'itograms and Probability Plots 

Histograms and probability plots are presented in Figures B-1 to B-14 for analys(!S 
/ 

~ . 
of mafic Skidder Basalt outcrop samples, and mafic Skidder Prospect drill core samples .., 

r 

relatively unaffected by the mineralizing event(s). Histograms on the left in Figures B-l to' 

-B-7 wmpare outcrop samples to relatively tJnaltered Skidder Prospect drill core samples 

and those on tlie right c0mpare samples of massive flows to samples of pillow lavas. 

Probability plots on the left in Figures B-8 to B-14 hav~ per cent major oxide or 
'\ 

ppm minor element on the y-axis and cumulative frequency ploned as probits on the x-axis. 
; 

The scale on the x-axis is, graduated such that a cumulative percent frequen.cy plot of data 

- having a normal distribution would be a straight line. Nearly linear segments separated by 

curved lines having an inflection point on such plots indicate N1e presence of more than one 

population of data. Plots on the right have logw of the per cent major oxide or ppm minor 

element on the y-axis and cumulative frequency plotted as probits on the x-a\is. Data 

having a lognormal distribution would plot as ...,traight line on this graph and different 

populations would be indicated in a manner similar to that described abo,ve. Arrows on 

these plots indicate per cent or ppm values at which there are changes in slope . 

• 

\ 

\ 

' 
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Figure B-1: Histograms showing distribution of Si02, Ti02, Al:PJ, and Fe203 in the Skidder Basalt. 
Outcrop samples include pillowed basalt, massive flows and a few diabase dykes. Drill 
core samples are of relatively unaltered pillowed and massive flows from the vicinity of 
the Skidder Prospect. Pillowed and massive flows shown in histograms on the right 
include samples from both drill core and outcrop. Values along the x-axis represent the 
maximwn for the interval in which the value is shown. * Total iron as Fe:PJ. 
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Figure B-2: Histograms showing distribution of MnO, MgO, CaO, and Na20 in the Skidder Basalt. 
Outcrop samples include pillowed basalt, massive flows and a few diabase dykes. 
Drill core samples are of relatively unaltered pillowed and massive flows from the 
vicinity of the Skidder Prospect. Pillowed and massive flows shown in histograms 
on the right include samples from both drill core and outcrop. Values along the 
x-axis represent the maximum for the interval in which the value is shown. 
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Figure B-3: Histograms showing distribution of Kz(), Pz()s, LOI, and Pb in the Skidder Basalt. 
Outcrop samples include pillowed basalt, massive flows and a few diabase dykes. 
Drill core samples are of relatively unaltered pillowed and massive flows from the 
vicinity of the Skidder Prospect. Pillowed and massive flows shown in histograms 
on the right include samples from both drill core and outcrop. Values along the 
x-axis represent the maximum for the interval in which the value is shown. 
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Figure B-4: Histograms showing distribution ofTh, U, Rb, and Sr in the Skidder Basalt. 
Outcrop samples include pillowed basalt, massive flows and a few diabase dykes. 
Drill core samples are of relatively unaltered pillowed and massive flows from the 
vicinity of the Skidder Prospect. Pillowed and massive flows shown in histograms 
on the right include samples from both drill core and outcrop. Values along the 
x-axis represent the maximum for the interval in which the value is shown. 
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Figure B-5: Histograms showing distribution of Y, Zr, Nb, and Zn in the Skidder Basalt. 
Outcrop samples include pillowed basalt, massive flows and a few diabase dykes. 
Drill core samples are of relatively unaltered pillowed and massive flows from the 
vicinity of the Skidder Prospect. Pillowed and massive flows shown in histograms 
on the right include samples from both drill core and outcrop. Values along the 
x-axis represent the maximum for the interval in which the value is shown. 
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Figure B-6: Histograms showing distribution of Cu, Ni, La, and Ba in the Skidder Basalt. 
Outcrop samples include pillowed basalt, massive flows and a few diabase dykes. 
Drill core samples are of relatively unaltered pillowed and massive flows from the 
vicinity of the Skidder Prospect. Pillowed and massive flows shown in histograms 
on the right include samples from both drill core and outcrop. Values along the 
x-axis represent the maximum for the interval in which the value is shown. 
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Figure B-7: Histograms showing distribution of V, Ce, Cr, and Gain the Skidder Basalt. 
Outcrop samples include pillowed basalt, massive flows and a few diabase dykes. 
Drill core samples are of relatively unaltered pillowed and massive flows from the 
vicinity of the Skidder Prospect. Pillowed and massive flows shown in histograms 
on the right include samples from both drill core and outcrop. Values along the 
x-axis represent the maximum for the interval in which the value is shown. 
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Figure B-8: Probability plots for Si02, Ti02, Ah03and Fe203in the Skidder Basalt. The X-axis, 
entitled probits, is equivalent to a cumulative frequency plot on probability paper; 
a normal distribution would give a straight line on plots to the left and a log normal 
distribution would give a straight line on the plots shown to the right. 
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Figure B-9: Probability plots for MnO, MgO, CaO and NazO in the Skidder Basalt. The X-axis, 
labelled probits, is equivalent to a cumulative frequency plot on probability paper; 
a normal distribution would give a straight line on plots to the left and a log normal 
distribution would give a straight line on the plots shown to the right. 
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Figure B-10: Probability plots for K2 0, P20s, LOI and Pb in the Skidder Basalt. The X-axis, 
labelled as probits, is equivalent to a cumulative frequency plot on probability paper; 
a normal distribution would give a straight line on plots to the left and a log normal 
distribution would give a straight line on the plots shown to the right. 
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Figure B-11: Probability plots forTh, U, Rb and Sr in the Skidder Basalt. The X-axis, labelled as 
probits, is equivalent to a cumulative frequency plot on probability paper; a normal 
distribution would give a straight line on plots to the left and a log normal 
distribution would give a straight line on the plots shown to the right. 
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Figure B-12: Probability plots for Y, Zr, Nb and Zn in the Skidder Basalt. The X-axis, labelled 
probits, is equivalent to a cumulative frequency plot on probability paper; a normal 
distribution would give a straight line on plots to the left and a log normal 
distribution would give a straight line on the plots shown to the right. 
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Figure B-13: Probability plots for Cu, Ni, La and Ba in the Skidder Basalt. The X-axis, labelled 
probits, is equivalent to a cumulative frequency plot on probability paper; a normal 
distribution would give a straight line on plots to the left and a log normal 
distribution would give a straight line on the plots shown to the right. 
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Figure B-14: Probability plots for V, Ce, Cr and Gain the Skidder Basalt. The X-axis, labelled 
probits, is equivalent to a cumulative frequency plot on probability paper; a normal 
distribution would give a straight line on plots to the left and a log normal 
distribution would give a straight line on the plots shown to the right. 
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8.3 Major and Trace Element Anal)"SeS 

Analys~s of mafic Sk.idder Basalt outcrop samples and mafic Skidder Prospect drill 

core samples relatively unaffected by the mineralizi~ event(s) are presented in Tables B-3 

to B-9. Analyses of miscellaneous altered Skidder Basalt flows and a mafic tuff; an altered 

~..-idder trondhjemite; and Bu~hans Group samples are presented in Table B-10. Analyses 

of Skidder Prospect drill core samples from the various alteration zones are presented in 

Tables B-11 to B 15, and analyses of Skidder Prospect semimassive and massive 

-:ulphides are prrsen ~ .:d in Table B-16. 

\ 
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Table B-3: Analyses 1 1f pillowed Skidd~:r Basalt out~7op samples 'having ll: concentrations s; .SO ppm 

weight% S5B S7A 59A 511 5 315328 533 535A 539 545 547 S51 S59 5?8 
SI02 

f T102 
Al203 
Fe2o3• 
MnO 
MgO 
CaO 
Na20 
K~ 
P~s 
LOI 
Tocal 
ppm 
Pb 
Th 
u 
Rb 
Sr 
y 
21 
Nb 
Zn 
cu 
N 
La 
Ba 
v 
Ce 
Q 
Ql 

42 .40 
Q.72 

14.00 
6.84 
0.14 
~ 24 

1 ~ 31 
5 .87 
0 .20 
0.08 

11 .80 
~8 . 60 

6 
3 

n.d. 
7 

63 
15 
J3 

2 
45 

3 
63 

8 
36 

229 
13 

156 
t 8 

• Total iron as Fef)3 
n.d. - not detected 

n.d. 3 
2 5 
4 n.d 
4 3 

347 71 
20 25 
38 50 

1 2 
166 39 . 
ri.d. 3 
59 115 

1 10 
45 32 

245 251 
6 16 

121 489 
10 9 

48.00 48.60 60.90 43 .30 ·48.50 ~ 0 . 60 45.90 47.80 47.90 50.601 
1 . 11 0.67 0 .90 0 .62 0 .62 0.79 0.57 0.79 I 0 .49 0.871 

16.90 15.00 12.20 12.60 1£16.60 16.30 1440 15.10 14.60j 
10.03 6.07 10.02 7.45 86 10.75 9 .65 11.34 10.12 9.351 

0.13 0 .08 0 .06 0. 0.15 0 .16 0.18
1 

5 .00 4.50 3.98 8 .94 7.43 11 .13 9.12 
6.07 14.17 3 .15 7.07 4.66 8 .03 5.91 

4 .89 5 .14 3 .68 4 .63 
0.03 0 .09 0.07 
0.03 0.01 0.07 
5.56 

99.16 

n.d. n.d. 3 3 n.d. n.d. 4 n.d. 12 n.d. 
~I 1 2 5 5 n.d. 5 5 4 2 n.d. 

2 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d . 31 
5 n.d. n.d. 2 n.d. n.d. 3 n.d. 3 n.d. 

3;1 197 41 70 67 !.>2 154 7~ 20 224 67 
23 11 43 15 19 22 16 28 17 17 16! 
47 34 46 41 38 50 39 44 36 16 46! 

2 3 5 4 1 I, 6 3 4 4 7~1 102 23 54 48 87 69 • 71 41 68 
48 49 11 54 131 81 74 81 12 84 561 
19 64 n.d. 119 151 88 43. 44 35 148 69! 
8 n.d. 13 n.d. ri.d. n.d. 3 n.d. 6 3 n.dj 

159 6 23 n.d. n.d. 9 3 n.d. 35 n d. · 10 
398 304 286 223 302 379 277 298 278 1 ~ 284 

14 28 84 41 46 58 46 64 J!j 35- 50 
25 366 22 2'53 549 226 100 93 1 '2 371 15 J 
11 17 14 9 14 15 16 16 15 13 15 

.•. 
' 

.. 

'\ 

,;. 

~-
0\ 
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Table B.J (continued):. Outcrop samples of massive basalt flows and diabase 
dykes having Zr · iCentrations S 50 ppm 

Massive 
weight% S 30 S 668 S 76 S81 

. 5102 
. T102 

Al203 
Fe2o3• 
MnO 
'MgO 

., CaO 
·, Na20 

49.40 
0 .61 

13.50 
z.so 
0 .13 
5 .70 

10.80 
5 .20 
0.02 
0 .04 
6 .11 

53.60 
0 .93 

14.60 
11.95 

0.14 
4.37 
8.68 
3 .42 
0 .03 
0.08 
2 .86 

42.30 50.00 
0.69 0.87 

14.40 14.80 
12.04 10.78 

0.21 0.20 
10.37 8.87 

7.60 7.21 
3.68 3.99 
0.03 0.71 
0.04 0.13 
8 .12 3.20 

' K20 
P205 
LOI 
Total" 99 .111100.66199.481100.76 

ppm 
Pb 
Th 

Rb 
Sr 
y 

'Zr 
Nb 
Zn 
~ · 
!I 

..a 
8a 
v 
Ce 
cr 
Ql 

. 

n.d. 
6 

n.d. 
2 

75 
16 
30 

4 
43 
90 

156 
4 

n.d. ' 
208 
53 

349-
12 

·Total iron as Fei)3 
n.d. · not detected 

n.d. 
4 

n.d. 
n.d. 

44 
19 
41 

4 
82 l_.; 
45 

5 
2 

n.d. 
468 

70 
46 
17 

3 7 
n.d. 8 
n.d . n.d. 
n.d. 7 
44 107 
16 15 
30 44 
2 5 

92 81 
15 91 

33~ 65 
n.d. 5 

2 157 
293 351 

46 51 
549 219 

15 15 

\ 

Dlabale 
weight% S 27A S 37 
SI02 52.30 46.90 
no2 o.n o.68 
Al203 16.Q9 15.10 
Fe2<'3·· 11 .1{0 1.42 
MnO 0.15 0.24 
MgO 6.00 9 .13 
CaO 3.79 7.61 
Na:z() 6.29 4.06 
K20 0.03 0.03 
P205 0.07 0.05 
LOI 2.47 3.31 
To&ill 99 .011 98 .53 

ppm 
Pb 
Th 
u 
Rb · 
Sr 
y 
zr 
Nb 
Zn 
cu 
N 
La 
Ba 
v 
Ce 
cr 
Ql 

1 
3 

n.d. 
n.d. 
64 
20 
'32 

3 
65 
33 
18 

2 
2 

348 
63 
6(} 
,J 

8 
7 

n.d. 
n.d. 

80 
28 
30 
' 3 

167 
114 
56 

n.d. 
n.d. 
317 

59 
107 

15 

1507 
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Tabk! B-4: Drill core sampies of ;>i!lowed flows, pillow breccia and massive flows 
having Zr concentrations~ 50 ppm 

weight% 
5102 
Ti02 
Al203 
Fe203" 
MnO 
fMgO 
CaO 
Na20 
K20 
P205 

SK 
6 5 

46 .10 
0.71 

18.00 
'1 .21 
0 .24 

12.05 
1.16 
4.85 
0 .07 
0 .07 
5 .43 

1 
SK 

28 6 
51 .50 

J 80 
1'3 .20 
9 .80 
0 .16 
9 .20 
3 .98 
5 .26 
0 .06 
0.09 
3 .79 

PillOWed 

SK SK SK 
30 26 31 24 32 32 
51.10 48.30 49.40 

1.05 0.48 1.00 
15.40 16.50 15.50 
12.75 8 .53 9.93 
0.17 0.13 0.18 
6 .88 7.49 9.18 
:4.20 4 .88 4.84 
5.68 5.00 4.41 
0.16 0~ 0.56 
0 .12 0. 1 0.08 
2.63 7.14 3.29 

2 2 
SK SK SK SK SK SK 

27 2 2717 28 17 28 51 29 33 30 20 
52.70 53.70 46.70 53:10 52.20 53 1 J 

0.82 0.82 0.85 0.50 0.88 0 95 
15.40 14.30 16.70 15.20 14.90 15.70 
11 .53 10.61 10.14 10.3011.21 1204 

0.16 0.14 0 .20 0 .17 0.18 0.15 
5.73 7.13 9 .15 12.18 6.08 5.42 
2.98 3.16 5.23 0 .18 3.48. 3 .32 
6.09 4.12 3 .41 3 .0~ 5.72 6.54 
0.53 0.30 0 .63 0.04 0.36 0.58 
0.30 0.10 0.15 0 .04 0.07 O.Ht 
3 .09 . 5.34 7.50 5.66 4.50 1.84 f~ 99.891100.841100.14198 .96198.37 99 .33199.721100.661100.43199.58199.82 

ppm 
Pb 1 
Th 4 
U, 3 
Rb n.d. 
sr 54 
y 13 
'Zr 24 
Nb 2 
Zn 121 
Cu 10 
N 46 
lJl n.d . 
Ba n.d. 
v 346 
Ce 70 
a 116 
()I 16 

Depth (f) 941 
Depth(m ) 28 .71 

1 • pillow breccia 
2 · diabase dyl<e (?) 
• Total iron as Fe;P3 
n.d. - not detected 

7 
4 

n.d. 
1 

60 
16 
41 

3 
72 
13 
70 

3 
n.d . 
299 
46 

256 
14 

991 
30.01 

3 6 5 1 4 
3 5 4 5 1 

n.d. 1 1 n.d . n.d . 
2 6 7 4 5 

121 88 194 81 58 , 
27 17 19 20 23 
40 27 46 44 43 

2 2 3 3 4 
74 56 63 97 105 
32 98 56 44 55 ' 
17 60 75 n.d. 27 

n.d. 2 6 5 n.a. 
42 78 102 92-f 42 

4 03 299 314 366 379 
41 30 59 80 55 
55 153 197 35 96 
17 16 16 18 16 

.:021 4281 74411 311 3081 
122.41130.51226.611 9 .31 93 .71 

Depth represents footage in drill hole at which sample was taken 
f · feet 
m-metres 

1 7 1 5 
n.d. .t ' 4 2 
n.d. n.d . n.d . n.d. 

