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ABSTRACT

The complex structure and mineralogy of the Linda volcanogenic massive sul-

phide deposit are the resuit of polyphase dynamometa,morphism superimposed on

primary sulphide mineralization and associated hydrothermal alteration. Outcrop

mapping and drill-core logging elucida.ted the 3-dimensional configura,tion of the de-

posit. Microstructural and para,genetic relationships, mineral chemistry, and whole-

rock geochemistry constrain its petrogenesis and its significance to the structural

and metamorphic history of the Snow Lake region.

At the Linda deposit, two discrete zones of Fe-Mg alteration occur in felsic

rocks of the stratigraphic footwall. The proximal alteration zone consists mainly

c¡f stratabound and stratiform mineralization resulting from the accumuiation of

chemical sediments in a topographic depression on the down-thrown side of a syn-

volcanic fa,ult. The distal altera,tion zone is hosted bv felsic volcanic rocks lower in

the stratigraphic sequence and may represent subsurface alteration'

The Linda deposit lies in highly strained overturned rocks on one flank of the

Anderson Bay structure, which marks a change in stratigraphic facing direction.

The Anderson Bay structure is transected by ,91 a,nd ,52 clea,vages. Syn-D2 por-

phyroblasts at the Linda deposit record early sinistral ,S1 f 52 cleavage vergence;

phyllosilica,te minerals in the matrix define dextral StlSz cleavage vergence result-

ing from lale D2 (or D3) reactivation of the ,5r cleavage. The reactivation has

regional significance.

Metamorphic parageneses at the Linda deposit apparently span three zones

of regional metamorphism. The bulk-rock composition of the altered protolith

allowed the crystallization of manganiferous ga,rnet, zincia,n staurolite and F-rich

biotite, thus expanding the stability fields of parageneses containing these miner-

als. A pressure-temperature-time trajectory is recorded by syn-D1 kyanite and by

syn-D2 amphibotite-facies assemblages, which represent the culmina,tion of meta-

morphism. Sphalerite geobarometry yields a pressure of about 5 kb; the maximum

temperature is limited to about 550"C by the coexistence of margarite-l quaú2.

Suiphide-silicate-oxide equilibria can be modelled in a petrogenetic grid in the SiOz-

Alz Os-FeO-MgO-ZnO-K2O-H2 O-Sz-Oz system at fixed pressure and tempera,ture.

Metamorphic desulphida.tion of sphalerite released Zn lo staurolite a,nd gahnite. The

la,rgest massive sulphide body consists of pyrite and calcite, the latter introduced

during post-tectonic synmetamorphic metasomatism.
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Chapter 1

Introduction

1.I-. Purpose.

The study of dynamometamorphism of metasoma.tic protoliths in volcanic ter-

ranes presents a chailenge and, potentially, a, catalyst for advances in our under-

standing of metamorphic, tectonic, volcanic and hydrothermal processes a,nd their

interplay. Eskola's formulation of metamorphic fa.cies, a,nd his recognition that the

concepts of equilibrium thermodynamics can be a¡lplied to Archean rocks, were

conceived in the metamorphosed 'pneuma.tolytic forma,tions' of the Orijärvi region,

Finland (Eskola,, 1915). Contrary to the general view of the time, tha.t ancient

rocks are "utterly complicated and least of all a,dapted to treatment from this point

of view", Eskola observed that mineral parageneses "stand in definite relations to

the chemical composition". He also recognized tha,t textural features could be used

to identify equilibrium parageneses and, in the case of pseudomorphs, provided a

reco¡d of the prima,ry and early metamorphic history.

The evolution of ideas regarding the petrogenesis of ma,ssive sulphide deposits

has ha,d a varied development (see Franklin eú aJ. ( 1981 ) for a, brief review ) . In 1959,

the 'Symposium on the Genesis of Massive Sulphide Deposits', sponsored by the

Cana,dian Institute of Mining and Metallurgy (CIM), was dominated by epigenetic

models, to the extent tha,t the opening remarks included the sta,tement: "I trust

that all would agree that all these deposits have formed either by replacement or

sulphide segregation and/or injection'l (Gunning, 1959). At the CIM 'Symposium

on Stra,ta-bound Sulphides' six years later, a, change in emphasis and in interpre-

tation wa,s evident. Broa,der petrological studies placing massive sulphide deposits

in a local and regional context (Moorhouse, 1965), comparisons with occurrences

in less deformed and younger terranes (Hutchinson, 1965; Suffel, 1965), and the

recognition of systematic a,symmetry in the disposition of alteration with respect

2
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to mineralization (Sharpe, 1965; Roscoe, 1965), supported a syngenetic origin for

ma,ssive sulphide deposits.

The Coronation Mine Project, initiated in 1957 to provide a comprehensive

study of Coronation mine in the Flin Flon region (Byers, 1969), was pivotal in

the interpretation of alteration as the result of synvolcanic hydrothermal processes

directly related to sulphide mineralization (Froese, 1969; \Mhitmore, 1969). This

study also initia,ted advances in metamorphic petrology, stemming from the recog-

nition that the mineralized altered rocks represented the same metamorphic grade

as the enclosing country rocks and, that metamorphic equilibria had involved sili-

cate, sulphide a.nd oxide minerals (ibid.). The conceptual framework for modelling

silica,te-sulphide-oxide equilibria is still evolving (e.9. Froese, 1981; 7977; 7977;

Hutcheon, 1979; Nesbitt, 1986a; 1986b; 1982; Nesbitt and Kelly, 1980; Tracy and

Robinson, 1988) and more ca,se studies are required to expand the range of bulk-rock

compositions and metamorphic gra.des to which the models can be applied.

The construction of geochemical genetic models for massive sulphide deposits

received impetus from the discovery of sulphide-precipitating hydrothermal activ-

ity on the seafloor (Rona, 1984; Lister, 1980). Comparisons between the physical

environments, mineralogy, chemistry and processes observed on the sea,floor with

those which can be inferred in the geologic record are important elements in ma,ny

genetic models (e.g. Franklin, 1986; Lydon, 1988; Rona, i988). The observa-

tions ma,de on the sea.floor and in the geologic record are mutually complementary.

Massive sulphide deposits in the geologic record provide access to sections of the

subsurface portions of fossilized hvdrothermal systems. They likewise record the

post-depositional history from the waning of hydrothermal a,ctivity to diagenesis

and, possibly, to dyna,mometamorphism.

The Linda, volcanogenic massive sulphide deposit is weli represented in 3-

dimensions by extensive subsurface drilling. In common with deposits in the Snow

Lake region and many other a,ncient deposits, its present,-day confrguration and

mineralogv are the result of dynamometamorphism superimposed on the original

hydrothermal deposit. The difficulties encountered in the region, in integra,ting

the various observa,tions into a coherent petrogenetic model, are reminiscent of the

problems encountered by the original proponents of syngenetic models for the de-
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Figure 1.1. Location of the Snow Lake region (Figure 2.1) in the Fiin Flon-Snow
Lake volcanic belt. iüajor tectonic subdivisions of Proterozoic age in the Trans-
Hudson orogen are ornamented. Adapted from Lenton (1981).

formed and. metamorphosed massive sulphide deposits typical of the Precambrian.

Specific problems addressed at the Linda deposit include: the structural and strati-

graphic relationship to other deposits in the Snow Lake region, the relationship to

regional metamorphism, the reconstruction of the synvolcanic setting, and the char-

acterization of the alteration and its relevance to synvolcanic hydrothermal activity.

Detailed examination of the Linda deposit provides constraints on the metamorphic,

structural and volcanic evolution of the Snow Lake regiorr, many aspects of which

are enigmatic.

I-.2. Location and Setting.

The Linda volcanogenic massive sulphide deposit is located in the Snow Lake
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1. Introduction

region, within the Flin Flon-Snow Lake volcanic belt (Figure 1.1). The volcanic belt

forms part of the juvenile Proterozoic crustal additions in the Trans-Hudson orogen

between the Archean llearne and Superior provinces (Hoffman, 1988). In the north,

the belt is flanked by the Kisseynew metasedimentary gneiss belt and, in the south,

overlain by Paleozoic sedimentary rocks. It consists of supracrustal metavolcanic

and metasedimentary sequences of Aphebian age, which have undergone dynamic

metamorphism and polyphase deformation. Intrusive rocks range from synvolcanic

to post-tectonic. Numerous massive sulphide deposits occur in the volcanic belt; in

the Snow Lake area, these include the Chisel Lake, Ghost La,ke, Lost Lake, Anderson

Lake, Stall Lake and Rod mines. The Linda deposit is the largest massive sulphide

body in the area, (Jeffery, 1982 compared to Table 1 of Walford and Franklin,

1982), but it is mainly pyritic with minor amounts of pyrrhotite, chalcopyrite and

sphalerite. It was extensively drilled by Falconbridge Limited and Corpora,tion

Falconbridge Copper (now Minnova. Incorporated), who provided access to driil

core and to unpublished maps and company reports.

L.3. Procedure and Data Accumulation.

Two and a half field seasons \Mere devoted to mapping the surface exposure

of the Linda area and logging drill core. Mapping was done on a, scale of 1:4800,

making use of outcrop maps provided by Falconbridge, air-photo enlargements,

and a, deteriorated, but functional, cut-and-chained grid. The outcrop is generally

spora,dic and exposures stripped during previous work on the propertv were usually

obscured by lichen. Stripping neu¡ exposures v/as necessary and the proportion

of outcrop c¡n the geological map gives a misieadingly optomistic impression of

the actual outcrop cc¡ntrol on ma,pping of lithological units and contacts (Map, in

pocket). The massive sulphide deposit and associated alteration zones do not crop

out, a,nd the interpretation of surface geology was supplemented by projection of

drill-core observations.

Approximately 46 km of core was drilled on the Linda property over a period

of more than 20 years (Jeffery, 7982, unpubl.). The drill-core logs and cross-sections

compiled by Falconbridge geologists were ma,de a,vailable. During this study, 7.3 km

of core (i.e. 76%) wa,s relogged in greater detail than that of the original logging,

allowing the independent construction of 3 composite cross-sections of the sulphide

b



1. Introduction

body and altera,tion zones. Rock fabric/core-axis angles, and projections of drill

holes into the composite sections and to surface, \ryere adopted from the sections

and maps provided by Falconbridge. The cross-sections are spaced a.t 275 m and

120 m along-strike (Ma,p, in pocket), intersecting the deposit a.t intervals along its

down-plunge length. The drill core wa.s extensively sampled to obtain a sample

suite representative of lithological units, altera,tion types, protolith types and, in

some ca,ses, structural types. This suite was supplemented by surface samples. Pet-

rographic work was done on the entire sample suite, but only geochemical samples

are explicitly described (Table ,{.1). The outermost cross-sections, A-A'and C-C'

(in pocket), give the most complete picture of the subsurface geology; 303 samples,

collected from these drill holes a,nd from the surface, vr'ere selected for analysis of

whole-rock geochemistry (Table C.5). Mineral composit,ions \¡/ere determined by

electron-probe microanalysis in 21 samples representing altered rocks (Table 8.3).



Chapter 2

Regional Geology

The geology, structure and metamorphism of the Snow Lake region has been

discussed by Bailes et al. (1987), Walford and Franklin (1982) and Froese and

Moore (1980), and this summa,ry is based mainiy on their work.

2.1. Lithology and Stratigraphy.

-The Amisk Group rva.s defrned to encompass a, suite of meta,volcanic rocks

and overlying volcanogenic metasediments originally consisting of greyr,vacke and

shaie (Figure 2.1). Probable synvolcanic intrusions include the Sneath Lake and

Richard Lake tonalites (Bailes, 1988, 1987, i986). The Missi Group consists of

metamorphosed lithic arenites which were deposited on Amisk Group rocks (Froese

a,nd Moore, 1980). In the northern part of the Snow Lake region, the Herblet, Pulver

and Squall gneiss domes are composed of granitoid gneisses, compositionally simiiar

to granodiorite or felsic volca,nic rocks. Post-tectonic to la.te tectonic intrusive rocks

range from gabbro to granite.

Between the tra,ce of the Anderson Bay structure (see 4.1.2. The Anderson Ba,y

Structure) and the Mcleod Road thrust fault (Figure2.7), the Amisk Group forms a

northerly fa,cing homoclinal sequence of suba,queously deposited rocks (Bailes et aI.,

1987). The lower pa,rt of the sequence is dominated by pillowed aphyric mafic

flows, the upper part by intercalated heterolithic mafrc and felsic breccia,, and felsic

and mafic porphyritic flows. This upper succession hosts most of the massive sul-

phide deposits and ha,s been subjected to extensive synvolcanic altera,tion. Detailed

stratigra,phic mapping has been done locally, but no comprehensive stra.tigra,phy is

availa,ble for the Snow Lake region. Bailes ef al. (1987) presented a stratigraphic se-

quence for the Chisel Lake area, and a, generalized correla,tion with the stratigra.phy

of \rValford and Franklin (1982) for the Anderson and Stall Lakes area.

In the Anderson and Stall Lakes area., the Snea.th Lake quartz-phyric tonalite

7



2. Regional Geology

Figure 2.L. (following page) Geologv of the Snow Lake region adapted from
Frc,ese a,nd Moore (1980) a,nd Bailes (1988). General structural trends a,re indica,ted
by the orna,menta,tion, with superimposed traces of Fr and Fz f<lld axes, faults a,nd

meta,morphic isograds. The area, of Figure 2.2 \s outlined.

(unit 1, \Malford and Franklin, 1982) forms the base of the stratigraphic sequence

(Figure 2.2), where it intrudes aphyric mafic fl.ows, and monoiithic and heterolithic

breccia (Bailes et a|.,1987). The interpreta,tion of the tonalite as a, svnvolcanic in-

trusion and a. potential hea,t source fcrr hydrothermal activity (Walford and Franklin,

i982) was supported by Bailes (1986) rn'ho found that large areas of the intrusion

Ìrad undergone synvolcanic hydrothermai alteration. The Sneath Lake tonalite is a.

composite intrusion generally concorda,nt to stra,tigraphy, but locally shows high-

angle contacts to the volca,nic stratigraphy of the host rocks (Bailes, 1987). The

Richard La,ke tonalite (Figure 2.1), which has commonly been assumed to be part

of the sa,me bodv, is discorda,nt and truncates suiphide mineralizatic'¡n near Chisel

and Ghost Lakes (Bailes, 1988; 1987; 1986). The trace-element signatures of the

two tonalite bodies a,re distinct and indicate that the intrusions a,re not comagmatic

(Bailes, 1988). The Richard La,ke tonalite has a, U-Pb zircon age of 1889 *8/-6 Ma

(Bailes eú a/, 1988), indistinguishable from a U-Pb zircon age of 1886+1.3Ma in an

Amisk Group rhyolite tuff in the Flin Flon area, (Syme et aI,1987). The volcanism

in the Snou' Lake and Flin Flon regions was probably contemporaneous (Bailes eú

al, 1988).

In the vicinity of Anderson and Stall Lakes, the Sneath Lake tonalite is overlain

by the Lou'er Mine Felsic unit (unit 2, Walford and Franklin, 1982), which va,ries

from massive and aphanitic in the lower member, to mainly fragmenta,l in the upper

member (Figure 2.2). Toward the Stall Lake mine, this unit thickens slightlv a,nd

contains possible flows and flou'lobes which terminate in fra,gmental rock, possibly

of hyaloclastic origin. Extensive synvolcanic altera.tion in this unit at the Ander-

son Lake and Stall Lake mines was interpreted to ha,ve resulted from hydrothermal

activity in the footwall to the massive sulphide deposits. Quartz-megaphyric felsic

rocks constitute the uppermost 100 m of the Lower Mine Felsic unit and form the

hanging wall to the Stall Lake and Anderson Lake deposits. \&alford and Franklin

(19S2) suggested that the quartz-megaphyric zone \Mas deposited from a submarine

pyrocla,stic ash flow. In the area, of the Rod mine, Coats et aJ. (1970) reported a
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2. Regional Geology

Figure 2.2. Geology of a part of the Snow Lake region in the vicinity of the Linda
dgposit. Modified from Jeffery (1982), Froese and Moore (1980) and Zaleski (1986).
The numbers on the left correspond to the lithological units of Walford and Franklin
(1982). The area detailed in Figure 3.1 is outlined.

lesser thickness of rhyolite, overlain by a thick unit (?60 m) of quartz-megaphyric fel-

sic rocks (termed 'quartz porghyry'by these authors) hosting the massive sulphide

bodies. The quartz-megaphyric rocks grade up-section to coarser felsic pyroclastic

rocks.

Overlying the Lower Mine Felsic unit, the Hangingwall Mafic unit (unit 3,

Walford and Franklin, 1982) is about 250 m thick between the Anderson Lake and

Stall Lake minesr but thins markedly to the west of the Anderson Lake mine. The

lowermost member is comprised of andesitic flows, pillow breccias and tufis, which
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2. Regiona,l Geologv

thicken to the ea.st. The ba,sal flows are silicified in the vicinity of Stall Lake. The

uppermost member consists of basaltic flows and epiclastic rocks. This member

directly overlies the andesitic member at the Anderson Lake mine but, to the east,

it interfingers r,r'ith, and termina,tes rvithin, the Hangingwall Felsic unit (unit 4,

ibid.).

The Hangingwall Felsic unit (unit 4, Walford and Franklin, i982) consists of

a, lower porphyritic rhyoiite pyroclastic and flow member, which dominates in the

east, and an upper coarsely porphyritic, mainly ma,ssive member, which dominates

in the west (Figure 2.2). A thin bed of graphitic metasediment lies near the basal

contact of the lower member.

The Threehouse Basalt (unit 5, Walford and Franklin, 1982), consisting of

porphvritic basalt flows a,nd heterolithic breccia,s, was reported to be identical in

texture and chemical composition to the upper member of the Hangingwall Mafic

unit (unit 3).

The Anderson Bay'a,nticline was proposed by Falconbridge geologists (Jeffery,

1982, unpub,l.) to account for southeasterly facing of the Linda deposit (see 2.2.

Structure). Quartz-megaphyric felsic rocks host the Anderson Lake, Stall Lake

(Walford and Franklin, 1982; Studer, 1982) and Rod deposits (Coa.ts et aJ.,1970). A

similar unit hnsting the Linda deposit \Ma,s mapped continuously around the hinge of

the a,nticline, and correlated directly with the felsic unit hosting the massive sulphide

deposits on the northwest limb of the fold (Jeffery, 1982, unpubl.). The proposed

correlation pla,ced these 4 deposits on approximately the same stratigra,phic horizon.

Hou'ever, this stratigra,phic continuity was not supported by mapping done during

this study (see 4.7.2. The Anderson Bay Structure). The Chisel La,ke, Ghost Lake

a,nd Lost Lake deposits (Figure 2.1) occur higher in the stratigraphic section, a,t the

base of a mafic epiclastic unit equivalent to the Threehouse Basalt (Bailes, 1988;

Bailes et a1.,1987).

In the Rod mine, Coats et al. (1970) reported the presence of a pretec-

tonic, possibly synvolca,nic intrusion which, in part, follows the contact between

quartz-megaphyric felsic rocks hosting the massive sulphide bodies, and felsic pv-

roclastic rocks. The intrusion is discordant to foliation in the quartz-phyric rocks

and, as interpreted from drill core intersections, truncates sulphide mineraliza,tion

11
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(ibid.). Amphibolite dykes cut the sulphide zones in the Anderson La,ke mine, and

were reported to be folded, boudinaged and ¡rartly a.ltered to chlorite-garnet and

amphibole-magnetite bearing rocks (Walford and Frankiin, 1982).

2.2. Structure.

The structrrra,l complexity of the Snow La,ke region introduces an element of

uncertaintv into stratigraphic correla,tions. Three main deformational events were

proposed by Froese and Moore (i980). The earliest event produced tight to nearly

isoclinal .Fi folds, recognized mainly on the basis of opposing facing directions. In-

terpreta,tion of the stratigraphic sequence of interla,.yered felsic and mafic volcanic

rocks and the relative stratigraphic position of the massive sulphide occurrences

is, in part, contingent on the recognition of tr'r folds. Primary structures indicate

northward facing for the succession from Stall Lake to the Mcleod Road fa,ult (Fig-

ure 2.1). The existence of the Anderson Bay anticline (termed the'Anderson Bay

structure' in this study) was postula.ted by Falconbridge geologists (Jeffery, 1982,

unpubl.) to account for a, southward fa,cing direction required bv the disposition of

the sulphide bodies and alteration zones at the Linda deposit. The more northerly

trace of the Anderson La,ke anticline (f'r ), postulated by Gale and Koo (1977) and

Froese a,nd Moore (1980), is the result of mistaken identity between the Linda I sul-

phide occurrence (shown on the maps of the cited authors), a minor stringer zone

which does not yield a facing direction (Jeffery, 7982, unpubl.), a.nd the Linda II
deposit, which is the focus of this study. (Note also that Russell (1957) designated

an entireiy unrelated -F2 fold, 'Anderson Lake a,nticline'; this }'z {old is apparently

the continuation of the Southeast Ba,y antiform south of the Mcleod Roa,d thrust

fault (Figure 2.2).)

Walford and Franklin (1982) suggested that the Sneath Lake and Richard Lake

tonalites (i.e. unit 1) mav ha.ve been structurally thickened by an .t'1 fold having

an axial tra.ce coincident with the long axis of the intrusions (Figure 2.1). In the

Chisel-Morgan Lakes area, Bailes (1986) found some opposed fa,cing directions in

volcanogenic sediments flanking opposite ma.rgins of the intrusions and evidence of

minor folding. However, given the structural complexity, the evidence for f i fold-

ing was equivocal, and the minor outcrop scale folds are a.pparently D2 structures

(Bailes, pers. comm., 1987). In the Cook Lake area, Ja.ckson (i983) found no evi-
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dence for a, fold hinge within the Richa.rd Lake tonalite (which he termed 'quartz

monzonil,e'). On the basis of his mapping and a regional compila.tion by Falcon-

bridge geologists (Simmons a,nd Stoeterau, 1978, unpubl.; cited by Jackson), he

proposed the presence of an anticiina,l fc¡ld consisting of the Anderson Bay anticline

in the east, curving around the hinge of the Threehouse synform (see below) and

tracking north through Cook Lake, i.e. not constrained to lie within the tonalite

intrusions, but following a similar trace. He attributed this major structure to

D2 deforma,tion and reassigned the Threehouse synform (D2 ol Froese and N{oore,

1980) and reiated structures to D3.

D1 fabric elements include an ,51 fabric defined by metamorphic layering, by

minera,i alignment, and by flattening of prima,ry structures such a,s clasts and pil-

lon's. The ^91 fabric is pa.rallel or subparallel to bedding (,9¡), la,yering and conta,cts

throughout most of the region (Froese and Moc¡re, 1980; Ja.ckson, 1983). Fr mi'nor

folds ha,ve been observed in mineralized meta,sediments in the open pit presently

under development at the Chisel Lake mine (Gallev, pers.comm., 1988). Amisk

metasediments exposed on the shores and islands of Wekusko Lake show numerous,

closely spaced changes in facing direction (Froese and Moore, 1980).

Northeasterly trending open flexures of the Threehouse synform, the Southeast

Bay antiform and the \Mhitefish Bay synform (Russeli, 1957) were attributed to a

second deformational event (Froese and Moore, 1980). The Threehouse syncline,

originally mapped by Ha,rrison (1949), was modified by Martin (1966) to the Three-

house svnform in recognition of the polyphase structural complexity of the Chisel

Lake mine. To the north, flanking the Kisseynew gneiss belt, the D2 structures have

apparently been tightened by subsequent emplacement of gneiss domes (D3). The

flexural folds die out toward the south and recognition of the Threehouse synform

in this area seems to depend largely on the apparent curva.ture of the Sneath Lake

and Richard Lake intrusions. This curvature may be exaggerated by the discordant

nature of the Richard Lake intrusion.

D2 minor structures vary in ampiitude from decametre-scale .t'z folds to milli-

metre-scale crenula,tions (Froese and Moore, 1980). An ,S2 axial planar fa,bric is

defined by mineral foliation, particularly of biotite. A pronounced, northeasterly

plunging elongation of all sulphide bodies and other primary structures, as well as
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a mineral lineation, imparts an .t-,5 tectonite s{,ructure to the Snou' Lake region.

In the Cook La,ke area, prola,l,e clasts define a strain ellipsoid with axial ratios of

3.5:1:0.9 (Jackson, 1983). In the vicinity of the Snou'Lake torrvnsite, Galley et aL.

(1988) reported that clasts are fla,ttened and stretched with an avera,ge ra,tio of 3:1.

Massive sulphide bodies commonly show grea,ter eiongations; for example, the lens

at Anderson Lake mine has axial ratios of approximately 100:10:1, with the value

for longest a,xis being a minimum estimate (calculated from Walford and Franklin,

1e82).

The stretching and mineral lineations were mainlv attributed to ,L2 fa,bric de-

velopment (Froese and Moore, 1980). However, in the Chisel Lake area,, a slight

angular separation (5-i5') between fragment-elongation directions and ,S1 f S2infer-

sections defined by mica, edges was interpreted to indicate that regional elonga,tion

should be partly attributed to extension during D1 deformation. It should be noted

that virtually a,ll of the reported mineral lineations and crenulation axes, and most

stretching linea,tions, have been measured in the plane c-¡f the ,91 foliation (this

study, Froese and Moore, 1980; Galley et aJ., 1988), and the correct assignment

of the prominent linear fabric elements in the area, with respect to D1 and D2,

is the subject of continuing discussion. Galley (pers. and written comm.) 1988)

pointed out that the coherent regional orientations of the linear fabrics, the appar-

ent a,greement of trends with the a.xial tra,ce of the Threehouse synform (,F2), and

the absence of rotation associated with this structure, supports the assignment of
the lineation to D2. Near the Snow Lake townsite, gold mineraliza,tion associated

r,r'ith retrograde alteration in la,te ,92 shear zones plunges parallel to the regional

stretching lineation (Galley et aJ., 1988). Pronounced rotation of the lineations is

only apparent in the vicinity of the gneiss domes (D3) in the northern part of the

Snow La,ke region (Froese and Moore, 1980). However, the orientation of the lin-
eations changes from 065'/50' in the vicinity of the Snow Lake townsite (Galley,

writ'ten comm.j 1988), to 023" f 35o further south in the Linda area (Zaleski and

Ha,lden, 1988), to 020" f 14-23' in the Cook Lake area, (Jackson, 1983).

The empla,cement of the Herblet, Squall and Pulver gneiss domes (Figure 2.1)

during Ds influenced the northern Snow Lake a,rea,, adjacent to the Kissevnew gneiss

beit (Froese and Moore, 1980). The domes are, in part, localized on F2 antiformal
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crests, with a resultant tightening of the intervening f'2 synforms (ibid.).

The Mcleod Rc¡ad thrust fa,ult (Russell, 1957) was postulated to account

for older Amisk volcanic rocks overlying younger Amisk and Missi metasediments

(Froese and Moore, 1980). The fault was interpreted to be ea,rlier than, or contem-

pora,neous with, D1. Galley et al. (1988) reported that the fault has attentuated

and trunca,ted some Fr fold limbs and was rea,ctivated during D2, with kinematic

indicators showing oblique sinistral movement. In the Crowduck Bay area, immedi-

ately northeast of Wekusko Lake, inverted relationships between older and younger

rocks led Gordon and Gall (1982) to postula,te the presence of an ea,rly thrust fault.

Froese and Moore (1980) pointed out the difficulty of detecting such features and

the possibility of additional cryptic ea,rly faulting is problematic.

The Berry Creek fault (Armstrong, 1941)is alate northeasterly trending struc-

ture of regional significa.nce, continuous for a,pproximately 40 km from Tramping

La,ke, near the Paleozoic cover, to the margin of the Kisseynew belt (Bailes, 1971).

It forms a topogra.phic lineament west of \Mekusko Lake, entering the lake at Berry

Bay (Froese and Moore, 1980). The fault has been variously extended to the east,

as a single fault or a series of anastomosing spiays, in some cases, projected through

Anderson Bay and the Linda, area (Studer, 1982; Bailes, 1971; Russell, i957). There

is no evidence for a major late displacement in the Linda area; however, recogni-

tion ma¡' be a, problem, as the fault tra,ce would be subpa,rallel to eariier structural

trends and to lithological cc¡nta,cts. Prominent topographic lineaments trending

northeast from Snow Bay (Figure 2.1) ha,ve been proposed as possibly rela,ted to

the continua,tion of the Berry Creek fault (Bailes, pers. comm.) 1987).

2.3. Metamorphism.

Metamorphic assemblages in the Snorv Lake area. shou. a transition from

the low-grade volcanic terrane in the south to the high-gra,de terrane of the

Kisseynew gneiss belt to the north (Froese and Moore, 1980; Froese and Gaspar-

rini, 1975). Three rea,ction isograds delinea,te the boundaries of 4 metamorphic

zones cha,ra,cterized by the assembla,ges: chlorite-biotite, chlorite-biotite-staurolite,

biotite-staurolite-sillimanite and biotite-sillimanite-alma,ndine. The parageneses in

muscovite-bearing pelitic rocks were regarded as definitive of metamorphic grade.

The common presence of kyanite or kyanite and sillimanite in altered rocks, and of
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sillima,nite in metasediments, r,r'as used to esta,biish metamorphic pressures in ex-

cess o{ the aluminosilicate triple-point. In the Anderson Lake and Stall Lake mines,

the occurrence of the isogra,d assembiage, chlorite-staurolite-kyanite (sillimanite)-

biotite-muscovite, was used to constrain the location of the surface tra,ce of the

biotite-sillimanite isograd (Figure 2.2).

The discordant relationship of the isogra,ds to the regiona,l structure (Figure

2.1) suggested that peak metamorphic conditions were attained after the occur-

rence of most of the D2 deformation (Froese and Moore, 1980). However, the

biotite-staurolite isograd partly coincides with the Berry Creek fault and with
its possible continuation along the shore of \&-ekusko Lake. To the northea,st of

Wekusko La,ke, the Crowduck Ba,y fault also has a northeasterly tra,ce and cuts

metamorphic isogra,ds (Gordon, 1981). The biotite-sillimanite isogra,d and, possi-

bly, the biotite-sillimanite-almandine isogra,d, a,pparently displav a,symmetric sinu-

soidal tra,ces, consistent with a sinistral strike-slip component, r.r'here they cross the

Mcleod Road thrust fault. This occurs northeast of Snow Ba.y, nearly along-strike

from the prominent fopographic lineaments which ha,ve been suggested as the pos-

sible continuation of the Berry Creek fault. In the vicinity of the gneiss domes,

prograde metamorphism continued after gneiss-dome emplacement (D3), resulting

in static crysta,llization of high grade minerals (Froese and Moore, 1980).

2.4. .Llteration.

Altered rocks in the Snow Lake region are chara,cterized by assemblages of meta.-

morphic minerals resulting from regional metamorphism of synvolca,nic hydrother-

mal a,ltera,tion of Amisk volcanic and subvolcanic rocks (Skirrow, 1987; Trembath,

1986; Bailes, 1986; Jackson, 1983; Walford and Franklin, 1982; Froese and Moore,

1980; Hutcheon, 7979;7977). The relationships between altered rocks and sulphide

minera,lization are commonly unclear, due to the superposition of deformation on

primary structural and stratigraphic complexity. In many cases, altered rocks con-

tain only minor amounts of stringer or disseminated sulphide minerals, for exam-

ple, the Joannie and Ram zones (Trembath, i986) and the Linda I showing (Jeffery,

1982, unpubl.). The Anderson Lake and Stall Lake mines are associa,ted with exten-

sive altera,tion zones (Walford a,nd Franklin, 1982) whereas, in contrast, alteration

a,t the Rod mine is minor (Coats et aL,1970).
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2. Regional Geology

Benea,th the orebodies at the Anderson Lake mine, the Stall Lake mine, and the

Ram deposit, discorda,nt zones of intense altera,tion cut stratigraphy a,t an oblique

angle (30'), extending down-stra,tigraphy to intersect a lower, conformable to semi-

conformable, alteration zone (Watford and Franklin, 1982). At the Anderson Lake

mine, the discordant zone has a core of chlorite-biotite-kyanite schist with an outer

zone of less intensely altered staurolitic rhyolite. It is capped by an extensive halo

of muscovite schist, which envelops the orebody and the uppermost part of the dis-

cordant chloritic alteration (Fleming, unpub/.). The lower conformable zone shows

vertical zoning from upper staurolitic rhyolite to a, lower chlorite-biotite-kya.nite

schist, and lateral zoning r,r'ith a, decrease in chlorite and an increase in stauroiite

a,bundance to the southwest, away from the orebody. The discorda,nt zones lvere

interpreted to be the structurally transposed equivalents of alteration pipes, and

the conforma,ble zone) a. reservoir horizon of regionai extent (\4ialford and Franklin,

1982). However, the strong deformation in the Snos' Lake region ha,s obscured

primary relationships and the distinction between conformable and disconformable

altera,tion is commonlv tenuous.

In the Edwards Lake area, stratigraphically below the Chisel Lake mine (Figure

2.1), altered rocks are well exposed in a recent burn (Bailes et aJ., 1987; Skirrow,

1987). Pillowed and massive mafic flows show various degrees of silicification and

epidotization, interpreted by Skirrow (1987) as having occurred near a seafloor sur-

face. Semiconcordant zones of silicification and epidotization in mafic breccias grade

laterally into Fe-rich alteration chara,cterized by garnet-chlorite*biotite closer to the

Chisel Lake mine. These alteration types \ryere proposed to represent deep-seated

subsurface hydrothermal activity below, and focussing into, a. Chisel Lake footwall

alteration pipe (ibicl.). Wiliiams (1966, 1961) reported qnartz, muscovite, sta.uro-

lite, kyanite, biotite and garnet bearing rocks in the footwall and hanging wall to the

Chisel Lake deposit and identified these as metasedimentary intercalations within

felsic pyrociastic rocks. He recognized their high quartz a,nd muscovite contents as

a,typical of pelitic metasediments.

The Chisel Lake mine conta,ins Ca.-amphibole-carbonate assemblages in vein

material and in retrograde alteration associa,ted with the massive sulphide miner-

alization, which was interpreted to be of epigenetic origin (Williams, 1966; 1961).
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2. Regional Geologv

At the Rod mine, Coats et aJ. (1970) reported minor alteration, consisting mainly

of a. carbona,tized network of fractures, which they a,ttributed to remobilization of

primary carbonate derived from the volca,nic a,ctivity. Gold mineralization, in shea,r

zones near the Snow La,ke townsite, is associa,ted with carbonatization of wall rock

and the precipita,tion of quartz, albite, ferroan dolomite, oxy-biotite, arsenopvrite,

pyrite and pyrrhotite (Galley et a1.,1988).
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Chapter 3

Local Geology of the Linda .A.rea

The sulphide mineraiization and alteration associated with the Linda deposit is

hosted by Amisk felsic metavolcanic and volcaniclastic rocks with minor intercalated

lenses of metasediments. Lithological units strike northeast and dip to the northwest

(M.p, in pocket; generalized in Figure 3.1). Alteration and disseminated sulphide

zones lie to the northwest of the main pyritic body, thus overlying the massive

sulphide deposit in the present configuration. This relationship indicates that the

Linda deposit is overturned and that stratigraphic facing is to the southeast (see

3.2. Facing Direction).

Cross-sections A-A' and C-C' (in pocket; generalized in Figures 3.2 and 3.3),

represent vertical sections oriented approximately perpendicular to lithological con-

tacts, tectonic flattening, and the dominant mineral schistosity. The pronounced

tectonic lineation lies in the plane of the dominant tectonic fabric, making an angle

of approximately 60" with the projection plane of the cross-sections. Thus, the sec-

tions are slightiy oblique (i.e. 30") to the YZ-section of a generalized strain ellipsoid

in which the relationship of the lengths of the principal axes is X>Y>Z (e.9. page

170 of Ramsay and Huber, 1980).

3.1. Description of Lithological Units.

The lithological units and their subdivisions represent a compilation of surface

mapping (M.p, in pocket) and drill-hole logs (Sections A-A' and C-C', in pocket).

Surface mapping was done at a scale of 1:4800 and the subsurface cross-sections

were prepared at a scale of 1:600. This difierence in scale, which entails a difierence

in the scale of definition of mappable units, has been accommodated by the subdi-

vision of major units, facilitating correlation between surface and subsurface. The

subdivisions can be mapped in the subsurface, whereas in most cases, the geological

map presents a more generalized picture. Outcrop mapping covered a larger area
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3. Local Geology

and extended higher into the stratigraphic sequence than the subsurface coverage,

i.e. units 7-9 and unit 11 were not intersected by drilling but were mapped on

surface. Massive sulphide (unit 5) and graphitic metasedimentary rocks (unit 3),

intersected in drill core) are not exposed at the surface.

The units have a primarily lithological significance; for example, no strati-

graphic correlation is implied between units to the northwest, and units to the

southeast, of the Anderson Bay structure. For those cases in which lithological

changes due to stratigraphic succession are ssuggested, a lithological subdivision of

the major unit has been deflned, for example, intermediate volcaniclastic rocks (1d)

intercalated with felsic volcanic rocks (unit 1) (Sections A-A', C-C', in pocket).

Figure 3.4 presents a generalized stratigraphic sequence for the Linda area and

summarizes the relationships between the lithological units.

Altered rocks dispiay a spectrum of mineralogical, structural and textural fea-

tures and range from porphyroblastic schists (units 10d and 10p), which do not

preserve evidence of their protolith, to incipient alteration which overprints an

identifiable precursor. For cases in which the precursor could be identified, the

alteration has been indicated as superimposed on the primary lithology (on maps

and cross-sections), and the rocks are designated by the primary unit with an ad-

ditional descriptor indicating the type of alteration. For example, all}p refers to

alteration of type 10p superimposed on unit 4. These rocks should not be simply

assumed to represent gradations between unaltered and intensely altered rocks, as

identification of the precursor is partly dependent on the degree of tectonic over-

printing and the susceptibility of the rock to recrystallization, rather than strictly

on the degree of chemical alteration. For example, quartz-megaphyric felsic rocks

(unit 4) commonly contain recognizable quartz phenocrysts, even when the matrix

is intensely altered.

A petrographic code was devised to supplement the designation of hand sam-

ples by lithological unit (Appendix A) and as a 'short-hand' notation to facilitate

manipulation of the petrographic and geochemical database. The code is based

mainly on mineralogical criteria and was used to account for significant variations

on scales less than that of mappable units.

Nomenclature of lithological units and subdivisions has been based on megas-
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3. Local Geology

Figure 3.1. Geology of the Linda area generalized from the outcrop map (in
pocket). The surface projections of three composite cross-sections are indicated by
A-A' (Figure 3.2), B-B' (available on request) and C-C' (Figure 3.3).
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3. Local Geology

Figqre-3.3. Sub-surface_geology of the Linda deposit in cross-section C-C' (Figure
3.1) looking southwest. Linear structures plunge northeast. Short dashes delinéate
the proximal and distal alteration zones. Ilorizontal and vertical scales are equal
and the scale is the same as in Figure 3.2.
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Metaturbidite,
metagreywacke (Unit 9)

Mafic volcanic rocks
(Unit 8)

Generalized Stratigraphy of the Linda .A'rea.

Quartz-megaphyric
felsic rocks (Unit 7)

Mafic to intermediate
volcaniclastic rocks

(Unit 6)

Rhythmically bedded metasediments

Quartz-megaphyric
felsic rocks

(Unit a)

100 m

Fine grained homogeneous, local tuffaceous bedding

0-10 m
Bedded, quartz and plagioclase phyric

100 m

Breccia, lapilli a^nd crystal tufis,
lowe¡ heterolithic breccia contains clasts of Unit 4

Felsic

volcanic

and

volcaniclastic

rocks
(Unit 1)

20-80 m

Quartz and locally plagioclase phyric,
hosts massive sulphide (Unit 5) with footwall and
hanging wall alteration (a/10p)

3. Local Geology

Upper \ Mafic
5û-2ûû m 7'- \"ol""oic rocks
volcanidastic Graphitic \ (Unir Z)

with metasedirrent \-tSO .r,

intercalated (Unit 3) 0-5 m \
massive tchertyt rhyolite, \
hosts disseminated sulphide mineralization and \
proximal alte¡ation zone (10p)
Lower (400 m

felsic with minor intercalated intermediate to
mafic rocks, hosts d.istal alteration zone (tOd)
and calc-silicate alteration (f/fOc)

Figure 3.4. Generalized stratigrafnif ..r.""""i"" i"r;tot"i"¿ ø, ìrt.-ii"¿r lr""
southeast of the Anderson Bay stru-cture. The absolute thicknesses of the units are
unlikely to have stratigraphic significance.

copic examination of drill core and outcrops, and the designations are intended

as informal terms without strict genetic or compositional connotations. All rocks

are metamorphosed, but the prefix trneta'has generally been omitted. The term
talterationt, as used here, implies premetamorphic alteration, unless specified as

synmetamorphic, retrograde or, of unknown origin.

Unit 1. Felsic volcanic and volcaniclastic rocks, with minor intermediate
to mafic rocks.

Felsic volcanic and volcaniclastic rocks and their alte¡ed equivalents were ex-

tensively intersected by drilling but are poorly exposed on surface. Unit L hosts
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3. Local Geology

the distal and proximal alteration zones (10d and 10p, respectively). The colour of

weathered surfaces varies from buff to medium grey, suggesting approximately rhy-

olitic to dacitic compositions. It is mainly aphanitic (excepting porphyroblastic min-

erals), but locally contains minor fine (<2 mm) quartz or plagioclase phenocrysts.

In most cases, biotite is the most abundant ferromagnesian mineral, but dacitic

varieties commonly contain hornblende. Typically, a metamorphic-segregation fab-

ric is weakly to strongly defi.ned by an anastomosing micaceous layering, consisting

of biotite*muscovite, and also chlorite, garnet, epidote and/or calcite. Micaceous

layers, 0.5-5 mm in width, outline lenticular quartzo-feldspathic domains, 2-25 rnrn

in width. The wider micaceous layers tend to be more muscovite-rich and ap-

pear to grade into incipiently altered rocks. Tectonic fabrics (,S1 schistosity and 
^92

crenulation cleavage 1 see 4. Structural Geology of the Linda Area) are well deflned

within the micaceous layers and very weak in quartzo-feldspathic domains. Rocks

in which the layering is dominated by epidote and/or calcite (1/10c and 1b/10c)

define a calc-silicate alteration zone, and also occur locally throughout the unit.

Volcaniclastic rocks (1b) dominate the uppermost (stratigraphically) 50-200 m

of the unit and are intercalated with massive 'cherty' felsic rocks (1a), which may

represent or, be transitional to, silicified rocks (10s). These upper members host

the proximal alteration zone (10p), disseminated sulphide mineralization, minor

massive sulphide bodies (unit 5) and graphitic metasediments (unit 3). The vol-

caniclastic rocks (1b) are mainly monolithologic, containing flattened felsic clasts

oriented parallel to the dominant schistosity in a micaceous felsic matrix. They

resemble matrix-supported lapillistone or lapilli-tuff (Fisher and Schminke, 1984).

In some cases, metamorphic layering is developed in, or coincident with, the

matrix of volcaniclastic rocks, í.e. with clasts forming lenticular quartzo-feldspathic

domains separated by a fairly uniform thickness of anastomosing matrix. There

are many rocks transitional between volcaniclastic rocks and felsic rocks in which

primary structures are not discernible. The latter are commonly characterized by

diffuse leucocratic domains transected by fine micaceous layering.

A distinctive type of fragmental rock occurs within the proximal alteration

zo:ne. It consists of clast-supported breccias (1c or 1c/10p) with interlocking angular

fragments of 'cherty'felsic rocks (resembling unit la) in an altered and mineralized
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3. Local Geology

matrix.

Within the felsic volcanic rocks, intermediate and minor mafic hornblende-

bearing rocks occur as intercalations representing up to 30 m of drill-core inter-

section. The more mafic varieties are dark green, frne grained homogeneous or,

in some cases, recrystallized to aggregates of coarse grained hornblende. Locally,

the mafic rocks grade to chlorite schists (possibly retrograde?) with a well devel-

oped .9-C fabric. Intermediate varieties are commonly volcaniclastic, containing

cummingtonite-bearing felsic clasts supported in a hornblende-chlorite-bearing ma-

trix. Biotite, garnet and magnetite are common accessory minerals. In some cases,

graded bedding is defi.ned by variations in clast size and abundance, with minor

occurrences of zones which may be clast-supported.

Hornblende-bearing rocks also occur as enclaves representing 1-10 cm of drill-

core intersection, within the typical biotite-layered feisic rocks of unit 1. The en-

claves are characterized by radiating sprays and 'bowtie' aggregates of hornblende

in an aphanitic felsic matrix which forms a leucocratic halo to the host rock. The

halo, in some cases, appears discordant to the biotite layering in the host rock,

although the distribution of hornblende defines a weak concordant layering.

Unit 2. Mafic volcanic roeks, with minor intermediate rocks.

Unit 2 encompasses a variety of dark to medium green hornblende-rich rocks.

In the immediate proximity of the Linda deposit, a sequence (2a) of approximately

150 m in thickness, terminates latera"lly and down-dip against the proximal alter-

ation zone. These rocks vary from homogeneous, fine to medium grained, to layered

on a 2-25 cm scale, with layering defined by gradational changes in the abundance

of plagioclase phenocrysts(?) .5-3 mm in size. The layering is parallel to min-

eral schistosity and lineation, and commonly deflects around regularly distributed

eiongate epidotized patches, 0.1-.3 m in thickness and 0.2-1 m in length in the

YZ-section of a generalized strain ellipsoid. Locally, the long axes of the epido-

tized patches have an oblique orientation with respect to the layering. The layering

follows a sigmoidal trace around the patches, giving the appearance of rotational

strain (see Figure 4.1, d).

Within this sequence, there are minor intercalations of apparently volcaniclastic

rocks (2e), with felsic clasts flattened parallel to the schistosity of the mafic matrix.
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3. Local Geology

The primary structures are commonly obscured by randomly oriented, medium

to coarse grained, hornblende porphyroblasts. Locally, garnet, cummingtonite and

magnetite occur as accessory minerals and increase in abundance near contacts with

felsic rocks which show evidence of silicification (see Unit 10).

A distinctive subdivision (2c) of unit 2 occurs in the northeast of the mapped

area where it forms extensive knolls of high relief. In this area, very homogeneous,

aphyric mafic rocks are massive except for a mineral lineation defined by fine to

medium grained hornbiende.

To the northwest of the trace of the Anderson Bay structure, in a poorly

exposed area, mafic rocks (2d) consist of pillowed flows and flow breccias intercalated

with mainly heterolithic volcanic breccia. The pillowed flows (2b) contain relict

plagioclase phenocrysts and hornblende pseudomorphs of euhedral clinopyroxene

phenocrysts up to 1 cm in size. The pillows have ameboid shapes; the cores are

epidotized and the margins are bleached and carbonatized.

In the northeast, minor volcaniclastic rocks (2e) consist of breccias, lapillistones

and tuffs, with graded bedding defined by changes in clast size and abundance, in-

cluding some clast-supported beds. These rocks are extensively altered, typically

containing cummingtonite-magnetite-bearing felsic clasts in a matrix with abun-

dant, medium to coarse grained, garnet-hornblende*cummingtonitetbiotite. This

subdivision occurs stratigraphically above silicified pillowed flows (2b/10s) which

contain a similar mineral assemblage (see Plate 6.1, c-d).

Unit 3. Graphitic metasedimentany rocks.

Mineralized graphitic metasediments occur on at least two horizons within

the proximal alteration zone, forming lenses 1-5 m thick. The lateral extent is

limited, but the metasediments were intersected at intervals along a considerable

down-plunge length. The unit is dark, mineralized with pyrite, pyrrhotite, and mi-

nor sphalerite, chalcopyrite and arsenopyrite, and commonly associated with minor

massive sulphide bodies (unit 5). Thin bedding (0.1-10 mm) is defined by varia-

tion in the abundance of very finely divided graphite (see Plate 5.2, e). Beds with

sparsely d.isseminated graphite contain abundant kyanite and minor phlogopite por-

phyroblasts in a schistose margarite-muscovite matrix. They also contain fine (S1

mm) quartz-crystal clasts. The bedding is folded and crenulation cleavage is well
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3. Local Geology

developed in phyllosilicates (see Figure7.7, Plate 7.1). Unfortunately, the drill core

was severely damaged during previous splitting.

Unit 4. Quartz-megaphyric felsic volcanic rocks.

Quartz-megaphyric rocks host the main pyritic body of the Linda deposit and

are extensively altered ( /10p) in both the stratigraphic footwall and hanging wall.

The thickness of the unit varies from 20-80 m, tending to increase slightly in the

proximity of the termination of the mafic volcanic rocks of unit 2. It is laterally

continuous throughout most of the mapped area occurring in isolated exposures

which commonly show some degree of alteration. To the northwest of the Anderson

Bay structure, an extensive area of similar lithology hosts the Rod and Stall Lake

mines and shows sporadic alteration.

The unit is characterized by blue quartz phenocrysts, 3-10 mm in diameter

(in YZ-sections), which constitute 2-30% of the rock. Relatively unaltered vari-

eties commonly contain 2-20% plagioclase phenocrysts. Variations in phenocryst

abundance and size define thick bedding (0.3-3 m), but most primary features are

obscured by alteration and by the development of tectonic fabrics. Near the upper-

most (stratigraphically) part of the unit, a medium grey, more dacitic rock occurs

discontinuously and the quartz-megaphyric rocks show some interleaving with the

overlying intermediate rocks (unit 6).

In drill core, the unit is incipiently to intensely altered (al70p), in many cases,

consisting of a muscovite schist with quartz augen, with or without accessory chlo-

rite, biotite, staurolite and kyanite. It typically contains abundant disseminated

pyrite in amounts of up to L0% and, in several cases, bedding and bedding-plane

contacts are defined by changes in pyrite concentration. Within the unit, there

are intercalations of felsic trapillistone and lapilli-tuff which tend to contain lower

concentrations of quartz phenocrysts. Felsic clasts are supported in a matrix vary-

ing from aphanitic buff-coloured felsic material to an intensely altered muscovite

schist. In many cases, the clasts have poorly defined diffuse margins and there is a

transition to diffuse quartzo-feldspathic domains of uncertain origin. Less schistose

rocks commonly show a layering defined by micaceous segregations similar to that

described for unit 1.

On the southeast side of the Anderson Bay structure, the unit is very heteroge-
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neous. Surface exposures commonly show carbonatization and calc-silicate miner-

alogy of unknown genesis (possibly synmetamorphic). Discontinuous thin layering

on a centimetre scale is deflned by hornblende-epidote-calcite-bearing zones. In
some cases, fine ((5 mm) angular carbonitized domains resemble altered clasts and

define layering in association with q:uartz phenocrysts. These rocks are also asso-

ciated with zones, .5-10 m in thickness, of coarse grained layered amphibolite and

plagioclase-phyric tuffs(?) and lapilli-tuffs which show grading on a 20-50 cm scale.

The uppermost (stratigraphically) 5-30 m of the unit in the northeast consists

of volcanic breccia (4a) containing both quartz-megaphyric and aphyric felsic clasts,

flattened parallel to the metamorphic-segregation fabric to dimensions of up to
4 x 25 cm in YZ-sections. The breccias are mainly matrix-supported but with some

nearly clast-supported beds. The matrix is felsic to intermediate, containing garnet,

biotite, calcite, muscovite and/or hornblende. The clasts commonly show re-entrant

angles, possibly resulting from deformation of originally angular shapes.

There is no continuity between quartz-megaphyric felsic rocks to the southeast

and to the northwest of the Anderson Bay structure. The unit on the northwest

is similar in the occurrence of blue quartz and plagioclase phenocrysts and in spo-

radic alteration marked by abundant biotite, muscovite, kyanite, staurolite and/or
chlorite. However, it is more homogeneous, showing a fairly regular distribution
of phenocrysts on outcrop scale and variably developed anastomosing micaceous

layering.

Associated volcaniclastic breccias (4a) are matrix-supported and heterolithic,

containing clasts of quartz-megaphyric and intermediate rock types, epidotized

clasts, white quartz cobbles, and quartz-crystal and plagioclase-crystal clasts in
a dark hornblende-biotite-rich matrix. The breccias are poorly sorted, but graded

bedding is weakly defined by laterally discontinuous zones with higher abundances

of crystal clasts. The lithic clasts are flattened parallel to schistosity, to shapes up

to 20 cm long in YZ-sections.

Unit 5. Massive and semi-massive sulphide mineralization.

Massive sulphide bodies were intersected by drilling, but are not exposed on sur-

face. The largest body forms a lens within quartz-megaphyric felsic rocks (unit 4),

and lies close to the upper stratigraphic limit of the proximal alteration zone (10p).
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Three smaller bodies are associated with disseminated sulphide mineralization lower

in the stratigraphic sequence within the proximal zone. All the bodies have flattened

elongate shapes generally concordant to bedding and to schistosity. Disseminated

sulphide mineralization extends laterally for a considerable distance, particularly

along the horizon of the largest sulphide body.

The largest body and, in some cases, parts of the smaller lenses, are dominantly

composed of medium to coarse grained, granular pyrite. They are commonly semi-

massive, lack penetrative fabrics, and consist of 20-60 % pyrite intergrown with
medium to coarse grained, white calcite. Pyrrhotite, chalcopyrite and sphalerite

occur locally with pyrite in zones representing 1-15 cm of drill-core intersection.

Enclaves of silicate mineralogy are present as zones varying from quartz-augen

muscovite schist to semi-massive sulphide containing quartz 'eyes'. Some silicate

enclaves of dark colour contain hornblende, epidote, plagioclase and gahnite, and

in one case, garnet. These enclaves show fine (thin-section scale) mineralogical zon-

ing along contacts with the pyrite-calcite rocks (see 5.6.2. Silicate Enclaves in the

Main Massive Sulphide Body). A single occurrence of an enclave characterized by

anthophyllite*staurolite*gahnite (sample 24-LI31-1; Table A'.1) was observed.

The smaller massive sulphide bodies, particularly those associated with
graphitic metasediment (unit 3), contain pyrite with accessory pyrrhotite, chal-

copyrite and sphalerite, and minor calcite on veinlets and fractures. The contacts

of the unit are commonly interleaved with silicate rocks containing quartz, mus-

covite, margarite, biotite and kyanite.

Unit 6. Mafic to intermediate, mainly volcaniclastic rocks.

Intermediate volcaniclastic rocks overlie the quartz-megaphyric felsic rocks of

unit 4 and outcrop over an extensive area on the southeast side of the Anderson

Bay structure. Most drill holes ended within the lowermost 50 m of this unit. To

the northeast, the base of the unit consists of heterolithic, poorly sorted, volcanic

breccia (6a) which contains abundant clasts of the underlying quartz-megaphyric

felsic rocks. Other clast types include mafic hornblende-rich rocks, intermediate

hornblende-bearing rocks, aphanitic felsic rocks and, in rare cases, quartz-crystal

clasts. The clasts range in size from fine lapilli to up to 10 x 30 cm and are supported

in a dark hornblende-rich matrix. Weak grading is defrned by clast-rich zones.
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3. Local Geology

The bulk of the unit consists of iapillistone, lapilli-tuff and crystal-tuffs (6b)

with felsic clasts and plagioclase-crystai clasts. The rocks are matrix-supported with

grading defined by variations in clast size and abundance. Some zones attain densi-

ties of 40-50 % plagioclase-crystal clasts up to 3 mm in size. Locally, the layering is

weakly defined and lenticular. Felsic lithic fragments are mainly less than 1 cm in

size but, locally, flattened fragments attain 25 crnin YZ-sections. There is an overall

tendency to finer clast sizes higher in the stratigraphic section, grading to a homoge-

neous fine to medium grained rock near the upper contact. Mineral assemblages vary

from cummingtonite-bearing felsic fragments in a hornblende-chlorite-rich matrix,

to carbonitized and epidotized fragments in a hornblende-epidote-calcite-bearing

matrix. Biotite and garnet are common accessory minerals. Locally, randomly

oriented, coarse grained amphibole porphyroblasts obscure primary structures.

Layered amphibolites (6c) of unknown origin occur mainly close to the basal

contact with quartz-megaphyric rocks (unit 4). They consist of thin alternating

felsic and mafic layers less than 1 cm wide. Hornblende is randomly oriented in

coarse grained sheaves confined to mafic chlorite-rich layers.

Unit 7. Quartz-megaphyric felsic volcanic rocks.

A second unit of quartz-megaphyric felsic rocks forms a serni-continuous, poorly

exposed, marker horizon higher in the stratigraphy. Its thickness varies along strike

from 0-10 m and the possible structural or primary significance of this is unknown.

In contrast to the quartz-megaphyric rocks of unit 4, there is no evidence of ex-

tensive alteration. Bedding is well defined by varying abundances of quartz phe-

nocrysts, 1-10 mm in diameter, and plagioclase phenocrysts, 0.5-2 mm in diameter,

which constitute 5-25% and 5-15 To of. lhe rock, respectively. These defrne fairly

homogeneous layers, 0.1-1 m in thickness, with abrupt contacts. In some cases,

phenocryst fragments are apparently present, as well as minor fine (5 mm) felsic

lithic fragments(?). The matrix is aphanitic and felsic, locally with weakly devel-

oped micaceous segregations. Biotite, hornblende, chlorite and garnet are common

accessory minerals.

Unit 8. Mafic volcanic rocks.

Dark green, fine to medium grained mafic rocks, lithologically similar to the

uppermost part of unit 6, overlie quartz-megaphyric rocks (unit 7). The unit is
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mainly homogeneous hornblende-rich and, commonly, chloritic, with a moderately

developed fissility parallel to mineral schistosity. Locally, it shows thin to medium

bedding (0.5-10 cm thick) of tuffaceous sediment, in some cases, with fine (<2 mm)
plagioclase-crystal clasts and possible iithic fragments and, rarely, with a buff-

coloured 'cherty' bed. Minor occurrences of epidotized patches up to 0.15 x 1.5 m

are similar to those observed in unit 2. Coarser volcanic breccia and lapilli-tuff
form minor intercalations within the main lithology. These typically consist of 5-
20% felsic clasts in a mafic matrix, but ciast-supported beds, with clast sizes up to
10 x 40 cm in YZ-section, also occur. To the southeast near Wekusko Lake, some

parts of the unit are more heterogeneous. Very poorly exposed coarsely fragmental

rocks and felsic rocks, including biotite-garnet dacitic rocks similar to unit 1, and

quartz-phyric(?) felsic rocks, are apparently interleaved with mafic rocks.

Unit 9. Metaturbidite and metagreywacke.

Three outcrop areas of metagreywacke occur within the mapped area. Two of
these are aligned on a northeasterly trend, suggesting that the metasediment forms

an intercalation within metavolcanic rocks. The outcrops are large high relief knolls

with thick lichen cover. Prominent weathering concentrations of coarse grained (1-
2 cm) staurolite and fine to medium grained (0.5-2 mm) garnet porphyroblasts

define rhythmic bedding, 1-5 cm in thickness. Biotite, muscovite and graphite

are abundant. Asymmetrical minor folds of 0.5 m amplitude are prevaient. The

metasediment is similar in lithology to outcrops of Amisk Group metasediments in
the town of Snow Lake.

Another area of metasediment forms a srnall isolated promontory into Wekusko

Lake. The metasediment is quartzo-feldspathic, containing grains of feldspar and

blue quartz up to 1 mm in size, with accessory garnet and biotite. Thin to medium

bedding ranges from 0.5-10 cm in thickness. In contrast to the more northerly

exposures of metasediment, no staurolite porphyroblasts were observed and the

sediment composition is more psammitic.

Unit l-0. Altered rocks.

This unit encompasses a wide variety of alteration types which are briefly sum-

marized here (see 5. Proximal and Distal Alteration Zones, and Mineralization and

6. Other Types of Alteration). Two distinct alteration zones have been delineated
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in drill core but are not exposed on surface. The zones have been designated 'distal
alteration zoÍte' (10d) and 'proximal alteration zone' (10p), with reference to their

relative distance from the massive sulphide bodies (unii 5); these terms are not

intended to have genetic or lithofacial connotations. The distal zone (10d) occurs

in felsic volcanic rocks of unit 1, 200-250 m below (with respect to stratigraphic

facing) the largest sulphide body. The proximal zone (10p), in part, occurs in the

uppermost part of unit 1, down-dip from the termination of mafic volcanic rocks of

unit 2. It is developed mainly in felsic volcaniclastic rocks (1b), 'cherty'felsic rocks

(1a) and ciast-supported breccias (1c) and, engulfs minor massive sulphide lenses

(unit 5) and graphitic metasediment (unit 3). It also occurs in quartz-megaphyric

felsic rocks (unit 4), affecting both the hanging wall and footwall to the largest

r,..-assive sulphide body (unit 5). Both alteration zones extend down-dip beyond the

limits of dritling.

Altered rocks within the proximal and distal zones display considerable vari-

ation, but are typically quartz-rich chlorite-muscovite schists with various propor-

tions of staurolite, biotite, kyanite, magnetite, garnet, and/or sulphide minerals.

Both zones apparently have an irreguia core characterized by muscovite-staurolite-

gahnite schist (1Oda, 10pa). Minor occurrences of altered rocks of similar mineralogy

are exposed on surface, mainly within quartz-megaphyric felsic rocks (unit 4).

Calc-silicate minerals occur in two types of alteration, distinguished on the basis

of textural and structural relations, and paragenesis. Felsic rocks in which mica-

ceous layering is dominated by epidote-biotitetmuscovitetcalcite ( 1 /10c, lb/10c),
envelop the distal alteration zone (10d) and have isolated occurrences elsewhere

(4170c, LfL}c, 1b/10c). The rocks are characterized by the involvement of calc-

silicate minerals in the tectonic fabrics. In contrast, the assemblage Ca-amphibole-

epidote-calcite*titanite (10i) occurs in statically crystallized, medium to coarse

grained aggregates, generally forming volumetrically minor, discrete drill-core in-

tersections of up to 1.5 m in length. In some cases, the contacts with the host

rock are transitional over 1-5 cm and visibly discordant to 
^91 layering. This latter

type of calc-silicate alteration is usually notably low in sulphide minerals. It occurs

sporadically within most units, including calc-silicate altered rocks of the former

type (1/10c, 1b/10c, al70c).
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Dark green mafic schists (10m) containing chloritethornblende occur as minor

enclaves within the distal zone (10d), or in association with mafic volcanic rocks.

These schists may be, at least in part, associated with retrogression.

Epidote-hornblende-calcite alteration of mafic rocks (10e) was encountered in
both surface and subsurface exposure. It generally takes the form of epidotized

patches as previously described for units 2 and 6.

Quartz veins (10v) constitute a mappable unit only on the more detailed scale

used in subsurface cross-sections. They occur in both the proximal and distal al-

teration zones, as well as in other lithological units and alteration types. They

are typically deformed, containing infolded wall-rock inclusions, and have contacts

concordant to schistosity or apparently causing the nucleation of asymmetric drag

folds in the host rock.

The recognition of possibly silicified and/or feldspathized rocks (10s) is prob-

lematic, particularly in drill core. Massive (cherty'felsic rocks (1a), on the evidence

of geochemistry (see 11.1.1. Geochemistry of Felsic Rocks and Silicic-Feldspathic

Altered Rocks), are albitized and silicified. In some cases, breccias (1c) contain dif-

fuse 'cherty' clasts outlined by fine disseminated sulphide minerals and cemented in
a 'cherty' siliceous matrix. In many cases, the contacts of mafic rocks of unit 2 with
felsic rocks (unit 1) and quartz-megaphyric rocks (unit 4) are gradational and char-

acterized by the presence of cummingtonite and magnetite porphyroblasts (see 6.1.

Silicic-Feldspathic Alteration; Plate 6.1, a). In volcaniclastic rocks, felsic clasts are

commonly associated with cummingtonite, whereas hornblende and chlorite and,

in some cases, garnet, are abundant in the mafic matrix. On surface, one expo-

sure of pillowed rocks shows evidence of silicification (2bl70s), with buff-coloured

cummingtonite-bearing pillow interiors outlined by medium to dark green margins

containing hornblende-cummingtonite-garnet-magnetite (see Plate 6.1, c-d).

Unit 11. Gabbro.

A small body of massive, medium green, coarse grained, hypidiomorphic gabbro

intrudes volcanic rocks southeast of Anderson Bay. It consists mainly of coarse

grained Ca-amphibole up to 1 cm in size, with minor interstitial aggregates of fine

grained epidote. The amphibole probably replaced primary clinopyroxene.
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3.2. Stratigraphic Facing.

Most of the alteration at the Linda deposit overlies the massive sulphide min-

eralization. This configuration requires that stratigraphic facing is down and to

the southeast (Figure 3.1). Along-strike from the deposit to the northeast, het-

erolithic volcanic breccias (6a) in contact with quartz-megaphyric felsic rocks (4)

contain clasts of the same lithology (4). These breccias (6a) were interpreted to

have incorporated clasts of the underlying unit during transport and, therefore,

they also indicate southeasterly facing of the lithological sequence in this area. The

Berry Creek fault may form the contact between the metavolcanic rocks and Amisk

metasedimentary rocks on islands in Wekusko Lake and, in one exposure on the

shoreline.

Pillowed flows near Kormans Lake and east of the Rod minesite are strongly

deformed. The piliow shapes indicate a general northeasterly facing direction but

are equivocal with respect to the facing direction of the stratigraphic sequence (i.e.

northwest or southeast?). Pillowed flows north of Anderson Bay were interpreted

by Jeffery (1982, unpubl.) to face northwest, but the shapes are too ameboid for

confident appraisal.

The Stall Lake deposit faces north (\Malford and Franklin, 1982; Studer, 1982);

the Rod deposit (Coats et aJ., 1970) and the Linda I showing (Jeffery, 1982, un-

publ.) do not yield facing directions. Near Anderson Creek, equidistant between

Stall Lake and the surface projection of the Linda deposit, a one-metre thick bed

of heterolithic breccia forms an intercalation between pillowed flows. Along the

southeast contact of the breccia, the pillow selvedges show truncation against the

breccia bed, interpreted to be the result of scouring (see Figure 4.7, a). On the

northwest, piliow selvedges are continuous, indicating emplacement of the flow on

top of a pre-existing breccia bed. On the basis of these observations, this outcrop

was interpreted to face northwest and to constrain the locus of the change in facing

direction to an area between Anderson Creek and the Linda deposit (see 4.1.2. The

Anderson Bay Structure).

3.3. Stratigraphy.

The major lithological units can be interpreted in terms of a generalized strati-

graphic sequence for the Linda area on the southeast limb of the Anderson Bay
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anticline (Figure 3.a). In view of the deformation, the absolute thickness of units

is unlikely to have stratigraphic significance. Lithological units and sequences are

similar on both sides of the trace of the Anderson Bay structure, but the differences

are significant. Mafic rocks (2d) to the northwest of the structural trace commonly

contain plagioclase phenocrysts and hornblende pseudomorphs after clinopyroxene

phenocrysts. To the southeast, mafi.c rocks of unit 2 ate aphyric or plagioclase-

phyric. Felsic rocks comprising unit 4 contain quartz megacrysts on both sides of

the structural trace, but the unit is more heterogeneous and more mafic on the

southeast, commonly containing metamorphic hornblende and epidote. The unit is

markedly thicker on the northwest, but this may be due to structural repetition or

thickening (see 4.5. Discussion).

Major units on the southeast of the Linda area show lateral continuity and,

in the absence of alteration, a relatively uniform degree of strain. The presence

of cryptic bedding-parallel faults cannot be ruled out, but the simplest interpre-

tation is that of a stratigraphic succession. The lenticular nature of some of the

subunits may be primary. In the northeast, the stauroiite-bearing metasedimentary

rocks (unit 9) between Kormans Lake and Wekusko Lake are very similar to Amisk

Group metasediments (e.g. in the Snow Lake townsite) normally considered to

overlie Amisk Group metavolcanic rocks (Froese and Moore, 1980). In view of the

pinching out of units 4 and 7 in this area and the occurrence of the metasedimen-

tary intercalation (Figure 3.1), it seems probable that this area contains structural

complexities, the precise nature of which remains unknown. The metasediments

of unit 9 in the Linda area are correlative with Amisk Group metasediments and

are thus shown at the top of the generalized stratigraphic sequence (Figure 3.4), in

accordance with the regional geology (Froese and Moore, 1980).
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Chapter 4

Structural Geology of the Linda Area

The structural geology of the Linda area was mapped independently of deforma-

tiona,l sequences proposed for the Snou' Lake region (Froese a,nd Moore, 1980; Jack-

son, 1983) to ensure the collection of an internally consistent structural database,

rvhich can subsequently be interpreted and correla,tecl with the regional structure.

Thus the structura.l designatic¡ns in the following chapter apply specifically to the

Linda area. '5'refers to planar fabrics, 'L'Ío linea,r fabrics and'.F'to folds; sub-

scripted numbers indica,te the relative chronological sequence inferred from observed

rela,tionships. For example, Ss denotes primary planar fabric elements such as bed-

ding and lithological contacts, and ,91 fabric elements include modified primary

features such as fla,ttened clasts and quartz phenocrysts (Table 4.7). 'D'refers to
the hypothetical event during which the planar and linear fa,bric elements of a par-

ticular generation were formed. For example, D¡ refers to the volca,nic'event'during

which ,9¡ developed, and D1 refers to the first (recognized) deformation to rvhich

the development of ,91 a.nd tr1 is attributed. Similar schemes for the classification

of structural data, are in common usage (e.g. Hobbs et aL.r 1976).

An ,L-S tectonic fabric dominates the structure of the Linda deposit and the

entire Snow Lake region. Primary features, such as suiphide lenses, pillows and

clasts, show a, northeasterly trending elongation. For example, the main sulphide

body of the Linda deposit exceeds 1500 metres in plunge-length; the maximum

strike-width is less than 200 metres. Planar primary structures, such as lithological

contacts and bedding, are structurally transposed into northeasterly strikes with

dips to the northwest. In the Linda. area, a, general parallelism of ,9e and ^9r fabrics

suggests that the rocks underwent pervasive high strain. Structural observations on

outcrop and in drill core implv two main deforma,tional events.
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Table 4.1. Structures in the Linda Area.

Planar Fabric Elernents

contacts and bedding

transposed 51¡

fl¿ttened quartz phenocrysls

flattened clasts

flattened pillows
metamorphic segregations

mineral schistosity

dimensional orientation of
mimetic porphyroblasts

crenulation cleavage

mineral crystallographic
orientation

mineral dimensional and

crystallographic orientation
discrete spaced cleavage

Fz fold axial planes

Linear Fabric Elernents

Dz

elongate quartz phenocrysts

elongate clasts

elongate pillows

mineral lineation

lale Dz?

retrograde shears

post-D2 brittle fractures

4.1. D1 Deformation.

4.L.L. 51 Planar Fabric Elements.

D1 deformation is manifested in flattening and elonga.tion of pillows, of clasts

in fra,gmenta,l units, and of qua,rtz eyes in quartz-megaphyric rocks, by mineral foli-

ation, and by transposition of primary structures. In heterolithic fragmental rocks,

the degree of flattening of individual clasts typically shows some dependence on

lithology. Mafic to intermediate clasts are more fla,ttened than felsic or epidotized

clasts and, in some cases, are crescent-shaped, conforming to the margins of more

competent clasts. In matrix-supported breccia,s, the mineral schistosity in the ma-

trix is similarly deflected around the more competent clasts. Lenticular clasts with

multiple terminations on one end and re-entrant a,ngles filled by matrix ma.terial

',¡¡ere inferred to result from the fla,ttening of originally angular to subangular clasts.

Pillowed rocks near Kormans Lake (Mup, in pocket) contain some crescent-
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shaped (molar-tooth) pillows resembling those attributed by Borradaile (1982) to

heterogeneous strain. Bleached pillowed rocks east of the Rod minesite are prola,te,

although margins show an,9l mineral schistosity (see Plate 6.1, c; Note that the

view in this plate is dorvn the plunge of the linea.tion.). Epidotized knots in mafic

rocks (2a) are elongate and show a consistent obliquity to ,S1 as defined by mineral

folia,tion and layering (Figure 4.7, ð,; see 4.1.3. Relationships of ,5s and ,S1 Fabrics).

In felsic rocks and altered felsic rocks, ,S1 is defined by a fine compositional

la,yering, consisting of concentrations of aligned micaceous minerals. The layering

anastomoses around granoblastic quartzo-feldspathic domains. The definition of

the fa,bric varies from very weak and diffuse or entirely a,bsent in the most leuco-

cratic and 'cherty' rocks, to strong in felsic rocks with greater abundances of biotite,

muscovite or chlorite, to a pronounced gneissosity iri some altered rocks. Minerals

associa,ted with the micaceous la.yers include muscovite, biotite, chlorite, epidote,

staurolite and garnet. Muscovite a,nd chlorite and, in sorne cases, epidote, typically

show ,S1 crystallographic orientation parallel to the la.yering. Staurolite and garnet

appear mimetic, with a skeletal or poikiloblastic texture showing ,9r dimensional

alignment, but with mainly random crystallographic orientations. Biotite is simi-

larly mimetic after 51 layering, but (001)-planes commonly defrne a foliation oblique

to the layering (see 4.2.L. Sz Pla,nar Fa,bric Elements). The u'idth and spacing of

mica,ceous la,yers varies from very fine (.1 mm at .5-1 mm intervals), usually in leu-

cocratic rocks, to coa,rse (up to 5-8 mm a,t 10-30 mm intervals). The widest layers

occur in altered rocks, in many ca,ses, imparting a mica,-staurolite banded structure.

In felsic volcanic breccias, the matrix tvpically contains greater abundances of

phyllosilica,te minerals and is more schistose than the clasts. In altered breccias,

the matrix seems more intensely affected by both alteration and subsequent defor-

mation; the resulting fabric consists of felsic clasts with a gra,noblastic texture in

a schistose matrix. There is a complete gradation from gneissic altered rocks to

felsic volcaniclastic rocks with a schistose matrix. Transitional varieties resembie

volcaniclastic rocks but show sharp contacts between clasts and matrix; a constant

thickness of matrix shows an even distribution around monolithologic felsic domains

with a. very regular size distribution. This structure is observed even in altered rocks

in which the leucocratic doma,ins contain no feldspar,, i.e. are apparently completely
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Figure..4.l.. (following page) Structural ma.p of the Linda area, highlighting
fa,cing directions- which constrain the change in stratigraphic facing to tiã be"tweeñ
the area south of Stall Lake (not shown) atrd the Linda,ãeposit. The"insets illustrate
outcrops on which a.n angular devia.tion was observed bètween ,56 and ,S1 fabrics.
The base map.and \gy t" T1p syml¡ols are the same as in Figurc- .Z.
a. Intercalation of heterolithic volcanic breccia, and plagioclãse-hornblende (pyro-

xene)-phyric pillowed mafic flows. The breccia-is -matrix-supported, 
iäärty

sorted and not graded. The contact on the southeast side ofi-he breccìa, beä
shows.slight irregularities and pillow selvedges are truncated against the brec-
cia,. The truncation of the selvedges was intèrpreted to be the iesult of synde-
positional scouring. Along the contact on the northwest side, pillow selvädges
are continuous, suggesting empla,cement on top of the breccia-bed. Ther" î.-
lationships- require no-rthwesteily stratigraphic facing. ,5r, defined by flattened
p-rllows and cll.sts and by mineral foliation, is obliqué to the ^9s contäcts. Note
that the So^ll, vergence is not consistent with an tr'1 anticlinal closure along
the tra,ce of the Anderson Bay structure.

b. B-edding in felsic volcanic breccia defined mainly by variations in the abundance
of coarse q-u-a,rtz-mega,phyric and aphyric felsic clàsts. ,51, defined by flattened
clasts, is oblique to the ^96 bedding.

c. Altered interbedded volcanic brecðias and tuffa,ceous metasediments lie to the
southeast of the_ contact (56). Bedding is defined mainly by variations in clast
abundances and size, a,nd by a singlõ cherty bed (insät). The most north-
westerlv bed consists of lenticular leucocra,tic cummingtónite-ma,gnetite-felsic
domains resembling coa.rse clasts or flattened silicifieã pillows, ín a garnet-
g,mphibole-biotite matrix. The metasediments contain clmmingtonitel horn-
bìende, garlet, biotite_a,nd magnetite porphyroblasts which ma! obscure fine
Sl.gtg. ,S1,_defined by flatte-ned-clasts ánd-mineral schistosity, is-oblique to ,Ss
bedding- ,51-ma,] be parallel to the axial plane of ,t'1(?) crenüÍated laminationi
within the cherty bed (inset, axial qlane õf crenulattoás indicated by S). Open
flexures involving both the ,So and the ^9r fabrics appear as gentle oådílrtiåtr..

d. Trails of epidotized knots in mafic volcanic rock, with seni-continuous alter-
nating hornblende-rich and plagioclase phenocryst-rich layers (semi-continuous
lines). The long- a-xis of thé epidotized- knots is oblique'to làyering, which is
a¡Ymmetrically deflected around the knots. ,51 mineral schistoJitv is parallel to
the lavers. The- epidotized knots may be the boudina,ged and rotäted remnants
of original epidotized la,yer_s. 'The plagioclase and hõrnblende-rich layers may
also-represent transposed ,9s layeringãr bedding, which accommodaied morä
strain and deformed in a ductile manner around t-he more competent epidotized
knots. The sense of rotation of the knots and the contortion ãf th" rnatrix are
cc¡nsistent with noncoaxial sinistral shear.

silicified.

4.!.2. The Anderson Bay Structure.

Stra,tigraphic facing cha,nges in the Linda a,rea from the northwesterly facing

homoclinal sequence which extends northward to Snow Lake (see 2.1. Lithology and

Stratigraphy), to a southeasterly facing sequence near Wekusko Lake (Figure 4.I; see

3.2' Stra.tigraphic Facing). The presence of a nearly isoclinal f'1 fold, the Anderson
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Bay anticline, with an axial trace lying between the Anderson Lake, Stall La,ke

and Rod deposits on the northwest limb, and the Linda deposit on the overturned

southea,st limb, \¡/as proposed by Faiconbridge geologists (Jeffery, 1982, unpubl.).

The felsic rocks hosting massive sulphide deposits \ryere mapped as a continuous

unit around the hinge of the anticline (Jeffery, 1982, unpublished outcrop map).

Tight minor folds observed in drill core and on the surface were interpreted to be

para,sitic folds rela,ted to the major anticlinal structure. In subsurface cross-sections

in which drilling extended further a,cross strike to the northwest, intercalations o{

intermediate to mafic rocks (1d) within felsic rocks (unit 1) were interpreted to

define the fold hinge (ibid.). On the basis of surface mapping, drill-hole data, and

the lithological similarities of quartz-mega,phyric felsic volcanic rocks in the area,,

Jeffery proposed a correla,tion between the units on each limb of the Anderson Bay

anticline and interp¡eted the Anderson Lake, Stall Lake, Rod and Linda deposits

to lie on the same stratigraphic horizon.

Outcrop mapping during this study showed that the lithological units a.re dis-

continuous and do not deflne a fold closure. With one exception (Figure 4.I, c), all

minor folds on surface and in drill core reorient both ^90 and ,Sr fabrics and were

interpreted to be f'z folds (see 4.2.2. f'2 Folds). Therefore, although a fold closure

is suggested by the opposed facing directions, the correlation of stratigraphic units

on each limb of the fold, the nature of the structure, and the precise location of

the trace are problematic. The 'Anderson Bay structure' (Figures 3.Ir 4.7 and 4.2)

in this study, follows the trace of a, lithologica,l discontinuity, marked by the ter-

mination or lensing out of some units (M.p, in pocket), and the change in facing

direction.

4.1.3. Relationships of Ss and 51 Fabrics.

Primary contacts and bedding, and ,5r fabrics, are generally parallel in the

Linda area, suggesting that this is a, high strain zone. S¡ and ,S1 fabrics strike

mainly 220"-240" and dip 50'-70' (Figures 4.2 and 4.3). Potes to ,So and ,91 define

a, strong maximum with a tendency to distribute along a great circle about a, pole

at 025" f 35". The partial girdle is best defined in the northeastern part of the area

(Figure 4.2,b), which contains numerous f'2 minor folds (see 4.2.2. ,F2 Folds). On

the southeast side of the Anderson Bay structure, the poles define a more dispersed
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girdle (Figure 4.2, c). The distribution maximum of 56 and ,Sr orientations changes

slightly frorrr 242"/55' northwest of the Anderson Ba,y structure, to 233"/55" in

the northeast, to 225" f 65" in the vicinity of the Linda deposit southeast of the

Anderson Bay structure.

Three cases of slight angular devia,tions between ,56 contacts or bedding and

,51 flattening \ryere observed and are illustrated and described in the insets to Figure

4.I. Northeast of Anderson Ba.y, heterolithic breccia, has a, scoured basal contact

lvith pillowed flows and, thus, requires stratigraphic facing to the northwest (Figure

4.7, a; see 3.2. Stratigra,phic Facing). The ,91 fabric as defined by flattened clasts

and piliows shows a, sinistral sense of cleavage vergence with .90 (following Bell's

(1981) definition of clea,vage vergence). Note tha,t the sinistral vergence indicates

that ,5r is not axial pla,nar to an anticline located to the southeast of this outcrop.

A sinistral sense of cleavage vergence betr,r'een ,So and ,51 was also observed in

the southea,sterly-facing stratigraphic sequence. Figure 4.1b illustrates felsic vol-

canic breccia, in which fla,ttened clasts, defining the 51 fabric, show an oblique

orientation to ,So bedding. Similar relationships between the ,5r flattening plane

and ,So contacts are shown in Figure 4.2c. In this case, medium to coarse grained

amphibole, biotite and ga,rnet porphyroblasts obscure fine primary features, but

clasts larger than about 2 ctn were observed and the rock (to the southeast of

the contact in Figure 4.2, c) was interpreted to be a tuffaceous metasediment. A

partially covered bed (to the northwest of the contact), consists of lenticular (1-

2 rnx .2-.4 m), buff-coloured, cummingtonite-magnetite-bearing felsic enclaves in

a,n anastomosing garnet-hornblende-biotite ma,trix. The primary derivation of the

felsic enclaves is unknown; they resemble flattened silicified pillows, but could also

be coarse clasts. The Sr flattening plane is oblique to the contact. Within the

tuffaceous metasediment, a thin (5 cm) cherty bed contains fine (1 mm), slightly

maflc-enriched, recessive weathering laminations (Figure 4.I, c, inset). The lami-

nations and the outer contacts of the cherty bed define asymmetrical crenulations,

the axial plane of which could not be measured directlv; within the broad limits, it
was indistinguishable from ,S1 flattening in the same outcrop. Both the ,50 contacts

and the ,9r flattening plane are also involved in open flexural folds (see 4.2.2. F2

Folds).
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4. Structura,l Geology

In the outcrop illustrated in Figure 4.1d, trails of epidotized knots occur in

maflc volcanic rock with semi-continuous alternating hornblende-rich a,nd plagio-

clase phenocryst(?)-rich layers. The long a,xis of the epidotized knots is oblique

to layering which is asymmetrically disposed around the knots. The asymmetrical

pressure sha,dows associated with the epidotized knots consist of contorted layered

matrix material, i.e. to distinguish them from tails of epidotized ma.terial derived

from the knots. ,5r mineral schistosity is parallel to the layers. The epidotized knots

may have originated as semi-continuous layers which rvere subsequently boudinaged

a,nd rotated. The layering in the host rock may represent a transposed ,Ss bedding

or la.yering, rvhich accommodated more strain and deformed in a ductile fashion

around the more competent epidotized knots. The boudinage and the sense of

obliquity between the long axes of the knots and the layering (S1)indicate sinistral

rotation and, thus, a sinistral sense of shear (compare Figure 4b in Driessche and

Brun, 1987).

The sense of vergence of ^9s/.91 intersections rema,ins unchanged throughout

the Linda, area, despite the change in stratigraphic facing direction. Thus, the ,9r

fabric as defined by the flattening plane and mineral schistosity does not appear to

be axial pianar to an anticlinal trace coincident vvith the Anderson Bay structure

(Figure 4.1).

The orientations of the So I St intersection lineations, as determined graphically,

trend westerly and plunge 20-45". Considera,ble uncertainties are associated with

the trends, as the angies of intersection are srnall.

4.2. Dz Deformation.

4.2.L. 52 Planar Fabric Elements.

,52 planar fabrics, associa,ted with the D2 deformational event, are defined by

a crenulation clea,vage which reorients the ^91 schistosity of phyilosilicate minerals,

and by mineral foliation, most commonly of biotite. The crenulation cleavage is

well developed in schistose altered rocks and within the schistose ,91 micaceous

segregations in gneissose altered rocks and felsic volcanic rocks. Locally, a discrete

,92 clea.vage overprints the ,Si fabric and, in these cases? the cleavage tends to be

more continuous, penetrating into the granoblastic felsic domains. Biotite within ,9r

micaceous segregations typically occurs as porphyroblasts or aggregates, elongate
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4. Structural Geology

Figure 4.2. (following page) Structural trend map of the Linda area, highlighting
f'2 minor fold a,xes and fold asymmetry, and the strikes of ,Ss, ,51 and ,S2 planes.
The cleavage vergence of ,51/,52 intersections is consistently dextral throughout the
area. The insets are stereographic projections for the areas bounded bv the dotted
lines.
a. Northwest of the Anderson Bay structure; lineations (L) contoured at intervals

of 1,3, 6, a,nd 10 points/LZoareai poles contoured a,t intervals of 1,5, 10, 15,
and 20 points/1%area.

b. The area of complex structural relationships spanning the trace of the An-
derson Ba,y structure; linea,tions (L) contoured at intervals of 1,5, 10, and
15 points/7Yoarca; poles contoured at intervals of 1, 5, 10, 15, and 20
points/1% area.

c. The vicinity of the Linda deposit southeast of the Anderson Bay structure;
lineations (L) contoured at intervals of of 1, 5, 10, and 15 points/1%area;
poles contoured at intervals of 1,5, 10,20,30, and 40 points/1%a,rea.

in the ,S1 plane, but with the (001)-clea,vage defining ,52. Less commonly, muscovite

and chlorite occur a,s blades recrystallized parallel to ,Sz along the hinges of the 
^92

crenulation cleavage.

On the outcrop, ,52 is difficult to measure with confidence as it is developed

only within the thin mica,ceous ,S1 layers. In'general, .92 is present in felsic rocks

throughout the Linda. area. The strikes are generally similar to those of ,Ss and

,51 fabrics (Figure 4.3) and the dips are nearly vertical or steeply inclined to the

southeast. The vergence of Srl S, intersections is consistently dextral throughout

the area (Figure 4.2).

Some schists intersected in the subsurface ha,ve an S-C type of structure, and

may represent zones of more intense D2 or la,te D2 shearing. In many cases, these

a,re identifiable in the subsurface cross-sections (Sections A-A', C-C', in pocket)

a,s zones of steeper dip (i.e. of lower foliation/core-axis angle). The mineralogy

and textures are either non-definitive of metamorphic grade, or retrogra,de (see 5.2.

Distal Altera.tion Zone and 6.4. Chlorite-Hornblende Mafic Schists).

4.2.2. Fz Folds.

Tight to open, mesoscopic Fz folds are relatively common in outcrops south-

ea,st of the Anderson Ba,y structure and in the subsurface. They reorient ,5r fabrics

and ,S¡ lithological contacts, and range in amplitude from millimetre-scale crenula,-

tions to hectometre-scale folds (Figure 4.2; see a,Iso Figure 7.1 and Plate 7.1). On

some outcrops east of the Rod minesite (Ma,p, in pocket), ,S¡ contacts a,nd par-

allel ,5r metamorphic fabrics have northwesterly strikes and may lie in the hinge
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4. Structural Geology

zones of larger scale -t'2 folds. The minor folds show mainl¡' dextral or Z-asymmetry

throughout the area,. Symmetrical and sinistral folds were a,lso observed, but there

\Mas no clear pa.ttern to their distribution. Quartz-megaphyric felsic rocks (unit 4)

on the southeast of the Anderson Bay structure, contain many minor f'2 folds, both

symmetrical and asymmetrical (Figure 4.2), defined by micaceous segregations or

discontinuous hornblende-bearing layers (2-4 cm in width). Tight -F2 minor folds

are typically 'similar' in style (Hobbs et a1.,1976) with a well defined ,92 axial planar

mineral foliation or crenulation cleavage. The orientations of f'z minor fold axes are

essentially coaxial with the orientations of linea,tions (Figure 4.4). The consistently

dextral vergence of 51f 52 intersections and the lack of systematic change in the .F'2

fold asymmetry indica,tes that these are not likely to be related to a major Fz fold

along the Anderson Ba.y structure (see aJso 7.1.2. f'2 Microfolds).

Locally, ,90 and ,51 fabrics are reoriented bv open flexures (e.g. Figure 4.L,, c),

typically with a wavelength of 1-5 metres and an amplitude of less than .5 metres.

In some cases, they form asymmetrical kink folds with a, dextra,l sense of vergence.

These flexures are not associated with a, distinct detecta,ble penetrative fabric, and

the fold axes Ìvere determined indirectly from the intersections of measured limb

orientations. The flexural fold axes trend mainly north-northwest (Figure 4.4) and,

plunge 40"-70', although one axis has an orienta,tion which is indistinguishable

from Fz minor fold axes. The relationships of the flexural folds to D2 structures is

unknown and it may be that they post-date D2 deformation (Table 4.1).

4.3. Linear Fabric Elements.

Linea.tions are defined by the elonga,tion of clasts, pillorn's and sulphide lenses,

by mineral lineations (quartz eyes, amphibole, kyanite, micas), by mineral aggre-

gates (quartz eyes, garnet), and by intersections of planar fa,bric elements. The

various linear fabric elements are apparently coaxial (except for ^56/^91 intersec-

tions), but a small angular devia,tion would likely go undetected, especially as di-

rect measurements were collected only on minerals a,nd mineral aggregates. Mineral

linea,tions v/ere commonly measured on qtartz eyes (relict megacrysts; see 5.3.1.

Quartz Phenocrysts), the elongation of which involved a. combination of strain and

recrystallization. The principal flattening direction is defined by Sr and the lin-

eation \üa,s measured on ,S1 surfaces. The lineation was therefore assigned lo L1,,
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Figure 4.3. Stereographic projection of contoured poles to ,96 and ,91 in the
mapped area. Fifteen poles to Sz are indicated by circles.
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4. Structural Geology

with due note taken of the controversy regarding the origin of the lineation on a

regional scale (see 2.2. Structure).

A siight varia,tion in the orientation of the lineation is detecta,ble in the Linda

area. On the northwest of the Anderson Bay structure, lineations cluster about a

trend of 015" with a plunge of 45' (Figure 4.2, a). To the southeast throughout

most of the Linda area, the lineations define a strong distribution maximum centred

on a trend of 020'-023'plunging at 35" (Figure 4.2,b and c). The main sulphide

bodv of the deposit is elongate with an aspect ratio of at least 30:2:1, following

a trend of approxima,telv 030' plunging at 30';this is indistinguishable from the

linea,tions, given the accumulated uncertainties involved in subsurface projection

and structural measurements. The linea,tions are also coaxial with F2 minor fold

a,xes and with a pole defined by the ,50 and ,51 partial girdle (Figure 4.4).

The S0/51 intersection lineation, as determined graphica,lly based on two loca,-

tions, devia.tes from the general parallelism shor,r'n bv other linear fabric elements.

As previouslv noted, the occurrence of non-paraliel ,S¡ and ,5r fabrics is uncom-

mon in the Linda area, and possibly indicates enclaves of lower strain within the

generally high strain zor'e.