7 n.d. 6 7 
123 20 73 100 

19 12 23 . 25 
48 26 47 48 

5 1 2 6 
63 258 101 93 
60 60 3 7 30 
81 23 15 n.d . 

n.d. n.d. n.d . 24 
65 40 1 116 

345 428 426 368 
67 33 9 66 

261 72 15 , 36 
'4 16 13 17 

"' . 3351 5581 51 Ol 244 
102.11 170.11155 .41 74.2 

. ' 



Table B-5: Outcrop samples of pillowed flows having 7.:r concentrations > 50 and ~ 85 ppm 

weight% 
5102 
TI02 
Al203 
Fe203* 
MnO 
MgO 
cao 
Na20 
K20 
P20s 
LOI 

1 1 1 
- -- - - -- - - -- - ---- - -- - - -- - - - - -- - - - - -- - -- --
43.50 54.00 55.20 53 .80 46 .90 52.80 51.80 43 .30 49.60 38.40 47 .80 47.60 

1.13 1.02 1.06 1.04 1.62 1.65 1.05 0.98 1.20 0.97 1.17 0.48 
15.40 15.20 14.70 16.50 13.60 12.90 14.30 14.90 15.80 13.30 15.70 14.30 
9.03 9.85 10.57 10.02 13.33 10.82 10.62 8.69 11.95 8.28 11.67 10.87 
0.14 0.10 0.12 0.10 0.19 0.19 0.19 0.15 0.16 0.16 0. 16 0.1 6 
4.86 4.61 6.17 6.21 8.02 6.56 7.05 4.52 8.04 5.14 8.09 5.93 
9.74 4.47 3.21 2.74 8.50 7.34 7.04 10.71 4.57 14.88 5.85 6.86 
5.36 6.95 5.80 6.49 4.22 5.10 4.97 5.59 4.85 4.52 4.79 4.66 
0.27 0.17 0.15 0.20 0.03 0.02 0.03 0.11 0.05 0.17 0.04 0.02 
0.19 0.17 0.21 0.13 0.12 0.11 0.05 0.1 0 0.20 0.12 0.22 0.16 
9.59 3.00 2.81 2.88 3.17 1.48 2.16 9.90 3.51 13.34 4.27 8.15 

- - --
52 .70 52.20 50 .90 

1.16 1.03 1.09 
13.60 14.80 14.00 
11 .87 12.00 9.51 
0.16 0.19 0.16 
7.77 5.2 1 7.64 
6.93 6.29 8.46 
4.44 5.56 4.92 
0.02 0.03 0.03 
0.13 0.07 0 10 
1.83 2.12 3.35 

Total 
ppm 

99.211 99.541 100 .001100.111 99.701 98.971 99 .261 98.951 99 .931 99 .281 99 .761 99.1911 00 .61 1 99 .501100 .16 

Pb 
Th 
u 
Rb 
Sr 
y 
'11 
Nb 
Zn 
Cu 
N 
La 
Ba 
v 
Ce 
0' 
Ql ' 

6 
6 

n.d. 
7 

97 
29 
71 
5 

85 
32 
75 

5 
29 

339 
25 

177 
12 

1 - pillow brecc1a 
*Total iron as Fe203 
n.d . - not detected 

3 
2 
0 
4 

72 
37 
68 

3 
65 
43 
10 
10 
32 

374 
17 

n.d . 
14 

2 3 
6 0 
0 0 
3 4 

102 96 
50 37 
71 60 
5 3 

89 98 
17 43 
16 11 
11 8 
31 30 

330 471 
21 22 
41 n.d. 
16 12 

3 n.d. n.d . 4 
n.d. n.d. 2 2 
n.d. n.d. n.d . n.d. 
n.d . n.d. 1 3 
66 32 98 76 
39 37 26 24 
82 74 61 61 

6 2 7 7 
89 43 47 74 
14 99 13 121 
27 22 25 81 

2 n.d . 4 1 
n.d . n.d. 34 n.d. 
399 313 320 268 

96 92 53 71 
50 24 40 182 
16 12 15 16 

7 4 5 5 1 2 3 
n.d. 10 11 6 3 3 3 
n.d. n.d. 3 n.d . n.d. n.d. n.d. 
n.d. n.d. 2 n.d. n.d. n.d. n.d. 
46 69 158 32 89 57 67 
31 20 28 23 28 33 23 
58 64 72 60 73 80 66 
3 6 6 5 8 6 7 

84 51 80 63 36 94 55 
105 61 59 33 36 32 39 
32 62 91 11 72 13 53 

n.d. 4 n.d. 4 10 n.d. n.d . 
19 n.d. 45 n.d. 11 13 8 

437 253 332 375 274 371 280 
54 66 58 74 69 63 56 
87 172 227 32 278 42 182 
13 15 16 16 12 17 12 

V1 
0 
\0 
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Tabk· B-5 (rontinucd): Outl:rop samples of pilloweJ tlows, massive tlows and diabase having ZI .:om.~nrrations > 50 and S 85 ppm 

1 Pillowed Masstv@ . Diabase 
weight% 
SI02 
Ti02 
Al:z03 . 
Fe2o3· 
MnO 
MgO 
CaO 
Na20 
K20 
P20s 
LOI 

S56 
1~~40 

1.07 
16.20 
13.77 

0.23 
13.05 

1.92 
3 17 
0.00 
0 . 1~ 
6.88 

560 S64 570 5 79 
51.80· 43 .80 50 .90 49.40 

1.27 ~ .1, 1.53 1.15 
14.80 15.80 15 20 15 .30 
13.68 9 .32 14.35 13.49 
. 0 .13 0.13 0.21 0 .19 
6 .66 9.03 6 .48 5 .90 
4 .02'- 8 .76 2 .28 4 .04 
5 .51 3.01 5 .59 5.35 
0.09 0.38 0 .09 0 .06 
0 .12 0 .16 0 .16 0 .04 
2 28 8.83 3 .17 2 .83 

Total 
ppm 

100.821100 .361100.331 99 .961 97.75 

Pb 
Th 
u 
Rb 
Sr 
y 
ZI 
Nb 
Zn 
Cu 
N 
La 
Ba 
v 
Ce 
0' 
Gl 

4 
3 
1 

n.d. 
12 
22 
74 

6 
72 

7 
94 

1 
n.d. 
361 

71 
296 

15 

1 - pillow breccia 
·Total iron as Fe<P3 
n.d. - not detected 

n.d. 
5 
1 

. 1 
66 
41 
82 

6 
90 
32 
12 

3 
10 

413 
72 
56 
20 

\ 

2 8 4 
2 5 4 

n d. n.d . n.d. 
2 n.d. n.d. 

205 73 56 
24 36 35 
59 69 78 

6 3 6 
59 123 106 
73 45 20 
71 6 5 
11 . 6 n.d. 

n.d. 41 n.d. 
315 536 415 

81 73 86 
213 45 37 

15 16 17 

519 s 348 5 41 557 s 61 S65 5 75 s 22 s 25 . 5 49 
48 .10 49 .60 49 .80 49 .80 49.10 46.70 39 .80 48.50 49.80 58 .80 

1.13 0.84 1.23 O.!}O 1.60 1.22 1.02 0 .96 1.45 0.76 
14.50 14.50 14:oo 13.90 p .BO 16.10 lSOO 15.10 14.1}0 14.90 
. 9 .23 9 .65 11.95 9.18 16.16 10.59 9.77 11 .19 11 .68 8.;::;., 

0 .16 0.15 0.13 0.16 0 .24 0 .. 14 v.18 0.17 0.14 0 .11 
7 .08 5.77 7.55 7.36 6 .39 8 .76 6.43 7.15 ' 35 4 .06 
9.43 3 .60 6 .16 9.81 5 .92 8 .22 16 :'0 5.74 8.27 5.73 
5 .02 4 .41 5.00 4 .52 4 .66 3.26 :.:: .26 4 .64 4 .58 5 .00 
0 .12 0 .14 0.11 0.06 0 .24 o :13 0 57 IJ.02 0 .02 
0 .16 0 .13 0.19 0.07 0.23 0.11 O. lJ 0.0~ 0.08 0 .09 
5 .59 5 .70 4 .73 3.53 2.16 4.55 8 .45 6.64 2.08 2 00 

100.521 99.491100.85! 99.291100 .501 99.781 99 .81 
~ 

~00561 99.451 99.76 

1 5 7 1 3 n.d. 6 6 3 . n.J . 
3 4 1 4 4 n.d. 3 ' 4 n.d. n.d. 
6 n.d. 1 n.d. n.d. rt .d. n.d. n.d. n.d. n.d . 
3 2 5 .. 

3 3 4 .\ 1 n.d. .. 

105 98 64 57 J' 11 248 107 138 111 151 
- 27 21 39 23 41 32 25 2~ 36 36 

62 52 &8 58 80 70 62 68 73 64 
3 4 4 3 6 4 5 3 5 2 

66 60 75 55 134 65 7 ·1 95 : : J 40 
' 51 56 14 54 26 62 51 59 118 19 

67 37 zo 28 16 87 114 
.. , 
I J 42 26 

12 n.d. 3 n.d . 2 6 3 5 n.d. n.d. 
17 2 28 ' 15 27 30 316 ; 1 n.d. 

249 327 341 255 428 322 . 254 'j;j 7 303 193 
17 61 72 39 .r 82 74 19 27 59 54 

144 93 63 61 49 237 212 1 . 75 103 
10 14 15 16 22 16 21 1:C 16 16 ... 

V> 

0 
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Table B-6: Drill core s~ples of pillowed flows having Zr concentrations > 50 and ~ 85 ppm 

weight% 
SIO:z 
TIO:z 
Al~3 
Fe~3· 
MnO 
MgO 
cao 
Na~ 
K20 
P20s 
LOI 

1 
SK 

27 1 
48.30 

1.27 
17.10 
14.58 

0 .10 
4 .95 
5.40 
5.21 
0.42 
0 .13 
2 .77 

1 1 
SK SK 

27 1.- 28 1 
45.70 51 .t:!O 

1 '12 1 • ? 

15.40 16_J 
10.55 10.46 
0 .16 0 .07 
8.90 3 .13 
5 .94 6.02 
3.65 6 .65 
0 .13 0 .10 

' 0 .23 0 .27 
8 .ii3 3.30 

1 1 
SK SK SK SK 

28 8 28 11 28 18 29 24 

1 
SK SK SK SK SK 

28 29 66 29 69 .,0 25 33 1 - ~ 

48.60 45.80 48.90 43 40 5"1 .60 46.70 50 .70 47 .0057 .10 
1.34 1.08 1.23 1.07 1.07. 1.21 1 .06 1.35 1 .06 

16.80 15.10 17.80 14.70 16.80 15.10 15.10 16.70 16.40 
13.16 H) .46 11 .57 9.27 9.90 10.80 10.01 12.13 7 . 2 ~ 
0 .10 0.17 0.09 0.18 0.17 0.14 0.13 0.19 n 20 
3 .89 9.06 5.56 6.25 4.22 13.03 8 .03 9 .25 ~ ·a 
6 .16 6.19 3 .05 9.56 3.10 2.56 5.48 4 .98 3 .08 
5.97 4.23 . 6 .02 5.10 6.13 3 .43 5 .27 4.27 6 .14 
0.09 0 06 0 .63 0.38 0.63 0 .08 0 .09 0 .18 0 .56 
0 .21 0.13 0.17 0.21 0.33 0 .1 8 0 .1 1 0.15 0 .36 
3 .79 8.03 4 .36 9.20 4.28 6 .40 3.00 3.95 ~ 36 

Total 100.231100.41199 .121100.1111 00.31j99 .38l99.3o_[ 98 .23199 .63198 .981100.15198 .31 

ppm 
Pb n.d . 
Th 4 
u n.d. 
Rb 3 
Sr 134 
y 27 
21 75 
Nb 6 
Zr 62 
Cu 8 
N 49 
LA 7 
Ba n.d . 

237 
Ce 129 
Q 243 
Ga 16 

Depth 
... t 
metres 

1 - pillow breccia 
• T c•aJ iron as Fef) 1 
n.d. - not detectea 

4 n.d. 
n.d. 2 
n.d. 4 

1 ) 

1 51 J) 3 

28 32 
69 '70 

6 5 
67 52 
42 34 
70 41 

n.d. 2 
22 n.d. 

3 70 284 
4 18 

,_1 3 187 
17 12 

4 8 1 2 
n.d. 7 1 1 

2 n.d. n.d. 1 
1 3 8 7 

78 89 105 85 
33 25 24 29 
70 71 . 71 69 

6 7 5 5 
57 81 74 89 
27 43 3 40 
59 73 44 77 

1 3 n.d. 6 
n.d. n.d . 74 65 
415 316 3 ~ 0 313 

79 104 82 24 
226 214 236 170 

19 14 16 12 

Depth represents footage in drill hole at which sam(' a was taken 

10 8 2 2 11 
7 6 3 n.d 6 
2 1 ·n .d . n .d . n .d. 

1 5 5 n.d . 1 9 
80 49 98 145 82 
41 29 28 ?'l 4, 
72 60 60 ' - 3 

6 4 7 6 5~ 75 89 81 102 
18 58 46 45 84 
33 122 38 86 43 

n.d. n.d . 5 7 5 
31 n.d. 'l .d . 1 J n .d. 

347 354 279 367 309 
23 21 55 101 153 

2 15 456 131 277 232 
14 14 18 1 4 , 5 

-
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Table B-6 (continued): Drill core samples of pillowed flows having 
Zr concenttations > 50 and ~ 85 ppm 

SK SK SK SK SK SK SK . SK SK SK SK SK 
weight% 33 4 34 14 34 69 34 81 34 127 35 12 35 34 35 70 37 2 37 27 37 A 32 38 8 
Sl~ 53.70 52.30 47. , 0 53 .00 49 .20 51 .60 49 .40 54.60 53 .30 49.80 49 .60 47 .5 0 
n~ 1.31 1.20 1.17 1.09 1.48 1.08 1.07 1 .08 1. 18 0.93 , .02 1 .09 
Al203 15 .50 14.20 15.00 14.30 14.40 15.40 15.80 15 .20 14.40 15.60 17.10 14 .70 
~~3· 12.21 11 .27 11 .24 7 .55 13.85 12.42 12.00 7.01 . 12.63 13.23 9.81 9 .52 
P.I&.O 0.11 0.20 0 .23 0 .1 0 0 .07 0.18 0.14 0.05 0 . , 9 0.15 0 .1 5 0.16 
MgO 5.97 6.86 10.07 1, .77 9 .12 6.35 J.Ol 10. 11 5 .65 7.35 9 .28 10 .08 
CaO 1.78 4 .46 6 .38 1.78 2 .68 4.32 3 .26 1.34 5 .66 4.1 8 1.68 6 .8 4 
Na~ 4 73 5 .63 4 .13 3 .82 4 .65 5.7G 6.20 4 .43 5 .43 5.08 5 .27 4 .2 7 

... K20 0. ' 3 0 14 0 .13 0 .32 0 .10 0 .1 2 0.14 0.12 0 .05 0.1 4 0 .48 0 .14 
P205 0 . .26 0 .09 0. 18 0 .1 3 0 .21 0., 1 0.16 0 .29. 0 . 12 0. 08 0 .12 0 .09 
LOI 3.34 2 ., 6 4.21 5 .43 3 .78 2.86 4 .49 4 .37 1 .96 2.92 4 .52 4 .91 
Total 99.02!98 .51199 .82_199 .291 99 .5411 00.20l_99.67l98 .60J 100.57l99.46L 99.03!99 .3 2 

ppm 
Pb 4 n.d . 2 5 2 1 6 1 n.d. 3 3 
Th 7 7 3 6 5 3 6 3 3 n.d . 7 
u n.d. n.d . n.d. n .d. n.d. n.d n.d. n .d . n.d . n.d. n.d . n.d. 
Rb 1 2 n d . 4 n .d . 1 4 n .d . 2 2 4 '3 
Sr 39 50 145 66 53 61 52 5 3 65 6 1 11 I 

y 36 42 25 19 ~ 6 33 30 2 5 28 35 2 ~ 

:zr 80 84 66 57 153 sa 85 58 ? r: 7f 79 62 
Nb 6 5 8 4 6 4 9 4 ,.; 4 7. 4 
Zn 84 84 99 '35 91 ' 90 107 42 86 97 141 71 
C\l 2 t 7' -t8 32 15 39 ~ 5 20 18 77 62 
N n.d. 26 139 • 29 7 4 13 82 3 7 20 15 1 
: ' 9 6 7 n .d . 0 5 21 n.d . n.d. n.d . 8 

6 42 62 ;- 75 66 15 41 n.d . n.d . 70 17 
v 293 348 308 3 507 396 435 3 2 5 393 419 409 285 
c. 94 f ? 43 1L 38 31 77 82 77 51 68 54 
a 14 88 473 47l 37 27 35 497 26 31 55 496 
Gil 19 18 18 14 20 16 18 18 1 6 20 24 15 

Depth 
fHt m..,.. 
• Total iron asFe,P 
n .d. - not detec:ed 
Depth represe'1ts f?olage in drill hole at which sample was !ilken 

... 
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Table B-6 (continued): Drill Core samples of massive flows having Zr 
. . concentrations > 50 and S 85 ppm 

2 2 
SK SK SK Sit.. SK SK SK SK 

weight% 28 19 28 58 29 15 30 34 30 88 31 532 37A 15 37A M 
47.60 47.90 50.40 

1.35 1.16 1 27 
17 60 16.70 15.20 
10.96 11.89 10.65 

0.09 0.18 0 .17 
8.77 12.25 8 .71 

. 2.51 1.03 6 .64 
5.49 3.23 4.54 
0.17 0.06 0.15 
0.23 0.22 0 .16 
4.85 5.61 2.84 

5102 
T102 
A12Dl 
Fe2o3• 
MnO 
MgO 
CaO 
Na20 
K20 
P20s· 
LOI 
Total 
ppm 
Pb 

99 u t 1'00.23L 100.731 

Th 
u 
Rb 
Sr 
y 
Z1 
Nb 
Zn 
Cu) 
r..t 
La 
Ba 
v 

Depth 
feet 
metres 

2 - diabase (?) 

1 
1 

n.d . 
n d. 
67 
30 
80 

6 
' 13 

:9 
53 
6 

64 
"18 
i 01 
293 
21 

• Total iron as Fe;P3 
n.d. - not detected 

7 n.d. 
5 5 
2 n.d. 
2 n ~. 

45 64 
30 27 
74 75 

8 5 
106 67 
35 73 
91 66 

n.d. n.d. 
22 n.'d. 

404 325 
- 78 124 

307 169 
14 21 

47.10 50.90 46.10 
1 .05 1.07 0 .64 

15.50 15.00 14.70 
10.76 9.77 10.99 

0.18 0.10 0 .17 
9 .13 8 .92 8.99 
5 .04 3.96 5 .82 
4 .. ' 8 5.18 3 .76 
0 .08 0.17 0 .10 
0 .09 0 .12 0 .11 
5 .79 3 .76 8 .39 

99 .101 98 .951 99 .771 

7 3 4 
3 6 .., 

n .d. n.d. n.c 
1 .. 7 2 

163 72 127 
24 28 28 
56 57 69 

4 ,, 5 6 
69 67 70 
20 41 44 

109 36 102 
1 13 6 

' 84 4 n .d. 
416 275 363 

1 

60 71 141 
32 ~ 151 258 

10 28 17 

Depth represents footage in drill hole at which sample was taken 

50.10 49 80 
1.31 1.75 

16.40 16.30 
12.80 12.15 

0 .13 0.11 
6.52 6.54 
2.16 3.24 
5 .72 5.66 
0 .40 0.10 
0 .11 0.22 
3 .49 2.97 

99 .141 98 .84 

4 5 
n.d. 5 ' 
n.d. n.d. 

5 n.d 
62 82 
43 38 
68 75 

6 5 
150 113 
24 24 

8 17 
2 ILd . 

79 n.d. 
560 579 

68 107 
43 52 
20 18 

513 

. \,; 



' 

I 

Table B-7: Outcrop and drill core samples having Zr concentrations> 85 ppm 
but not included in Group 2 

weight% 
5102 
TI02 
Al203 
Fe203" 
MnO 
MgO 
cao 
Na20 
K20 
P205 
LOI 
Tqt.al 

ppm 
Pb 
Th 
u 
Rb 
Sr 
y 
~ 

Nb 
zn 
Cu 
N 
La 
Ba 
v 
Ce 
0 
Gill 

OUtcrop 
Pillowed Massive 

S 48 S SOB 
57.50 r---;rs. ~ 

1.25 1.76 
12.30 14.10 
12.46 11 .24 
0 .10 0.13 
7 .65 4.48 
1.11 9 .55 
2 .25 4 . ' 6 
0 .01 O.L3 
0.18 0 .2 ::. 

. 4 .20 6.53 
99 01 100.70 

n .d . 
n .d . 
n.d . 
n .d . 

1 7 

tj 60 
4 
7 

n.d . 
441 
103 
32 
13 

..... 