4.4. Post-D2 Deforrnation.
Locally in the drill core, very fine (<.5 mm), randomly oriented, brittle frac-

tures cross-cut all other fa,bric elements. The fractures are filled with reddish-orange,

hematized(?) carbona,te, and a, narro!\¡ zone (1-5 mm) of similar marginal alteration
extends into the host rock. In some cases, the fractures form a network of sufficient

density to allow the marginal alteration to coalesce, resulting in pervasively hema-

tized carbonatized rock over .1-5 metres of drill-core intersection. There does not

a,ppear to be any rotation or displacement, other than dilation, associated with the

fractures or fracture networks. They are relatively common in drill core (Sections

A-A', C-C', in pocket), but with no systematic pattern apparent in their distribu-

tion.

4.5. Discussion.

Microstructural observations proved to be essential to some aspects of the in-

terpretation of the structural geology (see 7. Relationships between Textures,

Microstructures, Mineralogy and Deformation) and, hence, this discussion is of a
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preliminarv nature, based mainly on field and hand-sample observations.

The presence of a ma,jor structure between Anderson Creek and the Linda.

deposit is supported by several observations:

1. the change in stratigraphic facing;

2. the abrupt change in lithology in the northwestern part of the area; however,

this break is subparallel to the general trend of lithological contacts;

3. the prevalence of S-C fa,brics, quartz veins, and thin intercalations of felsic and

ma,fic rocks observed in drill-core intersections at the northwestern part of the

cross-sections (A-A' and C-C', in pocket);

4. the prevalence of f'2 minor folds.

Note a,lso that the structural complexity of the Linda area apparently increases

from southwest to northeast (Figure 4.2). The area in the vicinity of Kormans
Lake, which was not mapped in detail (M.p, in pocket), displays ma,ny Fz minor
folds and intercalations of various mafic, felsic and altered lithologies.

The onlv evidence in favour of a major fold closure within the Linda area

is the change in stratigraphic facing direction between Anderson Creek and the

Linda deposit. Unequivocal .F1 minor folds ha,ve not been observed in the Linda
area and, F2 minor folds do not show a systematic change in sense of a,symmetry.

The cleava,ge vergence between planar fabric elements (So/S, , SrlSr) is constant
throughout the area and, therefore, these fabrics are not simplv axial planar to
the proposed Anderson Bay anticline (Jeffery, 1982). However, microstructural
observations indica,te that the observed dextral clea,vage vergence between ,Sr and

,Sz fa,brics mav be the result of reactivation and, thus, that changes in clea,vage

vergence cannot be relied on to reflect the position of the axial tra,ces of ma,jor

folds (see 7.5. Relationships to Megascopic Structures and Regional Isograds). In
view of this ambivalence, and in recognition of the presence of a, major structure of
some description between Anderson Creek and the Linda deposit, the Anderson Bay
structure has been introduced in this study. It follows the same trace as Jeffery's

'Anderson Bay anticline'and may represent a reactiva,ted D1 or pre-D1 ma,jor fold.

The intercalation of Amisk metasediment (unit 9) with metavolcanic rocks,

south of Kormans Lake, is spa,tially associated with the termination of quartz-

megaphyric rocks (unit a) which host the largest massive sulphide body of the Linda,
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deposit (see Figures 3.1-3.3). The overlying heteroiithic breccias (unit 6a), which

contain cla,sts of unit 4, extend further to the northeast and, in part, appea,r to over-

iie the metasedimentary intercalation. Although the stra,tigraphic facing direction

of the metasediments in the Linda area is unknown, along strike to the northeast,

immediatelv east of Kormans Lake, the same intercalation faces southeast (Figure

2 of Froese and Moore, 1980). Thus, a. fa,ulted relationship is implied in the Linda
area', placing older Amisk metavolcanic rocks over younger Amisk pelitic metasedi-

ments. The structural relationships seem to be similar tc¡ those of the Mcleod Road

thrust fault, which passes about 1 km to the north of Kormans Lake (see Figure
2.2). However, cautionary notes are warranted; a. change in stratigraphic facing is
implied between the Mcleod Roa,d thrust fault and the similar fault interpreted

in the Linda. area. and, the Mcleod R<iad thmst fa.ult and the possible extension

of the late Berry Creek fault appear to converge in the vicinity of Kormans Lake.

Structural and stratigraphic extra,pola,tions through the area, surrounding Kormans
Lake are not justified.

There is no obvious evidence for the extension of a possible thrust fault to the

southwest and the lithological sequence in the Linda, area has been interpreted as

a' stratigraphic succession (see Figure 3.4). However, the presence of early cryptic
bedding-parallel faults is a. possibility.

D1 deformation dominates the structural fabric of the Linda.area and was

a.ppa.rently the most intense deformational event. ,91 is the principal flattening di-
rection and, given the minor flattening assc¡cia,ted with D2 fa,bric development, it
is unlikely that the pronounced ¿-S tectonite structure in the a,rea, is the result
of a'n interference pattern produced by superimposed deformations. The elonga.-

tion of primary structures (e.g. massive sulphide lenses, clasts, pillows and quartz

mega,crysts) is interpreted to be an L7 stretching linea,tion. The ,L1 a,nd ,S1 fabrics

a,re interpreted to represent the principa.l elonga,tion and flattening planes, respec-

tively, of the D1 strain ellipsoid.

Heterogeneous distribution of strain and strain partitioning can be partly in-
ferred from variatic¡n in fa,bric development and aspect ratios. The infl.uence of clast

lithologv in heterolithic breccias \¡/as previously described (see 4.1.1. ^91 Plana,r Fa,b-

ric Elements) and, given the contrast in folia,tion development in cla,sts and matrix,
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it can be inferred tha,t the schistose matrix accommodated more strain, and that

most of the shear-strain component was pa,rtitioned intc¡ the matrix (e.g. Ramsay

and l{uber, 1980). On a, larger scale, similar relationships can be observed in the

nearly massive 'cherty'felsic rocks (1a) and derived breccias (tc) intercalated with

schistose rocks in the proximal aiteration zone (10p).

4.6. Implications for the Snow Lake Area.

The relative temporal relationships of fabric elements in the Linda, area, allow

the establishment of an internally cr:rnsistent deformation sequence a,pplicable to the

Linda area (Ta,ble 4.1). The fabric elements can be correlated with similar elements

which ha,ve a regional expression and, the observations and interpretations made in
the Linda area, provide constraints on the regional structure.

The most prominent fea,tures a,re an -L-S tectonite structure of regional extent

and the generally coa.xial rela,tionships of a,ll linear fa,bric elements. Linea,r fabrics

in the Snow Lake region lie in the ^91 plane, suggesting that these are, in part,

-t1 structures and r¡¡ere transposed into mutual parallelism with ,L2 linear fabric

elements (e.g. ,Fz fold axes). The elongation of primary fea,tures on a regional

scale is proposed to be an L1 stretching lineation, probably related to noncoaxial

shearing.

Early tight to nearly isoclinal folds have been recognized locally on the basis of

opposing facing directions (Bailes, 1988; Froese and Moore, 1980) and outcrop-scale

F1 min<rr folds have been <¡bserved in the Chisel Lake area, (Galley, pers.contm.)

1988). However, the associa,tion of ^91 and tr1 fa,bric elements with early folding

throughout the Snow Lake region is not well esta,blished. In zones of high strain,

such as the Linda, area, the relationships have been obscured by superimposed

deforma,tion and reactivation of earlier structures.

The Threehouse synform, Southeast Bay antiform and Whitefish Ba.y synform

(see Figures 2.1 and 2.2) have been assigned ta D2 defcrrmation and correlated with

,52 mineral foliation and F2 minor folds (Froese and N1[oore, 1980). The axial planes

of both the ma,jor and the minor structures strike northeasterly, pa,rallel to the

regional trends. The major fold structures, which are well defined in the vicinity of

the gneiss domes, a,ttenuate toward the south and ha,ve not been recognized in the

Linda area. However, ,S2 mineral foliation and, in particula,r, -t'2 minor folds are well
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developed in the Linda. area. The -t'2 minor folds are commonly tight and 'simila.r'
in stvle, in contrast to the open flexures of the Threehouse synform and rela,ted

major structures south of Snow Lake. D2 minor structures in the Linda area seem

unrelated to the Threehouse generation of major flexural folds. If this interpretation
applies to the Snow Lake region, Dz minor structures may pre-date the flexural folds

of the Threehouse synform and related folds. The major fold structures may belong

to Ds deformation which ma,v not have produced penetrative fabrics south of Snow

La,ke. In the Linda, area, the relationship of minor open flexura,l folds to D2 minor
structures was not clear. Minor open folds were also reported by Jackson (1983),

and it may be tha.t these are D3 minor structures related tc¡ the Threehouse synform.

This sequence of deforma,tional events also requires the rea,ssignment of gneiss-dome

emplacement to Da.

Linea.tions of various genera,tions and fabric elements all tend to be coaxial

in the Snorv Lake region, but shoi,v spa,tial va,riation. For example, lineations are

oriented 065'/50' in the vicinity of the Snorn' Lake townsite (Galley et a1.,1988),

023" f 35" in the Linda area, a,nd 020" lL -zB" in the Cook Lake area (Jackson,

1983). Near the Snow Lake townsite, the lineations parallel linear fabrics associated

with retrograde alteration in gold-bearing shear zones (late-,S2, Galley et a1.,1988).

This suggests the possibility that the early lineations were rotated during the late
shearing.

Lineatic¡ns in the vicinity of the gneiss domes shou' reorientation related to
emplacement of the domes (Froese a.nd Moore, 1980). The marked rotation in this
area, a,nd the apparent lack of rotation associa,ted with the Threehouse synform and

related major folds, excepl, u'here the folds are also apparently influenced bv the

gneiss domes, has been used a.s evidence for the correlation of the lineations with
the Threehouse structures, and for a, coaxial relationship between the lineations and

the Threehouse foid axis. The orientation of the Threehouse fold axis is not known
independentlv of the linea.tions. An alternative interpreta,tion of the relationships
cc¡uld be proposed in which the open folds of the Threehouse structures did not
produce significant rota,tions of pre-existing lineations.
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Chapter 5

Proximal and Distal Alteration Zones, and Mineralization
Two discrete alteration zones have been recognized in the subsurface, developed in
dominantly felsic volcanic rocks (units 1 and 4). The altered rocks are characterized

by assemblages of metamorphic minerals resulting from regional metamorphism of
synvolcanic hydrothermal aiteration. The extents of the distal and proximal zones

were defined mainly on the basis of the occurrence of staurolite and/or kyanite, or

the absence of feldspar. In addition to these alteration zones, minor alteration of
lesser intensity or more limited extent includes calc-silicate rocks and silicified or

'cherty' rocks (see 6. Other Types of Alteration).

5.1. Location and Relationships to Stratigraphy.

The distal zone stratigraphically underlies both the sulphide mineralization
and the proximal zone (see 3.2. Stratigraphic Facing), being separated from these

by apparently unaltered, or weakly altered, felsic volcanic rocks. The mafic rocks

of unit 2 end abruptly to the southwest and down-dip. The proximal alteration

zone (10p), graphitic metasediment (3), and minor massive sulphide bodies (5) oc-

cur directly down-dip from unit 2 and there is no evidence for the continuation

of the mafic rocks into, or beyond, the alteration zone (see Figures 3.1-3.3). In
contrast, cherty felsic rocks (1a) extend into the proximal alteration zone (10p).

The cherty felsic rocks, intercalated with intensely altered schistose rocks, occur as

massive layers with little or no Fe-Mg alteration or penetrative fabric. They termi-

nate within the alteration zotLe) but mineralized clast-supported breccias (1c) may

represent a fragmented equivalent of the same rock. The proximal alteration zone is

generally concordant to subconcordant in its down-dip extent, bifurcating around

an intervening enclave of less intensely altered felsic rock. The spatial relation-

ships between the proximal alteration zone and mafrc rocks (2), cherty felsic rocks

(1a), quartz-megaphyric felsic rocks (4), graphitic metasediment (3), and massive
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5. Alteration Zones

sulphide bodies (5), persist throughout the plunge-length of the deposit, as inter-

preted from the cross-sections and logs of Jeffery (1982, unpubl.). Jeffery did not

explicitly delineate a proximal alteration zorre) nor propose a correlation between

drill holes, although altered rocks ruere recorded in the drill-hole logs.

The concordancy or discordancy of the distal alteration zoÍLe) relative to stratig-

raphy, is difficult to assess on the basis of sections A-A' and C-C' (in pocket). The

host rocks are mainly homogeneous felsic volcanic rocks without distinctive marker

horizons and, therefore, clear evidence for the nature of the relationships is lacking.

The minor intercalations of intermediate to mafic rocks (1d) may have lateral equir'-

alents in the enclaves of chloriteÈhornblende-bearing mafic schists (10m) within the

distal zone (10d) (section A-A', in pocket). The possible correlation of these units

between drill holes is poorly constrained. In cross-sections further dou'n-plunge,

Jeffery (1982, unpubl.) correlated these units (1d, 10m) and interpreted a marked

discordancy between the mafic rocks and the distal alteration zor'e. He therefore

concluded that the distal zone is discordant to stratigraphy. Comparison of cross-

sections and iogs throughout the plunge-length of the Linda deposit shows that,
whereas the proximal alteration zone (t0p) maintains a constant thickness and a

constant relationship to the massive sulphide bodies (5), the separation of the distal

and proximal zones increases from about 45 metres near the erosional surface to

about 100 metres near the down-plunge iimits of drilling. The separation of the

distal zone (10d) and the massive sulphide bodies (5) necessarily increases in the

same ï¡ay. These observations imply that the distal zone (10d) is discordant to

stratigraphy, cutting up-section in an up-piunge direction, i.e. from northeast to

southwest in plan view.

5.2. Distal Alteration Zone.

The mineralogy of the distal alteration zone (10d) consists predominantly of

qluartz (53-80%), chlorite (2-22%) and muscovite (4-28%), the two latter minerals

occurring in approximately equal modal proportions (Figure 5.1, a-b; Table 5.1, a).

Most of the central volume of the zone is free of feldspar; the outer margin gradually

increases in plagioclase content up to the proportions typical of the felsic volcanic

host rocks (> 30%). The altered rocks also contai¡ 0-1I% staurolite, 0-4% kyan-

ite, 0-4Yo magnetite, and trace amounts to 5To Fe-sulphide minerals, mainly pyrite.
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Figure 5.1. Summ-ary of modal mineral-proportions in the distal and. proximal
alteration zones. Field boundaries are not iirteirded to have statistical significance.
The number of-points for each unit is indicated in the key in parentheserl Ti.lirr",
link enclaves which were separated from the same hand ru.-pl".
a. Ternary .proportions o{-quartz*plagioclase (qz*pl), muscovitefmargarite

(mu*ma) and chlorite (chl.
b. þr1gy proportio.ns.of itafioclase (pl), quart z (qr) and Fe-Mg silicate minerals

( Fe- Mg min ) consi sting of garnet +bióiitã+.t t.ìritå+stauroütË.

Margarite, biotite and garnet occur locally. Minerals present in trace amounts in-
clude tourmaline, apatite, epidote, allanite (used informally to designate metamict
epidote associated with pleochroic halos), zircon, ilmenite, rutile, xenotime, mon-
aziie, sphalerite and sillimanite.
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Figure 5.1. (continued).
c. Ternary prop-ortions of kyanite* s.tauroliie*gahnite (ky +st + gh ), quartz f plagi.

oclase (qz+pl) and muscovite*biotite*chlo-rite (mu+bi+ch): " '
d. Ternary.proportions.of Fe-Mg-silicate mineqais (fe-Mg min) consisting of

Sarnet -f biotite*chloritef stauròlite, qu-artz*plagioàlase (-qzapi) and sulpËide
minerals ( su ) consisting of pyritef pyirhotitei spìhaleritei chaicópyrite.

Within the distal alteration zoîe) drill-core intersections of up to 5 metres in
length contain an assemblage characterized by quartz, muscovite, gahnite, stau-
rolite, and minor to trace amounts of sphalerite (unit 10da). In contrast to the
common modal mineralogy of the surrounding distal alteration, muscovite is more

abundant than chlorite, which occurs in amounts of less than IYo (Table 5.1). The
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5. Alteration Zones

Table 5.1. Sumpary of Modal Mineral percentages.
Ranges and averages (in parentheses) in aìtered rocks (.Lppeãdix A).

See 3.1. Description of Lithological Units for explanations of unit and code designations.
See Table A.2 lor a key to the code and Table Ä.3 for mineral abbreviations.

a. Distal Alteration Zone.
Unit

10d

Code N

10d

10da o

1b/10d, m

1,/10d

20

Qz

vm

53-80

(67)

t<_E o

(44)

74-80

(78)

25-50

(3e)

0-t
(0)

8-43

(21)

0

10-40

(27)

Ch Mu Ma Bi

lJnit

2-22 4-28 0-5
(12) (16) (o)

10-20 10-15 0

(15) (15)

r-1 9-1.4 0

(r) (11)

2-1.2 1*45 0

(6) (14)

10d

extent and boundaries of the muscovite-staurolite-gahnite assemblages are poorly
delineated, in part because in some samples, gahnite and sphalerite were only rec-
ognized in thin section. However, by analogy with the proximal alteration zone
in which this assemblage is common and occupies a discrete volume, a distinct
alteration unit (10da) was defined to represent possible internal zoning.

Some quartz veins within the distal alteration zone are bounded by selvedges

developed in the wall-rock schists and characterized by an increase in the abundance
and grain size of porphyroblastic minerals, mainly kyanite and staurolite (see 5.5.

Quartz Veins). The selvedges range in thickness up to 15 cm, grading abruptly into
the host rock' Two chlorite-kyanite-muscovite schists in selvedges to quartz veins
IÃ¡ere sampled (24-277.5, 80-1571.5) and have a distinctive modal mineralogy (Figure
5.1, Table 5.1, b), with high proportions of chlorite (40 and 60%) and kyanite (8
and 33%), and low proportions of quartz (Jb and 0%).

Most of the distal alteration zone has a rhythmic, banded or anastomosing,
gneissic structure defined by orange-brown staurolite-rich layers (^91), 2-8 mm in
width, and buff to pale green siiicic layers or lenses, 10-30 mm in width (Plate
5.1, a-b). Staurolite is elongate in the plane of the layering, typically with a sin-
gle crystal occupying the full width of each layer. The layers are crenulated or
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Code N

womv2 0-35 0 40-60 4-i.6 0 0 8-93 O-2 0 0 0_1

b. Selvedges to Quartz Veins, Distal Alteration Zone.

0-5 0-4
(0) (r)

0-10 0-3

(2) (1)

t-l 0-1
(r) (0)

1-18 0

( 11)

Qz Pl

Ky St Gh ct PyfPo Mg

0-11 0-r 0-2 t-5 0-4
(3) (0) (o) (r) (1)

0-5 0 0-1 t-2 0

(2) (r) (1)

2-9 t-8 0 i-5 0

(4) (3) (3)

0-t 0 0-5 0-2 0-1
(o) (2) (r) (r)

Ch Mu Ma Bi Ky St ch ct py*po Mg



Unit Code N Qz

10p mk,kr 10

10p mys

10p mu

1Opa

5-50 0-60

(27) (20)

37-60 0-35
(50) (10)

43-60 'J.-20

(53) (1 1)

30-80 0 25

(47) (7)

25-60 5-55
(3e) (30)

32-65 0-8
(50) (5)

29-40 20-24

34-60 0-47

(44) (1e)

35-45 35-50

d.

Table 5.1. (continued)

c. Proximal Alteration Zone.

1b/10p mu,mp 5

a/1,0p mkp 3

Ch Mu Ma Bi Ky St ch
t-6 t-z'J. 0-40 0-5 2-25
(1) (28) (5) (2) (e)

1.-14 8-29 0 1-10 0

(4) (17) (7)

0-1 15-38 0 0-t 0

(o) (28) (o)

0-2 70-44 0-r 0-8 0-6
(t) (23) (o) (2) (1)

t-3 3-25 0 r-13 0-8
(2) (17) (7) (1)

o-4 1.6-22 0 5-15 3-17
(2) (10) (1s) (e)

1-5 5-25 15-20 2-5 0-t

0-11 3-50 0-r 0-t2 0-1
(4) (24) (o) (3) (r)

1-2 0-2 0 10 0

Plagioclase-layered Rocks.

 /10p mru

a/ßp m

a/1,0p py

5. Alteration Zones

2

1"2

Unit Code N Qz

1.,4,1f L0p, c
10p,4/10p

o-1.2 0-r
(2) (0)

4-10 0

(6)

0-t 0-t
(0) (0)

0-15 r-10
(5) (2)

00
(0)

0-2 0

(1)

Gt Py*Po Mg

corrugated (wavelength and amplitude of. 1-2 cm), with recrystallization of the
staurolite into moderately misoriented domains, imparting a 'wormy' appearance

to the rock. \ /ithin the layers, muscovite and chlorite occur on interstices and gaps

between staurolite crystals, and some sections of layers consist entirely of phyl-

losilicate minerals. The muscovite and chlorite form a very fine grained aggregate

with a strong schistosity parallel to the layering and the staurolite elongation, and

with a strong crenulation cleavage (S2), in part wrapping around the ends of the
stauroiite crystals. Magnetite and biotite are commonly present, the former as sub-

hedral porphryoblasts, up to 5 mm in size, showing flattening and tails extending

parallel to the 52 cleavage. Biotite occurs as poikiloblasts or aggregates, elongate

parallel to 51 layering and schistosity, but with (001)-cleavage planes parallel to
the 5z crenulation cleavage and crenulation axes. Biotite crystals also tend to be

60

0-t
(0)

1-6
(4)

0

18 3-48 23-80 t-37 0-25 0-r 0-16 0-r 0-1
(31) (43) (e) (4) (o) (6) (o) (o)

t-8 0

(5)

0-5 0-t
(3) (0)

5-10 0

(7)

2-1.5 0

(7)

2-13 0

(4) (0)

2-7 0

(5)

4-5 0

r-6 0

(3)

t-4 t

Ch Mu Ma Bi Ky St ch Gt PyfPo

0-r
(0)

0-r
(0)

0

000
0-1 0 0-r
(0) (0)

001

0 0-1 0-10 0

(0) (2)

Mg



5. Alteration Zones

Plate 5.1. (following page) Textures and microstructures of the distal alteration
zone. The bar scale in each piate represents 1 mm.
a. 70-687.5 xpl (cross-polarized iight) Stauroiite-banded gneisses character-

iz.ed by staurolite and plryllosilicale-Þearing layers (A) intercalated with gran-
ular quartz-rich lqy"t. (B). A strong layer parallel sòhistosity (.9r ) is definãd by
muscovite and. chloril: l1.d, an obfiqu_ãly oriented crenulatioi ilá.u.g. (Sz) ii
developed in the phyllosilicate mineials.

b. 70-687.5 . _*Pl Detail of a, showing mimetic staurolite(st), strong crenulation
cleavage (f¡ ) i" mu.scovite(-r), and-dark layer-parallel (S;) trails ãf pieochroic
haloes in biotite(bi).

c. 22-907. "pl Schist with kyani!" pgryþVroblasts(ky) segmented and aligned
par.-a.!el to the dominant schistosity (^9r) and 

"ngùfêA 
bf euhedral stauiolite

poikiloblasts(st) which contain quartz'inclusion trãils discórdant to the external
- 19his-t99ity. Staurolite and kyanite show some coherent grain boundaries.
d. 80-1639.5 _ ppl (plane-polarized light) Quartz-chloritã-muscovite schist with

dominant ^92 spaced cleavage and microlithons (A) which preserve a record of
^91 schistosity.

optically continuous across the full width of the layers. Minor amounts of quartz are

present, as fi.ne grained, lenticular inclusions in biotite, staurolite and the schistose

phyllosilicate aggregate. In some cases, multiple traiis of very fine grained trace
rninerals, mainly rutiie, opaque minerals and zircon, occur parallei to the .91 plane

and, where overgrou/n by biotite porphyroblasts, are manifested by multiple trails
of pleochroic haloes. In contrast to the staurolite-bearing layers, the intervening
silicic domains are nearly massive, consisting of fine grained granular quartz with
minor fine phyllosilicate blades.

Staurolite-banded gneisses grade to rocks which have a more diffuse, weakly

layered structure cut by a spaced cleavage (,92)formed by recrystallization of phyl-
losilicate aggregates into blades parallel to the crenulation cleavage. Rocks of this
type occur both with and without kyanite and staurolite. Kyanite typically occurs

as fine to coarse grained (up to 30 mm) subhedral porphyroblasts, with a preferred

crystallographic orientation parallel to layering or schistosity, and defining a lin-
eation. In some cases, the kyanite is brecciated and segmented, and the staurolite
occurs as euhedral to anhedral poikiloblasts containing weakly sinusoidal trails of
fine grained, lenticular quartz inclusions, with an oblique orientation relative to the
external fabrics (Plate 5.1, c). Staurolite mantles kyanite and, in this case, grain

boundaries between staurolite and kyanite are commonly coherent, presumably on

(010)-planes in staurolite and the structurally similar (100)-planes in kyanite (Spry,

1969). Some chlorite and muscovite may be the result of retrogression, but the
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5. Alteration Zones

bladed habit and foliation render this difficult to distinguish from probable pro-

grade phyllosilicate minerals.

Many quartz-chlorite-muscovite schists have a single planar fabric or show ev-

idence of strong overprinting of an earlier schistosity and/or layering (Ptate 5.1, d).

For example, the rock structure may be dominated by a closely spaced (1-a mm)

cleavage (S2) marked by concentrations of aligned phyllosilicate blades, whereas

microlithons contain remnants of an oblique foliatior (St ) or intrafolial folds traced

by a pre-existing schistosity. Locally, these schists have an ^9-C structure (Berthé

et a1.,1979) with ,5 and C planes defined by concentrations of aligned chlorite and

muscovite.

5.3. Proximal Alteration Zone and Associated Rocks.

The proximal alteration zone (t0p) envelops various lithological units and con-

tains primary features which were relatively resistant during hydrothermal alter-

ation, subsequent metamorphism and fabric development. These features include

phenocrysts, especially quartz megacrysts (unit 4), iithic fragments in volcanic brec-

cias (unit 1b), 'cherty'units (1a and 1c) and bedded graphitic metasediment (unit
3).

5.3.1. Quartz Phenocrysts.

The quartz megacrysts of unit 4 have been previously referred to by the non-

genetic term'quartz eyes'(Zaleski and Halden, 1988; Jeffery,1982, unpubl.). Macro-

scopically, they have an intense biue colour and a flattened ellipsoidal shape, with
tails extending in the plane of the ,S1 fabric and long axes defining a lineation. The

,91 fabric, whether defined by metamorphic layering or by schistosity, is commonly

deflected around the megacrysts. Microscopically, the megacrysts display a range

of strain and recrystallization. This is evident from the following textural vari-

ations (Plate 5.2): monocrystalline grains exhibiting weak undulatory extinction

(b-.); grains with a domainal substructure defined by slight misorientation of the

crystal structure (j); grains with one or more undulatory domains showing serrate

boundaries to fine grained strain-free recrystallized areas (i, k); and polycrystalline

aggregates (l), in some cases, with a granoblastic-polygonal texture. Most samples

show at least part of this range of megacrysts on the scale of a thin section (e.g.

Plate 5.2, j-t), with a tendency for larger quartz grains to exhibit more strain and
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5. Alteration Zones

Plate 5.2. (following page) Quartz phenocrysts exhibiting a progression of in-
creasing strain and recrystallization. The bar scale in each plate represents 0.5
mm.
a. 34-1500 ppl (plane-polarized light) Weakly strained embayed quartz-

crystal clast in graphitic metasediment (unit 3). Embayments contain a very
fine grained mixture of graphite, phyllosilicate minerals and quartz. Note that
the embayment fillings are structureless, in contrast to the strong schistosity
(^91) of the matrix.

b. and c. 228-1974 xpl (cross-polarized light) Weakly strained embayed
quartz phenocrysts (unit 4). Embayments contain a very fine grained, massive
mixture of the same minerals as the matrix.

d. 34-1666 ppl Quartz phenocryst (unit  ) with embayments marked by ran-
domly oriented, very fine grained inclusions in a matrix of quartz optically
continuous with the host crystal.
364-1907 xpl Similar to d, but with recrystallizalion of the upper and
lower parts of the phenocryst to polycrystalline strain-free aggregates. Mica
schistosity (,91) wraps around. the phenocryst and defines asymmetiical tails at
each end.
364-1907 xpl Detail of an embayment in e.
D4-15-1 xpl Quartz(qz) and plagioclase(pl) phenocrysts in unaltered or
weakly altered unit 4.
35-1601 ppl Relict quartz phenocryst (unit  l1op) showing domainai sub-
structure and partial recrystailization. The phenocryst is partly engulfed by
skeletal kyanite(ky) mimetic after a fine grained phyllosilicate aggregàte defln-
ing ^91 schistosity, and after a bladed mineral defining .92 foliation. The kyanite
is an optically continuous single crystal.
35-1601 xpl Same view as h.
228-2073.5 xpl Quartz phenocrysts (unit 4) with domainal substructure
and slightly serrate contacts to fine grained quartz in pressure shadows.
228-2073.5 xpl Relict quartz phenocryst (unit 4) dominated by two large
undulatory domains with serrate contacts to fine grained, granoblastic recrys-
tallized areas. The matrix contains phyllosilicate minerals and elongate plagio-
clase porphyroblasts which define an ,51 schistosity.
228-2073.5 xpl Inequigranular quartz aggregate (unit 4) interpreted to
be a relict phenocryst. The external contacts are discernible, although fine
grained phyllosilicate minerals are also present on grain boundaries within the
recrystallized area.

e.

f.
g.

h.

t.
j.

k.

recrystallization. The external grain boundaries are usually well defined, smooth

and rounded or, less commonly, subangular or with rectilinear outlines. In samples

containing quartz aggregates which have irregular outlines and interlocking exter-

nal contacts with adjacent grains, the aggregates may have a secondary origin, for

example, hydrothermal or metamorphic.

Embayed monocrystalline and weakly substructured quartz grains were ob-

served in several cases (Piate 5.2, a-f) in graphitic metasediment (3) and in mega-

phyric felsic rocks (a). The embayments contain a very fi.ne grained, structureless
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5. Alteration Zones

mixture of the same minerals as the matrix of the host rock. The mineral schistos-

ity of the host rock is absent within the embayment, which apparentiy acted as a

pressure shadow during deformation.

Quartz megacrysts in unit 4 and its altered equivalents more commonly contain

enclaves defined by a dusting of very fine grained, randomly oriented inclusions in a
matrix of quartz, optically continuous with the quartz of the host grain (Plate 5.2,

d-f ). These enclaves have a concave form, necking toward the grain margin, and are

identical in size and shape to the previously described embayments. They are in-
terpreted to have originated as primary embayments which were subsequently filled

by quartz during hydrothermal alteration, diagenesis or metamorphism. Recrystal-

lized quartz grains and substructure domain boundaries commonly contain minor
amounts of micas or other matrix minerals and may mimic embayments; there-

fore, the interpretation of a primary origin applies only to embayments in optically

continuous areas of grains.

Monocrystalline quartz phenocrysts and undulatory domains of relict phe-

nocrysts contain numerous extremely fine, nearly cryptocrystalline, inclusions of

randomly oriented needles and hairs of rutile. These are generally absent, or of

sparse occurrence, in recrystallized granoblastic quartz within pressure shadows

or within the matrix. Rutile is a common trace mineral in some rocks (see 5.4.

Plagioclase-layered Rocks), occurring as trails in plagioclase porphyroblasts.

The occurrence of embayed quartz grains, and the presence of very fine grained

inclusions of rutile, is evidence for the crystallization of the quartz grains as pri-
mary phenocrysts (Vernon, 1987; 1986). Recrystallization obliterates these features,

but where poiycrystalline aggregates are associated with monocrystalline or weakly

substructured crystals and preserve a vestige of their original shape, they can be

interpreted as relict phenocrysts. Quartz megacrysts with identical habits occur in
unaltered or weakly altered rocks of unit 4 (Plate 5.2, b-g) and in intensely altered

mica schists of the proximal alteration zone (4f L}p) (Plate 5.2, h-i). They were ap-

parently resistant to hydrothermal alteration and, during dynamometamorphism,

behaved as partially rigid inclusions in a more ductile matrix.

6.3.2. úChertyt Felsic Rocks and Breceiated Equivalents.

'Cherty' felsic rocks (1a) are present on three stratigraphic horizons which can
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5. Alteration Zones

be traced into the proximal alteration zone as continuous layers, or correlated with

breccias (1c) containing clasts of the same lithology. Megascopically, these rocks

resemble massive plagioclase-phyric rhyolites. Chemically (see 11.1.1. Geochem-

istry of Felsic Rocks and Silicic-Feldspathic Altered Rocks), their high Na2O and

SiO2 content indicates that they may have been albitized and silicified. Albitic
plagioclase phenocrysts in the unit, and within clasts in the brecciated equivalent,

occur as evenly distributed euhedrai crystals, 0.2-1.5 mm in long axis, or in clus-

ters of several grains resembling glomeroporphyritic aggregates (Plate 5.3, a). The

phenocrysts have mainly simple Carlsbad twins and, in some cases, albite twins.

The unit contains abundant qrariz, as evenly distributed anhedral, weakly inter-

locking, equant grains, 0.04-0.2 mm in diameter, and rare isolated monocrystalline

phenocrysts, up to 1 mm in diameter. The matrix consists of very flne grained (0.01-

0.03 mm) interlocking quartz and albitic plagiociase with a weak fabric deflned by

preferred dimensional and crystallographic orientation. In some cases, qrarlz is also

present on irregular semi-continuous veinlets, 0.25-1 mm in width, with contacts

weakly interlocking with the matrix. Some veinlets cut plagioclase phenocrysts.

Magnetite commonly occurs as finely disseminated grains and as euhedral porphy-

roblasts up to 2 mm in size, in one sample, with fine (<.25 mm) epitaxial quartz

fibres in pressure fringes elongate parallel to the ,51 plane.

The breccias of unit 1c contain angular interlocking clasts, in general similar

in texture and mineralogy to rocks of unit la (Plate 5.3, b). The width of the

fractures is variable on a small scale, from a maximum width of 10 mm, to fractures

which narrow and terminate. The matrix is dominated by subhedral Fe-sulphide

minerals, mainly pyrite, by granoblastic-polygonal quartz, coarser in grain size (0.1-

0.5 mm) than quartz within the clasts, and by fine (<.4 mm) muscovite blades and

matted aggregates. Minor biotite, gahnite, chlorite and tourmaline are also present.

The fractures and clasts defi.ne a very weak flattening (S1) and lineation. Within
the matrix, obiique to the flattening direction, sulphide minerals and aggregates

show a strong dimensional fabric and muscovite blades define a schistosity (Sr).

Small clasts (<5 mm) included within the matrix show flattening and elongate tails

parallel to the ,52 mineral foliation. It appears that these breccias may have been

mineralized mainly by the infilling of dilational structures.
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5. Alteration Zones

Plate ,5.3.. (following.page) 'Cherty'felsic rocks (unit 1a) and brecciated equiv-
alents (unit 1c), matrix-supported breccias (unit 1b/10p), and bedding surfacäs in
metasedimentary rocks (units 3 and 10p). The bar scalè'in each plate-represents 1
mm.
a. 34-1306.5 xpl (cross-poiarized light) -'Cherty' felsic rocks (unit 1a) with
- BlagiocJase phenocrlsts and glomeroporphyritic ággregates.
b. 34-1443.5 *pl- Mineralized breccla (ünit ic) -,iiItr -ptagioclase-phyric 

clasts
of unit la and fractures fitled by pyritè, muscóvite and f,u.rtz. Th. tru,"" of
the fractures a¡d flattening of the clasts defines a weak fa6ric (Sr ). Pyrite and
muscovite in the fractures define an oblique mineral foliation (^gz).

c. 22A-7752 
. 
p_artial xpl Matrix-supported breccia within thè proximal alter-

ation zone (1b/10p) with fine grained felsic clast. (A) in an iniensely altered
matrix (B) co-ntaining py¡it-e, kyanite and staurolite þoiphyroblasts, mïscovite,
quartz-.and- plagioclase. Fabric development is weali and partly reiated to the
Iocal distribution of clasts.

d. 22A-1752 _.partial xpl 
_ 
Detail.of.c, showing mineralogical zoning around clast

margins. The quartz-rich core (A) is mantléd by an iirner zone Tr enriched in
muscovite^(B); multiple semi-continuous trails oi,rery fine grained tourmaline
needles. (C) trace_slightly disharmonic microfolds aioundlhe clast margins.
The orientation of the muscovite schistosity partly conforms to clast *u,r[irr.,
and shows crenulation and some recrystaliìzation which may be axial plänaí
(f i.t: the microfolds. Kyanite(ky), pyrite(py), muscovite(mü) and quaitz are
visible in the matrix.

e. 34-150Q _ -oPt 
(plane-polarized light) Bedding in graphitic metasediment

(unit 3) defined þr variatiops jn thã abundu,tt"" olfi.nel} disseminated graphite
(opaque laminae), Fe-sulphide minerals(su) and silicäte minerals, iñclüding
elongate and square quartz-crystal clasts(qz), margarite(ma) definiáe a strone
bedding-parallel schistosity (^91), and coaiie'grainàã kyahite'poikilob"lasts (ky)
engulfing quartz and graphiie tiails.

f. 24-8L2 ppl .R-gdding surface (,50) ¡narkqd by a sharp change in mineral pro-
portions, e¡ngc.r.ally euhe^dral pyrite (btack).- The staurolite forphyroblast(st)
overgro\¡¡s bedding and ,51 muscovite(mu) schistosity.

5.3.3. Matrix-supported Volcaniclastic Breccias.

Matrix-supported volcaniclastic rocks (lb) dominate the upper part of the
stratigraphic sequence of felsic volcanic rocks (1) and apparently represent the main
protolith and host rock to the proximai aiteration zone (t0p). Similar rocks are also

present locally on the periphery of the distal alteration zone (10d). Within the al-
teration zones, volcaniclastic rocks are generally recognizable only on the margins
or in less altered enclaves. Identification is probably biased toward breccias con-

taining lithic clasts of an intermediate size range, i.e. medium to coarse lapilli, with
finer clasts obscured by overgrowths of phyllosilicate and poikiloblastic minerals,
and recognition of coarser clasts limited by the diameter of the drill core (2.5 or 3.5

cm). Flattening of the clasts defines the ,S1 fabric, in most casesT with a parallel
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5. Alteration Zones

,Sr mineral foliation. The clasts consist of fine grained (0.05-0.2 mm) interlocking

or granoblastic-polygonal quartz and plagioclase, with minor fine grained phyllosil-

icate minerals showing a weak foliation and, locally, with minor isolated quartz and

plagioclase phenocrysts. Isolated quartz phenocrysts also occur in the matrix. The

contacts between clasts and matrix are marked by: an abrupt change in grain size

and texture of quartz and plagioclase to the coarser grained inequigranular and

interlocking grains in the matrix; increased abundance of ferromagnesian minerals

including micas, chlorite, and Fe-sulphide minerals; and more pronounced fabric

development. The matrix generally shows a strong mineral schistosity parallel to

flattening (51), and an oblique crenulation cleavage and schistosity (S2). These

fabrics, particularly the ,S1 schistosity, conform to the lenticular outer margins of

the clasts. Matrix plagioclase occurs in various habits, as fine untwinned grains

intergrown with quartz, as strongiy zoned porphyroblasts either equant or elongate

parallel to flattening (Sr), and as poikiloblastic grains, mimetically overgrowing 52

crenulations.

Matrix-supported breccias, with up to about 50% intensely altered matrix ma-

terial were observed, in rare cases, within the proximal alteration zone (Plate 5.3,

c-d). The clasts are composed of fine grained (0.05-0.1 mm) granoblastic-polygonal

quartz-rich aggregates, with minor fine muscovite blades and poikiloblastic plagio-

clase of oligoclase composition. In this case, the clasts show zoning along contacts

with the matrix, consisting of a muscovite-rich zone of about 1 mm width, and

external to this, one or several concentric semi-continuous trails of fine grained

tourmaline needles. The matrix contains subhedral pyrite and pyrite aggregates,

kyanite, staurolite and plagioclase porphyroblasts (andesine), muscovite and chlo-

rite blades, quartz, and trace amounts of biotite, tourmaline and rutile. The quartz

occurs as granoblastic to weakly interlocking aggregates, texturally similar to those

found in the clasts. Some clasts are surrounded by abundant plagioclase poikilo-

blasts and it is not clear whether the feldspar occurs in the clast margins or in the

matrix. Muscovite schistosity partly conforms to the clast margins, and crenulation

and minor recrystallization appears. generally axial planar to slightly disharmonic

microfolds traced by tourmaline trails along the clast margins (Plate 5.3, d). The

folds and the trails defining them are best developed along clast margins oriented
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5. Alteration Zones

perpendicular to the ,92 mineral foliation, being discontinuous or absent along mar-
gins parallel to the ,S2 plane. Fabric intensities and. orientations are locally variable,

apparently conforming to local strain distribution as influenced by the distribution
of matrix and clasts.

5.3.4. Metasedimentary Rocks.

Metasediments showing bedding surfaces can be recognized only within the
proximal alteration zoÍLe, and graphitic metasediment (3) forms a discrete map-

pable unit. Bedding in this unit is defined by variation in the proportions of Fe-

sulphide minerals, graphite and silicate minerals. Some beds consist of massive or
semi-massive stratiform pyrrhotite and pyrite mineralization. Finely disseminated

graphite forms thin (1 mm) laminar beds intercalated with phyliosiiicate-rich beds,

1-10 mm in thickness. These beds contain many monocrystalline quartz-crystal
clasts, in some cases, showing square euhedral habits and embayed margins, as pre-

viously described (Plates 5.2, a;5.3, e). More commonly, the quartz-crystal clasts

are lenticular. The matrix consists of fine grained qraú,2, abundant margarite and

kyanite, minor muscovite, chlorite, phlogopite, and trace amounts of tourmaline,
sphalerite, chalcopyrite and arsenopyrite. The margarite is strongly aligned paral-

iel or subparallel to the bedding and quartz elongation. Kyanite occurs as coarse

(0.25-20 mm) poikilitic or skeletal porphyroblasts, randomly oriented and over-

growing bedding. Inclusion trails and zones of finely disseminated graphite form
asymmetrical microfolds within the kyanite porphyroblasts.

Locally within the proximal alteration zone, isolated bedding surfaces were

intersected by drilling. These are marked by an abrupt asymmetrical change in
mineral proportions, especially in the abundance of fine grained (0.05-1 mm) sub-

hedral to euhedral disseminated pyrite (Plate 5.3, f). The best example occurs in
sample 24-872, in which the bedding surface is also marked by an abrupt change in
the abundances of quartz, plagioclase, muscovite, biotite, staurolite, tourmaline and

rutile. Variations in the abundance and grain size of pyrite define very thin (0.25-
1 mm) lenticular grading. Coarse (5-30 mm) kyanite porphyroblasts are present

throughout, but are very abundant on some zones (5-10 mm in thickness) paral-

Iel to, but not obviously related to, the discrete bedding surface. Plagioclase and

quartz occur as single grains (0.02-0.5 mm in length) or as aggregates with diffuse
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5. Alteration Zones

margins intergrown with fine muscovite which is also present in interstices within
the aggregates. The elongation of plagioclase grains and aggregates, and muscovite
schistosity define a strong 

^91 fabric which shows a slight but consistent obliquity to
the bedding surface (So). Ky"nite porphyroblasts define a lineation parallel to the
,S1 fabric, and contain inclusion trails of pyrite, quartz and plagioclase, which show a
consistent sense of obliquity to the external schistosity (St). Ky"nite and staurolite
porphyroblasts have discontinuous pressure fringes of epitaxial, weakly pleochroic,
high-Mg chlorite. A crenulation cleavage (Sz) is present in the muscovite schist of
the matrix. Where kyanite porphyroblasts are abundant, they show kinking with
impingement and deformation of adjacent grains; the principal flattening plane is
oblique to ,51 schistosity, and apparently paraliei or subparallel to the ,S2 crenulation
cleavage.

5.3.5. Proximal Alteration Zone.

In the porphyroblastic schists of the proximal alteration zone (10p), the miner-
alogy is dominated by muscovite (mainly 5-40%) and, with infrequent exceptions,
all assemblages contain muscovite, quartz and pyrite (Figure 5.1, Table 5.1, c). Mi-
nor to trace amounts of chlorite are common. Feldspar-absent rocks have a wide
distribution in isolated occurrences without a discernible pattern. Pyrite, and Fe-
sulphide minerals in general, are notably more abundant (0-10%) than in the distal
alteration zone (Figure 5.1, d). The altered rocks also contain kyanite (0-25%),
staurolite (0-L2%),, biotite (0-10%), and less commonly, garnet (0-6%). Margarite
is iocally abundant (up to 40%), particularly in altered metasediments. A bright
green chromian muscovite, associated with titanite (up io 1%), occurs in thin zones
(< 5 cm of drill-core intersection) on both the hanging-wall and footwall periph-
eries of the largest massive sulphide body. Minerals commonly present in trace
amounts include tourmaline (but up to 3% is present in some schists), apatite,
epidote, allanite, zircon, sillimanite, rutile, xenotime, pyrrhotite, sphalerite, mon-
azite, and chalcopyrite, and less commonly, ilmenite, arsenopyrite and gaiena (one
occurrence).

Layering in the proximal zone is generally more diffuse and more variable in
scale and definition than in the distal zone. Layering of medium thickness (0.b cm-
20 cm) is defined by differences in mineralogy or modal abundances of phyllosilicate,
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5. Alteration Zones

Plate 5.4. (following page) Textures and microstructures of the proximal alter-
ation zone. The bar scale in each plate represents 1 mm.
a. 224-1638. partial.xpl (cross-polarized tight) Layering (,Sr) defined by a

quartz-rich zone (A) with disseminated muscôvite, ånd b], à ¡íorphyroblaätic
zone (B).containing skeletal kyanite and stauro[té. fhe äxii pfu,oär of cor-
rugation in the layering and of a crenulation cleavage (Sz) are parallel to the

. 9l^o1ga!ion of pyrite aggregates (black).
b. 22iA--1638 - -partial 1-pL Detaii of a, showing a strained kyanite porphyrob-

i^ast(ky). *jt\ crystaliog.raphic preferred orieniation parallei_to i"yftitigiSr)
llqg"If(st) mantles the kyanite with some cohereni grain bounåariesl '

c. 224-1638 partial xpl Detail of a; kyanite porphyrõblasts(ky) show strain
related to transposition into parallelisrn-with tire crenulation àt"J"ug" in mus-
covite(mu) and mimetic staurolite(st). The skeietal staurolite does"not show
undulatory extinction.

d. 31q-13f7 
. partial xpl - The core of a subhedral staurolite porphyroblast(st) is

skeletal and.appears to be mimetic after bladed or fibrour ånd'porphyrobiaJtic
minerals. The outer margin contains few inclusions. Muscovite sähi"stosity in
the_rna^trix partly conforms to the staurolite grain boundary.

e. 34-1539 ppl (plane-polarized light) Subheãral gahnite pïrphyroblasts with
skeletal structure mimetic after Iayáring (^91). Mu-scovite defüei an 52 schis-
tosity.

f. 198-785. xp.l Plagioclase porphyroblasts(pl) are dimensionally elongate par-
allel to.layering (,Sr) an¿ contáin numerous very fine, orienteå incllsions of
margarite (giving the mottled textur.e).. Granoblastic aggregates of quartz(qz)
are present between and within plagioclase grains.

porphyroblastic and sulphide minerals (Plate 5.4, a). Second order layering (0.1-
5 mm) is commonly defined by the skeletal structure of mimetic porphyroblastic
minerals, including kyanite, staurolite, gahnite, garnet and piagioclase (e.g. Plates
5.4, e; 7.2, b-e;9.1, a). In many cases, the layering defined by poikiloblasts is
rotated with respect to layering in the matrix.

Porphyroblastic minerals have a wide range of grain size up to about 1 cm, but
more commonly less than 0.5 cm. Kyanite porphyrobiasts showing a layer-parallel
crystallographic foliation (51) commonly exhibit strain associated with transposi-
tion into the ,Sz direction (Plate 5.4, a-c). As in the distal zone, in some cases,

staurolite mantles kyanite with coherent grain boundaries between the two miner-
als (Plate 5'4, b)' Kyanite, staurolite and gahnite occur in habits mimetic after
,S1 layering and,52 crenulation cleavage (Ptate 5.4, c; see a/so plate 7.2,, c-e). In
some casesr subhedral crystals of staurolite have an internal skeletal structure which
appears mimetic after bladed and porphyroblastic minerals, and a thin outer zone

(0.05-0.2 mm) which is nearly clear of inciusions (Plate 5.4, d).

The proximal zone has a Zn-richcore (10pa), characterized by assemblages in-
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5. Alteration Zones

cluding quartz (30-80%), muscovite (10-44%),, gahnite (trace-l0%) and Fe-sulphide

minerals (2-15%), mainly pyrite (e.g. Plate 5.4, e). In most cases, staurolite is

present (0-75%), as well as minor to trace amounts of sphalerite. The staurolite is
pale orange-brown to yellow in hand sample and nearly non-pieochroic in thin sec-

tion, apparently indicative of its low-Fe, Zn-rich composition (see 9.1.3. Staurolite
and Gahnite). The unit has lower abundances of plagioclase (0-25%) and chlorite
(0-2%) than the enveloping volume of the proximal zone. Biotite and kyanite are

locally abundant in amounts of up to 8Yo and 6%, respectively.

The Zn-rich core zone (10pa) envelops graphitic metasediments (3) and as-

sociated non-graphitic silicate-rich metasediments, and massive and semi-massive

sulphide mineralization (5). These rocks contain abundant pyrite and minor spha-

lerite, but usually, no gahnite. The volume enveloping the graphitic metasediments

and associated sulphide lenses and extending approximately to the lower strati-
graphic limits of unit al70p locally contains isolated bedding surfaces as previously

described (see 5.3.4. Metasedimentary Rocks; and Plate 5.3, f). In many cases,

rocks in this volume show diffuse layering, 5-50 mm in thickness, defined mainly by
variations in the modal abundances of muscovite, margarite, plagioclase, quartz and

kyanite. Phyllosilicate minerals define a layer-parallel crystallographic preferred ori-
entation (.91). Plagioclase occurs as poikilitic layer-parallel lenticular grains (0.1-5

mm in tength) or aggregates containing numerous fi.ne grained (<.05 mm) oriented
(^91) inclusions of margarite (Plate 5.4, f). Kyanite occurs as coarse grained (up to
1 cm) skeletal unoriented(?) porphyroblasts. Plagioclase in these rocks appears to
have replaced margarite. The layering is possibly partly of sedimentary origin.

Plagioclase occurs as coarse grained (2-8 mm) porphyroblasts with zoning out-
lining a well defined annular ring structure of more calcic composition (labradorite-
bytownite) (see also 5.4. Plagioclase-layered Rocks). In some cases, the plagioclase

has undergone retrogression and is partially or completely pseudomorphed by a

brownish-green, very fine grained, massive aggregate consisting of muscovite, cal-

cite, chlorite, epidote(?) and, in some cases, margarite. The retrograde replacement

is notably more intense in the calcic zones of porphyroblasts and tends to enhance

the annular structure. Macroscopically this is manifested by the presence of brown

ring structures, either in isolation or aggregated (depending on the distribution of
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5. Alteration Zones

feidspar) and bearing a superficial resemblance to oolites. Retrogression of feldspar,
and consequently the presence of brown toolites', is prevalent in altered metasedi-

ments, although other metamorphic minerals are not affected.

Calcite occurs locally in minor to trace amounts in metasediments, associated

with retrogression as in the plagioclase, or associated with late cross-cutting struc-
tures. For example, calcite fills brittle diiational veinlets (up to 1 mm in width) in
graphitic metasediment, occurring as fibres oriented perpendicuiar to the vein walls.

The veinlets are oriented both parallel and perpendicular to bedding and mineral
schistosity. Calcite and quartz are also present on veins up to 5 mm in width.

5.4. Plagioclase-layered Rocks.

A distinctive type of plagioclase-bearing rock, defined mainly on the basis of
textural and microstructural criteria, contains abundant coarse grained (2-5 mm)
plagiociase porphyroblasts. These rocks do not constitute a mappable unit, as their
recognition partly depends on petrographic examination. They are most common

in the uppermost part of the proximal alteration zotte) stratigraphically above the
small massive sulphide bodies and, especially, on the periphery of the largest massive

sulphide body and its up-dip and down-dip extensions. Their occurrence is not
limited to the alteration zoîe; they are also observed in quartz-megaphyric felsic

rocks (a) and in felsic volcanic rocks (1) where these are intercalated with quartz-
megaphyric rocks in the uppermost part of the sequence.

The modal mineralogy of plagioclase-layered rocks coincides with that of felsic
volcanic rocks high in plagioclase and ferromagnesian minerals (Figure 5.1; Note

that plagioclase-layered rocks have a'prirne'superscript affixed to the normal sym-

bol for the unit in which they occur.). They generally contain high abundances

of chlorite and biotite, and low abundances of muscovite and sulphide minerals,
relative to the typical rocks of the proximal alteration zone.

The rocks are characterized by layers, 1-10 mm in thickness, of alternating
plagioclase-rich and quartz-rich mineralogy. Phyllosilicate minerals are associated

with plagioclase layers and, where abundant, form a schistose matrix to the plagio-

clase porphryoblasts. Plagioclase porphyroblasts and aggregates are elongate in the
plane of the layering, but lack any preferred crystallographic orientation. The pla-

gioclase layers are traversed by layer-parallel swarms of semi-continuous inclusion
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Plate 5.5. (following page) Plagioclase-layered rocks with rutile trails. The bar
scale in each plate represents 0.5 mm.
a. 29-L.092 ppl (plane-polarized tight) Multiple inclusion trails of fine grained

rutile prisms occur in swarms (A) continuous across the section and areãssoci-
ated with coarse graìned plagioclase porphyroblasts which are elongate parallel
to the trails (,91). Medium grained mica blades define an obliquãly oriented
schistosity (^9r). Some plagioðlase porphyroblasts and their includtd irails show
a_ slighf rota-ti-on apparently due to a component of layer-parallel shortening.
Note the colliform shape of plagioclase grain boundaries io phyllosilicate min-
erals (B).

b. 34C-1831 xpl (cross-polarized light) Quartz(qz) trails in plagioclase(pt)
commonly consist of aggregates, with a width of one'quartz grain. -

c. 22A-L788 ppl Trails and clots of fine rutile prisms, deñning ,51, outline
a porphyroclastic reiict qu,artz phenocryst and its recrystallized tails. The
phenocryst contains numerous very fi.ne, randomly oriented needles of rutile
(not visible).

d. 22A-7788 ppl Detail of b. Rutile(ru) trails and clots outline the tail of
the porphyroclast. Some fine mica blades(mc) are also present. Poikiloblastic
calcic plagioclase forms an overgrowth (pl, high relief).

e. 19-12-37b xpl Plagioclase aggregates with compositionai zoning defining an
annular structure. The rings are narro\M zones of high An-content. Note lhat

_ the zoning is commonly continuous across several piaþioclase grain boundaries.
f. 79-1?37b xpl Detail of f. Compositional zoning encompasses several pla-

gioclase crystals, mainly extending parallel to the 51 plane, and has a colliform
shape. Rutile trails and quartz trails are present as in previous samples.

trails, consisting mainly of rutile (Plate 5.5, a-d). In many cases, the swarms are

continuous over the width of a thin section (2.5 cm), although individual trails may

anastomose or become diffuse. The continuity of swarms seems mainly governed

by the degree of ,92 crenulation, as inclusion trails can aLso be observed in rotated
porphyroblasts. In addition to rutile, trails may contain opaque minerals, zircon,

apatite and tourmaline. \Mhere the trails cross into biotite or chlorite, rutile is gen-

erally absent and the traii is traced mainly by pleochroic haloes. Within plagioclase,

the traiis are well defined by numerous, very fine rutile prisms (up to 0.05 mm in
Iength and with aspect ratios of 2-10) which are strongly aligned in the plane of
the layering (i.e. defining a lineation within the ,5r plane).

The trails of accessory minerals are most pronounced within plagioclase por-

phryoblasts and they are invariably associated with plagioclase-layered rocks. How-

ever, they are commonly continuous across areas of phyllosilicate minerals and, in
some cases, were observed in areas of granoblastic quartz aggregates interstitial
to porphyroblasts. In quartz-megaphyric rocks, the trails wrap around relict phe-

nocrysts and outline elongate tails of recrystallized qtaúz (Plate 5.5, c-d). In
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contrast, monocrystalline phenocrysts and undulatory enclaves contain rutile as

numerous minute needles, forming randomly oriented hair-like inclusions (see 5.3.1.

Quartz Phenocrysts).

The plagioclase porphyroblasts also contain inclusion trails of a more punc-

tuated nature, consisting of quartz and quartz aggregates (Plate 5.5, b). The in-

clusions are elongate parallel to layering (widths of 0.01-0.1 mm and aspect ratios

of 2-15). In some cases, fine monocrystalline quartz inclusions are notably more

elongate (aspect ratios up to 10) than the nearly equant, granoblastic quartz grains

in the matrix.

The plagioclase porphyroblasts show well developed zoning with an atoll struc-

ture (Plate 5.5, e-f). Typically, an andesine-labradorite core of uniform composition

forms 50-75% of the grain area. This is mantled by a zone of labradorite-bytownite

composition, in some cases, marked by a compositional discontinuity. The calcic

zone forms an annular ring which shows normal zoning to an andesine-labradorite

margin. The porphyroblasts are mainly untwinned (95%), and in twinned crys-

tals, pericline twins are more common than albite twins. The An-contents were

determined by optical methods on albite twins, supplemented by a few microprobe

analyses and, therefore, are imprecise. However, contrasts in relief and changes in

the optical orientation of albite twins from length-fast to length-slow in the calcic

zone of some grains (a transition occurring at Anzsi Deer et al., 1966), provided

additional information on relative compositional changes.

In many cases, a ribbon microperthitic to cryptoperthitic texture, resembling

exsolution lamellae, is present (e.g. Plate 9.1, a). The compositional ranges suggest

the possibility of Bøggild intergrowths of Ana6-Anoo and Huttenlocher intergrowths

of An66-Ane¡ (Smith, 1983).

The nature of the outer grain boundaries of plagioclase porphyroblasts varies

between samples. Most commonly, porphyroblasts have simple curved margins.

In many cases, the compositional zoning encompasses several adjacent crystals,

crossing grain boundaries which are oriented perpendicular to layering (S1), thus

enhancing the elongate appearance of the porphyroblasts (Ptate 5.5, e-f). Grains

which are poikiloblastic to skeletal in habit have irregular contacts and zoning is

interrupted by inclusions. In some cases, grains occurring in a phyllosilicate matrix
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have cuspate colloform margins convex toward the matrix, and with the composi-

tional zoning following the shape of the outer contacts.

5.5. Quartz Veins

Quartz veins are abundant in the alteration zones, particularly in the distal
alteration zone. Most are barren, white, monomineralic veins, concordant to the
schistosity of the host rock (,S1) and, in many cases, contain tectonic inclusions
of wall-rock schists in tightly infolded re-entrants, also concordant to the external
schistosity. In the Zn-ñch core of the proximal zone (10pa), isolated euhedral in-
clusions of gahnite occur within some quartz veins. The veins are typically 15-30

cm in drill-core length, but vary from thin (S O.f cm) veins, occurring singly or in
swarmsr to thick veins representing up to 1.5 metres of drill-core intersection.

In the alteration zones, contacts between concordant quartz veins and wall
rocks are of two main types: contacts characterized by an increasing abundance

and grain size of porphyroblastic staurolite, kyanite and biotite in the wall rock
approaching the vein contact; and contacts, mainly involving chlorite-muscovite

schists, characterized by a single very strong schistosity. In the first type, the ,S2

crenulation cleavage is very intense in the selvedge and porphyroblasts are either
dimensionally aligned parallel to the ,S2 plane, or aligned in the ,S1 plane and show

intense kinking or crenulation in the ,52 p1ane. In some cases, possibly represent-

ing a transition between the two types of contacts, the crenulation cleavage (,S2)

increases in intensity toward the contact until it is transposed into parallelism with
the ,5i mineral schistosity. The second type of contact is commonly associated with
quartz veins occurring in swarms in which veins may represent 10-60% of the total
rock volume over a drill-core length of several metres. The host rock between the
veins is a silky schist without gneissic layering. These quartz veins and selvedges are

associated with local high strain zones which, in many cases, show steeper appar-

ent dips (i.e. lower angles between the rock fabric and core axis), and transitional
contacts with the host rock. In some cases, selvedges contain brown-green struc-

tureless mixtures of retrograde minerals, partly replacing plagioclase, or entirely
pseudomorphing poikiloblastic augen which have a habit similar to plagioclase. In
some cases, fine (< 1 mm in width) calcite veinlets are present in the phyllosilicate

schists, and although oriented subparallel to schistosity, in detail can be seen to
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transect the fabric of the host rock.

Discordant quartz veins, and some concordant veins, typically contain calcite
and have selvedges characterized by coarse grained, randomly oriented, calc-silicate
minerals. These veins occur in all rock units, including the distal and proximai
alteration zones. They are closely associated with statically crystallized, calc-silicate
alteration (unit 10i) (see 6.2.2. Static Calc-silicate Alteration).

5.6. Massive and semi-Massive sulphide Minerarization.

5.6.1. Massive and Semi-massive Sulphide Bodies.
Four distinct massive sulphide bodies were intersected in the cross-sections

represented by A-A' and C-C' (Figures 3.2-3.3), and these bodies have some dis-
tinctive mineralogical and textural features. The lowermost body in the strati-
graphic sequence is associated with graphitic metasediments (3). The contacts are
transitional over a few centimetres and involve an increase in medium to coarse
grained pyrite and pyrrhotite porphyroblasts in weakiy layered concentrations par-
allel to bedding. The massive sulphide mineralizationis intercalated with mineral-
ized kyanite-margarite schists in layers of about 20-60 cm in thickness. Contacts to
the proximal alteration are transitional by a decrease in the proportion of sulphide
minerals in sulphide-rich intercalations. The mineralogy of the silicate-rich layers
shows a concomitant decrease in margarite abundance and an increase in muscovite
and plagioclase abundance. The internal structure of the massive sulphide layers is
nearly massive, but they commonly contain irregular seams (up to 5 mm in width)
and blebs of pyrrhotite, chalcopyrite and sphalerite, interstitial to euhedrai pyrite
porphyrobiasts. Calcite, although not common, is locally abundant in granular in-
tergrowths with pyrite in zones of up to one metre of drill-core intersection. It also
occurs on irregular seams or veins (up to 5 cm in width), commonly in association
with sphalerite and pyrite.

Higher in the sequence, a massive sulphide body was intersected over 1 me-
tre and 7 metres in cross-sections A-A' and C-C', respectively. This body consists

of granular, medium to coarse grained pyrite and calcite, with minor pyrrhotite
and quartz. In the case of the thicker intersection, the pyrite-calcite rocks are in-
tercalated, in layers of 15-75 cm in thickness, with silicate-rich layers containing
qtartz, calcite, biotite, and muscovite, with minor pyrite, pyrrhotite and chalcopy-
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rite. Down-dip from this massive sulphide body, in cross-section C-C', another
body, 2 metres in thickness, consists of medium to coarse grained, granular pyrite,
with minor pyrrhotite and quaúz. Some of the qrartz occurs as augen resembling

relict phenocrysts.

The largest massive sulphide body occurs uppermost in the sequence within
unit 4, and consists of structureless granular, medium to coarse grained, idioblastic
pyrite (60-90%) and granoblastic calcite (10-40%). Locally, magnetite occurs as

disseminated porphyroblasts, up to 3 mm in size, and pyrrhotite and minor spha-

lerite and chalcopyrite are present in the place of calcite, interstitial to euhedral
pyrite on irregular seams or interconnected enclaves. Minor barren calcite enclaves

and veins, up to 10 cm in thickness, cut the pyrite-calcite rock. The veins are

commonly curved, forming structures resembiing open folds, but lacking any pene-

trative fabric. The massive sulphide body is generally very homogeneous, but local
enclaves of silicate minerals are present.

6.6.2. Silicate Enclaves in the Main Massive Sulphide Body.

The main massive sulphide body contains enclaves of silicate minerals, and

associated semi-massive zones representing up to 2 metres of drill-core intersection.
There are three types of enclaves: 1) leucocratic enclaves consisting of pyrite, qrartz
and schistose muscovite, with blue quartz augen resembling relict phenocrysts; 2)

melanocratic enclaves consisting of symplectites containing calc-silicate minerals

and, typically having a zonal structure; and 3) one occurrence of a meianocratic
enclave containing anthophyllite, stauroiite and gahnite. The first type of enclave

is similar to rocks in the proximal alteration zoÍre) but types 2 and 3 are unique.

Anthophyllite was observed in a single small enclave (6 cm of drill-core intersec-

tionr24-7731a-1)in association with qrartz, anorthite (Arrt, microprobe analysis),

staurolite and gahnite, with trace amounts of biotite and arsenopyrite. This as-

semblage is bounded immediately by a. zoîe consisting of quartz anil pyrite, and

by an outer calc-silicate zone, consisting of blue-green hornblende, calcic plagio-

clase, quarlz, pyrite, pyrrhotite, magnetite and minor sphalerite. The calc-silicate

zone is transitional to the pyrite-calcite host rocks. Adjacent to the pyrite-calcite
rocks, epidote is also present. Magnetite porphyroblasts (1-3 mm in size) are evenly

distributed throughout the pyrite-calcite host rock and the calc-silicate zone.
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Within the anthophyllite-bearing enclave, a layered structure (4 mm in thick-
ness) is weakly defined by concentrations of felsic and ferromagnesian minerals, and
by trails of equant, fine grained quartz. Fine grained biotite blades, which occur
mainly as disseminated inclusions in anthophyllite, are aligned parallel to layering.
Other silicate minerals, and gahnite, are unoriented, but the internal structure of
coarse poikiloblasts is commonly mimetic after layering (Plate 5.6, a). Staurolite
and gahnite poikiloblasts are medium to coarse grained, anhedral and, in part, in-
terstitial to radiating sheaves of acicular, coarse grained (up to 10 mm long) prisms
of anthophyllite (Plate 5.6, b). Staurolite and anthophyllite also occur as skele-
tal crystals which commonly form a network engulfing numerous fine quartz grains
(0.02-0.05 mm) and, in some cases, appear to be mimetic after randomly oriented
or radiating fibrous minerals. Poikiloblastic minerals show moderate degrees of
strain, as indicated by undulatory extinction (Plate 5.6, c). Anorthite occurs as

medium to coarse grained anhedral grains, interstitial to ferromagnesian minerals.

Quartz varies in habit, forming fine grained, nearly granoblastic aggregates, with
interlocking contacts, and medium grained, strained and elongate grains, with su-
tured contacts. Monocrystalline or substructured lenticular grains up to B mm
long are engulfed bv porphyrobiastic and sulphide minerals (Plate b.6, c). These
grains contain numerous, randomly oriented rutile hairs and resemble relict quartz
phenocrysts.

The mineralogy, textures and microstructures of the calc-silicate zone are sim-
ilar to those of calc-silicate enclaves encountered locally throughout the largest
massive sulphide body (Plate 5.6, d-j). They are characterized by quartz, pyrite,
pyrrhotite, blue-green amphibole and calcic plagioclase. Minor amounts of gahnite
and sphalerite are ubiquitous. Epidote is abundant near contacts with pyrite-calcite
host rocks and adjacent to weakly mineralized calcite veins (up to 2 cm in width)
present locally in the enclaves.

The mineral textures and microstructures contrast markedly with the proxi-
mal alteration zone in that there is little or no evidence of rhythmic layering or
penetrative fabrics, except in local domains (e.g. quartz aggregates in the follow-
ing paragraph). The enclaves are characterized by coarse symplectic intergrowths
involving plagioclase and amphibole, amphibole and pyrrhotite, plagioclase and
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5. Alteration Zones

Plate.5.6. (following two p.ages) Silicate enclaves in the main massive sulphide
body,.including rocks containing- anthophyllite, sta-urolite and gahnite (a-c)l and
calc-silicate enclaves (¿-p). The bar scale in each plate ."pr.."rri, 0.2b mm.
a. 24-11.31a {pl (cross-polarized light) A skeletal staurolite(st) porphyroblast

with internal structure mimetic af[er iayering (51), and wiih fibr'oür u.ì"år which
contain many fine quartz inclusions.

b. 24-l-131a partial xpl Sheaf of acicular radiating anthophyllite(at) with an-
hedral interstitial staurolite(st) between some of ihe prismåtic .ìyriri.. The
anthophyllite contains quartz inclusions and many oriented inclusions of fine
grained biotite(bi).

c. 2-4-1131a .xPl Relict qluaúz phenocryst engulfed by staurolite(st) and an-
thophyliite(at). The phenocryst ánd the anthophyllite Àhow undulatoíy extinc-
tion.

d. 24-ll29a . xpl Co-arse grained poikiloblasts of plagioclase(pl) and amphi-
bole(am) h u-tyloplec-tic-intergrõwth with sulphide"mitt"ràis(ru) and äpi-
dote(ep). The field õf view is 13 mm wide.

e. 24-77.29a ppl.(plane-polarized light) Gahnite(gh) inclusions in plagio-
clase(pl) resembling symplectic inteigrówths and corónâ structures.

f. 24-7L2.9a - Ppl Detail of f. Very fine gahnite(gh) inclusions in plagioclase.
Some inclusions. appear to_be oriented.pãrallel tò-láttice planes in'the" plagio-
clase (very fine inclusions, lower centre).

g. 24-7169 pp-l Relict quartz phenocrysts(qz) with irregular outlines. Calcic
plagioclase(pl) occurs in symplèctic intergrò'ivitrs with py-rrhotite(po).

h. 24-1160 . xpl -. Detail of plagioclase in g. Compositional zoning in plagioclase
follows the outlines of pyrrhotite(po) inclusions.

i. 24-7129a - ppl- Quartz-rich aggregates(qz) with stringers of sulphide miner-
ats(su) and skeletal amphibote(ãm).-

i. 24-7129a . xpl Same view as i. A weak directional fabric is defined by trails
of fine grained recrystallized qrartz, overgrou¡n by the skeletal amphibóle.

k. 24-IL29a ppl Contact between a calc-silicate enclave and a ca"lcite vein
(A)' + s.ingle- plagioclase porphyrobtast(pl) contains inclusions of sulphide min-
erals(su)_and gahnite(gh). The plagioclaée and suiphide minerals ñave a fine
corona of epidote(ep).

l. 24-7729a - Tpl Same view as k. Gahnite and epidote(ep) are more easily
distinguished. Epidote rims plagioclase (twinned)-on boìh ihe external anä
the internal grain boundaries. Faint cleavage is visible in the calcite in the vein
(A).

m. 24.-1191^ .ppl Skeleta-l garnet(gt),, with pyrrhotite(po), fine chlorite blades
(ch) -defining a.-schistosity, and medium grained, randomly oriented, biotite
porphyroblasts(bi). The view represents zõne 5 in Table 5.2-.

n. 2!;IL.91. . ppl Detail of m. Garnet(gt) appears to be mimeticaliy replacing
chlorite(ch) and, in part, mantling pyähotiie(po).

o. 24-1-190.5 p_pl trailg and swarms of fine rutile prisms(ru) in elongate pla-
g_ioclase porphyroblasts(pl). The view is equivaleñt to ione A in tá¡te -S.2.

Compare the rnicrostructures in this enclavè, to those found in plagioclase-
layered rocks (Plate 5.5).

p. 24-11-90.5 xpl Same view as o. Inclusion trails and aggregates of qraú,2(qz)
are also -present. In the nearly ex_tinct plagioclase grain[pt)l rutile prisms(ru)
are visible as very fine bright needles.
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5. Alteration Zones

pyrrhotite, gahnite and sulphide minerals, and plagioclase and gahnite. The miner-

als are generally coarse grained (0.5-5 **), anhedral, and skeletal to poikiloblastic,

with intergrowths typically occurring on a scale of 0.05-0.5 mm. Sma[ (0.02-0.1

mm) equant inclusions of quartz occur in all minerals. Gahnite occurs mainly as

skeletal inclusions within plagioclase, although local sulphide aggregates contain

many small (0.02-0.5 mm) euhedral inclusions of gahnite, or are intergrown with

anhedral gahnite. In plagioclase, the coarsest inclusions of gahnite have scalloped

grain boundaries. In many cases, they occupy up to 50% of the grain area and tend

to be concentrated within the central parts of the grain, giving the appearance of

gahnite mantled by plagioclase (Plate 5.6, e-f, k-l). In addition to their involvement

in symplectic intergrowths, sulphide minerals occur in fine grained (0.01-0.5 mm)

subhedral crystals (mainly pyrite) and in irregular gangiion aggregates, up to 10

mm in size, with many apophyses commonly forming an interconnecting network

(e.9. Piate 5.6, e).

Piagioclase occurs mainly as untu'inned (95%) porphyroblasts, riddled with

symplectic inclusions (10-40%). Fine oscillatory compositional zoning is commonly

present around the margins of inclusions, particularly symplectic pyrrhotite, re-

sulting in an intricate iacy internal texture (Plate 5.6, h). Zoning is also present

around outer contacts, but the definition and width of zones is variable, and may be

partly determined by the species of the adjacent mineral, although this is not well

established. In general, the compositionai change is from calcic plagioclase adjacent

to inclusions and outer grain boundaries, to less calcic plagioclase in inclusion-free

internal areas.

Quartz-rich aggregates (up to 15 mm in size) occur with both granoblastic

and inequigranular textures, the latter comprised of medium grained (0.5-2 *-),
strained, undulatory grains showing weakly sutured mutual contacts or mantled by

fine grained (0.05-0.2 mm) recrystallized grains. In some cases, a weak directional

fabric within the aggregates is defi.ned by trails of fine grained recrystalli zed qrarlz

associated with fine grained (0.1-0.25 mm) sulphide minerals and aggregates and

stringers of interstitial skeletal amphibole (Plate 5.6, i-j). The outer margins of

the quartz aggregates are irregular, commonly interlocking with sulphide minerals

and penetrated by skeletal amphibole, optically continuous with amphibole in the
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5. Alteration Zones

matrix. The aggregates resemble recrystallized quartz phenocrysts.

Calcite veins and aggregates which cut the enclaves, although typically very

irregular in shape, have sharp contacts to the wall rock, in some cases, marked by

a discontinuous seam (up to 1 mm in width) of sulphide minerals. The seams have

scalloped margins and many finger-like projections into both the vein and the wall
rock. The veins are nearly monomineralic, consisting of medium grained (0.5-2

**), equant calcite, which varies from granoblastic with smooth grain boundaries

to interlocking with serrate contacts. Caicite shows u'eak undulatory extinction and

slight kinking or bending of lamellar twins in some grains. Minor amounts of quartz

and pyrite are present in the veins.

Epidote is present in the wall-rock assemblage, in addition to all the other

minerals of the enclaves. Calcite penetrates about 3 mm into the wall rock, either

on grain boundaries, or forming coarse (0.1-0.5 mm) syrnplectic intergrowths with
amphibole which resemble replacement textures. Corona structures are evident;

epidote forms a very fine (0.01-0.02 mm) rim between plagioclase and calcite, and

in some cases, between plagioclase and sulphide minerals, and quartz and calcite

(Plate 5.6, k-l). The epidote coronas commonly consist of fibres oriented perpen-

dicular to grain boundaries. Epidote also occurs as medium to coarse grained (1-3
mm) subhedral crystals dusted with numerous fine (0.01-0.1 mm) euhedral pyrite

inclusions, and in symplectic intergrowths with hornblende, sulphide minerals and

calcic plagioclase.

Garnet was observed in one location (24-7797), in an enclave with a strongly

defined zonal structure. Six distinct mineralogical zones (Table 5.2) occur within
the length of a thin section (about 4 cm). Detailed electron-microprobe traverses,

characterizing the mineral chemistry of each zorLe, are reported in chapter 10 (10.4.

Calc-silicate Enclave in the Main Massive Sulphide Body). The contacts between

zones are marked by changes in minera.l assemblage and in compositions of mineral
species.

The textures of zones 1 to 4 are identical with those present in calc-silicate en-

claves as previously described. Zone 5 is distinguished by the occurrence of chlorite

and garnet. A pale green chlorite occurs mainly as fine grained (< 0.5 mm) bladed

aggregates defining a moderately strong schistosity parallel to zonal contacts. It
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5. Alteration Zones

Table 5.2. Mineralogy of zones in a carc-silicate Enclave.
Sample Z4-LL9L

zone Lt calcite, pyrite-typical lithology of the massive surphide body.

Zone 2z (f -4 mm); calcite, pyrite, epidote, actinolite, tquartz.

Zone 8: (1-2 mm); quartz, pyrite, epidote, actinolite/hornblende (patchy zoning), bytownite

(4n66-4n91, patchy zoning).

zone 4z (6-8 mm); quartz (partly in aggregates up to g mm in size), pyrite, pyrrhotite (mon-

oclinic), hornblende, bytownite (4n72-,{n66, patchy zoning, symplectic intergrowths

w'ith pyrrhotite).

Zone 5: (r-o mm); quartz' pyrrhotite (trace hexagonal co¡es in mainly monoclinic grains), pyrite,

garnet (skeletal, rimming pyrrhotite and partly mimetic after chlorite), hornblende (no

contacts to chlorite), chlorite (defines schistosity parallel to zone contacts), biotite, oligo-

clase/andesine (4n29-Ân34, reverse zoned elongate porphyroblasts with rutile inclusion

trails parallel to zone contacts), andesine/labradorite (Ana1-4n67, patchy and normal

zoning, symplectic intergrowths with pyrrhotite).

Zone¡ 6: quartz (partly in aggregates and phenocrysts up to 4 mm in size), biotite, oligo-

clase/andesine (4n27-4n34, habit as in zone 5), andesine/Iabradorite (4n41-An54,

normal zoning, cores contain gahnite inclusions), pyrrhotite (minor hexagonal cores in
mainly monoclinic grains), pyrite, chlorite, sphalerite (trace), gahnite (inclusions in pla-

gioclase).

has a habit similar to that of chlorite in the proximal and distal alteration zones.
Biotite is present as randomly oriented, anhedral, fine to medium grained (0.1-1
mm) porphyroblasts and aggregates, which show traces of retrogression to a dark
green chlorite along grain boundaries and cleavage planes. Garnet occurs as skeletal
grains and aggregates overgrowing fine (0.05-0.2 mm) quartz grains and forming
a semi-continuous layer up to 6 mm thick (Plate 5.6, m-n). It contains many in-
clusions of pyrrhotite, mainly as irregular interconnected or isolated ganglions with
scalloped margins. In some cases, pyrrhotite occupies most of the aggregate (up to
70-80%) and garnet seerns to be rimming pyrrhotite. Garnet also occurs in a skele-
tal bladed habit identical to that of chlorite. In many cases, fine blades preserve
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5. Alteration Zones

textural continuity across sharp high-angle grain boundaries between chlorite and
garnet (Plate 5.6, n)' Garnet appears to have mimetically replaced chlorite. The
distribution of minerals in zone 5 is asymmetrical; most of the hornblende occurs
between the garnet layer and zone 4, and most of the biotite and chlorite occurs
between the garnet layer and zone 6.

Zone 6 contains gahnite, as inclusions in plagioclase, identical to those present
in calc-silicate enclaves. Trace amounts of sphalerite are also present as anhedral
grains, up to 1 mm in size, associated with either sulphide or silicate minerals. In
some cases, fine grains of sphalerite (0.02-0.1 mm) occur with gahnite, as inclusions
in plagioclase' or on the periphery of plagioclase grains which contain gahnite.

Plagioclase in zones 5 and 6 occurs in 2 distinct habits which show a correla-
tion with An-content. Both zones contain medium to coarse grained (0.5-5 **),
poikiioblastic grains and aggregates, elongate parallel to the zonal contacts and con-
taining well defined inclusion trails of rutile. The piagioclase and rutile trails are
similar in habit and microstructural relations to those of plagioclase-layered rocks
(Plate 5.6, o-p). The poikiloblasts show a weak reverse compositional zoning from
an oligoclase core to an andesine rim. Within zone 5, plagiociase also occurs in
symplectic intergrowths with pyrrhotite, similar to those in zone 4 and in many
calc-silicate enclaves, but with slightly lower An-contents (labradorite to andesine).
fn zone 6, plagioclase with a similar habit and compositional range contains inclu-
sions of gahnite and sphalerite. It should be noted that the An-contents (Tabie
5.2) represent the ranges encountered during microprobe analysis and that the out-
ermost margins of plagioclase grains in both zones, regardless of habit, probably
converge to an andesine composition.
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Chapter G

Other Types of .A.lteration

A variety of alteration types were observed at the Linda deposit, distinct either in
Iocation, or in mineralogy, from the porphyroblastic schists and gneisses of the prox-
imal and distal alteration zones. These alteration types include silicic-feldspathic
alteration (1a, 10s) and calc-silicate alteration (10c, 10e) of mafic to felsic precursor
rocks; statically crystallized calc-silicate alteration (10i); chlorite-hornblende schists

(10m); and retrograde alteration.

6.1. Silicic-Feldspathic .A.lteration.

Microcrystalline, nearly massive rocks with a bleached appearance are common
at the Linda deposit and include the previously discussed 'cherty'felsic rocks (1a)
(see 5.3.2. 'Cherty' Felsic Rocks and Brecciated Equivalents), as well as 'cherty,
rocks which occur in close association with mafic rocks (10s). Silicic-feldspathic al-
teration is difficult to recognize and characterize, particularly in drill core; it mimics
massive rhyolitic flows and the highly silicic and sodic whole-rock geochemistry is
difficult to infer, even during petrographic examination. Although in general, these

rocks were mapped as a distinct unit or subunit (1a,2170s) on a iithological basis,

their identification as altered rocks, especially in the case of unit 1a, is based partly
on geochemistry (see 11.1.1. Geochemistry of Felsic and Silicic-Feldspathic Altered
Rocks). The modal mineralogy of silicic-feldspathic rocks is summarized in Table
6.1; unit 1a will not be discussed further here (see 5.3.2. 'Cherty'Felsic Rocks and
Brecciated Equivalents ).

In the subsurface, the mafic volcanic rocks of unit 2 have transitional contacts

with felsic rocks over intervals of up to 10 metres. In the mafic volcanic rock of
unit 2, fine (0.2-2 mm) laths and prisms of blue-green hornblende define a strong
lineation in an otherwise nearly massive rock. In the transitional contact zone, am-

phibole shows an abrupt increase in grain size, decrease in abundance, and change in
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6. Other Alteration

Table 6.1. summary of Modal Mineral percentages.

Ranges and averages (in parentheses) in silicic-feldspathic altered rocks
(Appendix A.)

See 3.1. Description of Lithological Units for explanations of unit and. code designations.
See Table 4.2 for a key to t'he code and Table .A'.3 for mineral abbreviations.

a. Cherty Felsic Rocks (1a), Clasts from Felsic

Unit Code N Qz
la I 22-55

1b

Unit

(40)

34-70

(55)

29-33

2f 10s,

2b/1,0s

2e/1.0s

PI Hb

b. silicified-Feldspathized Mafic Volcanic Rocks (2/L0s, 2bf 1.0s,2e11,0s).

23-70 0-4
(51) (r)

30-65 0

Code N Qz Pl Hb Cm Ep Cl cr Bi Ch

habit and composition (Plate 6.1, a-b); blue-green hornblende and clear cumming-
tonite occur as medium to coarse grained (1-8 mm), poikilitic to skeletal, acicular
sheaves. They vary from'bowtie' aggregates, which have sigmoidal asymmetry and
define a weak foliation, to sheaves which define a moderately strong lineation and
foliation within fine layers, about 0.5 mm in width. The skeletal habit is com-
monly mimetic after the layering. The transition zone is also characterized by
fine to medium grained (O.b-B mm) magnetite porphyroblasts and, locally, by fine
to coarse grained, garnet porphyroblasts and minor amounts of disseminated fine
grained chlorite and sulphide minerals. The proportion of mafic minerals fluctuates
across the zone on a scale of 0.1-2 metres and ranges from 10-40%. Modal variation
on a smaller scale defines diffuse layers, 0.5-10 mm in thickness.

Cummingtonite-rich and hornblende-rich domains are defined by the distribu-
tion of amphiboles, but the minerals also show minor mutual epitaxial overgrowths
(Plate 6.1, b). Cummingtonite, garnet and magnetite all have nearly chlorite-free,
leucocratic halos, but grain contacts with chlorite were also observed. The felsic
matrix is a microcrystalline (0.02-0.1 mm) granoblastic to interlocking aggregate of
qtartz and sodic plagioclase. The plagioclase is mainly untwinned (SL%) and simi-
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(43) (r) (1) (r) (o)

65-70000000_r00

Breccias (1b) and Cherty Breccias (1c).

5 5-45 38-60 t-15 7-12 0_t 0 0_4 0_4 0_11
(28) (48) (B) (8) (0) (r) (1) (B)

0-9 0-2 0-2 0-2 0-8 0_10 0_5

(1) (r) (r) (r) (2) (1) (1)

0 0 0 0-1 r-1 0_t 0_t

Ep Cl ct Bi Ch Op

Op
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6. Other Alteration

Plate 6.1. .(following page) Silicified-feldspathized mafic rocks. The bar scale in
the photorrucrographs represents 1 mm.
a. Transitional contact zone of unit 2 as seen in drill core. Unit 2 lies to the left

(not visible).and the contact zone in this direction contains a-hilh"r pr"portion
o.f çoar1e grained, acicular, h-ornblende sheaves. The weakiy coloîredior" to th.
right. of th." pen contains abundant cummingtonite. DisäeminateJ magnetite

. p9{pþ{roblasts show ieucocratic þalos, The p-en is 16 cm long.b. 344-1.484, ppl (plane-polarized light) - Hor'nblende(hb) .ttã 
"rrm*ingtonitel:-) i" the -transitional contact zone, forming skeleial íadiating sheavãs and(bowties'. The opaque phase is magnetite.

c. Outcr-op of silicified-feldspathized p-ìllowed flows, looking down the axis of the
stretching lineation (YZ-section). Ñote the bleached app"earan". .od ìhe mu,fic
rims. The hammer handle is 40'cm long.

d. Detaii of the outcrop in c-, showing bleãched pjllow interior (to the left of the
p:l),yit\ weakly coloured cummiñgtonjtg,- l"d q laye-red rnu,h" ,i- containing
hornblende, garnet, cummingtonite and felsic minerals. The lens cap is 5 crñin diameter.

e. 344^-1760.5 ppl Volcaniclastic rock with a felsic clast (central band) in a
mafic matrix. The flatte4ng of the clast and chlorite schistosityin ih. il"tri*
!9fine ^9r. Randornly oriented amphibole porphyroblasts chaåg" f---hor"-
blende(hb) in the matrix to opticaily continuoïs"skeletal "";rÑ"J."tt"(.-¡in the clast.
23-473. ppl. Textures within an intermediate enclave (ciast?) in unit 1d..
Cummingtonite(cm) and minor hornblende(hb) define a stiong r"irirt"rily (S, j
and lineation. The subh.edral garnet.porphyroblast(gt) engulfs"cummingi"iit*
Euhe dral magneti t e an d fi ne frai "e 

d u,n["ã;;l;;;;'fi;íiì. ".r. 
"ú ;;;;it

lar to qtartz in relief, suggesting an oiigoclase composition. Some plagioclase occurs
in anhedral grains (up to 1 mm in size), with a corroded and substructured appear-
ance' and resembles relict phenocrysts. Irregular discontinuous veinlets, less than 1

mm in width, contain fine grained (0.1-1 mm) quartz, or quartz and plagioclase.

Mafic volcanic rocks of unit 2 typically contain 3-25% qtartz, 22-54% pIa-
gioclase and 40-74% hornblende. In their altered state (2/10s, 2b/10s, 2ef:r}s),
they are notably more felsic, containing 5-45% quartz, 33-60% plagioclase, trace
amounts to 75% hornblende, and 1-12% cummingtonite (Table 6.1, b). The transi-
tion to typical felsic rocks (1, 4) occurs with an increase in biotite content, stronger
definition of a finely layered and schistose structure, and with the disappearance of
amphibole.

The best documented example of silicic-feldspathic alteration occurs in a well
exposed outcrop northeast of the Rod minesite (Map, in pocket; unit 2b/10s). Pil-
lowed flows in the area have buff-coloured bleached pillow interiors which contain
skeletal cummingtonite and garnet, and minor fine grained disseminated biotite and
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6. Other Alteration

magnetite, in a matrix of quartz and plagioclase (Plate 6.1, c-d). The pillows are

outlined by mafic, more schistose zones, 2-20 crn in width, which contain abundant

garnet porphyroblasts (1-10 mmin diameter), hornblende, cummingtonite and mag-

netite, as well as 10-50% interstitial leucocratic minerals. In some cases, the mafic

zones have a layered structure, 0.5-3 cm in thickness, defined by concentrations

of amphiboles intercalated with concentrations of garnet and cummingtonite in a
leucocratic matrix (Plate 6.1, d). Contacts with pillow interiors are abrupt, but the

exact relationship of the mafic zone !,o primary selvedges and interpillow material
is not clear. Many quartz veins are present and commoniy resemble tension gashes

which have a maximum width in pillovv interiors and narrow or pinch out near the

margins or in the mafic zones. The texture and mineralogy of the pillow interiors
a¡e similar to those observed in subsurface transitional contact zones between mafic

and felsic rocks.

The surface exposure of altered pillowed flows is part of an area of extensive

alteration. The overlying unit of volcaniclastic rocks (2e) has garnet-hornbiende-

cummingtonite assemblages which resemble the mafic zones rimming altered pillows.

The textures are coarsely porphyroblastic and, as a result, the minimum size of

recognizable primary clasts is about 1 cm (see 3.1. Description of Lithological
Units). The clasts are leucocratic and partly overgro\Mn by porphyroblastic minerals,

particularly cummingtonite. In some cases, singie optically continuous amphiboie

crystals change from a hornblende in the matrix to cummingtonite in a relict clast

(e.g. Plate 6.1, e).

In the subsurface, isolated intervals of volcaniclastic rocks, consisting of felsic

clasts in a more mafic matrix, resemble the altered rocks described above. However,

in the drill-core intersections, garnet is less abundant and the matrix (to the clasts)

commonly consists of chlorite schist (^9i ) with randomly to strongly oriented sheaves

and poikiloblasts of coarse grained hornblende (Plate 6.1, f). Crystals of amphibole

are commoniy opticaliy continuous into the leucocratic clasts, but change abruptly

in habit and composition to a skeletal cummingtonite (Plate 6.1, e).

Figure 6.1a illustrates the proportions of modal quartz, plagioclase and amphi-

bole in mafic and intermediate volcanic rocks (Units 2 and 6), in the transitional

contact zone of unit 2 (2110s), and in 'cherty'felsic rocks (1a). Tie lines link domains
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separated from the same sample, for example, clasts and matrix in volcaniclastic

rocks (6), and cummingtonite-rich and hornblende-rich domains in the transitional

zone (2f L}s). The ambiguity in distinguishing silicic-feldspathic alteration from pri-

mary mineralogy is apparent. The assemblages trend toward the quartz-plagioclase

join, and apparently to more sodic plagioclase compositions; but only in the case

of intense alteration, which exceeds the modal (and geochemical) ranges normally

expected in igneous rocks (see 11.2.1. Silicic-Feldspathic Alteration and Metamor-

phic Segregation), is the presence of alteration clearly indicated. Note also that
the compositionai effects of sorting in volcaniclastic rocks are difficult to evaluate,

particulariy in the case of fine material, the record of which is obliterated during

metamorphic recrystallization.

6.2. Calc-silicate Alteration of Felsic Rocks.

Two types of calc-silicate alteration of felsic rocks can be distinguished on the

basis of structural and texturai relationships, and mineralogy. 'Concord.ant calc-

silicate alteration' is concordant to ^91 layering and schistosity, and characterized

mainly by epidote and biotite. In contrast, (static calc-silicate alte¡ation'is generally

massive, in some cases discordant to tectonic fabrics, and characterized by Ca-

amphibole, epidote and calcite (Figure 6.1, b-d). The calc-silicate enclaves within

the main massive sulphide body and margarite-bearing rocks were discussed in the

context of proximal alteration (see 5.6.2. Silicate Enclaves in the Main Massive

Sulphide Body and 5.3.5. Proximal Alteration Zone).

6.2.L. Concordant Calc-silicate .A.lteration.

Calc-silicate alteration occurs locally in felsic rocks (1/10c, 1b/10c, al70c)

throughout the subsurface cross-sections (Sections A-A', C-C', in pocket) of the

Linda deposit, but is most prevalent in a large volume which envelops the distal

alteration zoîe. This volume has been designated as a calc-silicate alteration zone

and the outer margin (see Figures 3.2 and 3.3) represents a poorly defined limit
for semi-continuous alteration. Local enclaves lacking calc-silicate minerals occur

within the zone and enclaves of calc-silicate minerals occur outside the zone. Calc-

silicate alteration is characterized mainly by the presence of epidote and biotite and,

less commonly, of muscovite and calcite (Table 6.2, a). The rocks generally have

a leucocratic appearance and layered structure (S1) defined by epidote, biotite,
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Figure 6.1. Summary rú mo_dal mi_neral proportions in silicic-feldspathic and calc-
silicate altered rocks. Field boundaries havã no statistical significance. Tie lines
link domains extracted from the same sample.
a. Ternary.proportions--of ellr_tz (qz), plagloclase (pl) and hornblende*cum-

mingtonite (am) in silicic-feldspathic ãlteied rocks.
b. Te¡na¡y proportions of quartz (qz), ptagioclase (pl) and Ca-amphibole (am) in

calc-silicate rocks.

muscovite and, in some cases, calcite. Contacts between felsic rocks and calc-

silicate felsic rocks are transitional, consisting of a gradual increase in the epidote

content of micaceous layers. In drill core, as the abundance of epidote increases,

the layers acquire the appearance of punctuated trails of white laths. The epidote

occurs as fine to medium grained, poikilitic, anhedral aggregates and subhedral
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Figure 6.1. (continued).
c. fer.n3ry proqortions of quartz f plagioclase (qzfpl),

(ep) in calc-silicate rocks.
d. Te¡r,rary proportions of- .quartz * plagioclase ( qz*pl),

epidote -l calcite ("p+.1) in calc-silicáte rocks.-

prisms, defining ,91 layering and dimensional mineral foliation. In some cases, it
contains a dark, finely fractured core (1-15Y0 arca\, inferred to be metamict allanite.
(One semi-quantitative microprobe analysis detected Ce, La and Nd (see Appendix
B).) Minor to trace amounts of calcite occur interstitially; more abundant calcite
occurs in lenticular aggregates and pods, elongate in the 51 plane. Chlorite is
present in trace amounts and is probably of retrograde origin. Plagioclase has a
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6. Other Alteration

Table 6.2. Summary of Modal Nlineral Percentages.

Ranges and averages (in parentheses)in calc-silicate altered rocks (Appendix A.)
See 3.1. Description of Lithological Units for explanations of unit and code designations.

See Table 4.2 for a key to the code and Table ,A'.3 for mineral abbreviations.

a. Concordant Calc-silicate Alteration of Felsic Rocks (1b/10c, 'l,f 10c, a/L0c).

Unit

1b/10c pe,pl 5 35-60 20-45 0-1,2

(44) (35) (2)

1./1.0c pql,Im 6 27-55 2-18 0

(44) (10)

1/10c mpq 10 15-51 0-47 0

(32) (24)

L/7oc p 9 17-54 5-60 0

(41) (25)

4/'L0c pl,hp 5 10-37 24-65 0-16
(26) (43) (4)

4/1Oc p 6 23-50 13-53 0-25

(32) (31) (4)

Code N Qz Pl Am Ep Cl Gt Bi

1-10 0-5 0-3 4-'J.2

(5) (1) (1) (7)

0-22 2-48 0 2-26
(10) (10) (12)

3-23 0-r 0-t 5-25

(8) (r) (0) (15)

t*30 0-1 0-2 5-44
(8) (t) (r) (16)

t-15 0-20 0 2-20
(7) (8) (10)

t-27 0-1 0-1 3-18
(e) (t) (r) (11)

Unit Code N

10i

10i

Ch Mu

Qz Pl Am Ep

Unit Code N

0-r 0-15

(0) (4)

0-r 0-55

(o) (10)

0-r 2-20
(o) (11)

0-18 0-'t2
(3) (6)

0-2 0-r
(1) (r)

0-24 0-16
(4) (7)

3-45 0-35 4-78 0*29 2-25 0 0-25
(20) (11) (32) (8) (13) (6)

1-48 0-32 L2-97 r-33 t-1 0 0-28
(20) (7) (52) (14) (t) (5)

c. Epidotized Mafic Volcanic Rocks.

b. Static Calc-silicate Alteration.

2/1.0e

Op

Unit Code N Qz Pl Am Ep Cl ct Bi

0-2
(1)

0-1

(0)

0-3

(1)

0-3

(1)

t-2
(1)

(1)

6/1oe hqpl 1 15 15 40 24 2 0 4

3 1-18 0-'J.2 28-38 ],6-45 7-35 0-7
(7) (4) (34) (32) (1e) (2)

Qz

calcic composition, inferred from its high relief, and typically occurs as poikiiitic

to skeletal, medium to coarse grained, aggregates and porphyroblasts, elongate in
the ,9r plane. In some samples, it shows annular zoning and a schiller texture of

fine lamellae. K-feldspar, u/ith $,eak tartan twinning suggestive of an intermediate

microcline, was observed in 4 samples. In one case, its distribution is restricted
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d. Epidotized-Carbonatized Volcaniclastic Intermediate Rocks.

Pt Am Ep

cl Gr

0-r 0 0-4
(0) (r)

0-2 0-r 0-5

(o) (o) (1)

Mu

Gt

Op

ch Mu Op

0-5

(1)

Mu Op
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to layers which have a high muscovite content. It also occurs as fine to medium
grained, interstitial and poikiloblastic grains. In general, epidote and micas define
penetrative D1 and D2 fabrics and, thus, the bulk-rock composition which allowed
their metamorphic crystallization could have been a feature of the premetamorphic
protolith.

6.2.2. Static Calc-silicate Alteration.
Zones of massive, coarse grained, calc-silicate mineralogy are volumetrically

minor in comparison to concordant calc-silicate alteration. They form drill-core in-
tersections up to 1.5 metres long, but mainly 5-30 cm, and occur in all lithological
units. Contacts with the host rock are gradational and, in some cases, discordant to
,51 layering in the host rock. In general, the calc-silicate alteration in the gradational
zones appears to be interleaved with the host rock on a fi.ne scale (1-10 mm). With
increasing intensity of alteration, the calc-silicate minerals increase in abundance
and the layering in the host rock becomes obscured by randomly oriented felted
Ca-amphibole. Static calc-silicate alteration is characterized by medium to coarse
grained, pale green, acicular Ca-amphibole, and fine to coarse grained, equant epi-
dote (Table 6.2, b). Near contacts to the host rock, biotite is present and the
amphibole is darker. Plagioclase is either absent, or present in accessory amounts,
and increases in abundance in the gradational zones. Titanite is a common trace
or accessory mineral. The calc-silicate zones are commonly associated with quartz
veins which contain minor calcite and, in some cases) form a central zone to the
calc-siii cate alteration.

The modal assemblages of the two types of calc-silicate alteration are quite
distinct (Figure 6.1, b-d). Static calc-silicate alteration is interpreted to have crys-
tallized post-tectonicaliy. It seems to have filled narrow dilational structures and to
have been accompanied by more extensive wall-rock alteration.

6.3. Epidotization and Carbonatization of Mafic Rocks.
Intensely epidotized and carbonatized rocks (2lI}e, 6/10e) occur locally in

mafic and intermediate volcanic rocks. In unit 2, epidotized-carbonatized rocks form
discrete intersections, 2-15 cm in drill-core length. They consist of paie greer zones,

in contrast to the dark green host rock, and have numerous fractures, 1-10 mm in
width, filled with white calcite. The altered zones commonly comprise up to L0% ol
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6. Other Alteration

the rock, over 1-2 metres of drill core. They are typically asymmetrical, having an

abrupt contact on one side and grading into the host rock on the other, but without
any consistent direction to the asymmetry. The structure is mainly massive but
heterogeneous, and consists of domains of fine grained (0.01-0.5 mm) aggregates of
epidote, biue-green amphibole and calcite (Tabte 6.2,, 

".), 
cut by numerous stringers,

irregular pods and veinlets of caicite and minor quartz. The veinlets form up to
20% of the rock, ranging in width from seams of iess than 0.2 mm (which commonly
pinch out), up to 8 mm. They vary from irregular in shape and disposition, to fine
conjugate fracture sets with slight apparent displacements of up to 4 mm. The
fractures do not continue into the host rock, either pinching out or terminating at
a fracture subparallel to the contact. The general appearance is of a thin breccia
zone containing intensely altered fragments of host rock in a calcite matrix.

Epidote occurs as very fine (<.01 -*), mainly granoblastic aggregates, heavily
dusted by submicroscopic to extremely fine inclusions which impart a brown colour
approaching opacity. The inclusions tend to be concentrated in the grain centres,

but also cross grain boundaries as though pseudomorphing a pre-existing structure,
but without any identifiable shape. Amphibote occurs in anhedral to subhedral
grains, interlocking with epidote and intergrown with calcite, in some cases, with a
weakly symplectic texture. Calcite varies from very fine grained (<.01-0.2 mm) and
interlocking with epidote and amphiboie, to fine grained (up to 0.5 mm) in irregular
interiocking monomineralic aggregates. Quartz occurs in trace to minor amounts,
as inclusions, in calcite veinlets, and, in some cases, as single skeletal crystals (up to
0.25 mm) engulfing epidote and amphibole. Titanite is common in trace amounts
forming anhedral grains and aggregates.

Amphibole occurs in similar amounts in the altered zones and in the adjacent
host rock' The abrupt contacts occur by a change in the mineralogy interstitial to
amphibole, from the epidote-calcite of the altered zone to the microcrystalline ag-

gregate of plagioclase and quartz common to the matrix of unit 2. Amphibole habit
changes slightly, becoming subhedral, acicular and defining a moderately strong
directional fabric. In gradational contact zones, epidote persists, occurring with
plagioclase and guartz and forming the matrix to amphibole.

The mafic to intermediate rocks of unit 6 typically contain epidote and calcite
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in trace to minor amounts (Table 6.1, d) and concordant streaks, veinlets and veins

of caicite are ubiquitous. Discrete calcite intervals (in drill core) commonly form up
to 70% of the rock over several metres and this is not reflected in the modal propor-
tions reported for the sampie suite (see Table 4.1). Epidotized-carbonatized rocks
have a streaky layered structure (,91), on a 0.b-1 mm scale, defined by domains
variously rich in clear epidote, blue-green amphibole, felsic minerals and, less com-

monly, biotite. Amphibole and epidote occur in medium to coarse grained (0.b-5
*-), skeletal to poikilitic, elongate porphyroblasts, defining a strong layer-parallel,
dimensional mineral foliation (,91). Skeletai crystals are commonly mimetic after
Iayering and contain layer-parallel trails of quartz inclusions and aggregates. Am-
phibole also defines a moderately strong, ,51 crlstallographic foliation and, in some

layers, a weak obliquely oriented, 52 crystallographic foliation. Some layers contain
biotite as fine to medium grained (0.1-1 mm) blades, typically aligned parallel to
the ^9r plane. Calcic plagioclase (high relief) occurs in fine grained (<.2b mm) skele-

tal aggregates, interstitial to quartz. Titanite is present in trace amounts. Calcite
occurs in discrete layer-parallel lenticular domains, which also contain amphibole,
and minor quartz and epidote. Calcite is inequigranular (0.05-1.5 *-), with inter-
locking to sutured grain boundaries, and shows a weak layer-paraliel dimensional
orientation (,S1).

6.4. Chlorite-Hornblende Mafic Schists.

Mafic schists (10m) which occur locally in the alteration zones, particularly in
the distal alteration zorte) are distinctive in that they contain hornblende. Horn-
blende was not generally observed in altered rocks inferred to have had felsic precur-
sors and, the possibility exists that chiorite-hornblende schists represent alteration
of a mafic precursor. Their distribution is limited mainly to the lowermost (strati-
graphically) parts of the distal alteration zone (Section A-A', in pocket). Jeffery
(1982, unpubl.) correlated them with mafic to intermediate intercalations (1d) in
the felsic volcanic rocks (1) hosting the distal alteration zone. The evidence in the
cross-sections logged fo¡ this study (A-A', C-C'; in pocket) is equivocal as regards
this proposed correlation.

Mafic schists in the distal alteration zone form 15-30 metres of drill-core inter-
section. Most of this is chlorite schist; amphibole increases in abundance toward a
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central zone of about 2 metres in drill-core length, which contains up to 85% horn-
blende. The rocks generally have a well developed ^9-C structure, with C-planes
defined by schistose chlorite and ^9-planes variously defined, by medium to coarse
grained (up to 4 mm) augen of biotite, blue-green hornblende, feisic aggregates,
and chlorite schistosity. Biotite and hornblende porphyroblasts and, in some cases,

garnet, commonly contain inclusion trails of quartz oriented at a high oblique angle
to the ^9-C fabrics. Biotite and hornblende have sigmoidal tails with a consistent
sense of asymmetry resulting from transposition into the C-direction where they
abut against the spaced C-cleavage (see 7.2.2. Sinistral Kinematic Indicators).
One sample (73-83a) contains subhedral prismatic epidote porphyroblasts (up to 1

mm long) in the chlorite schist, as well as minor amounts of fine grained anhedral
calcic plagioclase (high relief) grains and aggregates. Some very fine grained retro-
gression affects most minerals, but is localized and apparently post-dates the ^g-C
fabric development.

The amphibole-rich central zone contains blue-green amphibole as coarse
grained (1-10 mm) anhedral, weakly or randomly oriented, interlocking poikilo-
blasts. These show abundant inclusion trails of quartz and, locally, the poikiloblasts
are weakly mimetic after quartz-rich layering. Minor chiorite occurs both as layer-
parallel schistose aggregates, interstitial to hornblende, and as medium grained (up
to 1 mm) blades, weakly layer-parallel, and engulfed by hornblende.

In the chlorite-hornbiende schist, it is not possible to distinguish unequivo-
cally between the possible influence of premetamorphic alteration, as opposed to
syntectonic alteration during fabric development. Although the mineral assem-
blage, amphibole-chlorite-epidote-plagioclase, is typical of greenschist facies (Win-
kler, 1979), in this case, the pale green pleochroism of the chiorite suggests a high
Mg content, the clear non-pieochroic character of the epidote suggests a low-Fe
variety, and the high relief of the plagioclase suggests a calcic plagioclase. The rel-
ative timing of the development of the ^9-C fabrics with respect to metamorphism
is difficult to deduce.

6.5. Retrogression.

Two types of retrogression, with a mappable distribution in the subsurface
(Sections A-A', C-C'; in pocket), can be distinguished at the Linda deposit. These
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include cross-cutting fractures and fracture networks, closed or with a hairline-
filling, associa,ted with buff-orange weathering, hematite-carbonate wall-rock alter-

ation u'hich extends 1-10 mm into the host rock. The fractures occur in all litho-
logical units and, where relatively dense and extensive (i.e. more than 30 cm of
drill-core), are indicated on the cross-sections. They were avoided during sampling
and will not be considered further. The other type of retrogression is not extensive

and consists of the replacement of porphyroblastic minerals, especiaily staurolite,

kyanite and piagioclase, by fine grained massive aggregates of muscovite, calcite,

chlorite and possibly other unidentified retrograde minerals. In some cases, relicts

of the original porphyroblast mineral can be identified. Where significant, this type

of retrogression is also indicated on the cross-sections.
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Chapter 7

Relationships between Textures, Microstruetures,
Mineralogy and Deformation

A sequence of progressively developed fabric elements, defined by textural and struc-
tural relationships indicative of relative age, can be observed at the Linda deposit.
These have been described in the context of lithology, alteration and structural
geology and will be summarized here (Table 7.1), hightighting the microstructural
observations. The relationships between sequentially developed tectonic fabrics,
mineral textures, and observed and inferred mineral assemblages, can be used to
deduce a pressure-temperature-time path.

7.1. Microstructures.

7.L.L. Fabric Elements and Mineralogy.
At the Linda deposit, planar fabric elements, and the habit, orientation and degree

of strain of the minerals defining them, proved to be the most useful criteria for
deducing a paragenetic sequence (Table 7.1). Linear fabric elements have an intrin-
sic ambiguity resulting from the apparently coaxial relationship between L1 and L2

(see 4.3. Linear Fabric Elements). Primary features and relicts, such as embayed

quartz phenocrysts and subhedral plagioclase phenocrysts, allow some inference of
the primary mineralogy. The massive microcrystalline interlocking felsic matrix of
some rocks, for example, 'cherty'felsic rocks, may have a primary (hydrothermat?)
origin or, in any case, metamorphic recrystallization probably occurred without
substantially changing the primary assemblage. Graphite and pyrite are both com-

monly reported as primary or early diagenetic minerals in sulphidic black shales

and slates (Tracy and Robinson, 1988 and Ferry, 1981 for brief reviews; Pettijohn,
1975), and pyrite (as well as Cu and Zn sulphide minerals) is one of the precipi-
tates in recent and active, sea oor sulphide mounds and in fluids emanating from
black smoker vents (e.g. Franklin, 1986; Båcker et a1.,1985). At the Linda deposit,
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these minerals define bedding and, it is probable that they are, at least in part,
pre-dynamometamorphic in origin (see Plate 5.3, e-f). Pyrite and tourmaline occur
in the matrix of altered breccias, and tourmaline also occurs in mineralogical zoning
around the outer margins of clasts (see Plate 5.3, c-d). Studies in metamorphosed
Appalachian and Caledonian massive sulphide deposits have supported. a diagenetic
or hydrothermal origin for finely zoned tourmaline which was apparently armoured
by a matrix of sulphide minerals (Taylor and Slack, 1985; 1984). Ai the Linda
deposit, tourmaline conunonly occurs as euhedral prismatic crystals defining an ,S1

crystallographic and dimensional foliation and is interpreted to be synmetamorphic
(e.g. ibid.; Davies, 1985). Although the distribution and occurrence of other miner-
als at the Linda deposit is partly a function of primary bulk-rock composition and a
record of primary structu¡es is preserved locally (e.g. see 5.3.4. Metasedimentary
Rocks), the minerals have apparently crystaliized during regional metamorphism.

Flattened and elongated quartz phenocrysts and tithic clasts define ,g1 planar
and -t1 linear fabrics. The spectrurn of strain and recrystallization observed in the
phenocrysts (see 5.3.1. Quartz Phenocrysts) supports their identification as primary
relicts and, the identification of the stretching lineation as an Ly fabric element.
The ^91 compositional layering is associated with layer-parallel mineral schistosities
which consist of crystallographic and dimensional preferred orientations, the latter
generally defined by skeletal or poikiloblastic minerals with habits mimetic after
the pre-existing layering. Phyllosilicate minerals, especially muscovite, chlorite and
margarite; rutile inclusions in plagioclase (see 5.4. Plagioclase-layered Rocks); and
kyanite, define crystallographic foliations. Note that this supports the interpreta-
tion of muscovite, chlorite and margarite as prograde metamorphic minerals in the
sense that they crystallized at an early stage of fabric development. La¡rer-parallel
dimensional preferred orientations are shown by virtually all porphyroblastic min-
erals. However, garnet is the only porphyroblastic mineral which does not also
occur in habits mimetic after 5z fabrics. (One possible exceþtion is the garnet in
a calc-silicate enclave in the pyrite-calcite body (see 5.6.2. Silicate Enclaves in the
Main Massive Sulphide Body; Plate 5.6, m-n).)

Locally, particularly in ihe proximal alteration zorrej kyanite occurs in por-
phyroblasts with c-axes and long dimensions aligned in the 51 schistosity. These
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Table 7.L. Summary of Fabric Elements and Mineralogy.
a. Distal (10d, 10da) and Proximal (10p, l0pa) .A.tteration Zoneso

pre-D1 embayed, monocrystalline phenocrysts quartz

subhedral to euhedral phenocrysts plagioclase

bedding (Ss) graphite, pyrite

stringer and disseminated mineralization pyrite

DL flattened, strained or recrystallized phe- quartz
nocrysts (S1)

compositional layering, layer-parallel cry- muscovite, chlorite, margarite, biotite, ru-
stallographic foliation (S1) tile (trails), kyanite, tourmaline

compositional layering, mimetic porphy- garnet, staurolite, kyanite, gahnite, biot-
roblasts (S1) ite, plagioclase, tourmaline

Dz crenulation cleavage (S2) muscovite, chlorite, margarite, kyanite,
staurolite

crystallographic foliation, dimensional fo- biotite, muscovite, chlorite
liation (Sr)

mimetic porphyroblasts (S2), with deflec- gahnite, staurolite, kyanite, biotite, plag-
tion of Sz crenulation cleavage in matrix ioclase

rotated inclusion t¡ails or sigmoidal tails magnetite, gahnite, staurolite, kyanite,
plagioclase, biotite

late D2 random orientations, undulatory extinct- anthophyllite, gahnite, staurolite
ion

6Cherty'Felsic Rocks (fa) and Graphitic Metasediment (S).

Structure or Texture Defining Minerals

7. Microstructures and Mineralogy

post-D2 random orientations, * symplectic and fibrolitic sillimanite, calcite, pyrite, pyrr-
corona structures hotite, epidote, amphibole, sphalerite,

plagioclase

crystals commonly show strain and substructure (see Plate 5.4, a-c) and., in some

cases' kinking, associated with D2 crenulation. Kyanite showing this habii com-
monly occurs in biotite-free rocks and, in some cases, is engulfed by staurolite
and/or kyanite mimetic after ,S1 and ,52 fabrics. These features ïvere interpreted as

evidence of syn-D1 crystallization of kyanite, i.e. an early generation with respect

to kyanite mimetic after ,5r and ,92 fabrics.
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Table 7.1. (conrinued)

b. Concordant (l0c) and Static (tOi) Calc-silicate Rocks.

DL flattened, strained or recrystallized phen-
ocrysts (S1)

compositional layering, layer-parallel cry-
stallographic foliation (S1 )
compositional layering, mimetic porphyr-
oblasts (51)

D2 crenulation cleavage (S2)

crystallograpic foliation (^S2 )

rotated inclusion trails or sigmoidal tails

post-D2 random orient¿tions

Structure or Texture

In the staurolite-banded gneisses of the distal alteration zone) staurolite is
mimetic after ,5r layering and shows corrugation related to D2 (see Plate 5.1, a-b).
The staurolite crystals do not show detectible crystallographic orientation or undu-
latory extinction and, although they appear to have a subst¡ucture related to the
corrugation, the grain boundaries show high to low angles of crystallographic mis-
fit (judging from extinction angles, as cleavage is not visible) and are non-coherent
(Sp.y, 1969). These grains were interpreted to have crystallized prior to D2,mimetic
after the ,51 layering, and to have recrystallized during D2, clearing any D2 strain.
Staurolite with this habit has the strong pleochroism typical of Fe-rich staurolite
(e.9. Deer et aJ.,,1966).

The ,92 fabric most commonly consists of a crenulation cleavage defined by the
transposition of ,91 schistosity in phyllosilicate minerals (see Plates 5.1, b; 5.4, c;7.I,
a-b;7.2, a), in some cases, accompanied by slight compositional segregation into
phyllosilicate-rich hinges and more quartzo-feldspathic limbs. It resembles ,stage 3,

cleavage (Bell and Rubenach, 1983), i.e. 'differentiated crenulation cleavage with
continuity across the crenulation cleavaget, or zonal crenulation cleavage (Gray,
7977)- Less commonly, phyllosilicate minerals occur as blades, recrystallized parallel
1o 52, mainly on the hinges of the crenulation cleavage (see plate 2.2, c-e), as in
(stage 4' of Bell and Rubenach (1983). In some cases, the recrystallized hinge zone

of the crenulation cleavage is discontinuous, but without recrystallization parallel
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quartz

muscovite, epidote, biotite

epidote, biotite, plagioclase

muscovite, epidote

biotite

epidote, plagioclase, biotiie

Ca-amphibole, epidote, calcite

Defining Minerals

Mineralogy
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to ,52 (see Plate 7.1, d). In these cases? microlithons show a weakly sigmoidal

structure or a straight herringbone structure and adjacent microlithons alternate
between dextral and sinistral asymmetry. It resembles the discrete cleavage of Gray
(1977) and Swaser (1935).

In contrast to other phyllosilicate minerals, biotite occurs in porphyroblasts

commonly mimetic after ,51 compositional layering or, have an ,91 dimensional ori-
entation, but with the (001)-cleavage defining a strong 52 orientation. Bladed or
augen-shaped porphyroblasts with sigmoidal tails occur in the hinges of the ,92

crenulation cleavage defined by muscovite and chlorite. The sigmoidal tails oc-

cur where biotite abuts against the ^9r compositional layering defined by quartzo-

feldspathic domains; the asymmetry suggests some reactivation of ,5r, post-dating

the development of 
^92 (e.g. Figure 13 of Bell, 1986).

Gahnite, staurolite, kyanite and biotite have all been observed as porphyrob-

lasts mimetic after both 5r and ,52 fabrics. The porphyroblasts are skeletal, typi-
cally with one or more spaced central spines defining 52, and several lateral ribs,
defining 51 (see Plate 7.2,, c-e). The orientation of the ribs is oblique to the spine,

i.e. mimicking the ,Sr and ,52 relationships. Staurolite with this habit is faintly
to nearly non-pleochroic, suggesting a low-Fe composition. The porphyroblasts

consistently display asymmetrical mimetic structures (see 7.2.3. Opposed Cleavage

Vergence between Porphyroblasts and Matrix), rather than the symmetrical 'milli-
pede' structures ascribed to progressive bulk inhomogeneous shortening (Bell, 1986;

Beli eú aI., 1986; Bell and Rubenach, 1980). The ,92 crenulation cleavage is deflected

around the porphyroblasts. Porphyroblastic minerals with these features were in-
terpreted to have grown during Dz. Dz deformation apparently continued after the
porphyroblasts ceased to grow, but further strain was accommodated in the matrix
(e.9. ibid., Bell, 1985; 1981; Olesen, 1982).

Poikiloblastic gahnite, staurolite, kyanite, biotite and plagioclase contain nu-

merous aggregates and inclusion trails of qraúz which define an internal ,91 layering,

and which, in many cases, are obliquely oriented with respect to the 51 layering in
the matrix. The continuity of the layering between the matrix and the porphyrob-
last is commonly unbroken.

Skeletal kyanite, mimetic after both ,51 and ,52 fabrics, occurs in association
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with biotite, the weak pleochroism of which is suggestive of a phlogopitic compo-

sition. The kyanite was interpreted to be a syn-D2 generation, distinct from the
previously described syn-D1 kyanite. In some cases, kyanite of both generations

occurs in the same sample (e.g. 228-1698, ZZ-g0l).

Plagioclase porphyroblasts and aggregates define 51 layering in felsic rocks and,
in altered rocks, are associated with phyllosilicate layers. The iong dimension of
porphyroblasts defines a foliation parallel to the ,91 plane and the porphyroblasts
contain layer-parallel inclusion trails of quartz, rutile and trace minerals (see 5.4.

Plagioclase-layered Rocks; Plate 5.5), or margarite (see 5.3.5. Proximal Alteration
Zone; Plate 5.4, f). Plagioclase is generally unstrained and, in some cases, con-

tains inclusion trails which trace -F2 microfolds and has a habit mimetic after D2

crenulations.

Acicular prismatic needles of fibrolitic sillimanite are present in trace amounts

in altered rocks, occurring as radiating clusters on grain boundaries, particularly
between plagioclase grains. Although the needles are unoriented, they tend to
nucleate on grain boundaries which are parallel to the ,52 fabric and elongate parallel
to the lineation. They were interpreted to be post-tectonic, but their nucleation sites

are partly controlled by earlier structures.

Minerals in the staurolite-anthophyllite-gahnite silicate enclave in the pyrite-
calcite body (see 5.6.2. Silicate Enclaves in the Main Massive Sulphide Body)
were inferred to have crystallized during late-D2. They are unoriented, but show

weak substructure development and undulatory extinction, indicating some degree

of strain (see Plate 5.6, a-c). Within calc-silicate enclaves, the only penetrative
fabrics appear to be relicts of ,5i layering and mineral foliation within the domains

least affected by calc-silicate alteration (see Plate 5.6, m). The pyrite-calcite host

rocks have a massive structure. In the enclaves, the prevalence of crystallograph-
ically controlled symplectic textures (see Plate 5.6, d-h) and inte¡face-controlled
corona structures (see Plate 5.6, k-l), were interpreted to indicate post-tectonic

crystallization. Note that in the enclaves, gahnite occurs as inclusions in plagio-

clase and, that in the least affected domains, elongate plagioclase grains contain
layer-parallel trails of rutile inclusions (see Plate 5.6, o-p). The gahnite, the rutile
trails, and the plagioclase containing them, were interpreted to be relicts of the
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original dynamometamorphic assemblage.

Concordant calc-silicate rocks (Table 7.1, b) have ^91 layering defined mainlSr

by dimensionally oriented mimetic epidote and epidote aggregates, in association

with muscovite and biotiie. In some cases, elongate epidote porphyroblasts con-

tain inclusion trails of quartz and show an oblique orientation with respect to the
layering. Epidote layers are locally crenulated, but the epidote appears unstrained
and grain boundaries show high to low degrees of lattice misfit. Micas in these

rocks generally define the same fabrics as the micas of the alteration zones, except

that biotite is not mimetic after ,52 fabrics, although it does define an ,S2 crystal-
lographic foliation. Epidote was interpreted to have crystallized during D1 and to
have undergone recrystallization subsequent to D2 crenulation. Static calc-silicate
rocks (Table 7.1, b) are massive; layering is confined to transitional contact zones

and appears to be mimetic after the structure of the host rock. Static calc-silicate

rocks were interpreted to have crystallized post-tectonically.

7.L.2. F2 Microfolds.

Tight asymmetrical F2 folds, which reorient 51 layering and schistosity, are

locally common in the subsurface. \Mith few exceptions, the ,52 crenulation cleavage

and biotite schistosity appear to be axial planar to the minor folds. ,F2 folds in
thinly bedded graphitic metasediment reorient ,90 bedding and bedding-parallel ,5i

schistosity defined by margarite and by flattened quartz phenocrysts (Figure 7.1,

Plate 7.1). The graphitic metasediment provides a rare opportunity to examine, in
detail, the relationships between several fabric elements; unfortunately the broken
nature of the drill core precludes orientation of the samples in 3 dimensions (see

7.2. Kinematic Indicators).

The shape of the Fz microfold is asymmetrical, having one thin limb with tight
parasitic drag folds, and a thicker limb with open parasitic drag folds (Figure 7.1, a-
b; Plate 7.1). Kyanite porphyroblasts, present at various positions around the fold,
are mimetic after ,S1 and ^92 fabrics (Plate 7.1, c). The 

^52 cleavage recorded by the
kyanite resembles spaced kink bands, and changes vergence across the nose of the
fold. The cleavage is nearly perpendicular to bedding and to ,S1 on the thicker limb,
and forms a divergent fan around the fold. Some deflection of the ,S2 crenulation

cleavage occurs around the kyanite porphyroblasts. One porphyroblast on the thin
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Figure 7.L. (following page) Microstructural relationships exhibited by an f'2
microfold in margarite-kyanite graphitic metasediment (34-1500). The outlined ar-
eas correspond to the photomicrographs in Plate 7.1. The fabric elements consist
of the Ïollowing: laminated, 5¡ bedding defined by finely divided graphitic (stip-
pled); bedding-parallel ,5r dimensional olientation of flattened quartz-ciystal ilasts
(qz, smooth outline); bedding-parallel ,91 margarite schistosity (dashes); 

^91 inclu-
sion trails (short dashes) in kyanite (ky, rough semi-continuous outline) which is
pimetic after ^9i and ^921 52, zonal and discrete herringbone, crenulation cleavage
(dash-dot) in _margarite schist; ,52 crenulation cleavage in mimetic kyanite (dasÉ-
dot); and ryeak ,53 crenulation cleavage (dash-double dot). Note the following rela-
tionships, discussed more thoroughly in the text: bedding and ,Sr schistosity traces
an F2 microfold which has a thick limb showing open parasitic folds and a thin limb
showing tight parasitic folds, ^92 crenulation áeåvu,gã .pp.rently fans around the
fold, but moqe qo on the thick limb, and more so in kyanite relative to the margarite
matrix; 't}rre Sy f 52 vergence changes in mimetic kyanite, in parasitic folds tracãd by
graphitic laminae, and in margarite, in accordance with position around the fold;
the axial plane of the .Fz fold is curved and lies close to thsthin limb; quartz-crystal
clasts are flattened parallel to ,51 and change orientation around the nose of the fold;
,92 crenulation cleavage deflects around kyanite porphyroblasts (especially in area
d). Sinistral rotation (as illustrated, without 3-dimensional significance) is indi-
cated by these features. A single grain of arsenopyrite(as) with minor sphalerite,
has quartz pressure fringes which appear to be face-coniroiled overgrowths.

limb of the fold (Plate 7.1, d), shows an apparent sinistral rotation, with the ,91 and

,S2 cleavages of the matrix curving around and defining a complex ó-type pressure

shadow (Passchier, 1987). On the side of the porphyroblast facing into the fold, the

51 planes of the margarite schistosity pass continuously into the kyanite.

The ^92 crenulation cleavage, defined by the transposed ,5r schistosity of mar-

garite, also changes vergence across the fold. Inside the graphitic marker, the cleav-

age has a herringbone structure, consisting of domains of opposingly oriented ,51

schistosity, separated by discrete discontinuities (Plate7.I, d). The 52 cleavage, de-

fined by crenulated margarite, fans around the fold, but less so than the ,92 cleavage

recorded by kyanite; i.e. it more closely approaches an axial planar relationship,

especially on the tighter limb. The trace of the axial plane in the section, as de-

fined by change in cleavage vergence, apparently lies very close to the thin limb
of the graphitic marker. Most of the ,92 cleavage traces on the inside of the fold

are continuous and emerge on the thicker limb. A single arsenopyrite grain has

quartz pressure fringes, apparently of face-controlled syntaxial type (e.g. Gray and

Durney, 1979).

The 50, ^91 and ^92 fabric elements all show an open curvature, possibly related

to a very weak ,S3 crenulation cleavage which transects the section (Figure 7.1).
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Plate 7.1.. (following plqe) _ Details of microstructural relationships of lhe F2
pc¡ofol{ in Figure 7.1. The bar scale. in each plate represents 1 mm. (See figurã
for locations and further explanations.)
a. Hinge.area showing the -qha¡B9in'microstructural style and vergence between

the thick limb and thin limb.-Both ,9e and 51 are 
"otttittnous. 

eicept for local
development of ,52 as a discrete crenulation cleavage (e.g. insíde the graphitic
marker, llwer.left). Th. large, tabular,-opaq,re g^rJin ìr "*r"ttopyrite(äs), 

with
mino¡ sphalerite, and_quartz pressure fringes. Quartz-crystal-clasts' aíe flat-
tened parallel to the ,51 margarite schistosit¡i, and show some ,52 crenulation.

. lart.of a kya_nite porphryoblast(ky) is mimeiic after ,sr and ,92 fãbrics.b. Detail of the hinge a.rea in the gràpliitic marker. Thin giaphiticiaminae appear
to be continuols. The style of thì parasitic folds chu.-nges from open kinËs to
nearly isoclinal across the hinge.

c. 4Vanite porphyroblast(ky) on-the thick limb, showing mimetic structure after
,51 a}d ,S2, resemb.ling kink.bands. Note the dextral ãi"u,uu.g. vergence and its

_ continuity across the graphitic marker(gr).
d. Kyanite porphyroblasi(ky) inside_the li"þttiti. marker(gr) with asymmetrical

distribution of zonal and discrete 
^92 crðnulation cleavagà'ií the matrix. On the

right, the cleavage is tight^and- the graphitic laminae dlescribe tight microfolds
with curved axial traces. On the uppeiìelt, ,S1 margarite schistðsity is weakly
crenulated near the ngrlþy1oþlasl 

-and Sr tiails p"ass contittoonriy into thä
kyanite' Sinistral rotatioñ is inferredto-have tightened the crenuiation cl.avage
on the right, and partly decrenulated the clea'Iage on the upper left.

The weak crenulation cleavage (stage 2; Bell and Rubenach, 1983) is also visible
in sections cut parallel to 

^92 and, in the drill-core sample, a weak .t3 crenulation
cross-cuts the L2 crenulation axes on ,91 surfaces. Some of the curvature of 52 can

be related to interference of kyanite porphyroblasts.

In this example (Figure 7.1, Plate 7.1), the .92 cleavage is approximately axial
planar to the microfoid, and the cleavage vergence of ,S2 and ,Sr-,So on each limb is
correct for an -Fz fold. The main fanning of ,52 occurs on the thicker limb, and to a
lesser extent in kyanite on the opposite limb. Note that the fanning is exaggerated

by the general curvature and is much reduced when the curved axial plane is taken
into account. On the thicker limb, the ,52 cleavage is relatively open and resembles

kinking.

Some possibilities, not necessarily mutualiy exclusive, are suggested by the
observations. Kyanite may record early stages of ,92, and by implication, of .F2

development. The fold and associated crenulation cleavage continued to tighten,
rotating the kyanite porphyroblasts, which preserved incipient ,52 as kink bands

recorded by the mimetic habit. This does not explain the asymmetry of the fold
nor the asymmetry of ,92 development on each limb. One limb is tectonically thinned
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Figur-e- 7.2-._Schematic illustration of a possible configuration leading to the F2
microfold of Figure 7.1. Sinistral shearing õn shear planès with a nearly-perpendiJ-
ula,r orientation to.the axial,plane of an open fold leads to asymmetry definãd by a
thickened limb u'ith decrenulated parasitic folds, and a thinnCd limb with tightened
parasitic folds. The angle between the axial trace and the thinned limb is rãduced.

and its microstructures are tightened with respect to the other limb. These features

are interpreted to be the result of shearing, with transposition and deformation

influenced by the original orientation of the markers relative to the shear plane

(Figure 7.2). A sinistral sense of shear (in the section, without any larger scale

significance) is required, with the iightened limb oriented in the extensional field
of the strain ellipse, and the thicker limb oriented in the compressional field of the
strain ellipse (Ramsay, 1980). This further implies that a pre-existing, uniformly
developed, axial planar cleavage would undergo tightening on the thinned limb and

decrenulation on the thickened limb (Figure 7.2; e.g. Figure 8 of Skjernaa, 1gB0;

Figure 7 of Bak et aI., 1975). The curvature of ,5r-So and ,S2 and, in part, the
fanning of 

^92 
relative to a bisectrix, can also be accounted for by sinistral shearing.

The relationship of ,53 is not clear, but it could be a new crenulation cleavage related

to the shearing.

This interpretation implies that the ,S2 cleavage may initiatly have been axial

planar to the .F2 microfold and that subsequent transposition was responsible for
many of the fabric relationships now observed. If this microstructure is a reasonable

analogue for large scale structures, it impiies that .F'2 folds may have undergone later
shearing resulting in one tectonically thinned limb, which would resemble a high
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strain zone as a function of its original orientation in the strain ellipse. This suggests

that the 52 fabric, if it was initially axial planar to F2 foids, has been reoriented.

7.1.9. S1 Rutile Tlails.

Rutile trails were described in some detail (see 5.4. Plagioclase-layered Rocks),

including their relationships to quartz porphyroclasts in quartz-megaphyric felsic

rocks. At the Linda deposit, rocks containing rutile trails nearly form a mappable

subunit, and this would certainly be the case if the trails could be reliably iden-

tified on a hand-sampie scale. Their occurrence is restricted to unit 4 and the

uppermost parts of the proximal alteration zone and may reflect structural con-

trol, primary compositional control (i.e. requiring a protolith containing rutilated
qtaúz),, metamorphic control (i.e. requiring enclosing minerals which do not in-
corporate large amounts of Ti in their structure), or some combination of these

factors. The trails are similar to 'Tuttle' deformation lamellae, named for Tuttle's
(1949) investigation of the planar arrays of fluid inclusions commonly observed in
strained quartz (Spty, 1969). (Tuttle'lamellae are characterized by their continuity
across grain boundaries and by orientations independent of crystallographic control

by the host crystals (ibid.). Tuttle (1949) found their orientation to be similar over

a large geographic area and suggested that the inclusions had been localized aiong

shear planes. The rutile trails at the Linda deposit are interpreted to be 'Tuttle'
deformation lamellae which originated by the recrystalli zation of rutilated quartz

phenocrysts and to represent localized fine D1 shear planes. Given the subsequent

recrystallization of plagioclase and phyllosilicate minerals, evaluating the magni-

tude and the significance of the shear strain and its relationship to bulk strain is
problematic.

Trembath (1986) reported similar trails of rutile, transgressing matrix and por-

phyroblastic staurolite, gahnite and kyanite, in altered quartø-phyric rocks at the

Anderson Lake mine. However, he did not indicate their distribution or frequency

of occurrence. He interpreted them as fine shear planes which pre-dated the crys-

tallization of porphyroblastic minerals. In aluminous altered rocks in the Harare

greenstone belt, Zimbabwe, Kerrich eú aJ. (1987) described rutile 'disposed in linear

stringer-like arrays', without proposing any mode of origin.
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7.2. Kinematic Indicators.

Detailed sampling and petrography was done mainly on drill core. In some

cases, it was possible to approximately orient the core samples in 3 dimensions by

recording the direction to surface and the plunge of the drill hole at the sample

location and by taking advantage of the general uniformity in the regional dip of 
^91

fabrics and the lineations in the ^91 plane. The angle between the core axis and the

,S1 plane is generally small enough to allow unambiguous discrimination between

the 2 possible orientations of the lineation resulting from 180' rotation of the core

along the core axis. (If 
^91 and the core axis are perpendicular, the bilateral sym-

metry precludes the determination of a unique orientation for the sample.) The

method has a large margin of error, but suffices to relate the sense of asymmetry

of structures in subsurface samples to the structures mapped on the surface. The

method is not trustworthy in core which was previously split, as the core may have

been inadvertantly rotated, top to bottom, and its broken nature makes continuity
diff.cult to establish. Kinematic indicators used to deduce the sense of shear were

of 4 basic types: ^9-C fabrics, drawn-out sigmoidal tails on üthic clasts and porphy-

roclasts, rotated porphyroblasts, and drag folds in the wall rock adjacent to qaartz
veins.

7.2.1. Dextral Sr/Sz Cleavage Vergence.

The cleavage vergence of ,51 and the ,52 fabrics defined by phyllosilicate minerals

is dextral, as determined from surface mapping in the Linda area (see 4. Structural
Geology of the Linda Area; Figure 4.2), and this generaliy applies to the subsurface

as well. Some very localized high strain zones were observed, in some cases com-

prising 2 cm of drill core with contacts transitionai over 1 cm. These are marked

by tightened ,52 crenulation cleavage, subparallel to the ,91 schistosity, and by in-

creased flattening and elongation of clasts in volcaniclastic rocks (Plate 7.2, a). In
a few cases, a new crenulation on the SrSz surface cross-cuts the crenulation axes

of the ,52 crenulation cleavage. It is steeper than lhe L2lineation, having a rake

of about 90o. These high strain zones, and particularly the associated lineation,
were observed only in isolated examples and their significance is difficult to evalu-

ate. However, it may be important to note that they are apparently distinct from

the single-fabric schists, described in the alteration zones (see 5.2. Distat Alteration
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Plate 7.2. (following page) Cleavage and porphyroblast relationships. The bar
scale in each plate represents 1 mm.
a. 19-543b partial xpl (cross-polarized light) Transition from 'normal' D2

strain (bottom.), to a high strain zone (top) in which the ,92 crenulation cleav-
age in .mJrscovite is transposed into coincidence with ,51, defined by flattened
clasts (A).

b. 2J-?12_ - ppl (plane-polarized light) Staurolite porphyroblast which overgrew
,90 bedding alq 51 schistosity.- The sense of rotàtion was sinistral up-pluîge,
as interpreted from the discordance between ,50-,Sr in the porphyroblãst aád
in the matrixr-and fr_qry the asymmetry of the ,5r(So) planei in tËe vicinity of
the porphyroblast. Chlorite pressure fringes (A) àre'mainly, but not entiiely,
consistent with this interpretation.

c. 224,-7625 - partia! xp] 
. 
Skeietal staurolite porphyroblast(st), mimetic after,Sl

and ,S2 fabrics. The ,91 f 52 cleavage recorded by ihe porpLyíoblast has the op-
p^osite sense of vergence.frgm that in the matrix (see text for futther discussion).

. $arngt porphy-robþs-ts(gt) are mimetic only after 51 layering.
d. Detail of c. The skeletãl ðtaurolite is a neaily non-pleoðhroic-, optically contin-

u9gs, single,crystal. Compare the & I Sz cleavage vergence of the porphyroblast
with that of the matrix in c.

e. 224-7625 partial xpl Similar to c. Skeletal staurolite showin1 StlSz cleav-
age vergence opposed to that in the matrix. Sz ín the matrii is a discrete
crenulation cleavage.

f. 28-137 ppl Part of a garnet porphyroblast with sigmoidal ,91 inclusion trails
suggesting sinistral rotation. Biotite schistosity nearlhe pressure shadows and
the ,91 f 52 cleavage vergence in the matrix (not visible),-suggest dextral rota-
tion. This sample also contains clasts witÈ ø-type taiis (see 7.2.2. Sinistral
Kinematic Indicators) consistent with a sinistral iãnse of motion.

Zone), in that the ,Sz crenulation cleavage is rotated into parallelism with the 
^91

plane, thus conforming to the ,51 orientation. These zones apparently represent a re-

activation of ,51 layering and they may be a more extreme example of the previously

described sigmoidal asymmetry of ,S2 crenulation cleavage and biotite porphyrob-

lasts near contacts with ,51 quartzo-feldspathic domains (see 7.1.1. Fabric Elements

and Minerut"sy).

7.2.2. Sinistral Kinematic Indicators.

Sigmoidal taiis on lithic clasts were observed along bedding contacts between

volcaniclastic breccias with a high proportion of felsic clasts and finer grained vol-

canogenic metasediments or tuffs. The coarser, more clast-rich beds apparently

accommodated less strain relative to finer, or more matrix-rich beds. The drawn-

out tails were interpreted to be elongated in the direction of shear, giving a sinistral,
up-plunge sense of motion (Ramsay and Huber, 1980; Ramsay, 19s0). The clasts

resemble porphyroclasts with recrystallized material defining ø-type tails, i.e. in
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which the long axis of the relatively rigid body lies close to the flow plane (pass-
chier, 1987; Simpson and Schmid, 1983) and the taiis lie parallel to the ^g1 (and
,9s) plane. They do not appear to have rolled (e.g. Driessche and Brun, 1g8Z) but,
rather, appear to be the result of heterogeneous strain distribution in which the
main body of each clast was pinned by impingement on its neighbours. In this case,

the sense of movement could apply lo D1, as the asymmetry is defined only by so

and ,5i fabric elements.

The vergence asymmetry of 5-C fabrics, particuiarly within hornblende-chlorite
mafic schists (10m), was also used to determine sense of shear (Berthé et al.r lg|g;
Simpson and Schmid, 1983). Some of these schists contain augen-shaped hornblende
and biotite porphyroclasts, with associated tails and pressure shadows of ø-type or
early stages of ó-type, showing a slight rotation of the pressure shadow (Passchier,
1987; Takagi and lto, 1988). The ,5-C fabric and the porphyroclasts consistently
indicated a sinistral sense of shear.

Drag folds traced by 
^91 layering adjacent to quartz veins are uncommon as most

of the veins are concordant. However, where a sense of rotation was discernible, it
also indicated sinistral up-plunge motion.

Porphyroblasts, in most cases, have nearly planar inclusion trails, obliquely
oriented with respect to the matrix and showing little evidence of rotation during
growth. The porphyroblastic schists of the alteration zones had commonly been
fragmented during previous splitting of the core and porphyroblasts were seldom
used as kinematic indicators. An exception to this is observed in a staurolite por-
phyroblast which overgrov¡s an ^9s bedding surface and bedding-parallel ,51 schis-
tosity (Plate 7.2,b). The surfaces within the porphyroblast are straight, suggesting
that rotation occurred after the porphyroblast had ceased growing (e.g. Vernon,
1978; Spty, 1969). The sense of obliquity between ,So-,gi in the porphyroblast and
,50-5r in the matrix, and the asymmetry of the surfaces at the grain contact, in-
dicates sinistral up-plunge rotation. Chlorite pressure fringes occur around. part of
the grain boundary, as well as fringing kyanite porphyroblasts in the same sample.
They are curved, indicating a component of noncoaxial strain during deformation
(Ramsay and Huber, 1980; Gray and Durney, 1979), but their sense of curvature is

not entirely consistent.
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7.2.8. Opposed Cleavage Vergence between Porphyroblasts and Matrix.

Skeletal staurolite and kyanite porphyroblasts, mimetic after 51 and ,92 fabrics

have been previously described (see 7.1.1. Fabric Elements and Mineralogy) and

examples are illustrated in Plate 7.2, c-e. In these examples, and in most other

cases (excepting Plate 7.1), the vergence of ,51 and ,52 intersections in the mimetic
porphyrobiasts is opposite in sense to the vergence of ,5r and ,52 intersections in
the matrix. The ,S2 fabric in the porphyroblasts closely mimics the form of. a zonal

crenulation cleavage and, in many cases, it is continuous with the cleavage in the

matrix' The degree of obliquity of the ,5r f 52 angle changes along the ribs and spine,

both of which show curvature with the same sense of convexity. The porphyroblasts

are typically unstrained, optically continuous, single crystals. They were interpreted
to have grolfln during D2 and to record incremental stages of fabric development

(Figure 7.3) (e.g. Belt, 1985). At each stage of their growth, the porphyroblasts

acted as a rigid inclusions with the result that further increments of strain were

partitioned into the phyllosilicate-rich matrix (ibid.; Bell ef al., 1986; 8e11, 1981). In
addition to the observed sinistral vergence of ^91 and ,52 within the porphyroblasts,

this implies a sinistral sense of rotation of the fabric in the matrix, with respect to
the porphyroblast, while the porphyroblast was growing. The elongate inclusions

along the spine of the porphyroblast record an earlier sense of asymmetry of the

,92 crenulation; the ,51 fabric along the ribs and in the matrix records progressive

sinistral rotation with respect to earlier orientations. Similarly, the orientation
of the spine of the porphyroblast records earlier orientations of the ,52 crenulation

cleavage; however, the Sz cleavage in the matrix shows dextral rotation with respect

to this earlier orientation and, as noted previously, changes vergence with respect

to ,5r. The porphyroblast records an earlier sinistral sense of cleavage vergence

which was present early during D2 deformation. The dextrai cleavage vergence is

apparently a pervasive late D2 overprint.

Another example of conflicting sense of asymmetry between porphyroblast and

matrix, in this case involving garnet, is illustrated in Plate 7.2f. The garnet is
mimetic after .91 layering and contains inclusion trails of quartz which follow a

sigmoidal trace. The sigmoidal trails and their sense of asymmetry are consistent

with a sinistral up-plunge sense of rotation of the matrix while the porphyroblast was
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growing. (It was possible to orient this sample with respect to the surface geology;

therefore, the sense of rotation has significance in a larger context.) However,

the biotite schistosity in the matrix adjacent to the porphyroblast suggests the
opposite sense of rotation, in agreement with dextral cleavage vergence of ,91/,S2 in
the matrix.

Bell (1986) gave several examples of apparently opposed senses of rotation be-

tween porphyroblasts and matrix which he attributed to reactivation of pre-existing

fabrics. The general tendency of mineral fabrics to reflect the last incremental strain
imposed at the close of deformation has been remarked on (Williams, 1985), espe-

cially with reference to quartz c-axis fabrics (Bouchez and Nicolas, 1983; Brunel,

1980). In the Linda area, the kinematic ind.icators apparently apply to early D2

and, in one case, possibly to D1, and consistently indicate a sinistral sense of shear.

In contrast, the cleavage vergence between ,S1 and ,52 as deflned by phyllosilicates,
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7. Microstructures and Mineralog5'

either as a crenulation cleavage or a. crystallographic preferred orientation ofbiotite,
consistently has a dextral asymmetry. Note that these fabric elements defining 

^92

are precisely those which are visible and can be measured in outcrop, both in the
Linda area and in the Snow Lake region (Froese and Moore, 1980). The presence

of mimetic porphyroblasts preserving an earlier sinistral cleavage vergence between

5r and 52 suggests that the main sense of motion was sinistral up-plunge and that
the dextral cleavage vergence is a late D2 phenomenon.

7.3. Fabric Formation.

7.3.1. 51 Layering.

Mineral schistosity and crenulation cleavage is strongly developed in 51 mica-

ceous layers, in contrast to the nearly massive structure of quartzo-feldspathic do-

mains. Following the ideas of Bell (1981) and Bell eú a/. (1986), the microstructure
is the result of deformation partitioning; the'quartzo-feldspathic domains \Mere en-

claves of low strain and were dominated by coaxial progressive shortening, whereas

the micaceous layers were anastomosing zones of high strain and accommodated

both noncoaxial shearing and shortening. Note that the model does not require non-

coaxial strain, i.e. that the high strain zones could also be dominated by shortening,
and that fabric relationships, whether symmetrical or asymmetrical, can be used to
discriminate between these possibilities (ibid.). Ai the Linda deposit, Iayering and

^9r mineral foliations are parallel and therefore uninforrnative. A substantial compo-

nent of D1 shear strain is inferred mainly from the strong development of stretching
lineations, which were interpreted to be mainly Ly (see 4. Structural Geology of the
Linda Area), and from isolated D1 kinematic indicators (see 7.2.2. Sinistral Kine-
matic Indicators). Note also that the exact nature of the heterogeneities which
initiated strain partitioning is not predicted by the model; these may depend on

the type of protolith and may be obliterated or reconstituted during subsequent

deformation.

The structure and inferred geochemical characteristics of the ,51 cornpositional

layering bear some similarities to a pressure-solution cleavage, in the broad sense

of Beach (1979) and Beach and King (1978), in which diagenetic and metamor-
phic reactions are an integral part of solute release and transport. It involved the

segregation of quartzo-feldspathic domains and anastomosing micaceous layers (e.g.
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7. Microstructures and Mineralogy

Robin, 1979; Kerrich, 1977), and the development of pressure shadows, for example,

those associated with quartz megacrysts (e.g. Rutter, 1g83; Kerrich, lgTT). The
multiple trails of trace minerals, mainly zircon, but also rutile and apatite, which
are common within micaceous layers, may represent insoluble residues such as those

reported along styolites and residual seams (ibid; also Pettijohn, 1979). However,

they also bear some resemblance to úTuttle' deformation lamellae (Sp.y, 196g) and

similar seams in white mica, oriented parallel to (001), have been attributed to
grain-boundary sliding (Swager, 1g85; Gray, 1g7ga; lg7gb). At the Linda deposit,
unambiguous evidence of truncation of earlier structures, such as phenocrysts or
clasts, against the micaceous layers, has not been observed, and the layers are com-

monly of sufficient width (up to 8 mm) to preclude any inter-penetration of primary
structures, in constrast to the commonly sited evidence in favour of pressure solu-

tion (e.g. Rutter, 1983). Such evidence, if initially present, may not have survived
subsequent metamorphism and deformation.

The micaceous layers are more strongly defined and wider within the alteration
zones and, in many cases, the change is transitional from fine semi-continuous layers
observed in felsic volcanic rocks. This may support the interpretation of the layers as

pre-dynamometamorphic fractures related to the hydrothermal alteration (Bailes eú

a1.,, L987; Trembath, 1986). The similar difficulty in distinguishing between matrix
and clast relationships, and metamorphic-segregation layering, has been previously
remarked on (see 3.1. Definition of Lithologicat Units). Alternative reasons for the
differences in the definition of layering can be proposed; the mineralogy of the pri-
mary and low grade protoliths of metamorphosed altered rocks would include a high
proportion of hydrous phyllosilicate minerals, which may have been more conducive

to the processes of metamorphic segregation (Rutter, 1g8B; Beach and King, 1gZ8;

Robin, 1979; Kerrich, 1977). Bailes' et al. (1987) contention that the presence of
Mg-Fe-Ca metamorphic minerals, i.e. 'diagnostic' of premetamorphic alteration,
within the layers, is evidence that they are fractures which localized hydrothermal
fluids, is not convincing. It assumes that the metamorphic minerals are mimetic
after fracture-fillings or wall-rock alteration zones, but similar mimetic layering of
porphyroblastic Mg-Fe(-Zn) minerals is also observed mimicking ^92 differentiated

crenulation cleavage. In the latter case, the pre-existing structure is clearly of tec-

725



7. Microstructures and Mineralogy

tonic origin and also involved the segregation of the same metamorphic minerals,

'diagnostic' of premetamorphic alteration. It is important to distinguish whether the

dynamometamorphic mineralogy and structures preserve a memory of pre-existing

chemical alteration, or pre-existing structures, or both.

The recrystallization and strain shown by quartz megacrysts illustrates the

importance of intracrystalline plasticity (dislocation creep) as a mechanism of de-

formation at the Linda deposit. This is commonly cited as the dominant process at

medium to high metamorphic grades (Kerrich, 1977). This is supported by defor-

mation maps subdivided into dominance fields for various processes as a function of

temperature, stress, and strain rate, which have been determined for monomineralic

aggregates (Rutter, 1976). Presumably the aggregates were relatively homogeneous

materials, much less capable of sustaining heterogeneous strain distributions than

inhomogeneous, polymineralic, inequigranular rocks. The deformation mechanism

is also strongiy dependent on grain size, with fine grained materials, i.e. with large

ratios of surface area to volume, favouring pressure solution (Rutter, 1983; Kerrich,

te77).

Ultimately, the ability of a rock to sustain local cont¡asts in deviatoric stress

should determine the importance of solution transfer as a deformation mechanism.

At the Linda deposit, evidence of competency contrast and strain partitioning,
associated with Dr and D2 are observed, and this heterogeneity would have been

conducive to stress-induced diffusion transfer. The distinction of diagenetic, or low

grade, pressure solution as a separate process seems artificial (see aJso discussions

by Beach, 1979; Robin, 1979; Beach and King, 1978). The main difference seems to

be that in the first case, there may be a tendency to localize stress along a discrete

contact between rigid bodies, and in the second case, a stress gradient is sustained

across a transition zone. Presumably, there is a continuous transition between the

two cases.

7.3.2. 52 Cleavage.

The ^92 cleavage at the Linda deposit, as recorded by mimetic porphyroblasts,

by crenulated phyliosilicates, and by recrystallized phyllosilicates on crenulation

hinges, apparently formed as a crenulation cleavage. Similarly, corrugation of stau-

rolite bands seems to be a manifestation of the same fabric, at a longer wavelength,
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7. Microstructures and Miner.logy

governed by the physical properties of the layering (see 5.2. Distal Alteration Zone).

The differences in amplitude and wavelength between the crenulation cleavage and

the corrugation of layering seem determined by the difference in competency be-

tween staurolite and phyllosilicate minerals and by the thickness of the feature being

folded. Phyllosilicate minerals have a propensity to intracrystalline glide on (001)-

planes (e.g. Spry, 1969), whereas staurolite crystals appear to have behaved more

rigidly. The crenulation, particularly as preserved in earlier stages of development

(e.g. Plates 7.1, c;7.2, c-e), resembles kink bands. Cosgrove (1976) attributed this
style of crenulation to high anisotropy of the medium, a property which might be

expected in the phyllosilicate-rich schists of the Linda deposit. The differentiated

zonal structure indicates that solution transfer u¡as operative between limbs and

hinges (Swager, 1985). Herringbone structure, with a discrete discontinuity sepa-

rating the microlithons, could be the result of dissoiution of hinges or kink-band
boundary migration (ibid.). At the Linda deposit, the latter mechanism is more

probable as there is no detectable residual seam or recrystallization of phyllosili-
cate minerals parallel to ,S2 and, the herringbone structure is most common in the

'brittle' minerals, margarite and chlorite (e.g. Plate 7.1). Swager (1985) attributed
recrystallization at hinges to the localization of stored strain energy in these zones,

deformation on the limbs occurring mainly by grain-boundary sliding.

Gray and Durney (1979) examined several examples of crenulation cleavages

and their relationships to independent strain indicators. They concluded that the
crenulation cleavage formed parallel to the maximum flattening plane and, in cases

of noncoaxial strain, passively tracked the orientation of the bulk progressive strain
ellipse. They reported departures of up to 4o under conditions of high noncoaxial

shear strain.

The crystallization of porphyroblastic minerals takes advantage of, or intro-
duces, a competency contrast into the rock. Following the interpretation of Bell
and Rubenach (1983), and Bell (1986, 1981), the volume of the porphyroblast and

its immediate matrix is a domain of low strain, dominated by shortening and en-

veloped by an anastomosing crenulation cleavage which accommodated higher strain
and any noncoaxial shearing component of deformation. This is exactly analogous

to the previous interpretation of quartzo-feldspathic domains and ,51 micaceous
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7. Microstructures and Mineralogy

layering and implies strain partitioning associated with D2. Lt the Linda deposit,

strain partitioning during D2 allowed the preservation of sinistnl 51f 52 cleavage

vergence in mimetic porphyroblasts, while the crenulation cleavage in the matrix
was rotated into a nerv dextral sense of cleavage vergence.

7.4. Mineralogy and Reaction History.

7.4.L. Paragenetic Sequence.

The relationships between mineralogy, textures, and fabric elements can be

used to construct the general paragenetic sequence summarized in Figure 7.4 for
the distal and proximal alteration zones, graphitic metasediment, and massive sul-

phide bodies and their enclaves. Primary magmatic and hydrothermal minerals,
and diagenetic minerals are encompassed by D6 and include: quartz and plag-

ioclase phenocrysts; quartz, plagioclase, pyrite and graphite of hydrothermal or
diagenetic origin; and rutile inclusions in quartz phenocrysts. Syn-D1 minerals

include those which define ,51 layering and show layer-parallel crystallographic pre-

ferred orientation (i.e. muscovite, margarite, chlorite, kyanite, rutile and minor
biotite). The range of quartz, plagioclase, pyrite and graphite has been extended

into D1 and beyond, to indicate probable recrystallization. Pyrrhotite shows some

Iayer-parallel distribution and dimensional orientation. Garnet is mimetic only after
,51 layering, and was therefore inferred to be a syn-D1 mineral. Fe-rich staurolite
commenced crystallizalion prior to D2, although it underwent subsequent recrys-

tallization. Early D2 refers to minerals which show an ^92 crystallographic preferred

orientation (i.e. biotite, minor muscovite and chlorite) or, are mimetic after ^91 and

,52 but also deflect the 5z crenulation cleavage (i.e. plagioclase, Fe-poor staurolite,
kyanite and gahnite). Randomly oriented minerals showing weak strain related to
late D2 include staurolite, anthophyllite and gahnite in the staurolite-anthophyllite
enclave.in the largest massive sulphide body. Minerals showing a crystallographic
preferred orientation parallel to the axial planes of the ,52 crenulation cleavage and

showing either dextral vergence to ,5r or reactivation of ,S1, were inferred to have

undergone some late D2 recrystallization. Post-D2 includes randomly oriented min-
erals involved in symplectic and corona structures, i.e. garnet, plagioclase, calcite,

pyrrhotite, pyrite, epidote and Ca-amphibole in calc-silicate enclaves in the largest

massive sulphide body and, traces of fibrolitic sillimanite. The retrograde min-
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metomorphic retrogrode

Figure 7.4. Paragenetic sequence for the minerals in the distat and proximal
alteration zo-nes, grap¡itjc metasediment, and silicate enclaves in the largest massive
sulp_hide bo{-V. _The dashed lines indicate minor amounts of crystallizalion relative
to the overall abundance of each mineral.

erals, i.e. muscovite, margarite, chlorite and calcite, were distinguished by their
occurrence in fine grained massive aggregates or pseudomorphs.

7.4.2. Inferred Prograde Metamorphic Reactions.

The observed mine¡al assemblages and the paragenetic sequence allow some

inference of the sequence of reactions which occurred in response to prograde meta-

morphism. In part, this relies on the inference of probable reactants which were

entirely consumed by the overstepping of reactions (Tracy and Mclellan, 1985)

and, thus, is distinct from an approach relying on the identification of low-variance

assemblages involved in reversible reactions (see 10.1.2. Mineral Equilibria). In
some case studies, careful observations of inclusions armoured by porphyroblastic
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7. Microstructures and Mineralogy

minerals, and of zoning profiles, facilitated the identification of reactant minerals
(Karabinos, 1985; Tracy, 1g82; Thompson et aI.,tg77; Tracy and Thompson, 19z6).
At the Linda deposit, with the exception of margarite-plagioclase rocks (see 5.J.b.
Proximal Alteration Zone), the minerals which occur as inclusions also occur in
the matrix and, in general, consist of ubiquitous trace minera.ls (e.g. zircon, rutile,
apatite) and quartz.

Prograde reactions proposed by Froese and Moore (1980) for the Snow Lake re-
gion are listed in order of increasing grade in Table 7.2a. Reactions 1, 2 and 4 are the
isograd reactions delineating the regional metamorphic zones. The Linda deposit is
Iocated in the biotite-staurolite zone (see 2.3. Metamorphism), however, the com-
plete reaction assemblages for reactions 1 and 2, and the assemblage, anthophyllite-
staurolite-quartz, have all been observed at the Linda deposit. In part, this apparent
contradiction illustrates the necessity of considering the effect of Zn, Mn, F and 52

on mineral stabilities (see 9.3. Halogen Contents of Phyllosilicate Minerals and 10.
Models of Mineral Equilibria). For example, from petrography alone, it was possi-
bie to infer that D1 staurolite is a high-Fe variety (i.e. 'normal'pleochroism), while
D2 staurolite is a low-Fe variety (i.e. neariy non-pleochroic). Ilowever, both types
coexist with muscovite and chlorite. The role of mineral chemistry is dealt with at
length in Part III; here, suffice it to point out that these reactions (Tabte T.Z, a) arc
represented by low-variance assemblages at the Linda deposit and, therefore, are
divariant continuous reactions or acted as buffers of reversible equilibria. They are
apparently inadequate to describe a prograde sequence of overstepped reactions in
the altered rocks.

At the Linda deposit, the presence of syn-D1 kyanite, without biotite, suggests

the occurrence of a kyanite-producing reaction at lower grade than the kyanite-
biotite producing reaction (Table 7.2, a) of Froese and Moore (1g80). pyrophyllite is
suggested as a probable precursor for early kyanite (reaction 5; Table 7.Zrb). Early
D2 kyanite is commonly associated with biotite, as well as with chlorite, staurolite
and muscovite, and a reaction similar to reaction 2 may account for the assemblage.

In any case, reaction 2 places a lower limit on the stability field of the assemblage.
However, the stability of biotite may be enhanced by substitution of F in the hy-
droxyl site (see 9.3.2.Implications to the Stability of Metamorphic Assembtages).
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Table 7.2. Metamorphic Reactions.

a. Proposed for the Snow Lake area (f'roese and Moore, 1gB0).

5. pyrophgllite è lcyønite * quartz I HzO

6. chloriloid, { kya,nite è staurolite } quarlz + H2O

7. cl¿loril.oid, I chlorite j rnuscotsite * quartz è staurol'i,te * biotite + HzO

8. chloritoiil * Oz = støurolite * rnøgnetite * quartz + HzO

9. chloritoid, * quørtz ê Fe-o,nthophgllite * støurolite + IIrO

70. chloritoid, = Fe-ønthophyllite * staurolàte * hercynite i HzO

71. gørnel * spha.lerite * Sz * ZnFe-spinel + Fe-sulphàde * quætz * Oz

b. Proposed Prograde Reactions in Àltered Rocks at the Linda Deposit.

1,2. lcyønite * cølcile + HzO ì rnargørite * COz

73. pyrophyllite * cøIcite è mørgarite * quørtz + H2O + CO2

'J..4. rnargørite * quørtz * cøIcite * ønoúhite I COz + HzO

1.5. tnargørite I quø.rlz t clinozoisite è ønorthite * CO2 + HzO

L6. rnørgarite * quartz è anorthite * kyønite + H2O

77. pyrophgllite -f il,olotnile è rnørgørite I chlorite * quartz + H2O * COz

'J..8. cl¿loritoid I calcite * quørlz + HzO -- chlorite I rnørgørite + CO2

After the closure of. D2 deformation, the rocks crossed the kyanite-sillimanite phase

boundary, resulting in the crystallization of trace amounts of sillimanite. This is
also supported by the occurrence of sillimanite in Amisk Group metasediments in
the region (Froese and Moore, 1980); apparently kyanite persisted metastably in
the altered rocks.

Garnet occurs as a syn-D1 mineral, suggesting its formation by low grade reac-

tions and its persistence by virtue of high Mn content (see 9.1.6. Garnet). Reaction

4 (Table 7.2,a) apparently didnot occur at the Lindadeposit. The presence of the
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7. Microstructures and Mineralogy

complete assemblage of reaction 1 indicates that garnet was involved in staurolite-
producing reactions.

Many staurolite-bearing parageneses at the Linda deposit suggest the invoive-
ment of chloritoid in the reactant assemblage. Chloritoid was not observed, however,
Trembath (1986) reported chloritoid at the Joannie alteration zone at the southwest
end of Anderson Lake. The bulk-rock compositions of some samples from the Linda
deposit lie within the field of chloritoid-bearing rocks as defined by lloschek (1962)
(see 71.2.4. Staurolite-bearing Rocks). The assemblages, kyanite-staurolite-quartz
and chlorite-staurolite-biotite-qrartz, suggest reactions 6 (Winkler, 197g; Hoschek,

1967) and 7 (Thorpe and Burt, 1980). The assemblage staurolite-magnetite-quartz
suggests the oxidation of chloritoid (reaction 8; Winkler , 7979; Ganguly and New-
ton, 1968). These reactions (i.e. 6-8) have been commonly used to mark the tran-
sition to amphibolite-facies and medium grade metamorphism and generally occur
at about 550oC, showing littie pressure dependency in the range of 4-T kbar (ibid.).
They invoive only Fe-Mg silicates and, therefore, Fe-rich staurolite compositions.
At the Linda deposit, these reactions apparently commenced during D1 but were

mainly synkinematic with D2.

Bulk-rock compositions at the Linda deposit v¡ere apparently too aluminous to
allow the production of staurolite * garnet through chloritoid-consuming reactions.
Although staurolite-garnet producing reactions cannot be entirely discounted, it
seems that in most reactant assemblages, kyanite, chlorite, or muscovite, were
present in excess. The aluminous bulk-rock compositioRs may contribute to the
paucity of garnet in the altered rocks. Garnet may also have been consurned in sub-

sequent reactions, for example, reaction 11 involving the sulphidation of sphalerite
and garnet to produce spinel, Fe-sulphide and qttartz (Spry, 1g8Z).

The occurrence of anthophyllite-staurolite-gahnite-quartz at the Linda deposit
represents the assemblage of highest F,pparent grade. Froese and Moore (1g80)
suggested reaction 3 for the assemblage, chlorite-anthophyllite-staurolite, reported
at the Stall Lake mine (Hutcheon, 7977). Reaction 3 should occur at slightly higher
grade than the isograd mapped by reaction 2 (Froese and Moore, 1gg0). Ai the
Linda deposit, reactions which involve chloritoid may be more appropriate, given

the indications of the probable presence of chloritoid at lower grades and the general

732



7. Microstructures and Mineralogy

paucity of garnet.

Grieve and Fawcett (7974) investigated the stability of chloritoid and discussed

their results in relation to previous work and natural occurrences. Reaction 10 was

experimentally reversed and, reaction 9, at slightly iower temperatures, \ryas derived

by Schreinemake¡s analysis. The assemblage at the Linda deposit, with the addi-

tional components, Mn and Zn, implies the occurrence of a reaction similar to 10,

but probably involving sphalerite as an additional reactant. The additional compo-

nents apparentiy change the topology, shifting the reaction to lower temperatures

and allowing the stable coexistence of quartz, Zn-spinel, anthophyllite and staur-

olite. At the Linda deposit, this assemblage was interpreted to have crystaliized

during late-D2. The relative stabilities of reactions 8 and 10 are partly determined

by fo* with magnetite favoured over hercynite at higher fo, Gbid.).

The stability of the staurolite-bearing assemblages could be extended to lower

temperatures by the incorporation of. Zn in staurolite. For example, Thorpe and

Burt (1980) attributed a localized occurrence of staurolite in a greenschist terrane

to local Zn-ñch bulk-rock compositions in which the staurolite-forming reaction

proceeded at a lower temperature. This does not seem to be the general case at the

Linda deposit; the earliest formed staurolite is generally the most Fe-rich. However,

D2 recrlstallization is interpreted to have reequilibrated the mineral chemistries,

and they are presumably a function of bulk-rock composition, .fs, and "fo, at con-

stant metamorphic grade.

Prograde reactions in margarite-bearing rocks at the Linda deposit can be con-

sidered in a different chemical system (Table 7.2rc),, although reaction 5, account-

ing for syn-D1 kyanite, is still applicable. The observed assemblages are similar

to those reported for amphibolite-facies or 'mesometamorphic' assemblages in the

Alps (Guggenheim, 1984; Bucher-Nurminen et aJ., 1983; Frey eú aJ., 1982; Frey,

1978; Frey and Orville, 1974) and many of the same prograde reactions may be

pertinent to the Linda deposit. In the Alps, calcite is the main Ca-minerai at low

grades or in diagenesis and Xco, is a significant factor in the equilibria. Figure 7.5

is based on reactions (Table 7.2, c) deduced by the cited authors (especially Bucher-

Nurminen et aJ.,1983) recalculated using the program, GEOCALC-PTX (Berman

et aJ.,1987). The syn-D1 margarite-quartz(-kyanite) assemblages may suggest the
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presence of pyrophyllite and calcite at lower grades; however, the abundant mar-
garite and general lack of caicite implies either that calcite v¡as not abundant in
the protolith, or that X6s, was relatively low. The upper stability of quartz and

margarite is limited by reaction 16 producing anorthite and kyanite. Plagioclase-

kyanite-quartz and plagioclase-kyanite-quartz-margarite assemblages, in which the
plagioclase and kyanite were interpreted to be syn-D2, occur at the Linda deposit.

The limiting reaction becomes divariant and is suppressed to lower temperatures
with the incorporation of Na into plagioclase (Guggenheim, 1984; Frey and Orville,
L974). The effect is illustrated in Figurc 7.5 by isopleths of anorthite activity pro-
jected from the divariant surface. Na is much less soluble in margarite (ibid.) and,

therefore, has iittle effect. The upper limit of margarite-quartz stability is insen-

sitive lo Xçe, and has a temperature maximum of about 600'C at 8 kbar (e.g.

Guggenheim, 1984).

With the addition of Mg to the system, Frey (i978) suggested reaction 17 as

the dolomitic analogue to reaction 13, producing chlorite in addition to margarite
and quartz. Similarly, reaction i8 (ibid.) consumes chloritoid and produces mar-
garite and chlorite. Both of these reactions could account for syn-D1 intergrowths
of chlorite and margarite and, reaction 18, in bulk-rock compositions in which chlo-

ritoid was not entirely consumed, could account for the occasional occurrence of
syn-D2 staurolite in these rocks. Fox (1975) and Frey (1973) pointed out that the
indifferent crossing of reactions 16 and 6, which provide maximum stability lim-
its for margarite * quartz and minimum limits for staurolite + quartz, respectively,

occurs at a minimum pressure of about 5.5 kbar (oaro:!). The stabiiity of the
staurolite-margarite- qtartz assemblage is limited to a temperature interval between

about 540-575" at 6 kbar (ibid). These observations also apply to the Linda de-

posit. The stability interval may be considerably broadened at lower temperatures

with the incorporation of Zn into staurolite; however, at least some of the staurolite'
at the Linda deposit has a high-Fe composition.

Post-D2 mineral assemblages were not isochemical during metamorphism and

apparently required, at least, carbonatization. They will not be considered further
here (see 10.4. Calc-silicate Enclave in the Main Massive Sulphide Body), except

to point out that, some carbonate may have been derived from decarbonation of

134



3
J

o
føúo
À

. 7. Microstructu¡es and Mineralogy

sû¡
Tempcroture ('O

o

a,
f
o
o
CI
Eot-

lrp=.9.cQ=.1

xcq

Figure 7-5. - Reactions in the sioz-Al2os-Qao-H2o-coz system applicable
19^*"ts?rite-bearing rocks, calcylated."rþq GEOcÃLC-prx "(B"r*a"' et il.,
1987).. Abbreviations: an'anorthite, cl-calcite, ky-kyanite,, ;":;*g"rite, prl
pyrophylli te, qz-quartz.

a. f.19ssu¡e--temperature grid at X¡¡r¡. f (Irro ¡ Xcoz) : 0.g. The enlarged sta-
bility field 

-of 
plagioclaie;l-.kvanitä i"itir-i""ir"asing Ña content is indicäted bv

isopleths of anorthite activity (o,*).

b. Temperature-CO2 grid at 5 kbar. Isopleths of anorthite activity as in a.

135

qz.rm+lt9+OO¿ = cl+pr



7. Microstructures and Mineralogy

the protolith of margarite-bearing rocks.

7 .4.3. P ressure- Temp erat ure-D eformation Pat h.

The observations at the Linda deposit and the inferred sequence of reactions

can be combined into a schematic P-T-deformation path (Figure 7.6). The re-

actions which provide the most reliable estimates of temperature and pressure are

those which involve nearly stoichiometric phases and are least susceptible to changes

in fluid composition, including ls" and, for. The schematic path followed by the
volume of rock containing the Linda deposit tracks through the kyanite field at
low grade, as recorded by syn-D1 kyanite. The path presumably crossed numerous
phyllosilicate-forming, discontinuous and continuous, reactions. The occurrences

of Dy to early D2 Fe-rich staurolite suggest that the first staurolite-forming reac-

tions, represented by the reaction of chloritoid and kyanite, may have commenced at
grades typical of amphibolite facies. The continuous staurolite-forming reaction (i.e.

reaction 4, Figure 7.6), involving the consumption of chlorite and muscovite, ap-

plies to a bulk-rock, Mg/(Mg-lFe) ratio of 0.4 (Hoschek, 1g6Z). Margarite-quartz
stability was not exceeded.. This impües that all the syn-D2 staurolite-gahnite,
staurolite-anthophyllite-gahnite and biotite-kyanite assemblages crystallized in the
narrow temperature interval bracketed by the two stippled reactions. The 'isograd'
assemblages at the Linda deposit were not a function of temperature (or pressure)

but of compositional variables, /s, and f6", which shifted and expanded the per-

tinent equilibria to a zone of mutual overlap within the narrow temperature range

effective during D2. Many of the reactions were continuous and divariant in P and

T and, therefore, P-T changes partly determine the mineral compositions, but not
the observed variety of assemblages. The projections of the divariant surfaces on to
the P-T plane all inte¡sect the trajectory followed by the Linda deposit during D2

on a relative time scale. After the closure of D2 deformation, the path crossed into
the stability fleld of sillimanite and metamorphic conditions started to decline.

7.5. Relationships to Megascopic Structures and Regional rsograds.

The microstructural relationships at the Linda deposit reveal complexities

which are not apparent, or can only be guessed at, from mesoscopic features and

map patterns. Detailed microscopic observations have the potential to resolve ap-

parent contradictions and ambiguities in regional interpretation. However, by their
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posit. Syn-D2 minerals crystallized in the interval6ounded by the rtrbility limits of
stauroÏte f guartz and margarite * quartz. Reactions normu,ily occurring at higher
gra.de (dashed) occurred at lower temperatures at the Linda ãeposit (as" indicäted
by the tlla{ arrows) as-a function of blJ¡-to"U composition, f s, "ì¿ /oì. Abbrevia-
tions: Al-sil-alumino-silicate, an-an-orthit-e, and-andalusite,-bi-Ui"titã, ch-chlorite,
ct-chloritoid, Fe-at-ferro--anthophyllite, hc-hercynite, ky-kyanite, mã-margarite j
mu-muscovite, pr-pyrophyliite, qz-guartz, si-sillimanite, Àt-staurolite. Sóurc.é
of reaction data: l-Kerrick (1968); -2-Richardson (1968j; 3-Hoschek 11962): 4-
Hoschek ll99g); 5-Storre and Niticþ." (lgi4);_6-Giieve'and Fawcett (tot+Ji z-
Hoschek ( 1 969); aluminosilicate stability'fieldé-Holdaway ( 1 971 ).

nature, the observations tend to be isolated and difficult to correlate or extrapolate
to a larger scale. This difficulty is illustrated by the rutile trails and swarms which
were interpreted to be 'Tuttlet deformation lamellae related to shear strain during
D1. Their distribution is limited to quartz-megaphyric felsic rocks (a) and the upper
parts of the proximal alteration zone. In its lateral extension to the northeast, unit
4 wedges out against an intercalation of Amisk metasedimentary rocks (9) in what
may be a thrusted relationship (see 4.5. Discussion). Unit 4 could hide structural
complexities, the nature of which cannot be evaluated on the basis of the available
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7. Microstructures and Mineralogy

observations.

Kinematic indicators associated with early D2 and, possibly with Dl, consis-

tently recorded a sinistral up-plunge sense of movement. Late D2 cl,eavage vergence

recorded a dextral sense of movement and is apparently associated with reactiva-

tion of 51. The late D2 fabric elements, i.e. ,S2 crenulation cleavage and biotite
schistosity, are the prominent D2 features on outcrops in the Linda area and the

Snow Lake region. The general uniformity o1 52 orientations (Froese and Moore,

1980) is interpreted here as a reflection of their origin as a late overprint. This has

important implications in that, the axial traces of .F2 major folds cannot be mapped

on the basis of changes in cleavage vergence and the presence of cleavage-transected

folds is to be expected (e.g. Borradaile, 1973). Similarly, Iate Dz shear strain can

modify or impose structural styles onto pre-existing $ folds (or other structures),

as in the example of the illustrated'f.z microfold (Figure 7.1, Plate 7.1). The new

structural style may be markedly asymmetrical on opposing limbs of the earlier fold,
as a, function of the orientation of each limb in the new finite strain ellipsoid.

Late D2 is interpreted to have reoriented early ,S2 crenulation cleavages, appaï-

ently in a stress regime significantly different from that operative during early D2.

This raises the question of redefining Iate D2 as a D3 deformation. Given the sim-

ilarity in early D2 andl,ate D2 fabrics, i.e. mainly crenulation cleavages, the local

continuity of cleavages despite reorientation, and absence of correlated megascopic

structures (as to the present time), a conservative approach is warranted.

Fabric formation during D1 and D2 required solution transfer and devolati-

zation reactions. The scale of element mobility and associated volume changes is

critical to the interpretation of bulk-rock geochemistry. Insofar as fabric formation

was dominantly accomplished by redist¡ibution on a hand-sample scale, i.e. meta-

morphism occurred in a closed system, the modiflcations imposed by metamorphism

are relatively predictable. Decarbonation, dehydration, and possibly, desulphida-

tion reactions imply some degree of volatile mobility. If the precursor minerals can

be identified, volume and density changes associated with the metamorphic reac-

tions can be inferred. However, qrartz in pretectonic and syntectonic veins may

have been derived from silica released during desilicification reactions (e.g. Beach

and Jack, 1982; Beach, 1979). Similarly, calcite in the largest massive sulphide body
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7. Microstructures and Mineralogy

and in veins could have originated in decarbonation reactions; the large amounts of
Ca suggest synmetamorphic mobility of Ca.

Occurrences of margarite have not been reported in the Snow Lake region,

including metamorphosed synvolcanic alteration zones. Margarite, especially in fine

grained intergrou'ths with other phyllosilicate minerals, is not easily identified and

the lack of reported occurrences may simply reflect lack of recognition. However,

most of the massive sulphide deposits in the area lie at higher metamorphic grades

than the Linda deposit and it may be that the stabitity of margarite f quartz rüas

exceeded.

The Linda deposit lies in the staurolite-biotite zone of regional metamorphism,

as based on assemblages in pelitic metasediments (Froese and Moore, 1980). As

iliustrated in Figure 7.6, this grade of metamorphism is consistent with the as-

semblages observed at the Linda deposit. The consideration of compositional pa-

rameters is critical. It is interesting to note that, in general, there is very little
difference between mineral assemblages reported at the Anderson Lake and Stall
Lake mines (Trernbath, 1986; Walford and Franklin, 1982; Froese and Moore, 1g80;

Hutcheon, 7977) and those at the Linda deposit, despite the higher grade location

of the former with respect to regional isograds. The corollary of this observation is
that the trace of the metamorphic isograds cannot be constrained by parageneses

observed in altered rocks. Presumably, metamorphic grade could be determined by
considering mineral chemistries in the context of f o, and /sr.

It has commonly been observed in the Snow Lake area (ibid.),, that metamor-
phosed alteration zones contain kyanite (l biotite), whereas peiitic metasediments

contain sillimanite (+ biotite). The shift to lower temperatures, of the kyanite-

biotite forming reaction at the Linda deposit suggests an explanation. In altered

rocks, bulk-rock compositional factors caused this reaction to proceed at lower tem-

peratures within the stability field of kyanite. The kyanite persisted metastably,

even if the rocks were subjected to higher grades of metamorphism (e.g. Anderson

Lake and Stall Lake mines). In metasediments, the reaction proceeded at 'nor-
mal' temperatures within the stability field of sillimanite, and was likely the first
volumetrically significant aluminosilicate-forming reaction.
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Chapter I
Reconstruction of the Synvolcanic Arteration system

The preceeding chapters demonstrate that the Linda deposit has been extensively
tectonized and metamorphosed and that the basic reconstruction of its synvolcanic
features and setting present a challenge. In this regard, the Linda deposit is typical
of many hydrothermal deposits in the ancient record., both in the Snow Lake region
(Trembath, 1986; Walford and Franklin, 1g82; Studer, 1gg2; Hutcheon, rgTT;Coats
et aI., L9701 Martin, 1966 williams, 1966; 1g61) and eisewhere (e.g. Ducktown,
Tennessee, Nesbitt and Kelly, 1980; Addy and ypma,I}TT).

8.1. Synvolcanic Setting.

Sulphide mineralization and alteration at the Linda deposit occurred. in associa-
tion with volcanism and volcanogenic sedimentation in a subaqueous environment,
as indicated by the presence of pillowed flows and thinly bedded, graphitic and
sulphidic metasediments. Felsic rocks change in character upward in the strati-
graphic seqì.lence from mainly homogeneous and aphyric (unit 1), to intercalated
matrix-supported breccias (lb) and 'cherty'felsic rocks (1a), the latter interpreted
to be altered felsic rocks (see LL.2.7. Silicic-Feldspathic Alteration and Metamor-
phic Segregation). This sequence is overlain by quartz-megaphyric felsic rocks (4).
Near the proximal alte¡ation zotte) cherty felsic rocks are represented by mineral-
ized, clast-supported breccias (1c). The differences in the two types of breccias, i.e.
matrix-supported (1b) and clast-supported (1c), have genetic significance. Matrix-
supported breccias appear to be volcaniclastic breccias which were transported to
their site of deposition; they do not have an obvious direct relationship to hy-
drothermal activity and their mineralization and alteration in the proximal zone
post-dated their emplacement. Clast-supported breccias (1c) occur only near the
proximal zone and are brecciated lateral equivalents of silicified and spilitized felsic
rocks (1a)' The ciasts are angular, interlocking and monolithologic; the matrix is
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8. Reconstruction

clearly not composed of clastic material but seems to be void-filling mineralization.

Clast-suppo¡ted breccias are genetically related to the hydrothermal alteration and

are interpreted to be the result of in siúu hydrothermal fragmentation and mineral-

ization. Cherty felsic rocks may have periodically acted as impermeable cap-rocks

during the development of the hydrothermal system, causing an accumulation of
pressure followed by hydrothermal fracturing.

Quartz-megaphyric felsic rocks, similar to unit 4, were interpreted by Walford

and I'ranklin (1982) as subaqueous pyroclastic flow deposits. Although primary

textures and structures are mainly obliterated, the poorly sorted, poorly graded

nature of unit 4, with respect to quartz phenocrysts, is consistent with this hy-

pothesis. The thickness of the unit has no absolute stratigraphic significance (see

4. Structural Geology of the Linda Area). Llowever, its lateral continuity and ho-

mogeneity, the planar upper surface and undulating lower surface (i.e. as if related

to the topography of a depositional surface) are characteristic of pyroclastic flow

deposits (Fisher and Schminke, 1984). A pyroclastic origin for unit 4 implies that
explosive felsic volcanism was the culmination of most of the felsic volcanic and hy-

drothermal activity in the Linda area. The source and location of the vent area(s)

of the felsic volcanism is unknown. However, pyroclastic flows are generally consid-

ered to require a subaerial source, although once generated, the flow can transport

(possibly in a modified cold form) and deposit its load subaqueously (ibid., and

references therein).

Bailes (1988; 1987; 1986) identified alteration, of possible synvolcanic origin,

in the Sneath Lake pluton. On the basis of petrographic and geochemical data,

Walford and Franklin (1982) proposed that this body was the intrusive equivalent of

the quartz-megaphyric felsic rocks. Its position, intruding the base of the volcanic

sequence) suggested that it may have provided the thermal energy to drive the

hydrothermal systems in the area.

8.2. The Linda Hydrothermal System.

The proximal alteration zone and graphitic metasediment lie down-dip of the

termination of the mafic volcanic rocks of unit 2; 'cherty' felsic rocks continue, as

mineralized clast-supported breccias, into the alteration zone and terminate within

it. By analogy with the Noranda area, in which all massive sulphide deposits
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8. Reconstruction

are associated with synvolcanic faults (Dimroth et a|.r 1985), the termination of
these units, and the position of the graphitic metasediment and the altered rocks,
could be explained by the presence of a synvolcanic growth fault (Figure 8.1). The
growth fault acted as a conduit which focussed hydrothermal fluids and the resulting
alteration and mineralization were localized mainly on the down-thrown side (e.g.

ibid.; Franklin, 1936). The thinty bedded laminated metasediments contain only
minor clastic material and, thus, suggest that a euxinic environment of restricted
circulation formed in an enclosed basin on the down-thrown side of the growth fault.
Hydrothermal discharges, localized on the fault, produced chemical precipitates,
including Fe and Zn sulphide minerals. The exact trace of the proposed fault cannot
be identified and is probably obscured by alteration and deformation. Cherty felsic
rocks (1a) and their hydrothermally brecciated equivalents (1c), partly underlie
mafic volcanic rocks (2) on the up-thrown side of the proposed fault. This impiies
that the cherty felsic rocks were continuous across the fault and that each, in turn,
acted as a cap-rock which was subsequently ruptured by hydrothermal activity and
displaced by growth faulting. Thus, an episodic sequence of hydrothermal, volcanic
and faulting events is impiied, as illustrated in Figure 8.1. The emplacement of
quartz-megaphyric felsic rocks (4) is associated with the decline of the system; the
unit exhibits alteration and mineralization but was not truncated by the fault. The
slight thickening of the unit and undulation of the lower surface above the inferred
trace of the fault may suggest a topographic low associated with the fault.