I 

5 
3 

n.::t . 
n.d. 
45 
47 
92 

9 
85 
28 

6 
n d . 
"' .d . 
480 
113 
34 
18 

• Total iron as Fe~3 
n.d. · not detected 

OrfiiCora 
PI!Jowad 

weight % SK 30 6 SK 31 552 
5102 44.20 53.80 . 
TI02 1.58 1.24 
Al20:! 17.10 14.20 
Ft203" 12.00 12.40 
MnO 0 .22_ ' 0 . 15 
MgO 1 0 . 00 4 9 1 
cao 4.52 2.48 
Na20 4 .36 4.81 
K20 0 .65 0 .07 
P2Ds· 22 0.16 
LOI 19 4.91 
TCKal 9 ~ . 13 

ppm 
Pb 
Th 
u · 
Rb 
Sr 
y 

11 
Nb 
Zn 
cu 
N 
La 
Ba 
v 
Ce 
0' 
Ql 

Depth 
reet 
metraa 

"I d . 
d . 

l.d. 
6 

127 
- 37 

90 
' 8 
98 
56 
71 

5 
70 

406 
96 

289 
17 

n.d . 

- 1 
32 
45 

111 
5 

91 
8 

--
n.d 
43 8 
108 
29 
20 

Massive 
SK37 7 

52 .10 . 
, .79 

, ·4 .40 
13.57 
0 .20 
5 .85 
4 .66 
5 .56 
0 .15 
0 .14 
1 . 2 

100 .34 

5 
4 
1 . 
1 

52 
50 

106 
6 

112 
32 

8 

n.d . 
533 

94 
'40 

19 

Depth represents footage in drill hole at which 
sample was taken 

51 4 

,I • 

\.. 
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Table B-S: Group 2 outcrop sar " l~s 

Plllowad 
weight % S 21 A S 40 S 54 S 77 .. 

58.70 53.50 59 .80 57.70 
1 60 0 .49 0.84 1.34 

14.30 16.90 c13.7Q 14.10 
9 .45 8 .91 7.20 10.95 
0 .15 0.15 0.10 0.19 
4 .09 6 .49 4.32 3 .07 
2 .09 2 .47 4.35 3 .38 
5 18 6.11 5.42 5.64 
0 .13 0 .11 0.02 0 .03 
0 .38 0 .07 0 .• 0 59 
2 .39 3.06 4 2 .89 

SI02 
T102 
Al2<>3 
Fe2o3• 
MnO 
MgO 
Cao 
Na20 
K;zO 
Paos 
LOI 
Total 99.261 98.26I10C Jl 99.88 

ppm 
Pb 
Th 
u 
Rb 
Sr­
y 

l1 
Nb 
Zn 
cu 
N 
La 
8a 
v 
Ce 
Q 

01 

6 
3 
7 
4 

• 31 
0 53 

95'-
5 

• 117 
n.d. 
n.d . 

9 
52 

131 
33 

n.d. 
' 16 

• Total iron as Fef 1 

n.d. · not detr .d 

.. 
2 
4 

n.d. 
1 

118 
34 

1 OB 
6 

79 
40 
49 

5 
n.d. 
223 

76 
172 

15 

n.d. 5 
7 n.d. 

n.d. n.d. 
n d. 3 
30 38 
47 r 3 

130 dB 
6 3 

52 80 
61 11 
~7 n.d. 
n.d. n.d. 
n.d. 62 
149 30 
69 69 
83 n.d . 
16 2 0 

MassMt " S 29 S58 .. 
56 .70 61 .30 

1.88 1.22 
14.40 14 1<} 

10.20 9.4'. 
0.12 0.14 
2 .37, 3.17 
3 .39 1.65 
6 .18 5.93 
0 .05 0.34 
0 .86 0.17 
2.16 , 84 

98 .31t 99.31 

, _..,. n.d. 
7 n.d. 

n.d. n d. 
n.d. n.d. 
40 32 
61 44 

110 103 
7 4 

61 107 
.. ·1 0 14 
' n.d. n.d. 

2 5 
2 1 

145 124 
116 106 
116 3 

> 
18 19 

.. ' 

... . 

' · 

0 
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Table B-9: Group 2 samples from drill core 

Pmowed 
SK SK SK SK SK SK 

weight% 
SI02 
no2 
Al203 
Fe2o3• 
MnO 
MgO 
cao 
Na20 
K20 
9205 
LQI 

32. 11 33 26 34 35 35 24 35 25 35 93 
58 .~0 53.40 50 .5'0 66.30 ·46.80 49.40 

1.18 1.38 1.27 1.39 2.00 1.95 
14.40 16.90 15.60 12.60 16.10 16.00 
10.59 9.66 -13 .15 6.52 14.80 12.73 
0 .11 0.09 ·0.20 0.07 0.20 0.07 
4 .10 5.42 ' 5 .99 1-55 7.58 8.21 
1.84 2.16 2 .~0 2.68 2.64 2.46 
5 .13 6.24 5.37 6.78 5 .18 4.99 
0.21 '0 . 1~ 0.14 0.06 0.14 0.13 
0 .57 0.29 0.20 0.21 0.27 0.36 
2.45 2.75 4 .34 0.62 3 .88 3.72 

Total 98.78[ 98.43[ 99.66[ 98 .78[ 99 .59[100.02 

ppm 
Pb 
Th 
u <. ,. 
Rb 
'Sf 
yl, 
2t 
Nb 
Zh 
cu ,.. 
L.a 
Ba 
v 
Ce 
Cr 
G! 

Depth 
feet 
metres 

\ 

n .d . 
6 

n . ~ . 
1 

66 
47 
92 

7 
99 

6 
n.d. 

16 
57 

~54 
- - 99 

n.d. 
19 

·Total iron as Fe:P3 
n.d. · not detected 

7 
4 

n.d. 
n.d. 

69 
62 

1, 6 
5 

86 
13 
7 

14 
n.d. 
234 
114 
39 
19 

5 . 5 10 n.d. 
10 2 3 6 

2 n.d. 1 n.d. 
n.d. n.d. 3 n.d. 
46 40 34 86 
58 45 . 60 60 

120 117 134 144 
5 6 7 9 

119 . 29 148 110 
3 11 13 14 

12 n.d. n.d. . 2 
1 4 6 8 

57 n.d . n.d. 8 
296 233 4j9 410 
46 84 114 108 
57 4 15 21 
19 13 23 23 

5l6 

Massive 
SK SK SK SK 

34 46 34 55 35 3 37 41 
54.90 53.60 61 .10 54.50 

1.86 1 .41 0.75 1.18 
15.00 15.20 13.70 14,50 
11.05 1 1.62 10.53 12.43 

0.19 0.20 0.13 0.16 
5.39 5 .75 3.81 5.62 
2.28 2.02- 1.56 2.40 
5.38 5.97 5 .37 5.55 
0.40 0.10 0.12 0.23 
0.28 0 .46 0.58 0.21 
2.93 2.84 2.40 2.2.5 

99 661 99.1711 oo.05I 99 .ro 

3 1 4 8 
7 4 n.d. 5 
1 1 n.d. n.d. 
2 2 n.d . , 

68 34 35 36 
52 59 45 54 

• 103 125 89 111 
7 9 6 6 

124 142 " 100 106 
7 9 3 6 
1 1 n.d . 8 
1 9 7 8 . 

109 52 64 23 
195 191 57 235 
76 61 72 81 

7 n.d. n.d . 25 
18 22 18 20 

Depth represents footage in drill hole at whictysan1ple was taken 
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Table B-10: Miscellaneous Sk.idder Basalt, Sk.idder trondhjemite, and Buchans Group samples 

weight% 
5102 
'n<>2 
Al203 
Fe203* 
MnO 
MgO 
cao 
~0 
K20 
P205 
LOt 
Total 
ppm 
Pb 
Tl1 

. u 
Rb 
Sr 
v 
1t 
Nb 
Zn 

·cu 
N 
La 
Ba 
v 
Ce 
cr 
Ql 

SkJdder Basalt 
Slldfled Koftch 
Basalts Basalts 

578 S 13C S49 S66A S 16A S62 s 74 
69.80 68.20 58.80 57.90 55.50 48.00 48.20 

0 .38 0 .92 0 .76 0.98 1.04 0.97 0 .78 
10.90 10.60 14.90 14.40 13.70 14.30 16.60 

4.39 3.72 8.29 10.45 12.18 10.1q 8 .79 
0.15 0.04 0 .11 0.08 0.16 0.17 0 .19 
2.31 . 1.16 4.06 6.74 6.07 10.58 5.91 
3.10 5.11 5.73 1.41 1.68 5 .39 9 .02 
4.69 5 .50 5 .00 4 .80 4.04 3 .88 3 .79 
0.13 o .o~r 0.02 0 .24 1.45 1.54 1.64 
0.20 0.26 0 .09 0 .10 0 .18 0.14 0 .09 
3.57 3 .71 2.00 3.10 3 .48 5 .35 5 .29 

99.621 99.311 99.761100.20 99.481100.441100.30 
Total iron as Fe?O~ ~ 

2 0 ~/ 3 ~~ 1 1 
4 7 0 . 1 
4 0 0 0 0 0 0 
4 4 0 1 13 13 17 

51 74 151 138 36 69 204 
35 48 36 19 22 22 18 
92 80 . 64 :'\9 51 66 50 

4 3 2 3 3 6 5 
115 49 40 69 134 72 56 

7 7 19 38 15 45 76 
0 0 26 5 0 148 36 
4 5 0 0 1 0 2 

28 42 . 0 71 231 27.4 220 
44 117 193 51~ 386. 299 318 
15 18 54 58 17 53 29 

0 0 103 50 0 371 156 
8 7 16- 11 13 14 15 

Altered 
--------~ ----r 

MafiC SkJdder Sandy Lake LoodbergHiJI 
Tuff Trondhtemhe Fonnatlon Basatl FormatiOn Dacite 
s 108 s 72 582A S82B S63 
53.20 74 .50 44.40 47.90 65.5 

0.89 0.24 0 .58 0.58 0.42 
15.70 10.60 12.50 13.70 14.6 
11 .61 6.56 7.98 7.93 4.58 
0.18 0.03 0.32 0.26 0.06 
5.55 1.73 6.79 5 .48 1.6 
2 .18 0 .03 11 .30 8.49 2.25 
6 .37 0.16 2.26 3 .56 4.59 
0.49 2.18 1.26 1.14 2 .1 
0.26 . 0 .03 ' .0 .17 0 .15 0.06 
3 .11 3.51 12.47 9 .57 4.14 

99.54 99.57 100.031 j38. 76 99 .90 
l 

0 2 3 \ 1-2 3 
0 4 8 ' 9 1 1 
0 0 o · .. 

0 0 
5 23 • 37 33 38 

76 6 74 88 114 
27. 60. 19 . 19 24 
46 182 53 59 142 

2 61 4 6 9 
82 17 124 98 44: 

3 13 
u 0 

41 13 251 
181 149 1 

4 7 18 16 13 
106 669 
368 12 

188 118 236 
240 249 9i 

14 16 61 101 85 
0 0 455 521 12, 

13 q ' 12 13 141 
,, . 

.. ·, 

VI 

~ 
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Tabie B-11: Dr1l core samples from the Skiddcr Prospa:t chlorite, calcite, cpidmc ±hematite alteration wne 

SK 
~5 

SK SK SK 
'l7 1 27 2 'l7 6 

SK SK l,. SK 
278 281 284 

SK 
286 -- -

SK SK SK SK SK SK 
28 8 2811' 29 4 2912 2915 ~0 s . - . - -Weight% 

5102 
TlO:z 
~ 
Fe203" 
.... 0. 
MgO 
CaO 
Nil20 
K~ 
P~s 
Lot 

46. 10 48 .30 52.70 47.60 47.10 51 .80 47 .50 51.50 48 .60 45.80 49.90 47.50 50.40 48 .80 
0 71 1 .27 0 .82 1.21 0.85 1.12 0 .66 0.80 1.34 1.08 1.62 1.32 1.27 0.94 

18.00 17.10 15 .. 40 15.80 16.00 16.20 16.60 16.20 16.80 15.10 17.20 15.40 15.20 16.10 
11 .21 14.58 11.53 11.10 10.54 10.46 11.70 9.80 13.16 10.46 10.11 11.71 10.65 9.56 
0.24 0 .10 '0.16 0.19 0.16 0.07 0 .17 0.16 0 .10 0.17 0.14 0.17 0.17 0 .13 

12.05 4 .95 5.73 8.60 8.87 3.13 9 .17 9.20 3.89 9.06 3.96 . 9.64 8.71 6.26 
1.16 5.40 2.98 ~6 9.52 6.02 4 .99 .3.98 6.16 6.19 4.72 5.82 6 .64 4 .34 
4.85 . 5 .21 6 .09 4.34 1.49 6.65 2 .82 5.26 5 .97 4.23 5 .37 3.75 4 .54 5 65 
0.07 0 .42 0.53 1.24 2.36 0.10 2 .70 0.06 0.09 0.06 0.81 0 .99 0 .15 1.1 8 
0.07 0 .13 0 .30 0.18 0.13 0.27 0.06 0.09 0.21 0.13 0.23 0.17 0 .16 0 .02 
5.43 2 .77 3 .09 4.96 3.76 3.30 4.33 3.79 3.79 8.03 4 .42 3.34 2 .84 5.03 

Total 
ppm 

99.8911 oo 23199.3311 oo. 78T 100. 78T99.12T 1 oo. 1011 oo.8411 oo.111100.31198.48199.81I1 oo. 73T 98 01 

Pb 
Th 
u 
Rb 
Sr 
y 
2)­

Nb 
Zn 
Cu 
N 
La 
a. 
v 
c. 
0' 
0. 
Drill hole de 
t .. t 
metres 
Dlstwlc» (m 

1 n.d. 1 4 
4 . 4 . s 6 
3 n.d. n.d. n.d. 

n.d. 3 4 7 
54 134 81 112 
13 27 20 ~27 
24 75 44 74 

2 6 3 5 
121 62 97 90 

10 8 44 23 
46 49 n.d. 80 

n.d. 7 5 n.d. 
n.d. n.d. 92 153 
346 237 366 296 

70 129 80 96 
116 243 35 222 

16 16 18 16 
Jth at which sample was taken 

94 .0 19.5 30.5 115.0 
28.7 5.9 9.3 35. t 

I 78 .2 134.1 130.7 104.9 

n.d . n.d. 
n.d. 2 
n.d . 4 

15 3 
331 93 

21 32 
45 70 

5 5 
72 52 

. 54 34 
86 41 
10 2 

345 n.d. 
263 284 
43 18 

215 187 
16 12 

142.0 10.0 
43.3 3 .0 
96 .7 160.3 

• Total iron as Fep3 n.d. - not detected 

5 7 
6 4 

n.d. n.d. 
35 1 

271 60 
10 16 
33 41 

3 3 
84 72 
50 13 
43 70 

2 3 
481 n.d. 
329 299 

53 46 
160 256 

13 14 

24.0 98.5 
7.3 , 30 .0 

156.1 133 .4 

Dislanca · distance in metres from most intensely ahered rocks in dnll hole 

4 8 n.d. 5 n.d. 8 
n.d. 7 n.d . 6 5 2 

2 n.d. n.d. n.d. n.d. n.d. 
1 3 11 10 n.d. 13 

78 89 65 171 64 108 
33 25 35 32 27 31 
70 71 102 77 75 71 

6 7 9 10 5 8 
57 81 82 89 67 86 
27 43 74 51 73 17 
59 73 145 ~ 66 36 

1 '3 +-- 20 n.d. n.d. 
n.d. n.d. n.d. 156 n.d. 120 
415 316 288 313 325 255 

79 104 127 66 124 101 
226 214 .282 195 169 230 

• 19 14 i9 15 21 18 

173.0 224.0 45 .0 186.0 228 .0 53.0 
52.7 68 .3 13.7 56.7 69 .5 16 .2 

110.6 95 .1 234.3 191.d._J78.5 225 .8 

Vl -00 
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13.57 10.37 13.23 8.65 9.52 
0.20 0.17 0.15 0.1El 0.18 
5.85 8 .57 7 .35 8.25 10.08 
4 .66 6.1Q 4 .18 7.56 6.84 

I 5 .56 3 .61 5 .08 4.23 4.27 
1.10 0.15 1.90 0 .14 1.16 0.14 
0.10 0.14 0 .12 0.08 0 .09 0.09 

ppm 
Pb 
Th 
u 
Rb 
Sr 
y 
~ 

Nb 
ln 
cu 
N 
t... 
Ba 
v 
c. 
0 
Gil 

n.d. 
n.d. 
n.d. 

6 
127 
37 
90 

8 
98 
56 
71 

5 
70 

406 
96 

289 
17 

5 . 
2 

n.d. 
7 

100 
25 
48 

6 
93 
30 

n.d. 
24 

116 
368 

66 
36 
17 

10 n.d. •2 
6 7 3 

n.d . n.d . n.d. 
19 2 n.d. 

192 50 145 
!1 42 25 
34 84 66 

3 5 a 
83 84 99 
75 28 7 
61 26 139 

1 6 7 
343 42 62 
327 348 308 

3 62 43 
167 88 473 

14 18 18 
Drill hole dept •h at whi::h sam le was taken 
fMt 76.0 243.5 16.0 134.0 911.0 

23.2 74.2 4.9 40.8 277.7 

1 9 6 
3 1 6 

n.d . 6 n.d. 
1 9 4 

61 64 52 
33 29 30 
68 43 85 

4 4 9 
90 8:3 107 
15 33 39 
4 15 13 

n.d . 7 5 
66 142 15 

396 345 435 
31 28 77 
27 44 35 
16 14 18 

156.0 311 .0 917.5 
47.5 94.8 279.7 IMftS 

~(m} 218.8 167.8 180. 1 329.2 92.3 431.0 383.7 198.9 
• Total iron as Fet:>J n.d. - not detected 
Distance - distance m melres from most intensely allered rocks in drill hole 

1 5 1 n.d. n.d. 3 
3 4 n.d. 3 4 7 

n.d. 1 1 n.d. n.d. n.d. 
2 1 21 2 11 3 

41 52 244 65 162 119 
33 50 28 28 18 24 
76 106 74 71 44 62 
6 6 5 4 4 4 

86 112 79 97 62 71 
20 32 61 18 73 62 

3 8 71 7 41 151 
n.d. 1 n.d. n.d. n.d. 8 
n.d . n.d. 987 n.d. 453 17 
393 533 312 419 274 285 

77 94 8 51 11 54 
26 40 184 31 107 496 
16 19 17 20 13 15 

72.0 247.0 515.0 757.0 897.5 878.5 
21 .9 75.3 157.0 230.7 273.6 267.8 

444.7 391.4 309.7 235.9 193.1 

...... 
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Tab&e B-12: Drill core samples from the Skiddo.:r Pro~pect chlorite, cakite, quartz, epidote alteration zone 

SK SK SK SK SK SK Sl< SK SK . SK ' SK SK SK SK SK. SK SK SK . SK SK SK 
Weight% 29 69 30 25 30 26 30 88 31 522 31 532 32 32 33 26 3-4 1G 34 28 34 3-4 3-4 35 34 n ~ 127 3S 2'4 35 25 35 « 35 93 37 41- 37A 15 37A M 
~ ----------------

:JU. /U 4/ . UU Ol.lU OU.':IU DO.t!U 4D. HI 4!1.40 53.40 55.80 52.00 69.10 50.50 51 .60 <49.20 66.30 46.60 39.20 49.40 54.50 
T~ 
N:z03 
Fe:z03" 
illlnO 
MgO 
CliO 

~ 
,K~ 
P:zOs 
LOt 
To.­
ppm 
Pb 

1.06 1.35 1.05 1.07 
50.10 49.80 

0.54 0 .~ 1.00 1.38 0 .91 1.02 ~ .93 .1.27 0.99 1.48 1-..39 2.00 1.01 1.95 1 .18 1.31 1.75 
15.10 16.70 15.40 15.00 10.60 14.7015.5016.9015.4014.1011 .5015.60 14:90 14.40 12.60 16.101-4.60 16.00 14.50 16.40 16 .30 
10.01 12.13 12.75 9.77 6 .72 10.99 9 .93 9 .66 10 .58 12.06 4 .86 13.15 12.13 13.85 6.52 14.80 10.59 12.73 12.43 12.60 12.15 
0.13 0 .19 0 .17 0. 10 0.05 0.17 0.18 0 .09 0 .20 0 .20 0.07 0.20 0.20 0.07 0 .07 0 .20 0.17 0 .07 0 .1 6 0.13 0 .11 
8.03 9 .25 6 .88 8.92 0.49 8 .99 9.18 5.42 4.10 5 .33 1.58 5 .99 6 .97 9 .12 1.55 7.5811.10 8 .21 5.62 6 .52 6.54 
5.48 4 .96 4 .20 3 .96 2.62 5.82 4.64 2 . 16 3 .02 4.32 3.06 2.90 4.86 2.66 2.68 2 .64 7.54 2 .46 2.40 2.16 3 .24 
5 .27 4 .27 5 .66 5.16 5.65 3.76 4 .41 6.24' 6 .41 5 .07 6 .32 5 .37 4.83 4.65 6.76 5 .18 2.71 4 .99 5 .55 . 5.72 5 .66 
0 .09 0 . 18 0 .16 0.17 0.09 0. 10 0 .56 0 .14 0 .80 1.50 0 .10 0.14 1.15 0.10 0.06 0.14 1.03 0 .13 0.23 0.40 0. 10 
0 . 11 0 . 15 0 .12 0. 12 0. 12 0.11 o .os o .29 o .e9 o.o8 0.16 0.20 0.06 0.21 0 .21 0.27 0.20 0 .36 0.21 0.11 0.22 3 .00 3 .95 2.63 3.76 2.19 8 .39 3 .29 2 .75 1 .51 1.73 1:06 4 .34 2.35 3'.78 0.62 3 .88 4.60 3 .72 2.25 3.49 2.97 

96.961100.151100.14196.951 96.271 99. 77l98 . 37l98 . 43l99 .0~97.43l96. 76199.6§11 00 061 99 .54(96 . 78199 .59(92 .7~ 100.02199.031 99.1 ~ 98.64 

Th 
u 
Ab 
Sr 
y 

lr .., 
Zn 
cu 
N 
La 
8111 
v 
c. 
() 

Ql 

2 
3 

n.d. 
n.d. 

98 
28 
60 

7 
81 
46 
38 

5 
n.d. 
279 
55 

131 
18 

2 
n.d. 
l).d. 

1 
145 

28 
76 

6 
102 
45 
86 

7 
19 

367 
101 
277 

14 

3 3 14 
3 6 4 

n.d. n.d. n .d. 
2 7 1 

121 72 61 
27 28 29 

. 40 57 68 
2 5 4 

74 67 25 
32 41 ' 41 
17 36 n .d. 

n.d. 13 n.d. 
42 4 25 

403 275 366 
41 71 95 
55 151 25 
17 28 9 

)th at which sample was taken Driii-Jola dep 
ra11 

"*'" Discanc» (m 

96~1 382 
293 .2 116.4 

If 45.21 125.6 

• Total iron as FecP)­
n.d. - not detected 

402 
122.4 
119.6 

1066 522 
330.9 159.1 

88 .9 114.1 

. 
4 s 7 9 
2 4 4 5 

n .d. 1 n.d. n.d. 
2 7 n.d. 5 

127 194 69 113 
26 19 62 29 
69 46 116 57 

6 3 5 4 
70 63 86 97 
44 56 13 19 

102 75 7 n.d . 
6 6 14 5 

n .d. 102 n .d. 165 
363 314 234 279 
141 59 114 . s• 
256 197 39 20 

17 16 19 18 

532 744 43~1 235 
l62.2 226.6 133.0 71.6 
117.2 4Ui 26.Ql298 4 

Dil>ta/lca - dil>ta/lca in metres kom most intensely altered rocks in aill hole 

' , 

' -,, 

2 
5 

n .d. 
11 
76 
as 
50 

4 
72 
32 

2 
n.d. 
406 
452 

15 
37 
16 

320 
97.4 

272.6 

4 5 1 2 5 10 6 n.d. 8 4 5 
5 10 n.d. 5 2 3 8 6 5 n.d. 5 

n.d. 2 n.d. n.d. n.d. 1 n.d. n.d . n.d. n.d. n .d. 
1 n.d . 7 n.d. n.d. 3 1 \ n.d. 1 '6 n.d. 

41 46 170 53 40 34 160 66 36 62 6 2 
44 58 26 46 45 60 23 60 54 43 36 
95 120 35 63 . 117 134 59 144 111 68 75 

4 5 3 6 6 7 5 9 6 6 5 
25 119 97 91 29 148 77 110 106 150 113 
24 3 33 32 11 13 51 14 6 24 24 
11 12 16 7 n.d. n.d. 215 2 8 8 17 

2 1 6 n.d. 4 6 1 8 6 2 n.d. 
n.d . 57 160 75 r. .d. n.d) 35\ 6 23 79 n.d. 
179 296 353 507 233 47V 238 410 ' 235 560 579 
141 46" 30 36 84 114 42 108 61 66 107 

42 - 57 52 37 4 15 628 21 25 43 52 
11 19 16 20 13 23 15 23 20 20 18 

393 428 971 1581 533 593 1167 17~~ 106~1 12~~ 16~~ 119.8 130.3 296.0 481 .9 162.5 180.7 355.7 546.8 325.2 375. 510. 
250 .2 239.7 74 .0 111 .9 316.1 297.8 122.8 68 .31 141.4[ . 91.4[ 44 .2 

Vl 
t-.J 
0 

4 
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•, 

~ 
.' 
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Table B-13: Drill core samples from the Skidder Prospect chlorite, quartz, cal<.:ite alteration zone ' 

Weight% 
Sl~ 
l'K>2 
Al203 
Fe~3· 
tktO 
UgO 
CaO 
Na20 
.1<20 
P20s 
LOI 
Total 
ppm 
Pb 
Th 
u 
Rb 
Sr 
y 
11 
Nl 
ln 
Q.l 

N 
La 
a. 
v 
c. 
Q 

SK SK SK SK SK SK SK SK SK "SK SK SK SK SK SK SK SK SK 
6 12 27 11 27 17 27 33 28 16 28 17 28 18 28 18 28 58 29 24 29 28 29 29 29 33 29 35 29 37 29 66 30 34 30 36 
45.50 45.70 53o70 46o50 44030 46o70 48090 47.60 47.90 43040 51 060 51.60 52020 51o80 55000 46070 47010 48010 

1.29 1012 Oo82 1.12 1010 ° 0.85 1.23 1.35 1016 1007 1007 1o30 Oo88 1.13 1 .07 1.21 1.05 1.32 
15070 15.40 14.30 15020 16030 16070 17080 17060 16070 14.70 16.80 18000 14090 16070 13.70 15010 15050 18,60 
10017 10055 10061 10038 7055 10014 11.57 10o96 11 .89 9 o27 9o90 9 071 11 0 21 9 077 7 076 10080 10.76 10018 

Oo19 Oo 16 0 014 0 013 0 022 Oo20 0009 0.09 • 0 018 Oo16 0 .17 0 008 Oo18 o:o1 Oo04 Oo14 Oo18 0 033 
9 024 8o90 7 013 12074 2 059 9015 5 .56 8 .77 12025 6025 4 022 2 067 6 008 4005 6 .63 13003 9 013 2 .77 
So32 5 094 3 .16 1000 11.22 5023 3 005 2 051 1003 9 o56 3 .10 1 .46 3 .48 3076 3 024 2 056 ° 5 004 4 .36 
3 042 3 065 4012 4 002 4 o30 3o4 1 ' 6002 5049. 3 .23 5 010 6 013 5 072 5 .72 6.66 4 ,92 3.43 4.38 4.38 
0 .89 0 013 0 .30 0 005 1076 0063 0 063 0 017 0 006 0 038 0 063 2 .90 0 036 1o12 Oo90 0 008 Oo08 2057 
0022 0 023 0 .10 0 .17 0 .20 0 015 0. 17 0.23 . 0022 0 .21 0 033 0009 Oo07 Oo21 0 .21 0018 0 009 0 020 
7083 8063 5o34 7 .82 10076 7 050 4 036 4 .85 5.61 9 020 4 .28 5 000 4 .50 3 077 4.96 6 .40 ~79 5 .68 

99.771100°411 99.721 990131100.3011000661 990381 99.621100 231 990301 98 .231 9Bo53T 99058[ 990041 980431 990631 9~ 101 98 .49 
) 

6 4 4 10 6 1 1 1 7 2 10 27 1 4 9 8 7 4 
6 no d o 1 n.do 5 nod . 1 1 5 1 7 1 4 1 3 6 3 8 
4 n.d. nod . n .d o n.d . n.d . no d o no d o 2 1 2 no do n.d . n .d . 4 1 n .d . 2 

13 1 5 n.do 33 7 8 no do 2 7 15 67 6 14 7 5 1 43 
68 151 58 36 78 123 105 67 45 85 80 75 73 103 76 49 163 67 
28 28 23 24 19 19 24 30 30 29 41 22 23 27 23 29 24 30 
73 69 43 77 63 48 71 80 74 69 72 79 47 67 59 . 60 56 82 
10 6 4 7 6 5 5 6 8 5 6 6 i " 3 4 4 8 
71 67 105 161 50 63 74 113 106 89 75 41 101 70 52 0 89 69 69 
57 42 55 24 50 60 8 29 35 40 18 35 37 50 48 58 20 61 
82 70 27 51 63 81 44 53 91 77 33 38 15 50 36 122 109 58 

5 n.do no d o 3 no d o nod. no do 6 no do 6 nod. no d o no d o n o do n .d o n.d . 1 5 
n od. 22 42 15 57 65 74 64 22 65 31 o• 199 01 381 490 no d o 84 5 

.369 370 379 367 297 345 370 388 404 313 347 442 426 309 276 354 416 408 . 
123 74 55 64 64 67 82 101 78 24 23 21 9 16 .. 24 21 60 11 7 
248 213 96 239 184 261 236 293 307 170 215 228 15 193 183 456 320 25C 

17 17 16 15 16 14 16 21 14 12 14 i9 f3 18 13 14 10 17 01 
Ofill~~ llh at which sample was taken .... 
'"*" 
etsunol(m) 

22800 
69.5 

-3703 

190ttl 30705 517.0 31200 33500 355.0 383.0 640 .0 40900 458:0 46300 510.0 528.5 553.0 935.0· 53000 5~~~ 
57.9 93.7 157.6 9501 102.1 10802 11607 19501 12407 139.6 141 .1 155 .4 . 161.1 168.6 285.0 16105 1740 
82.1 46.3 17.6 68 .3 61 03 55.2 46.6 14.0 123.3 10804 10609 9206 8609 7904 3700 8005 6707 

·local roo asFep3 n.d. - not detected 
Distance - d;stance in metres from most intensely altered rocks in drill hole 

jJ 

"-J 

VI 
I..J 



I 
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Table 8-13 (continued): Drill core samples from the Skidder Prospect chlorite. quartz, calcite alteration zone 

SK SK SK SK SK SK SK SK SK SK SK SK SK SK SK ~K 
30 38 · 31 24 31 552 32 11 33 1 33 4 34 46 34 55 34 81 35 3 35 63 35 66A 35 668 35 70 37A 32 37A 34 Weight% 

SI02 
n~ 
Al~3 
"203" 
MnO 
MgO 
CaO 
Nl20 
K20 
P20s 
LOt 
Total 
ppm 

~ . . -
50.20 48.30 53.80 58.20 57.10 53.70 54.90 53.60 53.00 61.10 48.70 65.50 63.50 54 .60 49.60 5.7 . 90 1.58 0 .48 1.24 1.18 1.08 1.3f 1.86 1.41 1.09 ' 0.75 1.16 0.86 0.84 1.08 1.02 . 0 .62 22.50 16.50 14.20 14.40 16.40 15.50 15.00 15.20 14.30 13.70 18.10 12.30 13.7(1 15 .20 17.10 14.40 5 .23 8 .53 12.40 10.59 7.23 12.21 11.05 11 .62 7.55 10.53 9.35 5 .76 3 .65 7 .01 " 9 .81 7.32 0 .05 0 .13 0 .15 0.11 0.20 0 .11 0.19 0 .20 0 .10 0.13 0.01 0 .04 0.05 0 .05 0 .15 0. 13 3.19' 7 .49 4.91 4.10 2.78 5.97 5 .39 5 .75 11 .77 3 .81 1. 14 3.67 5.08 10.11 9 .28 5.08 1.34 4 .88 2 .48 1.84 3 .08 1. 76 2128 2 .02 1.78 1.56 1.48 1 . ~8 1.28 1.34 1.68 2 .90 4 .39 5 .00 4 .81, 5 .13 6.14 4 .73 5.38 5.97 3.82 5.37 5.20 5 .32 5.20 4 .43 5.27 5.59 5.09 0 .50 0.07 0 .21 0 .58 0.13 0.40 0 .10 0.32 o.l2 4.12 0 .42 0.28 0.12 0.48 0 .50 0.29 0 .01 0.16 0 .57 0 .36 0.26 0 .28 0:46 . 0.13 . 0.58 0.24 0 .22 0.26 0 .29 0 .12 0 .10 4.67 7 .14 4 .91 2 .45 3 .36 3 .34 2 .93 2.84 5 .43 2.40 6.09 3 .48 3 .33 4 .37 4 .52 3 .69 98.53( 98 .961 99.131 98.781 98.311 99.021 99.661 99.171 99.291100.051 95.591 98.951 97.171 98 .601 990~ 98.23 

Pb 
Th 
u 
Rb 
Sr 
y 

lr 
Nb 
Zn 
Cu 
N 
La· 
Ba 
v 
c. 
Q 
Ql 
Drill ho!e de 

21 6 12 n.d. 11 4 3 1 5 4 25 13 7 1 3 1 n.d. 5 9 6 6 7 7 4 6 n.d. 5 
nl. 

2 , 1 n.d. 3 n.d. 1 n.d. n.d. n.d. n.d. 1 1 n.d. n.d . n.d. n.d. n.d. n.d. n.d. 84 6 1 1 9 1 2 2 4 n.d. 72 2 1 n.d. 4 5 55 88 32 66 82 39 68 34 66 35 105 92 98 53 61 90 41 17 45 47 41 36 52 59 19 45 32 28 25 25 35 32 97 27 111 92 69 80 103 125 57 89 75 49 1'; 58 79 8 1 7 2 5 7 7 6 7 9 4 6 8 5 4 7. 4 129 56 , 91 99 52 84 124 142 85 100 48 37 39 42 141 54 64 98 a 6 84 1 7 9 48 3 68 89 87 -15 77 15 80 60 4 n.d. 43 n.d. 1 1 129 n.d. 139 142 143 82 20 32 
n.d. 2 8 16 5 9 1 9 4 7 5 n.d. 1 21 n.d. 4 123 78 n.d. · 57 n.d . 6 109 52 n.d. 64 481 113 81 41 70 43 
493 299 438 54 309 293 195 191 307 57 319 185 232 325 409 200 
166 30 108 99 153 94 76 61 125 72 57 67 49 82 68 7 1 
298 153 29 n.d. 232 14 7 n.d. 476 n.d. 533 419 "'473 ~97 55 124 

25 16 20 19 15 19 18 22 14 18 19 7 17 18 .. 24 16 
pth at which sam ole was taken 

feet 
metres 
Olstance(m 

578.5 428.0 552.0 365.0 46.0 124.0 599.0 752.0 1100.5 29.0 1432.0 1487.0 1487.0 1511.5 1442 .0 1462.5 
176.3 130.5 168.2 111 .3 14.0 37.8 182.6 . 229.2 335.4 8 .8 436.5 453.2 453.2 460.7 439'16 445.8 

) 65.7 8!? 5 123 2 73.7 93.0 69.2 187.4 140.8 34.6 469.7 42.1 25.3 25.3 17.8 27.1 20.9 
• Total iron as Fep3 n.d. - not detected 
Distance -distance in metres I rom most intensely altered rocks in drill hole 0 

.. 