Within this scenario, two possible models can be proposed for the alteration
system, differing in their interpretation of the significance of the proximal and distal
alteration zones in the primary synvolcanic system.

8-2.1. Model l-DistalZone as Reservoir; Proximal Zone as Conduit.

The occurrence and general relationships of two alteration zones at the Linda
deposit are similar to those described at the Anderson Lake and Stall Lake mines
by Walford and Franklin (1982). Model 1 conforms to the interpretation of these

authors. Beneath the orebodies at the mines, an upper alteration zone cuts the
stratigraphy at an oblique angle (30"), and extends down to intersect a lower semi-

conformable alteration zone. The discordant zones were interpreted to be alteration
pipes which channelled hydrothermal fluids from a lower semiconformable reservoir.
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The reservoir horizon was interpreted to have a regional extent and to have been in-
tersected by several fluid conduits, i.e. at the Anderson Lake and Stall Lake mines,
and the Ram zone (ibid.). Apptying this model to the Linda deposit, the proximal
alteration zone would represent a discordant conduit which channelled hydrother-
mal fluids from a reservoir, represented by the distal alteration zone. Zaleski (1986)

and Jeffery (1982, unpubl.) proposed a correlation of the distal alteration zorLej

across the Anderson Bay structure, with the regional reservoir horizon of Walford
and Franklin (1982).

An intersection between the distal and proximal zones has not been documented

at the Linda deposit; it would presumably lie up-plunge beyond the present-day

erosional surface, or down-plunge beyond the limits of drilling. The proximal al-
teration zone is discordant to stratigraphy in the sense that mafic volcanic rocks
(2) and felsic flows (1a) terminate against, or within, the altered rocks. However,
the proximal alteration is partly stratiform and largely stratabound. Assuming the
proximal zone to represent a conduit, the present structural down-dip bifurcation
of the zone (see Figures 3.2-3.3) could be interpreted in two ways. The lower-
most (with respect to stratigraphic facing) bifurcation could represent part of the
alteration conduit (i.e. the cross-stratal alteration in Figure 8.1). The uppermost
bifurcation is then a broad funnel-shaped top to the conduit, where hydrothermal
discharge occurred on to the seafloor, or by subsurface perculation partly spread-

ing laterally on a permeable unit (i.e. conformable alteration in Figure 8.1). The
conduit (lower bifurcation) and the upper stratabound and stratiform alteration
(upper bifurcation) were transposed into near-parallelism by subsequent regional
deformation (see Figure 3.2-3.3). In the second alternative, the bifurcations could
represent stacked funnel-shaped tops, the lower bifurcation associated with miner-
alized metasediments and small massive sulphide bodies, and the upper bifurcation
associated with the main massive sulphide body (i.e. the two areas of conformable

alteration in Figure 8.1). The proximal alteration zone would consist of stratiform
and stratabound alteration at the successive tops of the evolving conduit.

Several observations favour the second alternative. The cross-sectional projec-
tions (A-A', C-C',in pocket) of the Linda deposit are only moderately oblique (i.e.

30') to the YZ-section of a generalized strain ellipsoid (see 3. Local Geology of
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8. Reconstruction

the Linda Area), and thus approach a 'least-deformed'representation. This is also

indicated by the relative disposition of the massive sulphide lenses, which appear

to be stacked, rather than displaced by shearing. Secondly, much of the dissemi-

nated mineralization associated with the lower (and upper) bifurcation, especially in
the vicinity of the small massive sulphide lenses, appears to be stratiform. Lastly,

the Zn-rich core (10pa) of the proximal alteration zone extends along the lower

bifurcation (see Figures 3.2-3.3). Zn enrichment is expected to occur in the lower-

temperature, peripheral or outer areas of a mineralizing hydrothermal system and

would be unusual in the core of an alteration pipe (Lydon, 1988; 1984; Franklin,
1986; Hutchinson, 1982; Knuckey et aJ., 1982; Franklin et, a1.,, 1981). Trembath

(1986) reported a similar Zn-rich horizon, extending westward from the massive

sulphide body at the Anderson Lake mine; he interpreted the horizon as a paleode-

positional surface.

The proximal alteration zone has a high proportion of muscovite, similar to
the upper parts of the discordant pipe at the Anderson Lake mine. At the Ander-

son Lake mine, the pipe is zoned with a chlorite-biotite-kyanite core enveloped by

staurolitic rhyolite and, an upper 'halo' of muscovite schist (Walford and Franklin,
1982). The staurolitic rhyoiite has some textural and mineralogical similarities to
the staurolite-banded gneisses of the distal alteration zone at the Linda deposit;

however, the staurolitic rhyolite is apparently a weakly altered rock which preserves

some primary features and contains plagioclase (ibid.; Trembath, 1986). At the An-

derson Lake mine, The most intensely altered parts of the lower semiconformable

reservoir are dominated by chlorite, biotite and minor muscovite and garnet (Wal-

ford and Franklin, 1982). Albite was reported to be abundant at the intersection of
the pipe zone with the semiconformable reservoir (ibid.).

Model 1 interprets the distal alteration zone as a reservoir rock. This zone is

hosted by felsic volcanic rocks (1), and is enriched in Mg-Fe silicate minerals and,

to some extent, in Fe-sulphide minerals, relative to the host rock. As intersected

by drilling, this zone cannot constitute an adequate source of metals or S for the

massive sulphide bodies higher in the section and a distinction must be made be-

tween source rocks and reservoir rocks. Morton and Franklin (1987) and Franklin

(1986) considered numerous examples of volcanogenic massive sulphide deposits.

145
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They concluded that, in general, lower semiconformable alteration zones should

consist of silicic alteration, about 1 km below the deposit, developed in rocks which
include some mafic lithoiogies. Skirrow (1987) investigated extensive silicification
in the Edwards Lake area, 1-2 km stratigraphically below the Chisel Lake mine. He

found that the silicic alteration was slightly discordant and migrated laterally and

up-section toward the Chisel Lake mine and, concomitantly, graded to an Fe-Mg
type of alteration. He proposed a model whereby the Fe-Mg alteration observed

in his study area correlated laterally with semiconformable Fe-Mg alteration about
500 metres below the massive sulphide deposit.

At the Linda deposit, extensive zones of silicic alteration, particularly in mafic
volcanic rocks, have not been identified. The relationship of the relatively small
area of silicified pillows northeast of the Rod mine is not known.

8-2.2. Model 2-Distal Zone as Conduit; Proximal Zone as Stratabound
and Stratiform, Near-surface Alteration.

Model 2 differs from Model 1 in the primary significance attributed to the
proximal and distal alteration zones; i.e. in their identification as parts of the al-
teration system. The basic reconstruction is different, although many of the details
of Model 1 apply to both cases. The proximal alteration zone and its present struc-
tural bifurcation (see Figures 3.2-3.3) are interpreted as near-surface stratabound
and stratiform alteration at the top of a conduit, as in the previous model. However,
the discordancy of this zone is attributed entirely to the localization of alteration
and sedimentation on the dor,r'n-thrown side of an active growth fault; the control
is mainly of a topographic nature. The thickness of the proximal alteration and the
semiconformable nature of the Zn-rich core zone (10pa) would result from the accu-

mulation of alteration products at, or near, successive depositional surfaces. In this
model, the intersection between alteration associated with near-surface discharges

and the main cross-stratal conduit is not represented in the volume sampled by
drilling; the proximal alteration and associated mineralization are rand.om sections

through deposits peripheral to the main hydrothermal vent.

The distal alteration zotre) as intersected by drilling, may represent part of the
conduit which channelled the hydrothermal fluids. However, its position is not easily

reconciled with the approximate trace of the inferred synvolcanic fault which con-
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trolled surface discharges. Either the conduit followed some unidentified structure,

or subsequent deformation was sufficiently heterogeneous to obscure the relation-

ships. The concordancy or discordancy of the distal zone cannot be evaluated on the

basis of the cross-sections logged for this study. Ilowever, Jeffery (1982, unpub/.)

interpreted the zone to be discordant, cutting across mafic volcanic intercalations
(ld) in felsic volcanic rocks (1). Also, as previously discussed (see 5.1. Location

and Relationships to Stratigraphy), the distal zone apparently cuts upward through
the stratigraphy in an up-plunge direction, approaching to within 45 metres of the
proximal zone at the point when they are truncated by the present-day erosional

surface and, implying that their intersection lies beyond this surface. Unfortunately,
these driil-hole interpretations must be treated with caution, as the existence of a
discrete proximal alteration zone was first recognized during this study (Zaleski,

1e86).

Model 2 is more successful at explaining the mineralogical characteristics of the

alteration zones in the context of other case studies and genetic models. Noranda-

type deposits typically have an Mg-chlorite rich pipe with an upper halo of sericitic

alteration (e.g. Morton and Franklin, 1987; Franklin, 1g86; Knuckey et aJ., lg}2;
Riverin and Hodgson, 1980). At the Linda deposit, ihe Mg-Fe silicate mineralogy

of the distal alteration zone is more typical of a conduit. As previously noted

(see previous section), the muscovite-rich proximal alteration and its Zn-rich core

are more consistent with lower-temperature near-surface regimes, peripheral to a

conduit. In Model 2, neither the source rock nor possible reservoir horizons have

been identified.

8.2.3. Cornparison of Models 1 and 2.

Some fundamental differences are implicit between the two proposed models,

particularly with regard to the scale of the hydrothermal alteration system. Model 1

requires that near-surface stratiform and stratabound alteration, the hydrothermal
conduit, and part of a lower reservoir zotte) are all contained within the volume

sampled by drilling. Model 2, requires that only near-surface alteration and part of
the hydrothermal conduit lie within the same volume and the source rocks, reservoir

rocks and part of the conduit lie outside this volume. Model 2 thus implies a much

larger magnitude for the hydrothermal alteration system.
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In terms of geochemical modelling of fluid-rock interactions, Model 1 implies,

thermochemical evolution of fluid contained in the distal alteration zone (reservoir),

and its expulsion into the proximal zone (conduit), with furiher evolution in a
pressure and temperature gradient associated with upwelling and, possible mixing
with seawater. In Model 2, an evolved fluid arrives at the distal zone (conduit) and

continues to evolve during upwelling, with near-surface mixing and precipitation

as the dominant processes in the proximal alteration zoîe. The nature of any

thermochemical model is thus highly dependent on the selection of a physical model.

It is also possibie that the feasibility of the various thermochemical models might
be used to test the physical models. However, the former tend to have myriad
non-unique path-dependent solutions (e.g. Janecky and Shanks, 1988; Bowers and

Taylor, 1985; Janecky and Seyfried, 1984; Reed, 1982).

Models 1 and 2 have distinct pre.deformational geometries. Model 1 requires

a semiconcordant distal alteration zone) disposed at a high angle to an overlying

discordant cross-stratal proximal alteration zone. Model 2 requires a discordant

cross-stratal distal alteration zorre) disposed at a high angle to an overlying semi-

concordant proximal alteration zone. These initial configurations can be subjected

to hypothetical simple shear to give the observed geometry of the Linda deposit.

Figure 8.2 illustrates that the direction of intersection, i.e. whether up-plunge or

down-piunge, is dependent on the initial configuration and on the sense of shear.

If the correct physical model could be ascertained by independent means, the di-

rection of the intersection could be used as a kinematic indicator. For a sinistrai

up-plunge sense of shear, Model 1 predicts an up-plunge intersection of the proximal

and distal alteration zones (Figure 8.2, a), whereas for the same shear sense, Model

2 predicts a down-plunge intersection of the two zones (Figure 8.2, b). Drilling has

sampled only a fraction of the volume depicted in the figure and, the ambiguities

involved in distinguishing discordant and concordant primary relationships in their
transposed states are accurately represented.

8.3. Implications.

Massive sulphide deposits in the Snow Lake region are a quandary in terms

of the nature of the lower semiconformable alteration zones. In contrast to the

zones of intense, deep or medial, subsurface silicification observed in other vol-
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8. Reconstruction

Figr{_e p..2, Scþgmatic perspective views comparing the ir"plications of Model 1

ïlrd Model 2, with respect to the pr_esent-day ðonfigìiration ãf the Linda deposit.
The views assume simple shear, parallglto thê regioãal stretching lineatioo, *ith u.
sinistral up-plunge sense of movement. The diagrJm is drawn appräximately îo scale
and gives an accurate representation of the ambiguity of the fiimoty relaiionships
after transposition.

a- Model 1. An up-plunge intersection of the distal zone (reservoir) and proximal
zone (conduit) occurs beyond the present-day erosional surface.'The þroximal
zone is discordant to stratigra-p_hy,-as r-epresented by unit 4, cutting uþ-plunge
to intersect the semiconformable distal zone.

b. Model 2. A down-plupgS intersection of the proximal zone (stratabound, near-
surface alteration) and ilistal zone (conduit) ôccurs beyond the ümits of diilling.
The distal zone is discordant to sti-atigraphy-(unit 4 äs datum), cutting dowã-
plunge to intersect the stratabound pioximal zone.
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8. Reconstruction

canogenic Cu-Zn massive sulphide deposits (Morton and Franklin, 1987; Gibson

et a1., 1983; MacGeehan, 7977), in the Snow Lake region, they apparentiy devel-

oped at relatively shallow subsurface levels with respect to the massive sulphide
bodies and contain Fe-Mg(-Mn-Zn) silicate minerals. For example, at the Ander-
son Lake mine, lower semiconformable alteration lies 150 metres below the orebody
(Walford and Franklin, 1982) and, at the Linda deposit, the distal alteration zone

approaches to about 100 metres of the largest massive sulphide body (within 45 me-

tres of the proximal alteration zone). Although these thicknesses have no absolute
stratigraphic significance, relative to the thickness of massive sulphide bodies and
volcanic units, it is possible to infer that the semiconformable zones lay at unusually
shallow depths below the depositional surfaces. A possible solution to the quandary
is Skirrow's (1987) model which links the lower semiconformable alteration beneath
the Chisel Lake mine, laterally and down-section to deeper level silicic alteration.
Skirrow's model could be combined with Model 1 of the Linda deposit to provide a

mo¡e regionally extensive source area for metalliferous fluids. Model 2 is an alterna-
tive solution to the same problems and likewise implies a more regionally disposed

source area.
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PART III

MINDRA.L AND \A7'HOLE-R,OCK CHEMISTRY

Chapter 9. Mineral Chemistry.

Chapter 10. Models of Mineral Equilibria.

Chapter 11. Whole-Rock Geochemistry.
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Chapter I
Mineral Chemistry

A suite of.27 samples was selected for determination of mineral compositions by

electron-probe microanalysis (see Appendix B). The suite represents the variety

of mineral assemblages occurring in altered rocks of the Linda deposit (Figure

9.1, Table 9.1) and includes the following alteration types: proximal alteration
(10p, 1b/10p, al10p); distal alteration (10d) and the muscovite-staurolite-gahnite

cores to these zones (10pa, i0da); graphitic metasediment (3); calc-silicate and

anthophyliite-staurolite-gahnite enclaves (10p) in the main massive sulphide body;

concordant calc-silicate felsic rocks (1/10c); static calc-silicate rocks (10i); and

cummingtonite-bearing silicic-feldspathic altered rocks (1d, 2/10s). The main fo-

cus of the sampling was on the proximal and distal alteration zones, in order to
adequately represent the parageneses and to obtain maximum-phase assemblages.

9.1. Mineral Chemistry and Definition of Assemblages.

The porphyroblastic schists in the Linda deposit require careful petrographic

evaluation in terms of textural criteria of equilibrium. Garnet, staurolite, gahnite,

kyanite and, in many cases, biotite are typically coarse grained (1-10 mm) and vary

from sieved to skeletal, with abundant inclusions of quartz. They occur as isolated
porphyroblasts with few mutual contacts. Minor to trace amounts of sphalerite,

rutile and tourmaline occur as fine disseminated grains. Mineral grains in mutual
contact were analysed where possible. Alternatively, grains within an area of ap-

proximately 5-10 mm in diameter rryere assumed to have equilibrated, the diameter

being determined by the grain sizes and the spacing of porphyroblastic minerals.

The thin sections were therefore subdivided into smaller areas containing porphy-

roblastic, schistose and fine disseminated minerals. Table 8.3 presents a compilation

of individual spot analyses by sample and area. Table 9.2 is a compilation of means

and standard deviations (1ø) derived for each sample; the number of analyses is

L52 (text continues on page 167)



9. Mineral Chemistry

Figure- 9.1. Location of samples-of tþ 91-e-c-t1on-probe microanalysis suite. Samples
have all been projected into Section c-c' (identical to Figure 3.gi: - -
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Table 9.1.
Summary of

Sample

22-901

22-957

22-996.5

34-799a.

34-799b

Unit

Electron-Probe Microanalysis
Mineral Assemblages. (Anaiysed

a. Distal Alteration Zone.

10d quartz, rnuscovite, chlorite, kyanite,
staurolite, pyrite.

10d quartz, rnuscovite, staurolite, chlor-
ite, margarite, pyrite.

10d quartz, chlorite, muscovite, staurol-
ite, magnetite.

1Oda quartz, museovite, gahnite, staurol-
ite, pyrite.

1Oda quartz, muscovite, gahnite, pyrite,
sphalerite.

Assemblages

Sample

22y''-1,625 10p quartz, rnuseovite, chlorite, staurol-
ite, garnet, biotite, pyrite, monocli-
nic pyrrhotitel

224-1638 1Opa quartz, muscovite, staurolite, kyan-
ite, pyrite, gahnite, sphalerite.

22y''-1752 1,b/70p quartz, rnusc.ovite, pyrite, plagiocl-
ase, lcyanite, ehlorite, staurolite.

228-7721 10p quartz, rnuscovite, biotite, plagiocl-
aee, garnet, staurolite, pyrite, chlor-
ite, hexagonal pyrrhotite, monoclinic
pyrrhotitel

228-'1,723 LOpa quartz, rnuscowite, staurolite, pyrite,
gahnite, chloritef biotite.

34C-1377 10p quartz, rnuscovite, plagioclase, stau-
rolite, pyrite, kyanite, biotite, tour-
maline, chlorite

34C-1453 10pa quartz, rnuscovite, staurolite, gah-

nite, pyrite, monoclinic pyrrhotitel

9. Mineral Chemistry

Sample Suite.
minerals in boldface.)

Unit

plagioclasef apatite, allanite, tourmal-
ine, sphalerite, zircon, rutile, ilmenitel
garnet, tourmaline, sphalerite, apat-
ite, allanite, magnetite, ilmenite, rut-
ile, monazite, xenotime.

ilmenite, pyrite, apatite, allanite.

sphalerite, tourmaline, chlorite, apa-

tite, chalcopyrite, sillimanitef rutile.
üourmaline, chalcopyrite, rutile, chlor-

ite.

Trace Minerals

b. Proxirnal "A.lteration Zone.
Assemblages

tourmaline, sphalerite, allanite, apat-

ite, zircon, chalcopyrite, rutile.

tour¡naline, apatite, zircon, pyrrhot-
ite, chalcopyrite, rutile.
tourmaline, rutile, apatite, biotite,
chalcopyrite.

epidote, apatite, zircon, allanite, ilme-

nite, chalcopyrite, sillimanitef calcitel

sphalerite, margarite, apatite, tour-
maline, zircon, galena, rutile, garnet,
calcitel

ephalerite, apatite, zircon, rutile, xen-

otime, sillimanitel

biotite, chlorite, apatite, zircon, al-
lanite, rutile, ilmenite, xenotime, mon-
azile.

apatite, monoclinic pyrrhotite] hexa-

gonal pyrrhotite, chalcopyriúe, rutile.

34C-7747.5 411.0p quartz, muscovite, kyanite, staurol-
ite, biotite, chloritef pyrite.

Trace Minerals
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Sample

34-1500 3 quartz, graphite, rnargarite, kyanite, arsenopyrite, chalcopyrite, tourmaline.
pyrite, monoclinic pyrrhotite| hexago-

Unit

Sample

Table 9.1 (continued).

c. Graphitic Metasediment.

24-1L37 10p quarlz, plagioclase, staurotite, an-
thophyllite, pyrite, gahnite, monocli_
nic pyrrhotitelmagnetite, chalcopyrite.

nal pyrrhotite, biotite, chloÈitef mus-
covite, sphalerite.

Assemblages

d. Silicate Enclaves in the Main Massive Sulphide Body.
Unit

24-7191 10p see Table 5.2.

Sample

32-7465-5 10p quartz, cr-rnuscovite, pyrite, plagio- apatite, chalcopyrite, pyrrhoùite.
clase, titanite.

f. Silicic-Feldspathic .A.ltered Maffc Rocks.

Assemblages

e. Proxirnal Älterati on Zone, Cr-rnica-plagioclase Schist.
Unit

9. Mineral Chemistry

Sample

22-473 ld plagioclase, quartz, curnrningtonite;
hornblende, garnet, magnetite.

344-1484 2/10s ptagioclase, quartz, curnrningtonite,
hornblende, chlorite, magneùite.

Trace Minerals

Unit

Assemblages

biotitef arsenopyrite, hexagonal pyrr-
hotite, sillimanitel

Sample

228-1,843 1/1.0c quartz, plagioclase, biotite, rnuscov-
ite, epidote, pyrite.

3 4- 1 0 2 8' 5 1 / 1 0c quarrïTiï:il";_î 

" 

ji-., i;:i'":'
h. Static Calc-silicate

Assemblages

Trace Minerals

Unit

g. Concordant Calc-silicate Felsic R.ocks.

Sample

348-759.5 10i actinolite, epidote, biotite, quartz, allanite, titanite.
calcite, plagioclase, K-feldspar.

Trace Miner¿ls

Assemblages

Unit

I Retrograde.

monoclinic pyrrhotite| chlorite, bio-
tite, chalcopyrite, ilmenite, apatite,
allanite.

ilmenite, apatite, chalcopyrite, pyrite,
calcitel

3 Not part of the equilibrium assemblage.

Trace Minerals

Assemblages

allanite, calcite, tit,anite, apatite, zir-
con, pyrrhotite.

titanite, hexagonal pyrrhotite, mono-
clinic pyrrhotiùe| chalcopyrite, apatite.

R.ocks.

Trace Minerals

2 Inferred from alùe¡ed pseudomorphs.

Trace Minerals
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labte 9.2, â. MUSCoVITE and MARGARTTE I,ilNERAL CHEH¡STRY

sarPte(N) 22-901 (ó) 22'957 (1) 22-996.5 (5, 2?^-1625 (2) ?2^-1625 (2) 2?A-1638 <Z) ??A-1752 (?) 228-1721 (5' 228-1723 (10)
stan stan stan s1-mat stan sz-btade stan stan stan stan stan

íìean dev mean dev mean dev rean dev mean dev mean dev reên dev nìeãn dev mean dev

si02 15.73 0.36
Tioz 0.10 0.05
At20l 3ó.12 0.35
cî203 0.00 0.00
te0 2.09 0.18
l{ro 0.00 0.00
l'lso 0.ó5 0.05
8ao 0.17 0.02
Cao 0.00 0.00
Ha2O 1.54 0.08
K20 9.13 0.19
F 0.00 0.00
H20(c) 4.55 0.03

Total 100.35 o.ót
H
Ctt
OJ

4ó.01 0.33
0.28 0.05

35.ó5 0.80
0.00 0.00
2.46 0.31
0.00 0.00
0.67 0.07
0.27 0.04
0.00 0.00
1.17 0.05
8.81 0.43
0.00 0.00
4.51 0.04

99.81 0.7?

ó.120 0.016
1.880 0.01ó

3.710 0.0ó3
0.028 0.00ó
0.000 0.000

9.271 0.036
0.000 0.000
0.133 0.014
4.145 0.050

0.014 0.002
0.000 0.000
0.30t 0.013
1.495 0.080

1.810 0.090

0.000
4.000

24.000

46.17 0.09
0.29 0.04

36.17 D.?6

0.00 0.00
2.62 0.18
0.00 0.00
0.ó9 0.04
0.28 0.07
0.02 0.03
1.2! 0.0?
8.37 0.37
0.00 0.00
4.54 0.01

100.37 0.53

ó.097 0.017
1.903 0.017

3.727 0.034
0.029 0.004
0.000 0.000
0.290 0.020
0.000 0.000
0.13ó 0.008
4.181 0.014

0.014 0.004
0.002 0.005
0.3t4 0.00ó
1.409 0.059

1.710 0.057

0.000
4.000

24.000

si
Ativ

AtYi
Ti
Cî

Fe

ün

il9

si te

Ba

Ca

lla
(
site

t
1r(c)

o

ó.059 0.0î9
1.941 0.019

3.70? 0.031
0.040 0.005

0.000 0.000

0.232 0.020
0.000 0.000
0.128 0.009
4.102 0.010

0.009 0.001

0.000 0.000
0.396 0.021

1.543 0.026
1.947 0.0?7

0.000

4.000

24-000

43.58 0.21

0.31 0.0?
35.87 0.08
0.00 0.00

2.41 0.10
0.00 0.00
2.49 0.03

0.15 0.00
0.00 0.00
1.4? O.01

7.96 0.07
0.00 0.00
4.45 0.01

98.6? O.Z2

5.871 0.012

2.1?9 0.01?

3.5ó9 0.008
0.031 0,001

0.000 0.000
0.2T? 0,012
0.000 0.000
0.500 0.007
4.372 0.O10

0.008 0.000
0.000 0.000
0.370 0.013

1.3ó8 0.008
1.746 0.001

0.000
4.000

24.000

45.81 0.26 14.æ O.?6

0.47 0,04 0.3? 0.02
3ó.53 0.05 36.28 0.?3
0.00 0.00 0.00 0.00
1.32 0.03 0.80 0.08
0.00 0.00 0.00 0.00
0.76 0.02 0.59 0.03
0.17 0.01 0.12 0.01

0.00 0.00 0.00 0,00
1.59 0.0ó 2.07 0.0¡
8.ó5 0.15 7.53 0.25
0.00 0.00 0.00 0.00
4.5t 0.02 4.43 0.0f

99.8?. 0.42 9ó.80 0.31

ó.0ó1 0.0.l1 6.053 0.008
1.959 0.011 1.947 0.008

3.759 0.005 3.847 0.005
0.047 0.004 0.033 0.005
0.000 0.000 0.000 0.000
0.14ó 0.003 0.090 0.001

0.000 0.000 0.000 0.000
0.149 0.002 0.119 0.004
4.101 0.002 4.089 0.00ó

16.73 1.02
0.?9 0.0ó

3s.4ó 1.08
0.00 0.00
1.17 0.10
0.00 0.00
0.ó1 0.1 7

0.02 0.0s
0.00 0.00
?.30 0.24
8.1ó 0.49
0.00 0.00
4.52 0.05

99.26 1.01

9.196 0.117
1.804 0.117

3.759 0.049
0.028 0.00ó

0.000 0.000
0.129 0.011

0.000 0.000
0.120 0.035
4.017 0.029

0.001 0.002
0.000 0.000
0.591 0.0ó0
1.380 0.087
1.9ß 0.058

0.000
4.000

24.000

45.53 0.83
0.30 0.01

3ó.21 0.55
0.00 0.00
1.94 0.21
0.00 0.00
0.74 0-02
0.14 0.02
0.36 0.4?
0.92 0.07
9.?Z 0.48
0.00 0.00
4-51 0.02

99.87 0.11

ó.125 0.087
1.8?5 0.087

3.740 0.024
0.030 0.001
0.000 0.000
0.21ó 0.023
0.000 0.000
0.147 0.044
4.150 0.019

0.007 0,001
0.052 0.0ó{¡

0.23ó 0.018
,l.5ó4 0.ffÌo
1.859 0.047

0.000
4.000

24.000

45.17 0.75
0.41 0.04

3ó.30 0.61

0.00 0.00
1.5ó 0.08
0.00 0.00
0.80 0.0ó
0.10 0.05
0.75 0.41
0,98 0.05
8.ó8 0.33
0.00 0.00
4.50 0.04

99.24 0.A1

ó.020 0.080

1.980 0.080

5.730 0.020
0.040 0.000
0.000 0.000
0.170 0.010
0.000 0.000
0.160 0.0r0
4.100 0.020

0.010 0.000
0.110 0.0ó0
0,250 0.010
1.480 0.0ó0
f.840 0.040

0.000

4.000

24.000

0.009 0.001

0.000 0.000
0.407 0.01ó
1.460 0.020
1.87ó 0.004

0.000

4.000

24.000

0.00ó 0.000
0.000 0.000
0.544 0.009
1.301 0.041

1.851 0.035

0.000
4.000

21.000

P
r>
Þo
F
p

o
Ff
o
H

ch
c+
H



Table 9.2, a. üuSCoVtTE and ttARcARTTE t{¡IERAL CHEHTSTRY (continued)

saípte(x)228-1813 (5) 32'14ó5.5 (8) 34-799 (6) 34-1028.5 (2) 34-1500 34-1500 (4, 31c-ßn (3) 34c-1453 (g> 34c-1747.5 (6,
sten stsn stan stan mJ(l ) m stan stan atan stan

nean dev nean dev mean dev man dev man dev íìèân dev mãn dev nean d€v

si02 46.61 0.11
TiO? 0.ó5 0.12
Atæ3 3?.43 0.27
cr?03 0.00 0.00
FeO ?-8 0.18
llro 0.00 0.00
Hgo 2.04 0.10
Bso 0.34 0.1tt
Cao 0.01 0.03
la20 0.24 0.01
K?O 10.41 0.32
F 0.00 0.00
H20(c) 4.46 0.02

Total 99.49 0.58H
Ctt{

46.52 0.34
0.50 0.17

33-6? O-21

0.34 0.16
1.13 0.11
0.00 0.00
1.36 0.02
0.34 0.04
0.00 0.00
0.ó2 0.02
9.9? 0.26
0.44 0.?7
4.25 0.14

98.8ó 0.59

ó.253 0.018
1.747 0.018

3.579 0.01ó
0.051 0.018
0.03ó 0.017
0.127 0.011

0.000 0.000
0.272 0.006
4.0óó 0.014

0.018 0.002
0.000 0.000
0.1ó3 0.00ó

1.701 0.040
1.881 0.038

0.187 0.115
3.813 0.115

23.813

45-?5 0.44
0.35 0.05

36-77 0.4?
0.00 0.00
1-?0 0.07
0.00 0.00
0.58 0.08
0.13 0.02
0.02 0.02
1.68 0.09
8.3ó 0.17
0.00 0.00
4.50 0.01

98.82 0.53

ó.035 0.041
1.9ó5 0.041

3.818 0.019
0.035 0.005
0.000 0.000
0.134 0.008
0.000 0.000

0.115 0.015
4,102 0.015

0.007 0.001
0.002 0.003
0.434 0.021

1 ,1?? 0.031
1.8ó4 0,029

0.000
4.000

2¿|.000

si

^t 
iv

Atvi
Ti
Cr

Fe

l{n

il9
si te

Ba

Ca

llå

K

site

F

H(c )

0

6.271 0_024

1.729 0.024

3.414 0.022
0.0óó 0.012
0.000 0.000
0.258 0.020
0.000 0.000
0.409 0.020
4.117 0.011

0.018 0.007
0.002 0.004
0.0ó4 0.002
1.78ó 0.050
1.870 0.04ó

0.000

4.000

24.000

47.5t 0.73 46.73

0.78 0.?3 0.00
32.04 0.44 3ó,80
0.00 0.00 0.00
2.30 0.01 0.00
0.00 0.00 0.00
e.10 0.01 1.?2
0.20 0.02 0.48
0.03 0.03 0.04
0.21 0.01 0.78

10.õ 0.19 9.11

0.00 0.00 o.oo
4.50 0.05 4.56

31.08 0.22 4ó.82 0.28
0.08 0.01 0.36 0.0?

50.9ó 0.10 37.03 0.31

0.00 0.00 0.00 0.00
0.07 0.07 1.20 0.07
0.00 0.00 0.00 0.00
0.27 0.04 0.81 0.08
0.00 0.00 0.08 0.05

11.09 0.23 0.00 0.00
0.ó4 0.04 1.47 0.06
0.23 0.0ó 8.05 0.19
0.00 0.00 0.00 0.00
4.51 0.02 4.59 0.03

100.20 1.15 100.02 98.92 0.41 100.40 o.ó8

ó.339 0.021

1.óó1 0.021

3-37ó 0.030 3.U7 4.118 0.011 3.815 0.008
0.078 0.240 0.000 0.007 0.002 0.055 0,002
0.000 0.000 0.000 0.000 0.000 0.000 0.ooo
0.257 0.005 0.000 0.008 0.008 0,131 0.008
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.417 0.005 0.239 0.054 0.007 0.158 0.01ó
4.128 0.002 4.0ú 4.18ó 0.024 4.139 0,012

46-64 O39 45.e2 0.15
0.37 0.03 0.31 0.03

36.31 0.33 36.m O.21

0.00 0.00 0.00 0.00
1.óO 0,13 1.ó5 0.08
0.00 0.00 0.00 0.00
0.6ó 0.0ó 0.ó4 0.05
0.04 0,0ó 0.07 0_07
0.00 0.00 0.00 0.00
1.89 0.15 t.ó5 0.07
7-92 0.?7 9.07 0.22
0.00 0.00 0.00 0.00
4.56 0.02 4.55 0.01

100.03 0.42 100.45 0-34

6.14t 1.132 0.015 ó.115 0.004
1.857 3.8ó8 0.015 1.885 0.004

0.0't0 0.001 0,025

0.004 0.004 0.00ó
0.053 0.001 0.199
1.793 0.011 1.578
1.8ó0 0.007 r.807

0,000

4.000

?1.000

0.000 0.000

1.580 0.028
0.1ó5 0.010
0.038 0.009
1.783 0.028

0.000
4,000

24.000

6.137 0.027 ó.045 0.01ó
1.8ó3 0.027 1,955 0.01ó

3.765 0.0?.A 3.753 0.008
0.03ó 0.005 0.051 0.003
0.000 0.000 0.000 0.000
0.17ó 0,014 0.182 0.009
0.000 0.000 0.000 0.000
0.128 0.0t2 0.t2ó 0.005
4.10ó 0.021 4.092 0.015

0.000
4.000

24.000

0.004 0.003
0.000 0.000
0.371 0.015

1 .312 0.024
1.717 0.019

0.000

4.000

24.000

0.002 0.003
0.000 0.000
0.481 0.039
1.328 0.049
1,811 0.0ó9

0.000
4.000

2¿i.000

0.004 0.004
0.000 0.000
0.421 0.s17
1.527 0.035
1.951 0.040

0.000
4.000

24.000

s)
?
H

o
ht
0,

o
o
Þ
an
c+
H



Tabte,9.2, b. 8¡0T¡fE M¡I¡ERAL CHEHtSTRY

Sanpl.e(ll)224-1ó25 (5)
stån

mean dev

si02 37.87 0.35
Tioz 1.02 0.05
At203 19.19 0.15
Feo 10.75 0,15
Hno 0.24 0.01
¡rso 17.52 g-15

zno 0.00 0.00
Bao 0.00 0.00
clo 0.00 0.00
Na20 0.41 0.02
K20 9.?4 0.43
F 1.ó7 0.15
H20(c) 5.57 0.08

22A-1752

nean

(2) 2¿B-1843 (5' ?25-1721 (4'
stan stan stan
dev fnean dev mean dev

58.40 0.11 37.65 0.60 36.87
1.00 0.01 1.12 0.25 1.20

f8.92 0.07 18.ó9 0.14 19.16

9.75 0.14 11.ó0 0.38 1s.98
0,20 0.01 0.45 0.03 0.14

19.34 0.11 1ó.58 0.12 13.71
0.00 0.00 0.00 0.00 0,00
0.00 0.00 0.00 0.00 0.00
0.02 0.02 0.05 0.03 0.03
0.38 0.02 0.10 0.02 0.32
8.57 0.38 9.30 0:12 9.18
2.83 0.08 0.38 0.19 0.92
2.88 0.05 3.95 0.10 3.66

9. Mineral Chemistry

Tota[ 100.57 0.72 101.0ó 0.07 100.00 0.55 1o1.or o.z7 100.ó2 0.52 i00.29 0.30 101.51 0.18

si 5.15¿ O.02?
Ativ 2.548 0.O2¿

Atvi 0.709 0.011
fi 0.111 0.004
Fe 1.291 0.0?,2

lln 0.0?9 0.001
ilg 3.760 0.042
zn 0.000 0.000
site 5.903 0.044

8a 0,000 0.000
Ca 0.000 0.000
Na 0.114 0.00ó
K l.ó97 0.071
site 1.811 0.075

F 0.759 0.0ó9
H(c) 3.241 0.069

o 23.241

2ZB-1723 (5)

stan
mean dev

37.15 0.61
r.27 0.08

18.79 0.12

11.32 0.15
0.17 0.05

1s.ó1 0.25
0.00 0.00
0.00 0.00
0.03 0.02
0.28 0.07
8.72 0.22
1.51 0.09
3.39 0.05

0.14
0.05

0.03

0. 15

0.01
0.18

0.00
0.00
0.03

0.05
0.13

0.05
0.03

5.4ó0 0.00ó 5.472 0.048 5.405 0.012
2-540 0.005 2.528 0.048 2.595 0.012

24-1131 (7'
stan

mèan dev

38.88 0.?8

0.90 0.18
17.13 0.26
12.48 0.26
0.05 0.05

18.29 0.1ó
0.05 0.08
0.29 0.01
0-04 0.05
0.18 0.02
8.19 0.53
1.57 0.14
3.42 0.06

0.ó51 0.003 0.675 0.032 0.7ó9 0.013
0.10ó 0.001 0.155 0.027 0,132 0.005
1.157 0.014 1.411 0.051 1.959 0.020
0.023 0.001 0.055 0.003 0.018 0.002
4.098 0.025 5.591 0.042 2.995 0.033
0.000 0.000 0.000 0.000 0.000 0.000
6.016 0.042 5.888 0.04ó 5.873 0.011

0.000 0.000 0.000 0.000 0.000 0.000
0.003 0.003 0.007 0.004 0.004 0.004
0.105 0.005 0.028 0.005 0.091 0.014
1.555 0.070 1.725 0.020 1.71ó 0.025
1.6ó2 0.080 1.761 0.017 1.811 0.023

24-1191

zone ó

mean

38,51
0.99

17.61

1/+.98

0.55
1ó.15

0.00
0.00
0.00

0.25

8.49
0.90
3.72

(2)

stsn
dev

0.23

0.04
0.1 1

0.26
0.04
0.09

0.00
0.00

0.00
0.02

0.11

0.20
0.00

5.423 0.0ó0
2.s77 0-060

0.ó58 0.053
0.139 0.009
1.749 0-024
0.021 0.003
5.59ó 0.070
0.000 0.000
5.9ó3 0.0ó0

0.000 0.000
0.005 0.003
0.079 0.019
1.ó24 0.055
1.709 0.050

0.ó95 0.045
3.305 0.043

23.305

1.?73 0.037

2-727 0.037

22.727

5.ó00 0.031

2.400 0.031

0.510 0.027
0.098 0.019
1.505 0.03ó
0.00ó 0.007

3.927 0.026
0.004 o.oo9
6.047 0.022

0.01ó 0.002

0.006 0.008
0.051 0.005
'1.505 0.059

1.579 0.052

0.717 0.0ó5
3.283 0.0ó3

25.281

0.1õ 0.087 0.421 0.O24

3.827 0.087 3.576 0.021

23.827 23.576

5.5ó9 0.033
2.431 0.016

0.570 0.004
0.107 0.001
1.812 0.051

0.040 0.004

3.475 0.020
0.000 0.000
ó.005 0.063

0.000 0.000
0.000 0.000
0.070 0.005
1.5óó 0.020

1.ó3ó 0.025

0.412 0,089
3.588 0.089

23.588
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Tabte 9.2, b. Bl0TlIE M¡NERAI CHEMTSTRY (continued)

sâWte(N) 24-1191 (4)
zone 5 stan
mean dev

si02 58.19 0.28
Tioz 0.98 0.15
At203 17.04 0.20
Feo f4.36 0.45
Mr'o 0.36 0.03
r,fso 17.01 0.27
Ztû 0.00 0.00
Bao 0.00 0.00
cao 0.00 0.00
Nâzo 0.2ó 0.02
K20 8.48 0.10
F 0.67 0.42
H20(c) 3.81 0.21

34-1028.5 (5) 34-f500 (ó) 34s-759.5 <6, 34c-1377 (5) 34c-1455 34C-1747.5 (6'
st€n stan stân stan ( I ) stan

Íìean dev [Ean dev .mean dev mean dev nean dev

37.35 0.4r 4f.ó8 0.15 38.34
1.15 0-22 0.34 0.02 0.74

18.ó7 0,45 17.21 0.23 17.72
13.33 0.95 f.30 0.08 11.45
0.41 o.o4 0.05 0.04 0.18

15.4? O.49 ?5.25 0.15 17,72
0.00 0.00 0,00 0.00 0.00
0.00 0.00 0.1ó 0.01 0.02
0.07 0.04 0.01 0.02 0.03
0.09 0.02 0.33 0.02 0.04
9.45 0.40 8.73 0.47 10.12
0.00 0.00 - 3.55 0.13 0.09
4.09 0.05 2.óó 0.05 4.10

9. Mineral Chemistry

Totst

si
At iv

Atvi
Ti
Fe

Mn

I'19

Zn

site

Ba

Ca

Na

K

site

100.8ó 0.18 100.01 0.8ó 99.76

5.553 0.023
?..447 0.023

0.473 0.023
0.107 0.01ó
1.74ó '0.059

0.045 0.004
3.ó87 0.048
0.000 0.000
ó.058 0.01ó

0.000 0.000
0.000 0.000

0.07J 0.007

1.57J 0.019

1.645 0.02?

o-?7
0.46
0.37
0.82

0.0¿
0.ó1
0.00

0.04
o.o4
0.04
0.31
0.19
0.09

5.472 0.012 5.76 0.016 5.55ó 0.030
2.528 0.012 ?.234 0.016 2.444 0.030

0.ó99 0.054 0.52J 0.037 0.583 0.0ó1
0.127 0.023 0.055 0.002 0.081 0.050
t.ó3ó 0.134 0.151 o.Olo 1.388 0.101

0.051 0.004 0.00ó 0.005 0.022 0.002
3.367 0.076 5.?.07 0.022 3.828 0.128
0.ooo 0.000 o.oo0 0.000 0.0d0 0.000
5.880 0.045 5.971 0.018 5.903 0.039

0.000 0.000 0.009 0.001 0.001 0.003
0.011 0.007 0.001 0.002 0.004 0.00ó
0.02ó 0.00ó 0.087 0.005 0.012 0.012
1.7ó8 0.0ó3 1.541 0.078 1.871 0.05ó
1.804 0.059 1.639 0.082 1.888 0.0s4

39.82 0.06 37.61 37,34 0.?4
0.72 0.01 0.92 1.18 0.0ó

18.50 0.08 16.94 18.69 0.21

9.04 0.03 1ó.89 13.79 0.23
0.28 0.02 0.00 0.11 0.02

19.75 0.08 16.32 15.72 0.15
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.41 0.01 9.24 0.40 0.05

78.18 0.21 8.05 8.97 0.27
2.18 0.15 3.15 1.ó4 0.13
5.23 0.08 2.46 3.55 0.07

0.ó9 100.50 0.54 101.17 0.26 101.43 100.48 0.ó3

F 0.30ó 0.195
H(c) 3.ó94 0.195

o 23.691

5.ó0ó 0.005 5.502 5.455 0.028
2.394 0.005 ?.498 2.547 0.028

0.ó7ó 0.005 0.424 0.ó70 0.028
0.076 0.001 0.101 0.130 0.00ó
r.0ó4 0.003 2.067 1.ó84 0.025
0,033 0.00? 0.000 0.013 0.002
4.143 0.020 3.558 3.420 0.041

0.000 0.000 0.000 0.000 0.000
5.992 0.018 ó.150 5.917 0.025

0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.112 0.004 0.0ó8 0.113 0.011
1.4ó9 0.035 1.503 1.ó71 0.043
1.581 0.057 1.571 1.784 0.038

0.971 0.070 1.59ó 0.757 0.062
3.029 0.070 2.404 3.213 0.06?

0.000 1.545 0.054
4.000 2.455 0.054

24.000 ¿2.455 23.961

0.059 0.087
5.9ó1 0.087

23.0¿9 22.101 ?3.213

159



Tabte 9.2, c. cHLoRItE üTNERAL CHEIItSTRY

san'te(t¡) 22-415 (4' ?2-so1 (ó) .?'sst (5) zu-99ó.5 (6, 22.-1625 (4, ??A-1Ts? <6, zz.-1r?1 (5, ¿z.-lTzi (2,stan stan stan stan stan stan stân stanman dev rean dev mân dev mean dev mean dev nìean dev rean dev mean dev

sioz 24.90 o-20
Tioz 0.07 o.o1
At203 22.91 0.05
Feo ¿5.22 o.t8
xro o.oz 0.04
l,lso 16.63 O-12
ZrO 0.00 -0.00Bao 0.00 0.00
Câo 0.01 0.02
l¡azo 0.00 O.0O

Kzo 0.00 0.OO

F 0.00 0.00
H¿o(c) 11.68 O.Oó

lotât 101.48 0.51

si 5.113 0.018
Aliv 2.882 0-0tB

Al.vi ¿.6ó0 0.Otz
Ti 0-010 o-00¿
Fe 4.f,51 0.010
l{n 0.0fi 0.002
Hs 5.089 0.01J
Zn 0.000 0.000
cs 0.002 0.004
l¡a 0-000 0.000
K 0.000 0.000
site 12.103 0.006

F 0.000
tl(c) 1ó.000

25.50 0.40 24-81 o-?7
0.04 0.03 0-05 0.05

21.14 0.28 ¿f.ó2 0.10
20.59 0-1ó ?2.6? o-35
0.10 0.02 0.35 0.02

19.32 0.u1 17.1?. o-zo
0.00 0.00 0.00 0.00
0.00 0.00 o-oo 0.00
0.00 0.00 0.0¿ o.o4
0.00 0.00 0.00 o.o0
0.01 0.00 0.01 o.o2
0.00 0.00 0.09 0.18

12.00 0.04 11.ó7 o.0s

10?.00 0.30 1oo.ó2 0,71

5.055 0.075 5.0s3 0.030
2.945 0.075 2.917 0.030

¿.810 0.022 2-787 0.022
0.00ó 0.004 0.008 0.004
3.441 0.015 3.87ó 0.040
0.051 0.004 0.0ó0 0.003
5.752 0.058 5.319 0.048
0.000 0-000 o.oo0 o.oo0
0.000 0.000 0.005 0.010
0.000 0.000 0.000 o.o0o
0.002 0.000 0.003 0.005

12.ú2 0-u4 12.058 0-017

9. Mineral Chemistry

?4.79 0.19
0.0ó 0.03

24.18 0.27
2t.53 0.13
0.31 0.03

17.45 0.10
0.00 0.00
0.00 0.00
0.oo o-oo
0.00 0.00
0.00 0_00

0.07 0.15
11.82 0.08

102-f8 0.42

5.01ó 0.028
2.984 0.028

2.785 0.031
0.009 0.004
5.981 0.021
0.053 0.005
5.262 0.02ó
0-000 0-000
0.000 0.000
0.000 0.000
0.000 0.000

12.090 0.012

0.044 0.098
15.95ó 0.098

27.956

2ó-30 0.55
0.07 0.01

¿4-52 0.&
14.73 0.18
0.43 0.01

22-7¿ O.43

0-11 0.1t
0.00 0-00
0.00 0.00
0.0¿ 0.03
0.1ó 0.18
0.00 0.00

12.23 0-12

101-26 0.90

5.156 0.0ó0
2.A.4 0.060

2.8¿3 0-11ó
0.010 0-001

2.415 O.Ot+4

0.0?2 0.001
6-642 0.ß7
0.015 0-01ó
0.000 0.000
0.007 0.011
0.038 0.045

12.02t 0.054

0.000

1ó.000

28.000

26.29 0-22
0.05 0.03

?4.34 0.28
15.23 0.46
0.38 0,02

23-20 0-29
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.02 0.04
0-3ó 0.27

12-11 0.10

101.82 0.50

5.135 0.053
2-8ó5 0-055

2.741 0.059
0-007 0.005
2.488 0.074
o.odr ò.003
ó.753 0-087
0.000 0.000
0.æ0 0.000
0.000 0.000
0.004 0_009

12.057 0.0f9

o.?z o.1&
$.m 0.1&

27.Tn

25.10 0-17
0.0ó 0.03

24.OO O-11

¿o_15 0-26
0.æ 0.03

19.51 0.el
0.00 0.00
0-00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

11.92 0.06

101.33 0.14

5.050 0.014
2.950 0.014

2-745 0_O11

0.009 0-005
3.442 0.058
0.050 0.004
5.849 0-059
0.000 0.000
0.000 0.000
0-000 0.000
0.000 0.000

12.094 0.015

0.000
tó.000

28.000
28.000

0.0q¡
1ó.000

28.000

25.99 0.57
0.05 0.05

23.& 0.23
18.35 0.2E
0.35 0.00

20.ó9 0.ó3
0.12 0-12
0.00 0.00
0.00 0.00
0.03 0.03
0.00 0.00
0.00 0.00

12.03 0.01

101.23 0.20

5.182 0.119
2.818 0-t19

?.r59 0.071

0.007 0.007
3-059 0.051
0.059 0.000
ó.148 0.181

0.017 0.017
0.000 0.000
0.010 0.010
0.000 0.000

12.0t8 0.095

0.000
1ó.000

?8.000

0.057 0.1t3
15-943 0.113

27.943
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¡abte 9.2, c. CfiLORITE ilt¡¡ERAL CHEIrSTRY (conrirued)

Sanpte(t¡) ?4-1191

zone 5

rean

s¡oz 26.30
TiOz 0.02
A1203 ¿?-13
Feo 18.52
HnO 0.57
lfso ?1.59
zm 0.0ó
8aO 0.00
Cao 0.00
flâzo 0.00
K20 0.05
F 0.00
tl20(c) 12-Oz

(5)

stan
dev

0.61
0.01

0. 14

0.21

0.03
0. 15

0.08
0.00
0.00

0.00
0.07
0.00
0.04

24-1191 (3) 34-799
zone 6 stan
man dev rean

?6.03 0.64 Z5-O1
0.02 0.03 0.04

22.19 0.55 ?4.34
19.19 0.19 17-03
0_58 0-03 0.14

20.58 0.19 21-7t
0.oó 0.08 0.12
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.05 0.08 0.00
0-00 0.00 0.??

11.92 0.05 11-90

9. Mineral Chemistry

<4,

stan
dev

0-17

0.02
0.20

1.06
0.03

0.80
0.12

0.00
0.00
0.00
0.00
0.?2
0.10

Total 101.5ó 0.¿g

si 5-24ó 0.030
Al.iv 2-754 0.030

A(vi ?-5ZZ O.OZ0

ri 0.003 0.004
Fe 5.057 0.044
l{n 0-096 0.005
fis 6.420 O.O3Z
zn 0.009 0.012
ca 0-000 0.000
lla 0-000 0.000
K 0-012 0.017
site 1¿-119 0.004

F 0.000
fi(c) 1ó.000

o 28_000

34-1500 (2)
stân

nean dev

10.41 0.11
0.08 0.00

21.73 0.24
r5.25 0.4ó
0.38 0.02

23.20 0.29
0.00 0.00
0.00 0.00
0.00 0-00
0.00 0-00
0-78 0.2?
1-49 0.0ó

12.16 0.04

102.18 0.82

5.ó75 0.052
2.325 0.052

2-45? 0.027
0.01f 0.001
0.814 0.057
0.04ó 0.002
8.511 0.0ó8
0.000 0.000
0-000 0.000
0.000 0.q¡0
0.185 0.051

12.019 0.013

0-879 0.031
15.121 0.051

?7 -121

54A-1484 (ó)
stan

mean dev

24.68 0.08
0.05 0.03

22.78 0.15
¿ó.85 0.40
0.09 0.02

15.ó5 0.25
0.00 0.00
0.00 0.00
0.01 0.02
0.00 0.00
0.00 0.00
0.00 0.00

1 1.ó1 0.05

10r.72 0.53

5.098 0.018
2.902 0.018

z-u+3 0_020

0.007 0.005
1.637 0-0Éó
0.016 0-004
4.81ó 0.0ó1

0.000 0.000
0.003 0.004
0.000 0.000
0.000 0.000

12.122 0.017

100.9¿ 0.28 100.50 0.24

5.237 0.110 5.00ó 0.058
2.7ó5 0.110 2.994 0.038

2.575 0.037 2.741 0.030
0.003 0.004 0.00ó 0.004
3.230 0.&4 2-U7 0_18
0.098 0.005 0.025 0.00ó
6.172 0.03? 6.t8t+ 0.215
0.00{t 0.012 0-018 0.018
0.000 0.000 0.000 0.000
0.000 0.0(x¡ 0.000 0.000
0.014 0.010 0.000 0.000

12.099 0-05ó 12.120 0.055

0.000 0.137 0.137
ró.000 15.8ó5 0.i57

28.000 27.æ3

34c-1377 (5,
stan

Íþan dev

26.59 0.31
0-05 0.03

24.16 0.?1
13.01 0.18
0.50 0.01

?4-51 0.31
0.00 0.00
0.00 0.00
0.00 0-00
0.00 0.00
0.05 0.05
0.10 0-25

12.22 0-10

101.54 0.74

5-157 0.028
2.843 0.028

2.751 0_0Ð
0.008 0.004
2.110 0.035
0.082 0.002
7.084 0.041
0.000 0.000
0.000 0.000
0.000 0.000
0.00ó 0.013

1z.ft42 0.00ó

0.185 0.151

15.815 0.151

27.415

54c-1453 (3, 34c-1747.'
stan (1)

man dev

25.12 0.18 ?i.91
0.00 0.00 0.07

24.33 0.?z 24.00
21.¿4 0.3? 19.70

0.14 0.01 0.17
19.1ó 0.07 19.óO

0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.4ó 0.13 0.00

11.75 0.21 11.84

101.99 0.50 100.32

5.055 0.05ó 5.051

2.91t5 0.03ó z-919

2.7A4 0.0æ 2-781
0.000 0.000 .0.011
3.5ó1 0.040 5.357
0.024 0.002 0.0æ
5.n3 0.031 5.91ó
0.000 0.000 0.000
0-000 0.000 0.000
0.000 0.000 0.000
0-000 0.000 0.000

1e-091 0.015 12.0't3

0-293 0.211 0.000
15.707 0.211 16.000

2f-707 28.000

0.000
1ó.000
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TabI,e 9.2, d. STAURoLITE H¡NERAL CTIEIIIISTRY

saryte(N) 22-901 (4,
core stãn
rrean dev

sioz 27-10 0.11
li02 0.45 0.03
At205 51.8ó 0.55
zro 1.21 0.0ó
teo 1 1.ó5 0.29
llrìO 0.ó5 0.04
Hso 1.97 0.05
tlz0(c) 1.ó3

Total 98.52

si 7.637 0.075
Al.iv o.tój O.Ofj

Atvi 17.530
Ti 0-09ó 0-oo8
site 17-626

2Z-901 (, 22-957 (3)
¡im stan core stan

rean dev nean dev

27.38 0.11 2ó.80 0.0ó
0.48 0.04 0.49 o.o3

53.41 0.31 52.6? 0.11
1.12 0.05 i_zs o.o¿

11.27 0.18 f.n o.ß
0.ó1 0.03 o.ó8 o.ol
1.90 0.05 1.8ó o.05
1.62 1.59

97.79 97.56

7.737 0.056 7.ó84 0.035
0.263 0.05ó 0.31ó 0.013

17.5t0 17.5t0
0.10¿ 0.009 0.106 o.oo7
17-632 17.636

0.233 0.007 0.171 0.Ooó
2.óó3 0.039 2-851 0.047
0.14ó 0.008 o-1óó o.oo3
0.?T9 0.0u2 0.797 0-006
3.841 0.053 4.1ó5 0.050

3.0ó0 3.0ó0
17.759 48.044

9. Mineral Chemistry

2?-957 ß) zä-s96.5 (6, 22^-1625 (6, zz/'-16ts (6, z?A_1752 (6)rim stân stan stan stan stannìean dev ¡Ean dev rean dev nìean dev mean dev

2ó.50 0.50 27.18 0.28 26.66 0.29 ?6.76 0.62 27.08 0.230.45 0.02 0.41 0.11 0.4ó 0.09 0.40 o.o5 0.45 0.05
52_02 0.75 53.71 0.27 54.02 0.35 54-14 0.51 53.67 0.17
1.82 0.07 0.02 0.05 4.83 0.28 ó.91 0.13 5.94 0.35

11-?4 0-¿9 13.90 0.15 8.04 0.25 6.10 O.1z 8.01 0.370-ó0 0.0ó o.ó1 0.03 0.8ó o.o3 0.54 o.o2 0.74 0.03
1.ó8 0.05 z.ot 0.09 z.¿7 0.08 2.19 0.0ó 2.07 0-171.58 1.6t 1.62 l.ót 1.62

95.89 99.47 98-76 g9.?7 s7.58

7.703 0-019 7.óó8 0.0ó5 7.553 0.08ó 7.513 0.1ó0 7.ó51 o.Oó0
0.297 0.059 0.332 0.065 0.4ó7 o.o8ó 0.487 0.1ó0 0.349 o.oóo

17.530 12.530 17-530 17.s30 17.530
0.098 0.005 0.087 0.0¿l 0.098 0.019 0.085 0.012 o-09ó 0.0091r-6?8 17.617 1ó.ó28 17.ó15 17.626

0.391 0.019 0.005 0.011 1.007 0.061 1.431 0.034 0.8?2 0.067
2.f34 0.106 5.280 0.044 1.899 0.053 1.505 0-03¿ 1.893 0.088
0.148 0.012 0.145 0.00ó o.zo7 0.008 0.129 0.004 0.178 0.008
0.??9 0.015 0.845 0.040 0.954 0.035 0.917 0.028 0.870 0.072
4.002 0.105 4.?75 0.06ó 4.067 0.057 5.98? 0.072 3.7ó2 0.091

3-0ó0 3.0ó0 3.060 3.0ó0 3.06047.A75 4S.108 47.855 17.754 47.6Os

Zî
Fe

l,tn

Hs

síte

H

0

0.251 0-015
2.745 0.081
0-155 0.009
0.825 0.02ó
3.97ó 0.108

3.0ó0
17.81¿

saryte(N)zzo-172i (B) zze-tzzi (ó) zL-1131 (2, 34-299 <6, 34c-1sr7
stan stan stan stãn coaerean dev reân dev mean dev mean dw íEân

sioz ?7-07 0-?5
rioz 0.4ó o-04
Atzo3 53.14 O-17
zno Z-¿9 O.OB

FeO 11.10 0.2ó
Hro 0.55 O-02
Hso 1.89 0.12
HZo(c) 1.ó1

Totat 98.1 1

si 7-703 0.075
Ativ O-æ7 O.OT5

Atvi 17.530
Ti 0.æ8 0-010
site 17.628

zi 0.481 o.Otz
Fe 2.&1 0-141
l{n 0.13j 0.005
Hs 0.801 0.051
site ¿+.052 o.ll5

I 3.0óo
o 47.930

26.73 0-16 26.ó0 0-19
0.42 0.03 0.æ o.oó

53.27 0-1? 5?-57 o-57
ó.15 0.o9 5.05 0.1ó
8.14 0.10 10.01 0.15
0.58 0.03 0.22 o.o?
2.05 0-0ó 2.50 0.12
1.61 1.59

eri.95 98.85

7.622 0.w 7-(Í.7 o.æ7
0.5?A 0.06ó 0.533 o.ß7

17.530 17.530
0.090 0.ooó o.øz 0.012
17-6?0 17-592

1.2 0.014 1.076 o.oss
1.941 0.024 2.412 0.021
0.141 0.00ó 0.054 0.006
0.873 0.025 1-07ó 0.058
4.250 0.041 4.618 0.049

5.0@ 5.0ó0
48.0óó 48-401

?6-& 0-æ 2ó.71 0.18 26-67 O-27 26.45 o.2? 2ó.87 0.180.38 0.03 0.39 0.05 0.37 o.o? o.4z o.o4 0.48 O.O754-27 0-58 53.ós 0.28 55.?9 0.50 ,3.6ô o.49 55.78 0.397.16 0.17 5.21 0.03 5-25 0.10 5.28 0.51 1.58 0.02ó.53 0.35 7.18 0.07 7.?3 0.06 g.n o.27 f1.02 0.220-25 0-02 l:00 0.02 t.Oj 0.04 O-2t O.OJ 0.40 0.041.90 0.24 2.52 O.Og 2-?3 o-07 1.70 0.11 Z.os 0.151.ó5 1.62 1.61 1.ó1 1.62

98.94 9t!-51 97.6 98.6? 97.8r

7-545 0-oó5 7.5?S 0.053 7.609 0.044 7.528 o-O8S 7.598 0.033
0.455 0.(b5 0.422 0.053 0.391 o.(X4 0.472 0.088 0.402 0.053

17.550 17.550 17.530 17.550 17.550
0.081 0.007 0-084 o.Olt o.o8o o.o0ó 0.089 o.olo o.lol 0.01517-611 17.610 12.ó10 17-619 17.6!'

1.485 0.04t 1.091 o.oo7 1.102 0.019 1.108 0.0ót¡ 0.350 0.005f.535 0.024 1.U!3 O.Ozt 1.724 O.O2O 2.211 0.071 2.M o.út
0.056 0.q¡4 0-240 0.006 0-249 0.012 0.050 0.ofr8 0.096 0.010
0.æ5 0.09ó 1.0ó5 0.033 0.947 0.031 0.121 O-04s 0.82 o.oó0
3.871 0.131 4.099 0.004 4.021 0.037 4.090 0.0?5 3.910 0.f14

3.0ó0 3.060 3.0ó0 3.060 J.0ó047.631 47-881 4T.AU 4T.BST 42.240

<3, 34C-1377 (5) 3¿rc-1453 <1?,31c-1747.5 (6)
stan nim stan stan standev mean dev mean dev nean dev
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Tabte 9.2. e. SPHALERnE MTNERAL cHÊHtSfRy

sampte(N )224- 1625

mean

Fe

I'ln

Zn

cd

Cu

s

(u)
stan
dev

7.76 0-09 6.36 o.?s
0.41 0.05 0.03 0.05

57.88 0.34 ó0.59 0.44
0-24 0.12 0.oo 0.00
0.07 0.04 0.02 o.o4

53.15 0.æ 33.27 0-17

99-5't 0.45 too.27 0.45

0.139 0.002 0.114 o.oo5
0.007 0.001 0.001 o-001
0.8a5 0.005 0.927 0-Oo7
0-002 0.00f o.o0o 0.000
0.001 0.001 o.ooo o.ool
1.055 0.009 1.042 0.007

1-034 0.009 1.038 0.005

?24-1ó38 (7) 2?s-1T23 (Z) 21-1191 (2, t4-7ssb <2, t4_Zs9a 34c-1!nstan stan stan stan fi ) fi )mean dev rean dev mean dev fnean dev

TotaI

Fe

Hn

Zn

cd

Cu

si te

8.3ó 0.10 7.67 0.10
o.fs 0.03 o.?1 0.03

57.58 0.57 58.48 o.l4
0.47 0.15 0.00 0.oo
0-20 0.04 0:00 0.00

32.87 0.38 5t.30 0.15

99.ó3 0.79 99.66 0.16

0.150 0.002 0.137 0.002
0.001 0.001 0.004 0.001
0.881 0.00ó 0.895 o.oo5
0.004 0-001 o.ooo 0.000
0.003 0.001 o.o0o o.ooo
1.040 0.010 1-03ó 0.007

1.025 0.012 1.039 o.oo9

9. Mineral Chemistry

Iabte 9.2. f. cAH¡¡¡TE lliltERAL CHEüISTRY

sârpte(t¡)2?A-1ó38 (5, ZZB-17?3 <t)
stan stan

man dev mean dev

sio2 0.02 0.03 0.05 0.04
rio2 0.00 0.oo 0.oo o.oo
At203 59.02 0.70 58.ó2 0.38
FeO 5.01 0.14 7.?7 O.3O
llrf) 0-15 0.01 0.23 0.02
llso 2.59 0.09 2.44 O-ZO
ZnO 3?.67 O-ZB 51.1i 0.ó3

Total 6ó.59 0.72 ó8.59 0-28

si 0.000 0.001 o.ool o.ool

^tiv 
2.040 0.005 Z.OZ3 0.005

site 2-ø0 0.005 Z.OZ4 O.OO5

Fe 0.1?5 0.005 O-l?A O.OOZ

l{n 0.004 0.000 O.oOó O.(xrl
Hs 0.105 0.004 o.toó 0.009
zn 0.707 0.010 0.ó23 O.Otó
site 0.939 0.008 0.9ó5 O.O0Z

o 4.000 4.OOO

7.2ó 0.09
0.00 0.00

58.54 0.34
1.10 0.08
0.21 0.04

35-55 0_34

100.ó4 0.09

0.130 0.00?
0.000 0.000
0.896 0.005
0.010 0.001
0.003 0.001

1.038 0.008

1.04ó 0.011

5.27 2.44
0.00 0.00

ó0.56 ó5.85
0.00 0.00
0.00 0.00

t4.23 31.75

100.0ó 100.04

0.09/. 0.044
0.000 0-000
0.926 1.007
0.000 0.000
0.000 0.000
1.0¿1 1.051

1.0ó7 0.990

24-1131 (5)

stan
rìean dev

0.10 0.09
0.00 0.00

58.22 0.35
9.38 0.49
0.08 0.01
5.03 0.1ó

8-3? O.47

70.81 0.40

0.005 0.003
2.001 0.00ó
2.004 0.004

o.?æ 0-01?
0.002 0.000
0.131 0.00ó
0.ó31 0.011
0.993 0.{X¡5

4.000

2¿+-1191 (6)
zme ó stan
rean dev

0.¿z 0.50
0.00 0.00

58.20 0.50
5.8¿ 0.25
0.21 0.02
1.72 0.(b

33-69 0.22

99.90 0-54

0.008 0.015
?.019 0.015
2.027 0.004

0.145 0.007
0.q¡5 0.æ1
0.075 0.005
0.2J2 0.007
0.95ó 0.012

4-000

34-799 (3)
cofe stan
nean dev

1.08 1.53
0.00 0.00

54.6t 1.26
5.61 0.18
0.03 0.04
2.¿7 0.19

32.0ó 0.50

67-62 0.54

0.031 0.044
2-009 0.045
2.040 0.00?

0.15ó 0.005
0.001 0.001
0.æ8 0.008
0.688 0.007
0.924 0-0¿1

4.000

34-799 (3)
rim stan

neân dev

0.25 0.35
0.00 0.00

58.71 0-51

5.38 0.15
0.03 0.04
2.04 0-10

52-88 0-15

6ó.41 0-?6

0.007 0.0f0
2.033 o.Ot2
2.040 0.005

0.132 0.0(K
0.001 0.001
0.089 0.005
0.713 0.005
0.935 0.009

4.000

34c-1453

meân

(ó)
stan
dev

0.02 0.05
0.00 0.00

58.ó8 0.23
8.75 0.38
0.00 0.00
1.81 0.11

30.53 0.58

69-26 0.37

0.001 0.002
2.0æ 0.002
2-030 0.002

0.215 0.010
0.000 0.000
0.079 0.005
0.óó1 0.011
0.955 0-004

4-000
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Tabte 9.2, 9. GARNET ¡tt¡¡ERAL CHEülSTRY

saryte(I) 22-413 22-413 ?ZA-16?s <3, ?2A-1625 zzB-1T21 (t) Z¡rB-1T21 ?4_1191 (J, ?4_1191core rim rim stan core rim stan core zone 5 stan zone 5(1) (1) man dev fl) rean dev (1) rim_mean dev core(1)

sioz 37-21
fi02 0.00
Atzo3 ?1.20
cr2o3 0.00
FeO 3?.76
l,tno 3.4?
¡lso 2.91
CaO 2.76
Nazo 0.00

Total 100.32

si 5.972
Ativ 0.028

Atvi 3.983
Ti 0.000
site 3.983

Fe 4.397
lln 0.465
Hs 0.703
Ca 0.475
]¡a 0-000
site ó-040

o 18.000

9. Mineral Chemistry

37.28 3ó.57 0.09
0.00 0.00 0.00

21.46 21.?9 0.1?
0.00 0.00 0.00

33.?3 19.67 0-17
2-87 15.90 0.08
2.96 3.1ó 0.05
3.05 2.15 0.10
0.00 0.00 0.00

100.85 98.80 0.22

5.948 5.941 0.010
0.052 0.059 0.010

3.985 4.019 0.010
0.000 0.000 0.000
3.985 4.019 0.010

4.434 2.672 0.015
0.388 2.187 0_013

0.704 0.76ó 0.009
0.521 0.375 0.015
0.000 0.000 0.000
ó.048 ó.000 0.017

18.000 18.000

35.95 3ó.90 0.25 37.00
0.17 0.0? 0.03 0.10

20-76 21.41 0.17 20.93
0.00 0.00 0.00 0.00
14.46 ?5.75 0-40 ?1.79
2?.80 9.64 0-17 13-04
1.71 2.85 0.0ó ?.11
2.42 3.01 0.40 4.53
0.07 0.00 0.00 0.00

98.40 99.5ó 0.31 99.50

5.931 5.950 0.025 5.983
0.0ó9 0.050 0.025 0.017

3.9ó8 4.008 0.0/+9 3.972
0.021 0.00? 0.004 0.012
3.989 4.010 0.049 3.9U

1.99s 3_473 0.06 2-947
3.18ó 1.317 0.0?6 1-7æ
0-420 0.ó85 0.015 0.508
o.42A 0.515 0_071 0.785
0.o?? 0.000 0.000 0.000
6.052 5.990 0.025 6.026

37-27 0.11 37.18
0.02 0.04 0-12

20.83 0.08 20.8ó
o.0o o. o0 0. o-0

19.10 0.14 18-10

15.15 0.ó8 1ó.19
1.98 0.08 1.92
5.51 0_41 5.3ó
0.00 0.00 0.00

n.87 0.32 99.73

ó.000 0.007 5.995
0.003 0.005 0.007

3.951 0.011 3.958
0.005 0.005 0.015
5.954 0.011 3-973

?.572 0.024 2.440
2.0ó5 0.088 ?.211
0.476 0.019 0-461
0.951 0.072 0.926
0.000 0_000 0.000
ó.0ó3 0.014 ó.038

18.000 18.00018.000 18.000
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Tabte 9.2, h. CALCIC Al'lPHlBoLE l'IINERAL CHEt'llSÌRY

sarpte(l¡) 22-413 (3) 21-1191 (4) 24-1191 (3, 24-1191 24-1191 (5) 24-1191

stân zone 2 stân zone 3 stan zone 3 zone 4 stan zone 5

ñìean dev npân dev cote-rean dev r im ( 1 ) rean dev rean

si02
Ti02
At203
FeO(c )

Fe2o3( c)
¡lrO

H90

Zro
Ca0

t¡â20

K20

t
fl20(c)

Total

si
At lY

10.21 0.59
0.32 0.02

15.92 0.32
10.4? 1.35

10.76 1.56
0.?7 0.02

6.63 0.15
0.00 0.00
9.79 0.40

1.74 0,04
0.2ó 0.01

.0.00 0.00
1.99 0.03

98-34 1.00

ó.070 0.01.|
1.930 0.011

52.n 0.47
0.12 0.05
1.27 0.65
ó.83 0.87
3.69 1.23
0.70 0.08

16.49 0.53

0.00 0.00
12.?3 0.31

0.40 0.04
0.0ó 0.04'
0.00 0.00
2.1 1 0.01

99.64 0.45

7.t$1 0.071
0.509 0.071

0.?07 0.044
0.0t2 0,005
0.395 0.134
0.811 0.105

0,085 0.010

3.490 0.115
0.000 0.000

H
O)
qtr

43.?9 1.O8

0.41 0.11
14-?8 1.31
7.15 0.98
6.98 0.79
0,ó9 0.02

11.03 0.73
0.00 0.00

11.38 0.05
1.13 0.17
0.29 0.04
0.00 0.00
2.05 0.01

99-?9 0.11

6.3?7 0-135
1.673 0-135

0.789 0.109
0.045 0.012
0.768 0.085
0.911 0.122
0.085 0.002

2.40? 0.119
0.000 0.000

Alvi 0.901 0.025
Ti 0.036 0.002

Fe+3(c) 1.219 0.1ó1

Feìz(c) 1.317 0.188

iln 0.035 0.002

ü9 1.491 0.014
zn 0.000 0.000

ca 1.584 0.085

lra 0,41ó 0.085
B-site 2.000

l¡a 0.104 0.088
K 0.019 0.002
A-slte 0.153 0.089

r 0.000
fi(c) 2.000

5?.12 44.01 0.47
0.00 0.37 0.05
3.40 13.ó4 0.ó5
5.?3 6.31 0.87
5.97 7.89 1.?3
0.57 0,88 0.08

16.69 11.44 0.53
0.00 0.00 0.00

11.54 11.11 0.31

0.30 1,4? 0.04
0.00 0.2ó 0.04
0.00 0.00 0.00
2.08 2.0ó 0.01

97.91 99.39 0.4'

7.499 6.10? 0.071
0.501 1.598 0.071

0,075 0.741 0.094
0.000 0.040 0.005
0-647 0.8ó4 0.134

0.ó30 0.767 0.105
0.0ó9 0.108 0.010
3.579 2.480 0.115
0.000 0.000 0.000

(7) 34A-14U (5) 348-759.5 (8)
stan stan stan
dev man dev rean dev

43.51 1.06

0.¿8 0.07
14.?7 0.76
5.n 1.08

8.24 0.85

1.01 0.0ó

11.16 0.99
0.05 0.08

10.94 0.14

1.47 0.03
0.25 0.04
0.00 0.00
2.05 0.02

99.00 0.23

ó.348 0.108
1.ó52 0.108

0.804 0.057

0.051 0.007
0.905 0.097
0.705 0.13ó
0.125 0.007
2.425 0.199
0.000 0.000

42.2? 0.56
0.?5 0.02

14.40 0.52
8.68 1.¿?

13.3? 1.56
0.28 0.05

7.?9 0.31
0.00 0.00
8.87 0.67
1.27 0.08
0.1ó 0.03
0.00 0.00
2.02 0.01

98.76 0.48

6.?53 0.049
1.717 0.049

0.769 0.072
0.027 0.002
1.484 0.1&
1.07t 0.156
0.035 0.006
1.ó09 0.058
0.000 0.000

1.8ó1 0.048 1.783 0.003 1.779
0.139 0.048 0.217 0.003 0.221
2.000 2.000 2.000

0.010 0.010 0,189 0.050 0.000
0.011 0.007 0.055 0.009 0.000
0.021 0.042 0-244 0.057 0.000

53.10 1.27
0.09 0.0ó
3.88 0.97
8.01 0.ó8
0.75 0.5
0.25 0.04

17.70 0.79
0.00 0.00

13.38 0.14
0.27 0.08
0.21 0.12
0.00 0.00
2.11 0.02

99.75 0.53

7.535 0.113
0.4ó5 0.113

0.18ô 0.059
0.010 0.00ó
0.080 0.054
0.951 0.087
0.031 0.005
3.743 0.131
0.000 0.000

23.000

labte 9.2, i. FE-MG AHPHIEoLE I'IINERAL CHEMTSÍRY

0.000
2.000

23.000

saryte(N) 22-413

rean

si02
I i02
At2o3
FeOt

l,lrO

H9o

ZrA
Ca0

l¡a20

K20

F

H20( c )

Tota I

si
At iv

Atvi
Ti
Fet
I'ln

M9

Zn

Ca

C-si te

Na

K

A-site

F

H(c )

o
0.000
2.000

23.000

1.732 0.048 1.710 0.023
0.2ó8 0.048 0.290 0.023

2.000 2.000

0.133 0.040 0.1?6 0.0??
0.047 0.007 0.04ó 0.008
0.181 0.04? 0.172 0.025

(5) 24-1131 (10) 34A-1484 (7'
stan stan stan
dev mean dev rean dev

52.ó0 0.18
0.00 0.00

1.13 0.13
27.23 0.32

0.ó2 0.05
14.ó5 0.38
0.00 0.00
0.40 0.0ó
0.0ó 0.04
0.00 0.00
0.00 0.00
1.99 0.O?

98.ó7 0.31

7.917 0.019
0.083 0.019

0.1 17 0.01ó

0.000 0.000
3-428 0-047
0.079 0.007

3.28ó 0.075
0.000 0.000

0.0ó5 0.009
6.974 0-0',t4

0.019 0.011

0.000 0.000

0.019 0.011

0.000

2.000

23.000
0.000
2.000

23.000 23.000

53.25 0.93
0.00 0.00
3.59 1.05

19.96 0.27
0.94 0.13

19.40 0.49
0.00 0.00
0.35 0.04
0.20 0.14

0.00 0.00
0.2ó 0.04
1.9ó 0.02

99-77 0.46

7.661 0.113
0.536 0.113

0.273 0.067
0.000 0.000

?.402 0.o37
0,114 0.015

4.161 0.09ô
0.000.0.000

0.053 0.00ó

7.004 0.01ó

0.000

?.000

1.409 0.114 2.034 0.017
0.591 0,114 0.000 0.001

2.000 2.034 0.017

0.000 0.000 0.073 0.022
0.031 0.00ó 0.038 0.022
0.031 0.00ó 0.111 0.043

52.50 0.15
0.01 0.02
1.06 0.1ó

27.46 0.32
0.54 0.05

14.?9 0.13
0.00 0.00
0.35 0.1 I
0.10 0.02
0.00 0.00
0.00 0.00
1.98 0.00

98.28 0.26

7.910 0.013
0.060 0.013

0.130 0.ozo

0.001 0.002
3.474 0.041
0.0ó9 0.003

3.2?0 0.03?
0.000 0.000

0.05ó 0.017
ó.950 0.010

0.000
2.000

23.000

0.000

2.000

23.000

0.000
2.000

23.000

0.055 0.039 0.028 0.005
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Sarpte(¡l)228-lTZ 1 ?25-18t3 (5,
(1) stan

rean dev

si02 38.02 37.90 0.84
f¡oz 0.00 0.39 0.ó1
A1203 25.76 26-56 0-97
Fe203t 9.55 8.04 0.15
IlrO O.74 0.29 0.13
r,r9o 0.04 0.05 0.05
2rÐ 0.00 0.00 0.00
cao 20.62 22-27 O.4Z
Nazo 0.00 0.00 O.O0

K20 0.00 0.01 0.02
F 0.00 0.00 0.00
H20(c) 1.8ó 1.88 0.03

Total 96.59 9t.t9 1.52

si 3.0ó3 3.025 0.051
Àliv 0.000 0.007 0.051

Atvi 2.117 2.492 0.054
Fe+3 0.579 0.483 o.Otg
site 3.02ó 2.975 0.037

ri 0.000 0.024 0.037
lln 0.051 0.0?0 0.009
Ms 0.005 0.00ó 0.00ó
zn 0.000 0.000 0.000
ca 1.780 1.904 0.054
lla 0.000 0.000 0.000
K 0.000 0.001 0.002
site 1.835 1.955 0.056

F 0.000 0.000
H(c) 1 .000 1.000

0 12.500 12.500
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?4-1191 (6) 21-1191 (2) 54-10¿8.5 (5)
zone 3 stan zme 2 stan stan
fiþan dev rean dev nean dev

38.26 0.?1 38.21 0.OO 38.10
0.07 0.03 0.04 0.04 o.o9

?5.21 0.16 25.03 0.24 ?6.76
10.38 0.52 10.ó9 0.25 8.54
0.38 0.04 0-36 0.04 0.52
0.05 0.04 0.07 0.07 0.05
0.00 0.00 0.00 0.00 0.00

??.91 0.21 Z?-37 0-04 21.80
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 o.oo
0.00 0.00 0.00 0.00 o.o0
1.89 0.01 1.89 0-01 1.88

348-759-5 (ó)
stan

rean dev

99.17 0.33 98.ó5 0.04 97.54 0.62

0.28
0-01

0-29

0.36
0.04

0.01

0.00

0.23

0.00
0.00

0.00
0.01

3.029 0-014 3.039 0.002 3_034 0.018
0.000 0.000 0.000 0.000 o.ooo 0.000

37.6
0.05

26.59

8.35

0-07

0.02

na

?4-43
0.00

0.00

0.00
1.90

2.355 0.035 2.317 0.021 2.512 0.028
0.618 0.032 0.ó40 0.015 0.512 0.023
2.971 0.013 2.98ó 0.007 t.023 0.020

0.004 0.002 0.002 0.003 0.005 o.ool
0.025 0.003 0.024 0.002 0.021 0.002
0.003 0.004 0.008 0.009 0.ooó 0.002
0.000 0.000 0.000 0.000 0.000 0.000
1.94ó 0.017 1.906 0.005 1.8óO 0.057
0.000 0.000 0.000 0.ooo 0.000 o.ooo
0.000 0.000 0.000 0.000 0.000 0.000
1.978 0.01ó 1.941 0.008 1.893 0.054

0.000 0.000 0.000
I .000 1 .000 1 -000

12.500 12.500 12.500

0.3ó
0.05
0.ó4

0.6?

0.07
0.04

0.21
0.00

0.00

0.00
0.02

99_21 0.89

2.97A 0.014
0.011 0.014

2.45ó 0.059
0.497 0.038
2.952 0.00ó

0.003 0.003
0.005 0.005
0.002 0.005

m
2.0ó9 0.012
0.000 0.000
0.000 0.000
2.079 0.007

. 0.000

1.000

12.500
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indicated in parentheses.

Different textural generations of minerals can be distinguished and, in part,
define the ,5i and ^92 fabric elements (see 7.1.1. Fabric Elements and Mineralogy;
Table 7.1). However, in most cases, systematic compositional trends, relating to
texturai generation, were not detected.

9.1.1. Phyllosilicate Minerals.

Phyllosilicate minerals, particularly muscovite and chlorite, define ,5i and ,g2

schistosities. ,52 is mainly a crenulationof minerals defining ^91, but in some cases,

a second generation of phyllosilicate minerals recrystallized parallel to ,52. With the
exception of two specimens (i.e. muscovite in 22A,-7625 and chlorite in 24-11g1),

no significant compositional differences were detected between the different mineral
generations. Chlorite mainly occurs in intergrowths with muscovite defining the ,91

schistosity, and also as blades parallel to the 52 plane and random or weakly oriented
aggregates in the pressure shadows of porphyroblastic minerals. Compositional
differences correlating with chlorite habit were not detected (excepting Z4-IlgI)
and chlorite was considered to be part of the equilibrium assemblage if it exhibited
mutual contacts with other minerals in the section. Margarite occurs in minor
amounts in fine intergrowths with muscovite and chlorite defining the ,S1 schistosity.
With the exception of graphitic metasediment (34-1500), in which margarite is the
most abundant phyllosilicate mineral, the intergrowths were too fine (< 20p.) to
allow quantitative analysis of margarite and only mixtures were recorded (Table
8.3, a; see Figure 9.4). Biotite typically occurs as blades defining an 52 schistosity.

Biotite compositions are Mg-rich (Figure 9.2), ranging in Mg/(Fe+Mg) from
0.55-0.98 and, in most cases, the mica is a phlogopite sensu stricto. The most Mg-
rich composition occurs in graphitic metasediment (34-1500) and closely approaches

end-member phlogopite. The mica is nearly colourless and would be difficult to
identify optically in a cursory examination.

Muscovite contains minor amounts of the ceiadonite end member (Table 9.2,

a). In the single sample (22^-7625) in which compositional differences may cor-
relate with habit, fine grained muscovite in schistose aggregates defining the ,5r

fabric is significantly more celadonitic than the coarser blades which define an 
^g2

cleavage in the hinge zones of the crenulation. The r51 muscovite was assumed to
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Figure 9.2. Biotite compositions in terms of Mg/(Mg*Fe¿) and tetrahedral Al(pf"). Diagram. adapted irom p9-9r- .! uJ. _(1966f'an¿lc"i¿âtti (1984). samplã
numbers are indicated without drill-hole prefixes.

be in equilibrium with the assemblage, as it is more abundant and more commonly
in contact with porphyroblastic minerals. One sample (32-1465.5) in the suite con-

tains Cr-bearing muscovite, which has an intense green colour in hand sample and

contains up to .59 weightTo CtzOt. This was the only detectible occurrence of Cr
in the microanalysis sample suite.

Chlorite compositions are also Mg-rich, generally ranging in Mg/(Fe*Mg) from
0'56-0.93. The exception to this is retrograde chlorite which occurs on grain bound-
aries between calcite and epidote in a sample representative of calc-silicate encLaves

(24-7191); semi-quantitative analyses showed it to be Fe-rich with Mg/(Fe*Mg) of
0-11-0.46 (2 analyses, Table 8.3, c). The same sample also contains Mg-chlorite
(Mg/(Fe+Ms):0.0S-0.68) which was interpreted to be part of the prograd.e assem-

blage. The classification of Foster (1962) shows most of the chlorites to be high-Mg
ripidolites, with some overlap into sheridanite compositions (Figure g.3). The most
magnesian chiorite, clinochlore-sheridanite, occurs in minor amounts in pressure

shadows in graphitic metasediment (34-1500) and is not part of the equilibrium
assemblage. Chlorite in altered mafic rocks (22-4131 344-1484) is the most Fe-rich;

chlorite in the distal alteration zone is generally more Fe-rich than chlorite in the
proximal alteration zone. In most cases, chlorite analyses are lower in Mgl(Fe+MS)
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Figure 9.3. Chlorite mineral chemistry in terms of tetrahedral Sipgl/R*'.. Diagram adapted from Foster (1g62). sample numbers arewithout drill-hole prefixes.

than analyses of coexisting biotite, contrary to the usual Fe-Mg distribution between
equilibrated grains (Thompson, 1976a; 1976b). Analytical problems associated with
an aPpropriate choice of standards (Appendix B), resulting in a loss of accuracy,
and the uncertainties inherent in the assumption that the iron is entirely ferric,
contribute to the uncertainty associated with the obse¡ved distribution. However,
analvses of coexisting chlorite and biotite grains show a systematic positive corre-
Iation of Fe/Mg consistent with chemical equilibrium.

ZnO was analysed in all phyllosilicate minerals and was detected in minor
amounts (S.20 weight%, Table 8.3, b, c) in chlorite (in 5 samples) and biotite (1
sample). The detection limit for ZnO is relativety high (0.16 weight%, Table 8.2)
and, given the difficulty in discriminating between Zn-bearing inclusions and struc-
tural Zn in the analysed mineral, Zninphyllosilicate minerals u¡as not considered to
be significant. There is no evidence for the presence of Zn-rich chlorite, such as that
described from Franklin, New Jersey (up to g.60 weight%zno; Frondel and lto,
1975), or of zincian biotite, as reported from gahnite-bearing gneisses from Kemiö,
Finland (up to 0.24 weight%; Dietvorst, 1gg0).

Muscovite and biotite contain substantial Na and, in some cases, trace amounts
of Ba, substituting for K at the interlayer A-site (Table B.3, a, b). paragonite
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was not identified. Figure 9.4 illustrates the proportions of K-Na-Ca in muscov-

ite and margarite analyses. Muscovite Na/(Na*K) ranges from 0.08-0.26. Note
that the high proportion of Ca in some muscovite analyses is actually due to the
presence of fine mixtures of muscovite and margarite. Many muscovite analyses in
margarite-bearing rocks showed no CaO, suggesting that the level of Ca-saturation
in muscovite is below the detection limit (0.04 weight%, Table 8.2). One exception

to this is sample 228-172I; margarite was not identified, although white mica has

Ca/(Ca+Na*K) of up to 0.09. This sample also contains garnet, plagioclase and
trace amounts of epidote. Guidotti (1984) reported seve¡al analyses from one-mica
rocks in which muscovite showed higher Ca contents than muscovite which coexisted
with margarite. He made the observation that data from mica pairs may not give
the saturation limits of Ca in muscovite. Frey eú aJ. (1982) reported very low CaO
(< 0.10 weight%) in muscovite associated with margarite. They also noted that
the most important substitution in margarite is the coupled exchange: Na+Si+a +
Ca*2Al+3, and their compilation of Alpine margarite analyses shows a considerable
spread to more sodic compositions. The margarite at the Linda deposit is very
aluminous compared to analyses reported by Frey et aJ. (1982), with nearly equal
amounts of Si and Al at the tetrahedral site, thus approaching an end-member
margarite.

Biotite and, to a lesser extent, muscovite, have a high proportion of vacancies

at the A-site, as inferred from low cation totals. Low site-occupancy is commonly
reported for biotite associated with sulphide mineralr (r.g. Mohr and Newton,
1e83).

Biotite commonly contains F at the (OH)-site, with up to 0.40 of the site occu-

pied by F in the phlogopite of 34-1500. Minor amounts of F (close to the detection
limit of 0.39 weight%, Table 8.2) were detected in some chlorite analyses. F was

not detected in muscovite. Chlorine was analysed in most hydrous minerals, but
was detected only in retrograde Fe-rich chlorite in the calc-silicate enclave sample

(24-r79L) (see aJso 9.3. Halogen Contents of Phyllosilicate Minerals).

9.1.2. Aluminosilicate Minerals.

Kyanite occurs both as syn-D1 and syn-D2 porphyroblasts. The analyses show

very slight deviation from ideal end-member compositions, involving minor substi-
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{igu.re 9_.4. \.\ihite mica mineral chemistry in terms of K-Ca-Na (atomic propor-tions). The exte-nsion of the muscovite compositions t"*ãrã ttt" ô;-N" tie line ismainly due to the presence of muscovite-märgarite intergrowth. L"-" 
""ale 

finerthan the resolution of the electron beam (;.e. lZO p,). e

tution of Fe*3 for Al+3 to a maximum of L.2% ofthe site (Table B.g, k). Sillimanite
is present in some samples as randomly oriented fibrolite on grain boundaries; it was
interpreted to be post-tectonic and not part of the equilibrium assemblage (Table
e.1).

9.L.3. Staurolite and Gahnite.

Staurolite occurs in a wide variety of parageneses and representing this fea-
ture $'as a, primarv consideration in the selection of the sample suite. Staurolite
compositions span a broad range of. Znl(Fe*Zn), from 0-0.52, at the tetrahedral
Fe-bearing site (Table g.2, d). Gahnite was observed only in staurolite-bearing
rocks, with two exceptions, i.e. 34-799b, a narrow (5 mm) gahnite-sphalerite zone
in a sta'urolite-bearing host rock (34-799a), and. 24-1gLL, which contains gahnite
as symplectic inclusions in plagioclase (see 10.4. Calc-silicate Enclave in the Main
Massive Sulphide Body). In the case of staurolite and gahnite porphyroblasts which
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are mimetic after both ,5r and 
^92 fabrics (see Piates 5.4,c;7.2, c-e), no systematic

compositional differences $¡ere detected between areas of grains pseudomorphing
,91 layering and those pseudomorphing ,52 cleavage. Core and rim zoning was also
investigated. In many samples, porphyroblasts are anhedral and highly skeletal
and, consequently, the rims are weakiy defined. Although there is some composi-
tional variation within and between porphyroblasts, it did not show a systematic
correlation with the optically identified core and rim. In these cases, the analyses
were generally averaged, and the standard deviation of the compositional range was
treated as a measure of within-sample or within-area (i.e. 5-10 mm diameter as pre-
viously defined) variation, that is, essentially as a measure of uncertainty associated
with the identification of the equilibrium composition.