VI 
N 
N 
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Table B-14:--drill co:c samples from the. Skiddcr Prospect chlorite, quartz, pyrite alteration zone 

Weight% 
Sl~ 

~ 

SK SK SK SK SK SK SK SK SK -SK SK SK SK SK SK- SK SK 
6 16 27 22 27 26 27 27 27 44 27 48 28 20 28 25 28 27 28 36 28 51 28 70 28 71 28 7:1 28 75 28 81 29 36 
45 .20 30.20 41.60 41.50 48 .00 40.20 43.20 5().30 28.60 29.40 53.10 2~.'50 43.70 31 .40 53.70 46.10 43.80 

1.04 0.86 1.12 1.25 1.20 0.50 0 .28 • 0.86 0.58 O.i2 0 .50 - 0.20 0 .96 0.35 0.55 0.78 1.24 
15.80 13.40 15 .70 16.90 15.40 15.70 17.30 13.50 15.10 18.40 15.20 16.00 16.30 13.20 11 .60 13.50 . 15.80 

8.79 14.42 8.53 8.54 10.74 9.40 9 .99 7.45 14.93 11.74 10.30 12.48 10.93 14.07 10.36 12.06 10.34 
0. 15 0.21 0.21 0.21 0.18 0 .16 • 0.09 0.13 •. 0 .23 0.21 0 .17 - 0.16 0 .17 0.12 0 .17 0.-17 0 .07 

18.38 26.40 2-1.30 19.65 15.01 23.08 16.26 17.50 27.18 28.45 12.18 28.70 17.98 27.38 16.68 18.96 13.731 
1.19 1.16 1 .. 03 1.34 0.65 0.47 1.58 D.52 0 .96 0.20 0 .18 1.29 0 .33 0.93 0 .23 0.32. 2 .98 
2.72 0 .06 2.33 2 .92 2 .45 1.14 3 .53 2.10 0.06 0.03 3 .06 ~3 2.37 0.06 0 .03 0.29 3 . 73 
0.07 0 .01 0.03 0.04 0.03 0.02 0.65 0.06 0 .01 0.02 0 .04 0.02 0 .03 0.01 0.07 0.03 0.60 
0.13 0.19 0.1 8 0.16 0.17 0.15 0.18 0.17 0 .20 0.07 0 .04 0.27 0 .15 0.16 0.14 0.17 0 .17 
7.:!9 13 .76 8.86 8 .19 6.57 9.20 7.33 7.75 12.90 11 .34 5 .66 12.63 7.77 12.5'9 7.13 

Al203 
Fe2o3· 
l.t"IO 
MgO 
c.o 
~0 
K20 
P~s 
La 
Total 
ppm 
Pb 

8. 13 6.97 
1 oo. 76T 1 oo .67f1 00.8911 oo. 701 t oo.4ol 1 oo.o2T 1 oo .39Tt 00.3411 oo. 751100.6811 oo.43Tt oo.28T 1 oo.s9f 1 oo .27Tt 00 .661100.511 99.43 

Th 
u 
Rb 
Sr 
y 
lr 
Nb 

.Zn 
c:u 
N 
u 
8a 
v 
c. 
0 
Get 

8 
4 

n.d. 
1 

26 
19 
67 

8 
135 
33 
76 

n.d. 
n.d. 
406 
111 
274 

16 

60 
n.d. 
n.d. 

3 
"22 
20 
55 

8 
3817 

53 
45 

n.d. 
n.d. 
348 
- 69 
198 

21 

3 3 
4 6 

n.d. n.d. 
n.d. 1 

30 22 
25 24 
65 73 

6 5 
402 308 

13 41 
73 69 

n.d. n.d. 
n.d. 35 
393 398 
109 54 
301 286 

14 15 
ch at which samole was taken Drill hole~ ... , 284.0 ~4.0 401 .0 425.0 ,..,... . 86 .6 104.9 122.2 129.5 

Distance (m) 20.3 35.1 17.8 10.5 

3 
n.d. 
n.d . 

1 
23 
21 

. 68 
7 

188 
41 
78 

3 
n.d." 
400 

71 
285 

16 

636.0 
193.9 

1.8 
- • Tocal ron as Fep3 n.d. - not detected 

4 2 6 15 
2 n.d. 4 n.d'. 

n.d. n.d.· n.d. n.d. 
2 3 n.d. 1 

13 66 38 22 
26 27 17 21 
64 64 60 58 

8 4 6 4 
491 252 215 ~ 942 

12 57 32 15 
62 104 53 61 

5 2 n.d. 3 
n.d. 110 11 . n.d. 
477 387 352 357 
86 79 76 54 

320 337 228 201 
16 18 13 22 

666.0 408.0 447.0 476.5 
203.0 124.4 136.2 145 .2 

7.3 39.0 27.1 18.1 

Distance - distance in ~etres from most intensely altered rocks in dril hole 

n.d. 7 15 1 \ 13 n.d. 3 5 
n.d. 4 4 6 n.d. 4 9 2 
n.d. n.d. 3 n.d. n.d. n.d. 2 3 
n.d. n.d. 2 2 n.d. 2 3 10 

10 20 17 11 18 6 7 68 
16 12 20 20 26 12 30 28 
31 26 73 65 55 50 51 72 

1 1 7 6 4 6 4 5 
922 258 944 163 ' 814 529 204 93 

15 60 24 19 61 15 464 47 
29 23 94 99 94 122 90 78 

n.d. n.d. 3 2 n.d. 4 1 n.d. 
1 40 n.d. 21 n:d. n.d. n.d. 604 

505 428 471 419 369 329 413 402 
47 33 72 51 56 76 77 . 20 
8-4 72 539 311 287 483 447 242 
21 16 22 15 14 14 16 13 

518.0 558.0 70-4.5 709.0 715.5 741 .0 797.5 552. 
157.9 170.1 214.7 216.1 218.1 225. g' 243.1 168.2 

5.5 6.7 5 .6 7.0 9.0 16.8 34.0 79.8 

v. 
t-..1 ...... 
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Tab~ B-14 (continued): Drill core samples from the Skiddcr Prospcrt chlorite, quartz, py ri te alteration zone 
~ 

Weight% 
51~ . 

SK SK SK . SK SK SK SK SK SK SK SK SK SK SK SK SK SK 
29 40 29 43 29 44 29 49 29 50 29 51 29 63 29 64 30 79 31 7 31 10 32 208 33 12 :u 118 ~§ 82 35 88 38 2 

~ ... 

43.70 49.10 50.90 44.40 45.90 48.70 50.90 43.50 40.70 30.00 36.00 50.70 48.30 30.80 43.80 32 .20 48.50 
1.16 '1 .16 0 .99 1.08 1 .19 0.98 0 .93 1 .11 0 .08 0.65 0 .49 0 .59 0 .67 0.38 1.01 1. 11 1.13 

15.40 14.30 13.60 15.00 15.50 13.40 13.10 14.50 8 .09 17.70 16.60 10.60 17.10 16.00 13.30 14 .00 14.90 
7. 16 7.09 7 .27 7.20 6 .66 7.07 7 .71 9.64 3 .15 11 .24 9.40 15.60 10.13 13.11 11. 16 1 1.49 6.88 
0.10 0.13 0 .14 0.18 0.16 0.17 0 .10 0 .10 0 .09 0.16 0 .17 0 .11 0.15 0 .17 0 .27 0 .14 0.1 5 

17.88 16.40 14.93 19.50 17.70 18.03 15.75 14.10 31.35 27.45 25.20 10 .96 13.74 26 .50 20.91 28.30 15.73 
1.60 1.18 1.00 0.52 0 .60 0.56 0 .98 5.04 3 :66 0.72 0 .24 0 .38 0.24 . 0 .58 0 .86 1.42 1.56 
3 .38 3.10 2 .90 1.82 2 .65 1.65 2 .08 2.98 0 .02 0.05 0 .26 0 .01 3.74 0 .05 0.04 0 .03 3.34 
0 .30 0.10 0 .11 0.15 0 .09 0.03 0 .03 0.05 0 .01 n.d. 1.19 0 .81 0.18 0 .0 1 0 .02 0 .02 0.14 
0.15 0.15 0 .12 0.14 0 .15 0 .14 0 .14 0.19 0.08 0.03 0 .02 0 .15 0 .0 1 0 .16 0.14 0.15 . 0.16 
7.66 7.02 6 .52 8.36 7 .75 '7.54 6 .54 8.64 11 .02 11 .35 11.25 8 .99 6.04 11 .62 8.57 11 .99 6.5 6 

Ti02 
AI~J 
r=.~3· 
MnO 
MgO 
CaO 
NlzO 
K~ 
P20s 
LOI 
ToCal 
ppm 
Pb 

98.491 99 .731 98.481 98.351 98.351 98.271 98.261 99.851 98.251_'99.3511 00.821 98 .901100.301 99~1!1.1 00.0~100 851 99.05 

Th 
u 
Rb . 
Sr 
y 

zr· 
~ 

Zn 
c:u 
N ... 
811 
v 
c. 
Q 
Gil 

6 
5 
1 
8 

54 
27 
68 

5 
368 

73 
62 

n.d. 
57 

366 
20 

225 
14 

a 16 
a 2 

n.d. n.d. 
3 5 

39 36 
14 17 
65 55 

4 3 
171 155 
62 53 
58 66 

n.d. 2 
5 15 

364 353 
1 8 21 

211 186 
13 15 

Ofill hole dep lth at which sample was taken 

3 
3 
4 
4 

15 
20 
61 

3 
181 

52 
75 

n.d. 
13 

416 
24 

229 
14 

11 a 2 1 116 
10 3 6 n.d. 7 

1 n.d . n.d. n.d . n.d. 
n.d. 4 2 1 1 

22 2 0 22 7 6 27 
16 13 18 28 11 
69 59 46 55 31 

9 4 3 3 .3 
185 201 81 66 990 
42 5 4 54 51 91 
68 73 192 277 30 

1 n.d. n.d. n.d. 3 
n.d. n.d. n.d. 5 n.d. 
421 368 338 301 209 

99 18 15 15 . 5~1 

270 207 652 842 164 
13 15 13 11 10 

, .. , 592.0 638.0 662.0 748.5 756.5 783.0 886.5 914.5 967.5 
180.4 194.5 201 .8 228.1 230 .6 238.7 270.2 278.7 294.9 

26 
4 

n.d . 
2 
5 

13 
27 

4 
448 

26 
60 

3 
n.d. 
350 

73 
87 
21 

86.5 
26.4 metres 

06stance(m II 67.6 53.5 46.2 19.9 17 .4 9 .3 22 .2 30.7 18.6 52_._L. 
·Total iron as Fep3 · n.d. • not detected , 
Distance - distance in metres from most intensely altered rocks in drill hole 

.. 

22 23 1 9 7 26 10 
1 n.d. 2 3 6 3 5 
7 n.d. n.d. n.d. n.d. n.d. 1 

19 12 1 3 1 n.d. 1 
17 4 42 12 8 16 4 2 
10 20 a 33 26 24 27 
24 54 22 ·, 66 57 64 70 

3 6 3 6 4 5 7 
517 247 132 329 785 964 167 
is 13 29 7 5 0 42 48 
53 120 36 166 390 83 75 

n.d. 1 n.d. 2 5 . n.d. n.d. 
245 n.d. n.d. 28 1 n.d. 4 
528 296 449 404 384 390 391 

49 86 68 50 54 74 77 
191 487 1<:: 1 632 1294 345 258 
20 14 16 18 15 16 15 

123.0 573.0 231.0 1482.0 1597.0 1691.0 527.0 
37.5 174.7 70 .4 451.7 486.8 515.4 160.6 

7.5 10.3 36.6 81.7 8. 2 36.9 
VI 
N 
+>-

; 



/ 
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Table B-15: Drill core samples from the Skidder Prospect quanz, chlorite, pyrite alteration zone 
,:-

SK SK SK SK SK SK SK SK SK SK SK 
r· Weight% 

SIO:z · 
TIO:z 
Al2~ 
Fe:2<>3. 
MnO 
MgO 
cao 
Na~ 
K20 
P20s 

27 18 28 78 29 38 29 54 30 48 30 61 30 63 30 68A 30 688 30 8228 30 C 
71 .40 63.10 73.70 42.40 58.00 50 .50 54.00 54.00 65.90 

0 .34 0 .88 0.40 1.22 0 .54 0.22 0 .52 1.18 1.20 
12.8012.0011 .6015.2014.60 7 .07 9.02 14.80 15.30 

5 .09 7 .24 2 .94 9 .67 9 .38 22 .90 18.32 13.33 4.34 
0 .04 0 .10 0 .03 0 .22 0 .11 0.04 0 .03 0.06 0 .03 
2.46 9.08 2 .04 9 .20 6.44 5 .32 4.38 3.60 1.75 
0 .33 0 .28 0 .44 . 8 .62 0 .92 0.32 0.28 0.34 2.46 
5 .66 0.03 5.37 2.42 5.07 0.02 0 .04 0.96 0 .65 
0 .37 1 .78 0 .33 1 .03 0.06 0 .80 1.69 3.30 4 .54 
0 .11 0.16 0 .09 0.19 0.06 0 .08 0 .10 0.19 0 .15 

LOI 1.67 5.19 1.56 8.15 4 .04 12.35 10 .08 7.59 4.03 
Total 100 .27199 84l98 .50198.32l99.22l99.62l98 .46J. 99.3511 00.3~ 

. ppm 
Pb · 
Th 
u 
Rb 
Sr 
y 
2)' 

Nb 
Zn 
Cu 
N 
La 
Ba 
v 
c. 
() 

Ge 

11 9 6 5 
10 n.d . 4 2 
2 n .d . n .d. n .d. 
5 26 3 18 

49 5 73 71 
27 11 28 24 
94 51 79 67 

6 3 4 10 
63 236 41 74 
18 25 16 51 

1 232 2 92 
5 n.d . n .d. 11 

16 214 121 18 
88 297 58 320 
82 50 13 74 
1" 773 5 244 
14 14 9 16 

that which sample was taken 

4 23 12 
9 7 5 

n.d . · 3 1 
1 j 16 25 

36: 7 6 
20 10 14 
44 43 48 

2 5 8 
177 158 53 
36 19 23 
11 55 81 

7 n.d. 3 
n.d. 71 200 
418 154 , 81 

71 47 56 
49 256 385 
12 10 10 

Drill hole dep 
feet 316.0 778.0 567 .0 798.0 713.0 822 .0 837.0 
metres 
Distance (m) 

96.3 237 .1 172.8 243.2 217.3 250 .5 255 .1 
43.7 

• Total iron as Fe._,D3 
n.d. - not detected 

28.0 75 .2 4 .8 24 .7 8 .5 13.1 

164 
3 

n.d. 
50 
14 
19 
71 

9 
285 
104 
79 

n.d. 
190 
356 
ss 

247 
19 

881.5 
268 .7 

26 .7 

Distance - distance in metres from most intensely altered rocks in drill hole 

52 
6 

n.d . 
65 
14 
18 
70 

9 
229 

60 
50 

n.d . 
213 
367 
111 
241 

16 

881 .5 
268 .7 

26 .7 

41 .9Q 62 .50 
0 .23 0 .10 
9 .05 3 .70 

23 .10 19.49 
0 .07 n.d. 

, 0 .61 0 .34 
0 .32 0 .02 
n .d . 0 .03 
n.d. 1.25 

0 .11 0 .0 1 
12 .73 10.f.e 
98 .12198.06 

14 293 
5 6 

n .d . n .d . 
2 21 
2 3 

16 n .d . 
48 21 

6 5 
230 937 

14 15 
50 8 
16 3 

n .d . 65 
245 66 

62 18 
402 85 

11 13 

822 .0 912.5 
250 .5 278 .1 

8 .5 36 .1 
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Table B-15 (continued): Drill core samples from the Skidder Prospect quanz, chlorite, 
~yriLe alteration zone 

Weight% 
Sl~ 

Tl~ 
Al203 
Fe2o3• 
MnO 
MgO 
CaO 
Na20 

• K20 
P205 
LOI 
Total 
ppm 
Pb 
Th 
u 
Rb 
Sr 
y 

21 
Nb 
Zn 
Cu 
N 
La 
Ba 
v 
c. 
Ct 
Gl 
Drill hole dep 
teet 
metrn 
Distance {m) 

SK SK SK SK SK SK SK SK SK 
31 1 31 9 32 20A 33 18 33 19 34 82 34 94 34 105 35 78 

51 .90 59 .50 70.80 78.80 78.80 68.20 58.10 52 .40 47.70 
1 .11 0.40 0 .51 0.10 Q.04 0.60 1.34 0 .52 1 '16 

18.70 14.90 10.70 8 .15 2 .30 8 .29 18.10 8 .82 15 .30 
5.12 6 .23 6 .13 0.85 10.84 7 .27 7.84 18.16 15.53 
0 .05 0 .04 0 .02 0.08 0.01 0.06 0.07 0 .07 0 .02 
4 .81 5 .22 2 .52 0.10 0.44 4.76 3.01 9.32 2 .96 
2.90 0 .36 0.34 3.32 0.01 ' 1.16 0.34 0 .20 0.28 
4.67 3 .19 0 .05 4 .37 0 .02 2.71 0.13 n .d. 1 .10 
4.37 3 .49 3.53 0.07 0.66 0.45 4.64 0 .08 4.60 
0.23 n.d . 0 . 14 n.d. n .d . 0.10 0.19 0 .07 0.13 
5.42 5 .57 4.89 3 .14 5.94 4 :72 5.15 9 .63 9.43 

9928198.901 99.63l98.98l99 :06l 98.32( 98 .911 99 271 98.21 

33 160 1 1 9 17 118 29 2~. 44 
5 1 1 6 4 1 5 1 9 
1 9 n .d. n.d. 5 n.d . n.d. n .d . 3 

55 45 51 1 9 3 53 2 81 
55 30 6 27 1 75 10 1 14 
27 3 12 30 1 13 33 8 21 
77 22 50 113 5 37 82 44 73 
6 4 4 4 4 4 9 5 7 

239 417. 51 24 64 108 198 115 148 
46 113 25 16 31 30 69 12 30 
68 57 102 n.d . n.d. 17 78 96 49 

n.d. n .d . n.Q. n.d. 4 n.d . n.d. 1 7 
1861 1221 430 1 39 121 200 n .d . 260 
340 288 176 ,~, 31 156 375 200 355 
n.d. .n.d. 82_......SO 26 51 132 48 80 

·' 
237 146 44g 1 10 223 272 367 278 

21 9' 14 & 5 7 19 13 19 
th at which sample was taken 

28 .0 104.0 572.0 324.0 340.01113.0 1223.0 1339.0 1575.0 
8.5 3.1 .7 174.3 98.8 103.6 339 .2 372.8 408·.1 480.1 

36.5 13.3 10.7 8.2 3 .4 30 .8 2.8 38.1 1 .5 

1 1 
SK SK 

31 12 34 125 
39.90 61.20 

0.10 0.92 
2.70 17.70 

12.88 2.37 
0.19 0.0 1 
8.66 1.43 

13.18 2.48 
0.01 B.BP 
n.d. 0.14 

0.02 0.36 
10.63 1.42 
ss.21T 96 .83 

30 1 
5 3 
2 n .d. 
1 n .d. 

80 109 
5 76 

12 • 107 
4 5 

261 43 
20342 20 

6 1 
12 3 

138 29 
71 85 

n.d. 106 
82 6 

3 16 

138.0 1557 .5 
42 :1 474 .7 

,• 2 .9 104 .7 

1 -Samples SK 31 12 and SK 34 125 are not included in the average for this alteration zone on Table 6-22 
• T otaJ iron as Fe:P3 
n .d . - not detected 
Distance - distance in metres from most intensely altered rocks in drill hole 



Table B-16: Drill core samples from the Skiddcr Prospect semimassive and 
massive sulphide zones 

Weight% 
5102 
no2 
Al203 
Fe2o3• 
MnO 
MgO 
CaO 
Na20 
K20 '• 
P205 
LOI 

SK 
28 37 
11 .70 

0.10 
2.30 

44.95 
0.13 
3 .69 
7 .96 
n.d. 
n.d. 