In samples containing subhedrai porphyroblasts, in some cases the definition
of the rim is enhanced by a narrow zone containing fewer inclusions than the core
(see Plates 5.1, c; 5.4, d), and core and rim compositions were stightly but system-
atically different. Spry (1987) attributed similar trends, but of larger magnitude, in
Zn-Fe spinels to retrograde cation diffusion and exchange in the rims. At the Linda
deposit, the slight differences between core and rim compositions in staurolite and
gahnite could be produced by changes in log.fs, and ].r.,gfo, (see 10.1.8. petroge-

netic Grid) and, the compositional trends were not the same in each sample. In
view of these considerations, rim compositions were assumed to have equilibrated
with the assemblage. Figure 9.5a shows the proportions of FelrZn and Mg in stau-
rolite, gahnite and sphalerite. The compositional spectrum is mainly due to Fe-Zn
substitution, with relatively minor variation in Mg content. The control exerted on
staurolite compositions by bulk-rock composition,, ls, and fs, are illustrated by the
tie lines and field boundaries distinguishing the sulphide and oxide assemblage asso-

ciated with each sample. Staurolite coexisting with sphalerite * gahnite is notably
enriched in both Zn and Mg. Most of these samples also contain pyrite and rutile,
indicating relatively high /s,. The most Fe-rich, Mg-poor staurolite occurs with-
out sphalerite or gahnite and coexists with pyrite*magnetite (22-gg6.5,Z _LlgI)
or pyrite * ilmenite * pyrrhotite (22-90r, zz-957, z2B-tTzI, B4C-145g). There is a
general correspondence between gahnite and staurolite compositions in each sam-
ple, supporting the assumption of equilibrium. The compositional spread in Fef Zn
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Figure g.5. 
_Mineral chemistry of staurolite, gahnite and sphalerite.a' !n-Fer,.Ms, (atomic propðrtions) in 

"råJs "i s-lo mrn in diameter for allsta'urolite-bearing samples (numbered without dritl-hole pr.fix"s).- Eu."l, p"i*represents 1-3 analyses and ornamented tie lines ti"k-th.:,oi;;;uj1'uä"-Uirg",
in e¿.ch s1m¡le. The solid dividing rine-separates ?ssembl"ã;; ;;;"iJi"g ;i"ihpyri t e and ei t her. magneti te or ilme-ni te, froin as semblages 

""ã"i.ti 
trgîi i frîv.i t"a''d rutile. Pyrrhotiie occurs in some'sampres "; b;T;iJ;ä å?'iine. Notethat total Fe is represented as Fe*2.

b' ,o-p"+z(iv-site)-,lt{g (atomic proportions) in-coexistiTg staurolite and gahnite,with o¡nàmentéd tíe'ünes ünt<inþ 
"nu,lyJe, 

tro* *itnî" ih" ,;;" ;;". only
Fer2 at the tetrahedral Fe-bearin[ site was included, omitting f'"f (""l"ulated)
and Fe*2 at the.Mn-bearing U(1)-site. Samples 224-1088, zlg-fizgand B4-Zggcontain sphalerite.

173

Mg6sZn2s



9. Mineral Chemistry

of staurolite is apparently mainly a function of the bulk-rock Zn content; the com-
positional gap (Figure 9.5, a; i.e. between J4C-1459 and 228-1721) is probably
due to a gap in the bulk-rock compositions of the sample suite. The spread in Mg

ing rutile * pyrite being enriched in Mg relative to samples containing pyrite with
magnetite or ilmenite.

Figure 9'5b focusses on staurolite-gahnite bearing samples, showing the com-
positions of coexisting grains, i.e. within areas of 5-10 mm in diameier. In contrast
to Figure 9.5a, only Fe*2 at the tetrahedrally co-ordinated Fe-site (Holdaway eú

al', 1988; Holdaway et aJ.,1986; Appendix B) is included in the proportions (Table
8.3' d). The diagram should more closely approximate the partitioning of Zn, Fe+2

and Mg at tetrahedral sites in stauroiite and gahnite. Sample 24-1737 is anomalous
with respect to the assemblages in the alteration zones in that it is a muscovite-free
staurolite-anthophyllite-gahnite rock and contains pyrite, pyrrhotite and. magnetite.
It was interpreted to have crystallized during Iate D2 (see 5.6.2. Silicate Enclaves in
the Main Massive Sulphide Body). Samples 224-1638 and 34-7gg contain relatively
abundant sphalerite and 228-1723 contains t¡ace amounts; ali three samples con-

tain pyrite. Sample 34C-1453 contains pyrite and pyrrhotite. BuIk compositio î, ls,
and f e, influence the siopes of the tie lines, indicating that log K of the exchange

reactions is partly a function of composition and that the tetrahedral-site mixing is
at least partly non-ideal (e.g. Ganguly and Saxena, 1g8Z).

There is very limited scatter among tie lines within each sample, suggesting
that equilibrium was attained on the scale of a thin section. Only sample 34C-1458
has some tendency to show distinct tie lines for grains from different areas. In the
derivation of balanced reactions, within-sample average compositions and standard
deviations were used (see 10.1.2. Mineral Equilibria).

9.1.4. Sulphide Minerals.

Sulphide minerals generally occur in layers parallel to ,91, as fine disseminated
grains, as anhedral grains and aggregates, and as subhedral grains. In some sam-
ples, the distribution is controlled by primary structures, i.e. bedding in graphitic
metasediment (34-1500; see Plate 5.3, e) and matrix/clast relationships in breccias

(22A-7752; see Plate 5.3, c-d). In many cases, grains and aggregates are elongate

774

inly a function of high Is, and lorrwith samples contain-



9. Mineral Chemistry

parallel to the ^92 plane, although ihe distributions define an ,91 (or S¡) layering.
Pyrite is the dominant suiphide mineral. Pyrrhotite occurs both in low temperature,
monoclinic and in high temperature, hexagonal polymorphs (Appendix B); mono-
clinic pyrrhotite comrnonly manties grain boundaries and fractures in hexagonal
pyrrhotite. These features were interpreted to indicate the presence of hexagonal
pyrrhotite during high temperature metamorphism and its subsequent partial inver-
sion to the retrograde monoclinic polymorph. Three samples (224-16g3 ,24-Tgg,24-
1191) contain abundant relatively coarse grained sphalerite intergrown with silicate,
suiphide and oxide minerals. More commonly, sphalerite occurs in trace amounts as

fine grained disseminations and inclusions associated with silicate and oxide miner-
als. Sphalerite is susceptible to retrograde cation exchange which tends to increase
its Zn content (Jamieson and Craw, 1987; Bristol, 7974) and, therefore, the most
Fe-rich analyses in each sample \^¡ere assumed to most closely preserve a high tem-
perature equilibrium composition (Table 9.2,, e; see g.2. Sphalerite Geobarometry).
Sphalerite in contact with monoclinic pyrrhotite has probably undergone retrograde
exchange (i.e. 24-7797).

9.1.5. Plagioclase.

Plagioclase occurs in 5 of 14 samples from the distal and proximal alteration
zones (Table 9.1, a,b,e). In one case (22-g01), its presence in trace amounts was
inferred from the presence of fine grained retrograde polymineralic aggregates in
pseudomorphs with a poikiloblastic habit typical of plagioclase. Plagioclase is also
present in silicic-feldspathic altered mafic rocks (Table 9.1, f) and in calc-silicate
rocks (Table 9.1, 8, h), but only plagioclase in 22-479, representing the former, was
analysed. The composition of plagioclase ranges from oligoclase, associated with
paragonitic muscovite or with cummingtonite, to anorthite (Ane7) coexisting with
staurolite and anthophyllite (Figure g.6; Table.8.3, m). The maximum or-content
in the analyses was Or1.1; the feidspars are nearly binary solid solutions.

Plagioclase compositions, in some cases, correlate with textural habit. In sam-

ple 34C-1377, plagioclase occurs as weakly zoned anhedral syn-D2 poikiloblasts, and
in pressure shadows in association with chlorite; the compositions are An3aOr1.1-
An35016.3 and An22Or1.1-4n26016.4, respectively. The matrix-supported breccia
o1 22A'-7752 (see Plate 5.3, c) contains oligoclase of An22016.a-4n27016.2 within
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Figure 9'6' HistogT"T summarizing th9^An-content of plagioclase analyses (TableB'3.' Jf); - Or-conteñts do not exceed" L:L%. pt"ei""iÃ^coäpositioo, iri B C-IBTTand 24-7791 show a dependence on habit; in t+ð-tüi, pt"gi;"i;;ì; ;î. pressureshadows of-porphyroblàsts is more sodic ihan pi"gi""iår'e p"oikilobl..t"lo the ma-trix; in 24-7191, relictsyn-P¿¡grp.hyroblasts åt"äor. r"äi"-itt"" pãrtJ,irr"*rti.
symplectic grains. In 224-175â(abre"cia), plagioclar. *itrti"!"ã.i;;ãdrp ti -
clasts is more sodic than.plagioclàse in the'min"i"tilìã -atrix. Grains in 2ZB-lT2land 24-II91 are zoned (ieelexú for fuúher di".u"";"t ).--¿;;.r B:ä".är, to thecompositional range of plagioclase within the mineratolicJ ,"""r "l z+risf 1""ãTable 5.2).

the clasts, in associa,tion with quartz and muscovite, and andesine of An2e016.1-
An31016.3 in the matrix, in association with the general mineral assemblage (Table
9.1, b).

Plagioclase in sample 228-7721, displays annular zoning similar to that com-
monly observed in the Linda deposit (see 5.3.5. Proximal Alteration Zone and 5.4.
Plagioclase-layered Rocks). The zoning u'as imaged using BSE (back-scattered
electron) (Ptate 9.1, a) and was analysed (Table B.B, m). The zoning consists
of the following: a large core (30-50%area) of relatively homogeneous andesine
(An37Ors.3-Ana1Or6.s); an irregular, semi-continuous mantle (0-25¡r wide) of by-
townite (approximately An6s, semi-quantitative analysis with a focussed beam); a
wide zone (40-60%area,) of labradorite with a 'schiller' texture of extremely fine
lamellae and a, bulk composition of An65or6.2-Anasoro.s; and an outer mantle (10-
25p wide) of andesine (AnasOrs.3-Ana2Or6.3). The internal contact between the
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Plate 9.1. (following page) Zoning in porphyroblastic minerals.
a. Back-scattered ele-ctron jmage (15 kV) of zoled plagioclase in sample ZZB-LTLI.

The bar scale on the right reprèsents ioo p,. Thé zoäing consists 
"f 

(,t) a homo-
Seneo_us andesine core with a sharp internal contact tõ; (B) u" r.oi-"áotinuous
mantle of bytownite with wisqy.extensions and an abrupt cóntact to; (C) a het-
e_rogeneous zorle) with fine calcic lamellae and a labradorite bulk côàposition
showing semi-continuous oscillations to; (D) an outermost mantle of andesine.
The porphyroblast is elongate in the ,5i plaíe and contains inciusions of zircon
(small bright spols) and.quartz (black inclusions, qz), the latter also elongate
in the .91 plane. Bytownite manties some inclusións.b. 22A-7625 

^(partial 
cross-polarized light) Garnet porphyroblast(gt), elon-

gate in the ,51 P_lar.re and mirnetic after -,51 iayering, contains ätongateìîéÍusions
of quartz, sphalerite and rutile. Fractures åre fiñed by monociiäic pyrrhotite.
Note the contrast in habit to staurolite porphyroblasts(st) which are mimetic
af,ter Sr and ,S2 fabrics. Garnet zoning profües were 

"olÈcí"d 
in traverses par-

allel and perpendicular to .91 (FigureÞ.?). rn" bar scaie represents 1 mm.

andesine core and bytownite mantle is sharp and commonly marked by microcracks
with slight retrogression, suggesting some degree of lattice misfit. Other internal
contacts are abrupt but apparently gradational; the outermost internal contact
is commonly transitional with semi-continuous fine (<10¡r) oscillations. The by-
townite has some wispy extensions, particularly into the labradorite zone, in part
associated with inclusions. Within the andesine core, judging from the imaging,
bytownite partly mantles some inclusions.

The schiller texture of the labradorite zone is interpreted to be the result of
exsoiution in a compositional range nearly coincident with that of Bøggild inter-
growths, i.e. about Ana5-An6z (Smith, 1g83; Ribbe, 1g8B). The distribution of
bytownite does not appear to be a growth feature; it nucleated on inclusions and
possibly on the andesine core. However, Grove et al. (19S3) interpreted the presence

of bytownite (Anss) overgrowths on andesine (Aorn) cores at Thetford, Vermont,
as an equilibrium growth feature resulting from prograde reactions producing Ca-
plagioclase and its heterogeneous nucleation on andesine cores. In the Thetford ex-

ample, plagioclase occurs in mafic metavolcanic rocks which contain Ca-amphibole.
Grove's TEM investigation of the Thetford b¡ntownite showed that it contains Hut-
tenlocher intergrowths (i.e. about An66-4n66; Ribbe, 1983), which he interpreted
to be due to metastable spinodal decomposition.

The plagioclase in 228-I72L was not investigated in sufficient detail to allow
detailed interpretation. However, the grains are entirely porphyroblastic and mainly
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syn-D2 and, the gross changes from andesine core to a iabradorite zone may reflect

a sequence of prograde reactions. The outermost rim may also be due to prograde

reactions or to retrogression.

In the calc-silicate enclave (24-1791,), plagioclase composition varies from oligo-

clase to anorthite, concomitantly with mineralogical zoning across the section (see

Table 5.2, Figure 9.6). Zones 5 and 6 are closest to the interior of the enclave and

contain plagioclase in two distinct habits, which again correlate with An-content.

In both zones, poikilobiastic grains which are elongate parallel to mineralogical

zone boundaries, show reverse compositional zoning from oligoclase cores (Aort-
Anzs) to andesine rims (Atrn). These grains contain inclusion trails of rutile (see

5.6.2. Silicate Enclaves in the Main Massive Sulphide Body; Plate 5.6, o-p) and

seem to be relicts of the syn-D2 porphyroblasts typical of plagioclase-layered rocks.
'Randomly oriented plagioclase involved in symplectic intergrowths occurs in both
zones. In zone 6, plagioclase intergrown with and mantling gahnite shows normal

and patchy zoning from cores of Ans¿ to rims of Ana1. In zone 5, plagioclase in a
similar relationship to pyrrhotite shows normal and patchy oscillatory zoning, from
An67 adjacent pyrrhotite inclusions to Anal at the outer grain boundary (e.g. see

Plate 5.6, h). Zones 4 and 3 contain plagioclase that is considerably more calcic, i.e.

An72-4n66 and An66-Ane1 respectively, and the mineral assemblages in these zones

likewise indicate more calcic bulk-rock compositions (see 10.4. Calc-silicate Enclave

in the Main Massive Sulphide Body for luúher discussion). It is not clear whether

the paucity of compositions in the range of about An5¡-Ans6 is real (Figure g.6),

i.e. possibly a function of solvus relationships in intermediate to calcic plagioclase

or of disequilibrium between calcic and less calcic bulk-rock compositions. Alter-
natively, it may simply represent incomplete sampling of piagioclase compositions

during microanalysis. However, schiller textures suggestive of lamellar intergrowths

were discernable in symplectic plagioclase mantling pyrrhotite. The sample com-

bines bulk-rock compositional zoning with complex reverse, normal and oscillatory

zoning in plagioclase of various habits, and it is possible that the full compositional

spectrum of plagioclase is not represented by the analyses.

9.L.6. Garnet.

Garnet porphyroblasts contain inclusion trails of quartz parallel to ,51 fabrics

L79



9. Mineral Chemistry

and are strongly elongate in the ,S1 plane (Plate 9.1, b). Garnet grain boundaries

with phyllosilicate minerals and staurolite within the ,9r compositional layering have

euhedral faces; grain boundaries with quartz-rich layers are anhedral and marked

by an abrupt increase in the abundance of quartz inclusions. Zoning profiles parallel

and perpendicular to ,51 fabrics rvere investigated in the two garnet-bearing samples

of the proximal alteration zone (22A,-16251 228-1721) to determine if the garnet

grains are the corroded relicts of originally more equant grains or whether they are

mimetic after a pre-existing compositional layering.

The zoning is defined primarily by Mn-Fe substitution. For example, in a coarse

porphyroblast in sample 22A,-7625, the proportion of spessartine end member ranges

from 52.9 molTo in the core to 36.3 mol% in the rim; the proportion of almandine

end member ranges from 32.3 moI%o in the core to 44.9 rnolTo in the rim (Table 8.3,

g). The zoning is regular and concentric, irrespective of inclusions, skeletal habit,
or the orientation of grain boundaries (Figure 9.7); it defines the same ,51 flattening

as the porphyroblast. The zoning profiles indicate the growth of garnet as tabular

grains on compositional layers enriched in Mn. The grains may have been involved

in subsequent prograde reactions, but their shape is primarily a syn-D1 growth

feature. For the purpose of baiancing reactions (see 10.1.2. Mine¡al Equilibria),

garnet rims were assumed to be in equilibrium with the rock assemblage.

In both garnet-bearing samples from the proximal alteratiorL zoÍLe) Fe/Mg in-

creases with decreasing Mn from core to rim (Figure 9.8). Ca proportions generally

decrease toward the rims, but there is some suggestion of depletion in the cores with
respect to the zone intermediate between cores and rims (Figure 9.8, b). Syn-D2

garnet in cummingtonite-bearing rocks (22-413) shows less pronounced zoning and

apparently has a weakly defined reversal in Fe/Mg with decreasing Mn. Garnet in
the calc-silicate enclave (24-1191) has a skeletal mimetic habit (see Plate 5.6, m-n).
Although it is zoned in terms of Mn (Figure 9.8, a), no relationship to physical

features was apparent.

9.1.7. Tourmaline.

Tourmaline is a common trace constituent of the altered rocks, occurring in
prismatic acicular crystals 0.01-0.5 mm in diameter. The tourmaline prisms com-

monly define a lineation in the ,51 plane and contain very fine inclusions of quartz,
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Figulq 9:T. Compositional zoning in the garnet porphyroblast (224-1625) iltus-
trated in Plate 9.1b.
a. Contours of Mn (pfg) decrease from core to rim and define concentric zoning.

The contours have the same overall-shape as the porphyroblast, suggesting thJt
the garnet grelv as a tabular crystal. The numb.r.d- póintr rt" thãÏocatiðns of
the spot analyses in b.

b. c;;i""iuãrãr pr"nã" of Fe, Mn, Mg, ca and ri (pfu) along the traverses
shown in a.

also aligned parallel to the ,51 plale. Relatively coarse tourmaline in tpo samples

was analysed (224-1638, 34C-1377; Table 8.3, l). The crystals are weakly zoned,

containing a mediurr blue-green (transmitted light) core, typically forming 50-60%

of the grain area, and showing an abrupt contact with a pale green rim. They
are dravites within the field of 'Ca-poor metapelites and metapsammites coexisting

u'ith an Al-saturating phase', according to the classification of Henry and Guidotti
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Figure 9.8. Garnet mineral chemistry.
a. in terms of Fe-Mn-Ca (atomic próportions).

1625 and 228-L727 incieases irFei Mg with
b. in terms of Fe-Ca-Mg (atomic proporãions).

1625 and 228-1727 dãcìeases iti Cå. t

MnoFer.Mg,

CoaeFe66

.þ.rt

(1985). The zoning patterns do not define svstematic trends, but there may be
a tendency for rim compositions to converge. These characteristics, i.e. zoning
marked by compositional discontinuities and a lack of systematic core-rim trend.s,
are common in the compilation of tourmaline analyses (ibid.) and were interpreted
by Henry and Guidotti to indicate a detrital origin for the cores. This conclusion
does not apply to the Linda deposit, as there is continuity of inclusion types and
shapes across tourmaline cores and rims, the cores are idiomorphic, and there is no
evidence for abundant detrital influx in general. The tourmaline occurs in altered
volcanic and volcanogenic rocks.

Taylor and Slack (1984) analysed the chemical and stable-isotopic compositions
of tourmalines from several Appalachian and Caledonian stratabound massive sul-
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Figure-9.Q. (fo_llowing page) Ciassification of amphiboles on the basis of struc-
ture and mineral chemistry.
a. 9alcic amphiboles. -Diagram and terminology after Hawthorne (1g82). Tie

lines iink core(c) and rim(r) compositions.
b. Fe-Mg g,mphiboÍes. OrthoiÉombiä and monoclinic amphiboles are projected on

to one diagram. The inserts show the classification scli"me of Leakä (1"SZA) and
the areas detailed in the figure.

phide deposits, and found that nearly all the tourmalines $rere dravites, independent
of paragenesis or metamorphic grade. They likewise observed a lack of systematic

trends in zoning patterns. They suggested a pre-metamorphic, hydrothermal or dia-
genetic origin for some tourmaline;in particular, tourmaline associated with massive

sulphide was apparently protected from dynamometamorphic recrystallization (see

also Davies, 1985; Taylor and Slack, 1935). They suggested that boron derived from
seawater may have been incorporated into pore waters, or into a hydrothermal fluid.
At the Linda deposit, tourmaline prisms and their quartz inclusions define tectonic
fab¡ics and, hence, they crystallized during metamorphism of a B-bearing protolith.

9.1.8. Amphiboles.
Four amphibole species aïe represented in the sample suite (Table 9.1, d, f, g, h),

i.e. anthophyllite, cummingtonite, hornblende and actinolite. The calcic amphiboles
generally range from tschermakite to actinolite, have low alkali contents and A-site
occupancies, and moderately high Mg/(Mg+F.+') (Figure g.g, a). Total iron was

recast as Fe*3 and Fe*2 in caicic amphibole analyses after the method of Robinson
eú al. (1982) (see Appendix B). Synkinematic to late kinematic amphiboles (22-4LJ,
34A-7484) have ferro-tschermakite to tschermakitic hornblende compositions and
coexist with cummingtonite (Figure 9.9, b). These samples probably underwent
premetamorphic sililic-feldspathic alteration (see 11.2.1. Silicic-Feldspathic Alter-
ation and Metamorphic Segregation) and the amphibole compositions analysed do

not represent the full spectrum of synkinematic amphibole in mafic volcanic rocks
at the Linda deposit.

Post-kinematic amphiboles occur in static calc-silicate rocks (348-759.5) and
in zoned calc-silicate enclaves (24-1191) in the main massive sulphide body. In the
former case, radiating acicular sprays of actinolitic hornblende and actinolite coex-

ist with epidote and calcite. Amphibole compositions in the calc-silicate enclave

correlate with the mineralogical zoning across the sample (see Table 5.2). Am-

183



a. Cqlcic Amphibole Mínerql
(No+K)A-rtte<.50; il<50

ar mognello-hornblendctr
1191-zonc S I

. r ---l-
òi/tl
rR-'""" " ttsr-zont
^\-oìr I

9. Mineral Chemistry

Chemîstry

191-zon€ 4

| ^l4rs

v--
farÍo-
Itchrr-
mokllq

I

I
191-zonÊ s 

i

I

I

I

I

I

I

b.

6-2 6.¿1 6.6 6.8 7 Z.z 7.1 7.6

st

Fe-Mg Amphibole Minerol Chemistry
o.7

o.66

0.66

0.6,1

o.62

o.6

0.56

0.56

o.54

o.52

o.5

o.,lE

0.a6

o.11

o.12

O.¿l

7.1

!L
+r-
o

>É

¡uL+€
o
>a

a
I¡

mog

O.lhorfiomb¡c Amphlbolc

onlhoÞhyllll.

rlh mógnc
I
I
I
I
I

.l
I
I
I
I
I
I
I
I
I
I
I

r*
I

onlftophyllltr

s¡

l4a1

cummlnglonlla

ÒuL
+.Go
>a

o
E¡

st

7-A

Monoclínlc Amphlbola

cummlnglonlle

184



9. Mineral Chemistry

phiboles in zones 5-3 have similar Si contents; they range from tschermakite to
magnesio-hornblende and decrease systematically in Mg/(MS+F.+'). The decrease

in Mg/(Mg*Fe+z) may be due to an increase in Fe+2/p"+s (Table 9.2, h). (The

values of p"+z/Fe*3 are not reliable, in view of the assumptions involved in their
calculation (F. Hawthorne, perc. comm., 1989).) Amphibole compositions in zone 3

extend to slightly higher Si contents than amphiboles in zones 4 and 5. This trend
is also shown by core and rim compositions in zone 3, with rims tending to be more

siliceous, in one case with actinolitic hornblende rimming magnesio-hornblende (Fig-
ure 9.9, a). Zone 2 contains actinolitic hornblende and actinolite def.ning patchy

compositional zoning. There is a wide compositional gap, comprising most of the
magnesio-hornbiende field, in the analyses representing 24-TISL Robinson et aJ.

(1982) compiled analyses of associated hornbiende and actinolite and concluded

that the compositions of the mineral pairs could be explained by the existence of a
solvus. In the case of sample 24-1t97 at the Linda deposit, the evidence of textural
and chemical disequilibrium suggests that the amphibole compositions could also

reflect disequilibrium relationships.

Fe-Mg amphiboles at the Linda deposit are most commonly monoclinic; an-

thophyllite vras observed in a single silicate enclave in the main massive sulphide
body. Figure 9.9b classifies the Fe-Mg amphiboles at the Linda deposit. Calcula-

tion of Fe+3/Fe+2 showed Fe*3 to be negligible (Appendix B) and therefore all iron
is assumed to be ferrous. Anthophyllite was the only amphibole in which F was

detected (Table 9.2,i; see 9.3.1. F/OH Relationships and Metamorphic Fluids).

9.1.9. Epidote.

Epidote in concordant and static calc-silicate rocks shows the lowest proportion
of epidote end member at the Linda deposit, varying from Epaa.s-Epso.z (Table g.2,

j; Table 8.3, j). Epidote in the calc-silicate enclave (24-1191) occurs in zones 2 and

3, but an insufficient number of analyses ïvas collected to establish the presence of
any within-sample compositional correlations. In general, the compositions show a

higher proportion of epidote component than that in other calc-silicate rocks, i.e.

ranging from Ep56.s-Epos.g. A single analysis of fine grained epidote occurring in
trace amounts in a schist of the proximal alteration zone (228-772t) has a compo-

sition of Ep57.a. The Mn content is low in all samples and Mn was assigned to the
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Ca-site (Deer et a1., 1966), rather than considered as piedmontite solid solution.
The Mn content of epidote in the static calc-silicate rock (348-759.5) is notably
lower than that of other samples in the suite.

9.2. Sphalerite Geobarometry.

Quantitative analyses of sphalerite were obtained from 6 samples (Table 9.2,

e). Most samples showed wide within-sample compositional variation, especially in
FelZn (Table 8.3, e); as previously discussed (see 9.1.4. Sulphide Minerals), this
probably reflects the susceptibility of sphalerite to retrograde exchange. Some very
fine grains approach end-member ZnS. In general, the most Fe-rich compositions

are listed in Table 9.2e and these rüere assumed to most closely approximate the
equilibrium compositions during metamorphism.

The sphalerite geobarometer has been calibrated (Hutchison and Scott, 1gB1)

for sphalerite coexisting with pyrite and hexagonal pyrrhotite and is independent of
temperature in the ranges typical of amphibolite-facies metamorphism. Increasing

pressure, increasing .fs, in the p¡rrite-field (i.e. in the absence of pyrrhotite), and

down-temperature exchange, all have the effect of increasing the Zn content of
sphalerite (ibid.; Jameison and Craw, 1987; Bristol, rg74). Minor amounts of Mn
and Cd, and trace amounts of Cu have no detectible influence on the pressure

dependency of the composition (ibid.; Craig and Scott, lg74).

The most Fe-rich sphalerite analysed at the Linda deposit (228-7723) contains

74.5 mol% FeS and occurs as a relatively coarse inclusion in a syn-D2 staurolite
porphyroblast. The assemblage equilibrated with pyrite and, hence, sphalerite geo-

barometry yields a limiting maximum pressure. Using the calibration function of
Hutchison and Scott (1981):

P(kb) :42.30 - 32.10logmol%FeS

(standard error.of f0.30kb), the maximum equilibrium pressure of the sphalerite
is 5.0 kb.

The sphalerite analyses in 224-1625 (Tabte 9.2, e) were collected from relatively
coarse inclusions in a syn-Dr garnet porphyroblast (i.e. in the ¡¡arnet of Plate g.1,

b). The sample contains pyrite and monoclinic pyrrhotite and, it is probable that
sphalerite equilibrated with pyrite and hexagonal pyrrhotite under metamorphic
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conditions. The sphalerite geobarometer for the average composition of 13.6 mol%

FeS (range: 13.3-13.8,2 anaiyses, Table B.3, e), yields a pressure of 6.0kb (range:

5.7-6.2). This pressure exceeds the maximum value derived ftol:r_ 228-1723, and

couid be interpreted as the effective pressure during D1,or alternatively, as indica-
tive of minor retrogression of the sphalerite composition, possibly associated with
the inversion of hexagonal pyrrhotite to the monoclinic polymorph.

In the calc-silicate enclave sample (24-7797), sphalerite occurs as coarse grains

in contact with pyriie and monoclinic pyrrhotite containing remnants of hexagonal

cores; they probably have been retrogressed. For the remaining samples in which
sphalerite analyses were collected (34-799,34C-1377,22A-7638), the compositions

are generally more Zn-Åch and define a bimodal compositional distribution. These

samples contain pyrite; the compositional range of sphalerite reflects metamorphic

equilibration under log "fs, conditions in the pyrite-field for the Fe-rich end of the

range, and retrograde exchange in the Zn-rich end of the range.

9.3. Halogen Contents of Phyllosilicate Minerals.

9.3.1. F/OH Relationships and Metamorphic Fluids.
Biotite analyses from the Linda deposit commonly contain substantial amounts

of F and, all biotite in the proximal alteration zone contains F in the range of
0.86-3.77 weight% (Table 8.3, b). None of the analysed samples from the distal
alteration zone contained biotite. F was not detected in muscovite which coexists

with F-bearing biotite; evidently F/OH partitioning between biotite and muscovite

favoured biotite sufficiently to result in muscovite F contents below the detection
limit (0.46 weight%, Table 8.2). Distribution coefficients of about 5 have been

determined in high grade pelitic schists (Evans, 1969) and, values of about 8-16
apply to hydrothermal sericite and biotite from the Santa Rita porphyry copper

deposit (Parry et aJ.r 1984). The latter range of values would be consistent with
muscovite F contents below the detection limit for the F content of coexisting biotite
at the Linda deposit. F was detected only in Cr-muscovite (32-1465.5), which is
not associated with biotite, at levels of 0.46-0.77 weight%.

Chlorite associated with F-bearing biotite at the Linda deposit, in some

cases, contained detectible levels of F, ranging from 0.39-1.55 weight% (Table

8.3, c). In three cases it was possible to derive distribution coefficients, Ku;-'o -
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Table 9.3. Distribution of F/OH between

and Co-existing Minerals.

a. Biotite-Chlorite
Kb$-cn = (x F / x o Ðu¿ / 6 e / x o H) ch

Sample

224-L752

34C-1377

34-i500

(XelXoa)u¿l(XrlXoa).n, for coexisting grains. These range ftom12-24 (Table

9.3, a) and are systematically lower for more Mg-rich mineral chemistries. In the

staurolite-anthophyliite-gahnite assemblage (24-1131), biotite occurs as inclusions in
anthophyllite. The distribution coefficient, KuÅ-"' : (XFlXoa)ul(XelXou)ot,,
is about 3.5 (Table 9.3, b), assuming hydroxyl sites fully occupied by (OH+F+CI).
Cl was not detected and OH was calculated from stoichiometry (Appendix B).

In general, the F content of hydrous minerais shows a strong positive correla-

tion with Mg/(Mg+Fe) (e.g. Guidotti, 1984; Munoz, 1984; Gunow et aJ.,1980),

termed the 'Fe-F avoidance'principle and explained as an electronic bonding phe-

nomenon in transition metals (Valley et aL.r 1982). Gunow et al. (1980) suggested

the derivation of F-intercept values to compensate for the compositional depen-

dency and express the degree of F enrichment as an independent parameter. The

F-intercept value for biotite was formulated as,

ia(F)6¿ : L.\2Xms * .4LXonn ! .20X"¿d - log Xe lXos

in which X¡4, refers to the mole fraction of Mg at the octahedral site, and. Xo,",, and

Xsid,t the mole fractions of annite and siderophyllite respectively, were formulated

as follows:

Xrnn-1-(X¡wnIX"¿¿)

188

9. Mineral Chemistry

Biotite

b. Biotite-Anthophyllite
Kb$- at = (x p I x s d a¿ / 6 r / x o H) o¿

B

B

TI

Sample area K$-"t
24-1131

2+1131.

Kb;-"n

23.7

18.9

11.8

c
D

3.69

3.49
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Xsíd.: ((3 - SiIAI)11.75X1 - X^,rs).

At fixed temperaturc,iu(F)ø¿ is proportional to log farof Ípr in the fluid which

equilibrated with the mica (Munoz, 1984), and hence, smaller values of ia(F)6¿

correlate with larger degrees of F enrichment.

Figure 9.10 illustrates the relationships for the Linda deposit. F contents

of biotite from the proximal alteration zone show a positive correlation with
Mg/(Mg+Fe). Biotite analyses from concordant and static calc-silicate rocks (228-
1843' 34-1028.5, 348-759.5) have lower F contents, below or near the detection limit,
for values of Mg/(Mg+Fe) equivalent to those in proximal zone samples, suggest-

ing that calc-silicate rocks equilibrated in a higher f arof lar regime. F-intercept

values, ia(F)u, corrected for compositional effects by the method of Gunow et aI.

(1980), show a relatively narrow range in the proximai alteration zone (Figure g.10,

b), with within-sample averages from 1.5-2.0. A single biotite analysis (34C-1453)

has an anomalousty high F content with respect to its relatively Fe-rich composi-

tion. This particular sample contains trace amounts of biotite in association with
minor quantities of apatite. The range of iu(F)u; for kyanite-bearing rocks is still
more narrowiy defined and represents the F-richest range of the suite, i.e. averages

from 1.5-1.7.

The relatively narrow ranges of ia(F)u for samples of various bulk-rock compo-

sitions suggests that the biotites within each group equilibrated with a metamorphic

fluid of similar larof Íar at a constant temperature. It implies that biotite was

involved in mineral equilibria which buffered Íaro f lar. The most probable equi-

libria are F-OH exchange reactions with muscovite and chlorite. However, note that
24-773L does not contain these minerals and F-OH exchange between biotite and

anthophyllite presumably buffered the fluid composition.

The equilibrium constants for F-OH exchange between phlogopite, annite,

siderophyllite, muscovite and fluids of various f a"o f f sr, have been determined

experimentally (Munoz and Ludington, Lg77; 1974). Munoz (1984) presented the

following relationship, linking fluid composition to ia(F)u.i:

rol f a"o I f ne : 2loo lT + ia(F)b¿.

Fluid compositions derived from this relationship at an assumed temperature of

550'C are indicated on the right-hand scale in Figure 9.10b. Kyanite-biotite as-
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semblages apparently equilibrated with relatively F-rich fluids, having a maximum
IoSlu,olfn¡ of 4.3 at 550'C. Excepting the calc-silicate enclave (24-1191), as-

semblages in the proximal alteration zone equilibrated with fluids of log fu"of fur
of less than 4.5. In contrast, concordant and static calc-silicate rocks (228-L843,

348-759.5) equilibrated with fluids of the lowest F content, i.e. log Íu"o f f ar above

about 4.8. The uncertainty inherent in the assumption of a temperature imposes an

uncertainty on the absolute values of log lurof f nr. Elowever, the relative changes

in fluid composition implied by the mineral chemistries and assemblages are inde-

pendent of temperature.

9.3.2. rmplications for the stability of Metamorphic .A.ssemblages.

The bioiite hydroxyl site strongly partitions F/OH relative to the hydroxyl sites

of the coexisting minerals at the Linda deposit. Biotite which coexist,s with kyan-

ite, i.e. an assemblage of higher 'apparent' metamorphic grade than the stauroiite-
biotite regional zone encompassing the Linda deposit (see 7.5. Relationships to
Megascopic Structures and Regional Isograds), generally has lower ia(F)6¿ than
biotite not associated with kyanite. The incorporation of F at the hydroxyl site

presumably aliowed the biotite-kyanite producing reaction to proceed at lower tem-

peratures and extended the stability field of the assemblage to lower metamorphic
grades.

Experimental work has shown enhanced thermal stability for F-bearing phlogo-

pite and reduced stability for F-bearing annite, further supporting the Fe-F avoid-

ance principle (as discussed by Munoz, 1984). In natural assemblages, F-bearing
biotite and amphibole have been observed in granulite-facies rocks (Petersen et aJ.,

1982; Valley et aJ.,1982) and, divariant behaviour of reactions involving the con-

sumption of biotite has been attributed to F-OH exchange equilibria (Evans, 1969).

Guidotti (1984) discussed examples and principles of enhanced thermal stability
of F-bearing biotite. In view of the observations at the Linda deposit, it appears

that divariant behaviour of F-OH micas must also be considered for biotite-for*ittg
reactions. In the case of the Linda deposit, the equilibria were displaced to lower

temperatures and, thus, allowed the stable coexistence of kyanite and F-bearing

biotite within the staurolite-biotite zone of regional metamorphism.
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9.3.3. Implications for Hydrothermal .A.lteration.

It has been suggested that the F content of metamorphic minerals can be in-

herited from the protolith (Guidotti, 1984; Valley et a1.,1982). The evidence for

internally buffered bg f nro I la¡ at the Linda deposit suggests that fluid mobility

during metamorphism was limited. F and Cl-bearing micas have commonly been

reported from hydrothermal mineral deposits, i.e. porphyry copper deposits (Parry

et aJ.,1984; Gunow et aJ.,1980), stratabound Pb-Zn deposits (e.g. Munoz, 1984)

and U, Sn, \M and Mo mineralization associated with granitic intrusions (e.g. ibid.).

Schmidi (1988) reported F-rich phyllosilicate minerals from alteration at the Arctic
volcanogenic, Cu-Zn-Pb, massive sulphide deposit in Alaska. Routine microanalysis

of F and Cl in minerals has been facilitated by the recent advances in automated

VVDS electron-probes (Guidotti, 1984; Munoz, 1984). Previous to this, few mineral

analyses of suites from volcanogenic massive sulphide deposits reported F and Cl,

and it may be that the significance of the halogens has not been recognized. At
the Linda deposit, f¡7p was a significant factor in metamorphic equilibria in al-

tered rocks and it seems probable that the F was inherited from the hydrothermal

protolith. However, note that due to Fe-F avoidance and the analogous Mg-Cl avoid-

ance (Munoz,,7984) that, considering the generally Mg-rich mineral chemistries, it
is not possible to draw conclusions regarding the relative importance of F and Cl

in the protolith. Presumably, most Cl present in the protolith would have been

partitioned into fluid inclusions during metamorphism.
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Chapter 1O

Models of Mineral Equilibria
The Linda deposit occupies a small volume with respect to the scale of regional

metamorphism and, thus, it can be assumed that syn-D2 assemblages equilibrated at

essentially the same temperature and pressure in all samples and that the variety of
parageneses is a function only of bulk-rock and fluid compositions. The pronounced

changes in bulk-rock composition were inherited from the hydrothermally altered

protolith and are not the result of synmetamorphic element mobiiity, although this

does not preclude migration during fabric development.

Post-kinematic assemblages, i.e. static calc-silicate rocks, pyrite-calcite mas-

sive sulphide bodies and zoned enclaves, present a different problem in that they

may have crystallized at some other point along the post-tectonic part of the P-T-

deformation path (see Figure 7.6). The petrographic and structural relationships

in post-kinematic assemblages imply some degree of open-system behaviour and,

in some cases (e.g. sample 24-LL97), it appears that equilibriumwas not achieved

even on a fine scale. Chemical contributions from outside the volume represented

by a hand sample v¡ere apparently an integral part of the reaction history.

10.1. Mineral Assemblages Modelled in the SiO2-AlzO¡-FeO-MgO-ZnO-
KzO-HzO-S2-O2 System.

The silicate-sulphide-oxide mineral assemblages in the proximal and distal ai-

teration zones equilibrated during D2 at the maximum metamorphic grade achieved

by the Linda deposit (see 7.4.3. Pressure-Temperature-Deformation Path). Most

mineral assemblages from the proximal and distal alteration zones and the graphitic

metasediment contain quartz, pyrite and muscovite, and no feldspar (see Table 9.1).

The mineral compositions (see Table 9.2,, a-f) can be modelled in the SiO2-Al2Os-

FeO-MgO-ZnO-KzO-HzO-Sz-O2 system (see Table 10.1, a). Log f n"olf ¡7p had a

limited range of values in the alteration zones (see 9.3. Halogen Contents of Phyllosil-
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10. Mineral Equilibria

Figr:,Te 1.0.1. (following page) Summary of mineral compositions in the proximal
and distal alteration zones in a schematic reaction grid inihe system SiO;-A12OB-
Feo-K2o-Hzo, in terms- of log øp.s and.Ioga¡¿rs¿ç-o. The grid âssumes fixed prei-
sure and temperature, the presence of quaitz and j¡7rç:-1, and was constructed
after the method of Neshitt (1986a; 1986b). AssembÍages from the Linda deposit
are.plotted to- give a consistent sequence of'Xp""r,d*"mblr. Positions of sample's are
indicated at the intersections of the lines for the constituent minerals. The drill-hole
prefix has been omitted from sample numbers.

icate Minerals) and, therefore, f aro *u, assumed to have been constant (although

apparently somewhat less than one). Na2O in muscovite and biotite, and CaO in
margarite, were omitted from the model. Garnet contains substantial spessartine

end member and, therefore, two garnet-bearing samples were modelled separately

in an expanded system containing the additional component, MnO (see Table 10.1,

b).

10.1.1. Mineral Compositions.

The compositions of silicate and oxide minerals range widely in Fe/Mg and,

in the case of staurolite and gahnite, also inFefZn. Figure 10.1, constructed after
the method of Nesbitt (1986a, 1986b), schematically illustrates the mole fraction
(X) of the Fe end member for the coexisting minerals in each sample and the
relative position of the assemblage in terms of log aAtzsios and log aqeo. The mole-

fraction lines represent the reaction of an idealized Fe end member (for each mineral
species) to FeO, AIzOs, SiO2 and H2O. The slopes are determined by the reaction
stoichiometry and the relative position of intercepts is inferred from the respective

values of the mole fraction of Fe end member. Assemblages are piotted at the
point of intersection of their constituent minerals; assemblages containing kyanite
are saturated in Al2SiOs and lie on the x-axis at log aArzsios:O. Reactions which
form magnetite or Fe-sulphide minerals reducE &Feo with increasing fo, and f ,r,,
respectively. The x-axis is equivalent to a composite measure of any equilibria with
a capacity to buffer @Feo.

Silicate and oxide minera"ls compete for Fe with sulphide minerals and mag-

netite; silicate and oxide minerals which equilibrated at low aFeo generally have

high Mg contents, and in the case of garnet, high Mn and Ca contents (Nesbitt,
1986a; 1986b). The samples from the Linda deposit contain substantial Zn in stau-

rolite and gahnite, the behaviour of which may not be adequately represented in
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10. Mineral Equilibria

Figure 10.1, as znis a chalcophile eiement (Gotdschmidt, 1g5B).

As used here, Figure 10.1 primarily summarizes the Fe content of mineral com-
positions of the sample suite. For example, staurolite ranges in xp"-"¿rorolit" from
0.78 in sample 22-996.5, which contains magnetite, pyrite and ilmenite, to 0.BB in
sample 22A'-7638, which contains pyrite, sphalerite and rutile (see 10.1.3. Petroge-
netic Grid). Biotite ranges in Fe/(Fe*Mg) from 0.BZ in g4C-I458, which contains
pyrite and pyrrhotite, to 0.03 in 34-1500, which contains pyrite, pyrrhotite, graphite
and sphalerite. The two garnet-bearing samples have relatively low Xr1*.ndine of
0.59 and 0.46. A single discrepancy occurs in the biotiie ol 228-1721 which is
higher in Fe/(Fe*Mg) than would be predicted from the compositions of the as_

sociated minerals. Insomuch as it is possible to construct an internally consistent
grid, using the Xp"endmember values to determine the relative positions of assem-

blages, the basic assumptions, that each assemblage represents equilibrium and the
mineral compositions are functions of bulk-rock composition, f s, and, "fo' and not
of temperature, pressure or ÍUrO, are permitted.

10.1.2. Mineral Equilibria.

In the model system, 6 samples contained assemblages which define a univariant
reaction, and 1 sample (34C-1377) contained an assemblage which was used to
define the bundle of univariant reactions at an invariant point (Table 10.1, a). The
occurrence of assemblages which apparently defy the petrological phase rule can be
explained by the coexistence of silicate, sulphide and oxide minerals which had the
capacity to buffer the fugacities of 02 and 52. (Spear eú aJ. (1982) give an analogous

expianation for assemblages involving equilibria among hydrous minerals.) The
reactions were balanced using the recalculated mineral formulae (see Table g.2, a-
g), with the exception of quartz, pyrite and kyanite, which were asslrmed to be
ideal stoichiometric minerals. Staurolite formulae were recalculated from analyses
according to the suggestions of Holdaway eú aJ. (1988) and Holdaway (1g86) (see

Appendix B), which involves recasting an ideal amount (0.250 ions) of Fe as Fe*3.
Ferric iron is not part of the model system, and the relative values of reaction
coefficients do not depend significantly on the uncertainties attached to the choice of
an applopriate structural model for staurolite. Ferric iron was ignored in balancing
the reactions. The activity of Fe in the model is determined by the coexistence of
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10. Mineral Equilibria

Table 10.1. Model Mineral Reactions.

a. The SiOr-Al,O,-FeO-MgO-ZnO-K,O-H,O-O,-S, System.

1. 22-907 8.47ky * 0.'J,4ch * t.89pg * 0.27sp + 0.SSH2O + 1.0802 1.82

Ë sf * 1..46q2 + 2.0352
2. 224-1638 sf f 5.10sp + 2.Z9Oz 0.84

È 8.70sr¿ * 7.38q2 * 0.72ps + 1.7OH2O * 1.935, [ag .t0kg]2
3. 22A-1,752 qz * 2.BBku + 0.7\bi -l 0.J2ps + 4.0ZH2O + 0.16C.2 2.00

= 0.43c/¿ * 0.82tnu + 0.3252
4. 228-7723 st * 5.28sp + 2.'t8O2l+0.O2bil2 0.28

= 8.859å * 7.6Tqz * 0.95pg + !}4H.O + 1.Z0Sr[+0.02mu)2
5. 34-799a sú { 5.39sp + 2.4202 0.83

= 8.859/r. * 7 .ïlqz * 0.81py + 1.76H2O + 2.015, [+0 .}}tch]z
6. 34C-1377 qz I 3.70leg + l.t7bi * t.1.Tpg + S.TTH2O + 0.1502 2.00

._ 0.65c1¿ * l.29mu + 0.3052
7. 34C-7377 7.65ch * 2.99rnu * l.28sp * 0.80p9 + 0.TgO2 1.19

È sf f 3.99q2 + z.Zlbi + ll.JJH2O + 0.9452
8. 34C-1,377 8.59leg * 0.13c1¿ 1- t.}'tpy -t t.Z8sp + 0.S4H2O + t.tSO2 t.44

È sf * 1..67q2 + 1.6552
9. 34C-1.377 9.34kg + 0.24bi * 1.08py | 1..2ïsp + 7.76HzO + 1.18C,2 1.4S

Ê st * '1..46q2 * 0.26mu + 1.7252
10. 34C-1453 1,.68gh *'J..32ch * Z.Bt¡nu * 0.T2pg + 0.36C.2 2.00

È st f 2.05q2 + 2.04bi + 70.96H2O + 0.7252

b. The SiO,-A.l,O.-FeO-MgO-MnO-ZnO-K,O-H?O-O,-S, System.

Sample Reaction

11.

Ê sf * 2.60bi + 4.91.q2 + tt.S2HzO + 0.895,
t2. 228-1721, 0.08s1 * 3.27mu -l t.ïTct¿ * 2.t2pg + 1.06C2 2.00

Sample Reaction mL

22A-1625 0.13gt * 3.2ïrnu * l.J6ch * 0.J2pg | 7.t4sp + 0.TJO2 1.22

TÍ7.7

7 m, = log /s, /loe Íor.

pyrite and Sz and the critical variables, aMs¡ azn and aa¿, (see 10.1.8. petrogenetic

Grid), are determined by the proportions of Mg,, Zn and AI2 in the system.

The computer programs, FINGER (Gordon, 1987, unpubl.; based on the pro-
gram, REACTION (Finger and Burt, LgTz)) and LU (ibid.; adapted from a pC-

MATLAB subroutine (Moler et aJ.) 1987)), facilitated the derivation of balanced
reactions. The slope. (-) of the univariant reactions in log forllog.fs, were de-

t97

Ë sÍ * 3.00bi + 4.3bqz + lZ.zgHzO + 2.'tZS2

2 Coefficient not significant within 2ø error.
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rived from the reaction stoichiometry (Tabte 10.1). The significance of the reaction
coefficients with respect to the within-sample standard deviations of mineral analy-
ses at the 2o level was tested by linear regression on subsets of the minerals, fitting
the regression to the composition of one mineral chosen as a dependent variable
(Gordon, perc. comm., 1988; Greenwood, 1968). The procedure was iterated, tak-
ing each analysed mineral in turn as the dependent variable. Residual values in
excess of the sum of weighted 2ø standard deviations associated with the analyses,

were interpreted to indicate that the coefficients of the reaction, as balanced, are
significant. Errors on the independent and dependent variables were taken into ac-

count by summing the 2a standard deviations for each element from each mineral
analysis, employing the regression coefficient of the mineral as a weighting factor.

The evaluation of 2a errors was critical in the case of reactions involving the
decomposition of gahnite (228-7723, g4-799,224-1638). The balanced reactions
tended to involve kyanite, chlorite, or biotite and muscovite, with relatively small
stoichiometric coefficients; gahnite decomposition apparentl¡, 6ss¡rred within a 3-
phase triangle to staurolite, sphalerite, and either kyanite, or an Fe-Mg phyllosilicate
mineral. However, the coefficients of kyanite or the phyllosilicate minerals were not
significant within the2o errors and, therefore, the reactions cannot be discriminated
from the degenerate decomposition of gahnite to staurolite and sphalerite. The
reactions, as balanced exactly, are shown in Table 10.1; minerals whose coefficients
are less than the 2ø confidence limits are in square brackets. Gahnite compositions
in these samples lie on the staurolite-sphalerite tie line when the within-sample
errors are considered. Note also that the same procedure showed that the coefficient
of chlorite in reactions 1 and 8, and the coefficients of biotite and muscovite in
reaction 9, are significant in balancing the MgO component, and, that the coefficient
of garnet in reactions 11 and 12 is significant in balancing the MnO component.

For comparative purposes, some of the equilibria were reformulated as over-
determined systems by including additional components, and were balanced by
linear regression (Table 10.2). This formulation is over-determined in an algebraic
sense in that the number of equations (i.e. equations of mass balance for each

component) exceeds the number of variables (i.e. the stoichiometric coefficients of
each mineral). In a thermodynamic sense, this essentialty defines an assemblage
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Table LO.2, Over-determined Model Reactions
solved by Linear Regression.

Regression standard errors (1") in parentheses.

13. 224-1638 1(0.10)s¿ + 5.14(0.28) sp * 2.22(0.40)0, = 1 0.84
Mn3 8.76(a.ea)sh + 7.44(0.s7)cz + 0.02(0. el)hyl

0.72(0.11.)ps + 1.21(0.10) Hzo * 1.86(0.42)s,

74. 22A-L638 1(0.07)sú + 5.19(0.09) sp + 2.25(0.0e)O, = 8.83(0.07)st¿* 2 0.76
Mn 7.51(0.07)qz + 0.72(0.02)py + t.zt(0.07)H2o + 1.8e(0.11)s,

15. 34-7es 1(0.03)sf + 5.s8(0.0s) sp * 2.41(0.04)02 = 2 0.83
Mn,Ti 8.sa(0.03)etr. + 2.55(0.03)cz -+ 0.82(0.08)py+

0.08(0.03)rz + 1.Za(0.03) Hzo -t 2.00(0.0s)s,

76. 22A-7625 0.08(0.22)sf + 3.05(0.23)mu + 1.59(0.85)ctr. * 1.11(0.54)sp* t 1.zs
Mn,Ti,Na 0.24(0.48)ru + 0.81(0.64)0, = 1(0.48)sr * 2.69(0.61)åi+

4.e6 ( 1. 77) qz * 12.e0(2.08)¡r 2 o + 1,.04(0.88) S,

77. 22A-1'625 0.09(0.1?)ef + 3.0a(0 .18)mu + 7.57(0.27)ch+ 2 L28
Mn,Ti,Na 1.11(0.43)sp + 0.81(0.51)O, = 1(0.38)sú * 2.6s(0.48)ör+

5.05(1.3e)qz + 12.2e(1.63)Hro + 1.04(0.20)s,

78. 22A-7625 0.08(0.14)c¿ + 3.04(0 .1,5)mu _11.57(0.22)ch_r 3 1.2s
Mn,Ti,Na,Ca 1.11(O.Js)sp + 0.81(0.41)O, - 1(0.81)sf * 2.6S(0.39)åi+

s.Ùa(t.1,J) qz + 12.80(1.s3) H 2 o + 1. 04(0.52) s,

Sample Reaction

1 Statistical degreesof freedom. 2 t'-:;.gf Sr/loglOr.
3 Additional components with respect to Table 10.1.

with some degree of variance and, thus, this approach may be particularly useful in
the modelling of continuous reactions. The general method followed that of Lang
and Rice (1985); however, these authors used a non-linear regression which allowed
the evaluation of residuals in the independent and dependent variables.

The over-determined formulations v¡ere done by adding the minor components,
Tio2, Mno, cao and Na2o, to the models of those samples in which they oc-
cur in more than one analysed or observed mineral. The additional phase, rutile,
was incorporated into the models for samples in which it occurs. This alternative
method of deriving the reactions results in comparable stoichiometric coefficients
for the major phases, i.e. those selected to define the reactions of Table 10.1. The
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slopes (rn.) are generally indistinguishable. The method allows the derivation of a
standard error for each coefficient (Table 10.2, in parentheses); however, this er-

ror is related to the fit of the regression and not to analytical uncertainties. It is
possible to reduce the magnitude of the regression standard deviations by increas-
ing the number of statistical degrees of freedom (i.e. number of components less

the number of phases), e.8. by increasing the number of minor components in the
modei. This can artificially reduce the standard deviations, even though the addi-
tional component may not be significant in the reaction. For example, including
CaO in garnet in reaction 18 (Table 10.2) increases the degrees of freedom to 3

and reduces the magnitude of the standard deviations of the coefficients, although
there is no other Ca-bearing phase and the value of this component is relegated
entirely to the residuals. Similarly, reaction 17 shows lower standard deviations
than reaction 16, through the omission of rutile, increasing the degrees of freedom
by one. Note also that the involvement of garnet in these reactions is significant
within the 2o confidence iimits of the within-sample standard deviation, despite the
relatively high regression standard deviation associated with the coefficient of gar-
net. The method of solving an exactly determined system of equations (Tabte 10.1)

is essentially equivalent to weighting the major components to the exclusion of mi-
nor components and, thus, seems preferable in low-variance assemblages. Similarly,
the evaluation of the significance of reaction coefficients with respect to analyti-
cal uncertainties seems a more rigorous approach than reliance on the potentially
misleading standard deviations generated by fitting a regression line.

10.1.3. Petrogenetic Grid.

A petrogenetic grid (Figure 10.2) in the sioz-Alzos-Feo-Mgo-Zno-K2o-H2o-
Sz-Oz system was derived by a Schreinemakers analysis (Nord,strom and Munoz,
1986; Zen,1966) of the observed assemblages and the balanced reactions (Table 10.1,

a). The grid is projected from quartz, pyrite, muscovite of the composition analysed

in each sample, and HzO. The slopes of the univariant lines, as determined from
the balanced reactions, apply only to the particular mineral compositions involved
in the reaction. The slopes are constrained to be positive by the reaction topologies
(i.e. with Oz and Sz on opposite sides), but the equilibrium mineral compositions

will vary along the univariant lines, introducing curvature for reactions involving Fe-

200



10. Mineral Equilibria

Mg-Zn minerals. The slopes of sphalerite-absent reactions are constan+" at m:2 in
the stability field of pyrite. The reaction involving the decomposition of chlorite to
kyanite and biotite occurs in a lower-order compositional subsystem, witho:ut ZnO,,

and is likewise constrained to a slope of. rn:2 in the pyrite fietd. Other slopes are

shown schematically, to illustrate the topoiogy, while maintaining thermodynamic
consistency. All the assemblages contain pyrite and, in some cases, rutile, and,
with few exceptions, do not contain pyrrhotite, magnetite or ilmenite; therefore,
the equilibria are shown almost entirely within the stability field of pyrite.

The grid was determined for a g-component system with 12 phases; each in-
variant point has one phase absent and each non-degenerate univariant line has two
phases absent. Two chemical potentials are shown as axes (Sr, Or) and four chem-

ical potentials are constant, thus, each non-degenerate univariant reaction involves
four phases in the Zn-Al2-Mg subsystem. The triangular insets (Figure 10.2) are
projections on to the Zn-,ÞJ2-Mg plane illustrating the phase relationships between
silicate, oxide and sulphide minerals. The activity of Fe is determined by the pres-

ence of pyrite and Sz in all assemblages and need not be shown explicitly. The
relative positions of mineral compositions have been exaggerated to enhance the
topological relationships. The samples vary wideiy in bulk-rock composition, but
the presence of quartz, muscovite and pyrite in all samples, and the assumption of
constant aHzo, fi.xes 4 compositionai parameters, allowing the depiction of the as-

semblages in 5 compositional variables, i.e. Alz, Mg and Zn defining the projection
plane, and 52 and 02 as axes. All the equilibria are dehydration reactions and vari-
ation in a¡7"6 will shift their positions; however, it is unlikely that, a¡¡"s variations
were suff.ciently extreme to alter the topology of the reaction grid. Similarly, the ac-

tivity of end-member muscovite in the muscovite analyses varies slightty. Although
the activity is not strictly constant, the magnitude of the variation is not significant.
However, the celadonite component (i.e. K2(Fe+2,Mg)2412(SisozoXoH)n; Guidotti
and Sassi, 1976) of muscovite is significant, as projection from an ideal end-member

muscovite would result in an incorrect topology for some reactions involving biotite.

Samples from the Linda deposit are located on the grid in the correct relative
positions; the slopes at the sample points are schematic. Assemblages containing
either chlorite, or kyanite f biotite, can be modelled in a ZnO-absent subsystem with
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lo9 fs,

fiqury \o-2: Petrogenetlc-gri.d in the system sio2-Al2o3-Feo-Mgo-Zno-Kzo-
H2O-O2-S2, derived by a Schleinemakers anal;ysis ofth" reá,ctions iñ Table rO.la.
The grid is_projected th-rough quartz,- mnrcovit" (of the analysed composition),
pyrite lnd_HzQ, 3.t_ fix-ed pressure and temperatuie. The insäts are projectioís
9n to the Zn-Alz-Mg plane. The locations óf sample assemblages in tlre [rid are
indicated.
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isopleths of Fe end member activity in continuous sulphidation-oxidation reactions.

Some isopleths are labelled wiih the mole fractions of daphnite and annite in chlorite
and biotite, respectively. The relative position of the samples was selected to give
isopleths of increasing Mg/Fe with increasing log.fs' as expected for Mg-Fe silicate
minerals in the pyrite freld (e.g. Nesbitt, 1986a; 1986b). The grid and the locations
of observed assemblages are internally consistent (excepting g4C-1747.5, discussed

below); note the generai correspondence between Figure 10.1, which shows samples

arranged in terms of decreasing ap"e, and the grid of Figure 10.2, with samples
plotted in terms of relative log lo, and log /5,.

L0.1.4. Discussion.

The sulphidation of chlorite to biotite * kyanite in the ZnO-absent subsystem
involves one less component and one less phase and, thus, defrnes a univariant line
passing through the invariant point defined by the assemblage of 34C-1372 (Figure
i0.2). Both ends of the reaction'are stable, limiting the stability of chlorite and
of biotite f kyanite to values of log.fs, below and above the line, respectively. The
slope of this reaction, and the slopes of isopleths of the activity of Fe end member
component in Fe-Mg silicate minerals, are fixed at rn:2 in the pyrite fietd by the
stoichiometry of FeS2/Feo. Biotite and chlorite of a particular @Feend*"mb", (i.e.
that of 34C-7377) coexist with kyanite only along the univariant line. For the pres-

sure and temperature conditions in effect during D2 al the Linda deposit, the most
Mg-rich chlorite and the most Fe-rich biotite (in the presence of kyanite) should
be limited by this reaction. In general, the isopleths defined by chlorite-bearing
samples (22-907,22-957 ,22-996.5,22A-I752,94-Tgg,, B4C-i453) and biotite-kyanite
bearing samples (22A-7752, 34-1500) are consistent with this requirement. Some

divariant behaviour is shown by 22A-I752 which contains the 3-phase assemblage

with slightly more Fe-rich compositions than those on the limiting reaction line. The
biotite in 22A-1752 is more F-rich (iu(F)u:7.45; see Figure 9.10, b) relative to that
of 34C-L377, and this may have stabilized biotite f kyanite to lower Ísr. An unex-
plained discrepancy occurs in 34C-7747.5, which contains biotite with ør,r,,¡1":0.33,

coexisting with kyanite, pyrite, pyrrhotite and staurolite. This assemblage cannot
be located on the grid of Figure 10.2 and there is no obvious explanation for the
divariant behaviour.
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10. Mineral Equilibria

In order to reduce the variance of Fe-Mg silicate equilibria, sulphide-oxide as-

semblages are commonly identified or invoked for their buffering capacity; for exam-

ple, Nesbitt's (1986a; 1986b) treatment of equilibria relies on fozlf s, frxed by the

coexistence of magnetite and pyrrhotite and, at higher lo, and fsrrby magnetite

and pyrite. Isopleths of Fe-Mg silicate compositions provide points of intersection

with the sulphide-oxide reaction lines. Bryndzia and Scott (19S7b) identified assem-

blages in which chlorite, quartz and an aluminosilicate mineral occur with pyrite,
pyrrhotite and magnetite, in order to apply their experimental calibration (1987a) of
daphnite activity at the magnetite-pyrite-pyrrhotite triple-point to mineral analyses

from the Anderson Lake and Stall Lake mines.

The equilibria involving Fe-Mg-Zn silicate, oxide and sulphide minerals are

sliding-scale buffers of lo, and /sr; mineral compositions vary with f e, and. f s,
along the univariant reaction lines (Figure 10.2). This contrasts with the usual

treatment of Fe-Mg isopleths and reactions defined by the compositions of silicate

minerals (e.g. Bryndzia and Scott, 1987a, 1987b; Nesbitt, 1982; Froese, 1g71), for

example, as in the equilibria involving kyanite, biotite and chlorite in the ZnO-
absent subsystem. Note that although Spry and Scott (1986a) achieved experimen-

tal reversals of the reaction of Fe-Zn spinel to Fe-Zn sphalerite and corundum in
the presence of a magnetite-pyrite-pyrrhotite buffer, the reaction they investigated

is itself a univariant sliding-scale buffer. Thus, the experiments at the triple-point
relied on either a fortuitous intersection of the equilibria in Ío"lf s, space, or the

interpretation of a metastable assemblage.

Isopleths of the activity of the Fe end member component in Fe-Mg in sil-

icate minerals intersect the univariant reactions involving Fe-Mg-Zn minerals, as

shown in the petrogenetic grid (Figure 10.2; 3a-1500). The activity of the Zn

end member component in reactions involving Fe-Mg-Zn staurolite or spinel in-
creases along the univariant lines with increasing log Ío, and log "fsr. This can be

seen in the compositions of silicate and oxide minerals from the Linda deposit, in
which more Mg-rich compositions occur in samples generally lying at higher rel-

ative values of log.fsr; mot" Zn-úch compositions lie at higher relative values of

both log lo" and log.fsr. At very low values of log fo, and log.fs, (as represented

by the graphite-pyrite-pyrrhotite bearing sample, 34-1500) sphalerite, kyanite, and
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10. Mineral Equilibria

phlogopite, which approaches an end.-member composition, are stable in preference

to staurolite or gahnite.

The decomposition of gahnite to staurolite and sphalerite occurs in a K2O-
absent subsystem and is a degenerate reaction due to the compositional colinearity
of these 3 minerals. The reaction involves 2 fewer phases, i.e. muscovite, biotite,
chlorite and kyanite are absent; however, the compositional colinearity means that
AI2lMg is constant and effectively acts as one component. Thus, the assemblage

is univariant and the mineral compositions vary along the line, rather than defin-
ing isopleths. The reaction cuts across the grid, limiting gahnite to relatively high
l.o8fo, and low log.fs, conditions. Spty and Scott's (1986a) theoretical and ex-

perimental investigation of Fe-Zn spinel generally limited its stability to values of
Iogfo,llogf s" near or above the magnetite-pyrite-pyrrhotite. triple-point. From
observations at the Linda deposit, it seems that the presence of Mg in gahnite
expands the range of its stability well into the pyrite field and into the field of ru-
tile * pyrite. Support for this is also found in the spinel analyses and the compilation
of zincian spinel-bearing assemblages from the Appalachians and the Scandinavian

Caledonides (Spry and Scott, 1986b). Many assemblages contain pyrite, in some

cases with rutile, and the compositions of the associated spinels tend to be higher
in Mg end member (i.e. 0.074-0.089) than those not associated with pyrite (i.e.
0-0.078).

In an assemblage from the Osborne Lake mine (15 km northeast of the Linda
deposit; see Figure 2.1), located in the biotite-sillimanite-garnet zone of regional
metamorphism (Froese and Moore, 1980), Froese (pers. comm.) 1988) derived the
following non-degenerate reaction for the decomposition of gahnite:

gahnite * pgrrhotite * Sz * HzO ì sphalerite I staurolite * cord,ierite * Oz.

Strictly speakly, this reaction is consistent with the degenerate reaction when the 2o
within-sample errors are considered. However, the decomposition within a 3-phase

triangle to a product assemblage which includes an Fe-Mg mineral may also be the
result of a change in topology at higher grade. These possibilities could be tested

by acquiring more mineral analyses in an enlarged sample suite.

Garnet-bearing samples required the inclusion of an MnO component in the
model system. The evaluation of the significance of the coefficient of garnet in
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assemblage is multivariant and equilibrated at the magnetite-pyrite-pyrrhotite in-
variant point. The staurolite and gahnite contain 0.26 and 0.64 mole fraction of the
Zn end member, respectively, suggesting that sphalerite was present at lower grade,
and possibly at the grade represented by the assemblage und.er difierent .fs, and

lo, conditions' This is consistent with the degenerate decomposition of gahnite to
staurolite * sphalerite (Figure 10.2), which precludes the coexistence of sphalerite
and staurolite at the magnetite-pyrite-pyrrhotite triple-point. The incorporation of
Zn into staurolite and spinel is interpreted to have enabled the stable coexistence of
the anthophyllite-staurolite-gahnite-quartz assemblage within the staurolite-biotite
zone of. regional metamorphism.

10.3. Cummingtonite-Hornblende Assemblages.
Silicic-feldspathic altered mafic rocks contain the assemblage cummingtonite-

hornblende-chlorite-plagioclase-magnetite-quartz and, in the case of.22-4LJ, garnet
(see Plate 6.1, f). Froese and Moore (1g80) proposed the reaction:

chlorite*almandi,ne*hornblend,elquartz è plagioclaselcumrningtoniíelHzO,

occurring at metamorphic grades slightly in excess of the biotite-staurolite isograd
reaction. At the Linda deposit, the garnet contains 0.04-0.09 mole-fraction spes-
sartine, 0.07-0.09 mole-fraction grossular and 0.10-0.13 mole-f¡action pyrope. The
reaction rvas apparently divariant, allowing the stable coexistence of the assemblage
through a temperature interval. However, this reaction is predicted to occur within
the staurolite-biotite zone (ibid.) and, therefore, the assemblage is consistent with
the grade of the Linda deposit.

10.4. calc-silicate Enclave in the Main Massive sulphide Body.
10.4.1. Mineralogical Zoning and Mineral Chemistry.

The textures of minerals defining the zones in the calc-silicate enclave, par-
ticularly symplectic intergrowths and corona overgrowths, indicate post-kinematic
crystallization and, by implication, post-kinematic reaction between the calcite-
pyrite host rock and the enclave (see Plate 5.6, d-p). Synkinematic minerals (i.e.
chlorite, rutile, biotite, plagioclase and quartz) increase in abundance toward the
interior of the enclave and are relict. Zone 6, which consists mainly of relict minerals
in the innermost part of the enclave (Table 10.3) as intersected by drilling, does not
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Table 10.3. Summary of A.ssemblages and Mineral
in Calc-silicate Enclave, ? -I-tgL

zone width (mm)

Mg/(MgfFe+'?):
Hornblende

Actinolite

Mg/(Mg*Fe¿):
Biotite

Chlorite

ps*z/Fe+3:

Hornblende

Actinolite

Epidote

Garnet

Zone'J, Zone 2 Zone 3 Zone 4

host rock 'L-4 7-2 6-8

0.725 0.764 0.774

0.811 0.850

Mineral Equilibria

Chemistry

Plagioclase:

symplectic

relict
oxide inclusions

Sulphide minerals py

structural state (po)

Other minerals calcite

1.19

2.05 0.973

EPu"-ou EPuo*uo

Zone 5

1-6

0.679

0.677

0.887 0.779

Zone 6

enclave

contain muscovite, and in this respect, it contrasts with the mineralogy typical of

the proximal alteration zone. The textures, microstructures and mineralogy resem-

ble plagioclase-layered rocks (see 5.4. Plagioclase-layered Rocks). The petrographic

observations suggest that the enclave is a lithic inclusion or relict of synkinematic

minerals, engulfed by the pyrite-calcite host rock.

Assuming that the assemblage within each zone approached equilibrium, the

mineral chemistries and parageneses are consistent with amphibolite-facies meta-

morphism (e.g. Bird and Helgeson, 1981). For example, plagioclase rims are at
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10. Mineral Equilibria

least as calcic as andesine and, the plagioclase associated with epidote in zone B

is a byt,ownite or an anorthite (Tabte 10.3). Monoclinic pyrrhotite and t,races of
Fe-rich Cl-bearing chlorite were interpreted to be due to minor late retrogression;
the absence of hexagonal pyrrhotite in zone 4 probably reflects the lower abundance
and smaller grain size of pyrrhotite in this zone. Across the zoning, from enclave to
host rock, hornblende and actinolite decrease in Mg/(Mg*Fe+2), mainly as a result
of increased p"+z/Fe+3. This change in amphibole compositions is approximately
paralleled by a change in sulphide mineral assemblage from pyrite-pyrrhotite to
pyrite and by the appearance of epidote. The general trend to more calcic assem-

blages and mineral compositions toward the calcite-pyrite host suggests that the
zonal sequence cannot be accounted for simply by carbonatization and sulphidation
of the enclave, but requires cation exchange.

Calc-silicate enclaves occur locally in the main massive sulphide body, but
zone 5 in 24-7791is the only occurrence of garnet within an enclave. The garnet
contains 0.32-0.47 mole-fraction spessartine and .38-0.43 mole-fraction almandine,
and in this respect, is similar to garnet analyses from the proximal alteration zone
(Table 9.2, g). It is higher in grossutar (0.14-0.17 mole-fraction) and slightly lower
in pyrope (0.07-0.09 mole-fraction) component. Amphibole increases in Mn content
through zones 3 to 5, from 0.085, to 0.108, to 0.125 pfu. Garnet crystallized along
a narrow zone with a higher bulk-rock Mn content which was apparentiy unique to
24-L79l among calc-silicate enclaves. This interpretation is analogous to that for the
isolated occurrences of syn-Dl garnet in the alteration zones (e,g. see Plate g.1, b);
however, in the case of the enclave, the garnet appears to occur as post-kinematic
pseudomorphs after bladed chlorite and as mantles on pyrrhotite (see Plate 5.6,
m-n)' The garnet and garnet aggregates define a narrow (1-6 mm) band parallel to
rutile trails (^9i)in relict plagioclase and to mineral schistosity (51); thus, it seems

to have crystallized along an ,5r zone of Mn enrichment.

Zone 6 contains zincian minerals, i.e. symplectic gahnite with traces of spha-
lerite as inclusions in plagioclase, and sphalerite as part of the zonal assemblage. The
relationships suggest that the sulphidation of gahnite in zone 6 produced the spha-
lerite associated with pyrite and pyrrhotite in the matrix. In zones 4to 6rlog /s, was
apparently buffered by pyrite * pyrrhotite, whereas zones 1 to 3 contain only pyrite,
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41203 + FerO,

Figurc 19.9. $.\".ll"jilj"Tpty phase dia.gram fr¡r the assemblages in zones 1-6
!i,",'i]lr"rî1.dots)of 24-1191: Theproj-ecri";.î;;g"r u,"."., trr. ãi"!i"*.r'irr¿¡.,nt*a
D.Jr tne acldrtronalphases. Gra.dients in log-fs, .." implied by the sutphide mineral
a.ssenrbla.ges a,nd, in log fco" by the preseätã'of calciii at one apex.

thus recording a.n increase in log.fsr. The increase tn p.+z/Fe+3 in amphibole and
the a'pPea,rance of epidote in the assembla,ge suggests that the former effect may be
partl.v due to a coupled substitution of the type: (Mg+2,Fe+2)Si+4 ==ps*B,dl+3.
The presence of epidote suggests an increase in Fe*3 and in Iog for. The changes in
sul¡rhide-oxide-silica,te assemblage apparently record gradients of increasing log /s,
l.rg"fo" and log Ícct, and decreasing log Ía"o roward the host rock. Note however,
tha't crnly zone 6 contains zincian minerals, and that this may mark a pre-existing
zc¡ne of high Zn bulk-rock composition, similar to the occurrence of garnet in Mn-rich
zones as previously proposed. In other calc-silicate encla,ves, inclusions of ga,hnite in
plagioclase and matrix sphalerite occur in association with epidote and amphibole
(Plate 5.6, e-f), i.e- equivalent to zones 3-4 in 24-7LgL. Locally, sphalerite occurs
with pyrite and calcite, i.e. zone I or possibly implying a transition zone between 1

a'nd 2 in zincian bulk-rock compositions. In the context of zoning in 24-IIg7, these
observations indica.te tha't the absence of zincian minerals in zones 2-5 is a feature
inherited from the protolith of the enclave.

Figure 10.3 is a, schematic summary of the changes in mineral assemblages and
compositions a.cross the zones o1Z -IlgL The compositional varia,tions involve more
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10. Mineral Equilibria

components and phases than can be accommodated in a thermodynamically valid
projection (Greenwood, 1975). The assemblages are illustrated in a modified ACF
diagram, with a varying projection indicated by the additional phases. In addition
to the changes in fluid composition, Ca becomes proportionately more abundant
with respect to other cationic components and, Ca and Fe are the only cations
present in major amounts in zone 1. In terms of modelling mineral equilibria,24-
1191 represents a problem in metasomatic mass transfer rather than of isochemical
metamorphism of a protolith.

LO.4.2. Discussion.

Synmetamorphic mass transfer was an important process during the develop-
ment of mineralogical zoning along the contacts of silicate enclaves in the pyrite-
calcite massive sulphide body. The presence of corona structures and symplectic
intergrowths showing fine compositional zoning around inclusions (i.e. zoning in pla-
gioclase intergrown with pyrrhotite; Piate 5.6, g-h) suggests that mineral reactions
were interface-controlled and thus subject to kinetic factors (Tracy and Mclellan,
1983). The fine mineralogical zones apparently attained only partial equilibrium
(ibid.)' in contrast to the rocks of the proximal and distal alteration zones, in which
homogeneous equilibrium was generally established on a hand-sample scale. The
textures characteristic of calc-silicate enclaves would be difficult to reconcile with
the occurrence of mineral reactions along the contact of premetamorphic protoliths
of different bulk-rock composition; the fine disequilibrium features would have had
to survive the entire P-T-deformation path. Even in the case of post-tectonic recrys-
tallization of calc-silicate minerals and calcite, some memory of the earlier history
might be expected, as is observed in relict grains in the interior of enclaves. The
observations impiy that calcite was introduced synmetamorphically, and that in-
filtration metasomatism of the protolith was the major mechanism in producing
pyrite-calcite rocks.

Some of the enclaves contain relicts resembling plagioclase-layered rocks with
rutile trails (e.g. 24-7191; see Piate 5.6, o-p), the origin and significance of which
were previously discussed (see 7.1.3. ,9r Rutile Trails and 7.5. Relationships to
Megascopic Structures and Regional Isograds) with reference to their interpreta-
tion as 'Tuttle' defo¡mation lamellae and their unknown relationship to megascopic
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10. Mineral Equilibria

tectonic structures. The distribution of plagioclase-layered rocks in unit 4 and in
enclaves in the pyrite-calcite body, as well as the relative time relationships inferred
from the textures of the zoned contacts, suggests that synmetamorphic infiltration
of carbonatizing fluids mav have taken advantage of the presence of a pre-existing
structure.

In terms of reconstructing synvolcanic alteration, it is critical to discriminate
synmetamorphic metasomatism from metamorphism of an altered protolith. At
the Linda deposit, the calcite in the largest massive sulphide body is interpreted to
have been introduced during metamorphism. Ilowever, the disposition of synvol-
canic alteration around the body and in the stratigraphic footwall suggests that the
sulphide minerals could have been derived from a pre-existing volcanogenic massive
sulphide body.
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Chapter 11

Whole-Rock Geochemistry

Major and trace elements (of particular importance: Zn, Zr and V), and specific
gravity were determined in a suite of 303 sampies representing the lithologies and
types of alteration observed at the Linda deposit (Appendix C, see Table C.5 for a
compilation of analyses). In order to facilitate graphical presentation of the data,
the units have been grouped on the basis of geochemical characteristics into four
broad categories:

1. felsic rocks and silicic-feldspathic altered rocks (units 1, 1a, lb, 1c, Zfr¡s,
2bfL}s,2elt}s and 4);

2. the distal and proximal alteration zones (units 1/10d, 1b/10d, 1/10p, 1b/10p,
4ll0p, 10d, 10da, 10p, and 10pa);

3. calc-silicate rocks (units rf r}c,1b/10c, 4f L}c,l}i,2f l}q and 6/10e);

4. mafic to intermediate rocks (units ldr Z) 2a,,2e,,6, and 6a).

In some cases, the geochemical fields defined bv units and subdivisions are ouilined
on the figures in the following chapter; the field boundaries have no statistical signif-
icance and are intended as a visual aid to the presentation. The number of analyses
representing each unit or subdivision is indicated in parentheses in the keys to the
figures. In some hand samples, lithologically or mineralogically distinct domains
Ivere separated for geochemical analysis (see Appendix C). These consist of clasts
or matrix extracted from breccias, small-scale mineralogical variations which may
represent differences in intensity or type of alteration, and bedding in metasedi-
ments. Geochemically distinct separates from the same hand sample are linked by
dashed tie lines.

Plagioclase-layered rocks characterized by 'Tuttle' deformation lamellae, con-
sisting of rutile trails (see 5.4. Plagioclase-layered Rocks), occur in units L, 4, L f 70p,
alL}p and 10p. These rocks constitute a sub-category, based on microstructural fea-
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11. Geochemistry

tures, which transgresses lithological units and alteration types. As in chapters 5
and 6, plagioclase-layered rocks are grouped with the unit in which they occur, but
in'order to determine whether they have a unique geochemical signature, they have

been distinguished by a 'prime' attached to the usual symbol for the unit (e.g. o
and o').

Many samples, particularly of altered rocks, contain more than 7To S, preclud-
ing accurate analysis of FeO and Fe2O3/FeO (and H2O; Appendix C). Samples in
which ferrous iron was analysed (with 7 exceptions) contain Fe mainly in the ferrous
state. In view of these observations, and to facilitate comparisons, iron is presented
either as FeO¿, or as io(.FeOt); the latter represents total iron after the subtraction
of an amount of normative pyrite equivalent to the analysed S content (see 11.1.2.
Geochemistry of the Proximal and Distal Alteration Zones).

11.1. Summary of Results.

11.1.1. Geochemistry of Felsic Rocks and Silicic-Feldspathic Á.ltered
Rocks.

Felsic volcanic rocks of units 1 and 4 envelop the distal and proximal alteration
zones and represent the main host rock and precursor to alteration (see 5.1. Location
and Relationships to Stratigraphy). These rocks were defined as 'least altered,,
based mainly on the absence of kyanite, staurolite and gahnite, and the presence of
only minor amounts of sulphide and calc-silicate minerais. Excluding intermediate
to mafic intercalations (1d), the rocks of unit 1 range in SiOz from G0.6-86.g%,

with 'cherty' felsic rocks (1a and lc) constituting the high end of the range, i.e.
ftorn72.4-83.6% with one analysis at 65.9% SiO2 (Figure 11.1, a). Fourfelsic clasts
extracted from matrix-supported breccias (tb) are similar or higher in SiO2 to units
la and 7c, i.e. 81.3-86.9%. There is no well defined correlation between SiO2 and
total alkali content. Cherty felsic rocks have a bimodal distribution; the samples

with the highest SiO2 content (i.e. 78.7-83.6%) also have the highest alkati content
(5-0-7.7%). Alkalis in other cherty felsic rocks range ftorn 2.2-5.5%. In general,
the alkali content is mainly Na2O (Figure 11.1, b). Among cherty felsic rocks (1a
and lc), only one sample contains KzO in eîcess of L.J% (IJ-42-5),, and in ihe high
silica-high alkali subgroup, KzO is always less than 0.3%. All samples of unit 1c

(clast-supported 'cherty'breccias) fall in the high silica-high alkali subgroup, with
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the exception of one strongly mineralized sample (34-7443.5-2;see Plate 5.3, a-b).
A cla.st extracted from the same breccia sample (34-7443.5-1) falls into the high
silica-high alkali subgroup. (Figure 11.1, a; note the tie line linking'x'symbols.)
Despite their high silica contents, felsic clasts extracted from unit 1b have total
alkali, K2O and CaO contents comparable to the lower silica subgroup (Figure
11.1, a-b). Na2O was not detected in two samples of unit 1; these occur on the
periphery of the distal alteration zorte) but texturally and mineralogically resemble

biotite-layered rocks with relatively low modal abundances of calcic plagioclase (i.e.
10 and 30%). Geochemically, they have the features of the distal alteration zone

(see 11.1.2. Geochemistry of the Proximal and Distal Alteration Zones).

Unit 4 ranges in SiO2 from 51.2-78.2%; however, excepting 3 analyses, the other
19 samples havemore than66Yo SiO2 (Figure 11.1, a). Thelowest SiO2 occurs in a

sample extracted from the weakly mineralized ma,trix of a brecci a (34Ã-7644.5-2); a
clast extracted from the same sample contains 78.2% SiO2 (344 -7644.5-7). (Figure
11.1, a; note the tie line linking x' symbols.) Both clast and matrix are characterized

by rutile trails. Total alkali levels in unit 4vary from 1.8-6.8%, encompassing almost

the entire range of the felsic rocks of unit 1. Unit 4 generally has higher K2O/Na2O
than unit 1 and CaO/Na2O similar to hornblende-bearing rocks of unit 1 (Figure
11.1, b). Plagioclase-layered rocks tend to show some of the most potassic and

calcic compositions.

Rocks which were identified on outcrop or in drill core as bleached mafic rocks
contain 63.9-77.2% SiO2, the most siliceous being a sample (H9-52-1) from the core

of a bleached pillow (Figure 11.1, a; see Plate 6.1, c). Bleached mafic rocks have

total atkali contents similar to those of felsic rocks (i.e. 3.2-5.4%),,likewise consisting
predominantly of Na2O (i.e. 3.1-5.0%; Figure 11.1, b). They are more calcic than
most felsic rocks of similar silica content, and slightly higher in CaO/Na2O than
felsic rocks of similar soda content.

Both the high silica-high alkali subgroup of 'cherty'felsic rocks and the clasts

extracted from unit 1b have MgO contents near or below the detection limit (Figures
11.2 and 11.3). Cherty felsic rocks range in FeOl from 0.18-8.73%, and the values

show some correlation with S content (Table C.5) in samples which contain sulphide

minerals. Figures 11.2 and 11.3 illustrate FeO¿'corrected.'by the subtraction of
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Figure 11.1. Alkalis, SiOz and CaO in felsic rocks and silicic-feldspathic altered
rocks.

a. Total.afþlis.(N.32OtK2O weighr7o) ,, a, forr.rion of SiO2 (weighr%). The high
silica-þigh alkali subgroup of-unité la and Ic is hightiltìtea"Uy "'ttti"t n"T¿
boundary.

b. K2O-CaO-NazO (molar) ternary proportions.
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Ti.sy":,11.2;, iu(Feo¡) (weìsht%)=.".;"åion of Mso (weight%) in fetsic and
silrcrc-leldspathic altered-rocks. ia(FeOl) is the iron conterìt afier tÉe subtraction.f normative FeS2 from the analysis. Thé key is same as in Figur" rú. -

normative FeS2 (see 71.L.2. Geochemistry of the Proximal and Distal Alteration
Zones). The remaining iron, ia(FeO¡), is presumably fixed mainly in magnetite
and silicate minerals. Clasts extracted from unit lb have FeO¿ contents of less than
7%.

In terms of both MgO and ia(Fe2¡), felsic volcaniclastic rocks of unit 1.b de-
fine a more restricted range than units 1 or 4 (Figure L1.2). In general, units 1

and 4 are compositionally dispersed. The S contents are mainly low and, hence,
thè subtraction of normative FeS2 has little influence on iron content. Ilowever,
some plagioclase-layered rocks with ¿Tuttle' lamellae contain minor amounts of sul-
phide minerals and, with the subtraction of normative pyrite, they tend to form a
more coherent trend of ia(FeO¿)/MgO ratios below those of the rest of the suite.
(Note the symbols with 'prime'superscripts.) Bleached mafic rocks (Zll¡sr2bf L¡s,
2e/10s) contain S near or below the detection limit (0.04To, Table C.1) andlie at
high iu(Feo1)lMgo values, but still overlap the fields of felsic rocks.

Hornblende-bearing zones were extracted from the typical biotite-layered felsic
rocks of unit 1 and from cherty rocks (1a). In most cases, the hornblende-bearing
separates show lower silica than the host rock and, in all cases, have higher MgO and
ia(FeO¿) (Figures 11.L and 11.2). Ilornblende-bearing samples of unit 1b overlap
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o o' Unit I l14l
+ Unit r-Lblbea¡ine 15)x Unit la,lc (lZ) -' '

Unít lb'(11)'*---- * Udr lb-äúrs t4lO Unit tb-hb-bea¡iís l3l
Unil 2/10s. 2bl10; à"/ro, 1s¡-.-.-+ +, TJîft 4,(Zzi

Figure l1'3' AFM diagram (weight pro^portions) for felsic and silicic-feldspathicaltered rocks. ¡:NazO{KzO, r:i"1ruOr), M:IíI;ô.õ;i; ;iå;;; ;ä rhoteiiticboundary from Irvine and Bu,rãg", (1.gT1)."" 
- - -'-o-'

the low silica end of the field defined by the unit and are generãlly higher in MgO and
FeO¿' Hornblende-bearing separates from unit 1 show a weak tendency to higher
co, (o.t-3.2%) than other hornblende-bearing sampres (0.L-0.2%)and, higher coz
than unit 7 (0-7-I%). A textural correlation is apparent in that the hornblende in
the high-CO2 rocks consists of statically crystallized acicular prisms and shows
leucocratic halos to the biotite layering (see 3.1. Description of Lithological Units).
Two hornblende-bearing samples of unit 4 consistently plotted within the fields
defined by other samples of the same unit and were not distinguished from the rest
of the unit.

The AFM diagram (Figure 11.3) summarizes some of the geochemical fea-
tures discussed above. The felsic rock units lie mainly within the calc-alkaline field
(Irvine and Barager, 1971), with overlap into the tholeiitic field mainly confined to
hornblende-bearing felsic rocks and altered mafic rocks. The high silica-high alkali
subgroup of cherty felsic rocks, as well as clasts from unit lb, lie near the alkali
apex of the triangle. The low ia(Fe?l)lMsO ratio of plagioclase-layered ¡ocks
places them well into the calc-alkaline field. (Note ,prime'superscripts.)

Figure 11.4 illustrates the overall positive correlation between Ti02 and AlzOs.
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Figure 11.4. TiOz (weisht%) as a function of
silicic-feldspathic alterèd rõcks.'

Despite the occurrence of abundant rutile trails, plagioclase-layered rocks cannot
be distinguished from other felsic rocks on the basis of whole-rock TiO2 values.
Bleached mafic rocks (2170s,,2bf L0s,2e/10s) tend to have slightly elevated TiO2;
however, a large degree of overlap with felsic rocks is apparent.

Felsic rocks at the Linda deposit have low values of log ZrlTiO2 (Figure 11.b,
a')' For example, units la and 1c, which fatl ir¡ the rhyolite field of Floyd and
winchester (1977) in terms of sio2, have only srightly higher rog h/Tio2 than
units 1 and 4, u'hich lie mainly in the field of dacites and rhyodacites. Altered
mafic rocks have significantly lower log Zr lTiO2 than the felsic rocks; they have
SiO2 levels of dacites and rhyodacites, but logZr/TiO2 indistinguishable from the
mafic rocks of unit 2 with which they are associated (see Figure 11.1g, a).

Most samples of unit 4 contain vanadium in excess of 20 ppm, regardless of their
major-element composition (Figure 11.5, b). Vanadium is similarly high in samples
of unit 1 from the same stratigraphic position as unit 4, i.e. high in the stratigraphy
either as intercala.tions or immediately below unit 4. The B samples of unit 4

which contain less than 10 ppm V occur as isolated enclaves of quartz-megaphyric
felsic rocks at other stratigraphic levels. One sample (80-1138-1) originates from
below the distal alteration zorreland 2 samples (34-1834.5-1, g1-g8g.5-1) represent
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Figure 11.5. Trace-element signature of felsic and silicic.feldspathic altered rocks.
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b. V (pp*) as a function of iu(FeO¡) (weight%).
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intercalations of unit 4 in the overlying intermediate to mafic rocks of unit 6. The
V-rich felsic rocks overlie the mafic rocks of unit 2 and, laterally and down-dip, an
abrupt contact with underlying felsic rocks of low (<15 ppm) V apparently passes
through the upper part of the proximal alteration zone (see Figure 11.20 and II.2.2.
Vanadium and Zrf TiOz in Quartz-megaphyric Felsic Rocks). Note that the high V
leveis also occur in all surface samples of unit 4, along-strike to the northeast and
on the northwest side of the Anderson Bay structure, as well as in the single sample
of the quartz-megaphyric rocks of unit 7 (J8-23-1; Table C.5). Silicified mafic rocks
typically contain V at levels similar to those of unit 4.

LL.l.2. Geochemistry of the Proximal and Distal Alteration Zones.

Geochemical samples from the proximal and distal alteration zones include the
following units: incipiently altered felsic rocks (1/10d, 1b/10d, llr¡p,,1b/10p); al_

tered quartz-megaphyric rocks (alL}p); muscovite-staurolite-gahnite schists (1¡pa,
10da); and the predominant schists of the alteration uones (10d, 10p). Note that unit
al70p includes intensely altered rocks and that the precursor lithology is recogniz-
able by virtue of the resistance of quartz megacrysts to alteration and deformation.
The samples range in silica content from 31.g-gg.0% (Figure 11.6, a). Two sam-
ples of selvedges to quartz veins (24-277.5-1,80-1571.5-1; Table C.5) in the distal
alteration zone have silica contents which are significantly lower than the rest of
the zone, i.e. 31.9 and 52.470 as compared to a minimum of 6T.B% in other samples
of the distal zone- The selvedge samples are chemicaliy anomalous in most major
elements and were treated as a subgroup. The proximal alteration zone generally
shows a wider compositional range than the distal zorre) and this broad spectrum
can, in part, be related to the greater variety of primary lithological types. Most
of the samples defining the low silica end of the range (i.e. 1..55%) are mineral-
ized metasediments in the proximity of the graphitic metasediment (unit 3) and are
associated with massive sulphide bodies. For example, three separates extracted
from 24-812 (note linking tie lines) represent different beds defined by changes in
the abundance of pyrite, kyanite, tourmaline and phyllosilicate minerals (see plate

5.3, f). If these metasediments formed as primary sulphidic chemical sediments,
they did not require a precursor to act as a substrate for alteration. If they formed
by hydrothermal alteration of a pre-existing sediment or tufi, then their precursor
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lithology has not been identified.

Altered rocks in the distal alteration zone have lower NazO+KzO than the
proximal zone and are characterized by low contents of Na2 O and CaO (Figure 11.6,

a and b). Most samples from the distal zone have Na2O below the detection limit
(0-5%, Table C.1). In most cases, samples with slightly elevated contents of CaO
(i.e. >.50%) contain either margarite or garnet. The single sample from the distal
zone which has 2.970 Na2O and 1.80% CaO (80-i I76-L) has undergone retrogression
and contains sericitic pseudomorphs of porphyroblastic minerals. Samples from the
periphery of the zone (unit 1/10d) have higher levels of Na2o and Kzo.

Both the distal and proximal zones contain similar levels of K2O; however,
the proximal zone extends to higher values of up to 3.49%. The proximal zone is
significantly more sodic and mo¡e calcic, showing little compositional overlap with
the distal zoîei this might be expected from the modal abundance of paragonitic
muscovite and piagioclase in the former, as opposed to chlorite in the latter (Table
4.1). \ /ithin the proximal zorte) 3 separates from metasediment sample Z4-8I2 arc
notably high in NazO. Other low silica samples (those with less than 68% SiO2),
including some metasediments, contain more than2.5Yo K2O and have Na2O and
CaO generally comparable to that of most other samples from the zorte. Rocks of
units 4110p,1/10p and 1b/10p tend to have higher proportions of CaO than unit 10p

(Figure 11.2, b). Plagioclase-layered rocks with rutile trails ('prime' superscript)
tend to have the highest levels of CaO and comprise most of the samples plotting
above a molar ratio of CaO lK2O:2.

Units 10da and 10pa define a combined trend lrom 62.4-82.7% SiO2 at low
CaO and moderately low Na2O (Figure 11.6). K2O occurs mainly in the range of
0.5-3.5%. These core units in each alteration zone appear to form a chemically
coherent group apparent in most of the variation diagrams. In the distal zone, unit
10da is enriched in Na2O with respect to most of the enveloping altered ,o.kr.

The distal alteration zone contains significantly higher levels of MgO than the
proximal zorte) with very little overlap at equivalent levels of SiOz (Figure 11.2).

The core zones (10da, 10pa) are distinguished by relatively low MgO independent
of SiOz, and by a narrorry range of FeO¿ negatively correlated with SiOz. As might
be predicted from the occurrence of gahnite, the core zones show high values o1 Zn
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Figure 11-6. Alkalis, SiO2 and CaO in the distal and proximal alteration zones.

a. Total {ka-lis -(Na2O+K2O weight%) as a function of SiOz (weieht%). Alkaline
and sub-alkaline boundary from Irvine and Barager (1921). '

b. K2O-CaO-Na2O (molar) ternary proportions.
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Figure 11.7. MgO (weight%)
proximal zones. The key is the,

(Figure 11.8, a), from 1500 to more than 10000 pp* in 10pa, and at least g00 ppm
in 10da' Two samples of unit 10p piotting within the field of 10pa are enveloped
(ph.vsically) by 10pa, but contain either sphalerite or zincian staurolite, rather than
gahnite' As determined by microprobe mineral analyses (see g.1.8. Staurolite and
Gahnite), many altered rocks contain zincian staurolite, and this is reflected in
slightly higher Zn contents of the whole-rock samples.

NIuch of the FeO¿ in altered rocks, particularly in the proximal alteration zotte,
occurs in sulphide minerals (Table 4.1). Geochemicatl¡ this is reflected in a general
positive correlation between FeO¿ and S shown by the units (Figure 11.g, b). Units
10d and LlL}d do not show a trend, consistent with the petrographic observation
that most of their Fe occurs in silicate minerals or (less commonly) in magnetite.
Superimposed on Figure 11.8b are lines for FeS2 and FeS, representing the compo-
sitions of stoichiometric pyrite and triolite. Samples lying on the pyrite line could
have their entire Fe and S contents accounted for by pyrite, especially as sulphide
minerals containing base metals other than Fe are not abundant. For example, this
suggests that the difference in Fe and S between the clast (zzL-1752-2) and the
mineralized breccia (22A-1752-1) from which it was extracted (see plate 5.3, c),
could be due mainly to difierent abundances of pyrite. (Figure 11.8, b; note the tie
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b. S (weig\t7g) as a function of FeO¿ (weight%). Lines equivalent to FeS2 and
FeS are indicated.
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line linking '*' symbols.) Samples lying above the pyrite line contain S in excess of
that which could be combined with Fe in a 2:1 molar ratio, probably due to analyti-
cal error. (The caiibration limit for S was 3% (Table C.1); therefore the high values

may be inaccurate.) Samples below the pyrite line could have their FeO¿ contents
fixed in a combination of sulphide, silicate, and oxide minerals. Samples which can
be linked by a tie line with the same slope as the pyrite line could have the differ-
ence in their Fe and S contents accounted for by different normative abundances of
pyrite. This suggests that it may be useful to project to an intercept value on the
x-axis by subtracting S and Fe equivalent to normative pyrite from the analyses.

This effectively compensates for the compositional dependency between Fe and S,

especially in view of the observed dominance of modal pyrite over other sulphide
minerals in the suite, The Fe-intercept value, ia(FeO¿), thus derived shows little
or no correlation with SiO2; in contrast to the negative correlation shown by FeO¿.

The zincian core zones have ia(FeO¿) mainly between 0 and 2 (FeO¿ ranges from
1-12.5), suggesting that the difference in FeO¿ between and within 10pa and 10da
can be attributed to variations in the abundance of pyrite. The distal zone (10d) has

higher vaJ.ues of ia(FeOr) than the proximal zone (tOp) at equivalent SiO2 and, the
values of ia(FeOt) in the distal zone are generally only slightly lower than the val-
ues of FeO¿. This reflects the generally low S and sulphide mineral contents typical
of the distal zorre- In contrast, the proximal zone has notably lower iu(FeO¡) than
FeO¿, and some samples, particularly metasediments and other low silica samples,

tend to cluster near zero.

Figure 11.9 compares the relationship between FeO¿ and MgO with that be-
tween iu(FeO) and MgO in the altered rocks. FeO¿ shows essentially no correlation
with MgO; in contrast, the intercept value, iu(FeO),, shows a positive correlation
with MgO. The ia(FeO1) intercept value is effectively an estimate of the amount
of Fe in the bulk rock available to silicate and oxide minerals. The distal and prox-
imal zones are similar in ia(FeO¡)lMgO, but the distal zone is enriched in both
iu(FeOl) and MgO with respect to the proximal zone. Note also that the field of
the distal zone is simiiar in absolute value and shape in both figures (Figure 11.g,
a and b), and the positive correlation (Figure 11.9, b) is entirely due to the shift of
the proximal zone (especially of high FeO¿ samples) toward. zeto. The zincian core
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is the same as in Figures 11.8'and 11.10. The selvedg" ru.-^pl"r lie at valu"r U.y""ä
the range of the figures.

a. FeO¿ (weight%) as a function of MeO (weight%).

b. iv(Feot)-(weight%) as a function of Mgo (weight%). iu(Feol) is the iron
content after the subtraction of normativi Fis2 fiom ihe aialysiÁ.
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AM
FigureLL.L0. AFMdiagram(weightproportions)inthedistalandproximalzones.
A:NazO*KzO, F:ia(FeOt), M:MgO. Calc-alkaline and tholeiitic boundary from
Irvine and Barager (1971).

zones (10da, 10pa) are chemically indistinguishable when 'corrected'for normative

pyrite. Note that they shift from FeO¿-rich compositions (Figure 11.9, a) to com-

positions clustering near or below a molar ratio of ia(Fe?l)lMgO:l (Figure 11.9,

b).

Figure 11.10 illustrates the relationships of altered rocks in terms of AFM com-

ponents, r,r'ith the F-apex represented by io(F.gt). The subtraction of normative

pyrite from the analyses shifts most of the altered rocks, especially those of the prox-

imal zone, into the calc-alkaline field. Many analyses of the distal zone, including

the 2 selvedge samples, lie within the tholeiitic field. The distal zone straddles the

field boundary between tholeiitic and calc-alkaline and does not show systematic

variations. In contrast, the proximal zone approximates a fcalc-alkaìi¡1s'trend and

the zincian core zones (10pa, 10da) show high proportions of alkalis.

TiOz and AI2OB in altered rocks generally define a positive correlation with

considerable scatter, particularly at high levels of TiOz and Al203 (Figure 11.11).

The single analysis from the distal alteration zone with 0.57% TiOz was derived

f¡om the sample which had undergone retrogression (80-1176-1). Plagioclase-layered

rocks with rutile trails show both high and low values of TiO2 and TiO2/AlzOs.
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Figure 11.11. TiO2
proximal zones.

Low silica metasediments have high values of AI2OB and define a trend of positively
correlated TiOz and AlzOs.

LogZt lTiO2 ranges from about -1.8 to -L. in the distal alteration zone (Figure
tL.Iz, a), approximately coincident with the range of felsic rocks of units 1, la, 1b

and 1c (compare Figure 11.5, a). Selvedge samples lie within the same range of log
Zr f TiO2., albeit at much lower values of SiOz. Units 10p and 1/10p of the proximal
zone have log Zr/TiO2 mainly from -1.65 to -1.4, with some samples showing higher
or lower ratios. The zincian core zones define the narrowest range of log h f TiO2,
from -1.6 to -1.45. Significantly lower ratios of log ZrlTiO2 (mainly from -2.1 to
-1.6) are found in quartz-megaphyric rocks of unit 4ll0p, showing little overlap

with the rocks of the proximal zone. The samples of units 1/10p and 10p having
IoghlTiO2 similar to that of unit all}p (less than -1.6) are all closely associated

with 4/10p, originating from the same stratigraphic level.

Vanadium in altered rocks shows the same cor¡elation with stratigraphy as

noted for felsic rocks. Relatively high levels of V (in excess of 20 ppm, Figure LL.!z,
b) occur throughout unit alL}p and in samples of units 10p and 1/10p from the
same stratigraphic position. V enrichment shows a correlation with low values of
log Zr/TiO z, i.e. all samples with more than 20 ppm V have log h lTiO2 of less
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than -1.6 (Figure 11.12, a). Vanadium occurs in concentrations of 46-280 ppm

in samples of graphitic metasediment (34-1498.5-1), associated semi-massive sul-

phide (34-1525.5-1) and schistose intercalations in graphitic metasediment (19-848-

1). This appears to be a localized enrichment, as the enveioping schists, including
some metasediments, have low levels of V (see Figure 11.20).

11.1.3. Geochemistry of Calc-silicate Rocks.

Concordant calc-silicate rocks closely associated with the proximal and distal
alteration zones (i.e. units 7f 10c,1b/10c, alL}c) range in SiOz mainly from 5b.g-

73.7% (Figure 11.13, a). One sarnple wifh 77.0% SiOz is from a clast (24-624.5-L)

extracted from a calc-silicate bearing breccia (24-624.5-2) (Note tie line linking '*'
symbols.). Drill-core samples of calc-silicate rocks generally contain L.46-.6.56%

KzO. Static calc-silicate rocks (unit 10i) and calc-siiicate altered mafic rocks (units
2170e and 6/10e) tend to be less siliceous and potassic, and significantly more calcic

and magnesian than concordant caic-silicate rocks (Figures 11.13 and 11.14). Two
samples of unit 10i containing more than 3To K2O have abundant biotite. High
values of CaO in unit 10i correlate with high values of COz (>1.0%) and with
the presence of calcite as an accessory mineral (Table 4.1). This also applies to
calc-silicate altered mafic rocks, particularly unit 2f 70e, which ranges in CaO from
8.60-23.85%. The distinctive whole-rock compositions of various types of calc-

silicate rocks are apparent in an AFM projection (Figure 11.15); units 2/10e, 6/10e
and 10i lie almost entirely in the tholeiitic fieid, and unit 10i is characterized by

high proportions of MgO. Units 4lI\c and 1/10c lie mainly in the calc-alkaline field.

The values of log ZrlTiO2 (Figure 11.16, a) and V (Figure 11.16, b) in calc-

silicate rocks follow the same stratigraphic pattern as observed in felsic rocks and

rocks of the proximal zotte) thus, low log h lTiO2 and high V are associated with
ttnit 4f 70c and with other lithological units from the same stratigraphic level. This
correlation applies equally to unit 10i, despite the petrographic observations which

suggest post-kinematic metasomatism (see 6.2.2. Static Calc-silicate Alteration).
Note also that unit 4110c defines a trend of positively correlated SiOz and log

hlTio2 (Figure 11.16, a). In contrast,units 4(see Figure 11.5, a) and 4/10p (see

Figure LI.LZ, a) do not show any obvious correlation, although they have similar
ranges of log h lTiO2 and SiOz to 4f 70c.
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Fig_Yre^11:1!._ AqM 4iagram (weight proportions) for calc-silicate rocks.
A:NazO*KzO, F:ia(FeOr), M:MgO. Calc-alkaline and tholeiitic boundary from
Irvine and Barager (1971).

11-.L.4. Geochemistry of Mafic Volcanic Rocks.

N{afic volcanic rocks of units 2, 2a, 6, 6a and 1d fall mainly in the field of
sub-alkaline basalts and andesites (Figure 11.17), as defined by Irvine and Barager

(1971), and on both sides of the boundary between high-alumina and tholeiitic
basalts proposed by Kuno (1968). The mafic rocks of unit 2 which plot above

Kuno's boundary contain 16.6-19.5% AlzOs; those below the boundary contain

L6.2-16.8% AlzOs. For comparison, note that Skirrow (1937) defined basalts which

exceeded 17% LI2O3 as'high-alumina'.

Unit 1d has SiOz and total alkali contents typical of andesites and basaltic

andesites (Cox ef a1.,L979). Unit 6 consists mainly of basalt and basaltic andesite,

but 3 clasts extracted from volcaniclastic rocks have basaltic andesite and andesitic

compositions. (Figure 11.1?; Note tie lines linking 'o' symbols.) A single sample

with 60.1% SiO2 represents a local more felsic variety of unit 6. On average, unit 2

is slightly lower in SiOz than unit 6, particularly as some of the low SiOz samples

of the latter represent separates of the matrix of volcaniclastic rocks.

In an AFM projection (Figure 11.18), units 2 and 6 lie mainly in the tholeiitic
field, in common with the Hangingwall Andesite at the Anderson Lake mine, the
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11. Geochemistry

Threehouse Basalt (\Malford and Franklin, 1982) and mafic flows in the Edwards

Lake area (Skirrow, 1987). Unit ld and clasts and felsic intercalations in unit

6 lie mainly in the calc-alkaline field. The fields of silicic (10s) and calc-silicate

(10e) altered mafic rocks are shown for comparison. Silicic alteration shifted the

compositions toward the alkali apex. Calc-silicate altered rocks have been shifted

au¡ay from the alkali apex; however, note that the compositions of tless altered'

mafic rocks, extracted from the same sample, are the only analyses of unit 2 which

lie in the calc-alkaline field. (Note the tie lines linking'#'symbols with the dotted

calc-silicate field.)

LogZrlTiOz in units 2 and 6 varies ftorn-2.4 to -1.9 (Figure 11.19, a). Sepa-

rates of both clasts and matrix iie within the same range; however, several samples

in which Zrwas not detected arenot plotted (Table C.5). Theva.lues are similarto
those of silicified mafic rocks and lower than those of most other felsic (see Figure

11.5, a) and altered rocks (see Figure 11.16, a). The lowest values of iog ZrlTiO2
occur in unit 1d, one sample having a value of. -2.42 and 2 other samples having

Zr belou' the detection limit (20 ppm; Table C.1). Vanadium in mafic rocks ranges

mainly from 180-330 ppm and shows a positive correlation with io(F"gt). Unit
2 contains somewhat higher levels of V than units 1d and 6, i.e. mainly 280-330

ppm. These levels are significantly higher than those of V-rich felsic and altered

rocks which rarely contain more than 200 ppm V (see Figures 11.5, b and 11.16, b).

Silicified mafic rocks contain 36-55 ppm V, with one exception having 230 ppm.

L\.2. Discussion.

LL.2.L. Silicic-Feldspathic Alteration and Metamorphic Segregation.

The high silica contents of units 1a and 1c, and of clasts extracted from unit

1b, exceed the range typically accessible to differentiation by magmatic processes

(t.g. Cox ef aJ., 1979) and, thus, suggest that the rocks were subject to some

other mechanism of silicic enrichment. Units 1a and lc are nearly massive and

show little or no evidence of metamorphic segregation or fabric development. The

sulphide mineralization and Fe-Mg-Zn hydrothermal alteration in brecciated cherty

rocks (1c) is fracture-controlled and apparently cross-cuts silicic-sodic alteration (see

5.3.2. 'Cherty' Felsic Rocks and Brecciated Equivalents and 8.1. Synvolcanic Set-

ting). The stratigraphic, structural and petrographic relationships suggest that the
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11. Geochemistry

silicic-sodic alteration preceeded the main sulphide mineralization and hydrother-
mal alteration, although cyclicity is not precluded.. The highly sodic composition
of the cherty felsic rocks with the highest silica contents could be the result of
near-seafloor synvolcanic silicification and spilitizalion (e.g. Múnha eú a,1., 1g80).

Bleached mafic rocks also have compositions consistent with siiicic and sodic
enrichment and their alteration is interpreted to have been synvolcanic. Litholog-
ically and chemically, they are similar to silicified mafic rocks south of the Chisel
Lake mine (Skirrow, 19S7). Skirrow (19S7) attributed silicification of mafic flows
to a near-seafloor process occurring soon after their emplacement. This may also
apply to silicified fl.ows observed northeast of the Rod minesite (Hg-52-1; see plate
6.1, c). At the Linda deposit, silicification of mafic rocks of unit 2, as intersected
in drili core (see Plate 6.1, a), is related to the contact of the unit with felsic rocks.
In the Matagami area, Quebec, MacGeehan (1977) reported silicification of basalt
adjacent to the upper and iower intrusive contacts of gabbroic sills. Skirrow (1gg7)
related silicification of volcaniclastic breccias to synvolcanic felsic intrusions em-
placed 0.3-2 km below the seafloor surface. At the Linda deposit, intrusive rocks
have not been recognized and the alteration may be more directly related to the
synvolcanic hydrothermal system.

Geochemically, it would be extremely difficult to distinguish the silicified maûc
rocks from felsic rocks on the basis of major-element composition. It is interesting
that alteration of cherty felsic rocks (in which the precursor was interpreted to
have had a felsic composition similar to that of the host rocks) achieved distinctly
higher levels of SiOz and Na2O than in altered mafic rocks. Skirrow (1gBZ) likewise
reported a maximum of 83.22% SiO2 in a silicified felsic rock, and a maximum of
73.06% in a silicified mafic rock. It may be that some natural limit exists, governed
by the initial proportion of immobile major elements, the available void space, and
allowable volume changes.

At the Linda deposit, the Zr lTiO2 ratio of silicified mafic rocks was apparently
preserved during the alteration process. The higher \og ZrfTiOz of felsic rocks
interpreted to have undergone silicic enrichment supports the conclusion that these
rocks had felsic precursors and are not likely to be the silicified equivalents of any
of the observed mafic rocks. In some cases, Zr and TiO2 have been interpreted as
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relatively immobile during hydrothermal silicification (e.g. Skirrow, 1g8Z; Vivallo,
1987). However, Skirrow (1987) concluded that the distribution of silicic a.lteration
showed a correlation with primary geochemical composition. He attributed values of
log h lTiO2 o1 -7.7 to -7.4 in siiicified mafic rocks and of -2 to -t.T in rleast-altered'

mafic precursors to magmatic differentiation and subsequent selective alteration.

The compositions of breccias of unit 1b may partly reflect segregation of clastic
material by fragmentation, transportation or depositional processes; however, the
compositions of extracted felsic clasts also indicate silicic enrichment. The matrix
of these breccias is not obviously altered and it may be that the clasts were altered
prior to incorporation in the breccias. However, despite their high silica content,
the ciasts are significantly lower in Na2O and higher in CaO than spilitized-silicified
cherty felsic rocks and, thus, apparently underwent some difierent mechanism of sil-
ica enrichment. The breccias of unit 1b typicatly show well developed metamorphic
fabrics, defined by a schistose phyllosilicate-rich matrix and granoblastic quartzo-
feldspathic clasts (see 5.3.3. Matrix-supported Volcaniclastic Breccias). Metamor-
phic differentiation commonly involves silica migration (see 7.8. Fabric Formation),
and in the case of the breccias, silica may have migrated from the matrix to cre-
ate or enhance the quartzo-feldspathic domains in pre-existing clasts. According
to this interpretation, as regards dynamometamorphism, the crucial difierences be-
tween cherty felsic rocks (la and lc) and felsic breccias (lb) would be in the avail-
ability of hydrous phyllosilicate minerals, the presence of initial heterogeneity in
their distribution, and the relative competency of rock domains. The creation and
enhancement of siliceous domains by metamorphic processes has been previously
documented (Beach and Jack, 1g82; Beach, LgTg; Robin, rglgi Beach and King,
1978; Kerrich, 7977). However, my interpretation implies that silica enrichment
and migration effected a chemical modification that was parasitic on pre-existing
primary structures. It also implies that, in some cases, it may be possible to dis-
criminate metamorphic silica-gain from synvolcanic alteration on the basis of NazO
content.

The general compositional ranges and the compositional scatter of units 1 and
4 indicate that most of the sampies are unlikely to represent igneous compositions
and, hence, unaltered precursor rocks are probably not represented. For example,
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igneous differentiation typically produces positively correlated trends between SiOz

and alkalis (McBirney, 1984), trends not observed in the Linda suite. Felsic volcanic
rocks, particularly felsic glasses, are notably susceptible to alkali exchange which
apparently occurs through mechanisms of hydration and diffusion which need not
involve hydrothermal fluids (Fisher and Schminke, 1984; Scott, 1971). The com-

positional scatter at the Linda deposit, particularly the overlap with cherty felsic
rocks, illustrates the difficulties inherent in the identification of silicic-feldspathic
alteration on the basis of hand-sample examination and petrography in metamor-
phic rocks. Note also that the siiica content of unit 4 is partly determined by the
proportion of quartz megacrysts and, that with partial or complete recrystalliza-
tion and the development of quartz pressure shadows, the proportion of primary
phenocrysts cannot be accurately estimated.

LL.2.2. vanadium and zrf Tio2 in Quartz-megaphyric Felsic Rocks.

The correlation between high V and low ZrlTiO2 in unit 4 (and other units
stratigraphically associated with unit 4) occurs consistently throughout the 'least-
aitered' rocks and their altered equivalents, including both Fe-Mg and calc-silicate
alteration (Figure 11.20). The distinctive geochemical signature correlates predomi-
nantly with a particular stratigraphic interval, rather than strictly wiih a lithological
unit, or type or intensity of alteration. Down-dip of the mafic rocks of unit Z, the
lower contact of the interval can be traced as a change from felsic or altered rocks
with less than 15 ppm V to those with 20-320 pp- V. (The detection limit was 5
ppm (Table C.1).) The resolution of the contact is dependent on the spacing be-

tween samples. The contact passes through altered rocks approximately 30 metres
above the graphitic metasediment, and continues down-dip through the enclave of
less intensely altered rocks around which the proximal zone bifurcates. These ob-

servations are interpreted as evidence for the origin of high V and low Zr lTiO2
as a primary magmatic feature which was preserved throughout the subsequent

hydrothermal and metamorphic history.

The chemical concordance of post-kinematic calc-silicate rocks of unit 10i with
their host rocks in terms of V and loghlTiO2 suggests either that unit 10i was em-

placed by metasomatic replacement of the host rock without extensive void-filling,
or that Y ,, Zr and TiOz were sufficiently mobile to impart the same signature to the
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Figure 11.20.,The distribution of correlatq4 hieh V and lou,log i,r_lTiO2 in felsicrocks associated with unit 4 in section C-C'. fri-ii"r dË"iù;ti"ålrä.fir"d iosection A-A',and il,.1l",surface geology. The distjnctive trace-.1"-""tìignatur;
occurs regardless of lithology, typé or intensity of alteration.
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metasomatic fluid. Petrography indicates that most samples of unit 10i represent

various intensities of wall-rock alteration adjacent to a thin zone (<1cm) resem-

bling a vein (see 6.2.2. Static Calc-silicate Alteration). Unit 10i is volumetrically

minor in comparison to the host rock and, presumably, the parent metasomatic

fluid could have acquired some trace and minor element characteristics of the host

rock without causing a perceptible host-rock depletion. Skirrow (1987) reported

possible mobility of Zr and TiO2 in the case of high pco, gradients. Experimental

studies and case studies of seafloor alteration of basalts have concluded that V is
immobile during hydrothermal alteration, even at high water/rock ratios (Seyfried

and lVlottl, 1982; Mottl et a), 1979; Humphris and Thompson, 1978). In altered

metarhyolites and metabasalts in the Boliden-Långdal area, Sweden, Vivalio (1987)

reported only minor mobility of V with respect to TiO2, which tryas assumed to have

been immobile.

The whole-rock compositions of unit 4 apparently represent a less differentiated

magma than that represented by felsic rocks lower in the section. The low ZrlTiO2
ratios at the Linda deposit are due to a combination of relatively low Zr with
moderate levels of TiO2. For example, TiO2 concentrations are generally lower

than in felsic intrusions in the Edwards Lake area characterized by Skirrow (1987)

as 'high-Ti02' (0.39-0.77%), and. Zr concentrations are lower than in his suites of

felsic intrusions (85-140 ppm).

The same geochemical signature of high V and low log h lTiO2 is found in
unit 4 on the northwest side of the Anderson Bay structure and, thus, stratigraphic

correlation of quartz-megaphyric rocks on each side of the structure is not pre-

cluded on geochemical grounds (see Figures 2.2 and 3.1). The occurrence of the

same geochemical features in unit 7, interpreted to be higher in the stratigraphy

on the southeast of the Anderson Bay structure, suggests that V-rich felsic rocks

may occur on more than one stratigraphic horizon. The average V content and log

hlTiO2 values of 32 samples of the Sneath Lake intrusion are 47 ppm and -1.78,

respectively (Walford and Franklin, 1982; Note that they refer to the Sneath Lake

intrusion as rtonalite intrusion'.). These values are within the range recorded here

for unit 4. Walford and Franklin (1982) proposed this body as the intrusive equiv-

alent of quartz-megaphyric volcanic rocks in the area. The average values of V and
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log Zr lTiO2 for the Footwall Felsic and Hangingwall Felsic units at the Anderson

Lake mine are 50 ppm, -1.65, and24 ppm, -l.62,respectively; for the Footwall Felsic

unit at the Stall Lake and Rod mines, the corresponding values are 5 ppm, -1.52

(ibid.). As these are averaged values and may represent a relatively wide strati-

graphic interval, detailed comparison with the Linda deposit is difficult. However,

lValford and Franklin (1982) attributed a correlated increase in TiO2 and V con-

centrations toward the orebody at the Anderson Lake mine to enrichment during

hydrothermal alteration. If the alternative interpretation proposed here is correct

(i.t. that the high V and low ZrlTiO2 preserve a memory of primary magmatic

compositioo), V concentration and ZrlTiO2 ratio in felsic and altered rocks could

provide a geochemical tracer for primary stratigraphy in altered rocks.

1L.2.3. Distal and Proximal Alteration Zones.

The calc-alkaline AFM trend followed by hydrothermally altered rocks is com-

mon to the footwall alteration of many volcanogenic massive sulphide deposits (Wal-

ford and Franklin, 1982; Riverin and Hodgson, 1980; MacGeehan, 1977). The er-

ratic fluctuations of alkalis in most felsic rocks at the Linda deposit suggest alkali

mobility and it may be that the calc-alkaline trend of these rocks is partly the result

of alteration. This is certainly so for the silicified felsic and mafic rocks. Walford

and Franklin (1982) reported calc-alkaline compositions for altered and less altered

felsic rocks in the Snow Lake region, including the Sneath Lake tonalite which they

considered likely to be representative of primary magmatic compositions. The calc-

alkaline trend of the distal and proximal alteration zones can be explained by the low

alkali-high MgO+iu(.FeO¿) composition of the former, and relatively high alkali-low

MgO+i?r(FeO1) of the latter. The two zones are similar in iu(FeOr)/MgO, but the

distal zone has some ia(FeOl)-rich parts. With respect to chalcophile elements, the

most important difference between the zones is the high S content of the proximal

zone relative to the distal zone.

The proximal alteration zone is hosted by a variety of lithological precursors

(1, la, lb, 4) and includes rock types with various petrogenetic backgrounds, e.g.

sulphidic and graphitic metasediments, void-frlling mineralization in breccias, and

hydrothermally altered rocks (see 5.3. Proximal Alteration Zone and Associated

Rocks). The alteration was at least partly multi-episodic and presumably involved
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various types of hydrothermal, and possibly, low temperature fluids. For example,

silicic and albitic alteration of felsic rocks preceded sulphide mineralization and Fe-

Mg alteration. This complex history is reflected in the broad compositional range of
the zone, which contrasts with the relatively iight definition of compositional fields

by the samples representing the distal zone. Chemically and lithologically, the
distal zone forms a much more coherent and homogeneous suite, possibly reflecting
a simpler evolution involving only Fe-Mg alteration of felsic precursors.

The higher abundance of micas in the proximal zone relative to the distal zone

is mainly a function of higher Na2 O, as both zones contain similar levels of K2 O . The
high Na2O of muscovite and biotite is not detectable optically, and petrographic
examination alone could lead to the erroneous interpretation of the proximal zone

as K2O enriched (Zaleski and Halden, 1988). The distal zone is strongly depleted

in Na2O and CaO, and enriched in FeO¿ and MSO; hence, it resembles footwall
alteration associated with other volcanogenic massive sulphide deposits (Riverin
and Hodgson,!977; Franklin et a|.,1981). As intersected by drilling, it is notably
low in S and high in iu(FeO¿). If this zone represents a conduit (Model 21 see

3.2. The Linda Hydrothermal System), the stringer mineralization typical of such

zones (Lydon, 1988) has not been intersected. The lower semiconformable zone

at the Anderson Lake mine is compositionally zoned from a Na2O-depleted lower
interval to an upper interval with sporadic Na2O enrichment, locally in excess of
3% (Walford and Franklin, 1982). Stauroiitic rocks, on the periphery of the semi-

conformable zone have erratic Na2O distribution from less than 7% to more than
2% (ibid.). In contrast, the distal zone at the Linda deposit is uniformly depleted

in Na2O and has a narrov¡ transitional zone (7170d) of increasing Na2O toward the
enveloping calc-silicate bearing felsic rocks (1/10c, 1b/10c). The proximal alter-
ation zone is more sodic and calcic than the distal zone) and this may be related to
interaction with seawater at or near the depositional surface. At least some of the

metasediments formed in a euxinic basin, suggesting that the hydrothermal fluid
may have been sufficiently dense to form a bottom layer or a brine pool (Costa eú

aJ.' 1981; Sato, 7972). Alternatively, by analogy with active hydrothermal vents

observed on the seafloor (Lydon, 1988; Bäcker et aJ.,, 1g85; Ballard et aJ.r 1984),

mixing between exiting hydrothermal fluid and seawater may have induced the pre-
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cipitation of minerals. Calcite has already been proposed as a possible source of Ca

now bound in metamorphic margarite and plagioclase. Anhydrite and epidote may
be less likely in the protolith in view of the association, at least in some cases, with
graphitic metasediment. However, anhydrite occurs in seafloor hydrothermal vents

and chemical disequilibrium is common among hydrothermal products in active
systems (Lydon, 1983).

In both alteration zones, the geochemical similarity of the zincian-rich core

zones (10da, 10pa) suggests that some critical similarities are relevant to their
mode of origin. In view of the geochemical and petrogenetic contrasts between

the distal and proximal zones, and as the core zones were defined on the basis of
metamorphic parageneses, their similarities may be partly due to the metamor-
phic processes which allowed the formation of gahnite and zincian staurolite. The
zincian bulk-rock compositions are probably a primary synvolcanic feature. The oc-

currence of sphalerite in the proximal core zotte) in some cases in enclaves without
gahnite and in graphite-bearing rocks, suggests that the gahnite and zincian stau-
rolite bearing rocks represent a Zn-rich volume in which high log lo, and log.fs,
(see 10.1.3. Petrogenetic Grid) were generated during metamorphism. The Zn-
rich bulk-rock compositions have a wider extent than gahnite-bearing rocks and
include the metasediments and massive sulphide lenses in this volume. Sphalerite
may have been a primary precipitate which oxidized to gahnite and staurolite dur-
ing metamorphism. For example, Wall and England (1979) concluded that some

gahnite in metamorphic rocks originated by the interaction of metamorphic fluids
with a sphalerite-bearing aluminous protolith. The isolated occurrence of zincian
bulk-rock compositions in the distal zone is harder to explain, and the possibility of
hydrothermal, diagenetic or synmetamorphic migration of Zn cannot be discounted.

The slightly higher SiOz and Na2O in the core zone (compared to the main part
of the distal zone) are of unknown origin. But the similarity of the two core zones,

despite the contrasting geochemical characteristics of the enveloping altered rocks,

suggests that the whole-rock composition of the core zones may be partly of epi-

genetic origin. Nevertheless, it does appear possible to conclude that the Linda
deposit is a Zn-rich deposit and, that prior to metamorphism, it contained abun-

dant sphalerite.
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The subtraction of normative FeS2 from whole-rock geochemical analyses as-

sumes that Fe and S were immobile during metamorphism and that Fe which is
bonded to S was not avaiiable for metamorphic reactions (Tracy and Robinson,

1988). Pyrrhotite is commonly interpreted to be the result of metamorphic desul-

phidation of pyrite under conditions either closed (Mohr and Newton, 1g83) or
open (Ferry, 1981) to the migration of S. At the Linda deposit, for the most part,

"fs, *ut apparently maintained in the pyrite field although significant variations in

fur l f s, have been documented (see 10.1.3. Petrogenetic Grid). Local variations in
sulphide-oxide assemblages, related to primary features such as bedding, suggests

that fs, and f s, were internally buffered during metamorphism and, hence, that
fluid mobility was limited.

The two samples of selvedges to quartz veins from the distal alteration zone

have anomalous major-element compositions which can be attributed to their low
silica content. During mesoscopic examination of drill core, these veins v¡ere con-

sidered as possibly syngenetic, as the selvedges contain an increased abundance

of Al-Mg-Fe metamorphic minerals characteristic of altered rocks (see 5.5. Quartz
Veins). The selvedges resembled wall-rock zoning such as might be expected to form
a halo around a hydrothermal conduit. The geochemical evidence suggests the en-

riched Al-Mg-Fe composition of the selvedges is best explained by synmetamorphic
silica depletion. This requires that the quartz veins developed as dynamometamor-
phic segregations resulting from the migration of siiica from their immediate wall
rock. Silica depletion may have a general appiication to the extremely schistose

wall rocks adjacent to many concordant quartz veins. The scale of silica mobility
has not been established, and it may be that some or all veins also contain quartz

introduced from beyond the immediate wall rock.

11.2.4. Staurolite-bearing Rocks.

Some of the altered rocks from the Linda deposit fall within the geochemical

fields deflned by Hoschek (1967), encompassing g0% of the bulk-rock analyses in his

compilation of chloritoid-bearing rocks (Figure 1!.21, a-c). There is a tendency for

samples from the proximal zone to have higher proportions of alkalis (Figure 77.2!,

b) and samples from the distal zone to have higher proportions of MgO (Figure

11'21, a). However, the analyses are bulk compositions of samples acquired by
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homogenization of quartzo-feldspathic domains and porphyroblastic phyllosilicate-

rich domains. The iatter domains are likely to have whole-rock compositions in the
fields of chloritoid-bearing rocks. Each of the fields as defined by Hoschek (1967)

involves an FeO¿ component, and in Figures 77.21, a-c, the Fe-intercept value,

ia(FeO¡), was used in its place. This reduces the Fe content of the remaining'whole-
rock', shifting the compositions au/ay from the chloritoid field. Even accounting for a
possible shift in 'effective' bulk-rock composition due to the presence of Fe-sulphide

minerals, some samples lie within the bulk-rock compositional field of chloritoid.

Trembath (1986) reported chloritoid in the Joannie alteration zoÍre) located in
an area of lower regional metamorphic grade than the Linda deposit. A chloritoid-
consuming reaction may be more feasible in some altered rocks than the garnet-
chlorite-muscovite consuming reaction which defines the staurolite-biotite regional
isograd in the Snow Lake area (Froese and Moore, 1980). As might be expected, the
isograd is defined by different reactions in rocks of different bulk-rock composition
(see 7.4.2. Inferred Prograde Metamorphic Reactions).

t!.2.ó. Calc-silicate Rocks.

The two main types of calc-silicate felsic rocks, i.e. concordant and static,
clearly have different whole-rock compositions. In most cases, concordant calc-

silicate rocks have compositions similar to felsic rocks, but with a tendency towards
higher CaO. The textural relationships of epidote, calcic plagioclase and micas

indicate that the rocks acquired their present whole-rock compositions prior to D1

(see 6.2.1. Concordant Calc-silicate Alteration). Their distribution around the
distal alteration zottei although locally erratic, suggests that the two units (10d and

1/10c) may be geneticaliy related; thus, the calc-silicate envelop may be part of
the synvoicanic alteration system. At the Millenbach mine, Noranda, Quebec, the
outer periphery of the footwall alteration pipe and the outermost margins of wall-
rock alteration adjacent to hydrothermal veins are characterized by stight increases

in CaO and NazO and by the presence of epidote (Riverin and Hodgson, 1980).

Static calc-silicate rocks are not directly related to the synvolcanic alteration,
but represent late metamorphic mobility of Ca-bearing carbonatizing fluids. These

rocks may be related to the carbonate metasomatism which was previously proposed

for the calcite-pyrite rocks of the main massive sulphide body (see 10.4. Calc-silicate
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Enclave in the Main Massive Sulphide Body). In some cases, it seems that CaO

and carbonate were highly mobile during metamorphism, but that the carbonatiz-

ing metamorphic fluids were channelled, resulting in intensive metasomatism along

restricted pathways.

11.2.6, Plagioclase-layered Rocks.

Samples characterized by the presence of tTuttle' deformation lamellae are in-

distinguishable in TiO2 content from other felsic rocks. This is consistent with the

origin of the trails as previously proposed (see 7.1.3. ,9r Rutile Trails), by recrystal-

lization of rutilated quartz phenocrysts. However, these rocks do tend to have low

total alkalis, Na2OlKzO and ia(FeO¿)/MgO. In altered rocks, plagioclase-layered

rocks, except for their high CaO content, do not defrne any coherent geochemical

trends, although they have some tendency to be 'rogues' with respect to the geo-

chemical field of their parent unit. The high CaO content may reflect the abundance

of calcic plagioclase porphyroblasts. However, these rocks are commonly closeiy as-

sociated with the largest massive sulphide body, which consists of pyrite and calcite.

The evidence for a substantial synmetamorphic influx of calcite into this massive

sulphide body was previously presented (see 10.4. Calc-silicate Enclaves in the Main

Massive Sulphide Body), and it may be that the influence of this metasomatic event

extends beyond the immediate vicinity of pyrite-calcite rocks.

11.3. Implications for Geochemical Modelling.
A qualitative model can be proposed for the evolution of the synvolcanic hy,

drothermal system at the Linda deposit, accounting for the sequential development

of primary features and the general geochemical characteristics of the alteration.

In the proximal zolLe) silicification and albitization of felsic rocks preceded the Fe-

Mg-Zn hydrothermal alteration and sulphide mineralization. The latter developed

through a period of time during which sulphidic and graphitic sediments accumu-

lated at a depositional surface and volcanic units underwent alteration. With the

emplacement of unit 4, alteration and mineralization eventually declined. Most of

the features of the proximal alteration zone indicate stratiform and stratabound

mineralization and alteration; a cross-stratal conduit has not been identified. It
may be that the proximal zone represents a 'distal' accumulation of sulphide min-

erals in the lithofacial sense of the term. The relationships of the massive sulphide
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mineralization within unit 4 have been obscured by synmetamorphic introduction
of calcite. For example, the occurrence of the anthophyliite-staurolite-gahnite en-

clave within the pyrite-calcite rocks of the massive sulphide body suggests that this
unique low alkali-low CaO alteration in the proximal zone may have had a more
extensive distribution. Similarly, the occur¡ence of relict gahnite in many of the
enclaves suggests the prograde desulphidation of early sphalerite. It appears that
only part of the synvolcanic hydrothermal system rryas preserved. in a recognizable
state.

The primary significance of the distal zone is equivocal, although it does appear
to have developed as subsurface hydrothermal alteration related to the stratiform
and stratabound alteration of the proximal zone. This would be consistent with the
genetic models presented in chapter 8, either Model 1 which identified the distal
zone as a reservoir, or Model 2 which identified the distal zone as a conduit. Only
a part of the distal zone \Mas intersected by dritling, and. it may well be that its
overall lithological and geochemical homogeneity is partly the result of bias toward
the volume most accessible to drilling. It may not be representative of the zone as

a whole. The alteration zones associated with the Anderson Lake mine (projected
to surface) have a lateral extent in excess of 2 km (see Figure 3 of Walford and
Franklin, 1982).

Fabric development at the Linda deposit involved centimetre and millimetre-
scale metamorphic segregation. In the selvedges of quartz veins, silica was mobile
on a scale approaching metres. The scale of open-system behaviour during dia-
genesis and prograde dynamometamorphism is not clear. The intensity of fabric
development is heterogeneous on a large scale, e.g. the schistose alteration zones as

compared to nearly massive cherty rocks, as well as on a small scale, e.g. the schis-

tose matrix of breccias as compared to granulose quartzo-feldspathic clasts. Strain
distribution 1ryas partly governed by the properties of the rock or rock domain and,
therefore, the superimposed modifications are not likely to be equivalent for precur-
sors and hydrothermally altered rocks. The silicic enrichment of clasts in breccias
during the development of phyllosilicate schistosity (see 11.2.1. Silicic-Feldspathic
Alteration and Metamorphic Segregation) provides evidence of element redistribu-
tion on a small scale. Similar processes could be envisaged on a larger scale and
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may account for a large proportion of the quartz veins.

The difference in intensity of fabric development between 'less altered, rocks
and their altered equivalents introduces additional complications into any mass-
transfer calculation attempting to describe synvolcanic processes. It is necessary
to consider element mobility, volume changes, and density changes during meta-
morphism, and to discover a means of discriminating these from the modifications
incurred during hydrothermal alteration. Many case studies of synvolcanic alter-
ation have assumed mass transfer at constant volume (Skirrow, 1g87; Gibson et, aI.,

1983; Riverin and Hodgson, 1980; Roberts and Reardon, 1gZ8) and have obtained
plausible solutions in relatively undeformed metamorphic terranes. Schistose alter-
ation zones imply volume reduction, but it may be that this rvas accommodated by
prograde phase changes and increased whoie-rock density. The first step in semi-
quantitative modelling of synvolcanic processes in dynamometamorphic terranes
requires mass-balance calculation of the processes of fabric development.
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Chapter 12

Synthesis, Summary of Conclusions,

and Implications

12.L. Reeonstruction of the Primary Features of the Linda Deposit.
The present configuration of the Linda deposit is the result of polyphase de-

formation superimposed on the primary stratigraphy and structure. The deposit is
dominated by an -L-,9 tectonic fabric in which the largest massive sulphide body has

a minimum aspect ratio of 30:2:1, and primary structures have been transposed into
subparallel orientations, blurring the distinction between discordant and concordant
primary relationships. Despite its tectonized nature, it is possible to reconstruct a

substantiai part of the primary physical features by attention to local preservation
of primary structures and by comparison with massive sulphide deposits in less

deformed terranes.

The Linda deposit has two discrete zones of Fe-Mg alteration, the distal alter-
ation zone and the proximal alteration zone; the latter was recognized and.delin-
eated during the course of this study. The presence of Fe-Mg alteration zones in
felsic rocks comprising the stratigraphic footwall to massive sulphide mineralization
is a characteristic feature of many massive sulphide deposits in the Snow Lake re-
gion (\Malford and Franklin, 1g82; Skirrow, 1g8z; Trembath, 19g6). At the Linda
deposit, the distal alteration zone is a relatively homogeneous zone of Na2O and
CaO depletion, the most common lithology being a quartz-rich staurolite-banded
gneiss. In contrast, the proximal alteration zone is markedly heterogeneous, encom-
passing sulphidic and graphitic chemical sediments, massive sulphide bodies, and
altered felsic rocks. Several observations, and the significance attributed to them,
suggest that the proximal zone may have been the site of a synvolcanic fault:

1. Mafic volcanic rocks of unit 2 and cherty felsic rocks (1a) terminate at, or
within, the proximal zone. Cherty felsic rocks are represented in the proximal
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zone by mineralized clast-supported breccias (1c), which may have originated

as hydrothermal or fault breccias.

2. Metasedimentary rocks and, in particular, graphitic and sulphidic metasedi-

ments occur down-dip of the termination of unit 2 ar'd suggest the local devel-

opment of a euxinic basin.

3. The distribution of alteration is skewed toward a volume of rock lying down-dip

of the terminated units. In seafloor deposits (Franklin, 1986) and in the massive

sulphide deposits of the Noranda camp (Dimroth et aJ.,1985), hydrothermal
alteration is typically focussed on the down-thrown side of synvolcanic growth

faults.

4. Commencing with unit 4, the upper units in the stratigraphic sequence are

continuous. Unit 4 appears to be associated with the decline of hydrothermai
activity and, concomitantly, with the cessation of movement on the proposed

growth fault.

In the Noranda camp, Dimroth et aI. (1985) reported that, without exception,

the massive sulphide deposits are associated with synvolcanic faults. At the Linda
deposit, the association of the listed features with the proximal alteration zone is

strong evidence for the presence of a synvolcanic fault, although the precise trace has

not been located and displacemefit has not been documented. This interpretation
also raises the possibility that the location of other deposits in the Snow Lake region

may have been similariy controlled.

Dimroth et aI. (1985) suggested a periodicity to massive sulphide deposition

in the Noranda area. They interpreted extensive occurrences of silicified rocks

as evidence of prolonged diffuse hydrothermal activity which was focussed during
episodes of active faulting and subsidence. The faulting r¡¡as directly reiated to
magmatic activity, and the sulphide mineralization thus triggered was subsequently

terminated by the 'next paroxysmic effusive phase' (ibid.). The general setting in
the Snow Lake region may have been similar, in that the massive sulphide deposits

are associated with abundant quartz-megaphyric felsic rocks for which a pyroclastic

origin has been proposed (Walford and Franklin, 1982).

Despite the case that can be made for a growth fault at the Linda deposit, the

location of a hydrothermal conduit remains uncertain. Most of the proximal alter-
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ation seems to be stratabound, and in many cases, stratiform; this may represent

successive depositional surfaces in a topographic low on the down-thrown side of the
proposed fault. The clast-supported breccias which mainly underlie the metased-

iments may be related to cross-stratal permeability; however, they occur over a

stratigraphic interval of less than 100 metres (after deformation). At this point,
it may be well to take note of Figure 8.2, as a graphic reminder of the present

structural configuration of the deposit and the subtieties involved in identifying

' cross-stratal' relationships.

An intersection between the distal and proximal alteration zones has not been

documented and the significance of the distal zone to the hydrothermal system
is obscure. In terms of geochemistry and mineralogy, it resembles the staurolitic
lateral extension of the semiconformable alteration zone at the Anderson Lake mine
(Walford and Franklin, 1982). At the Linda deposit, it is not clear whether the distal
zone lryas 'semiconformable'; i.e. whether Model 1 or Model 2 in Chapter 8 is more
appropriate.

A comprehensive physical model of the hydrothermal system is a prerequisite
for detailed geochemical modelling of synvolcanic fluid-rock interactions. Parts of
a physical model can be proposed for the Linda hydrothermal system and several

conclusions of importance to a geochemical model can be summarized:

1. Sulphidic metasediments and local graphitic metasediments were an impor-
tant hydrothermal product. Their deposition could have involved mixing of
hydrothermal fluid and seawater (Janecky and Seyfried, 1984), or a density-
stratified fluid (Zierenberg and shanks, 1988; costa et al.,1gg3).

2. Silicic and albitic alteration near the seafloor surface preceded the main Fe-

Mg-Zn alteration and may have been cyclical.

3. High V concentrations and low ZrlTiO2 appear to be a primary magmatic
signature of quartz-megaphyric felsic rocks and intercalated rocks. The dis-

tinctive geochemical signature \Mas preserved regardless of type or intensity of
hydrothermal alteration and, thus, may provide a stratigraphic tracer in al-

tered rocks. High V and low h lTiO2 is common to quartz-megaphyric rocks

of unit 4 on both sides of the Anderson Bay structure, to unit 7 higher in the
stratigraphy in the Linda area, and to the Sneath Lake tonalite (Table 2 of
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\Malford and Franklin, 1982). The significance of these observations requires

' further investigation; however, the potential exists for evaiuating the primary
magmatic relationships between these units.

4. Calcite in the main massive sulphide body at the Linda deposit is of epigenetic
origin and not directly related to the synvoicanic alteration. This has potential
implications for the occurrence of calcite and statically crystallized calc-silicate
minerals in other deposits in the Snow Lake region (e.g. Chisel Lake mine;
\[illiams, 1961).

5. The common occurrence of gahnite and zincian staurolite in altered rocks re-
flects the metamorphic desuiphidation of sphalerite. By inference, the original
hydrothermal deposit had a higher proportion of sphalerite. Most assay tech-
niques used by exploration geologists do not detect Zn in silicate and oxide
minerals, as this does not represent 'extractablet base metal from an economic
perspective. Metamorphosed Zn-rich deposits could commonly have their pro-
portion of. Zn underestimated, if assay results have been used; this may be
important in the classification of massive sulphide deposits in terms of propor-
tions of Zn, Cu and Pb (Franklin, 1g86; Franklin et al.,1gg1).

6' Chlorine and bisulphide ions have commonly been assumed to be the most
important ligands involved in the transportation of metal complexes (Lydon,
1988; Franklin et a1.,1981). The high F content of metamorphic biotite and
anthophyllite at the Linda deposit suggests high F content in the protolith and,
thus, F- ion mav have been significant in the hydrothermal fluid, as is the case

in porphyry cu and Mo deposits (Munoz, 1gB4; parry et al.,1gg4; Gunow eú

aJ', 1980). Similarly, the common occurrence of apatite and tourmaline suggest
high F and B contents in the protolith.

7. Metamorphic devolatization reactions may have resulted in the redistribution
of volatile constituents on a large scale, as has been suggested for margarite-
bearing rocks (see 7.4.2. Inferred Prograde Metamorphic Reactions).

L2.2. Structure and Stratigraphy.
The Anderson Bay structure has been introduced in this study to replace the

proposed F1 Anderson Bay anticline (Jeffery, 1982), in acknowledgment that there
is a major structural feature between Anderson Creek and the Linda deposit, the
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nature and relationships of which are enigmatic. The generic term 'structuret em-

phasizes the ambiguity and allows indication of the feature on geological maps with-
out any interpretative or genetic connotation. It may be that more work focussing
on the Anderson Bay structure will solve the problem. This study has identified
several pertinent points:

1. The Linda deposit and the stratigraphic sequence on the southeast side of the
Anderson Bay structure are overturned, in agreement with the conclusions of
(Jeffery, 1982). The stratigraphic facing direction changes in the area between

Anderson Creek and the Linda deposit.

2' Lithological units are not continuous across the trace of the Anderson Bay
structure and direct stratigraphic correlation is not warranted. Correlation
is not precluded and, in particular, the geochemical signature of high V and
Iow h f TiO2 is common to quartz-megaphyric felsic rocks on both sides of the
structure. The generalized stratigraphic sequence for the Anderson Lake and
Stall Lake mines (\Malford and Franktin, 1982) is similar to that for the Linda
deposit (see Figure 3.a). The association of massive sulphide mineralization
and alteration with the lateral termination of mafic volcanic (or subvolcanic?)
units and with lenses of graphitic metasediments is common to several deposits

in the region (ibid.; Studer, 1g82; Coats et aJ.,1gZ0).

3. Cleavage vergence of Ssl & and Sr/52 does not change across the Anderson Bay
structure; however, cleavages were reactivated and probably do not preserve

their original vergence relationships. The presence of cleavage-transected folds

can be expected in the area. The Anderson Bay structure may have been

reactivated after its initial formation.

4. The sequence of lithological units on the southeast side of the Anderson Bay
structure has been interpreted as a stratigraphic succession. However, the
structural complexity increases towards Kormans Lake (see Figures 9.1, 4.L,

4.2) and towards an area northeast of Kormans Lake, where the Mcleod Road

thrust fault may converge with a possible extension of the Berry Creek fault
(Figures 2.7,2.2). Within the area mapped for this study, Amisk Group pelitic
metasediments (unit 9) may be in a thrusted relationship with the overlying

unit of mafic to intermediate volcanic rocks (unit 6). The continuation of
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the proposed thrust fault to the southwest has not been identified, but the
possibility of a cryptic suture in the Linda area cannot be ignored.

5. Microstructural features which consist of abundant ,Sr 'Tuttle' deformation
lamellae, defined by rutile trails in quartz-megaphyric felsic rocks (unit 4), are
inherently difficult to relate to a major structure. The difference in scale makes
physical correlation tenuous; the amount of strain required to produce the
'Tuttle'lamellae and the amount of bulk strain which they may represent are
unknown. They have been emphasized somewhat in this study for the following
reasons: their prevalence in unit 4, which hosts the iargest pyrite-calcite body
and terminates in the northeast in the vicinity of unit 9 (see above); the ¿Tuttle,

lamellae appear to record microstructural evidence of D1 deformation despite
the recrystallization of the host minerals; their description, documentation and
interpretation in this study may contribute to their recognition elsewhere.

The Linda deposit lies in a high strain zone with respect to the area to the
northwest of the Anderson Bay structure. Some analogies can be d.rawn between
the JÈ microfold examined in detail in Chapter 7 (see 7.1.2. f[ Microfolds; Fig-
ure 7.1) and the structure of the area mapped for this study (Figure 3.1). The
lithological units on the southeast side of the Anderson Bay structure are gener-
allv thinner than similar units to the northwest, a general observation without an
implied stratigraphic correlation. Numerous tight JL minor folds occur mainly on
the southeast. The structural styles on the southeast and northwest sides of the
Anderson Bay structure resemble the thinned tightened limb, and the thickened
decrenulated limb, respectively, of the ,F2 microfold. As in the case of the micro-
fold, this suggests that the high strain in the Linda area may be an artifact of the
orientation of the units in a later superimposed. stress regime. The units on the
northwest of the Anderson Bay structure may have been oriented in the compres-
sional field of the strain ellipsoid and undergone tectonic thickening, whereas the
units on the southeast were oriented in the extensional field and underwent thin-
ning and tightening of pre-existing structures. Note that this interpretation would
require a dextral sense of late shear and transposition on shear planes subparallei
to the Anderson Bay structure and 51, in order to achieve the presently observed

configuration. The interpretation implies that the change in the degree of strain
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recorded by the rocks on either side of the Anderson Bay structure is not simply a
function of heterogeneous strain distribution, but also of orientation in the strain
ellipsoid.

All early D2 and Dt(?) kinematic indicators observed at the Linda deposit show

a sinistral sense of movement. Mimetic skeletal porphyroblasts at the Linda deposit

preserve an 
^9r f 52 cleavage vergence which is opposed to the cleavage vergence of the

phyllosilicate matrix (see 7 .2.3. Opposed Cleavage Vergence between Porphyroblasts

and Matrix). In the Linda area and much of the Snow Lake region, phyllosilicate

minerals record a dextral cleavage vergence which is apparently the result of late
D2, ot possibly D3, reactivation. This reactivation occurred on the ,51 cleavage

and rotated ,Sz without substaniially reorienting ,5r. Note that this interpretation
of the microstructurai relationships is analogous to the dextral shear parallel to

^91 proposed for the Linda area in the previous paragraph. The same reactivation
could thus account for microstructural, outcrop, and map-scale observations. The

late reactivation has not been correlated with any major structure; the Berry Creek

fault may be related, but at present, little information is available regarding its
history' However, it appears that dextral ftf 52 cleavage vergence is widespread in
the Snow Lake region (Figure 2 of Froese and Moore, 1980; Galley et a1.r19S8); if the

causal relationship inferred at the Linda deposit is generally applicable, reactivation
on a regional scale is indicated. Examination of porphyroblast/matrix relationships

elsewhere in the Snow Lake region may provide more evidence in this regard.

12.3. Metamorphism.

The mineral parageneses at the Linda deposit are consistent with the biotite-
staurolite zone of amphibolite-facies regional metamorphism, in accordance with
the location of the deposit with respect to the isograds mapped in the Snow Lake

region (Froese and Moore, 1980; Froese and Gasparrini, 1975). Regional metamor-
phism at the Linda deposit did not exceed the stability field of margarite f quartz.

The occurrence of assemblages of higher (and lower) apparent grade is the result of
unusual bulk-rock compositions. For example, manganiferous garnet coexists with
chlorite and muscovite, zincian staurolite coexists with anthophyllite, and F-rich
biotite coexists with kyanite, all at the regional metamorphic grade achieved by the

relatively small volume containing the Linda deposit. The parageneses represent a
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metamorphic facies at the same grade as the country rock. The similarity of the

parageneses observed at the Linda deposit to a prograde metamorphic series is due

to the presence of additional components which are normalty negligible in pelitic

metasediments. Many metamorphic reactions which are discontinuous in typical

pelitic metasediments (and thus, produce index assemblages indicative of metamor-

phic grade) are continuous reactions in altered bulk-rock compositions and produce

assemblages stable over a range of temperature and pressure. In the continuous

reactions, the mineral compositions are indicative of grade.

The influence of bulk-rock composition on metamorphic reactions provides an

explanation for the commonly observed dichotomy between kyanite-biotite assem-

blages in alteration zones and sillimanite-biotite assemblages in pelitic metasedi-

ments. The reaction

chlorite I staurolite I muscoaite è biotite * aluminosilicat e + HzO

was able to proceed at lower temperatures, within the stability field of kyanite,

in F-bearing altered rocks. The kyanite persisted metastably through prograde

metamorphism within the sillimanite field, whiie the same aluminosilicate-biotite
producing reaction was initiated in F-poor pelitic metasediments.

Metamorphic reactions at the Linda deposit involved silicate, oxide and sul-

phide minerals and were modelled in the SiO2-Al203-FeO-MgO-ZnO-K2O-H2O-S2-

02 system. Despite the range of bulk-rock compositions, the presence of quartz,

muscovite and pyrite in most assemblages and the assumptions of fixed pressure,

temperature and fnro allowed chemographic derivation of a petrogenetic grid in
log /sr-1og fo, (see Figure 10.2). Decreasing Iog f o, and increasing log.fs, results

in a sequence of assemblages which progressively contain gahnite, zincian stauro-

lite or sphalerite. At low log/¿,-log-fs, and at high log/er-log.fs, chemographic

analysis indicates that the sequence is modified, with gahnite being more stable

than staurolite with increasing log.fsr. Calibration of the petrogenetic grid derived

here could be attempted using thermodynamic data, for example, for composition

of Fe-Mg silicate minerals involved in continuous sulphidation reactions (Bryndzia

and Scott, 1987a; Tso eú a1.,1979; Popp et aJ.r 1977; Hammarbäck and Lindqvist,

7972). Sphalerite geobarometry yielded metamorphic pressures of about 5 kb and
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the maximum temperature is limited to about 550"C by the coexistence of mar-
garite * quartz (see Figure 7.6).

Metamorphism involved element migration, in some cases on scales exceed-

ing the size of a hand sample. The textural and structural relationships of the
pyrite-calcite rocks were interpreted as evidence for post-tectonic synmetamorphic

carbonate metasomatism. The critical evidence includes:

1. The pyrite-calcite rocks contain a silicate enclave of metamorphic assem-

blages characteristic of lou' alkali and low calcic bulk-rock compositions, i.e.

anthophylli te- staurolite- gahnite.

2. Zoning along contacts between pyrite-calcite rocks and silicate enclaves shows

features of textural and mineralogical disequilibrium or partial equilibrium,
e.g. symplectic and corona structures (see Plate 5.6), and progressive change

in plagioclase composition over 4 cm from oligoclase-andesine to bytownite (see

Table 5.2).

3. In 'least-altered' cores, some enclaves contain microstructures identical to those

of felsic rocks of unit 4, e.E. 'Tuttle' deformation lamellae consisting of rutile
trails (see Plate 5.6, o-p).

4' The pyrite-calcite rocks and zoning along contacts to enclaves shows textures
typical of static crystallization, in contrast to the strong directional fabrics of
the altered felsic host rocks.

The enclaves are thus wall-rock inclusions which were engulfed by the pyrite-
calcite body during synmetamorphic infiltration of carbonate. The origin of the
anthophyllite-staurolite-gahnite enclave remains enigmatic, as this assemblage was

observed only in the single occurrence as an isolated enclave. Its low alkali miner-
alogy is atypical of the proximal alteration zone.

Dynamometamorphic fabric formation a"lso involved element migration, but
in this case, the scale of mobility seems to have been more timited. Metamorphic-

segregation layering possibly evolved in a closed system on a hand-sample scale, but
mass-balance calculations directed at the geochemistry of the fabrics are needed to
establish this. At least in some cases, silica was mobile on a larger scale; conco¡dant

quartz veins acquired silica from desilification of wall rocks. Discordant quartz veins

represent late or post-tectonic migration of silica and, thus, it appears that the

267



12. Conclusions

major proportion of quartz veins at the Linda deposit are of epigenetic origin and

not related to synvolcanic hydrothermal alteration.

L2.4. Conclusion.

This thesis commenced with a tribute of Eskola and his followers, among whom
I now number myself. There is a certain irony in the realization that a good part of
the research has been devoted to rediscovering the concept of metamorphic facies at
the Linda deposit, and finding that the seminal work of Eskola on the 'pneumatolytic
formations' of the Orijärvi region does indeed stitl apply. In part, this illustrates the
fascinating variety of mineral assemblages and textures displayed by metamorphosed

altered rocks, such that it requires some convincing that the rocks were subject to
the laws of nature and thermodynamics, and are thus, amenable to a logical scientific
examination and exposition. This thesis therefore also concludes with a homage to
Eskola.
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A.ppendix A

Petrography

Petrography was done on a sample suite of approximately 700 thin sections from
surface outcrops and frorn drill core from 3 subsurface cross-sections (A-4,, B-Bt,
C-Ct; see Figure 3.1) of the Linda deposit. Subsequent work was confined to the
2 cross-sections (A-A' and B-B'; in pocket) which were best constrained by drilt
holes. Section B-B' is available on request. Drill-hoie samples were numbered ac-

cording to the corresponding drill-hole footage (resolution of .5 feet or 1b cm),
with an alphanumeric prefix referring to the drill-hole number as referenced on the
logs provided by Falconbridge Ltd., and a single-digit suffix distinguishing litholog-
ical or mineralogical dornains extracted for geochemical analysis (see Appendix C)
from the same hand sample. The domains consist of clasts and matrix extracted
from breccias, beds in metasediments, and centimetre-scale mineralogical variations
which may be related to heterogeneous synvolcanic alteration, metamorphic fluids
or metamorphic segregation.

The modal mineralogy of 303 samples selected for whole-rock geochemical anal-
ysis (Table C.5) is listed in Table 4.1. The modal proportions were estimated visu-
ally on thin sections or areas of thin sections correspond.ing to the volume of rock
separated for geochemical analysis. In the case of quartz-megaphyric rocks, the
proportion of phenocrysts was generally estimated in a hand sample; the modal
proportions of matrix minera"ls were estimated fiom thin sections and. adjusted for
quartz present as phenocrysts. Approximately half of the thin sections were etched
and stained for K-feldspar. In some cases, pÌagioclase compositions were determined
from the maximum extinction angles of albite twins (Deer et a1.,1g66); however,
plagioclase is commonly untwinned. In other cases, contrasts in relief with respect
to quartz, and changes in the optic orientation of albite twins from length-fast to
length-slow, allowed qualitative estimates of composition. The identity of opaqle
phases in covered thin sections ÌMas checked by shining a high intensity light on to
the thin section at an oblique angle. In general, this enabled discrimination be-
tween oxide and sulphide phases, and between pyrite and pyrrhotite in samples in
which they occur together. Chalcopyrite was also recognizable in reflected light,
and sphalerite had a distinctive deep red colour in transmitted light. More com-
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Appendix A

plete reflectance optical examination was done on polished thin sections prepared
for electron-probe microanalysis (see Appendix B), including determination of the
structural state of pyrrhotite

A petrographic code was devised to supplement the lithological classification of
samples and to account for variations on a scale smaller than that of mappable units
(Tables 4.1, 4.2). The code is based mainly on mineralogical criteria, and also on
characteristic textures or fabrics. In some cases, it also served to classify sample
separates; for example, clasts (code:a) are distinguished from matrix (code:b).
The code is essentially a short-hand notation for characteristic mineralogy and
textures and was used to facilitate sorting and grouping of samples (e.g. in LOTUS
1-2-3 spreadsheets), and comparisons between physical and mineralogical features
and geochemical analyses.

The abbreviations for mineral names in Table 4.3 were used in Table 4.1 and
consistently throughout the text and tables of this study.

Explanatory Notes for Table A.1 (folowing page)
See Table A'.2 for the key for the code (column 4).
Abbreviations: amph-amphibolite, brcc-breccia, calc-sil-calc-silicate, fs-felsic,
gnss-gneiss, hetlith-heterolithic, inter-intermediate, min-mineralized, msdm-
metasediment, ps-pseudomorph, scst-schist, s-mass-serni-massive, t-trace,
volc-volcanic, y-opaque mineral present but proportion not difierentiated from
other opaque minerals.
See Table 4.3 for mineral abbreviations.
See 3.1. Description of Lithological Units for an explanation of unit designa-
tions.
subsurface samples are numbered according down-hole footage prefixed by a
drill-hole number, and with a suffi.x distinguishing separates f¡om the same

1a1nle (e-g. 24(dri11 hole)-O97(footage:97.0)-1(firsi sefarate)). See Appendix
C for further explanation.
Surface-sample numbers have a letter-number prefix coded to airphoto enlarge-
ments, an outcrop number, and a suffix distinguishing samples from the same
outcrop.

1.

2.

Ðù.
4.

:).

6.
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Samplt:

24-097-L bi-laycre<l fs
24-657-t bi-layr:rr:d fs
27-A3{t-l mu-ch-bi-layercdfr
29-lt40-l bi-cI-laycrcdfs
29-336b-1 qz-phyric {s
29-TLl,5-f bi-ch-laycredfs
31-705-1 qz-pl-phyric fs
32-426-l tri-laycred fs
34C-1315-1 bi-layered fs
34-113G1 bi-layered fs
34-?57,1-L bi-layeredfs
H9-63-1 bi fs
H9-64-r bi fs
34-1753.5-1 ch-pl-layered fs
24-097-2 hb-zonc in fs
29-174¡o.2 hb-zone in fs
32-426-2 hl¡-zo¡re in fs
34C-1315-2 hb fs
34C-1385-1 ht¡ fs
29-336a-l qz-phyric f6

29-501.-l pl-phyric fs
31-259,5-1 qz-pl-phvricfs
32-L374,5-L cheriy fs
344-1292.5-1 cherty fs
34C-1385-2 cherty fs
H8-14-1 cherty fs
18-42-5 circrty fs
19-688-1 cheriy fs
34-f397.5-l cherty fs
18-13-1 calc-sil fs

f9-744.1-7 fs cl¿¡st
27-f22A-t fs l¡rcc?
344-1360-1 cherty fs brc<:
34-1306.5-1 cherty brcc
34-1443,5-l fs clast
34-1443,ú-2 min fs brcc
19-440-1 fs volc brcc
19-543-1 fs volc brcc
19-629-1 fs clast
224-1479-L fi volc brcc?
228-1509.5-1 fs volc brcc
27-LL65-l bi-mu-layerr:dfs
28-288-1 {s v<¡lc brcc'i
28-329.5-1 fs volc brcc?
29-301.5-1 fs clast
29-362-f fs volc brcc
32-1093.5-1 cherty clast
32-1118.5-1 fs volc b¡cc
32-828.5-1 bi-layercdfs
32-950-1 fs volc brcc
344-1268-1 cherty clast
34C-1185-1 fs volc brcc
73-Gl7-l fs volc b¡<:c
a0-1084.5-1 {s volc brcc
22-413-l volc brcc?
22-56O-L hetlith brcc
7O-397-L intcr volc
29-fL97-L qz-phyricmu-sc6t
29-464,rr-l qz-pl-phyric fs
29-774-7 qz-pl-phyric fs
29-AO4-f qz-¡rhyric fs
3t-767-L qz-pl-phyric fs
31-989.5-1 qz-phyricfs
32-1169.5-1 qz-pl-phyric fs
32-138&1 qz:pl-phyricfs

Lithology

Appendix A

Table 4.1. Petrography and Modal Estimates.
Unit Code qz plamcnr ep cl gt bi chmumakyst gh to py pospmg

I
1

1

1

1

I
1

1
1

1

1

1

1

1

1

I
1

1

1
1a

r:py 38 50 t
epm 30 59

mvpy 50 16
ccpvx 25 55 2
cpmi 15 54
pxv 2060

cdhnx 35 43 I 8
epx 40 40 1
pxi 3064 <1

epyxi 35 50

rt2a2t
<1 5 5

t t 3 51015
tz85

15 115
r? 95

r11
ttt7tt

4t
t 2 Lr<l

ep 4530 t <1 24
pl 3656 2 t 5 1ply 5042 2 L 4 t 1

gvpqu 25 43 4 5 Z0
{hlpv 5510 2O 5 t 5 5
chfp 2857 10 <1 J z
fphx 4O40 14 t<1 5 1
fhyxi 3545 10 1 1 g 1 1
fh 3755 7 t r
c 287O t t 1

1a dn 4545 t 9 1<1
1a cd 3õ63 r 1<1 t
la vpxi 40 4(ì 5 10
1a dx 5544 t i
la ph 2270 4 t Z t
La my 5533 Z t Z Z 4
1a pml 3650 2 I 4

La/t}¡t cd 38 60 1
1a/1tlpdyvro40463t33
1a/10c pqlx 4032 I g 16 r <i.

a¡r,al,o¡>
, al,al>

tltyap,al,it
y y? 3 al?,it?

ap,zi,o¡r
t?tOap

<1 4 qtToap
2 al,

tttz¿p
tt2up

1 ap,al
ap
ap

3 y ap,zi,il,ru,cp?
aP,oP

( 1op,al?
<1 aP

tt3rp
1 t t zi,al,ap

tVoolt,ap,zi
t'! <1 a¡r,zi,il

t7 1%ox,al¡,su
Oap
lop

2 ? ru,ap
ZTooprap

L ? ap.ox
,ap
1 al,ap

Lc ¿cd 3O 70
¡.c p 3062 i i 6 r1c du 47 48 <11c d 5939 r t
lc acd 3365 <llc cdum 34 53 1
lb cp 3255 t Z tO tlbp2O72t4
lb a 5543 t t
1b p s055 L<l t4

trâces etc.

lb cpi 3058 i t 12<1
lb cpmi 4539 t<r 10 i 6lb cphv 3045 6 t lS 4lb cmp 25 45 19 r 151b a 3465 1
lb cdem¡r4046 <1 i 5<1 z1b a 7030 t r
1b cpy 4045 tLZ t 21b e¡rui 3745 t<l i 15<1 tlb ccp 6032 1 i S <1

i
ttt

<1 <1 5
t12
I
6 <1 t 6
1t
tr

i

1b
1b
1b
1b
1d
1d
1d
4
4
4

4
4
4
4
4

ay 62 3rù
pm 37 37
cph 40 35 6 <1
cpnx 24 55 t 8
¡rhx 1O 46 18 18
h 2030 50
h 2034 45

mu 35 45
dmpu 30 35
dpm 35 5O

50 47
dmv 31 60
mp 45 4rr
dm¡r 30 55
dpx 35 45

oP
t.P

aP
zp.zi?

lVoop,ap,zi
t! apþi

'up
ap,al?,zi,ru?

op
ap,al,op

11ti
I t<L22 3

152
81

3tr

o¡r,ap,zi
t t ap,al

t? t ap.al,c¡r?
t 2 ap,zi

a¡r,zi,ox
<1 ayt,zi.ox

t? ap
ttsu
3 ap,al,ox

2yoop

t
tt
t<1 I 115
t 6 124

7t6
t t 1<1 2

t? t 2 3 4
t325
lt68

15i1

7?
tt
2y
t

t
t

1

f3
5

ap,al
y ap,al,cp
4 ap.al,il
5 ap,al,si
t ap,al

ox,cp
t ap,zi,al
t ap,zi

aP,zi
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<1

< 1 ox,ap,¡u
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t al,aprzi
t 4 y ap,zi,cp



S:rm¡rlc

32-1434.6-r qz-pl-phyric3_2-t434,5-l qz-pl-phyric fs 4 drnp 82 5032-1565-1 qz-phyric fs 4 vr¡ 234?
11-1894.5-1 qz-phyric fs + påi sóãr
8{Þ1_13&1 qz-pl-phyric fs 4 p 46 50

Appendix A

Table 4.L. Petrography and Modal Estimates. (continued)

118^1--1 qz-phyric fs 4 pmtx 5081

Lithology

!?_-??-l qz-phyric fs 4 pmli 58 2E

17--32:! qz-phyric fs 4 p* s5 29
19-1?3&1 qz-phyric bthb fs 4 gp B05s 3
?1-l20cl qz-phyric bi-ch fs n ä ã;;ó
344-L644.5-tqz-phyric clast + gäui +e+e
34\-16a4.5-Zqz-phyric volc brcc 4 bgpui 305O
-3^4C:187&1 qz-¡rhyric fs 4 gmvu 5O327_8-27-1, qz-phyric bi-¡5t fs a évhti +O+O
I8,-G1 qz-phyric tr¡-Li rs + 'irf, 

30 s0
??4,-:^te-t-,L bi-ch-gt-mu f" t/tod piym 42232-4-463.5-t mu-pl scst ri rOa 

- m 4O4O
1!"191i.9-1 ¡rl-bi-ch-sr-layered 1/1od gvpy 4535
111-11111 bi-mu-gt-ch snss riroa päiyi asao80-141C1 bi-mu-Iayercd f" f /f Od 

-p*o 
St SS31-312.5-1 fs volc brcc lb/lOd càmpv 25 15

99-1999.1t mu-bi-ch-tayered fs lblrOd mvp s0 10

l?-_1q4_1-.lb-1 pt-ch-bitayered fs rfrop po sBO
228-17a3.5-rbi-pt-lavered rs rirop iry 4s4o
19-?iqJ pl-bi-cLsr-lavered t/toi, [p" oooo
?1-19.4+1 pt-ch-layered rs ri roi, €iïpu B0 2524-981a-1 ¡rl-layercd fs t/1,Op " w SZSS
27-1324,5-! pl-mu-ch-ma-laycred f /tOp gm"ur SO SO

?7-\1!?L pt-ch-bi-layercd rs ri rt_rp gv¡r 2s 50
??-!oP?:! . pt-mu-bi-laycred fs ri rop cfmiru so oo344-1679-1 pl-mu-layercd fs ri rOi, gïuy es+O
798-872-f fs volc brcc 1b/t0p mupvi 60 5?l9-L237-r fs volc brcc 1b/10p cpåv ZZS5L9-662-I fs volc brcc 1b710p ;ui 2541
224-1515-1 fs volc brcc 1b/10p cpvsi ZBB7
ll!-tSSt.S-t1r-phyric votc brcc? rb/rOp cpvi J035
??+-l!l?-1 mirr ctrcrry brcc lbll{rir muk 50 12
??A-!!52-2 cherry ctasr Lb/Lop zm Ta r34-1275-l fs volc brcc? fb/rOp mp 30Sz19-110G1 qz-phyric mu-scst 4/1Op mvuui +S s19-125G1 qz-phyric mu fs 4/n; mi 6020

??+-1!9t-1 qz-phyric ky-mu-bi 4/t0p mkpui 82 8
224-L975.5-Lr¡z-phyric bi-e¡rgt 4/LOp puev 4636224-1979-t qz-phyric mu-ch ecst +/fOi, mvúsi SO f+
22l.-2OO4-t qz-phyric mu-st sc6t 47lOi¡ omvus +ZrZ
?2\-?-o?6-t qz-phyric mu-ch fs +i roir mvupi soão24-LO82-f qz-phvric ma-mu scst +/tOit rmvi +02+
?!-\2?*L qz-phvric bi-rnu fs  /t}p ptm aoaz
?9-313-_1 qz-phyric mu Ac6r +/l{rp orn 4S2-?-1O57-l qz-phyric mu-ma scst 4/i.Oir cmrpu 292O
29- 10991 qz-phyric mu scËt 4'/ LOi, *u Bg 32

??-9i9-1 qz-phyric mu scsr 4/top mvui 55 1031-869.5-1 qz-phyric bi-ch-gi 4/LOp py 3s t0344-1565-1 qz-phyric n¡u-bi fs alt}i iÅo J62z
34C-L747,rù-l qz-phyric mu-bi-kv 47loi, omulu a¡,
34-166G1. qz-phyric mu-blky a/r0ir mnki Sz s
224-1788-1 qz-phyric ch-bi fs  /rOp gipu 4a\z24-LO4+2 qz-¡rhyric fs a/l0i¡ ãevo +S+O
34C-1831-1 qz-phyric mu-bifs ¿7tOi, eå* ¿s¿o
!1-_112&1 qz-phyric mu-bi fs +¡]frp [mpi tszø
228-!044-1, qz-ch-mu-st-gr Bcsü 10d ðvmei O5
22-9ol-t qz-mu-ch-ky-st scst lOd omvks 53 t?22-957-f qz-ch-mu-st-gt gnss 10d ovmsr 6522-996,6-I qz-ch-mu-st-mg grrss 1Od ovmsx 5524-444,6-L qz-mu-gt gnss 10d omuvi Z5 ?
27-r¿93.5-l qz-ch-st-mu gnss 10d ovsmx B0

Unit Codc qz pl¿mcm cp cl gt bi chmr*rky 
"tgh t(, pv posJ)m[i

4
4
4
4
4
4
4
4
4
4

vp 2347
r1

tt
13
L2
27
1t
I

t

5
920

<1 52
3<1

10r
10<1
L4
r0<1
62
1t

10

5
1

5
4
5

3
t

4
I

t10tt
t 312
i 410 1

<1 toz
t 518 I 4

L 2t5
57 71
516 5 8 r?

r 16 4Lo
t 1645

t
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t

1t
t1

t
t

il1
tt
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a¡r,al,zi?,ru,il
a¡r,zi.ru
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ap
2 ap,ru?

Y? a1>,zi
a¡r,si

aP
ap

aP,ni
a1>'zi
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Y? al

aP'zi
ap,zi,si

ap
t? ap,zi.il

a¡trzi
zi,ru
aPrzi

ap,zi,cp
1.lYoox,ap,zi

altrzi
ap

aPrzi
ap,al,zi,ru
ru,al,a¡r,zi

ap,zi,ru
a¡r,zi,ru

lil
al.ap,zi

t ap,al
3 al,ap
yaP
,ap

tracc6 etc,

<1 1
1

3

10
3

1 r <1

10 12 18
88

12i
531 1

537 t
35 r t

a,
10 15
10 723
1118

t1
<1 i
ltt

1

tt? 2
t

3 324
r10 3 3

r 225
t<116 10 3
t 1815

r 215
t2L

r13<1 18
3 537

ù<1 1 t t7

t?
t

tt?

I
tt
t3

t
t 3v

t
5y

t4

t2
¡5
r t'i t?
t2v

<1 13 i
t

2y
5 yt
2t
6r
4y

7 4t
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t5r
t y 5t
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ttt

tt
2t
3

3?
4
2y

t?
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2 110 1

822 1
t tLL36t? 1
t<r 3 42L t

2 5 520 t
63 3
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5 12515

r r t24t?

t1
4

8r

t tlo 2 2
LZ 22A
5 2t6

r1022
74 L6
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r<1 3<1 I
10 225

I 1s10
72 2A

2 tt572
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t 2 315
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Sam¡rlc

27-733-1 qz-mu-ch-m;rscst
348-930-1 ch-mrr-st fs scst
348-967-1 cllmu-st fs scst
34-863.5-l ch-mu-ky fs scst
34-937-1 mu-ch-gt fs Ëcst
70-664-l qz-et-ch gnss
70-6A7-L qz-st-cÞmu-bi gnss
70-822.5-f qz-mu-ch-st gnss
70-876,5-1 qz-mu-ch-ky gnss
7O-934-l qz-mu-ch-gtscst
73- 1107.5- 1 qz-mu-ch-st scst
73-1170.5-1 qz-mu-ch-ky-st scst
73-l17O.lr-2 qz-mu-ch ÊcBt
73-L22+7 qz-mu-ch-strnss
73-L257-l qr-mr-chscsi
73-131G1 qz.mu-ky-st Als673-949-f qz-mu-ch scst
80-117fr1 bi-ch-mu-st-gt gnes
80-1382-1 qz-mu-ch scst
80-1639,5-1 qz-ch-mu gnss

24-277.5-7 qz-ky-mu-ch scst
80-1571.5-1 ch-ky-mu-st scst
27-484-L qz-mu-6t-gh5c6t
27-5O4-L qz-mu-6t-kyscst
34-799-t qz-mu-gh-st scst
198-785-1 ky-ma fs msdm
19-801-1 mu-ma-ky scst
19-950-1 ky-mu-bi scsi
22 A-1625- I qz-nru-ch-st-gt scst
228-r7O3-I blmu-st-gt fs
228-772L-l qz-mu-bi-gt-sr gnss
228-f 727-2 qz-mu-si-üi gnns
24-8L2-1, ky-mu-bimsdm
24-AL2-2 mu-ky-to msdm
24-8L2-3 mu-ky-bi-ch msdm24-99L-l mu fs gnss
32-1465.5-1 mu-fu-str 6cst
34.4.-1614-1 mrr-py scst
34C-1377-I mu-st-ky scst
3+1347-L mu-ch-ky scst

Lithology

Table 4.1. Petrography and Modal Estimates. (conrinued)

uur¡ uoo(ì qz ptamcmep clgt bi chmumaky 6t gh to py po spmg
10d omvr 70
lOd vmski 52 I
10d vmsi 50 15
10(l vmki 50 15
10d vmysi 45 25
10rl ovsru ?0
lod ovsmp 64
10d omvsx 65
1Od omvki 70
10d omvy 65

10d omv6 69
10d omvks 70
10d omvi 70
10d omvsx 69
lod omv 70
10d omkst 65
10d omv 7O
lod pvmi 2E 48
10d omy 65
l0d ovm 65

10d wovmk 35
10d wovkm
lod¿ ot 80
10<l¿r oki 80
lOda ou 74
10¡r ckru 30 60
1(\r omrku 30
10¡r ckmup 35 20
10p omvsv 47
1()p pmysx 37 35

10p mpysu 55 5
10p omspy 60
10p kmup 1035
10p mkut 5 15
l0p muk 5 5
lOp cmek 50J5
10p dmu 43 11
10¡r mui 50 20
lOp mskut 23 15
10p mvuk 44 ¡.6

t 1014 5
t 2Qt5 1 3

1612 5
1515 3

1 1610 I
210 4 10

r? 511 7 Lr
t? r2I5 6

1016 4
t 1 1618

1515 1
t r2t2 3 L

15 15
1015 4

T L4L6
2 26<1 2 2
525

1101010 t
<1 10 25

20 I5

Appendix A

21-t!!7-r mu-py scsr tO¡r muj 60 1934-155f-1 qz-mu scst tOt "mri SS t
11-_1607.5-1 mu-ky scsr 10;, gmk as 30
34C-162o^L pl-layered ch scsr l0;, gvup 30 a034c-l7l!t pl-layered ch scst 10i, gv ZS 49
198-663.5-1qz-mu-¡5h-st scst tO¡ia 80 S?

??+-1938-1 qz-mu-st-ky-gh sc6r 10pa ouk SB

??+-195{t-t mu-sr-¡¡h scsi lopa ui s0 15
224-7650-2 qz-mu-bi-st scst lOpa o¡rui 65
22D-1723-t qz-mu-Bt-ßh sc8t 10pa .rti +Z t?

?\-]zPl:!-, mu-tri-sr-sh scsr 10pa cpu 4s 15
34C-r435-1 mu-gh-ky scst 10pa ,iL 302s
34C-145&1 qz-mrr-s¿ 6cst 10pa ou 45
_31-15?$1 mu-gh scsr lopa ui s0 5
19-919-l ma-qz-mu-ky scsr toils orumk Bs
24-lL3La-L Bt-ar-gh tOli/S zau AsZo
34-1525.5-1 6-mass au r0i,/5 mupj 25 30
?1-1199.5-1 qz-phyric py-bi-ch +/rôp upv- ea+o
?9-101$1 qz-phyric? cl-py +¡si "iu 25ts
34-1498.5-L gr msdm 3 ourpi 10

Ii9-19-1 qz-phyric bi-ky fs 4/to kpu 4585
J-{?-1?,1 qz-phyric bi-si-ky 4/10 pusk aB30
I?-lit-1 qz-phyric volc bic<:'J +à¡n 'pm 4s40
I?-30-2 qz-¡rhvric votc brcc'? 4a71O p;my 4033H9-30-3 qz-phyric volc brcc? 4a'/to 'hv 

5030 15
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Samplc

H9-54-5 bi-st-ky fs I/LO psk 5026
H9-6O-2 qz-phyric mrr-st fs A/LO ms 15 50
H9-6-2 qz-phyric st-ky-bi 4/10 skpm 24SO
31-814-1 pl-ch-bi-gt f6 10rn ypy 25 S0
73-834-f ch-hb-l¡i nrafic scst 10m vh¡rqi 25 5 16
80-1265-1 ch-hb-gt mafic scst tOm ovhyi 25 Z(!
80-1286.5-1 amph 10m ohv t0 85
8O-L3l6.l bi-ch-pl scst 10m pv 1060
19-157-1 pl-layered calc-sil f/LOc vpy 40BO
l9-274.5-t calc-sil fs f/foc lm 27tA
224-1350.5-l calc-sil fs 1/1Oç qpm 39 t0
228-L347-I calc-sil fs 1/t0c pmq 4OZO
228-1843-1 calc-sil fs t/10c pmqu 4224
22-685.5-1 calc-sil 1/t0c cpm 4ZZ5
22-7A9-l calc-sil fs 1/10c pqm 40
24-666-l mu-bi-cl scst 1/lOc mpq 40 2
27-32A-l calc-sil fs f/r0c pmq 5030
27-763-L mu-bi-laycred fs 1/t0c *pori O{lZ+
29-183.5-l bi-cl-mu-laycrcd fs 1/10c p 3960
29-7L6-I calc-sil fs 1/10c m¡rq ZTgs
3t-716-l calc-sil fs 1/10c cm¡rq 15 45
32-657-l calc-sil fs L/rOc qp 40ZO
344-L252-t calc-gilfs t/rDc qpl SS15
34}.-992-l calc-eil {s t/10c ¡rqm 56 tl
348-1032.5-1bi-chmu fs 1/10c pvmy 50 25
34-1028.5-1 calc-sil fs 1./f}c pql 45 l0
34-697.5-1 calc-sil {s t/f}c pql 50 5
70-462-7 calc-sil fs f/f}c pq ASZí
70-560-1 calc-sil L/t1c pq tT "r70-566.5-1 calc-sil gnss l/tOc cmqp 4OZz
73-1380.5-l calc-sil fs 1/10c pmyu 51 tB
80-173S1 calc-sil fs 1/t0c pmq gO4T
80-1795-1 calc-sil fs f/r}c pql 45 15
228-f9tt-t pl-bi-laycred fs 1b/10c plu 4388
24-624.5-l fs clast 1b/t0c apq 4rr45
24-624.5-2 fs volc brcc 1b/10c mpq 35g5
2_7-963.5-L bi-mu-ep-tayercd fs 1b/10c pmqy 60 20
D4-37-1 fs volc brcc? rb/r0c hqp.f A5g5 12
228-1950-1 qz-phyric hb-ch-bi 4/LOc hvp 23f3 Zs
24-L252.6-l qz-phyric bi-e¡r fs 4/t}c pq 9045

Appendix A

Table 4.1. Petrography and Modal Estirnates. (conrinued)
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Samplt:

29-669-l mafic volc
29-757,5-l bi-gt amph
37-272,5-l pl-phyric mafic volc
31-361-1 bi-hb-ch mafic
31-399,5-1 mafic volc
3L-473-l mafic vok:
31-521.5-1 mafic volc
31-558-l mafic volc
32-L3?3,5-t mãfic volc
344-1459b-1 pl-phyric? mafic
344-1463.5-1mafic volc
29-47A,5-f inter volc
29-580.5-L m¿fic vol<:
29-633.5b-1 pl-phyric mafic
D4-38-1 inter volc
J8-2-1 mafic volc
28-272,5-7 altercd volc brcc

Lithology

Table A.L. Petrography and Modal Estirnates. (conrinued)
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Table 4.2. Key to petrographic Code.

a-clast extracted. from fragmental rock
b-matrix from fragmental rock
c-quartz phenocrysts

d-plagioclase phenocrysts
e-biotite in metamorphic_segregation layering (S1)
l-Dz to post-kinematic hornblende zone with leucocratic haro,

unit 1. only
g-plagioclase-rich layers (S, ) with, Tuttle' deformation

lamellae consisting of rutile trails (S1)
h-Ca-amphibole)2To
i-slight retrogression
j-more than slight retrogression
k-kyanite)1%
l-calcite) 1 %

m-muscovite>2%
n-cummingtonite) 1%

o-no plagioclase
p-biotite)2%
q-epidote)2%
r-margarite>1%
s-staurolite) 1%

t-tou¡maline>-lTo
u-sulphide minerals)2%
v-chlo¡ite>2%
w-selvedge to quartz vein
x-magnetite)1%
y-garnet) 1%

z-anthophyllite*gahnite

Notes:

Maximum of 5 designators per sample.
Units 10pa and 10da are defined by the assemblage muscovite-staurolite-gahnite and this is
not repeated in the code designation.
Unit 4 is defined by quartz megacrysts and this is not repeated in the code designation.
Features a-g are given first.