0.01 
22 09 

Massive Sulphides 
L 

SK SK SK 
28 46 28 69 29 59 
27 .20 15.60 14.00 

n.d. 0 .02 0 .20 
0.90 ~ o .so 2.90 

42.62 44.29 52.97 
0 .01 0 .11 0.00 
0 .11 1.10 0.30 
0 .40 7 .36 0.04 
0.01 0 .02 0.06 
0.29 n .d . .1.06 
0 .24 n .d. i n.d. 

22 .62 22.44 27.16 

SK 
29 60 
20.00 

0 .22 
12.80 
31 .00 

0.12 
16.52 

0.14 
0.04 
0 .69 
0.02 

18.88 
Total 92.931 94.401 91.44! 98 .691100.43 

ppm 
Pb 
Th 
U ­
Rb 
Sr 
y 
Zt 
Nb 
Zn 
cu 
t-1 
La 
Ba 
v 
Ce 
0' 
Ga 

76 351 330 
n.d. 4 5 

8 n.d. n .d. 
9 13 7 

47 5 54 
n.d. 3 n .d . 

31 14 20 
7 12 10 

2 ,955 54,690 22,363 
121 14,31316,053 

5 n.d. 19 
14 .n.d. 3 

n.d. 19 n.d. 
50 10 26 
14 n ~d . n.d. 
27 n.d. n .d. 

9 30 22 

158 
19 

2 
27 . 2 

n.d. 
26 
10 

1,675 
2,396 

8 
12 
80 
71 

3 
41 

8 

Drill hole depth at which sa mole was taken · 
feet 521 543 703 848 
metres 159 165 214 · 258 
Distance (m} s 2 5 1 o 

·Total iron as Fez03 
L - layered 
n.d. - not detected 

35 
n.d. 
n.d. 

13 
n.d 

9 
61 

6 
560 

85 
63 

4 
141 
361 

20 
297 

21 

849 
259 

11 

Semlmasslve Sulphides 
Pyrite-rich 

Basalt Chlorite rich 
.SK SK 

30 8228 300 
41.90 34 .30 

0.23 0 .13 
9.05 3 .70 

23 .10 37.77 
0.07 0 .04 

10.61 3 .37 
0 .32 0 .04 
n.d. 0 .61 
n.d. 0 .34 

0 .11 0.02 
12.73 19 .36 
98 12199 .081 

14 77 
5 10 

n.d. n.d . 
2 15 
2 1 

16 n.<i. 
48 29 

6 7 
230 .. 649 

14 n.d. 
50 16 
16 9 

n.d . 9 
245 79 
62 17 

402 11 a 
11 6 

822 908 
251 . 277 

9 35 

SK 
3074 
18 .30 

0 .14 
1'"1 .35 
32 .80 

0 .13 
15 .88 

0 .54 
n .d. 

0 .16 
0 .04 

20 .11 
99.45 

43 
8 
5 

11 
5 
B 

51 
10 

693 
16 
45 

n .d. 
n .d. 
279 

25 
230 

22 

933 
294 

42 

Distance - distance in metres from most intensely altered rocks in drill hole 

527 

\ 



Table 8-16 (continued): Drill core samples from the Skidder Prospect 
sr.mimassive and massive sulphide zones 

Sem&maSSive Sulphides 
Pyrite-rich Massive Sulphides 

Weight% 
SI02 
TI02 
Al203 
Fe2o3• 
MnO 
,MgO 
eao 
Na20 
K20 
P20s 
LOI 
Total 

ppm 
Pb 
Th 
u 
Rb 
Sr 
y 

Sulphides 
SK 

30 75 
7 .05 
0 .13 
4 .10 

54.64 
0.04 
3 .61 
0 .12 
0 .01 
0 .64 
n.d. 

28 .53 
98 .87 

127 
4 

n .d . 
22 

n .d . 
nd 
37 
14 

SK SK 
30 944A 30 80 

33.10 39.3Q 
0 .13 0.13 
1 .90 2.00 

37.93 35.05 
0 .01 0.01 
0 .30 0.63 
0 .04 0.06 
0 .01 0.02 
0 .65 0.59 
0.01 0.01 

20.44 17.78 
94.521 95 .581 

83 439 
7 n.d. 
5 n.d. 

16 13 
2 1 

n .d. n.d . 
22 20 

4 7 

Basalt 
SK 

34 95 
47.00 

0 .33 
5.79 

28.84 
0 .01 
0.91 
0 .10 
0 .05 
1. 71 
0 .04 

15.52 
100.30 

28 
n .d. 
n .d . 
"26 

4 
7 

37 
5 

l 
SK SK SK 

35 75 35 77 35A6 
18.40 30.00 4 .35 

0.78 0.03 n .d . 
10.80 1.90 ,: 0 .40 
32 .88 26.82 42.72 

0 .14 0.04 0 .02 
13:33 2.55 0 .63 

0 .24 0.52 0.74 
o.oz 0.01 0 .01 
0.18 0.02 n.d. 
0 .11 0.01 n .d . 

19.56 18.46 26.05 
96.441 80.361 74 .92 

51 242 443 
9 6 4 

n.d. n.d . 2 
10 13 7 

8 3 . 8 
23 39 n .d. 
57 22 19 
11 9 15 

'Z1 
Nb 
Zn 
cu 
N 
La 
Ba 
v 
Ce 
0 
G1 

2,475 42,937 4,253 31 2 ,097 137,221 128,129 
3,766 2 ,108 26,140 n .d . 3,106 17,833 94,181 

5 11 111 39 74 39 n .d. 
7 n.d. 6 3 n.d. n .d. 

21 n :d. 48 120 n.d. n.d. 33 
92 29 40 120 362 21 9 

n.d. n .d. n.d. 15 65 n.d. n.d . 
68 n.d. 248 217 254 n.d. n .d . 
.14 45 2 8 24 85 58 

Drill hole depth at which sam,.....lpl'-le;;....;..;w...;;.a;;:;.s.;.;.ta'-ke'-n...,._ _____ ___, ....-"""=='"'"'~-~,...,.--~::-. 
feet g38 944 974 1243 1563 1570 1571 
metres • 286 288 297 379 476 479 479 
Dlstance{m) 44 46 55 9 2 

• Tot~ iron as Fep3 
L -liyered 
n.d .. - not deteeted 
Distance - distance in metres from rrost intensely altered rocks in drill hole 

528 ' 

• 



8.4 Pearson Correlation Coefficient Matrices 

Pearson correlation coeffident (r) matri~.:es for analyses from the various Skidder 

Prospect alteration zones are presented in Tables B-17 to B-22. 



'lable B-17: Pearson correlation coeffictent (r) matrix for drill core samples from the Skidder Prospect chlorite, calcite, eptdote ± 
hematite alteration zone L · · , 

Nunber of samptes = 26 Zn . 00 7. DO 
Cu .00 -.16 t.DO 

. • Total iron as Fe<PJ N .30 -.06 .20T 1.00 

SI02 
TKh 
Al203 
Fe2~· 
MnO 
MgO 
cao 
Na20 
K20 
P205 
LOI 
Pb 
Th 
u 
Rb 
Sr 
y 
21 
Nb 
Zn 
Cu 
N 
La 
Ba 
v 
Ce 
Ct 
QJ 

La .34 .00 .001 .0011.00 
1.00 Ba -.10 .00 .44 .00 .00 

.00 1.00 v .00 .52 .00 •.48 .00 
-.44 .00 1.00 ' Ce .42 .00 .00 .00 .00 
.00 .31 .00 1.00 0 .32 -.17 .00 .89 .00 

-.16 .00 .00 .00 1.00 QJ .23 .25 .00 .00 .00 
·.59 - .26 .00 -.22 .70 1.00 Nb Zn Cu ,.. La 
-.04 .00 -.27 -.15 -.07 .00 1.00 
.55 .07 .00 .14 -.26 ·.65 · .58 1.00 

-.19 -.24 .00 -.19 .00 .18 .37 ·.73 1.00 
.00 .36 .07 .00 -.08 -.36 .00 .32 -.27 1.00 

·.74 .00 .34 -.39 .00 .38 .00 -.13 .00 .00 1.00 
.00 .00 ·.09 .00 .00 .00 .00 .00 .05 -.35 .00 1.00 
.00 -.04 -.33 .00 .04 .24 .00 J .00 .00 -.15 .00 .20 1.00 
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 -.26 

-.09 -.25 .00 -.18 .00 .00 .19 ·.59 .93 -.28 .00 .15 .00 
-.39 -.23 .00 -.12 .00 .30 . . 59 ·.82 . . 86 .00 .00 .00 .00 

.19 .84 -.19 .31 .00 •.45 .00 .37 -.35 .18 -.26 .00 .00 

.00 .85 .00 .1 5 .00 -.35 .00 .26 - .33 .31 .00 -.15 .00 
-.17 .58 .00 .00 .00 .00 .00 .00 .00 .27 .08 .00 .00 
.00 .00 .00 .14 .68 .34 ·.62 .00 .00 .00 .00 .00 .06 
.00 .00 .00 -.38 .00 .00 .40 -.39 .48 .00 .00 .00 .00 

·.54 .16 .22 -.36 .00 .23 .39 ·.43 .07 .00 .42 00 -.03 
.00 .00 .00 .00 .00 .00 .00 .00 .00 .17 -.10 .00 .00 
.00 -.26 .00 -.28 .00 .21 .32 · .56 .76 -.20 .00 .00 .00 
.18 .31 -.09 .54 .20 .00 -.34 .30 -.34 .00 -.20 .00 .00 
.00 .45 .30 . 15 .00 .00 -.09 .16 -.29 .21 . , 6 .00 .00 

· .58 .07 .29 -.23 .00 .18 .33 -.29 .00 .00 .42 .00 -.06 
.00 .3J_ .00 

-- -~ ~0 .00 .00 . , 9 -.29 .06 -.07 -.23 .00 
·SI02 Ti02' A1203 Fe203" MnO MgO cao Na20 K20 P205 LOI Pb Th 

1.00 
-.19 1.00 
· .53 .00 1.00 
.00 ·.50 .00 1.00 

- 21 .37 .50 00 1.00 
Ba v Ce 0' Gl 

1.00 
.00 1.00 

.-.03 .76 1.00 
.00 -.34 -.37 1.00 

-.11 -.26 - .28 .86 1.00 
-.17 .00 .00 .50 .70 
.00 .00 -.14 .00 .00 
.00 .47 .37 .00 .00 
.00 .00 .29 .00 .00 
.00 .00 .00 .00 .00 
.00 .76 .74 -.25 -.21 
.00 -.25 ·.41 .45 .26 

-.23 -.26 -.32 .22 .49 
.00 .00 ' .27 .00 .00 

-.22 -.33 -.29 .41 .49 
u Rb' Sr y :zr _ VI 

'.;.) 

0 



._ 

Table 8-18: Pearson correlation coefficient (r) maoix for drill core samples from the Skidder Prospect chlorite, calcite, quanz, 
epidote alteration wne · 

Number of samples = 21 

• Total iron as Fe~3 

1.00 
·.20 1.00 

·.74 .50 
·.74 .48 

. 
, 

1.00 
.70 1.00 

Zn 
cu 
N 
i..a 
Ba 
v 
Ce 
Cr 

.33 I 1.00 
-.181 -.2811.00 
.001 .001 .62 I 1.00 
.171 .001 .001 .0011.00 

-.28 .00 .15 .30 -.28 1.00 
.00 .51 .00 -.07 -.34 .00 1.00 

.33 .. 00 .00 .00 .25 ·.66 .00 1.00 
.00 .00 .62 .99 .00 .33 -.08 .00 1.00 I 

Sl(h 

~ 
Al203 
Fe~3· 
MnO 
MgO 
cao 
Na20 
K~ 
P~s 
LOt 

-.51 :oo .40 .49 1.00 Ql .36 .58 -.12 .00 .46 .00 .08 .00 .001 1.00 
·.93 .07 .63 .59 .33 1.00 .Nb Zn cu N La Ba v Ce a- 01 
-.46 ·.39 .00 .00 .38 .53 1.00 
.73 .00 .00 -.27 -.30 -.79 -.76 1.00 
- .11 -.18 .00 .00 .51 .00 .36 -.22 1.00 

-:.00 .62 .16 .00 -.07 .00 -.44 .10 · .18 1.00 r -.65 .00 .30 .35 . 10 .66 .38 -.69 .00 .00 1.00 I 

Pb .29 .00 -.22 · .12 .00 -.43 -.17 .11 .00 .00 .00 1.00 
Th .00 .00 .00 .00 .00 .00 .00 .00 .00 .30 .00 .00 1.00 
u .00 .00 .00 .17 .34 .00 .00 .00 .00 .00 .00 .00 .37 1.00 "' 
Rb -.28 -.24 .00 .00 .44 .21 .49 •.40 .86 ·.34 .00 .00 .00 .00 1.00 
Sr -.40 -.31 .00 .00 .38 .47 .76 •.61 .43 ·.30 .17 .00 .00 .00 .47 1.00 
y .00 .65 .00 .00 -.20 .00 -.72 .34 -.43 .70 .00 .00 .07 .20 -.55 -.72 1.00 
Zt .00 .60 .00 .00 -.17 -.03 ·.54 .21 ·.46 .72 .00 ' .00 '12 .23 ·.52 ·.60 .89 1.00 
Nb -.02 .57 .10 . 1 1 · .17 .08 .00 .00 -.35 .49 .22 .00 .00 .00 -.34 -.33 .52 .D4 
Zn ·.6t .59 ' .78 .85 .39 .41 .00 .00 .00 .24 .21 .00 .00 .21 .00 .00 .35 .09 
Cu -.18 -.47 .00 .00 .00 .41 .77 •.61 . 1 0 ·.62 .24 .00 .00 · .12 . .4(l .72 -.84 -.73 
N ·.53 ·.16 ~ .00 .17 .58 .84 ·.82 .09 .00 .51 .00 .00 .00 .39 .65 -.44 -.21 
La .00 .00 .32 .00 .00 .00 .00 .00 .00 ' 13 .00 .00 .00 .00 .00 .00 .08 19 
Ba · .20 ·.16 .00 .00 .42 .00 .41 -.34 .94 .00 .00 .00 .00 .00 .83 .36 · .40 •.42 
v -.26 .38 .28 .60 .00 .08 .00 .00 .00 .00 .00 .00 • . 14 .00 .OC .00 .00 .00 
Ce . 13 .00 .00 · .24 -.34 .00 ·.11 .00 ·.61 .25 .08 .09 .00 .00 ·.5Cl · .18 .33 .52 
0 ·.53 ·.14 .00 .00 '15 .59 .84 ·.81 .13 .00 .47 .00 .00 .00 .4 .63 r.44 -.21 
01 -.48 .47 .59 .56 .00 .48 .00 .00 .00 .2-tl_ .21 -. 11 .00 .QQ,_,.oo -.10 ~a .oo 

Sl(h TI02 At203 Fe2o3• MnO • MgO cao ~0 K20 P20s LOI Pb Th U Rb Sr y 1J 

't 

·' 

',JJ 

'JJ 

• 



Table B-19: Pearson correlation coefficient (r) matrix for drill core samples from the Skidder Prospect chlorite, quanz, calcite 
alteration zone 

NLmberOf ~ = 34 

• Total iron as Fe;P3 

71iO 
· .15 1.00 
-.47 .37 

· .37 .23 
1.00 

.00 1.00 

Zn 
Cu 
N 
La 
Ba 
v 
Ce 
()' 

.281 1.00 

.001 ·.2911.00 

.001 -.401 .561 1.00 
ool .001 ~- . 39 I ·.131 1.00 

.00 -.23 .06 .00 -.05 1.00 

.00 .00 . 1 1 .05 · .33 .00 1.00 

.47 .00 .00 .00 .27 ·.3 7 .00 1.00 

.00 -.42 .42 .92 .00 .06 .17 .00 1.00 l 

,_ 
Sl~ 

~ 
Al~3 
Fe~3· 
MnO 
MgO 
cao 
tti:zO 
K20 
P20s 
LOI 

-.34 .00 .00 .38 1.00 Ql .40 .39 .00 · .38 .22 .00 .00 .32 · .231 1.00 
· .33 .00 -.11 .17 .00 1.00 Nb Zn Cu N La Ba v Ce 0 Gl 
·.53 .00 .00 .00 .44 .00 1.00 
.40 .00 .00 .00 · .14 -.62 .00 1.00 

·.05 .26 .74 -.27 · .09 ··.52 .00 .00 1.00 
.37 .20 .00 .00 .00 -.25 -.14 .14 .00 1.00 

·.78 .00 .00 .00 .23 .25 .73 · .56 .00 -.43 1.00 
Pb .00 .06 .35 - .21 -.35 · .32 ·.19 .00 .70 .00 .00 1.00 
Th .00 .19 .00 .16 .35 .00 .00 .00 .00 .00 .00 .00 1.00 
u · . 10 .00 .00 .00 .17 .00 .00 · .13 .00 .00 .00 .00 .31 1.00 
fl) -.14 .26 .73 -.19 .00 ·.50 .00 .00 .98 .00 .00 .75 .00 .00 1.00 
Sr -.05 -.18 .00 -.05 .00 .00 .37 .00 .00 · .26 .21 .00 ·.19 .00 . . 00 1.00 
y .29 .46 .00 .19 .00 · .28 ·.28 .31 .00 . 71 ·.55 .00 .26 .00 .00 ·.38 1.00 
~ .00 .6.$ .08 .29 .00 · .20 · .20 .15 .00 .52 -.31 .00 .12 .00 .00 ·.42 .83 1.00 
Nb .00 .55 .29 .07 .24 .00 .00 .00 .22 .46 .00 .08 .03 .16 .23 -.20 .51 .63 
Zn -.1 1 .35 .00 .43 .12 .30 ·. 19 .00 .00 .07 .00 · .14 .00 .00 .00 •.50 .43 .49 
Cu .00 -.30 .00 ·.56 .00 .00 .. 00 .00 .26 · .31 .22 .25 .00 .00 .20 .20 ·.40 ·.54 
N .00 .00 .00 ·.50 -.24 .16 .00 ·.37 . ,2 · .22 .31 .27 .00 .00 .09 .38 ·.49 · .47 
La .13 .00 · .07 .00 .00 .00 · .07 .00 -.07 .49 · .21 ·. 19 .05 .00 -.07 · .33 .31 .28 
Ba .00 .00 .00 -.08 •.54 -.32 .00 .26 .44 .00 .00 .41 · .07 .00 .38 .19 .00 .00 
v ·.60 .12 .56 .00 .00 .18 .00 -.23 .28 -.63 .39 .27 .00 .00 .33 .00 · .35 .00 
Ce .00 .33 .26 .00 .00 .00 ·.05 · .17 .12 .23 .00 .00 .10 .00 .00 -.11 .26 .34 
()' .00 .00 .00 ·.49 -.35 . 16 .00 -.27 .20 · .12 .15 .33 .00 .00 .19 .24 · .45 ·.39 
Ql .00 .39 .50 .00 .00 ·.09 -.23 .00 .33 .22 ·.17 .00 ~ ._QQ .00 .31 · .36 .44 .60 