1.

,

2

4.

5. h and k-z are given next, generally in
comes first.
i and j are given last.6.

order of abundance, except for o (no plagioclase) which
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Table 4.3. Mineral A,bbreviations.

ac-actinolite
al-allanite
am-amphibole
ap-apatite
apy-arsenopyrite
at-anthophyllite
bi-biotite
ch-chorite
cl-calcite
cm-cummingtonite
cp-chalcopyrite
ep-epidote
fu-Cr-muscovite
gh-gahnite
gr-graphite
gt-garnet
hb-hornblende
il-ilmenite
kf-K-feldspar
ky-kyanite

ma-margarite
mg-magnetite
mn-monazite
mu-muscovite
op-opaque mineral
ox-oxide mineral
pl-plagioclase
po-pyrrhotite
py-pyrite
qz-quartz

¡u-rutile
si-sillimanite
sn-titanite
sp-sphalerite
st-staurolite
su-sulphide mineral
to-tourmaline
xe-xenotime
zi-zircon

Appendix A
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Appendix B

Mineral Determinations

Electron-microprobe mineral analyses were collected on a suite of 21 samples repre-
senting the various alteration types and mineral assemblages observed at the Linda
deposit' The minerals for which analyses were obtained are: amphiboles: calcic
amphibole, anthophyllite and cummingtonite; micas: biotite, margarite and mus-
covite; chlorite, epidote, garnet, gahnite, kyanite, plagioclase, sphalerite, staurolite,
and tourmaline. The samples were prepared as polished thin sections by Vancouver
Petrographics Limited. Preiiminary work included microscopy in both transmitted
and reflected iight, and the preparation of g"x10"prints of photomicrographs of
each section. The occuïrence and distribution of monoclinic (magnetic) and hexag-
onal (nonmagnetic) pyrrhotite was determined by applying a magnetic colloidal
suspension to the polished thin sections, and examining them with a petrographic
microscope' The suspension was prepared following the method of Scott (lg14,
pages S-17-S-J8).

Electron-microprobe analytical work was done initially on a JEOL g600, under
the supervision of R.L.Barnett at the Department of Geology, University of Western
Ontario, London. Subsequent analyses were done on a JEOL Superprobe Z3B at the
National Museum of Natural Sciences, Mineral Sciences Division, Ottawa under the
supervision of Dr.T.S.Ercit. Most of the analyses collected at University of Western
Ontario were repeated at the Museum of Natural Sciences; with the exception of
feldspars in 6 specimens, epidote and muscovite, each in a single specimen, and
amphibole in 2 specimens; only those analyses collected at the latter institution
are reported (Table 8.3)' Instrument operating conditions, standards and methods
reported here, refer to the Museum, with University of Western Ontario in square
brackets where pertinent.

Mineral compositions \ryere determined by wavelength dispersive spectrometry
(\4/DS) using an accelerating potential of 15 keV, a beam current oI20-25 nA [10
nA] and a beam diameter of 10-16¡.r. A focussed beam was used for some very
fine disseminated grains of sphalerite. Mineral standards were used (Table 8.1),
excepting Ba for which the standard was Ba-bearing glass, and Zn for which, in
some silicate analyses, the standard was a synthetic compound.. The willemite
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Table E}.1. Standards used in Electron Microprobe

Element

sphalerite chlorite epidote
plagioclase tourmaline

micas amphibole

5r

Ti
.A.t

C¡

Mg

Mn

Fe

Cu

Zn

cd
Ca

Ba

Na

K

F

cl
S

1na
1na
1n&
1n&
1na

tephroite

arsenopyrite

cuprite

sphaleiite

Cd-apatite
1n¿
1n&
1na
1na
1

nÐ.

1n¡r

sphalerite

chlorite diopside

biotite titanite
chlo¡ite gehlenite

ch¡omite nich¡omite
chlo¡ite diopside

willemite tephroite
biotite alm¿ndine

1ina na-
BaZnGeO4 BaZnGeO4

1rna na-

diopside diopside

sanbo¡nite sanbo¡nite

albite albite
biotite sanidine

fl uoriebekite fl uo¡iebekite
tugtupite tugtupite

1rna na-

Mine¡als Ànalysed

kyanite

gahnite

staurolite

garnet

Standa¡ds

muscovite

luwol2

almandine orthopyroxene albite orthopyroxene
titanite kaersutite o.1 k¿e¡sutite

gehlenite ano¡thite g0 ¿lbite kaersutite
nichromite ch¡omite ou.l chromite
diopside orthopyroxenu orl orthopyroxene
tephroite rhodonite or1 rhodonite

almandine orthopyroxene orthopyroxene orthopyroxene
o.1 r"1 ,rr1 ,ru.1

willemite rr1 ,u.1 ,ru.1

or1 ro1 .u.1 oo1
diopside diopside ¿northite g0 diopside

'|
Ì.a' Ba.-glass Ba-glass Ba_glass

albite albite albite albite
ru.l orthoclase o¡thoclase orthoclase
,rr1 Li-fluo¡ide oa1 Li-fluoride

1n&' tugtupite ou.l ,,o1
,rtl ,r.1 o"1 ,rr1

Appendix B

Ä.nalyses.

1 Not analysed.

plagioclase

luvvo]2

standard is zoned, and this problem was alleviated by consistently calibrating on
the same grain. Data u¡as processed with a conventional ZAF correction. During
calibration) counts for major elements in standards were collected to a minimum
1o precision of a.5% l%]. Counts on samples were collected to a 1ø precision
of 0'5% flTol, or for maximum counting times of 25-40 seconds [20 seconds]. Each
elemental analysis ïvas recorded with the cumulative 1ø standard deviation for both
standard and sample. Sample standa¡d deviations exceeding zs.5% are considered
to indicate that the element ïvas not detected (see Table 8.2 for detection limits of
trace and minor elements). Within-sample averages and standard deviations were
determined, and these represent a measure of real compositional scatter within the
section.

Chlorite analyses tend to have slightly high weight% oxide totals, averaging
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epidote

amphibole

luwol2

2 Analyse" done at the University of Wesúern Ontario.



Table 8.2. Detection Limits of Minor and Trace

Element

AI

Ba

Ca

Cd

cl
C¡

Cu

F

Fe

K

Mg

Mn

Na

s

si

Ti
Zn

ky

m1

na

na

na

n&

nd

na

na

<0.24

na

nd

nd

na

na

m

nd

nd

na2

na

na

0.28

na

na

o.t2

na

m

n&

n¿

0.08

na

m

na

na

m

mm
nd3 na

mm
na na

na na

na nd

na na

na n&

0.11 m

0.04 n&

¡ì¿ m

n&m
m 0.06

na na

mm
na 0.06

n& nd

Minerals Analysed

mmrn
nd nd nd

mmm
na na na

nd nd nd

nd nd nd

n& na na

<0.5? 0.47 nd

mmm
nd 0.05 0.04

m m 0.04

0.08 m m

m 0.06 <0.11

na na na

mmm
m 0.06 0.0S

nd 0.16 nd

&m ep

Appendix B

Elements.

1 Major element. 2 Not analysed.
a One exception wiih (0.60 weight%.

m

nd

0.04

n&

nda

nd

n&

0.39

m

0.04

m

< 0.13

0.05

na

m

0.05

0.16

100'50-102.78T0, after the addition of calcul.ated HzO. To a lesser degree, high to-
tals also occur in biotite analyses, which v¡ere done using the same set of standards
as chlorite' This is probabiy due to a systematic error introduced during calibration
on the standards, and may be related to either the choice of standards or to inac-
curacy in the reported standard compositions. Chlorite and biotite standards were
used for major elements and, therefore, differences in matrix between the standard
and the analysed mineral $¡ere minimized. However, phyllosilicates are inherently
difficult to analyse accurately, as they tend to disintegrate under the electron beam.
The element(s) in which the error occurs cannot be definitely identified, and this
will contribute some uncertainty to the analyses. Similarly, the Mn-richest garnets
(22A-1625) tend to have low oxide totals (98.15-gg.I7%), probably as the result of
systematic error introduced through the use of tephroite, rather than spessartine, as
an Mn standard. The possible contribution of hydrogarnet component was tested
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m

0.r2

0.04

na

nd

nd

na

0.44

m

m

m

0.0 8

0.0 6

na

m

m

<o.24

m

no

na

n¿

na

nd

n&

na

m

na

m

0.10

na

na

m

m

m

mu

m

0.10

0.04

na,

nd

0.09

na

0.46

0.10

m

m

0.04

m

na,

m

0.06

nd

gh

m

na.

n&

na

na

na

na.

n¡t

m

na

m

0.0 7

na

no,

0.07

nd

m

3 Not detected.
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by back-calculation assuming substitution of Si+a =4H+ to bring the tetrahedral
site to full occupancy. The proportion of hydrogarnet component was negligible.

Recalculation of weight% oxide (or weight% element analyses for sphalerite)
analyses to mineral structural formulae was d.one by setting up the equations in
LOTUS 1-2-3 spreadsheets. For silicate and oxide minerals (except staurolite and
calcic amphibole), the method followed that of Deer eú aJ. (1966), based on charge
balance and normalization to a chosen number of anionic charges, and assignment to
appropriate structural sites. Sphalerite analyses included determinations for both
cations and sulphur, and these were recaJ.culated to formulae without normaliza-
tion' Weight% II2O was back-calculated from stoichiometry, after adjustment for
measured F and Cl contents. Similarly, weight% BzO¡ in tourmaline was back-
calculated from stoichoimetry.

Staurolite analyses \¡yere normalized to (Si+Al):25.58 ions, after the proposed
scheme of Holdaway et aI. (1988) and Holdaway eú aJ. (1986) for staurolite which
formed under reducing conditions. Following Holdaway et aI. (1ggg), anionic
charges u¡ere assumed to total 96, and this was assumed to be balanced by H+. Li2O
was not determined (Dutrow et a1.,1986) and weight[o H2O was back-calculated
from the charge balance. The assignment of cations to structural sites, based on
Holdaway (1986), includes .250 Fe+3 ions at the octahedrat AI(BA) sites, a total
of '250 (Mnaps+z) ions at the U(1) site and Mg, Zn, Ti and remaining Fe at the
tetrahedral(Fe) site. weight% FezOs and adjusted Feo were back-calculated. This
method results in oxide totais averaging 98.46-100.33%, except for sample Z2-g5T
which has anomalously low totals for unkno'vyn reasons. The low tetrahedral-site
occupancies in most samples suggest that Li may be present in addition to vacancies
(ibid.), and this may also be reflected in srightry low oxide totals.

Amphiboie analyses ïvere recast into structural formulae, after the method
of Robinson et aI. (i982), incorporating a calculation of p"+s/Fet2 ratio and
OH, based on stoichiometry. The method uses normalization to a fixed cationic
site occupancy and 46 anionic charges, with charge balance accommodated by
the proportions of Fe+3/Fe+z. Anaiyses of calcic amphiboles rryere normalized
to Si+Al*Ti*Fe*Mn*Mg*Zn:13, thus assuming full occupancy of the tetrahe-
dral sites (T:8), and of the octahedral sites (M1+M2+MB:5). A single analy_
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sis was rejected on the grounds that it vioiated a chemical limit, requiring neg-
ative amounts of Fe*3 to achieve charge balance (see ibid.). Analyses of Fe-Mg
amphiboles, ie. cummingtonite and anthophyllite, were normalized to 46 anionic
charges, and with the assumption that Fe¿-Fe+2 (Table B.g, i). Fe*s contents, cal-
culated in analogous fashion to those of calcic amphiboles, but with normalization
to Si+Al+Ti+Fe*Mn*Mg*Znf Ca:15 (following Robinson et a1.,19g2) tended
to have low positive and negative values generally close to zero.

Iron is reported as FeO, except in staurolite as discussed, and epidote, kyan-
ite and feldspar, in which all Fe ïvas assumed to be Fe2O3. The occupancies of
the octahedral sites in chlorite and biotite generally approach within t% and. Zyo,,

respectively, of the ideal stoichiometry. Considering the high Mg compositions of
these minerals, and the probability of some systematic error in the analyses, cal-
culation of Fe+3 content did not seem justifiable. In the context of this study, the
main effect of unrecognized FezO¡ would be to give Mg/(Mg+Fe) values that are
artificially low.

Epidote analyses (Table 8.3, j) tend to have low oxide totals, averaging gZ.Bg-
99.27 weight%. This may be partly due to systematic error; ce, La and Nd were
commonly observed in EDS spectra, but were not analysed quantitatively. Frac-
tured allanite cores in 2zB-rg4g showed up to .gg% cezo s, . tyo La2o3 and .64T0
NdzOs' U, Th, Sm and Pr were not detected. These should be regarded as semi-
quantitative analyses as the cores appear metamict and the oxide totals were g5-
94 weight%' Petrographic examination showed that epidote commonly produced
pleochroic halos in adjacent biotite grains, suggesting that the epidote may also be
partly metamict. The low oxide totals are probably the combined result of incom-
plete elemental analysis and systematic e¡rors introduced either during caJibration
(as discussed for chlorite and biotite), or through the matrix contrast between crys-
talline standards and partly metamict sample grains.

The energy dispersive spectrometer (EDS) on the electron probe was used
to identify unknown minerals and to confi.rm optical identifications, particularly of
fine grained phases occurring in trace amounts. Rutile, ilmenite, xenotime, allanite,
monazite, apatite, zircon, sillimanite, and in one case, galena, were identified in this
way, although quantitative analyses were not obtained. The EDS system was used
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in tandem with back-scattered electron (BSE) imaging, which is sensitive to bulk
differences in atomic number, to identify or define mineral zoning or fine grained in-
tergrowths' This allowed the confirmation of mica-chlorite and muscovite-margarite
intergrowths and exsolution lamellae in intermediate plagioclase. paragonite was
not identified as a discrete phase, despite the common occurrence of paragonitic
muscovite and Na-biotite. Zoning and exsolution in plagioclase was imaged using
BSE, and photographed (plate g.L). zoning in garnet is mainly defined by coupled
Fe-Mn substitution. These elements are adjacent in the periodic table, and the
zoning was not visible in BSE images.
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Table B.B.
compilation of Electron probe Mineral Anaryses.

a. Muscovite and Margarite Mineral Chemistry.
b. Biotite Mineral Chemistry.
c. Chlorite Mineral Chemistry.
d. Staurolite Mineral Chemistry.
e. Sphalerite Mineral Chemistry.
f. Gahnite Mineral Chemistry.
g. Garnet Mineral Chemistry.
h. Calcic Amphibole Mineral Chemistry.
i. Fe-Mg Amphibole Mineral Chemistry.j. Epidote Mineral Chemistry.
k. Kyanite Mineral Chemistry.
l. Tourmaline Mineral Chemistry.
m. Plagioclase Mineral Chemistry.

Þxplanatory Notes.
1' Area (column 2) refers to a subdivi_sion of the probe section encompassing anarea of 5-10 mm-in diameter' Spot (coiumn e) refers to the area of the electron

beam from which each individual mineral arráry.i, was colrected.
2. Abbreviations:

Qualifying spot number: c-core, r-rim, m-matrix, an-anthophy[ite,
cm-cummingtonite.
ave-average, stdev_lø standard deviation.

3' Oxide totals: The first total assumes FeO¿, weight% oxides uncorrected for F,no H2o or 8203. Second total assu-". i'"o ãnd Fe2os as calculated fromstoichiometry (Tables B.B, d, h, i, k, m), corrected for F, H2o calculated fromstoichiometry (Tables B.B, a, b, c, d,'h, i, i, l), and BzOe calculated fromstoichiometry (Table B.B, l).
4' The averages and standard deviations are compiled in Table g.2 and were usedin deriving the balanced reactions in Tables to.r and 10.2.
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Sam¡rlc

22-90L
22-907
22-90t
22-901
22-907
22-90L
avc(6)
stdev

22-957
22-957
22-957
22-9s7
22-957
22-9ÍtT
22-957
22-957
22-9'¿7
22-9s7
22-957
22-957
22-957
avr:(4)
stdev

22-996.s
22-996.5
22-996.5
22-996.5
22-996.s
avc( 5 )
st dev

22A-7625
224-L62s
22A-LAzs
22A-1625
22A-1625
S1. av<:(2)
52. avc(2)
av<:(4)
stdcv

22A- 1638
22A- !.638
avr:(2)

224-1,752
22A-7752
22¡.-7752
22A-L752
22A-L752
22¡^-7752
22A-1752
ave( / )
stdcv

22l]-L727
228-L72L
22I]-1.727
22D-172L
22D-772L
avc(5)
st dev

228-1723
228-L723
z2B-t723
2ZB-1723
22Ï]-7723
228-1723
22D-7723
22I]-L723

Table 8.3. a. Muscovite and Margarite Mineral Chemistry.

area spot

54
57
59

860
862
864

sio2

45.72
46.3r
45.31
46.30
45,70
46.O2
45.73
0.36

Îio2
weighÈ percent oxide or element (ZnO not detecæd)

o.43
0.41
o.4L
0.45
o.43
0.29
0.40
0.05

Al2OsCr2Os FeO

c67
c68
871
872
873
875
876
D78
D79
D80
827
A'28
E 29

35.60
35.93
36.13
35.97
36,40
36.69
36.12
o.35

47.74 0.zo 39.78 0.00
41,55 0.25 38.99 0.00
45.46 0.36 34.61 0.o0
42.27 0.29 38.64 0.00
36.76 0.20 43.31 0.oo
42.2et o.28 36.21 o.0o
38.1.8 0.2(ì 38.80 0.00
4L.61, 0.26 35.69 0.o0
43.86 0.33 36.90 o.oo
46.1.2 0.28 35.60 0.00
46.33 0.23 36.85 0.00
46.11 0,23 35.54 0.00
43.41 0.31 3S.81 0.o0
46.01 0.28 35.65 o.o0
0.33 0.05 0.80 0.00

46.09 0.24 36.42 0.00
46.27 0.30 36.22 0.(ìLr
46.04 0.24 36.43 0.00
46.2r o.31 35.72 0.c,0
46.26 0.32 36.07 0.00
46.77 0.29 36.17 0.00
0.09 0.o4 0.26 0.oo

0.00 2.40
0.00 2.21
0.00 1.90
0.o0 2.07
0.o0 2.09
0.00 1.87
0.00 2.09
0.00 0.18

MnO MgO BaO CaONa2O

0.00 0.74 0.16 0.00 1.610.00 0.64 0.19 0.00 1.6{0.00 0.62 0.19 0.00 1.45
0.00 0.67 0.14 0.00 1.580.00 0.61 0.13 0.00 1.s30.00 0.61 0.18 0.00 1.430.00 0.65 0.t7 0.00 1,540.00 0.05 0.02 0.o0 0.08

847
B 5()
i]52
I}54
855

L.72
1.69
2.74
L.97
r.62
3.26
1.96
4.69
2.67
2.L4
2.17
2.80
1.89
2.46
0.31

0.00 0.56 0.22 3.40
0.00 0.52 0.20 3,33
0.o0 0.72 0.32 0.oo
0.00 0.66 0.L2 2.80
0.00 0.57 0.15 7.o4
o.00 1.69 0.20 L.43
0.00 1.05 0.15 3.50
0.04 2.28 0.21. 1.41
0.00 0.8s o.27 1.50
0.00 0.66 0.27 0.00
0.0cì 0.57 0.20 0.00
0.0c1 0.74 0.28 0.00
0.00 ().60 0.29 2.65
0.0cì o.G7 0.27 0.00
0.00 0.o7 0.04 0.00

c2S
431
435
A'39
/l40

Kzo

Appendix B

9.25 0.00 95.91 4.52 100,43
8.77 0.00 95.10 4.4s 99.59
8.96 0.00 94.97 4.49 99.46
9.26 0.o0 96.44 4.55 100.99
9.26 0.o0 96.15 4.54 100.69
9.26 0.00 96.35 4,56 100.91
9.r.3 0.00 95.82 4.53 100.35
0.19 0.00 0.5s 0.03 0.61

6.58 0.00 95.34 4.51 99.85
6.84 0.00 94.51 4.46 98.97
8.82 0.00 94.16 4.44 98.60
6.99 0.00 94.S3 4.48 99.31
3.13 0.00 93.84 4.45 98.29
7.29 0.00 93.73 4.40 98.13
5.13 0.00 90.04 4.27 s4.37
7.13 0.00 94.37 4.39 98.76
7.59 0.00 95.13 4.4s 99.62
9.29 0.00 95.53 4.51 100.04
6.11 0.00 95.58 4.56 100.14
9.0cr 0.o0 95.95 4.52 LOu.47
6.92 0.00 96.03 4.55 100.58
8.81 0.00 95.31 4.51 99.81
0.43 0.00 0.68 0.04 0.72

42.02 0.17 35.35
43.79 0.32 35.95
43.36 0.29 35.79
45.55 0.51 36.46
46.07 0.43 36.58
43.58 0.31 35.8?
45.81 0.47 36.53
44.69 0.39 36.20
1.14 0.09 0.34

F Total H2O

L.L4
L.t4
1.13
1.15
1.06
1.1.1
1.07
L.o5
r.20
L.r7
L.72
r.25
L.t2
L.t7
0.05

L.24
r.25
1.19

o.o2

1.31
L.37
1.46
1.64
r..53
7.42
1.5 9
1.50
0,L(l

2.52 0.ù0 0.6E O.27 O.O02.57 0.0(, O.72 O.L? 0.0o2.36 0.00 0.63 0.23 0.o82.74 0.00 0.66 0.36 0.002.90 0.00 a.75 [t.35 o.ur
2.62 0.00 c,.69 0.28 O.O20.16 0.ocì 0.04 0.0? 0.03

458

Atr
A2r
A3c
A 4<:

B' 5nt
B' 6m
B, 7<:

0,(,0 4.3C, 0.09
0.00 2.31 0.00
O.0C, 2.5L 0.00
0.00 1.29 0.oo
().00 1.35 0.o0
0.00 2.17 0.00
0.00 1.32 0.00
0.(,0 1.87 (J.00
0.00 0.55 0.0(i

0.o0 0.80 0.00
0.0rr cì.79 o.ocl
(i.oo 0.80 0.{}t)

().o0 1.11 0.o0
0.o0 1.10 0.00
0.0t, 1.15 0.0(ì
(r.oo L.13 0.00
cJ.00 1.23 0.00
0.o0 1.07 (,.o0
ú.00 1.38 0.00
0.00 1.17 0.o0
0.o0 0.10 0.o0

Total

44.65 0.36 36.19
44.7() O.28 36.36
44.66 0.32 36.28

46.08 0.20 36.16
48.67 0.29 33.86
46.7E 0.30 36.13
45.66 0.26 34.62
46.10 C1.34 35.81
46.27 0.22 37.16
47.40 0.37 34.48
46.73 0.29 35.46
1.02 0,06 1.08

4.48 0.00 0.00
2.46 0.15 0.o0
2.52 0.14 0.o0
|J.74 0.1ô 0.0(r
o.77 0.16 0.00
2.49 0.15 0.0()
o.76 0.17 0.0()
r.62 0.16 0.0()
0.87 0.01 0.o0

o.57 0.11 0.0(.,
c,.61 0.L2 0.00(,.59 0.L2 0.0(ì

o.42 0.00 0.oo
0.53 0.00 0.0o
0.56 0.13 0.0(r
0.63 0.00 (ì.o()
0.56 (,.00 0.oo
0.53 0.00 0.0(,
1,01 0,()0 0.0(r
0.61 0.o2 0.00
0.17 0.05 0.oo

Âul
4'65
lt ()ti
467
469

A'59
4'60

64
65

c67
c68
D72
B1

6.73
7.90
8.03
6.34
8.83
6.37
o.37

6.84
8.03
7.89
8.50
6.8(ì
7.96
6.65
E.31
0.36

7.2A
7.78
7.53

8.56
7.67
Ò. lþ
8.15
6.65
7.36
7.96
8.16
0.49

46.34 0.28 36.03 0.o0 1.?9
44.75 0.29 37.16 û.0c, 1.8(.r
46.01 0.30 35.62 0.o0 1.89
46.1.5 0.32 35.80 0.00 2.36
45.01 0.29 36.44 0.00 1.87
45.53 0.30 36.21.0.o0 1.94
0.83 0.01 0.55 0.00 0.21

0.o0 96.17 4.55 LOO.72
0.00 95.38 4.54 99.92
0.00 95.30 4.53 99.83
0.00 95.64 4.53 100.17
0.00 96.67 4.s6 101.23
().o0 95.83 4.54 100.3?
0.00 0.52 0.01 0.53

0.00 94.56 4.44 99.00().o0 94.38 4.46 98.84
o.O0 93.96 4.44 98.4(l
0.0(r 94.89 4.51 99.40
O.0(r 95.69 4.55 100.24
0.o0 9{.17 4.45 96.62
û.0(r 95.29 4.53 99.82(,.o0 94.73 4.49 99.22
0.0o 0.64 0.04 0.69

0.00 92.06 4.42 96.46
0.00 92.68 4.43 97.11
0.oo 92.37 4.43 96.6(r

o.00 94.72 4.51 99.29
o.otl 9.1.65 4.55 99.2(l
o.00 95.93 4.56 70u.49
0.0o 92.59 4.12 97.o7
o.0(r 95.00 4.52 99.52
().oo 95.42 4.57 99.99
0.00 9{.81 4.53 99.34
0.t10 94.73 4.52 99.26
0.00 0.97 0.05 1.01

0.00 95.61 4.54 100.15
0.00 94.89 4.49 99.38
o.00 95.71 4.57 700.22
o.oo 95.72 4.53 100.25
o.o0 94.88 4.49 99.3?
o.o0 95.36 4.51 99.87
0.00 0.39 0.o2 0.41

0.o() 94.62 4.5(ì 99.12
o.0cì 94.63 4.46 99.11
0.00 95.01 4.5L 99.52
0.00 94.19 4.47 98.66
O.ot! 94.94 4.50 99.44
0.o0 94.49 4.49 98.98
0.00 94.20 4.47 98.67
0.00 95.12 4.51 99.63

45.55 0.47 36.12
44.61 0.37 36.30
46.52 0.49 35.01
44.83 0.43 36.(i1
44.46 0.38 36.93
45.89 0.43 35.78
44.34 0.36 36.45
42.61 0.33 38.87

2.LC)
2.O4
2.07

2.t9

2.10
,1a

2.37
2.87

2.3Q
o.24

0.00
0,o0
0.o0
0.0(l
0.0o
o.00
0.00

0.00 1.61 0.00 0.74 O.Lz 0.56 1.O7 8.380.oü ¡..45 0.00 0.79 0.13 0.95 0.96 8.8?o.oo L.62 0.o0 0.79 ().r4 0.05 1.04 9.350.o0 1.69 0.00 c1.85 c,.13 0.6? 0.98 8.600.o0 1.45 0.O0 0.?6 0.16 1.16 0.96 S.6¿0.00 1.56 0.00 0.7L 0.00 0.00 ¡..o1 9.110.00 1.61 0.o0 0.92 0.10 L.24 0,g4 8.240.o0 1.40 0.0() o.7L 0.13 2.80 0.98 7.2s

0.76 0.10 0,2(, O.8?
o.74 0.L5 1.L3 0.88
o.77 0.15 0.O() 0.89
o.75 0.13 0.o0 1.06
0.70 0.15 0.48 0.88
o.74 0.74 0.36 0.92
0.o2 0.o2 0.42 0.o7

9,24
8.59

10.o8
9.15
9.06
9.22
0.48

296



Samplc

22D.L723
228-L723
228-7723
avc( 10)
südcv

228-1843
228-7843
228-7843
228-1a43
228-7843
ave(5)
stdcv

32- 1465.5
32- 1465.5
32-1.465.5
32- 1465.5
32- 1465,5
32- 1 465. s
32- 1 465.5
32- 1465.5
ave(8)
std r:v

34-799
34-799
34- 799
34-799
34-799
34-799
ave(6)
stdcv

34- 1028.5
34- 1028.5
avr:(2)

34- 1 50o
34- 1 5(iCl
34- 1 50()
34- 1500
34- 150(r
34- 1 5((l
nr;r. avc(4)
std cv

34C-1377
34Ç-L377
34C-7377
a.vr:(3)
6tdcv

34C- 1,il53
34C- 1453
34C- 1453
34C- 1453
34C- 1453
34C- 1453
34C- 1453
34C- 1453
34C- 1453
nv<:(9)
stdov

34C-1747.5
34C-r747.s
34C-7747.5
34C-7747.s
34C-r747.5
34C-7747.s
:rvc (6 )
sùdcv

Table 8.3. a.

area spotSiO2 Ti02 AlzOsCrzOs peO

c30
c31
432

Appendix B

Muscovite and Margarite Mineral Chemistry. (conrinued)

44.37
46.L4
44.83
45.17
0.75

858
859
860
c64
c65

0.37
0.44
0.38
0.41
0.04

0.82
0.46
0.60
0.70
o.66
0.65
o,12

o.32
o.75
0.81
0.53
0.46
o.46
0.35
o.34
ü.50
o.17

0.35
o.12
0.29
0.40
o.29
0.35
0.35
0.05

weight percent oxide or e¡ement (ZnO not deiccted)

46.53
46.52
46.68
46.55
46.79
46.6L
0.11

46.96
46.42
46.40
46.92
46.73
46.72
46.66
45.96
46.52
0.34

44.73
45.08
44.67
45.66
45.68
45.69
45.25
o.44

46.79
48.26
47.53

46.73
31.11
31.70
31.30
3 1.2C1

30.72
31.06
o.22

47,2Q
46.52
46.74
46.82
0.28

36.28
37.25
36.84
36.30
0,61

32.69

32.66
31-.98

32.43
o.27

33.63
33.s9
33.66
33.42
33.76
33.95
33.20
33.62

o.21.

36.74
3C).94

36.93
36.09
37.46
36.48
36.77
0.42

0.00 1.43 0.00 0.78 0.00 1,00
0.00 1.63 0.00 0.85 0.11 0.g7
0.00 1.54 0.00 0.7s 0.11 0.85
0.0tr 1.56 0.00 0.80 0.10 O.75
0.00 0.08 0.00 0.06 0.0s 0.41

c38
c39
c40
B' 47
842
I]43
.A.44
445

MnO MgO BaO CaO NazO KzO

0.00 2.28 0.00 2.O4 0.22 0.a0 0.24o.oo 2.t2 0.00 2.13 0.s3 0.00 0.240.o0 2.07 0.00 2.15 0.48 0.00 0.250.o0 2.49 0.00 2.or 0.23 0.00 0.230.o0 2.50 0.00 1.88 0.23 0.o7 0.260.00 2.29 0.00 2.O4 0.34 0.01 0.240.00 cr.18 0.oo ú.10 o.t4 0.03 0.01

448
.A'49
.A.52
853
854
Bs5

o.29 L,29 0.00
0.21 1.11 0.00
0.09 1.15 0.00
0.43 1.18 0.o0
0.34 1.15 0.00
0.52 0.89 0.00
t).24 L.76 0.cì0
0.59 1.11 0.00
0.34 3..13 0.0(.)
0.16 0.11 0.00

0.94 8,52 0.o0 93.69
0.95 8.41 0.o0 96.75
0.89 8.65 0.00 94.87
0.98 8.68 0.00 94.74
0.05 0.33 0.00 0.77

437
¡'40

c33
F37
F36
F39
F40
G42

1.37 0.30 0.00 0.64 10.00 0.51 95.40 4.24 99.431.39 0.34 0.00 0.60 9.s9 0.56 94.60 4.rg és.so1.38 0.29 0.00 0.62 10.20 0.oo 94.53 4.46 98.991.33 0.33 0.00 0.67 9.80 0.46 95.31 4,t7 és.sg1.35 0,30 0.00 0.60 10.29 0.55 95.19 4.2r és,ro1.33 0.39 0.00 0.60 9.85 0.77 s4.7r 4.0s és.qo1..34 0.39 0.00 0.63 10.10 0.0(r 94.82 4.48 õg.so1.39 0.36 0.00 0.63 9.53 0.66 93.77 4.O9 SZ.SS1..36 0.34 (J.Oo 0.62 g.g2 0.44 g4.?g 4.25 98.E60.o2 0.04 0.00 0.02 0.26 0.27 0.49 0.r4 0.59

F Total HzO

0.o0 1.20 0.00 0.5? 0.16 0.()5 1.72o.oo 7.22 0.0(, 0.63 Cr.1l 0.0(t 1.68o.o0 1..22 0.00 0.59 0.13 0.00 1.510.ofj r.30 0.00 0.s6 0.10 0.00 1.65u.00 1.08 O.0(i t\.44 0.14 0.0.1 1.810.o() 1.1E 0.00 0.69 0.11 0.00 1.690.0(l 1.20 Cì.00 0.58 0.13 0.02 1.68
0.o0 0.07 ú.00 0.08 rJ.O2 0.02 0.09

O.ocì 2.31 0.0(r 2.og 0.27 (r.o5 0.2(,
o.oQ 2.29 0.00 2.LI 0.1.8 0.0() 0.210.00 2.30 (Ì.00 2.1.() O.Z0 0.03 0.21

10.71. 0.00 95.53
9.80 0.00 94.13

10.73 0.00 95.62
10.49 0.00 94.68
10.25 0.00 95.19
10.41 0.00 95.03
0.32 0.00 0.56

1.01 31.59
0.54 32.48
0.76 32.O4

0.00
o.o7
0.06
0.()6
0.10
(r.rl7
o.08
0.(.r1

0.39
û.36
0.33
0.36
o.02

4.45
4.60
4.50
4.50
0.04

4.48
4.43
4.48
4.44
4.47
4.46
0.02

As9
AbU
.A'67

98.14
101,35
99.37
99.24
0.81

100.01
98.56

1 00.10
99.L2
99.66
99.49
0.58

36.80
50.9 1

49.8{
51.13
50.91
s0.87
50.96
0,l.(Ì

0.0(t (r.00 0.00 7.22 0.46
0.0fi 0.o0 0.00 0.25 0.0Q
0.00 0.37 (1.(n 0.58 o.oi)
0.00 0.00 0.00 0.26 0.00
û.1)() 0.10 0.(,0 o.z4 0.00
0.00 0.17 0.00 0.33 0.0(.1
0.00 0.07 0.00 Q.27 0.00
u.00 0.07 0.tx) (J.o4 0.O0

c
F
F
F
F
F
F
I
I

D
c
c
A

7 46.99
I 46.87
10 46.78
11 46.19
IZ 46.29
L3 47.57
L4 46.57
15 46.58
16 46.38

46.68
0.39

37.45 0.0(r 1.13 (1.00
36.70 1r.00 1.18 0.ü(ì
36.93 C¡.00 1.29 0.oo
37.03 0.0(ì 1.2(i o.()0
0,31 r.).0f-ì 0.o7 0.00

35.49 û.0(r 1.68 0.00
36.71 0.fiì 1..62 0.c)0
36.34 O.OCì 1.60 0.00
36.24 0.00 1.55 0.00
36.29 0.00 1.43 0.00
36.00 0.cJ0 1.66 0.o0
36.36 0.of.ì 1..67 0.00
36.25 0.00 1.59 0.00
36.55 0.oo 1.41 0.00
36.31 0.0(r 1.60 0.o(,
0.33 0.00 0.13 0.00

o.35
0.41
0.37
0.39
0.34
0.38
0.38
0.36
o.29
0.37
0.03

o.29
o.27
o.29
0.37
o.32
0.34
0.31
0.03

8.36 C,.00 93.88 4.47 96.35
8.18 0.00 94.26 4.50 98.76
6.64 0.00 93.96 4.47 98.45
8.34 0.00 94.1Q 4.49 98.59
8.46 0.00 95.40 4.55 99.95
8.15 0.00 94.34 4.57 96.85
8.36 0.00 94.33 4.50 98.82
0.17 0.00 0.50 0.o3 0.53

10.35 0.o0 94.60 4.44 99.04
10.73 (,.i)0 96.80 4.55 101.35
10.54 0.O(ì 95.7tì 4.50 100.20

42
46
48
51
52
53

0.()4 0.78 9.41 0.()0 95.46 4.56 100.t_12
11.3() 0.60 0.32 0.00 94.56 4.51 99.07
10.15 0.66 0.54 0.00 93.94 4.4g 96.43
11.3{. 0.65 0.1ô 0.(r0 94.92 4.54 gg.46
10.65 0.7tJ 0.2(, O.OO 9.1.30 4.51 98.61
10.86 ().61 0.2(J 0.00 93.85 4.48 98.33
11.09 0.64 0.23 0.o(r 94.41 4.51 96.92o.23 0.o4 0.06 0.o0 ().39 0.02 0.41

45.96
45.84
45.75
45.56
45.79
46.03
45.82

0.15

0.70 (.).o0 fj,0(j 1.52 8.24 0.00 96.63 4.63 1O1.260.88 0.72 0.0(r 1.50 7.79 (,.00 95.05 4.56 99.610.8s ().11 0.00 1.88 6.13 0.00 95.26 +.ss rixr.¡+o.Bi. ().06 0.00 1..12 Lo5 0.(,(r 95.s1 a.sg io0.+cr0.06 0.05 0.00 0.06 0.19 0.o0 0.65 0.o3 0.6E

0.77 0.(x) 0.0(, 1..73 8.34 0.()0 95.55 4.55 1(X).1(ro.o4 o.o0 0.0(ì r.86 ?.56 o.o(r 9s.69 ¿.ss iòo.zs0.62 0.1s 0,00 1.99 8.16 0.00 96.01 4.s7 i00.5Eo.62 0.11 0.()0 2.02 7.83 0.00 94.95 4.53 óg.+s0.61 0.tro 0.00 1.94 6.21 0.o() 95.O1 4.54 99.550.73 0.00 0.0cì 1.56 7.56 0.00 96.02 ¿.oi ló0.os0.66 0.o(.) o.o0 2.o2 8.07 0.(xì 95.73 ¿.si iòo.s00.69 0.11 0.0() 1.86 7.78 0.00 95.24 4.5s -òe.79
û.56 0.o0 0.00 2.06 7.76 0.00 95.01 4.55 ég.¡o0.66 0.04 0.00 1.89 7.92 0.0(.) 95.47 4.56 100.030.06 0.06 0.00 0.15 0.27 0.oo 0.40 0.o2 0.42

36.47
36.63
36.49
36.64
37.06
36.88
36.70

rJ.27

0.00 1.69 0.00 0.60 0.00 0.00 1.75 9.17 0.o00.00 1,.64 0.00 0.66 0.00 0.00 1.54 S.ãZ ò.oo0.o0 1.62 0.00 0.66 0.14 0.00 L.65 9.13 o.o(ì0.00 1.78 0.00 o.66 0.15 0.0(¡ 1.59 8.65 r).r)t)0.00 1.66 0.00 0.61 0.o0 0.00 1.69 g.sr ó.000.0t) 1.52 0.00 0.66 0.r2 0.00 1.65 e.es ò.ot,0.o(, 1.65 o.ofj 0.64 0.07 0.(x) 1.65 S.OZ ò.00O.uf 0.08 0.00 0.03 0.07 0.00 0.07 0.22 0.oo
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95.93 4.ú4 700.4?
95.80 4.54 100.à4
95.73 4.53 100.26
95.4(r 4.53 99.93
96.44 4.56 101.OCì
96.15 4.56 100.71
95.91 4.55 r00.45
0.33 0.01 0.34



Samplc

22-901
22-907
22-907
22-901
22-907
22-90L
ave(6)
std ev

22-957
22-957
22-957
22-957
22-957
22-9s7
22-957
22-957
22-957
22-957
22-957
22-9s7
22-957
ave(4)
stdev

22-996.s
22-996.5
22-996.5
22-996.5
22-996.5
avc(5)
stdev

224-1625
22A-1.625
22A-1.625
22A-7625
22A-1625
S1, avc(2)
S2. avc(2)
avc(4)
stdcv

22A-1636
224- 1638
avr:(2)

224-7752
22¡.-1752
22A-7752
22A-7752
22r'.-1752
22A-t752
22A-7752
av<:(7)
stdcv

22Ì]-7721
228-7727
z2B-t721.
22D-t72r
228-1727
avt:( 5 )
stdev

22B.1723
22I]-7723
228-L723
22I]-7723
22I]-t723
228-t723
228-L723
228-7723

Table B'3' a. Muscovite and Margarite Mineral chemistr/. (conrinued)

area SJrOt

54
57
59

860
862
864

si Ali, AL¿

6.O7L
6.O47
6.O47
6.095
6.038
6.055
6.O59
.019

1 oto
1.953
1.953
1.905
L.962
1.945
1.941
.019

Strr¡ctural fo¡mula normalized to 44 oriooi.ãJãã

c67
c68
871
872
873
B7s
876
D78
D79
D 8C)

827
428
Ð2e

3.644
3.701
3.732
3.678
3.708
3.747
3.702
.o34

5's51 2'449 3'?87 '020 .000 .191 .000 .111 4.1r0 .011 .484 ,2g4 1.116 r.906 .000 4.0005'583 2.417 3'759 .025 .o00 .1e0 .000 .104 +.õig .orr .47s .2s7 i.iiã l.goo .000 4.00(r6'140 1'860 3'652 .037 .000 .310 .000 .145 i.lqs .otz .000 .296 1.520 1.833 .000 4.0005.647 2.s53 3.742 -Qzs.000.220.000.r.32 ¿.iià.ooo .401 .2e8 i.iõã r.agg.000 4.0004.s54 3'046 3.835 .020 .o00 .183 .000 .r.14 a.isà .oos t.or? .277 .sãã r.e+o .000 4.0005'75s 2'245 3'568 .029 .000 .371 .000 .a¿3 +.ãiì .or r .20s .2ss L.267 L.,?s .000 4.0005'364 2.636 3'790 .o27 .000 .230 .000 .220 ¿.ãõi .oos .s2? .2s1. .s*s r.746 .000 4.0005'677 2.323 3'416 .O27 .000 .s35 .005 .464 +.äs .ott .206 .27A L.247 L.736 .000 4.0005'862 2'138 3.6?4 '0s3 .ooo .zsz .ooo .ios i.iäà .orn .215 .s11 r.294 l.Ess .0oo 4.o0cl6.12e t.Bz1 3.206 .028 .000 .zs' .ooo .isi i.iõà .or+ .000 .301 i.sis l.egr .000 4.00(r6'0s7 1'e03 3.s14 '023 .000 .23e .000 .iit i.iõå .oro .000 .286 1.362 r.656 .00(ì 4.0006'114 1.886 3'669 .023 .000 .310 .000 .i;; +.iìö .ors .000 .321 1.522 1.8s6 .o00 4.o0()5'723 2'277 3.755 .031 -000 .20s .000 .1is i.1ä .ott .3?9 .286 1.164 1.644 .000 4.00c16.120 1.880 3.?10.02s -oo0 .274.000:iãã i.üi .ot+ .000.301 r.+gs r.sro.o0o 4.000'016 .()16 .063 .006 .000 .036 .000 .cì14 
-.õi. 

.ooz .0ü) .013 .O80 .090 .000 .000

Ti

.043

.041

.041

.045

.043
,o29
.040
.00s

Cr

.000

.000

.o00

.000

.000

.o00

.000

.o00

Fc Mn Mg

.267

.247

.2L2

.23r

.206

.o20

.000

.000

.000

.000

.000

.000

.000

.000

.146

.L27

.123

. r.31

.120

.120

.128

.009

847
B 5tì
Ds2
854
Bs5

siic Ba

4.100
4.1 16
4.109
4.O82
4.101
4.7Q7
4.LO2

.010

6'074 1"9?c' 3'7J3 .o24 .o00 '2?8 .000 .r34 4.168 .014 .000 .312 r.466 r.?g4.00o 4.0006.111 r.'88e 3.751 .030.00(r .284.000.'4t i'.ioz.oog .ooo.ãis i.iãì r.oss.000 4.0000'091 1'909 3'773 .O24 .000 .263 .000 .124 4.LA4 .Or2 .cì11 .3r.E 1.355 1.697 .o00 4.c,o06.12r. 1.87e 3.7fr0 .034 .000 .304 .000 .134 ã'.tzz .sts .000 :ãti i.+õò r.z+s .000 4.0006'085 1'91s 3.678 .os2 .00cr .319 .000 .r.47 +.izo .ore .ooo .ão+ i.iãi ,."0s .0(,0 4.0006'097 1.903 3'727 .o2s.o00.2e0.000.r.36 +.isr.or+ .cr02.ãi; i.ioö r.z¿0.000 4.00().o77 .o77 .034 .004 .O(xr .020 .cì00 .00s 
-.0r+ 

.oo+ .005 .006 .0;é .o57 .000 .00.r
5'679 2321 3'311 .017 .000 .486 .O1O .902 4.727 .OOçr .oo0 .343 r.77g L.52g .000 4.0005'684 2.116 3's7s .032 .000 .260 .000 .49ã +.aoz .ooe .000 .35; i'.iZø t.z+t .'irc 4.00(l5.859 2.141 3.561 .O2e .o00 .284 .000 .508 ¿.ãsz .c,oz .000 .383 i.ãoó r.zso .000 4.00(r6.050 1'95(1 3.762 .os7 .000 .r.43 .O00 .746 +.io¡ .oog .ooo .422 i.ät, rczz .000 4.(,0(l6'072 t'928 3.757 .043.000.149.000.151 +.õgg.ooe .000.391 i.¿Sò r.szs.0(r0 4,0005'87L 2.729 3.569 '031 -O00 .272 .(ì00 .500 +.ãzz .oos .00cì .370 1.368 1.746 .000 4.0006'061 1.939 3-7s9 .o47 .(ir)rr .140 .000 .149 +.ror .c,og .000 .407 i.+ão i.szo .o00 4.o0(¡5'966 2'03i* 3.664.o3e.000.209.000.ãi+ i.ãào.oos .000.388 i.eii r.eir.0(r0 4.00r'r.096 .096 .o95 .(X)9 .00fr .063 .000 .1t6 -.iào 

.oor .o(r0 .023 ..¿s .065 .000 .00(¡
6.061 1.939 3.852.o37.o0(r .091 .0r.)0.115 4.095.006 .oo0.553 1.261. ].E19.(X)0 4.0o(¡6'045 1'955 3'842 'ozs '00(r.o89.000.123 +.tlsS.ooo .o.c).58s 1.34t t.EE4.0(,(,4,0006'053 1'947 3'647.033.(x1..09(ì.OOO.iig +.äàs.t,oo .000.544 r..3or. 1.8s1 .000 4.00(ì
6'L24 7.A76 3.769 .02(ì .00. .123 .000 .053 4.016 .000 .fi). .564 L.457 2.OL6 .(ì00 4.0006'441 1'559 3.705 .O2s .000 .12r- .000 .104 ã.ésg .0i,0 .000 .590 r..29(r r.a80 .o00 4.O.fr6'148 1'852 3'745 'Osrr .00(l .126 'O()r) .114 +.õis .ooz .(x)0 .535 i.+éS z.orr .(xìr:r 4.()0(r6'197 1'603 3.73C\.Ozs.o0().128 -OOO .rt. +.0ão.ootr .o00.558 1.4i.1 i..969.000 4.0006'722 L'A78 3'729.O31 .000.¡.3?.000.111 4.0i0.000 .00ú.59s 1.466 2.060.000 4.(,rl(l6'065 1'935 3'Ar4 .O22 .O00 .r.17 .cloo .ro¿ i.õsz .ooo .000 .73(i L.232 7.96g.(rrìa 4.rxxl6.274 7'726 3.654 .037 .(,0u .153 .000 .199 +.ò+s .oc,r, .00tì .56? 1.34_1 1.911 .O00 4.(xx)6'196 1.804 3.?39 .028 .000 .129 .000 .¡.20 Ã.oiz .oot .00(.r .s91 r..380 1.973 .()00 4.00(l'L77 '1L7 .049 .006 .o(xì .011 .000 .035 .OãS .OOZ .O00 .06û .o8t .058 .O0{r .00(l
6'L25 7'875 3'740 'o28.(,uo .198 .000.150 4.115 .005 .o28 .223 1.55E 1.815 .OO0 4.OOO5'899 2.101 3-752 .Ozs .0rr0 .201 .000 .147 +.ião .ooo .1,62 .22A i.+ã¿ r.soz .000 4.00(l6'115 1.885 3.695 .030 .000 .210 .000 .153 +.õée .oos .oro .22s L.70s L.s46 .000 4.0006.113 1.887 3.703 .032 .Oo0 .261 .000 .14E i.li+ .ooz .oo(.) .272 i.SS6 i.szs .000 4.(x)06'012 1'988 3.750 .029 .000 .20e .000 .i3õ ¿.iiz .oos .o6s .228 r.¡++ r.e+s .000 4.0006.()53 1.9'17 3.?28 .030 .00tì .216 .O00 .747 ¿.iZt .ooz .o52 .23î, 1.564 1.859 .O0o 4.OO()'o87 '087 'o24 'OO7 '00a .o23 .oo0 '004 

-.õie 
.0or .060 .018 ¡rÀo ,047 .000 .00(l

6'067 1'933 3.740 .o47 .000 .1?9 .000 ,147 4.113 .006 .080 .276 L.424 1..7A7 .000 4.0005'996 2.004 3.722 .O37 .o00 .162 .000 .158 i.oig .ooz .136 .249 i.si+ r.soo .000 4.0(xi6'191 1'809 3.685 .049 .000 .180 .000 .i57 i.oZt .ooz .007 .268 r.se8 r.sz' .o0() 4.O0()6'018 L.982 3.718 .043 .000 .190 .000 .170 4.L2L .oo7 .096 .255 1.473 1.831 .000 4.00()5'931' 2.069 3.738 .036 .O00 .162 .000 .151 ¿.0ãg .oos .166 .253 L.474 L.so.- .000 4.0fJ06.L24 L.876 3'753.043 -000 .174 .000.14i +.iià .ooo .000 .26r. 1.551 r..812 .0()0 4.0005'951 2'049 3.717 '036 .000 .181 .000 :18¡ +.iià .oo¡ .178 .245 1.411 r,839 .o00 4.0005.670 2.330 3.767 .033 .000 .156 .'fi) .141 +.Ogi .ooz .399 .253 1.238 1.E96 .000 4.000
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.008 .000 .415 1,56? 1.990 .000 4.000.010 .000 .42.1 1.493 1.928 .000 4.000.010 .000 .375 7.526 t.glL .O00 4.000.007 .000 .403 1.555 1.966 .000 4.000.007 .000 .392 1.561 1.960 .000 4.000.009 .000 ,365 L.554 l.g2g .000 4.000.009 .000 .396 L.543 L.947 .000 4.000.001 .000 .021 .026 .027 .o00 .000

c28
431
.A'35
.A39
A4l)

C¿ Na

Appendix B

K site

å5ð

A1r
A2r
A 3<:

A 4<;

B' snr
B' 6m
B' 7c

F+OH-4

OH

461
åb5
466
}^67
469

^ 
r.ô

A60
64

B' 65
c67
c68
D72
B1



Samplc

228-1723
228-t723
22B-L723
ave( 10)
stdev

228-r843
z2B-1843
228-1E43
228-7A43
228-7843
ave( 5 )
stdev

32- 1465.5
32- 1465.5
32- 1465.5
32- 1465.5
32-1465.5
32-1465.5
32-746s.5
32-L465.5
ave(6)
stdev

34-799
34-799
34-799
34- 799
34-799
3+-799
ave(6)
stdel'

34- 1 026.5
34-1026.5
ave(2)

34- 1500
34- 1500
34- 150t
34- 15f.r(ì
34- 1 5()(ì
34- L 5f-10

mar. avc(4)
stdev

34C-L377
34C-1377
34C-r377
ave(3)
st rì ev

34C- 1453
34C- 1453
34C- 1453
34C- 1453
34C- 1453
34C- 1453
34C- 1453
34C- 1453
34C- 1453
avc(9)
6tdev

34C-7747,5
34C-7747.5
34C-1747.5
34C-77+7.s
34C-1.747.5
34C-7747.5
zrve(6)
Etdcv

Table 8.3. a.

area spot

c30
c31
r'.32

Appendix B

Muscovite and Margarite Mineral Chemistry. (conrinued)

si L\, A\,¿

5.980
6.013
5.971
6.024

.o77

858
859
860
c64
c65

2.O20
1.987
2.O29
t.976
,o77

Structural formula normalized to 44 anionic .h"rg*

6.234 L.766 3¡398 .083 .000 .ZSS .000 .402 4,t4s .OLz6.299 1.707 3.450 .O47 .000 .240 .000 .430 i.løz .oza6.253 r.747 3.411 .060 .ooo .232 .OOO .42s +.i¡s .ozs6.297 L.709 3.386 .0?1 .000 .28r. .oo0 .405 +.1++ .otz6.277 L.723 3.426 .067 .000 .281 .000 .376 i.i+g .otz6.271 L.729 3.414 .066 .o00 .258 .000 .409 i.l+¡ .orc.o24 .O24 .O22 .0L2.000.020.o00.020 .ðii .ooz

6.276 r.724 3.589 .032 .OsL .1.44 .000 .2?3 4.069 .0166.24s L.755 3.5?9 .076 .O22 .L25 .OOO .27g ¿.oel .ors6.233 L.767 3.553 .082 .010 .129 .000 .2?6 +.ó¡o .ors6.26e t.Tst 3.520 .os3 .o4s .ts2 .000 .264 ì.õãs .orz6.273 L.727 3.562 .046 .036 .129 .OOO .270 i.óÃs .otø6.224 L.776 3.598 .047 .055 .100 .000 .26? 4.066 .O216.246 L.754 3.604 .035 .025 .130 .000 .267 i.oaz .ozo6.254 L.746 3.580 .035 .063 .126 .OOO.282 +.osz.org6.2s3 1.747 3.5?9 .051 .036 .127 .OOO .272 ¿.0ão .ors.018 .016 .016 .016 .017 .011 .000 .006 .rii+ .ooz

6.003 1..997 3.816 .035 .000 .135 .00(, .114 4.10O .0086.012 1.988 3.A20 .o12 .000 .136 .000 .125 ¿.iZs .o0o5.992 2.008 3.832 .029 .000 .137 .000 .118 ¿.iio .ooz6.102 1.896 3.?88 .040 .000 .145 .000 .112 +.tJÀs .o0s6.023 I.977 3.846 .029 .000 .119 .000 .086 +.0er .ooz6.080 1.92C1 3.804 .035 .00() .131 .000 .137 4.107 .0066.035 1.965 3.816 .03s .000 .134 .O00 .115 i.lOZ .00z.041 .041 .019 .005 .()(x) .008 .000 .015 .tii¡ .oor
6.317 1.683 3.346 .103 .00(J .261 .000 .421 4.130 .0116.360 L.640 3.406 .054 .00o .252 .000 .41¿ i.lià .oog6.339 1.661 3.376 .076 .00(r .25? .000 .417 ¿.iis .oro
6.143 1.857 3.647 .000 .000 .000 .000 .239 4.086 .0254.132 3.866 4.105 .007 .000 .000 .000 .049 4.162 .OCt(.|4.234 3.766 4.0s2 .00s .()0() .0i11 .000 .11s i.üi .ooo4.138 3.862 4.106 .006 .Orxl .000 .00(¡ .0s1 +.iéo .ooo4.149 3.s51 4.r.29 .o10 .(jor) .()11 .000 .046 +.iõÀ .o004.108 3.892 4.126 .007 .000 .019 .O00 .066 4.22() .oo04.132 3.866 4.118 .o07 .ooi) .006 .0r.r0 .o54 +.ieô .rxxr.015 .O15 .011 .Oo2.000.006.000.007 .oii.ooo

3.745
3.736

3.731
.o2(J

Ti
.036
.043
.038
.041
.004

c36
c39
c40
B' 41
842
843
1.44
¡^45

C¡

.000

.000

.000

.000

.000

Fe Mn Mg

,161
,178
.r72
.L74
.009

.o00 .157

.000 .165

.000 .155

.000.1s8

.o00 .012

446
¿'49
As2
853
854
I}55

site

4.100
4.L22
4.12L
4.105
.018

Ba

.000

.006

.o06

.005

.003

.L44 .246 1.465 1.855 .000 4.000

.135.240 1.398 1,779.000 4.000
. .L27 .230 r.470 L.a27 .000 4.000

.LO6 .252 L.477 L.84L .000 4.000

.o58 .013 .057 .041 .000 .00(r

.oo0 .062 1.831 1.905 .000 4.000

.000 .063 L.703 L.794 .000 4.000

.oo0 .065 L.834 L.924 .000 4.000

.000 .060 1.609 1.881 .000 4.000

.010 .068 1,.754 r.844 .000 4.000

.002.064 ¡..786 1..S70.000 4.000

.oo4 .oo2 .050 .046 .O00 .000

.o00.166 1.705 1.887.2L6 3.7A4

.000.157 i..646 1.821 .298 9.762

.000 .161 1,.74A 7.925 .000 4.000

.000.174 1.670 1.861.194 3.806

.00C,.156 L.762 r.9B4.ZJg g.T6T

.0fJ0.¡.57 1.696 1.873 .329 3.677

.000 .164 1.725 1.909 .000 4.000

.00(t.166 1.654 1.640 .284 3.716

.oo(ì.163 1.701 1.881.187 3.613

.000 .006 .040 .036 .115 .115

.007.448 1.431 1.895.000 4.00(ì

.000 .434 1.392 1.832 .00(i 4.000

.o00 .393 1.479 1.8?8 .000 4.000

.o00 .428 7.422 r.855 .O00 4.000

.006 .463 1.423 1.899 .000 4.000

.000 .436 1.364 1.826 .000 4.000

.002 .434 1..422 1.66{ .00u 4.000

.003 .02i .031 .029 .000 .000

.007 .052 1.?83 1.854 .000 4.000

.000 .054 1.804 1.867 .000 4.000

.o04.053 1.793 r.860.o00 4.0ü0

.006.199 1.578 1.807.00(t 4.oor,)
1.608 .1.55 .054 1.817 .000 4.00rr1.453.176 .O92 7.?2r.(x)rl 4.000
1.607 .167 .030 1.804 .00Cr 4.Cr(r(l
1.546 .180 .03i1 1.260 .O()(., .1.00r_)

1.559 .156 .O34 1.751 .00(r 4.()o(l
1.58(, .165 .038 L.763 .0oo 4.OO(¡
.028 .010 .009 .028 .000 .()oo

.(.r0(., .382 1.361 t.743 .O0() 4.000

.o0() .363 1.307 1,696 .O00 4.OO(l

.o00 .350 L.357 L.?Lz .000 4.00(r

.o00 .371 L342 r.7r7 .(xx) 4.000

.oo0 .o15 .024 .019 .OO0 .00c,

.oo(t .442 L.4O2 L,844 .00(ì 4.0o(l

.ooo .477 1..261 1.?38 .()o(¡ 4.000

.0cJ0 .506 1.365 1.878 .O00 4.c,o0

.o(ìú .515 L.322 L.A46 .00(l 4.000

.OOQ .472 1.385 l..BSZ .r r0(r 4.0Otì

.000 .398 1.25+ ¡..653 .000 4.001ì

.000.514 1.352 1.867.(x)0 4.o(,0

.o00 .475 1.3()8 1.788 .000 4.0(xt

.000 .527 1.306 1.633 .000 4.0(x,

.000.481 L.326 1.811.000 4.000

.000 .039 .049 .069 .000 .000

Ca Na

4.37
A 4()

c33
F37
F36
F39
F 4CI

G42

site

F+oH-4

A
A
A

OH

59
66
67

6.111 1.889 3.627 .036 .(.t00 .722.(ì00 .135 4.L22 .OOO0.119 1.881 3.81o .096 .r)o0 .r.30 .oo0 .rz3 +.i+s .ooo6.114 1.880 3.608 .032 .000 .141 .000 .1.66 +.i+s .0oo6.115 1..885 3.615 .03s .ooo .13t .o00 .158 +.ijg .oos.0(r4 .oo4 .008 .002 .000 .oo8 .000 .016 .o1t .oo3
6.191 1.809 3.703 .035 .000 .20? .000 .151 4.096 .O006.129 1.87r s.7a9 .o40 .(.t()(J .777 .000 .125 a.iãr .o0o6.132 1.866 3.?48 .036 .000 .175 .()00 .121 4.081 .0066.112 1.886 3.765 .039 .00(.r .1?2 .000 .1.2? +.0si .ooo6.120 1.880 3.777 .o34 .Cr00 .158 .O00 .120 +.üeg .ooo6.179 1.821 3.792 .O37 .000 .181 .000 .142 +.r¡i .orn6.117 1.883 3.747 .038 .(ro0 .183 .000 .129 +.oéi .ooo6.136 1.864 3.766 .038 .0oo .175 .000 .135 4.114 .0066.118 1.882 3.801 .029 .o00 .156 .000 .110 +.0éô .ooo6.L37 1.863 3.265 .0s6 .0o0 .1?6 .00t) .1zs ¿.ióã .ooz.o27 .o27 .o28 .003 .000 .014 .000 .o12 .riZr .oog

c7
F9
F 1()
F 11
F12
F13
F r.4
I 15
I16

D42
c46
c48
451
452
453

6'065 1'935 3-740 'ozs.000 .187 .000 ,1L8 4.073 .000 .000 .448 L.544 7.ss2.oo0 4.0006'054 1"946 3.756.O27.000.181 .000.130 4.094.000 .000.394 r..553 1.948.0(n 4.o0()6.053 1.947 3.745 .Ozs -000 .179 .000 .130 +.0Ás .ooz .oou .423 L.547 7.s72.000 4.0006.036 1'964 3.759 .037 .000 .197 .000 .130 +.rià .oos .000 .4r8 L.462 L.A78 .000 4.0006'015 1'985 3.755 .032 .000 .182 .o00 .119 +.ries .000 .000 .430 1.560 1.s91 .00(r 4.0006.049 1.951 3.763 .034 .000 .16? .000 .129 4.093 .006 .000 .420 1.501 1.927 .OO0 4.0006.045 1'955 3.753 .031 .000 .182 .000 .126 4,092 .004 .o00 .421. 7.527 r.s57.000 4.000.016 .016 .008 .003 .000 .009 .000 .005 .01; .004 .Or_n .017 .035 .o4o .000 .(ìûl
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Sarnplc

22^-1625
22¡.-L625
22}'-162s
22A-t625
22A-1625
ave(5)
stdev

22A-L752
22A-L752
ave( 2)

228-L727
228-L727
z2B-1721.
2ZB-L721.
228.1.727
avc( 4)
stdev

228-L723
228-7723
228-L723
228-7723
22ß-7723
avc( 5 )
stdev

22D-ta43
228- 1643
228- 1643
228- 1843
22l]-LA43
avc( s )
stdev

24-L73L
24-7I37
24-1,L3r
24-LL37
24-1,137
24-1,t3t
24-t731
avr:( 7)
stdr:v

24-7t9L
24-L791
zonc 6. avc(2)
24-L791
24-1,L97
24-rt9r
24-tt9t
zorrc 5. avc(4)
strì cv

34- 1028.5
34- 1028.5
34- 1028.5
34-102ô.5
34- 1028.5
avc( u)
stdev

34- 1 500
34-1500
34- 1500
34- 15(,0
34- 1500
34- 150it
avr:(6)
std ev

area spotSiO2 TiO2 ¿,l2os

c29
c30
433
434
437

lable 8.3. b. Biotite Mineral Chemistry.

37.76
37.92
37.89
38.43
37.34
37.87
0.35

weight percent oxidc or element (Cr2()5 not dctectcd)

0.99
1.04
1.01
1.10
0.97
L.O2
0.05

819
820

854
855
859
460
.A63

L9.44
19.16
19.02
19.25
19.07
19.19
0.15

38.41 1.00
38.39 0.99
38.40 1.00

36.85 1.14
36.66 1.23
35.66 t.zz
36.93 1.26
37.O5 L.LT
36.87 1.20
0.14 0.05

37.24 L.36
37.16 f.i.7
36.07 1.37
37.30 t.22
37.97 r.22
37.7s r.27
o.61 0.08

36.50 1.32
37.8{ 1.18
37.70 1.66
38.04 1.77
38.17 1.16
37.65 r.42
0.6(1 0.25

39.33 0.92
36.93 1.05
39.O4 0.85
38.37 1.21
36.96 0.67
36.74 0.7(ì
36.76 0.91
36.86 0.90
0.26 0.16

3E.99 0.96
38.02 1.01
38.51 0.99

38.0E 0.79
37.83 0.91
36.2s 1.02
38.59 1.19
38.L9 0.98
0.26 0.1.5

37.65 1.57
36.56 1.10
37.24 7.70
37.52 0.93
37.66 1.07
37.33 1.15
o.41, O.22

40.46 0.26
47.73 0.32
41.76 0.36
4L.44 0.35
4I.87 0.32
41.58 0.33
41.68 0.34
0.15 0.02

FeO MnO MgO Ba() CaONazO }l.zO ZnO

10.53
10.66
10.97
70.77
10.81
10.75
0.15

o.24
o.23
o.24
0.23
o.25
o.24
0.01

1.8.99 9.86
18.85 9.60
18.9? 9.73

19.46 16.20
19.42 15.96
18.43 19.15
19.46 15.98
19.51 15.78
19.46 15.98
0.03 0.15

18.90 14.52
18.69 14.35
18.87 14.3s
18.89 14.34
16.61 L4.05
16.79 L+.32
o.Lz 0.1s

18.70 11.93
18.80 12.17
16.5r:t 11.43
18.57 1L.23
18.87 11.26
18.69 1.1.00
0.14 0.38

16.58 12.73
L7.26 L2.29
77.20 12.L9
17.04 12.69
1.7.51 12.09
77.75 L2.77
77.2() L2.s7
17.13 12.46
0.26 0.26

77.43 L4.87
17.76 15.09
17.61 14.96

t7.2A t4.43
1.7.18 1.1.78
16.93 14.61
16.76 13.61
17.04 L4.36
(i.20 0.45

16.51 13.21
17.85 15.L2
18.92 13.04
19.07 12.31
19.O0 1.2.98
18.67 13.33
0.45 0.95

18.84 2.48
L7.t2 1.38
77.37 1.15
16.61 1.33
77.48 7.29
77.26 1.36
L7.27 1.30
o.23 0.o8

r.7.80
L7.42
77.43
17.42
L7.54
17.52
0.15

863
c66
c69
D70
D7L

0.00 0.00
0.o0 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

na 0,00
na 0.04
na 0,02

0.00 0.04
0.00 0.00
0.00 0.00
0.00 0.06
0.00 0.00
0.00 0.03
0.00 0.03

0.0ct 0.04
o.0(ì 0.00
0.()0 0.05
0.00 0.04
0.0ct 0.04
0.0c, 0.03
0.00 0.02

o.00 0.04
0.00 0.00
0.00 0.07
0.0c, o.08
0.00 0.04
0.00 0.05
0.0cì 0.o3

0.31 0.14
o,24 u.0(r
0.31 o.00
0.31 0.(ro
0.32 ().O0

0.26 ü.05
u,29 0.06
0.29 0.04
0,03 0,05

nå¡ 0.1)(ì
na 0.00
r¿Ì 0.0()

nä. (,.00
Ì¿r 0,OO
¡r¿r {).0()
na 0.(ì0
na 0,00
na 0.0(l

0.00 0.05
0.(,cì 0.09
o.00 0.09
0.00 0.12
0.00 0.00
o.00 ().07
0.00 0.04

0.(x) 0.49
0.15 0.00
0.15 0.0(!
0.16 0.00
0.17 0.00
0.17 0.04
o.16 0.o1
o.01 tJ.oz

0.20 19.46
0.19 19.20
0.20 19.34

0.16 13.69
0.15 13.69
0.12 13.17
0.12 13.46
0.14 13.98
o.L4 t3.7L
0.o1 0.18

0.18 L5.62
0.17 15.44
0.13 16.08
0.17 15.42
o.22 L5.47
0.17 15.61
cr.03 0.25

0.40 16.68
0.46 16.51
0.49 16,53
0.45 16.42
0.45 16.75
0.45 16.58
0.03 0.12

o.Lz 1A.2(l
0.o0 18.30
0.1 1 18.62
0.00 18.2Cì
0.o9 18.37
0.o0 16.26
(.,.00 1.8.09
0.05 18.29
0.o5 0.16

o.29 1.6.25
0.37 10.00
0.33 16.13

0.34 16.87
0.40 76.77
0.32 t6.94
o.39 t7.47
0.36 17.01
0.03 0.27

0.45 15.4ô
0.35 L4.45
0.40 15.79
0.44 15.63
0.41 15.73
0.4L 75.42
0.04 0.49

0.15 23.78
0.08 25.52
o.oo 25.32
0.08 25.1s
0.09 25.15
0.cì0 25.12
0.05 25.25
0.04 0.15

o.42 8.91 0.00 1.63
0.42 9.84 0.00 1.53
0.37 8.84 0.Cr0 1.53
0.43 9.67 0.oo t.72
0.40 8.94 0.00 1.92
0.41 9.24 0.00 1.67
o.o2 0.43 0.o0 0.15

0.36 8.19 0.00 2.75
0.40 8.95 0.00 2.91
0.38 8.57 0.00 2.83

0.37 9.29 0.00 1.0(l
o.24 9.30 û.00 0.89
0.19 8.33 0.00 0.68
0.34 8.99 0.00 0.91
0.33 9.12 0.Cr0 0.86
o.32 9.18 0.00 0.92
0.05 0.13 0.00 0.05

0.21 8.65 0.00 1.3S
0.33 8.90 0.(r0 i..64
0.19 8.41 0.00 L.46
0.31 8.62 0.00 1.47
0.36 9.03 0.(t0 1.58
0.28 8.72 0.00 1.51
0.07 0.22 0.(¡ú 0.09

0.10 9.25 o.O(.t 0.44
0.09 9.34 0.0r.r 0.51
u.13 9.09 0.00 0.44
0.L0 9.44 0.00 ().49
0.08 9.4Cr 0.0(t cì.00
0.10 9.30 0.o0 0.36
0.02 0.12 0,(ì(r 0.19

0.18 7.55 0.24 7.34(t.20 8.29 0.0(r 1.72
0.17 8.33 0.0o 1.8C¡
0.17 6.17 0.00 1.49
0.16 8.60 0.00 1.61
ri.22 7.92 0.0(r 1.52
0.16 8.47 0.00 1.54
0.16 8.19 0.03 1.57
0.02 0.33 0.06 0.1.1

o.24 8.4() 0.(){J Ll.g+
0.26 6.57 0.o(, 0.86
ú.25 8.49 0.00 0.90

0.30 8.56 0.00 0.9(ì(t.24 8.37 0.00 0.64(\.24 8.59 0.0Cr 1.12
0.25 8.39 0.00 cì.oO
0.26 6.48 0.0(r 0.67
0.02 0.1(ì 0.o0 0.42

0.07 10.06 0.00 0.(,0
0.10 9.O7 0.rxt o.oû
0.09 8.9ô O.()Cr 0.00
0.12 9.54 0.00 0.0c)
0.07 9.59 0.00 0.00
0.09 9.45 0.00 0.(,0
0.o2 0.4cì 0.00 0.00

0.30 9.16 0.00 3.77
0.35 9.47 0.00 3.59
0.34 9.01 rr.0(l 3.41
0.33 8.55 0.00 3.38
0.30 8.11 0.00 3.74
0.31 8.53 0.00 3.53
0.33 8.73 0.00 3.53
0.02 0.47 0.o0 0.13

856
857
461
L62
463

Appendix B

c79
c 8(t
c81
D62
D83
D84
D8s

F Total H2O Total

97.72 3.40 roo.43
98.22 3.45 r01.02
97.30 3.43 100.08
99.02 3,39 101.69
97.24 3.27 99.65
97.90 3,37 100.57
0.66 0.08 0.72

99.24 2.92 10L.00
99.52 2.83 101.13
99.38 2.88 101.06

98.20 3.62 101..40
97.54 3.65 100.82
96.95 3.68 100.35
97.53 3.65 100.80
97.94 3.70 101.28
97.80 3.66 101.07
0.28 0.o3 0.27

96.10 3.47 100.99
97.87 3.32 100.5o
96.98 3.38 99.74
97.7A 3.41. 700.57
96.55 3.39 10L.27
97.86 3.39 100.62
0.51 0.O5 0.52

95,36 3.86 99.C)3
96.90 3.9tì 100.58
96.04 3.91 99.77
96.59 3.91 100.30
96.16 il.15 100.33
96.2L 3.95 100.00
o.52 0.10 (].5s

97.64 3.53 10u.60
98.28 3.36 100.9L
98.62 3.33 101.19
97.65 3.43 1(Ìr1.46
96.42 3.41 101.16
97.59 3.43 1(Xr.36
98.(ì7 3.43 1(,0.65
98.(ì4 3.42 100.79
0.39 Cì,06 (,.3(ì

96.37 3.72 101.69
97.96 3.72 7|J1..32
98.17 3.72 101.51

97.55 3.69 100.86
97.72 3.60 100.65
98.02 3.60 101.14
96.65 4.74 7rJf-).79
97.34 3.61 100.86
0.51 0.2! (,.16

97.07 4.13 101.20
94.69 ,i1.r)i) 98.69
95.65 4.1(r 99.75
95.66 4.10 99.78
96.51 4.13 100.64
95.92 4.09 100.01
0.81 0.05 0.86

99.69 2.54 100.65
99.7L 2.66 100.65
98.87 2.73 100.17
97.58 2.69 98.65
98.52 2.rÒ7 99.51
96.23 2.65 99.39
98.56 2.66 99.76
o.7r 0.05 0.69

F23
F24

E2U
E2r
Ð22
G26

436
.A39
441
¡'42
443

D35
G41
G43
G44
H70
H46
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Sample

348-7s9.5
348-759.5
348-759.5
34I}-759.5
348-759.5
348-759.5
avc(6)
stdev

34C-14s3

34C-7377
34C-L377
34C-L377
34C-L377
34C-L377
ave( 5)
stdev

34C-7747.5
34C-7747.5
34C-L747.5
34C-7747.5
34C-1747..o
34C-t747.5
avc(6)
st<lcv

area spotSiO2 TiO2 Alzos

Table 8.3. b. Biotite Mineral Chemistry. (conrinued)

A' 66
A', 67
Ar 68
869
870
B 71.

38.07
38.43
38.24
37.96
38.66
38.66
38.34

0.27

weight percent oxide or element (Cr2O3 not detecùed)

1.19
L.22
1.19
0.30
o.2a
o.27
0.74
0.46

G 18 37.61 0.92

17.47
L7.27
77.47
18.01
18.37
L7.70
L7.72
0.37

A
^A
B

c
c
D
D
A
À

FeO MnO MgO BaO CaONa2O K2O ZnO

56
58
64
65
69

12.39
12.30
L2.O5
10.95
10.50
10.5 1

L 1.45
0.82

34.42
39.90
39.74
39.80
39.84
39.82
0.06

37.1.3
37.36
37.46

36.94
37.60
37.34

o.24

0.19
0.18
0.19
0.20
0.15
0.17
0.18
o.o2

0.o0

0.26
o,27
0.31
0.27
o.26
0.28
0.02

0.10
0.13
0.09
0.10
0.10
0.13
0.11
0.o2

o.24
0.73
o.71.
0.73
o.70
0.72
0.01

1.L6
1.10
1.19
1.14
L.26
t.25
1.18
o.06

16.94 16.89

32.16 6.92
18.53 9.09
18.39 9.01
18.60 9.00
18.47 9.O4
18.s0 9.04
0.08 0.03

1.8.51 13.?6
19.12 13.55
14.47 L3.73
18.65 13.61
18.64 L3.80
L8.76 14.27
r8.69 13.79
o.27 0.23

17.06
17.06
77.25
r4.27
18.27
18.43
17.72
0.61

16.32

10.13
L9.77
19.76
19.61
19.84
19.75
0.06

15.84
15.86
15.5 7
1 5.56
15.88
15.56
r5.72
0.15

41,
43
44
45
49
50

0,00 0.00 0.06
0.00 0.00 0.00
0.00 0.06 0.00
0.00 0.1Ò 0.o9
0.00 0.00 0.10
o.Lz 0.00 0.00
0.02 0.03 0.04
0.04 0.04 0.04

na 0.0O 0.24

10.52 0.00 0.00
10.08 0.00 0.00
10.47 0.00 0.00
9.75 0.00 0.00

10.16 0.00 0.00
9.74 0.00 0.51

10.12 0.00 0.o9
0.31 0.00 0.19

8,05 0.00 3.45

0.00 0.00 0.93 4.s7 0.00 0.00
0.0ú 0.00 0.41. 8.16 0.00 2.06
0.00 0.00 0.41 7.9Q O.O( 2.44
o.o0 0.00 0.43 8.48 0.00 2.08
0.o0 0.00 0.39 8.18 0.00 2.14
0.00 0.o0 0.41 8.18 0.00 2.18
o.00 0.00 0.o1 0.2r o.o0 0.15

Appendix B

F Total

96.95
96.54
96.92
95.63
96.49
96.1 1

96.44
o.46

LOO.42

93.63
98.92
98.67
99.00
98.86
98.86
o.L2

97.51
96.2C1

97.46
97.24
97.65
98.95
97.84
0.58

0.00 0.00 0.3? 8.77 0.00 1.87
(_t.00 0.o0 0.33 9.06 0.00 1.67
0.00 c).00 0.47 8.97 0.0(l 1..51
0.00 0.00 0.4s 6.64 0.00 1.52
0.00 0.00 0.41 8.90 0.00 1.72
0.0c) cì.00 0.36 9.48 0.00 1.54
0.0(ì 0.00 0.4ú 8.97 0.00 1.64
o.00 0.00 0.05 0.27 0.o0 0.13

HzO Total

4.13
4.13
4.74
4.72
4.L7
3.89
4.10
0.09

2.46

3.29
3.09
3.28

3.23
0.08

3.20

3.38
3.38
3.28
3.41

0.07

101.08
100.67
101.06
99.75

100.66
oo 70

100.50
0.54

101..43

97.96
101.34
100.73
101.40
101.21
101. r.7

o.26

oo ot
100.83
100.2 i.
99.98

100.20
L07.7!
1.00.46

0.63
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Sample

22A-t625
224-t625
224-1625
224-1625
224-7625
ave(5)
stdev

224-L7r¿2
224-L752
ave(2)

228-L72t
228-1721.
228-t72L
228-L727
228-L72t
ave(4)
stdev

228-L723
228-7723

228-L723
22I]-7723
ave( 5)
std cv

228-L843
228-1.A43
228-1A43
22B-7e43
22D.LA43
ave(5)
stdev

24-173I
24-3,137
24-1131
Z4-LL3L
24-L73L
24-11,31
z4-r13L
av(Ì( / J

stdev

24-7Lgt
24-TL9L
zonc 6. avc(2)
24-!797
24-r197
24-1191
24-L197
zonc 5. ave({)
stdcv

34- 1028.5
34- 1028.5
34- 1028.5
34- 1028.5
34-1.028.5
ave( 5)
stdcv

34- i.500
34- 1500
34- 1500
34- l.500
34- 1 500
34- 1500
avc(6)
s tdev

areaspot Si Aln Alo¿

Table 8.3. b. Biotite Mineral Chemistry. (conrinued)

c 29 5.429 2.57I
c 30 5.457 2.549
A 33 5.474 2.526
A 34 5.479 2.52\
A 37 5.428 2.572

5.452 2.54A
.o22 .O22

B L9 5.454 2.ú46
B 20 5.465 2.535

5.460 2.540

B 54 5.396 2.604
B 55 5.393 2.607
B 59 5.337 2.663
A 60 5.422 2.s78
A 63 5.411 2.589

5.405 2.595
.oL2 .OLz

B 63 5,415 2.585
c 66 5.441. 2.559
c 69 5.317 2.683
D 70 5.442 2.558
D 77 s.s02 2.498

5.423 2.577
.060 .060

B 56 5.380 2.620
B s7 5.480 2.520
A 61 5.485 2.515
A 62 5.505 2.49s
A 63 5.513 2.467

5.472 2.528
.046 .O4E

c 79 5.667 2.333
c 80 5.595 2.405
c 81 5.596 2.402
Ð a2 5.556 2.444
D 63 5.595 2.405
D 84 5.601 2.399
D E5 5.590 2.410

Structural formula normalizcd to 44 anionic charges

.724 .IO7 L.266 .O29 3.814 .O00 5.941 .000 .000 .11? 1.634 1.?51 .74L 3.259

.698 .112 L.2A2 .O2A 3.732 .000 5.852 .000 .000 .11? L.ArJs L.922 .696 3.304

.713 .110 1.325 .029 3.753 .000 5.930 .000 .000 .104 1.629 1.733 .699 3.301

.715 .118 t.2A4.O28 3.701 .000 5.846 .000,o00.119 1.?59 ¡..8?8 .776 9.224

.696 .106 1.314 .031 3.800 .O00 5.947 .O00 .000 .113 1.658 1.7?L .863 3.117

.709 .111 1.294 .O29 3.760 .000 5.903 .000 .000 .114 1.697 1.811 .75s 3.24L

.011 .004 .022.001 .O42.OOO .044.000.000.006 .o7L .075 .069 .069

.633 .107 t.L7r .O24 4.123 .00ù 6.058 .OO0 .000 .o99 1.484 1.583 r.295 2.765

.628 .106 1.143 .023 4.073 .000 5.973 .000 .006 .110 L.625 7.742 1.310 2.690

.631.106 t.157.023 4.098.O00 6.016.000.003.105 1.555 1.662 L.279 2.727

.7s5 .L26 1.984 .020 2.988 .000 5.872 .000 .006 .105 7.736 L.847 .463 3.s37

.76r. .136 1.963 .019 3.001 .000 5.880 .000 .00(r .068 1.745 L.814 .414 3.586

.589 .137 2.397 .Ot' 2.938 .000 6.077 .oo0 .000 .055 1.591 1.646 .322 3.678

.790 .139 1.962 .015 2.949 .000 5.855 .000 .009 .097 1.684 1.?90 .429 3.577

.770 .L28 1.927 .OL7 3.043 .000 5.885 .000 .o00 .o93 1.699 1.793 .397 3.603

.769 .732 L.959 .01.8 2.995 .000 5.8?3 .000 .004 .091 1.716 1.8r.1 .424 3.576

.013 .O05 .O20 .OO2 .033 .000 .011 .000 .o04 .o14 .026 .O2g .O24 .O24

.656 .149 L.766 .OZ2 3.385 .000 5.976 .000 .006 .059 1.605 1.6?0 .63s 3.365

.666 .129 L.756 .O21. 3.366 .000 5.940 .00(Ì .000 .094 L.662 7.755 .75s 3.241

.596 .152 1.769 .016 3.532 .000 6.066 .000 .cìo8 .054 1.582 1.644 .681 3.319

.691 .134 L.750 .021 3.353 .000 5.948 .000 .006 .088 1.604 1.698 .678 3.322

.661 .133 L.703 .O27 3.341 .O00 5.884 .0t)0 .0()6 .101 7.669 L.7?7 .?24 3.276

.656 .139 1.749 .O27 3.396 .O()0 5.963 .000 .005 .0?9 1.624 L.?09 .695 3.305

.033 .009 .024 .003 .07Cr .Ct00 .060 .000 .0o3 .019 .o35 .050 .O43 .043

.629 .L46 1.471 .050 3.664 .000 5.959 .000 .006 .029 L.739 L.774 .205 3.795

.689 .129 L.474 .056 3,563 .000 5.911 .OO0 .000 .025 7.726 7.7s1, .234 3.?66

.656.182 1.391 .060 3.564.000 5.874.00().011 .037 1.6A7 L.735 .202 3.798

.673 .193 1.359 .055 3.541 .000 5.S21 .000 .0r2 .o28 1.?43 1.783 .224 3.776

.725 .126 1.360 .O55 3.605 .000 5.8?2 .000 .Oee, .OZZ L.TJZ L.76t .O00 4.0(ìO

.675 .155 1.41r. .055 3.591 .O00 5.88S .000 .oO7 .028 r.72s 1,.761 .L73 3.827.o32.027 .051 .003 .042.000 .046.oo0.004.005 .o20 .017 .08? .087

.484.100 1..534.Ot5 3.906.026 6.066.018.022.050 1.388 1.4?7 .611 3.389

.519 .113 L.477 .OO0 3.919.O00 6.Ct29 .O14 .00(, .()56 1.52(ì 1.589 .7A2 3.2rA

.506 .092 1.462 .Cì13 3.979 .000 6.053 .017 .000 .cì47 1.52.1 1.589 .816 3.184

.465 .132 1.537 .000 3.926 .O00 6.061. .01.8 .O00 .046 1.509 1.575 .682 3.318

.557.072 1.4s1..011 3.929.O00 6.021 .018.00ú.1150 L.5?5 1.043 .731 3.269

.524 .076 1.5i14 .0C,0 3.934 .O00 6.076 .015 .()O8 .062 L.461 1.545 .695 3.305

.515 .099 1.516 .o00 3.888 .000 6.0L8 .016 .Or2 .O45 1.559 1.632 .702 3.295

.510 .098 1.503 .006 3.927 .OO4 6.047 .016 .006 .051 1.505 1.579 .?17 3.263

.o27 .Or9 .036 .O07 .026 .009 .o22 .OO2 .008 .005 .o59 .o52 .063 .063

.57G .7o4 1.791 .035 3.46E .O{)0 5.995 .00(r .O(ì0 .067 1.544 1.611 .128 3.s72

.565 .110 L.633 .046 3.463 .000 6.016 .000 .o00 .073 1.586 1.661 .395 3.605

.57tJ.7(.t7 1.812.Cì4r) 3.475.O00 6.005.0(r0.o0(Ì.070 1.566 1.636 .412 3.586

.507 .086 1.756 .042 3.659 .000 6.052 .000 .000 .085 L.589 1.6?{ .414 3.586

.481 .100 1.805.Cr49 3.649.000 6.08{.0ü).000.()68 1,559 1..627 .296 3.704

.4s7.717 1.775.039 3.668.O00 6.051 .OO0.(XX,.oOE 1.592 1.660 .S1b 3.it85

.448 .130 1.648 .048 3.770 .O00 6.043 .0oo .o0r-r .0?(, 1.s5(r 1.62i) .o00 4.oo(i

.473 .tO7 L.746 .O45 3.6S7 .O00 6.058 .000 .oo(i .0?3 1.573 1.64s .306 3.694

.023 .016 .059 .004 .o48 .O00 .016 .0ct0 .000 .007 .o19 .o22 .193 .L93

.639 .772 1.605 .055 3.351 .000 5.822 .O00 .008 .020 1.868 1.896 .OOO 4.000

.633 .L24 1.895 .044 3.227 .OOO 5.924 .000 .o14 .029 7.731 L.775 .000 4.tm0

.777 .121 1.597 .050 3.445 .000 5.929 .OO0 .Or4 .026 r.6?7 L.777 .O00 4.0(ì0

.774 .1.O2 1.505 .054 3.406 .O(ì0 5.842 .000 .019 .o34 j..78(r 1.633 .0Oo 4.00(¡

.73O .7t7 1.578 .05Cì 3,407 .000 5.882 .OO0 .000 .020 1..77s 1.798 .0o0 4.000

.699.L27 1.636.051 3.367.0(10 5.880.000.011 .026 i..268 1.B0it .000 4.000

.o54 .O23 .134 .O04 .076 .000 .043 .000 .007 .006 .063 .o59 .OOO .000

.675.027 .287.0r.8 4.906.000 5.913.000.073.081 1.618 L.7?1 1.650 2.350

.518 .033 .159 .009 5.232 .000 5.952 .00S ,000 .093 L.6,62 L.764 1.562 2.43S

.579 .O37 .133 .000 5.201 .000 5.9s0 .008 .oo0 .o91 1.s84 1.683 r.486 2.sL4

.5s0 .037 .155 .009 5.231 .000 5.982 .009 .000 .089 L.szz L.620 L.492 2.s08

.628 .033 .149 .011 5.176 .000 5.998 .009 .000 .080 1.429 1.518 1.634 2.366

.590 .034 .158 .000 s.193 .000 5.975 .009 .006 .083 1.510 1.608 L,549 2.45L

.573 .035 .151 .0()6 5.207 .000 5.971 .009 .001 .087 1.541 1.639 L.545 2.455

.037 .002 .010 .o05 .022 .o00 .018 .001. .002 .005 .07ô .082 .054 .O54

Ti Fc Mn Mg Zn eite Ba Ca Na

Appendix B

K site

F*OH=4

5.60(i 2.400
.03i. .031

23 5.616 2.384
24 5.521, 2.479

5.569 2.431

20 5.542 2.458
21 5.524 2.476
22 5.557 2.443
26 5.5A7 2.413

.023 .O23

OH

F
F

E
Ð
E
G

A 36 5.469 2.531
A 39 5.479 2.521
A 47 5.452 2.548
A 42 5.4E6 2.514
A 43 5.474 2.526

5.472 2.528
.oLz .0t2

D 35 5.601 2.399
G 4L 5.741. 2.259
G 43 5.756 2.244
G 44 5.784 2.2L6
H 70 5.782 2.27A
H 46 t).766 2.232

5.766 2.234
.016 .016

302



Sam¡>lc

34D-759.5
348-759.5
34I}-759.5
348-759.5
348-759.5
34I}-759.5
ave(6)
stdcv

34C- 1453

34C-7377
34C-L377
34C-7377
34C-L377
34C-7377
ave(5)
stdev

34C-7747.5
34C-1.747.5
34C-7747.5
34C-7747.5
34C-1747.s
34C-L747.5
avc( 6)
std ev

arca spot Si Al¿o Ah¿

Table 8.3. b. Biotite Mineral Chemistry. (conrinued)

A' 66
A' 67
A' 68
869
870
871

5.527 2.473
5.580 2.420
5.540 2.460
5,524 2.476
5.561 2.439
5.607 2.393
5.556 2.444
.030 .030

5.502 2.498

5.316 2.684
5.607 2.393
5,613 2.367
5.599 2.401
5.606 2.394
5.606 2.394
.005 .005

5.450 2.550
5.429 2.577
5.483 2.577
5.494 2.506
5.414 2.5A6
5.446 2.554
5.453 2.t¿47
.026 .028

St¡uctu¡al formula normalized to 44 anionic char¡¡es

G18

.517.130

.s36.133

.524 .130

.613 .033

.676 .030

.634 .029

.583 .061

.061 .050

.424 .LOl

2.s62 .O25
.676 .O77
,676 ,O7rr
.683 .077
.670 .Q74
.676 ,076
.005 .001

.653 .1.28

.70s .720

.670.131

.7ro .L25

.635 .139

.650.136

.670.130

.028 .006

¿'56
.A58
Á.64
¿'65
869

Ti Fc Mn

1.504 .023
L.494 .O22
1.460 .023
1.333 .O25
1.263 .O18
r.275 .O27
1.388 .022
.101 .002

2.067 .000

.801 ,030
r..068 ,032
1.064 .037
1.0s9 .032
1.064 .031
1.064 .033
.003 .002

1.689.012
1.647 .016
1.681 .011
1.665 .O1.2
1,.692 .O72
r.729 .076
1.684 .013
.o25 .OQz

c 4).
c43
D44
D45
?.49
A 5t'