SI02 'TJ02 Al~3 Fe203* MnO MgO--Ca0-Na20 K20 P20s LOI Pb Th u Rb Sr y 'Zr Vl ...... 
N 



Table B-20: Pearson correlation coefficient (r) matrix for drill core samples from the Skidder Prospect chlorite, quanz, pyrire 
alteration zone 

NLI11ber of samples=· 34 

• Total iron as Fei}3 

51~ 
1102 
Al203 
Fe2~ 
MnO 
MgO 
cao 
Na20 
K20 
P20s 
LOt 
Pb 
Th 
u 
Rb 
Sr 
v 
'll 
Nb 
Zn 
Cu 
N 
La 
Ba 
v 
ce 
0' 
Gl 

• 

1.00 
.29 

-.27 
·.47 
-.22 

·.87 
.00 
.57 
.00 
.00 

· .92 
· .21 
.27 
.00 
.00 
.14 

-.13 
.00 
.00 

-.53 
.00 
.00 
.00 
.00 

-.18 
.00 
.00 

·.66 

1.00 
.08 

-.23 
.00 

•.41 
.00 
.50 
.00 
.00 

· .41 
-.36 

.16 

.00 

.00 

.20 

.07 

.41 

.02 
-.10 
.00 
.00 

-.37 
.00 
.00 
.00 
.00 

----~9 

. 1.00 
.00 
.18 
.00 

-.17 
.28 
.00 
.00 
.00 

-.56 
.00 
.08 
.00 
.00 
.00 
.00 
.00 
.00 

-. 11 
-.03 
.00 
.10 

.74 
.00 

-. 16 
.51 

1.00 
.24 1.00 
.11 .24 1.00 

-.22 ·.47 .00 
•.49 . ·.32 ·.72 
.00 -.29 -.17 
. 13 .00 .00 
.49 .19 .88 
.00 .00 .48 

·.49 .00 .00 
.00 .00 .00 
.00 -.18 .00 

·.30 -.55 -.38 
.23 .00 .00 
.00 .00 .00 
.00 .00 .00 

.35 .28 .53 
.00 .00 .00 
.00 .00 .00 
.00 .22 .17 
.00 -.31 .00 
.08 .33 .00 
.14 .16 .00 
.10 .00 .00 
.57 .46 .47 

1.00 
.15 
.00 
.20 
.00 

.32 
.00 
.00 
.00 

.67 
.23 
.00 
.00 
.00 
.00 
.20 
.00 
.20 

•.50 
-.24 
.13 

-.38 

Zn 
Cu 
N 
La 
Ba 
v 
Ce 
0' 
Gil 

1.00 
.00 
.00 

·.78 
-.37 

.00 

.00 

.00 
.72 
.00 
.20 
.oo 

•.47 
.00 
.00 

-.37 
.20 
.00 

·.12 
. ·.13 
-.39 

.081 1.00 

.001 .00 

.001 .00 
121 .00 

.00 .00 

.00 .00 
.62 .00 
.00 .00 
.00 .42 

Nb Zn 

1.00 
-.14 1.00 
.00 .00 
.00 .00 

-.25 .00 
.60 .00 
.88 -.10 
.15 .05 
.00 .62 
.00 .83 
.00 .50 
.00 .00 
.00 .00 
.00 .20 

-.08 .00 
.58 .00 
.09 .00 
.00 .00 
.00 .34 
.00 .00 

1.00 
.0011.00 
001 .261 1.00 

.00 .00 ·.05 

.00 -.11 00 

.00 .00 .16 

.00 .96 .33 

.00 · .1 4 .07 
Cu N La 

• .. 

1.00 
.44 1.00 

-.27 .00 1.00 
.00 .00 .00 
.00 .00 -.15 

-.32 .00 .00 
.00 -.21 .00 
.oo ·.24 .00 
.00 .00 .00 

.. 66 .52 · .20 
.00 .00 .37 
.00 -.14 .00 
.00 .00 .00 
.00 .00 .00 
.00 •.49 .00 
.00 .00 .00 
.00 -.08 .00 
.54 .00 . - - ~5 

.. ~ 1I02 AI20:J Fe20:J• MnO MgO CaO ~0 K20 P~5 LOI Pb Th 

~ 

1.00 
.11 1.00 

-.21 .00 1.00 
.00 .00 00 1.00 J 
.00 .50 . 13 . 08) 

Ba v Ce 0 

1.00 
.68 1.00 
.00 .00 1.00 
.00 .00 .16 1.00 
.00 .00 .1 4 .63 1.00 
.00 .00 .00 .23 .64 
.00 .00 - .1 1 .00 .00 
.00 .00 .00 .18 .00 
.00 .00 .00 .38 ~ .00 

-.02 .00 -.31 .00 .00 
.50 .56 .40 .00 .00 
.45 .00 ·.10 .00 .00 
.00 · .16 · .25 .00 .00 
.00 .00 .00 .43 .. 18 
.08 .00 -.30 .00 -.05 
u Rb Sr v zr 'JI ._, . ...., 



... 

Table B-21: Pearson correlation coefficient (r) matrix for drill core samples from the Skidder Prospect quanz, chlorite, pyrite 
alleration woe 

tbnbel of samples= 20 

• T ota1 iron as Fe~ 

5K>2 
1'102 
Al203 
fe2<>3• 
MnO 
MgO 
cao 

j Na2<) 
K20 
P205 
LOI 
Pb 
Th 
u 
Rb 
Sr 
y 
11 
NJ 
Zn 
OJ 
N 
Ul 
Ba 
v 
Ce 
Q 

1.00 
-.37 
-.29 

·.61 
·.34 
-.68 
-.04 
.17 
.00 

-.39 
-.71 

.00 

.00 

.00 
-.06 
.00 
.00 
.00 

•.42 
.00 
.00 

-.27 
•.47 
.00 

•.59 
.00 

-.35 

1.00 
.81 
.00 
.29 
.00 
.29 
.00 

.69 

.83 
.00 
.00 
.00 

-.12 
.67 
.00 
.42 

.31 

.64 
.00 
.47 
.41 
.00 
.12 

.80 
.46 
.29 

1.00 
-.35 

.27 

.00 

.21 

.27 
.61 

I .68 
-.23 
.00 
.00 
.00 
.56 
.25 

.61 
.49 

.37 
.00 
.54 
.16 
.00 
44 

.78 
.28 
.00 

1.00 
.00 1.00 

.30 .60 1.00 
· .19 .75 .00 1.00 

·.60 .. 00 .00 .15 1.00 
.. 00 -.07 -.06 .00 .00 

.00 .25 .20 .22 .00 
.94 .00 .35 .00 -.65 
.00 -.23 ·.16 .00 .00 
.00 .00 -.28 .00 .23 
.00 -.20 .00 .00 .00 
.00 -.11 .00 .00 -.14 

-.50 .32 .00 .48 .77 
-.42 .27 .00 .31 .50 
-.42 .02 .00 .25 .42 
.00 .00 .00 .35 -.14 
.21 · .11 .00 .00 .00 

-.08 .00 .00 .00 .00 
.00 .24 .53 .00 -.42 

.37 .32 .41 .14 .00 
-.18 .00 .00 .00 .12 
.00 .31 .39 .00 .00 
.00 .00 .00 .00 -.13 
.13 .00 .57 .00 ·.57 

Zn 
Cu 
N 
La 
Ba 
v 
Ce 
Q 
Ql 

1.00 
.49 
.00 
.00 
.00 
.00 

.98 
.00 
00 

.00 

.42 

.00 
.57 
.21 

-.23 
.54 
.56 
.18 
.12 

.00 
.31 
.00 
00 

.00 
.33 
.48 
.00 
.56 

Nb 

1.00 
.00 

-.11 
.00 

-.39 
.46 
.00 
.49 

.38 
.56 
.00 
.06 
.47 
.00 
.15 

.60 

.38 
.44 

1.00 
.00 
.00 
00 

.00 

.00 
-.18 
.00 
.00 

Zn 

1.00 
.00 
.00 
.00 
.00 

-.48 
-.40 
-.36 

.11 

.24 

.00 

.00 
.36 
.00 
.00 
.00 
.28 

1.00 
.001 1.00 

-011 .0011.00 - - -

.38 .00 -.21 1.00 
.54 .39 .00 .21 1.00 
.00 .00 .00 -.40 .36 1.00 
.00 .92 .00 .00 .32 .00 
.26 .33 .00 .26 .69 .34 

Cu N La Ba v Ce 

1.00 ' • 
.00 1.00 
.00 .00 1.00 
.00 .00 .00 1.00 
.00 .00 .00 .00 1.00 

·.43 .29 · .37 .00 .43 1.00 
-.31 .26 -.36 .00 .23 .91 

.00 .00 .00 .43 .00 .28 
.86 .00 .00 .00 -.13 ·.41 
.29 -.09 .35 .50 .00 .00 
.00 ·.53 .00 .21 · .21 .00 
.00 .18 .00 -.08 .00 .00 
.00 .00 .33 .45 .00 .00 
.00 .00 .00 .56 .00 .03 

-.21 .10 -.35 .19 .00 .3 7 
.00 · .46 -:08 .16 ·.33 .00 

1.00 
.23 

Q 

1.00 
.27 

·.33 
.00 
.00 
.00 
.00 
.00 

.33 
.00 

Gl -.47 .81 .73 .00 .00 .00 .00 .00 .67 .80 .00 .00 .00 -.17 _._6]J_ L-. .00 .34 - _.3_gj 
SI02 1'K>2 A1203 Fe203" MnO MgO cao Na20 K20 P2Ds LOI Pb Th u Rb Sr y zr Vl 

VJ 

"'" 



Table B-22: Pearson correlation coefficient (r) matrix for drill core samples of Skidder Prospect massive and semimassive sulphides 

Number of gnples = 8 

• Total iron as Fe;P3 

Sl~ 
n~ 
Al203 
Fe2o3• 
MnO 
MgO 
cao 
Na20 
K~ 
P~s 
LOI 
Pb 
Th 
u 
Rb 
Sr 
v 
11 
Nb 
Zn 
cu 
N 
u 

,Ba 
v 
Ce 
cr 
Gl 

1.00 
.00 
.00 

-.57 
.00 
.00 
.00 
.00 
.00 

.38 
·.71 

.00 

.00 
-.43 
.00 
.00 
.58 
.00 

-.51 
.00 

· .28 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

1.00 
.68 
.00 
.53 

.62 
.00 
.00 
.00 
.00 
.00 

-.64 
.00 
.00 
.00 
.00 
.00 

.71 
.00 

-.36 
·.08 
.68 
.00 
.00 

.77 

.96 

.69 
.00 

1.00 
-.23 
.64 
.98 
.00 
.00 
.00 
.00 

-.30 
-.84 

.00 

.00 

.00 

.00 

.00 
.98 
-.42 
-.43 

·.31 
.82 
.00 
.40 

.99 

.7·1 

.99 

. . 00 

1.00 
-.35 1.00 
•.44 .75 1.00 
.00 .00 .00 
.00 .00 .00 

.31 .00 .00 
.00 .00 .00 

.94 ·.52 ·.47 
.00 -.39 -.74 
.07 .00 .00 
.20 -.44 -.18 
.46 -.31 .00 
.00 .00 .00 

-.77 .00 .00 
.00 .66 .95 
.44 -.32 -.43 
.00 -.23 -.25 
.00 .00 -.09 

•.70 .80 .87 
.59 .00 .00 
.00 .00 .30 

-.22 .72 .97 
-.22 .65 .71 
-.19 .68 .98 
·.51 .00 .00 

1.00 
.00 

-.25 
.00 
.00 
.02 
.00 
.00 

-.29 
.99 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Zn 
Cu 
N 
Ul 
Ba 
v 
-ce 
cr 
Ql 

1.00 
.74 
.00 
.00 

-.30 
.53 
.20 
.45 
.00 
.00 
.00 

•.42 
·.42 
-.13 
.00 

. 73 

.65 
.00 
.00 
.00 

-.41 

.001 1.00 

.491 .66 I 1.00 
-.571 .001 -.1 91 1.00 
.001 -.531 -.231 .001 1.00 

-.41 .00 .00 .00 .27 
-.34 -.46 -.24 .84 .00 

.00 -.13 .00 .78 .00 
-.37 · .45 -.21 .81 .00 

.00 .94 .-39 .00 -.60 
Nb Zn Cu N La 

1.00 
.00 1.00 
.16 .00 1.00 

· .47 .00 .00 1.00 
.29 .00 .00 .00 1.00 
.00 .00 .47 .00 .44 

.86 .00 .41 -.22 .51 
-.31 .00 .00 .07 .00 

.00 .00 -.69 .00 .00 

.00 .00 .00 ·.87 .00 

.00 .00 .63 .40 .00 
-.56 .00 .00 .62 .00 

-.38 .00 .00 .70 .00 
.00 .00 ·.75 -.65 .00 

.86 -.21 .48 -.21 .55 

.63 .00 .00 -.22 .00 
.00 .00 -.31 -.80 .00 
.00 .00 -.29 ·.52 .00 
.00 .00 -.28 -.79 .00 

·.60 .00 -.13 .27 .00 
~ ~ AI~ Fe2<>:J• MnO MgO cao Na:zO K~ P~s LOI Pb Th 

1.00 
.27 1.00 
.00 .81 1.00 

.39 .99 .74 1.00 I 
.00 .00 .00 .0011.00 

Ba v Ce cr Ql 

I 

1.00 
.00 1.00 
.00 -.36 1.00 

-.13 .00 .00 1.00 
.00 .00 .00 .00 1.00 
.00 .00 .00 -.08 -.28 
.00 -.20 .00 .14 ·.49 
.48 -.34 .00 .00 -.29 

-.29 .00 .00 .55 .78 
.03 .84 .00 -.25 .00 
.00 .00 -.08 .00 .33 
.00 .00 .00 .00 .97 
.00 .00 .00 .00 .71 
.00 .00 .00 .00 .97 
.00 -.26 .00 .59 · .03 
u fl) Sr y 11 -

VI . ..,... 
'Jo 

• 
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PRINCIPAL COMPONENT ANALYSIS METHOD 

536 

Prim;ipal component analysis was performed utilizing the Starview 512+ (Feldman 

tlJl.L, 1986) statistical program on an Apple Macintosh microcomputer. The computational 
I 

accuracy of the program was verified to twelve decimal places by a consultant to the 

program's creators (Feldman ruJ.., 1986) using the SPSS program on an IBM 370 

mainframe computer. The method chosen involves a varimax-rotated (Kaiser, 1958), 

reference-structured (Thurstone, 1947) orthotran (Hofmann, 1978) or oblique solution 

employing the principal component factor extraction method (Hotelling, 1933). The 

oblique solution was chosen since it allows factors to be correlated. 

Varirryx-rotated factors extracted from the various Qata groupings are presented in 

Tables C-1 to C-9. 

1 ' 

v 



•. 
. TableC-1: Varimax-rotated factors extracted from Data 

Group 1 - Skidder Basalt sampl~ unaffected 
by the Skidder Prospect alteration event(s) 

Factor 
Variance 
Sl~ , 

TI02 
Al203 
Fe~3· 
MnO 
MgO 
cao 
Na~ 
K20 

.P20s 
LOI 
Pb 
Rb 
Sr 
y 
'lr 
tl) 

zn 
cu 
N 
Ba 

21 .7% 
-.098 
.678 

.296 
-.087 
.014 

-.085 
-.148 
.088 
.432 
.025 

-.143 
-.135 
.532 
.685 
.807 

-.034 
-.107 
-.056 

..J)31 
.689. 
.019 

2 3 
10.5% 13.9% 

.180 -.090 

.052 -.017 
-.065 .432 
.462 -.156 
.738 
.366 -.132 

-.024 -.040 
-.428 .159 
-.078 .902 
-.055 .164 
-.090 .096 
.141 .146 

-.157 .602 
.087 .359 
.042 -.031 

-.027 -.061 
-.077 .042 
.644 .080 

-.119 .060 
-.060 

.350 .710 

.071 -.043 
-.177 - .151 
-.184 

·V 
· Ce 
cr 
Cll .542 • ,1~5 _,:104 

• Total iron as FeA 

4 
17.1% 

-.347 
-.090 
.267 

-.117 
.057 
.647 

-.081 
-.460 
-.014 
-.019 
.331 
.026 

-.081 
.145 

-.256 
-:080 
.152 

-.065 
.025 
.744 

-.152 
-.121 
.238 
.825 

-.047 

5 6 7 
11 .9% 10.7% 6.9% 

-.597 -.351 -.017 
.141 .166 -.056 

-.266 .533 -.135 
-.043 .491 -.101 
.148 .054 

-.261 .237 
.797 -.137 -.173 

-.126 .126 .072 
-.068 .044 
-.145 -.440 .086 
.539 -.031 .358 
.022 .050 .807 
.069 .050 .273 
.210 .094 -.485 

-.067 -.138 .074 
.032 -.091 .040 
.181 .024 

-.318 .175 .156 
.078 .077 -.010 
.148 . -.124 
.048 -.248 -.165 
.041 .846 .111 

-.155 .089 .044 
.017 -.082 

-.250 .058 -.091 

8 
7 .3% 

.150 

.260 

.056 

.055 
-.197 
- . 1j~ 

.382 
-.122 
.239 

.092 

.1 02 

.320 

.202 

.179 

.037 

.073 
-.680 
.054 

-.064 
-. 119 
-.234 
.081 

-.292 

TableC-2: Varimax-rotated factorS extracted from Data 
Group 2 - all analyses of drill core from the 
Skidder Prospect, excluding trondhjemite 
and jasper, but including sulphide-rich samples 

Factor 
Va1ance 
SIQ2 

~ 
Al203 
Fe2o3• 
MnO 
MgO 
cao 
Na20 
K20 
P20s 
LOI 
Pb 
Rb 
Sr 
y 
'lr 
Nb 
Zn 
cu 
N 
Ba 
v 
Ce 
cr 
Cll 
Dtstanc::e 

25.5% 
.213 
.627 
.348 

-.124 
-.015 
-.297 
-.092 
.444 
.011 
.744 

-.324 
-.185 
.019 

-.015 
.756 
.831 
.518 

-.047 
-.057 
.014 

-.260 
.094 
.670 
.032 
.172 
.269 

2 
13.3% 

-.138 
.038 

-.021 
-.044 
-.052 
.093 

-.050 
.0'2-4 

.336 
-.048 
.083 
.158 

-.060 
.100 
.830 
.642 
.030 
.087 

-.129 
-.060 
.831 
. 0~7 

-· 3 4 5 • 6 7 
13.2% 11.1% 9.5% 12.9% 14 .5% 

.068 -.010 -.169 -.398 -. .654 

.129 .158 .212 .045 

.217 .028 .028 .491 -.158 
-.022 -.179 -.120 .609 
-.253 .035 .434 .565 .172 
-.299 .248 -.156 .. 649 .024 
-.026 .042 .868 -.042 .159 
-.038 -.268 .236 -.096 -.290 
.949 .019 .039 

-.087 .144 -.010 -.170 .050 
-.045 .036 -.085 .021 .544 
.081 -.032 -.011 -.283 .189 
.914 -.078 -.012 .1'50 
.167 .088 .770 -.092i 

-.129 -.115 .025 -.033 -.0761 
-.037 -.077 -.061 -.080 .123 
.129 .023 -.171 .700 

-.044 .012 -.069 -.075 
-.053 .051 .129 -.146 .048 

.924 .132 -.055 
.730 -.016 .211 .077 -.189 
.148 -.052 -.099 .761 -.023 

-.079 .063 -. 176 .119 
.011 .905 .032 
.057 -.095 -.059 . . 219 -.023 

-.017 -.369 .363 .0 12 

• Total ion as F~ 
Distance - distance from massive sulphides or most"intense alteration 

.... 

vo 
w _, 



Table C-3: Varinlax-rotated factors extracted from Data 
Group 3 - Data Group 2 excluding sulphide-rich 
samples 

Factor 
Vadance 
5102 
T102 
Al~3 
Fe203• 
MnO 
MgO 
cao 
Na20 
K20 
P20s 
LOI 
Pb 
Ro 
Sr 
y 
21 
Nb 
zn· 
cu 
Nl 
Ba 
v 
Ce 
()' 

Qi , 

Distance 

2 
20.7% 18,3% 

-.080 -.628 
~ 451 -.072 
.154 .014 

.040 
.031 .309 

-.047 ,668 
.013 .028 
.083 ·.398 

·.099 
.737 .178 
.012 .595 

-.048 .293 
.036 ·.066 

·.133 ·.222 
.611 · .016 
.725 .019 
.734 .186 
.158 .822 

.103 
·.209 .035 
-.120 .107 
.573 -.027 
.129 
.351 .290 

_.Q60 . -.162 

• Total iron as Fe.p3 

3 
14.3% 

.152 

.034 

.106 
-.074 
· .380 
· .356 
.031 

-.108 
.940 

·.043 

. . 463 
.906 
.149 

·.165 
· .055 
.223 
.014 

-.016 
-.014 
.738 

-.063 
-.111 

.107 
-.060 

4 5 6 7 
10.4% 13.0"6. 16.1% 7.3% 

-.301 -.144 ·-.470 -.267 
.145 .076 .369 .031 

.107 .766 -.093 
-.025 -.099 .142 .816 
.511 .038 .358 .106 

· .044 .194 .357 -.130 
.891 -.045 -.254 
.141 - .303 .107 -.211 

.066 .032 .030 
.025 .103 ·.068 -.207 

-.021 .184 -.033 .243 
-.163 -.273 ·.360 
· .068 .091 .OlS .097' 
.693 .020 .040 -.1111 
.040 · .142 .064 -. 111 

· .053 -.035 -.033 
. 037 .144 -.107 .389 

-.037 -.167 -.149 
.429 .011 -.417 .266 
.091 .910 .1 01 -.067 
.205 -.105 .029 -.292 

-.121 .067 .861 .186 
-.190 .161 .045 .177 
-.011 .908 .068 
. . 111 -.138 .603 .148 
.309 -.406 .066 .076 

. Distance - distance from massive sulphides or most intense alteration 

- -···- ......... 

) 

TableC4: Varimax-rotated factors extracted~ Data 
Group 4 - samples from the Skidder Pro:.pect 
chlorite, calcite, epidote± hematite alteration zone 

2 3 4 5 6 7 Factor 
Variance 
$102 
TIOz 
Ai2o3 
Fe203. 
MnO 
MgO 
cao 
Na20 
K20 
P205 
LOI 

20..3% 21 .8% 21 .5% 12.7% 10.0% 7.3% 6.4% 

Pb 
Rb 
Sr 
y 

21 
Nb 
Zn 
Cu 
Nl 
Ba 
v 
Ce 
()' 

Qi 

Distance 

-.114 
.865 

-.131 
.213 
.021 

-.232 
.210 

.239 
-.025 
.036 
-~18 

· .037 
.782 
.861 
.783 
.110 
.271 
.201 

-.054 
.295 
.437 
.131 
.429 
.348 

-.727 -.206 
.065 .040 
.256 -.010 

-.243 .040 
.083 .017 
.433 .116 
.414 .398 

-.387 -.659 
-.095 .870 
-.022 -.160 
.606 -.165 

-.041 
-.171 .834 
.218 .795 

-.236 -.029 
-.014 
.186 .088 

-.273 -.029 
-.059 .504 
.791 .049 

-.217 .783 
-.526 -.063 
.214 · .221 
.875 .-.065 

-.136 · .067 
-.699 .196 

-.302 -.245 -.106 .172 
.027 -.161 -.062 -.068 

-. 109 .783 -.166 -.142 
.027 .025 ~.035 -.703 
.922 -.167 -.081 
.700 -.080 .069 -.010 

-.332 -.602 -.136 . 099 
-.280 .257 .020 .161 
-.017 .033 .102 .027 
-.239 .315 -.482 .. 253 
.174 .398 .315 .238 

.910 .010 
-.043 .133 ' .192 . 121 
-.052 -.099 •. 101 -.137 

-.275 - 058 
.010 -.088 -.Q76 .044 

-.042 .134 .197 .082 . 
.827 .301 .128 .013 

-.073 -.141 .598 
.012 -.091 -.114 .116 
.058 -.1, 3 -.091 .161 
.431 .015 -.088 
.030 .442 ~ · .014 -.033 

-..079 -.105 . -.027 . 057 
.274 .138 -.357 I 

.124 -.325 .068 -.035' 

·Total iron as Fe.p3 . 
Distance - distance from massive sulphides or most intense aheration 

) 

VI 
~ 
:x; 



Table C-5: Varimax-rotated factors extracted from Data 
Group 5 - samples from the Skidder Prospect 
chlorite, calcite, quartz, epidote alteration zone 

Factor 
Variance 

• • 5102 
T102 
Al~3 
Fe2<>3* 
MnO 
MgO 
cao 
~0 
K~ 
P20s 

· LOI 
Pb 
Rb 
Sr 
y 
"11 
Nb 
zn 
Cu 
N' 
Ba 
v 
Ce 

. () 
-ca­
otstance 

29 .3% 
-.520 
-.144 
.115 

-.041 
.148 
.594 
.718 

-.769 
-.039 

.689 
· .035 
.169 
.508 

-.235 

.251 
· .C79 
.511 
.911 
.075 

· .291 
.267 
.8~ 

-.(/S!J 
..:;M4 

2 
23.3% 

-.582 
.362 
.716 
.872 
.542 
.424 

· .146 
· .127 
.028 

.375 
-.043 

.019 

.126 
-.079 
.044 
.838 

-.142 
-.186 
· .042 
.703 

-. 180 
-. 195 
.505 

-.154 

3 4 5 
19.9% 19.0% 8 .6% 

-.112 -.088 .05€ 
.012 .. 564 -.241 

.102 -.051 
.146 .026 .082 
.384 -.195 .48C 

.056 · .24S 
.123 -.198 · .053 

- .022 .018 .031 
.839 -.066 -.020 

.751 
-.447 -.073 .189 
· .207 -.091 . .733 
.683 -.111 -.018 
.116 -.359 ~ .044 

· .154 .630 .038 
· .199 .745 .095 
· .236 .640 -.233 
.068 .156 .161 

·.117 -.513 -.168 
.056 .031 

.835 I/ .026 · .017~ 

· .088 -.304 
-.711 .188 .215 
.038 .080 
.041 .· .292 -.249 
.411 .299 .418 

• Total iron as FeP:J 
Qjs1ance - <istanoo from massive sulphides or roost intense alteration 

• 

Table C-6: Varimax-rotaled facto~ extracted from Data 
Group 6 - samples from the Skidder Prospect 
chlorite, quartz, calcite alteration zone 

Factor 
Var1ance 
5102 
~ 
Al203 
Je:z03* 
MnO 
MgO 
cao 
Na20 
K20 
P~s 
LOI 
Pb 
Rb 
Sr 
y 
'11 
Nb 
zn 
Cu 
N 
Ba 
v 
Ce 
() 

Ga 
Dtstance 

20 .7% 
-.429 
.519 
.126 
.717 

-.048 
.455 

-.257 
-.155 
-.117 
-.030 
.032 

-.072 
-.310 
.195 
.417 
.181 
.608 

-.577 
-.277 
.09C 
.287 

-.178 
-.177 
.264 
.015 

·Total iron as Fei)3 

2 3 
21 .2% 14.2% 

-.239 . -.572 
.413 .047 
.806 .081 

-.181 .218 
-.161 .650 
· .583 -.140 

.880 
.207 -.228 
.949 .054 

-.041 .012 
.082 .669 
.717 -.179 
.950 .081 
.070 .380 
.080 -.095 
.275 -.026 
.343 .2.18 

-.089 -.166 
.231 -.011 
.066 
.478 • -.130 
.402 .024 
.182 -.052 
.145 . -.160 
.480 :.236 

-,050 .196 

4 5 6 -

17.0% 16.5% 10.5% 
-.120 .242 .08E 
.260 .170 

-.127 -.266 . 1 6~ 

-.101 - .144 -.26€ 
-.229 .094 .441 
.512 -.338 .045 

-.198 .194 
-.598 -.270 
-.055 .01 1 
. 150 .712 .. 109 
.209 -.042 -.014 
.158 - .207 

-.058 - -.042 
.021 .129 -.251 

-.091 .405 .151 
.297 .064 

.317 .453 .328 
-.015 -.241 .146 
.030 -.134 .282 
.669 .150 .010 
.020 .088 -.691 

-.020 · .646 .070 
.200 .184 .732 
.685 .081 -.018 

-.220 -.163 .215 
-.302 .402 · .163 

Distance- distance from massive su~s or most int.anse alteration . VI 
. ...... -..._-c 



Table C-7: Varirtiax-rotated factors exrracted from Data­
Group 7 - samples from the Sk:idder Prospect 
chlorite, quartz, pyrite alteration wne 

Factor 1 
'tvartance 

SI02 
T102 
Al~3 
Fe20:J• 
uno 
MgO 
CaO 
~0 
K:z() 
P2<>s 
LOI 
Pb 
Rb 
Sr 
v 
:zr 
Nb 
Zn 
cu 

-N· 

Ba 
v 
Ce 
0' 
Gt 
Dtstance 

19.3% 
· .243 
.249 
.899 
.252 
.119 
.243 

-.762 
.061 
.047 
.074 

·.239 
-.617 
.050 

-.480 
.322 
.178 

-.104 
-.089 
-.082 
-.011 
-.165 
.890 
.192 

-.029 
.729 

-.066 

2 -
20.9% 

·.884 
·.419 

.365 

.396 

.867 
.. 042 
-.753 
· .113 
.081 
.749 
.365 
.026 

-.310 
_ . . 083 
-.098 
.095 
.709 

-.046 
-.060 
-.030 
.061 
.107 

.565 

• Total iron as Fei)3 

3 ·- 4 ~ 
10.5% 13.6% 

.041 ·.038 
·.123 .271 
·.026 .114 
.036 ~059 

· .238 · .118 
-.139 .037 
.042 •.145 

-.036 .075 
- .931 
· .076 .792 
.020 ·.057 
.058 :.106 

. . 816 -.059 
.133 .025 
.014 - .612 

-.041 .806 
.073 .748 

-.040 .171 
-.028 
-.033 .123 
.653 
.109 .0.91 
.069 l~47 - .241 
.031 .020 
.074 .094 

5 - 6 - 7 
10.7% 10.3% 5.6% 

.246 .204 
.108 .296 - ~164 

·.037 .042 ·.123 
.131 -.782 -.197 
.174 .178 -.200 

· .049 .149 .161 
.400 -.112 

·.203 .. 293 -.225 
·.046 .083 .041 
.304 .103 .078 

-.013 -.312 . -.177 
-.249 - -.015 .129 

·.202 
·.053 .553 -.196 
.424 .164 .217 
.176 -.072 .-.1 06 

-.141 -.518 -.192 
-.077 .. 013 -;051 

.073 .817 
~ -.057 

/ -.044 -.472 -.100 
-.027 .039 .027 
-.242 -.155 .228 

' .924 - -.078 .035 
-.076 -.373 -.133 
-.018 .151 

8 ~ 
9:1% 
· .156 
.039 
.037 
.158 

· .548 
-.128 
.084 
.299 

-.086 
.027 
.066 

.084 

.420 

.199 

.108 
-.188 
-.147 
.113 
.011 
.264, 

-.163 
-.617 
-.048 
-.076 
.796 

Distance - distance from massive sulphides or most intense aheration 

)· I 

I 
'-.... ~ 

Table C-8: Varimax-rotated factors exrracted from Data 
Oroup 8 - samples from the Skidder Prospect 
quartz, chlorite, pyrite alteration zone 

Facu 
Variance 

· s,~ 

T102 
AI20:J 
Fe2o3• -­
MnO 
MgO 
CaO 
Na20 
K20 
P20s 
LOI 
Pb 
Rb 
Sr 
v 
:zr 
Nb 
Zn 
cu 
N 
Ba 
v 
Ce · 
o -
QI 
Distance 

28 .1% 
-.243 
.675 
.748 

-.178 
•.029 
-.194 

.801 

.605 
-.103 
.043 
.793 

·.033 
.3.68 
.482 
.794 

-.217 
.195 
.258 
.665 
.605 
.130 
.819 

-~ -Q~ 

2 
20.9% 

-.126 
.226 
.458 

-.212 
-.049 
.070 

·.017 
.743 

. ·.274 
.626 

.:.318 
-.021 
-.306 
.640 
.714 
.447 

· .066 
· .011 
-.179 
· .137 

.078 
·.012 

. . 068 
-.201 
.335 
.852 

• Total iron as Fe.p3 

3 4 5 6 
15.9% 12.8% 10.0% 12.4% 

-.561 -.354 .302 -.378 
.058 ·.127 .013 .092 

_-.070 -:1.40 .182 .121 
·.016 .498 -.558 .252 
.807 ·-.241 .245 
.408 ·.020 .773 
.956 · .089 .015 -.130 

·.013 -.068 .169 -.111 
· .127 .010 .320 · .162 
-.033 ·.075 · .142 .213 
.225 ~ .457 -.422 .229 

-.167 ·':'792 -.233 
' -.123 .040 .243 -.163 

.504 -:016 .106 -.093 
-.011 -.180 -.2f5 -.106 
-.120 -.332 -.144 · .173 
.184 .054 ·.446 -.259 

·.070 ·.822 · .064 
.804 .044 .OAS -.121 

-.175 · .234 .247 .703 
.020 .176 .735 .157 
.044 -.020 .129 .307 

-.178 · .366 -.489 -.161 
-:215 -.183 .112 .709 
· .207 .132 -.078 .126 
-.286 .202 -.024 .096 

Distance ·distance from massive sulphides or most intense alteration 

~~--,· rr ·--:-

. 
VI 

"'" 0 



TableC-9: Varimax-rotated factors extracted from Data Group 9- samples 
of Skidder Prospect semimassive and massive sulphides 

FaciDr 
Var1ance 
Sl~ 

~ 
AI2D3 
Fe203* 
MnO 
MgO 
cao_ 
Na20 
K~ 
P~s 
LOt 
Pb 
Rb 
Sr 
y 
'll 
Nb_ 
Zn 
cu 
N 
Ba 
v 
Ce 
() 

1 
30.6% 

-.375 
.624 
.777 

-.128 
.687 
.876 

-.099 
-.026 
-.250 

-.014 
-.346 
-.321 
-.093 
.251 
.829 
.202 

-.277 
-.045 
.380 
.082 
.843 
.669 
.553 

-.136 

2 3 
13.7% 17.4% 

.077 -.808 

.024 .120 

.067 
.753 

-.193 .127 
-.131 .076 
-.030 -.011 
.868 -.030 
.714 -.. 112 
.194 
.019 .828 

-.020 -.068 
.578 .209 

-.090 -.249 
.042 .125 

-.169 .702 
- -.079 -.061 

-.030 .064 
.028 -.517 
.834 -.156 
.019 .069 

-.283 · .037 
-.351 

-.119 -.036 Ql 

Dtslanc:e .:.HO ~03 ~024 

• Total iron as FeA 

4 s- 6 7 
11.9% 11.8% 9 .1% 5.6% 

-.029 -.194 -.118 .161 
-.050 -.102 -.101 .13C 
.016 -.049 -.023 -.029 

-.374 -.036 -.087 -.016 
.084 .564 -.124 
.074 .051 .060 -.091 

-.012 .832 -.034 -.067 
.023 .137 .032 

-.140 -.177 •.196 -.013 
-.118 -.155 -.120 .690 
-.123 -.092 -.015 -.075 
-.118 .679 .066 
-.037 -.282 -.399 -.056 
-.012 .842 -.012 
.728 -.161 .019 
.013 .014 -.063 -.104 

-.029 -.156 .311 .233 
.676 -.031 .163 -.041 
.107 -.030 .684 -.064 

-.168 -.092 .465 -.218 
-.022 .094 .217 -.102 

.040 
-.046 -.016 -.046 .260 
-.276 -.133 .258 .019 
.817 -.035 -.038 -.139 

-.564 ~E)09 -.024 -.480 

Distance - distance from massive su~ides or most intense aheration VI ... 
• 
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APPENDIXD 

RARE-EARTH ELEMENT ANALYTICAL PROCFDURES 

Rare eanh elements were detennined at Memorial University of Newfoundland 

using the thin film/XRF method of Fryer (1977). This method involves repeated digestion 

of the sample by HF, HCl and HCl04. Passage of the solution, in 3.1 N HCl, through an 

ion exchange resin separates the rare-earth elements, Y and Ba from the others. Barium is 

precipitated as BaS04 by addition of sulphuric acid. The REE-bearing HCl solution is 
I 

concentrated by evaporation and then taken up on an ion exchange paper disc. The dried 

disc is analyzed by X-ray fluorescence techniques. 

Rare-earth element concentrations for internal Memorial University of 

Newfoundland granite standard MUN-1 determined during this study are presented in 

Table D-1. 



. ' 

\ 
I 
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Table D-1: Rare-eanh element concentrations for Memorial University 

of Newfoundland internal standard MUN-1 according to results 
of an analysis Conducted during this study 

chondrtte 
normalized 

La 2 8 72.4 
Ct 47.0 57.8 
Nd 20.4 34.2 
Sm 3.9 2_0.3 
Eu 0.1 1.4 
Qj 3 .4 13.1 
Dy 2 .8 8.6 
Er 1 .6 7.5 

Chondrite-normalizlng values used 
are those of Taylor and Gorton, 1977 

\ 
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