Mg Zn

3.691 .000
3.691 .000
3.725 .000
3.962 .000
3.917 .000
3.984 .O00
3.826 .000
.128 .000

3.558 .000

2.O89 .000
4.140 .000
4.160.00c1
4.111.000
4.161.000
4.143.000
.020 .000

3.465 .000
3.439 .000
3.396 .0(10
3.391 .O0(l
3.469 .O0C,

3.359 .000
3.420 .0011

.041 .000

siie Ba Ca Na

5.866 .000
5,876 .000
5.861 .000
5.965 .000
5.905 .O00
5.942 .OO7
5.903 .00i.
.o39 .O03

6.150 .000

5.508 .OO0
5.994 .000
6.012 .000
5.962 .000
6.O00 .000
5.992 .O00
.018 .OC|O

5.947 .00C1

5.927 .00(ì
5.889 .000
5.903 .O00
5.946 .O00
5.889 .000
5.917 .000
.025 .Off)

.000.017

.oo0 .000

.009 .000

.016 .025

.000 .028

.000 .000

.004 .012

.006 .012

.000 .066

.000 .250

.000 .112

.000.112

.000 .1 17

.000.106

.000.112

.o00 .00{

.000.L05

.000 .093

.oo0 .133

.0(x) .128

.000 .117

.0(x).101

.000.113

.000 .o14

Appendix B

K

1.948 1.965
1.E67 1.867
1.935 1.945
1.810 1.851
1.865 1.892
1.802 1.809
1.871 1.888
.056 .054

1.503 1.571

.807 1..056
1.463 1.575
L.424 r.536
1.522 1.639
1.469 t.575
1.469 r..581
.035 .037

L.642 L.746
1.680 1.773
1.675 1.806
1.612 1.740
L.664 1.781
1.752 1..853
L.67L L.7A4
.0113 .038

site

F*OH=4

.000 4.000

.000 4.000

.000 4.000

.o00 4.000

.000 4.000

.234 3.766

.039 3.961

.087 .087

1.596 2.404

.o00 4.000

.915 3.085
1.090 2.910
.925 3.075
.952 3.048
.977 3.029
.o70 .070

.868 3.1.32

.768 3.232

.699 3.301

.703 3.297

.797 3.203

.705 3.295

.062 .062

OH
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samplc area 6pot sio2 Tio2 Al2or Feo Mno Mgo cao Nazo Kzo zno F Total Hzo rotal
22-4L3 D 50 24.96 0,06 22.94 25.35
22-4L3 D 51 24,ú9 0.08 22.93 24.92
22-4L3 D 52 24.9L 0.05 22.95 25.26
22-4L3 D 53 2s.t4 0.07 22.A3 25.34
ave(4) 24.90 o.07 22.9L 25,22
stdev 0.20 0.01 0.05 0.18

22-90t A 55 25.18 0.07 24.54 20.37
22-90L A 56 25.07 0.00 24.58 20.71"
22-90L A 58 25.14 0.06 24.40 20.46
22-90I B 61 26.L9 0.00 23.96 20.5s
22-90L B 63 25.07 0.06 24.26 20.86
22-901 B 65 25.L5 0.06 24.87 20.59
ave(6) 25.30 0.04 24.44 20.59
strlcv 0,40 0.03 0,28 0.16

22-957 C 66 25.16 0.O0 23.48 22.A6
z2-9s7 C 69 24.72 0.06 23.75 22.73
22-957 B 70 24.87 0.08 23.55 22.37
22-957 B 74 24.94 0.O7 23.71 23.07
22-957 B 77 24.36 0.06 23.59 22.09
avc(s) 24.81 0.05 23.62 22.62
stdcv O.27 0.03 0,1O 0.35

22-996.s D I 24.40 (i.06 21.L4 23.36
22-996.5 D 9 24.gtt O.oE 24.25 23.32
22-996.5 A 10 24.98 0.()6 23.68 23.59
22-99().5 B 12 24.90 0.00 24.54 23.61
22-996.5 B 13 24.81. 0.O7 24.07 23.59
22-996.5 B 14 24.76 0.07 24.40 23.67
ave(6) 24.79 0.06 24.7a 23.53
stdcv 0.19 0.03 O.27 0.13

224-L625 C 27 25.61 0.06 24.A9 14.66
224-7625 A 32 27.L9 0.08 25.30 14.56
224-L625 A 36 26.20 ().OO 23.94 15.02
224-L625 A 36 25.96 0.07 23.93 14.6.1
ave(4) 26.30 0.O7 24.52 74.73
stder' 0,53 O.01 0.60 0.18

224-7752 D 15 26.06 ú.()ar 24.r8 14.9(ì
224-L752 F 16 26.25 0.07 24.76 L4.75
224-r7s2 F 17 26.50 0.07 24.46 Ls.zr
224-1,7s2 B 16 25.9s 0.06 24.9L 15.02
224-7752 A 27 26.48 0.07 24.3(ì 15.33
224-7752 A 22 26.4A (J.00 24.{\5 16.18
avr:(6) 26.29 (J.05 24.34 15.23
stdcv Q.22 0.03 0.26 0.46

228-L727 A 62 25.33 0.06 24.02 20.06
228-772r A 64 25.23 0.07 24.2L 20.41
22D-t72L A 66 24.95 0.08 23.87 20.59
228-772L A 70 25.1! 0.08 21.LO 20.35
228-7727 A 71 24.8ô 0.00 23.A2 20.84
ave(5) 25.10 fJ.00 24.00 20.45
st<lcv 0,17 0.03 O,74 0.26

228-1723 B 61 25.42 0.O9 23.87 18.06
228-7723 B 62 26.56 0.Or) 23.41 18.63
av<:(Z) 25.99 0.05 23.64 16.35

24-7L9r 55 26.71 0.00 74.73 41.08
24-L19I 25 27.92 0.82 75.62 30.65

24-LL9L A 73 26.44 0.00 22.29 18.51
24-LL9L A 74 25.97 0.00 22.62 L8.42
24-7197 A 7s 26.46 0.06 22.39 18.03
zonc 5, avc(3) 26.30 0.02 22.43 18.32
stdcv O.Z3 0.03 0.14 O.27

lable 8.3. c. Chlorite Mineral Chemistry.

weight ¡rercent oxidc or element, (Cr2O¡ and BaO not detected)

0.00
0.08
0.10
0.08
0.07
0.04

0,29
0.33
0.34
0.30
o.27
0.29
0.3c,
0.02

0.33
0.37
0.34
o.36
0.33
0.35
o.o2

0.37
o.29
(),3 1

0.28
0.30
0.30
0.31
0.03

0.43
o.44
ç).42
0.44
0.43
0.01

0.38
(.,,34
(,.4(l
0.4(i
(.,.38

u.39
0.38
0.02

0.29
0.30
o,29
0.2 5
0.33
0.29
0.03

0.35
0.35
0.35

0.00
0.41

0.53
0.60
0.57
o.57
0.03

16.68
16.42
L6.70
L6.72
16.63
o.L2

19.50
79.49
19.43
19.01
19.O5
L9.42
19.32
o.2L

17.60
17.66
77.47
77.r9
17.18
77.42
0.20

17.33
L?.48
1 7.58
1 7.56
17.38
1-7.37
17.45
0.10

22.64
22.O5
23.06

0.43

23.49
23.L1
23.00

22.7(l
23.20
0.29

1 9.76
19.59
19.23
19.64
1,9.29
19.5 1

o.27

20.06
20.69

ao,
L4.63

zr.sg
2L.67
2L.59

0.15

0.04 0.00 0.o0 0.00
0.00 0.00 0.00 0.00
o.00 0.00 0.00 0.00
o.00 0.00 0.00 0.00
0.01 0.00 0,o0 0.00
o,o2 0.00 0.o0 0.00

o.00 0.00 0.00 0.00
0.00 0.00 0.04 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.oo o.oo o-oo
0.00 0.00 0.00 0.0()
0.00 0.oo 0.01 0.00
0.00 0.00 0.01 0.00

0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.o0
0.0cÌ 0.00 0.00 0.o0
0.11_ 0.00 0.05 0.00
0.02 0.00 0.01 0.00
0.04 0.00 0.o2 0.oo
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0.00
o.o0
0.00
0.oo
0.00
0.00

0.o0
0,00
0.00
0.00
0.o0
0.00
0.00
0.00

o.44
0.00
0.o0
0.o0
0.00
0.09
0. L6

0.00
0.41
0.00
0.00
0.00
0.00
0.07
0.15

0.00
C.,.00

0.00
0.(r(ì
0.o0
0.00

90.03 LL.7r rOL.74
89.02 11.58 100.60
89.97 11.70 101.67
90.18 1L.73 101.91
89.80 11.68 101.48
0.46 0.06 0.51

89.95 tz.OL 101.96
90.22 12.02 LO2.24
89.83 11.98 r01.81
90.01 r2.o4 102.05
89.57 11.92 101..49
90.38 12.06 LO2.44
89.99 12.00 102.00
0.26 0.04 0.30

89.87 11.57 101.25
89.29 LL.75 101.04
88.68 11.70 100.38
89.34 11.75 101.09
87.77 1L.57 99.34
88.99 11.67 100.62
o.72 0.o8 0.7r

89.70 11.76 101.46
90.73 11.66 LO2.24
90.20 11.63 102.03
90.89 11.94 102.83
90.22 11.84 102.06
90.57 L1.86 702.4s
90.39 11.82 102.18
o.40 0.o8 0.42

88.76 L2.L9 100.95
90.31 12.43 rO2.74
86.87 12.18 101..05
88.19 72.L2 100.31
89.03 t2.23 101.26
0.76 0.12 0.90

88.91 12.21 1rr1.12
89.49 12.O4 101.35
90.42 12.01 LO2.74
89.84 L2.O3 1O1.66
90.75 12.09 102.60
89.E0 12.27 LO2.O7
89.87 lz.LL 101.82
0.60 (ì.1(, 0.50

89.54 11.97 101.51
89.81 11.96 101.79
89.01 11.85 1Cì0.86
89.53 11.95 101.46
69.16 11.85 101.01
89.41 1 L.92 101.33
o.29 0.06 0.34

89.39 r2.O4 101.43
89.01 L2.O2 101.03
69.20 12.03 101.23

86.33 10.00 96.19
90.93 10¡93 101.49

89.49 12.Q4 101.53
89.00 L1.97 100.97
89.52 12.05 101.57
89.34 r2.O2 101.36
o.24 0.04 0.28

0.00 0.o0 0.o0 0.00
0.00 0.0() 0.o0 0.00
0.00 0.(,0 0.o0 0.(xi
0.00 0.00 0.00 0.ù0
0.00 0.00 0.o0 ú.00
0.00 0.00 0.00 0.0t)
0.00 0.00 0.00 0.0iì
0.00 0.0(i 0.00 0.00

0.00 0.00 0.o0 0.25
ri.00 0.07 0.45 0.17
0.00 0.00 0.17 0.00
0.00 0.00 0.00 0.o0
0.00 0.02 0.16 0.11
0.00 0.03 0.16 0.11

0.0r) 0.00 0.0r) o.oo
0.0t) u.o(r 0.00 0.00
c).00 0.o0 0.0(J 0.(ì()
0.00 0.0(r 0.00 0.(x)
0,()o 0.o0 0.1(r 0.r,rì
0.00 0.()o 0.cì0 (.,.i1(ì

().(xì (ì.(J0 0.o2 0.O0
0,(x) 0.(10 0.04 o.(xl

o.00 0.00
o.00 0.00
o,00 0.00
o.00 0.00
0.00 ü.0(r
0.(x) 0.00
0.00 0.0o

0.00 0.05
0.00 0.00
0.00 0.03

0.0(ì
0.it3
0.67
0.50
o.57
0,f x)
0.36
o.27

(.).o0

0.oo
0.00
0.o0
0.oo
0.oo
0.o0

0.(xr
0.o()
0.0t)

0.00 0.00
0.0cì 0.00
0.00 0,(x)
rl.o(t 0.00
0,00 (,.o0
o.o(.t 0.o0
0.00 O.ocì

0.00 0.23
o.00 0.00
0.00 o.72

o.29 0.o0 0.0(ì
0.00 0.0(t 0.o0

0.00 0.oo 0.o0
0.00 0.00 0.o0
0.00 0.00 0.14
0.00 0.00 0.05
o.00 0.0(ì 0.07

*ct
0.0tì * 0.60
0.00 * 0.88

0.00 0.00
0.00 0.00
0,18 0.00
0.06 0.00
0.08 0.0()
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Samplc ârca spot SiO2 TiO2 AlzOs FeO MnO MgO CaO Na2O K:O ZnO

24-Lr9L B
24-rL91. B
24-1!9L B
zon<: 6, ave(3)
stdev

Table 8.3. c. Chlorite Mineral Chemistry. (conrinued)

34-799 A 46 25.37 0.05 24.27 16,19
34-799 ¡, 47 24.88 0.00 24.04 77.77
34-799 A 50 25.08 0.05 24.52 L5.44
34-799 A 51 24.97 0.06 24.52 16.?1
ave(4) 25.04 0.04 24.34 17.03
stdev 0.17 O.O2 O.20 1.06

76 25.93 0.06 22.25 19.23
77 25.30 0.00 23.25 19.40
7A 26,85 0.00 2L.97 16.95

26.03 0.02 22.49 19.19
0.64 0.03 0.55 0.19

weighú percent oxide or elcment (Cr2()3 and BaO not dctectcd)

34.1ó00 C 34 2A.s4 0.07 22.13
34-1500 Þ 36 30.88 0.06 2I.49
34-1500 H 45 29.99 0.07 27.97
ave(2) 30.44 Cì.O6 2L.73
stdev O.44 O.00 O.24

3.14-1484 A 44 24.60 0.06 22.67 26.9L
3:14-1484 A 45 24.66 0.O7 22.A7 26.51
344-148i1 A 46 24.72 0.06 23.02 Z7.SB
34/r-1484 B 47 24.58 0.00 22.56 27.O5
344-1484 B 48 24.A3 0.09 22.70 27.L2
344-1464 B 49 24.70 0.Cr0 22.63 26.L3
avc(6) 24.68 0.05 22.78 26.85
stdcr' 0.08 0.03 0.15 0.40

34C-7377 B 1 26.45 0.06 24.71- L2.90
34C-L377 B 2 26.29 0.06 24.66 12.88
34C-I377 B 3 26.39 0.07 24.27 L2.96
34C-t377 B 4 27.17 0.06 24.49 L2.94
34C-1377 D 7 26.63 C1.00 24.18 13.36
avc(5) 26.59 o.05 24.46 13.01
stdev 0.31 0.03 O.27 0.16

34C-1453 A E 24.A7 0.0() 21.43 20.87
34C-1453 G 77 25.77 0.00 24.53 2L.66
34C-1453 .t 19 25.31 0.00 24.02 2L.79
ave(3) 25.12 0.00 21.33 2L.24
stdr:v 0.16 0.0() O.22 0.32

34C-7747.5 C 47 24.94 0.0? 21.00 79.70

0.55
0.62
0.56
0.58
0.03

0.10
0.17
0.11
o.L7
o.L4
0.03

0.25
0.28
0.30
o.29
0.01

0.08
0. L3
0.1 1

o.06
0.o7
0.o7
0.09
0.02

20.46
20.43
20.a5
20.58

0.19

20.80
2L.2L
22.8t
22.26
27.77

0,8cì

30.50
30.55
30.70
30.63

0.oE

15.31
15.62
15.81
15.56
15.5 5
16.0.{
15.65
o.23

24.47
24.33
24.18

24.40
24.5t

0.34

19.23
19.L7
1 9.Cì7
19.16
0.07

0.00 0.00 0.07 0.r7 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0,00 0.09 0.o0 0.00
0.00 0.00 0.05 0.06 0.00
0.00 0.o0 0.04 0.08 0.00

4.13
5.62
4.83

0.39

0.00 0.00 0.00 0.00 0.42
0.00 0.00 0.00 0.22 0.00
0.00 0.00 0.00 0.26 0.00
0.00 0.00 0.00 0.o0 0.45
0.00 0.00 0.00 0.L2 0.22
0.0tr 0.00 0.00 0.72 0.22

Appendix B

F Total HzO Total

0.o0 0.00 0.31 0.00 1.19
0.00 0.00 1.00 0.00 1.55
0.00 0.00 0.56 0.011 1.43
0.00 0.00 0.76 0.00 L.49
0.00 0.00 0.22 0.00 0.06

86.72 11.86 100.58
89.00 11.90 100.90
89.27 11.99 10r..26
89.00 11.92 100.92
o.22 0.05 0.28

89.14 11.79 100.75
8ô.29 11.91 100.20
88.27 12.06 100.33
89.08 11.83 LOA.72
86.70 11.90 100.50
o.42 0.10 îJ.24

87.L2 11.91 98.53
91.45 L2.20 103.00
89.85 L2.L1 101.36
90.65 12.76 102.18
0.80 0.04 0.82

89.67 11.55 LOL.22
89.93 11.61 10L.54
91.05 rL.77 102.76
89.83 11.56 101.39
90.36 11.64 102.00
89.77 11.61 101.38
90.10 11.61 LOL.72
0.46 0.0s 0.53

69.61 12.L2 101.51
88.73 12.31 1()1.04
86.5(r L2.27 tOO.77
90.8() L2.32 102.92
89.58 12.09 101.46
89.44 72.22 101.54
().81 0.10 0.74

90.33 11.56 101_.56
90.66 t2.O4 t02.70
90.33 11.65 LOL.72
9U.44 11.75 101.99
0.16 0.27 0.5(ì

0.04 0.00 0.00 0.o0 0.00
0.04 0.0(, 0.0cr 0.o0 0.00
(J.('0 0.00 0.00 0.oû 0.00
0.()0 0.00 0.00 0.o0 0.00
0.00 0.00 0.00 0.o0 0.0c1
0.00 0.00 0.0(' 0.0tì 0.00
0.01 0.00 0.00 0.00 0.00
0.02 0.00 0.o0 0.00 0.(ì(,

0.50
0.51
0.50
0.49
0.50
0.50
0.o1

0.16
0.13
0.13
¡J.L4

0.01

0.00 0.00 0.00 0.o0 0.52
0.00 0.00 0.00 o.o(i 0.(r0
0.ú0 0.o0 0.13 0.o0 0.00
0.(Ì0 0.O0 0.00 0.O(l 0.48
0.00 0.oo cì.00 0.00 0.51
0.00 f.r.00 0.03 0.00 0.30
0.00 0.o0 o.rj5 0.0(ì 0.25

0.r7 19.6Cì

0.00 0.00 0.0(r 0.00 0.77
0.00 0.0(, 0.oo 0.00 0.o0
0.o0 0.0o o.(xr 0,0(r 0.61
ù.o(i 0.00 0.o0 0.(J(ì 0.46
o.(t{t 0.0(.r 0.00 0.o0 0,33

0.o0 0.o() t).o(r ().00 0.()(r 86.4E 1L.sil 100.32
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Sample

22-413
22-4t3
22-4L3
22-4L3
ave(4)
etdev

area spot

D 50 5.113 2.AA7 2,654 .009 4.343 .000 5.093 .000 .009 .000 ,00õD 51 5.091 2.909 2,689 ,Or2 4.315.014 5.067.000.000,000.000D 52 5.107 2.893 2,654 .008 4.331 .01? 5.102 .000 .000 .000 .000D 53 5.140 2.860 2,644.O11 4.333.014 5.095.000.000,000,000
5.113 2.A87 2,660 .010 4.331 .011 5.089 .000 .002 .000 .000,018 .018 ,017 .002 .010 .007 .013 .000 .004 .000 .000

lable 8.3. c. Chlorite Mineral Chemistry. (conrinued)

22'907 A 55 5.029 2.971 2.806 .011 3.402 .049 5.804 .000 .000 .000 ,000 t2.o7z .oo0 16.00022-901 A 56 5.OO4 2.996 2.788 .000 3.457 .056 5.798 .000 .000 ,000 ,010 12.109 .o00 16.00022'90L A 58 5.032 2.968 2.79L .009 3.425 .058 5.797 .000 .000 .000 .000 L2.O7g .000 16.00022'9ot B 61 5'219 2.7a1 2.a47 .000 9.42'o .o51 5.645 .000 .000 .000 .000 11.96? .ooo 16.00022,'9Ol B 63 5.043 2.957 2.796 .009 3.509 .046 5.?11 .000 .000 .000 .000 L2,o7L .O00 16.00022'90t B 65 5-OO2 2'998 2.834 .009 9.421 .049 5.756 .000 .000 .000 .000 L2,O7g .000 16.000ave(0) 5.055 2.945 2.810 .006 3.44L .051 s.?sz .000 .o00 .000 .ooz Lz,o62 .oo0 16.000stdev 'o?s 'ors 'ozz '004 ,03s .004 ,058 ,000 .000 .000 .004 .o44 .000 .o00
22'957 C 66 5.125 2.A75 2.763 .000 3.894 ,O57 5.343 ,000 .000 .000 .000 12,056 .283 L5.7L722'957 C 69 5.046 2'954 2'?6t .009 3.880 .064 5.372 .000 .000 .00() .000 r2.oa7 .o00 16.00022-957 B VO 5'100 2.900 2.794 .oLz 3.837 .059 5.339 .000 .000 .000 .000 L2,O47 .000 16.00022'957 B 74 5.092 2.908 2.800 .011 3.940 .062 5.231 .000 .000 .000 .000 L2.O43 .000 16.00022'957 B 77 5.051 2.94s 2.818 .009 3.831 .058 5.309 .000 .o24 .000 .013 12.063 .o00 16.000ave(s) 5.083 2'gr7 2.787 .008 3.8?6 .060 5.819 .000 .005 .00(., .003 12.058 .osz 1s.943stdev .o3o .og0 .ozz .oo4 .040 .003 .046 ,000 .010 .000 .oos .oLT .rr3 .113
22-996.5 D I 4-9?6 3'024 2.7?g .or2 3.9S7 .064 5.267 .000 .000 .000 .000 L2.L70 .000 16.00022-996,5 D 9 5.030 2.970 2.806 .O12 3.940 .o5o 5.263 .000 .000 .000 ,o00 L2.070 .2fj2 15.?3622'996'5 A 10 5'064 2,936 2.724.009 4.000.053 5.311..00(J.000.000.000 r2.og7 .000 16.00022'996'5 B t2 5.003 2'997 2'816 .000 3.968 .048 5.258 ,000 .000 .000 .000 12.090 .o00 16.00tì22-996.5 B 13 5.028 2.972 2.778 ,011 3.998 .051 5.249 .000 .000 .000 .00o r2.Q87 .000 16.00022-996.5 B 14 4.998 3.002 2.805 .011 3.996 .051 5.226 .O00 .o00 .000 .000 12.088 .000 16.000ave(6) 5.016 2.9a4 2.7as .009 3.981 .osg E.z6z .000 .000 .oocr .ooo 12.090 .o44 15.9s6stdev .o28 .028 .031 .004 .ozl .00s .026 .000 .000 .000 .o00 .oL2 .096 .09s
22A'7625 C 27 5.079 2.927 2'853 .009 2.476 .O72 6.639 .036 .000 .000 .000 12.025 .000 16.000224-L625 A 32 5-246 2'754 3.0()0 .oL2 2.349.O72 6.340 .O24.000 .026.111 11.934 .000 16.o0cì224'L62s A 36 5.158 2.842 2.71'5.009 2.473.O70 6.766.000.000.oo0.043 L2.O76 .000 16.00022A'1625 A 38 5.142 2.856 2'726 .O10 2.423 .O74 6.823 .O00 .000 .o00 .o0o 12.056 .000 16.000ave(+) 5.156 2.a44 2'823 .01(l 2.41,s .or2 6.642 .015 .000 .oor .0gB tz.ozg .0oo 16.000stdev .060 .060 .116 .00r .o44 .o01 .r}z .0r.6 .000 .011 .o4E .054 .0o0 .oo0
224'77s2 D 15 5.123 2.877 2'729.000 2.44A.063 6.842.000.000.000.000 r2.o77 .000 16.000224-L752 F 16 5'141 2.859 2.720 .010 2.4'J.6 .056 6.857 .000 .00cì .o00 .000 12.059 .266 t5.734224'7752 F 17 5.15s 2.842 2.770 .010 2.476 .066 6.703 .000 .000 .oo0 .000 L2.o26 .4L2 15.588224'7752 B 16 5.0?3 2.927 2.815 .009 2.456 .066 6.70! .000 .o00 .000 .000 L2.O47 .309 15.691224'1752 A 27 5.138 2'862 2.697 .o10 2.488 .062 6.802 .000 .000 .00û .o25 12.084 .350 15.650224'7752 A 22 5.176 2.822 2.723.000 2.646.065 6.616.000.000.0o0.000 t2.o4g .cìoo 16.00trave(6) 5.135 z'a65 2.?41 .oo7 2.488 .063 6.zss .00o .Oocì .0o0 .004 rz.osr .223 LI.TT7stdcv .O33 .093 .O39 .0OS .O74 .003 .082 .OO0 .OCr0 .00(r .OfJg .019 .t64 . j"64

228'7721 A 62 5.0?6 2.924 2.750 .009 3.362 .O49 5.907 .00tr .000 .oo(ì .oo0 12.078 .()00 16.000228'7721 A 64 5.0s0 2'950 2.?62 .011 3.416 .051 5.843 .000 .of,o .00c, .o00 12.083 .000 16.oo()228'1727 A 66 5.049 2'9st 2.744 .OLz 3.485 .O5(ì 5.800 .000 .o00 .000 .000 12.091 .fi)o 16.000228'L721 A 70 5.041 2.959 2.746 .OLz 3.477 .043 5.6?7 .000 .000 .oo0 .oo0 12.094 .000 16.000228-7727 A 71 5.036 2'964 2'720 .000 3.528 .057 5.819 .000 .000 .000 .o00 L2.Lz2 .000 16.00()ave(s) 5.050 2'950 2'?4s .009 3.442 .050 5.849 .000 .000 .000 .000 12.09.r .000 16.000stdev .o14 .014 .or4 .oos .os8 .0()4 .o39 .(l0o .000 .000 .000 .o1s .0oo .o00
228'1723 B 61 s.O63 2.937 2.668 .013 3.008 .059 6.g29 .034 .000 .019 .000 12.131 .000 16.000228-7723 B 62 5.301 2.699 2.809.O00 3.110.O59 5.967.000.000.oo0.000 11,945 .000 16.000ave(Z) 5'182 2.818 2.739 .o07 3.059 .059 6.148 .orr .000 .010 .o()0 12.03ô .0oo 16.000

24-*s1' s5 G'312 1.oBE 2.4t6 .0oo 8.119 .o00 1.026 .000 .ora .o00 .o0o 1'.6s6 -.;i.l 
15.26024'1191 25 5.901 2-(t99 1.793 .130 5.418 .O73 4.608 .000 .o00 .o00 .o00 12.o23 *.5E8 t5.4L2

24']19t A 73 s'266 2.734 2.49s .000 3.083 .089 6.447 .000 .000 .00c, .000 12.118 .000 16.00024-ll9L A 74 5'204 2.796 2.548 .000 3.o8? .toz 6.388 .000 .Oocì .000 .00cì 72.L24 .0o0 16.00024'rL9]' A 75 5.269 2.731 2.52r .009 3.000 .096 6.426 .026 .000 .oo0 .036 L2.Lt4 .000 16.000zone 5, ave(3) 6.246 2.754 2.522 .o03 3.057 .096 6.420 .009 .0o0 .o0o .012 rz.LLg .ooo 16.000stdev .o3o .030 'o2o .004 .o40 .o0s .o24 .oLz .000 .ooo .01? .004 .0oo .ooo

Þl

Süructural formula normalized to 56 anionic charges

A!, AL¿ Ti Fe Mn Mg Zn Ca Na

Appendix B

site

L2.rO7 .000 16.000
12.097 .000 16.000
L2.rr2 ,000 16.000
t2.o97 .000 16.000
12.103 .000 16.000

.006 .000 .o00

F*OH=16

OH
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Sample

24-Lt9t B
24-7197 B
24-Lt9t B
zone 6, ave(3)
stdev

area 6pot Si A\o Alzi Ti Fe Mn Mg Zn Ca Na K site F OH

Table 8.3. c. Chlorite Mineral Chemistry. (conrinued)

34-799 A 46 5.065 2.935 2.79r .008 3.045 .oL7 6.2C,4 .000 .000 .000 .000 12.064 .266 15.73434'799 A 47 5.010 2.990 Z.7L? .000 2.993 .029 6.365 .033 .000 .oo0 .000 L2.r36 .OOO 16.00034'799 A 50 4.988 3.012 2.73? .007 2.568 .019 6.76L .038 .000 .000 .000 12.130 .000 16.00034'799 A 51 4.962 3.038 2.720 .009 2.?a4 .OZg 6.608 .000 .000 .oo0 .000 12.150 .2E3 75.717ave(4) 5.006 2.994 2.74L ,006 2.a47 .oza 6.4a4 .018 .o00 .oo0 .000 Lz.r2o .Lgz 15.863stdev '038 .038 .030 .004 .188 .006 .zLs .018 .000 .000 .000 .03g .Lgr .LzT
34-1500 C 34 5.487 2.513 2.503 .010 .664 .041 8.739 .000 .000 .000 .076 12.033 .724 L5.27634-1500 E 36 6.727 2.273 2.426 .011 .A72 .O44 8.443 .000 .000 .oo0 .2g7 12.031 .909 15.09134'1500 H 45 5.623 2.3?7 2.4?9 .010 .75? .048 8.578 .000 .000 .oo0 .134 12.006 .848 15.152ave(2) 5.675 2.325 2.452 .011 .814 .046 8.s11 .000 .000 .000 .18s 12.019 .B?9 1s.121stdev .052 '052 .o27 .001 .os? .0oz .068 .000 .000 .ooo .0s1 .01g .03r .0g1

344'L484 A 44 5.109 2.891 2.660 .009 4.674 .014 4.799 .000 .009 .000 .000 L2.106 .000 16.000344't484 A 45 5.096 2.904 2.66S.011 4,58?.023 4.811.C1O0.009.o00.000 72.707.000 16.000344'L4A4 .A 46 5.061 2.939 2.618 .009 4.680 .019 4,824 .000 .000 .000 .o00 L2.L5r .OOO 16.000344-t4A4 B 47 5.101 2.899 2.620.000 4.694.014 4.A!2.000.000.000.c)00 L2.74O.0OO 16.000344-t4A4 B 48 5.118 2.8A2 2.633.0L4 4.675.0L2 4.776.000.000.000.000 L}.LLL.000 16.000344-1484 B 49 5.101. 2.899 2.659 .000 4.513 .O72 4.936 .000 .000 .000 .000 L2.720 .000 16.000ave(6) 5.098 2.902 2,649 .oo7 4.637 .016 4.816 .o00 .0o3 .ooo .o00 r2.r2z .0oo 16.o0c)stdev .018 .0r-8 .o2o '00s .066 .o04 .061 .ooo .004 .oo0 .ooo .o77 .oo0 .o0o

34C'7377 B 1 5.130 2.A70 2'780.009 2.092.082 7.073.000.0o0.000.00Cr 12.036.319 J.s.68134C'1377 B 2 S.L?L 2.879 2.784 .009 2.098 .084 7.063 .O00 .000 .000 .000 12.039 .000 16.00(l34C'L377 B 3 5.161 2.839 2.756 .010 2.:-20 .083 7.o47 .000 .000 .oo0 .032 L2.o48 .000 16.00034C'L377 B 4 5.193 2.AO7 2.712 .OL2 2.069 .O?9 ?.16.1 .000 .000 .o00 .000 12.036 .29Cì 15.71034C-L377 D 7 5.179 2.A27 2.722.000 2.t73.062 7.072.000.000.000.000 rz.o4g.3r4 15.686ave(5) 5.157 2.843 2.75r .008 2.110 .082 7.084 .000 .o0o .ooo .006 L2.o42 .18s ls.Blsstdev '026 .028 .o29 .o04 .095 ,oo2 .041 .000 .0oo .000 .or.3 .006 .1s1 .151

34C-1453 A 6 5.003 2.997 2.797 .000 3.511 .O27 5.765 .000 .00c, .000 .000 12.100 .490 15.51034C-1453 G 17 5.016 2.984 2.778.000 3.610 .o22 5.693.00tJ.000.o(ì0.000 12.103.000 16.00034C-1453 J 19 5.086 2.9L4 2.776 .0OO 3.561 .O22 5.711 .OO0 .000 .000 .OofJ 12.069 .3ES 15.612ave(3) 5.035 2.965 2.784.000 9.561 .O24 5.723.OO0.00(ì.oo(ì.0OO 12.091 .2g3 tS.7\)Tstdcv '036 .036 .o09 .000 .o4o .oo2 .031 .00() .o(,cJ .ooo .(roo .015 .2L7 .27L
34C-t747.s C 47 5.051 2.949 2.781-.011 3.337 .O2g 5.916.000.000.000.000 L2.o73.000 16.()00

76 6.242 2.758 2.545 .009 3.251 .094 6.164 .025 .000 .000 .018 r2.ro7 ,000 16.00077 5.100 2.900 2.625 ,000 3.270 .106 6.13? .000 ,000 .000 .000 12.138 .000 16.0007A 5.370 2.630 2.550 ,000 3.170 .095 6.2L4 .000 .000 .oo0 .023 L2.O52 .O00 16.000
5.237 2.763 2,573 .003 3.230 .098 6.t?2 .008 .000 .000 .014 12.099 .O00 16.000.110 .110 .O37.004 .o44.005 .032 ,O12.000.000.010 .036.000 .000

St¡ucùural formula normalized to 56 anionic charges

Appendix B

F+OH=16
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Sample area 6pot SiO2 TiO2 AlzOs FeO Fe205 MnO MgO ZnO Total H2O Toial

Table 8.3. d. Staurolite Mineral Chemistry.

22-90L
22-907
22-90L
22-90L
22-907
22-901
22-907
22-907
core, ave(4)
stdev
rim. ave(4)
stdev
ave(8)
stdev

22-957
22-957
z2-957
22-957
22-9s7

core, ave(3)
stdev
rim, avr:(3)
st dev
avc(6)
stdev

22-996.5
22-996.5
22-996.5
22-996.5
22-996.5
22-996.5
ave6)
stdcv

224-t625
224-1625
22A-1625
22A-t625
221'-t625
224-7625
ave(6)
stdev

224- 1636
22.A'- 1638
22.A'-1638
224- 1638
224-1636
22A- 1638
avc(6)
stdcv

224-1752
224-L752
224-1752
221.-1,752
22A-1,752
224-L752
avc(6)
stdev

22IJ-172r
228-L72L
22l]-7721.
228-1721
228-1721
228-772L

A
A

B
B

Lc 27.27
21 27,43
4c 27.OG
5r 27,25
7c 27.LO
8r 27.25
10c 26.96
LL¡ 27.59

27,LO
0.1¡.

27.38
0.14

27.24
0.19

13c 26.80
L4r 26.94
r5c 26.67
16¡ 25.80
L7c 26.67
1Er 26.76

26.71,
0.06

26.50
0.50

26.61,
0.37

L0c 27.L2
Llr 27,54
Lzc 26.71,
13r 27.O0
l4r 27.44
LSc 27.26

27.78
u.26

zLc 26.4A
22r 26.61.
23 26.64
24 27.08
25 2C'.94
26 26.19

26.66
u.29

21 27.9O
3(: 26.61
I 25.84
10 26.49
L3 26.67
L4 27.06

26.76
o.62

23c 26.79
24r 26.86
?Sc 27.OO
261 27.22
27c 27.47
28r 27,1L

27.OA
0.23

11 27.2O
2c 26.89
3c 26.88
41 27.34
5 27.51
6 26.93

weight percent oxide (Cr?O3, Na2O, CaO not detected)

0.50
0.51
o.47
o.42
0.41
o.53
o.43
0.46
0.45
0.03
0.48
0.04
o.47
0.04

0.49
0.46
0.53
0.46
o.45
Q.42
o.49
0.03
0.45
0.02
o.47
o.03

53.29 10.88
53.62 10.23
54.18 10.14
53.67 10.19
53.40 10.82
53.47 10.46
54.57 10.49
52.89 9.97
53.86 10.58
0.53 0.29

5s.41 10.21
0.31 0.18

53.64 10.40
0.49 0.31

53.08 10.66
52.36 10.34
52.70 1.0.60
50.98 1.0.50
52.09 10.92
52.7t 9.79
52.62 70.73
0.41 0.14

52.O2 tO.2L
0.75 0.31

52.32 10.47
0.67 0.35

54.08 12.74
53.85 12.62
53.90 12.99
53.45 L2.73
53.67 12.9s
53.30 13.01
53.71 12.84
o.27 0.L5

A

B
B
c
c

1.17 0.6Cì
1.18 0.66
1.16 0.71
1.18 0.62
1.17 0.63
1.17 0.59
1.19 0.66
7.17 0.57
1.18 0.65
0.01 0.04
1.16 0.61
0.00 0.03
1.18 0.63
0.01 0.04

r..98 1.26 96.84 1,51 98.47
1.89 1..16 96.56 1.76 98.43
1.90 1.11 96.64 1.88 98.63
1.82 1.07 96.10 1.88 98.10
2.O4 L.23 96.68 t.56 96.36
1.95 1.13 96.44 1.67 98.23
L.94 1.22 97.34 1.83 99.29
l-.93 1.10 95,56 t.76 97.44
t.97 L.2L 96.88 1.70 98.69
0.05 0.06 0.28 0.16 0.36
r..90 1.12 96.17 1.77 98.05
0.05 0.03 0.39 0.07 0.3?
r..93 1.16 96.52 1.73 96.37
0.06 0.06 0.49 0.13 0.49

1.88 1.80 96.43 1.47 98.02
L.74 L.72 95.27 1.55 96.93
L.84 L.7295.79 L.46 97.36
L.62 L.Az 92,77 1.43 943r
1,.86 r.72 9s.42 1.33 96.86
1.69 1.87 94.88 1.76 96.76
1.86 1.75 95.88 I.42 97.4L
0.02 0.04 0.42 0.06 0.47
1.66 1.82 94.31 1.58 96.00
0.05 0.o7 1.10 0.1.i1 r.20
L.77 L.7A 95.09 1.50 96.71
0.10 0.07 1.14 C,.13 1.15

1.86 0.14 98.19 1.43 99.74
1.98 0.O0 97.86 1.56 99.53
2.07 0.00 97.79 7.34 99.25
2.07 0.00 97.34 1.34 96.8C)
1.93 0.00 98.10 L.37 99.56
2.L3 o.O(t97.76 t.24 99.72
2.Ot 0.o2 9?.84 1.38 99.34
0.09 0.05 0.27 0.10 0.32

2.29 5.L2 97.19 1.69 96.99
2.10 5.2A 96.76 1.61 98.49
2.26 4.60 97.29 1.65 99.()6
2.37 4.60 97.24 L.47 98.83
2.30 4.53 97.LA t.72 99.02
2.27 4.82 97.10 1.73 98.95
2.27 4.53 97.i3 1.64 98.89
o.08 0.28 0.17 0.09 0.19

2.r9 6.7097.62 2.O2 99.95
2.16 6.86 97.47 r.a  99.42
2.18 7.10 97.36 1.72 99.20
2.16 7.00 97.55 1..85 99.51
2.r4 6.A2 98.26 1.93 1OCr.31
2.32 6.9997.42 1.64 99.78
2.19 6.91 97.65 1.83 99.60
0.06 0.13 0.31 0.13 ().1L

2.O7 4.O4953A !.97 97.47
L.73 4.59 95.82 2.13 9E.07
2.L7 3.75 95.06 1.63 97.01
2.09 3.96 97.13 1.90 99.15
2.23 3.6s 90.57 1.81 98.50
2.23 3.6s 95.76 I.82 97.70
2.O7 3.94 95.95 1.91 97.98
0.17 0.33 0.70 0.11 0.70

L.79 2.2L 9s.79 r.s7 97.47
1.77 2.37 96.42 1.69 98.23
2.r5 2.28 96.77 L.22 98.LL
1.95 2.23 97.30 r.59 99.01
1.81 2.18 96.41 1.57 98.09
1.84 2.33 96.54 1.65 96.31

Appendix B

A
B

^
B
B
c
c

A
A
c
c
D
D

1,16 0.67
1.15 0.67
1.16 0.69
L.12 0.53
1.15 0.68
1.16 0.60
1.15 0.68
0.01 0.01
1.14 0.60
0.02 0.06
1.15 0.64
0.o1 0.06

o.52
0.18
0.45
o.47
0.43
o.40
0.41
0.11.

0.39
o.60
0.58
o.42
0.39
o.40
0.46
0.09

0.36
o.32
o.49
o.44
o.42
0.39
0.40
0.05

0.43
0.s2
o.40
0.51
o.42
o.42
0.45
0.05

0.51
o.42
0.51
0.38
0.43
o.49

1.18 0.65
1.18 0.62
1,17 0.61
t.77 0.57
1.18 0.62
1.17 0.58
1.1.8 0.61
0.o1 0.03

1.18 0.84
i..17 0.84
1.18 0.88
1..17 0.93
L.18 0.83
1.18 0.86
1.18 0.86
0.()0 0.03

1.19 0.53
L.18 0.55
1.17 (r.55
r..18 0.56
1.19 0.55
1.L8 0.51
1.18 0.54
0.01 0.02

L.L7 0.72
1.18 0.76
1.16 0.71
1.19 0.75
1.18 0.71
1.17 0.80
7.18 0.74
0.01 0.03

1.16 0.55
1.17 0.55
1.16 0.52
1.18 0.54
L.L7 0.57
t.t7 0.54

53.67

53.45
54.09
54.45
54.O2
0.35

53.81
54.48
54.61
54.68

53.79
54.44
o.51

53.56
54.09
52.93
54.38
53.68
53.39
s3.07
o.47

6.79
6.61
7.O5
7.33
7.O4
7.05
6.98
o.23

5.26
5.43
5.53
5.15

s.30

o.L2

6.78
6.21
7.tt
7.75
7.35
7.t7
6.95
o.37

D
D
G
G
E
E

A

B
B
B

s2.62 9.86
53.46 9.97
52.72 L0.67
53.60 10.20
52.82 10.04
53.48 9.88
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Table 8.3. d. Staurolite Mineral Chemistry. (conrinued)

Sample

22D.1727
228-7721
ave(8)
stdev

228-t723
22I]-L723
228-7723
22D-t7?3
228-r723
22B-7723
ave(6)
stdev

24-I73r
24-rr3t
24-7L3r
24-7131
24-L1,3t
24-L1.31.
24-rL3L
ave( 7)
stdcv

3il-799
34-799
34-799
34-799
3+-799
34-799
avc(6)
s t <lcv

34C-r377
34C-1377
34C-7377
34C-7s77
34C-t377
34c'7377
34C-7377
corc. avc(3)
std ev
rim. ave(3)
s t ricv
avc( 7)
stdcv

34C- 1453
34C- 1453
34C- 1453
34C- 1453
34C- 1453
34C- 1453
34C- 1453
34C- 1453
34C- 1453
34C- 1453
34C- 1453
34C- 1453
avc( 12)
stdev

34C-7747.5
34C-1747.5
34C-7747.5
34C-7747.s
34c.7747.5
34C-7747.5
avc(6)
stclev

area spot SiO2 TiOz AlzOs FeO FezOs MnO MgO ZnO Total H2O Total
C7c
C8r

weighi percent oxidc (Cr205, Na2O, CaO noi detected)

26.93
26,86
27.O7
o,23

26.94
26.54
26.66
26.78
26.56
26.90
26.73
0.16

26.59
26.65
26.83
26.86
26.41.
26.38
26.44
26.60
0.19

27.16
26.75
27.L2
26.85
26.29
26.86
26.84
o.29

26.97
26.75
26.91,
26.29
26.4ô
26.A2
26.79
26.77
0.16

26.67
o.27

26.77

26.79
26.56
26.30
26.54
26.63
26. L0
26.70
26.34
26.2A
26.46
26.74
26.61
26.45
0.22

26,52
26.95
26.75
27.Oo
27.O1
26.97
26.A7
0.18

420
823
824
c27
D28
D29

0.45 s2.56 10.00 1.16
0.46 s3.82 9.76 1,18
0.46 53.14 t 0.05 L.r?
0.04 0.47 0.26 0.01

0.40 52.68 7.09 1.16
0.45 53.22 6.96 1.16
0.38 53.99 7.04 1.l8
0.40 53.00 7.11 1.16
o.44 53.57 7.28 I.77
0.44 53.17 7.05 L.r7
o.42 53.27 7.O9 I.r7
0.03 0.42 0.10 0.01

}.37
B 36c
B 39c
C 40c
C 42r
D 44t
D 45r

0.59
0.57
0.55
o.o2

o.57
o.57
0.62
0.54
o.62
0.58
0,58
0.03

0.18
0.23
0.23
o.22
o.26
0.20
o.24
o.22
o.o2

o.27
o.24
o.2L
o.23
o.22
0.23
0.23
o.02

0.96
1.00
0.97
1.04
1.03
1.09
0.98
1.0(l
o.o2
1.03
0.o5
1.O1
0.04

o.22
0.19
o.2r
o.25
o.t4
0.24
0.16
0.20
o.t7
o.23
o.22
o.24
o.2L
0.03

o.44
0.40
0.38
0.33
o.42
0.44
0.40
0.04

lo.go sz.zs e.ea
0.36 52.31 8.97
0.30 51.94 8.99
0.29 52.34 8.86
0.26 53.83 9.20
o.77 52.79 LO7
0.33 52.47 8.87
o.29 52.57 8.97
0.06 0.ú7 0.L2

1.93 2.31 95.81 1.47 9?.39
1.86 2.46 96.85 1.69 98.66
r.ag 2,29 96.49 1.56 98.16
0.12 0.06 0.48 0.14 0.51

2.09 6.r0 96.91 1.33 98.36
2.O2 6,16 96.97 1.44 96.53
1.98 6.31 98.04 1.52 99.68
2.00 6.03 96.91 1.44 98.46
2.L4 6.11.97.77 L.36 99.25
2.O9 6.21 97.49 1.36 9S.9?
2.05 6.15 97.35 1.41 96.87
0.06 0.09 0.45 0.07 0.47

2.s5 5.33 97.10 0.97 98.18
2.59 4.88 97.02 0.98 96.11
2.66 4.92 96.9? 0.89 97.93
2,53 4.90 97.06 1.05 98.23
2.27 5.79 98:47 L.24 99.62
2.43 5.01 97.09 1.16 98.36
2.47 5.L5 97.00 1.0s 98.1s
2.50 5.05 97.24 1..0s 98.40
0.12 0.16 0,51 0.11 0.59

2.21 6.93 97.61 1.71 99.63
L.93 7.r7 98.29 1.98 100.39
LA4 7.26 97.40 1.89 99.41
1.92 7.33 97.96 1.91 99.99
L.44 7.3394.87 2.74 97.07
2.06 6.91 97.60 7.72 99.44
1.90 7.16 97.31 1.89 99,32'
o.24 0.t7 1.15 0.15 7.O7

2.32 5.3C,96.19 1.63 97.93
2.62 5.22 97.04 1.66 98.61
2.53 5.16 96.49 1.57 98.18
2.20 5.L2 9s.08 1.63 96.83
2.4t 5.24 96.56 1..61 96.29
2.Le, 5.21.96.88 1.7? 98.76
2.36 5.25 96.11 1.61 9?.64
2.52 5.27 96.7(ì 1.61 98.42
0.09 0.03 0.24 0.0{ 0.28
2.23 .r.23 96.05 1.66 97.84
0.07 0.10 0.7.1 0.06 0.?9
2.37 5.22 96.34 1.64 96.09
0.15 0.07 0.60 0.06 û.a2

1..63 5.03 97.00 1.51 98.62
1.69 5.10 96.83 1.58 98.52
1.63 5.32 97.31. L.70 99.12
1.78 5.25 97.08 1.51 98.71
1.51 4.96 96.25 L.76 98.L2
1.56 5.71 97.40 L.90 99.42
r..69 5.80 97.39 1.73 99.23
1,.76 s.62 97.68 r..63 99.42
1.71 5.11 96.34 1.56 96.02
1.56 5.00 96.95 1.62 96.68
1.81 4.99 96.51 1.55 9ô.18
L.87 5.20 97.31 1.53 98.96
1..70 s.26 97.00 1.63 9ô.75
0.11 O.31 0..13 0.11 0.47

2.24 L.56 96.01 1.46 97.58
1.92 1.60 96.48 1.86 98.47
2.74 L.57 96.06 L.77 97.94
1.96 1.58 96.37 1.93 98.41
2.23 1.60 9s.9! 1.67 97.70
1.99 1.57 90.43 1.90 98.44
2.08 1.56 90.21 1.77 98.09
0.13 0.02 0.22 0.16 0.37

A1c
A2r

A8c
A9r
B', 12

Appendix B

1.15
1.1.5

1.15
1.15
L.r7
L.15
1.15
1.15
0.01

0.37 54.10 5.70 1.16
0.37 55.21 5.54 r.20
0.38 54.13 5.39 1.18
o.35 54.72 5.49 1.19
0.37 53.33 4.79 1.16
0.45 s4.14 5.89 1.16
o.38 54.27 5.17 L.18
0.03 0.58 0.34 0.01

0.34 53.14 6.11 L.r7
0.33 54.02 6.04 1.L8
0.40 53.34 6.13 r.77
0.40 52.77 6.22 1.L5
0.45 53.69 6.21 L.77
0.38 53.96 6.20 1.16
0.34 53.15 6.17 1.1G
0.39 53.66 6.13 r.L7
0.05 0.26 0.07 0.00
0.37 53.29 6.16 1.16
0.02 0.50 0.05 0.01
0.38 53.44 6.16 L.17
0.04 0.43 Cr.06 0.o1

ALr
A2c
A 3r:
A4r
B7c
B6r
B9

J36
G38
G39
G40
443
}.44
445
D47
D48
E 49c
E 50c

813
BL4
C 15c
u lb¡
c19
c20

o.39
0.50
o.36
o.4(t
Q.42
o.37
o.39
o.43
0.50
0.44
o.42
0.38
o.42
0.04

0.61
o.4Lt
0.51
o.45
o.47
0.46
0.48
0.07

53.22 A.47 L.17
53.4C) 6.34 1.16
54.05 8.39 1.1.7
53.36 6.43 1.16
53.33 8.19 1.10
54.69 7.67 1.16
54.3() 7.87 L.r7
s4.r5 7.92 L.L7
53.21 8.32 1.16
53.55 6.66 t.77
53.06 6.22 1.16
s3.s9 8.37 L.tT
53.66 8.24 L.77
Q.49 0.27 0.01

53.19 10.40 1.16
54.07 10.08 1.18
s3.79 9.86 r.77
í¿.ts s.sq ¡..18
53.33 9.8C L.t7
54.15 9.79 1.18
53.78 9.96 rJ7
o.39 0.22 0.01
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Table 8.3. d. Staurolite Mineral Chemistry. (conrinued)

Samplc

22-901.
22-901,
22-90L
22-90r
22-90L
22-907
22-90L
22-907
core, ave(4)
stdcv
rim. ave(4)
s tdcv
ave( 8)
stdev

22-9s7
22-9s7
22-957
22-957
22-957
22-957
corc. ave(3)
stde v
rim. ave(3)
stdev
avc( 6)
stdev

22-996.5
22-996.5
22-996.5
22-99e).5
22-996.5
22-996.s
avc(6)
stdcv

224-L625
22¡.-1625
221,-L625
224-7625
224-7625
22}^-1,62s
avr:(6)
sùdt:v

22Á.- 1638
?24- 1636
224- 1636
22A- 163ô
2 2A- 1638
2 2A- 1 63E
avc(6)
stclev

22}'-77s2
224-1752
224-17s2
22A-L752
224-t752
224-L7s2
avc(6)
stdev

22D-1.72r
228-172L
228-t727
228-L72L
228-7727
228-L727

are¿ spot Si A¡t" AL¿ Fe*s Mn Fe*2 Ti Fe+2 Mg Zn site

A
A

A'

B
B

Structural fo¡mula normalized to (Alf Si)-25,53 and 96 anionic charges

Lc 7.727 .273 L7.53O
21 7.726 .274 r7.53O
4c 7.597 .4O3 17.530
5r 7.685 .315 17.s3o
7c 7.683 .317 17.53O
8r 7.705 .295 17.530
10c 7.539 .461 17.530
11r 7.831 .169 17.530

7.637.363 17.530
.D73 .O73 .O00

7.737 .263 t7.530
.056 .056 .000

7.687 .31s 17.530
.o82 .082 .000

13(: 7.655 .345 17.530
74r 7.757 .243 77.530
15c 7.668 .332 77.53O
161 7.668.332 17.530
77c 7.73O .27O 77.530
18r 7.685 .315 17.530

7.684.316 17.530
.033 .033 .000

7.703 .297 L7.530
.039 .039 .O00

7.694 .306 17.530
.o37 .O37 .000

10c 7.619.381 17.530
77r 7.724 .276 L7.530
12c 7.555 .445 17.53O
13r 7.656 .342 17.53O
l4r 7.723 .277 L7.53O
LSc 7.72A .272 L7.53(\

7.66E.332 17.530
.065 .065 .000

2Lc 7.178 .5ZZ 77.530
22r 7.556 .442 t7.53(\
23 7.'LO.490 17.530
21 7.674.326 17.530
25 7.5A2.418 17.530
26 7.396 .602 17.53(ì

7.533.467 17.53(l
.046 .086 .00(1

21 7.796 .2oZ 77.530
3r:7.479.521. 17.530
I 7.372.688 17.530
10 7.436.564 17.530
L3 7.477.583 17.530
t4 7.636.364 17.530

7.513.487 17.530
.160 .160 .000

23c 7.605 .395 17.530
24r 7.566 .434 L7.53O
25<: 7.7'J.O .290 17.530
261 7.609 .391 17.530
27c 7.728 .272 77.'130
2ôr 7.686 .314 17.530

7.651.349 17.530
.060 .060 .000

Lr 7.7A2 .216 1?.530
2c 7.635.365 1.7.530
3c 7.7O8 .292 77.530
41 7.71O ,29() 17.530
5 7.823.177 17.53Cr
6 7.64L.359 17.530

øi-Å¡e=L7.78 U-site=.25

.250 .L44

.250 .157

.250.169

.250 .148

.250.151
,250 .74L
.250 .156
-250 .737
.250.L55
.000 .009
.250 .L46
.000 .008
.250.151
.000 .010

.250 .162

.250 .163

.250 .168

.250.133

.250 .t67

.2SO .L46

.250.166

.00(r .o03

.250.146

.o00 .012

.250 .t57

.000 .013

.250.155

.250 .r47

.25Ct.146

.250 .L37

.25t).146

.250 .139

.250.145

.o(rc .006

.250.201

.25(t .202

.250 .21.Q

.25() .223

.25(1.196

.250 .206

.25Q .207

.00i1 .008

.250 .L25

.25(l .131

.250 .L32

.250.133

.250.130

.250 .t22

.250 .r29

.000 .004

.250.173

.250.181

.250 .r72

.250.178

.250.169

.250 .L92

.250 .L76

.000 .006

.250 .133
,2'rO .I32
.250 .726
.250 .L29
.250 .L37
.250.L30
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B
B
c
c

.706 .LO7 2.474 .836 .264 3.680 2.859

.093 .r08 2.317 .793 .24L 3.459 3.299

.081 .099 2.301 .795 .230 3.425 3.574

.102 .089 2.302 .76s .223 3.378 3.540

.o99 .O87 2,466 .862 .257 3.672 2.95A

.109 .113 2,366 ,A22 .236 3.536 3.L5?

.094 .090 2.360 .809 .252 3.s11 3.418

.113 .098 2.253 .816 .231 3.398 3.336

.095 .096 2.400 .825 .257 3.572 3.187

.009 .008 .0?3 .026 .013 .108 .263

.104 .102 2.309 .799 .233 3.443 3.333

.008 .009 .040 .o22 .007 .061 .137

.o99 .099 2.355 .812 .242 3.506 3.260

.010.009 .o74 .028 .014 .109 .234

.088 .105 2.460 .800 .380 3.745 2.805

.067.1.00 2.404 .747 .366 3.616 2.973

.o82 .rI5 2.467 .788 .365 3.735 2.?93

.777 .tQ3 2.494 .71E .4LO 3.725 2.837

.083 .098 2.564 .803 .368 3.833 2.567

.lo4 .QgL 2.247 .723 .397 3.456 3.379

.084 .106 2,497 .797 37r 3.77L 2.722

.003 .o07 .048 .006 .006 .o44 .110

.102 .098 2.362 .729 .391 3.599 3.063

.012 .005 .toz .o13 .019 .L!0 .230

.o93 .1Cì2 2.439 .763 .361 3.685 2.892

.013 .007 .098 .036 .017 .L20 .24A

.095.110 2.897 .7A7 .O29 3.823 2.675

.103 .O38 2.8s6 .828 .O00 3.724 2.9r2

.704 .(\96 2.970 .873 .000 3.938 2.536

.113 .100 2.906 .875 . .000 3.881 2.540

.102 .091 2.945 .610 .000 3.846 2.564

.111 .085 2.973 .899 .000 3.957 2.347

.105 .087 2.925 .84s .005 3.662 2.596

.006.023 .041 .O4t) .011 .078 .r71

.049 .083 1..555 .964 1.066 3.669 3.178

.048 .128 1.522 .889 1.107 3.646 3.053

.o4rj .723 L.622 .950 .95E 3.6s2 3.10()

.o27 .O90 1.712 1.001 .962 3.764 2.778

.052 .O83 1.604 .965 .941 3.593 3.226

.044 .085 L.622 .956 1.(r05 3.667 3.257

.(r43 .096 1.606 .954 L.(ì07 3.665 3.099

.006.019 .()60 .033 .061 .051 .159

.125,076 1.105 .912 1.363 3.226 3.759

.119 .068 1.156 .905 L.424 3.552 3.4i11

.118 .104 1.191 .919 1.463 3.699 3.242

.117 .093 1.O93 .904 1.451 3.541 3.458

.12(i .086 1.120 .887 1.400 3.495 3.577

.128 .083 1.123 .976 1.456 3.638 3.083

.121 .085 1.090 .917 1,.433 3.525 3.427

.004.01.2 .109 .026 .034 .150 .2LA

.o77 .o92 L.532 .85(ì .847 3,321 3.729

.069 .110 1.394 .72Ct .955 3.185 4.003

.078 .086 1.621 .896 .791 3.395 3.487

.o72.LO7 t.s99 .871 .817 3.395 3.548

.081 .089 1.646 .935 .758 3.430 3.395

.058 .O90 1.627 .942 .764 3.423 3.45|0

.072 .096 1.570 .870 .822 3.358 3.602

.008 .o09 .087 .o72 .067 .085 .208

.L77 .tl0 2.244 .763 .467 3;584 2.992

.116.090 2,249 .749 .4A4 3.572 3,202

.724 .LLO 2.435 .919 .483 3.946 2.340
,72L .08L 2.2A5 .820 .464 3.649 2.99L
.tL3 .O92 2.275 .767 .458 3.591 2.971
.L20 .10s 2.223 .778 .488 3.594 3.122
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Á
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Table 8.3. d. Staurolite Mineral Chemistry. (conrinued)

Samplc area 6pot Si Al¿n Alui Fe*s Mn Fc*2 Ti Fe*2 Mg Z¡ site H

228-172r C 7c 7.734
228.1721 C Er 7.593
avc(8) 7.703
stdev ,O73

2ZB-L723 A 20 7.724
228-L723 B 23 7.589
22tJ-L723 B 24 7.537
228-t723 C 27 7.659
228-L723 D 28 7.558
228-7723 D 29 7.666
avc(6) 7.622
stdev ,066

24-LL3t A 37 7.693
24-L131 B 38c 7.704
24-173L B 39c 7.778
24-LL37 C 40c 7.747
24-rL37 Q 42r 7.502
24-LL37 D 44r 7.600
24-LL37 D 45r 7.645
avc(7) 7.667
stdcr' .067

34-799 A 1.c 7.625
34-799 A 21 7.436
34-799 A 7 7.6t4
34-799 A 8c 7.503
34-799 A 91 7.528
34-799 B'LZ 7.562
av<:(6) 7.545
st<lev .065

34C-L377 A 1¡ 7.671
34C-1377 A 2c 7.552
34C-7377 A 3c 7.651
34C-7377 A 41 7.564
34C-1377 B 7c 7.530
34C-7377 B 8r 7.571
34Ç-1377 B 9 7.64C,
cor<:. av<:(3) 7.'o78
st(le! .O53
rim. a.v<:(3) 7,609
stdev ,O44
avr:(?) 7.6C11

stdcv ,05L

34C-14s3 J 35 7.639
34C-1453 .l 36 7.s75
34C-1453 G 38 7.459
34C-1453 G 39 7.573
34c-1453 G 40 7.596
34c-1453 A 43 7,357
34C-1453 A 44 7.394
34C-1453 A 4s 7.457
34C-1453 D 47 7.538
34C-1453 D 48 7.54u
34C-1453 E 49c 7.645
34C-1453 E SOc 7.56G
avc(12) 7.52A
stdev ,088

34C-1747.s B 13 7.588
34C-I747.s B 14 7.586
34C-L747.5 C 15c 7.571
34C-7747.5 C 161 7.588
34c-r747.s C 19 7.672
34C-7747.5 C 20 7.5A2
avc(6) 7.596
stdev .033

Structural formul¿ rrormalized to (Al{Si)=25,53 ãnd 96 anionic charges

ui-sitc=17.78 U-site=,25

.266 1?.530 ,250 .I+4

.407 17.53C1 .250 .136

.297 17.530 .2s0 .133

.073 .OO0 .000 .005

.276 17.ss0 .250 .136

.411 17.530 .250 .138

.463 17.530 .25it .1.48

.341 17.530 .250 .131

.442 L7.530 .250 .149

.334 17.530 .250 .140

.378 17.530 .250 .141

.066 .000 .000 .006

.307 17.530 .250 .044

.296 17.530 .250 .056

.222 !7.531\ .250 .056

.253 17.530 .250 .054

.498 17.530 .251ì .063

.400 17.530 .2úO .O49

.355 1.7.530 .25f.ì .059

.333 17.53Ct .250 .O54

.067 .000 .000 .006

.375 17.530 .250 .064

.564 17.530 .250.O57

.386 17.530 .250 .050

.497 t7.530 .250.054

.472 17.530 .250 .053

.438 17.530 .250 .055

.455 17.530 .25u .056

.065 .000 .000 .004

.329 17.530 .250 .232

.446 17.530 .2s0 .239

.349 17.530 .250.234

.416 17.530 .250 .254

.470 17.530 .250.24A

.429 77.530 .25(.r .267

.354 17.530 .250 .237

.422 77.53U .250 .240

.053 .O00 .00(r .006

.391 17.53(ì .260.249

.rj44 .000 .000 .012

.399 17.530 .250 .243

.o51 .(no .oo(ì .o10

.361 17.530 .25(r .053

.425 17.53() .250 .046

.541 17.530 .250 .050

.427 77.530 .250 .060

.404 17.530 .250 .034

.643 17.530 .25() .O57

.606 r.7.s30 .250 .043

.543 17.530 .25(, .048

.462 17.530 .250.O41

.460 17.530 .250 .056

.355 17.530 .250 .O53

.434 17.530 .25(t .O58

.472 t?.530 .250 .050

.088 .000 .000 .008

.4L2 1.7.530 .250.LO7

.414 17.53Cr .25(l .095

.426 t7.53c' .25(1 .O91

.4r2 L7.530 .250 .O79

.328 17.530 .250 .101

.418 17.s30 .?50 .105

.402 L7.530 .250.096

.033 .000 .000 .0L0

311

.'J.O6 .O97 2.295 .826 .490 3.708 2.815

.114 .098 2.195 .784 .513 3.590 3.192

.7r7 .O98 2.275 .801 .48L 3.654 2.953

.005.010 .068 .051 .017 .118 .267

.L12 .086 1.588 .893 1.291 3.858 2.547

.112 .097 1.554 .861 1.301 3.8L2 2.754

.102 .081 1.563 .834 1.317 3.796 2.871

.119 .086 1.583 .852 r.273 3.795 2.739

.101 .094 1.632 .906 1.284 s.9t7 2.579

.110 .094 1.571 .888 1.307 3.859 2.587

.109 .090 1.582 .873 1.296 3.840 2.679

.006 .006 .025 .025 .014 .O44 .LI7

.206.065 1.930 1.100 1.139 4.234 1.869

.194 .078 L.974 L.1L6 1.042 4.209 r..881

.194 .065 1.986 1.15ô L.O53 4.262 L.726

.196 .063 1.940 1.087 7.043 4.732 2.023

.187 .056 r..998 .961 1.089 4.7Q3 2.341

.201 .037 1.985 1.043 1.066 4.131 2.225

.797 .072 1.953 1.064 1.099 4.188 1.995

.196 .062 1.966 1.076 1.076 4.18(ì 2.009

.006 .012 .o24 .056 .033 .055 .L97

.186 .078 1".154 .925 1..437 3.593 3.193

.193 .077 1.096 .AQí) 7.472 3.444 3.681

.2O0 .O80 1.067 .770 1.505 3.422 3.rr42

.196 .074 1.088 .80(i 1.512 3.473 3.564

.L97 .080 .949 .614 1.550 3.193 4.086

.195 .095 1.191 .86i1 1.436 3.587 3.234

.L94 .081 1.091 .795 1.485 3.452 3.550

.004 .o07 .076 .096 .041 .133 .296

.016 .O73 1.439 .986 1.128 3.626 3.092

.011.070 1.415 1.102 1.086 3.676 3.117

.016 .086 r.441 t.O72 1.083 3.682 2.975

.(ì00 .0ô7 1.506 .946 1.091 3.629 3.145

.002.rJg6 1.475 r.O27 1.100 3.693 3.052

.00(r .081 1.475 .909 1.086 3.550 3.327

.013.073 1.:10(ì 1.012 1.106 3.652 3.064

.01(ì.084 1.444 1.O6s 1.091 3.683 3.O4E

.006 .011 .o24 .(ì33 .O07 .007 .O58

.(,ìo1 .06(f 1,473 .947 7.702 3.601 3.188

.012 .006 .o27 .03L .0L9 .036 .1()1

.007.O81 1.459 1.007 1.096 3.6411 3.11(J

.01(r.009 .026 .063 .015 .04s .102

.197 .084 1.623 .776 1.059 3.744 2.A66

.204.1.07 !.786 .718 1.074 3.685 3.000

.20(r .077 L.789 .689 1.114 3.669 3.209

.190 .086 1.823 .757 1".!)6 3.772 2.A72

.216 .O90 1.738 .642 t.O49 3.519 3.346

.193 .O78 1.615 .655 1.186 3.537 3.572

.207 .O83 1.659 .774 L.213 3.669 3.262

.202 .O92 1.674 .743 1.21.7 3.725 3.070

.209.L06 1.787 .731 r..082 3.708 2.992

.194.094 r..870 .663 1.052 3.676 3.074

.197 .090 1.770 .771 1.053 3.685 2.964

.192 .081 1.798 .792 t.O92 3.763 2.905

.200 .089 1.761 .721 1.108 3.680 3.094

.008 .010 .o72 .046 .060 .076 .206

.143 .L3L 2.347 .95s .330 3.763 2.784

.155 .085 2.218 .805 .333 3.441 3.523

.r59 .tog 2.177 .903 .328 3.517 3.335

.177 .O95 2.r4! .821 .328 3.385 3.612

.149 .100 2.176 .944 .336 3.556 3.171

.t4s .o97 2.tt6 ,834 .326 3.413 3.5s7

.154 .103 2.203 .877 .330 3.513 3.33rr

.010 .015 .069 .060 .003 .t27 .286
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Sample area Êpot

22A-L625 H 52
22A-t62s H 53
ave( 2)

22A-1636 D
224-1638 D
224-1638 D
224-1638 D
224-1638 D
22.4.-1638 A
224-1636 A
224-1636 C
22A-1638 C
ave( 7)
stdev

Table 8.3. e. Sphalerite Mineral Chemistry.

Zn

wcight percent elcmcnt

s7.42
58.34
57.88

1
t

4
ò

6
7
I
9

Fe Mn

7.88
7.64
7.76

60.39 6.69
60.90 6.28
59.83 6.71
60.28 6.11
60.49 6.44
62.26 4.45
6i..16 6.46
61.O7 5.82
62.L7 4.86
60.59 6.36
o.44 0.29

61.47 4.O2
57.87 8.40
57.28 6.32
60.78 5.01
57.58 8.36

58.20 7.66
5A.76 7.67
59.s3 7.2I
5A.79 7.O7
59.31 6.74
58.48 7.67
5A.92 7.27
0.47 0.36

6(,.82 5.63
60.41 5.74
6L.59 4.41
56.52 7.27
56.56 7.24
58.54 7.26

6û.56 s.27
67.t2 0.72
6s.s1 0.?1.

66.71 0.62
65.4s 2.44
66.96 1.02

228-L723 A 51
228-7723 A 53
228-1723 A t4
228-7723 C 55
avc( 2)

0.34 0.00
o.47 0.47
o.4L O.24

0.09 0.00
0.00 0.00
0.00 0.00
0.00 0.00
o.00 0.00
0.00 0.29
0.11 0.00
0.00 0.00
0.00 0.00
0.03 0.00
0.05 0.00

o.o0 0.00
o.13 0.35
0.16 0.59
o.00 0.00
o.L5 0.47

0.21 0.00
0.21 0.00
0.26 0.00
0.20 0.00
o.23 0.00
0.21 0.00
0.23 0.00
0.03 (J.00

0.00 0.28
0.00 0.33
0.0(1 1.07
0.00 1.05
0.00 1.15
0.00 1.10

0.00 0.00
0.ù0 0.00
0.o0 0.00

0.0() o.()fi
0.(J0 0.o0
0.00 0.00

cd

24-7L97
21-7L9L
24-7797
24-1191
24-1797
Zone 6. a.vc( 2 )
Zone 6. avc(5)
std ev

34-799b
34-799b
34-7991,
3+-7991)
34-799b
avc(2)

34-799¿
34-799a
34- 799¿r

34C-1.377
34C-7377
34C-L377

CUS
o.L4 34.77
0.00 32.12
0.07 33.15

0.00 33.45
0.00 33.35
0.00 33.03
0.o0 33.52
0.00 33.19
0.o0 32.94
0.00 33.30
0.12 33.08
0.00 33.25
o.o2 33.27
0.04 0.17

0.41 33.4i.
0.23 33.43
0.17 32.30
0.o0 33.56
o.20 32.87

0.o0 33.43
o.oo 33.16
0.18 33.43
0.00 33.12
0.o0 33.36
ú.00 33.31
0.04 33.3(ì
o.o7 0.13

0.42 31.98
0.13 33.11
0.o0 33.20
o.21 33.G7
0.20 33.39
0.2 1 33.53

0.0[.r 34.23
0.00 33.16
o.o0 32.13

0.Ori 31.92
0.o0 31.75
0.o0 32.o0

Total Zn

F1
F2
c3
D4
B5

99.95 0.878
99.04 0.892
99.50 0.885

LOO.62 0.924
100.53 0.932
99.57 0.915
99.91 0.922

100.12 0.925
99.96 0.953

101.03 0.936
100.09 0.934
100.22 0.950
7rÙ0.27 0.927

0.45 0.007

99.31 0.940
1O0.41 0.885
98.82 0.876
99.37 0.930
99.62 0.881

99.50 0.890
99.82 0.899

100.63 0.911
99.18 0.899
99.64 0.907
99.66 0.895
99.75 0.901
0.49 0.o07

99.13 0.930
99.72 0.921

100.3cì 0.942
r.o0.72 0.895
1fi).54 0.696
100.63 0.696

100.06 cì.926
70L.O2 L.O27
98.35 1.O02

101.25 1.051
100.04 1.o07
99.96 1.024

Fe Mn

0.141 0.006
o.137 0.009
0.139 0.007

0.120 0.002
0.112 0.000
0.120 0.000
0.109 0.000
0.115 0.000
0.080 0.000
0.116 0.002
0.104 0.000
0.087 0.000
0.1i.4 0.001
0.005 0.001

0.072 0.000
0.150 0.002
0.149 0.003
0.090 0.o00
0.150 0.o03

0.137 0.O04
0.137 0.O0íl
0.129 0.005
0.127 0.004
o.121 0.004
0.137 0.004
0.130 0.004
0,006 (r.001

o.101. 0.000
0.103 0.00o
o.o80 0.00o
0.130 0.000
0.130 0.cfi(J
0.¡.30 0.000

0.Ogil 0.000
0.013 0.000
0.013 0.00o

0.011 0.000
0.044 0.000
0.016 0.0(x)

structural formul¿¡

D1
D2
E3
F4
f5

A TO2
A i03
B 104

A 105
B 1Cì6

A 108

Appendix B

cd

0.000 0.oo2
0.004 0.000
0.002 0.001

0.000 0.000
o.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.003 0.000
o.000 0.000
0.000 0.002
o.ooc) 0.oo0
o.000 0.oo0
0.000 0.001

0.000 0.006
o.003 0.004
0.005 0.003
0.000 0.000
0.004 0.003

0.000 0.000
0.oo0 0.000
().000 0.003
0.000 0.o00
0,ocr() cr.0o0
0.000 0.000
0.oo(r 0.001
o.o(xì cì.c,01

0.o02 0.007
0.o03 0.002
(),01c, 0.oo0
0.009 0.003
0.010 0.o03
0.010 0.o03

0.00(, 0.00c1
0.0(xr 0.o00
()-o()0 0.{rt}o

0.OO0 0;0(X)
(t.oo(r 0.oo0
()-(xìr) (¡.txxl

Crr eite S

1.026 1.066
L.O42 L.OOz
1.035 1.034

1.045 L.043
1.044 L.040
1.035 L.030
1.032 1.045
1.041 1.035
L.035 1.027
1.053 1.038
1.040 1.032
1.037 1.037
1.042 1.038
0.o07 0.005

L.OLg 1,.042
1.045 1.043
1.036 1.007
1.019 1.047
i..040 1.025

1.031 1.0+3
1.040 1.035
1.048 1.043
1.030 r..033
1.O32 1.040
1.036 1.039
1.036 1.039
0.o07 0.004

1.040 0.997
1.O32 r..033
1.031 1.035
1.036 1.05C!

1.Q39 1.041
1.038 1.046

1.021 1.067
1.O40 1.035
1.015 1.(t02

1.062 0.995
1.051 (l.99tl
1.O43 0.996
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Sampk:

224- 1638
224- 1636
2 2A- 1636
22A-L638
224-L638
avc( 5)
st dev

22B-L723
22D-L723

228-L723
228-L723
228-t723
228-7723
ave(7)
stdev

24-1797
24-7797
24-1197
24-1197
24-MI
24.LL9I
zon<:6. ave(6)
stdev

24-tL31,
24-1131
24-LL3L
24-LL3L
24-7131,
avt:( 5)
stdcv

34-799it
34-799a
34-799it
34-799¿
34-799a
34-799¿r
corc. avr:(3)
stdr:v
rinr. avc(3)
st dcl'
avc(6)
stdcY

34-7991)
34-7991¡
3il-799b
34-7991,
34-7991r
34-799t)
avc(6)
6 tdcv

34C- r453
34C- 1453
34C- 1453
34C- 1453
34C- 1 4 53
34C- 14s3
avc(6)
stdev

areaspotSiO2 AlzOs FeO MnO MgO ZnQ Total Al Si Eitc

A 1 0.00
B 5c 0.0O
B 61 0.0O
c 11 0.00
D 15 0.08

0.02
0.03

A 17 0.00
A 18c 0.00
A 19r 0.07
B 21 0.09
B 22 0.00
C 25c 0.07
C 261 0.00

0.03
.o4

A' 30 1.39
31 0.06
32 0.O0
33 0.06

D' 34 0.0c1
D' 35 0.09

o.27
0.50

Table 8.3. f. Gahnite Mineral Chemistry.

wcight perceut oxide
(TiO2 and Cr20s not detected)

59.51 4.79
58.43 5.06
57.94 4.93
59.73 5.19
59.47 5.10
59.02 5.01
o.70 0.L4

58.39 7.01
58.56 7.62
58.68 7.37
58.28 7.57
58.L8 6.96
59.38 7.49
56.86 6.64
5A.62 7.27
0.38 0.30

57.75 5.32
58.50 5.84
57.76 5.88
59.10 5.95
58.30 5.79
57.79 6.t3
58.20 5.62
0.50 0.25

57.84 9.72
56.51 9.61
57.94 9.E1
5A.75 9.27
58.07 6.47
58.22 9.38
0.35 0.49

s9.89 5.77
58.16 5.49
56.91 5.35
59.39 5.19
59.L0 5.70
56.57 5.46
58.63 5.61

1.26 0.1.6
58.71 5.36
0.51 (r.13

5E.67 s.49
o.96 0.20

56.25 5.19
56.93 5.39
57.97 4.99
59.26 5.69
s7.96 4.67
57.47 4.67
56.31 5.10
0.61 0.37

58.35 8.67
59.03 8.88
56.59 9.14
58.94 8.13
56.61 8.36
58.55 9.14
58.68 6.75
0.23 0.3E

0.17
0.15
0.16
0.16
0.13
0.15
0.01

o.24
o.23
o.23
o.?,4
o.27
o.25
0.16
0.23
o.Q2

o.L7
o.23
0.20
Q.22
o.24
0.20
o.2L
0.02

0.06
0.10
0.10
0.07
o.o7
0.08
0.01

o.00
0.00
0.00
0.00
0.09
0.o6
tJ.03
(,.04
o.03
0.o4
0.03
0.04

0.00
0.o0
0.o0
().o(,
0.00
0.00
0.00
0.0(l

0.o0
0.00
0.o0
0.o0
0.o0
0.00
0.o0
o.00

2.33 33.08
2.50 32.47
2.25 32.90
2.44 32.30
2.44 32.59
2.39 32.67
0.09 0.28

2.r.8 32.05
2.7L 30.52
2.46 31.11
2.56 30.61
2.29 3L.68
2.67 30.30
2.L9 3L.67
2.44 3L.L3
0.20 0.63

L.66 33.58
1..66 34.14
1.68 33.77
1.83 33.58
1.71 33.60
1..75 33.44
1.72 33.69
0.06 0.22

2.86 28.99
2.95 29.21,
3.19 28.94
atl,ort
2.89 30.23
3.03 29.32
0.16 0.47

2.37 32.40
1.90 32.70
2.01 31.66
2.06 32.96
2.44 32.77
2.15 32.95
2.27 32.06
0.19 0.30
2.04 32.86
0.10 0.13
2.L6 32.47
0.19 0.47

2.O0 33.84
2.O0 33.61
1.92 34.59
2.84 32.29
1.82 34.99
2.O6 34-69
2.L2 34.OO
0.33 0.90

1.91 30.26
t.74 30.61,
L.A7 29.96
1.59 31.49
1.E1 30.99
L.92 29.A4
1.81 30.53
0.11 0.58

99.88 2.O44 0.000 2.044 0.117 0.004 0.101 0.712 0.934
98.61 2.035 0.000 2.035 0.125 0.004 0.110 0.708 0.947
98.16 2.033 0.000 2.033 0.123 0.OO4 0.100 0.723 0.950
99,82 2,047 0.000 2.047 0.126 0.OO4 0.106 0.693 0.929
99,81 2.041 0.OO2 2.043 0.124 0,003 0.106 0.701 0.934
99.26 2.Q40 0.000 2.041 0.123 0.004 0.105 0.707 0.939
0.72 0.005 0.001 0.005 0.003 0.000 0,004 0.010 0.008

99.87 2.027 0.000 2.021 0.172 0.006 0.095 0.695 0.968
99.64 2.020 0.000 2.020 0.186 0.006 0.118 0.659 0.970
99.92 2.027 0.OO2 2.023 0.180 0.006 0.107 0.671 0.964
99.35 2.018 0.003 2.021 0.186 0.006 0.112 0.664 0.968
99.s2 2.022 0.OOO 2.022 0.172 0.005 0.101 0.690 0.967

100.16 2.029 0.OO2 2.Q32 0.182 0.006 0.115 0.649 0.9s2
99.74 2.032 0.000 2.032 0.167 0.004 0.096 0.685 0.952
99.77 2.023 0.001 2.024 0.178 0.006 0.106 0.673 0.963
0.28 0.005 0.001 0.005 0.007 0.001 0.009 0.016 0.o07

99.87 1.991 0.041 2.032 0.130 0.004 0.O72 0.725 0.932
100.45 2.023 Q.OOz 2.025 0.143 0.006 0.073 0.739 0.961
99.29 2.023 0.000 2.023 0.146 0.005 0.074 0.741 0.966

100.76 2.029 0.002 2.031 0.145 0.005 0.079 0.722 0.952
99.64 2.029 0.000 2.029 0.143 0.006 0.075 0.732 0.957
99.40 2.019 0.OO3 2.022 0.r.52 0.005 0.077 0.732 0.966
99.90 2.019 0.OO8 2.027 0.143 0.O0s 0.075 0.732 0.956
0.54 Cì.013 0.015 0.004 0.007 t:t.001 o.003 0.o07 0.01?

99.i19 2.Cì03 0.000 2.003 0.239 0.002 0.125 0.629 0.995
100.49 2.003 0.o03 2.006 0.233 0.OO2 0.128 0.626 0.990
100.22 1.989 0.007 1.996 0.239 0.002 0.138 0.622 1.002
100.55 2,006 0.000 2.cì06 0.225 o.oLtz 0.140 0.625 0.991
99.86 2.003 0.004 2.007 0.207 0.OO2 0.126 0.653 0.988

100.12 2.001 0.003 2.0cì4 0,229 0.oo2 0.131 0.631 0.993
0.40 0.006 0.003 0.004 0.012 rJ.000 0.006 0.011 0.005

L00.43 2.044 0.000 2.044 0.140 0.000 0.Lo2 rJ.692 0.934
99.t)(ì 2.018 O.O22 2.04r) 0.135 0.0(ì0 0.083 0.711 0.929
99.17 1.945 0.094 2.039 0.13n 0.000 0.087 0.678 0.894
99.62 2.047 0.000 2.047 0.127 0.000 0.09c, 0.712 0.929
99.44 2.039 0.000 2.039 0.139 0.002 0.106 0.694 0.942
99.21 2.035 0.00ü 2.035 tì.135 0.()O2 0.09i1 0.717 0.946
99.66 2.OCrg 0.031 2.041 0.136 0.001 0.098 0.668 0.924
0.54 0.045 0.044 0.cro2 0.005 0.001 0.008 ().007 c,.021

99.26 2.033 0.007 2.Cr.l1 0.132 0.001 0.O89 0.713 0.935
0.26 o.oLz 0.011ì 0,005 0.004 0.()01 0.rJ05 0.()03 (t.oo9

99.46 2.O2L 0.Oi.9 2.041 0.134 0.O01 rt.O94 0.701 0.929
0.47 O.O35 0.034 0.1ì()4 0.005 0.O01 O.()06 0.014 0.017

99.53 2.023 0.007 2.03(r 0.126 0.000 0.08E 0.736 0.952
99.99 2.O3.1 0.000 2.O3il 0.132 0.0(X, 0.090 0.727 0.949
99.58 2.020 0.OO3 2.024 0.123 0.000 0.085 0.755 0.963

100.08 2.030 0.o00 2.030 ().136 0.()o0 (ì.123 0.693 0.954
99.44 2.025 0.000 2.025 0.116 0.OO0 0.O8(J 0.766 0.962
96.89 2.019 0.000 2.019 0.116 0.000 0.091 0.763 0.9?1
99.59 2.025 0.OO2 2.O27 0.126 0.O()0 0.093 0.740 0.956
0.39 0.oo5 0.003 0.(,05 0.(ì08 0.000 0.014 0.025 0.c)06

99.39 2.026 O.00rl 2.026 0.219 tr.(.X)Cì O.OE+ 0.056 0.961
LOO.26 2.032 0.1ì0Cr 2.032 0.217 O.(XX| 0.076 0.660 0.952
99.s6 2.029 0.000 2.029 0.225 0.000 0.082 0.650 0.956

100.29 2.030 0.004 2.034 0.199 0.000 0.069 0.679 0.947
99.77 2.029 0.OO0 2.029 0.205 0.OO(J 0.079 0.672 0.956
99.45 2.029 0.000 2.029 0.225 0.000 0.084 0.648 0.956
99.79 2.029 0.001 2.030 0.215 0.OO0 0.079 0.661 0.955
0.37 0.002 0.002 0.002 0.010 0.oo0 0.005 0.011 0.004

Structural formula normalized
to I anionic charges

A 36 0.00
c 41 0.11
c 43 0.24
D 46 0.00
D 47 0.73

0.1c)
0.09

A 3c 0.00
A 41 0.75
A 5c 3.24
A 6r O.(XJ

B 10c 0.01)
B 11r 0.00

1.06
1.53
0.25
0.35
0.67
1.16

E 6 0.25
Ð 7 0.00
F I 0.11
F 9 0.0(t
D 1(r 0.00
D 11 0.0C,

0.06
0.09

.l 33 0.00

.l 34 0.Cìo
G 37 0.00
B 41 0.L4
A 42 0.00
D 46 0.0(r

u.o2
0.05
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Table 8.3. S. Garnet Mineral Chemistry.

Sample area spot SiO2 TiO2 Al2Os FeO MnO MgO CaO NazO Total
2Z-4L3 D 1O9r 37.28 0.00
2Z-4L3 D 110 37.46 0.00
22-4L3 D 111 37.10 0.00
22-413 D 112c 37.21 0.00
22-4t3 D 113 37.41 0.OO
22-4L3 D 114 37.17 0.00
22-473 D 1.151 37.14 0.00

224-L625 G 29r 36.76 0.14
22A-L62s G 30 36.56 0.r.1
224-L62s G 31. 36.88 0.13
22A-L625 G 32 36.52 0.16
22A-L625 G 33 36.74 0.13
224-1625 G 34 36.26 0.15
224-7625 G 35 35.95 0.17
224-7625 G 36 36.28 0.16
224-1625 G 37c 36.O5 0.17
22A-1625 G 38 36.42 0.17
224-1625 G 39 36.48 0.1.4
22-\-7625 G 40 36.62 0.11
224-1625 G 41r 36.57 0.00
224-1625 G 42r 36.66 0.00
224-1625 F 43r 36.49 0.00
224-t625 F 44 36.74 0.06
224-1625 F 45 36.59 0.12
224-L625 F 46 36.29 0.15
224-t625 F 47 36.28 0.13
224-1625 F 48 36.21 (r.19
224-1625 F 49 36.51 0.19
22A-1625 F 50 36.26 0.19
22A-7625 F 51c 36.51 0.15
rim. ave(3) 36.57 0.00
stdcv 0.O7 0.00

228-L72L F 12(: 36.84 0.Cr0
228-L72L F 13 36.70 0.06
228-t721. F 14 36.66 ().0(l
228-1.727 F L5r 36.51 0.0it
-228-L727 F 16 36.83 0.00
228-172L F 17r 37.07 0.OZ
228-7727 F 18 36.67 0.O0
228-772I F 19r 36.9Cr Cì,Orl

228-L72! F 20 37.27 0.O(t
22R-772r F 21r 36.85 0.00
228-172r E 22c 36.80 0.O0
228-L72t Ð 23 36.94 o.Ou
22D-7721 E 24r 37.01 (i.00
228-772r D 25c 36.58 ().OZ

228-7727 D 26<: 36.68 0.10
2ZB-172r D 27 36.85 0.0ù
22D-L7Z1. D 28r 3G.79 O.12
228-772r D 29 36.76 0.O9
22R-7727 D 30 36.69 0.O0
228-1.727 D 31r 36.95 0.00
228-1.721 D 32 37.00 0.10
22I]-1.72r D 33r 37.30 Lì.07
228-r72r D 34 37.08 0.12
228-I72L D 35r 36.7() O.Otr
rirr. avc(?) 36.90 rl.O2
stdcv 0,23 0.O3

weight percent oxidc or element (Cr2Os not detected)

21.46 33.23 2.87 2.96 3.Os 0.O0 100.85
20.92 33.06 2.95 3.16 2.71 0.00 100.26
ZL.LO 32.37 3.50 3.03 2.55 0.O0 99.65
2L.20 32.76 3.42 2.94 2,76 0.00 100.29
20.94 32.70 s.52 3.02 2.86 0.O0 1.00.45
20.49 32.52 3.12 2.96 2.83 0.00 99.09
21.06 32.84 3.72 2.57 2.9A 0.00 99.71

20.87 L7,53 L7.A6 2.93 2.94 0.00 99.05
20.76 15.55 20.20 2.38 2.7A 0.00 98.34
20.65 14.57 2L.64 1.92 2.77 0.00 98.50
20.68 14.54 22.tL 1.90 2.77 0.00 98.70
20.6Q L4.27 22.52 t.A4 2.38 0.00 98.48
20.83 14.18 22.62 t.73 2.63 0.O0 98.40
20.76 14.46 22.AO L.77 2.42 0.O? 98.34
20.95 14.16 22.AA L.69 2.70 0.O0 98.82
20.71 14.6s 21.E9 1.90 2.67 0.Cì6 98.10
20.81 15.51 20.30 2,21 3.1t, 0.00 98.52
20.56 15.69 20.85 2.O7 3.L2 0.00 96.91
2!.O2 16.51 19.39 2.34 2.87 (r.00 98.86
21.41 19.86 15.87 3.22 2.04 0.0(ì 98.97
21.30 19.58 15.63 3.14 2.19 O.oC) 96.70
27.17 19.56 15.99 3.13 2.23 0.00 98.57
21.01 18.54 16.32 3.LE 2.64 0.0(r 98.49
2ï.06 17.04 18.37 2.66 2.83 0.0(l 98.67
20.76 15.80 20.06 2.24 2.97 (,.00 96.29
20.83 15.13 21.39 1.96 2.88 0.00 98.6Cr
2rJ.64 L5.14 2L.44 1,.9'J. 2.92 0.00 98.45
20.80 14.61. 22.L7 7.A7 3.O4 0.00 99.13
20.93 L4.61 21.63 1.85 3.12 0.00 98.99
20.79 1,4.64 22.29 l.ALt 2.93 0.00 99.11
27.29 1,9.67 15.90 3.16 2.15 0.O0 98.7s
0.10 0.14 0.07 0.04 0.06 0.o0 0.t7

20.94 23.76 7L.74 2.4L 3.A9 0.00 99.56
2t.49 24.62 10.69 2.68 3.39 0.00 99.63
2r.3L 24.57 10.36 2.73 3.51 0.00 99.16
27.54 26.03 9.79 2.76 2.67 0.O0 99.32
21.12 23.66 11.91 2.35 3.80 ().00 99.89
27.24 25.t5 9.82 2.8(r 3.66 û.00 99.81
27.08 24.04 Lt.A0 2.43 3.52 (Ì.0Cr 99.54
21.37 2s.80 9.73 2.86 2.68 0.00 99.34
27.rA 24.2A 10.86 2.69 3.64 0.0() 99.92
21.66 25.90 9.67 2.97 2.92 0.O0 99.93
2r.29 25.7t 9.44 3.00 3.L0 0.or) 99.34
27.42 25.33 9.25 3.03 3.26 (,.(Xr 99.23
21.44 26.37 9.79 2.62 2.64 (,.0() 99.87
2I.38 23.20 17.92 2.23 4.L3 Cr.00 99.51
21.03 23.0s 17.97 2.3t 4.sO O.(X) 99.64
2r.06 23.12 L1..27 2.39 4.46 0.00 99.15
20.96 23.19 7L.42 2.34 4.2r O.O0 99.05
2L.13 23.54 11.69 2.3s 3.92 0.O0 99.48
2L.28 25.L5 9.89 2.91 3.32 0.O0 99.24
27.21 26.L6 9.66 2.77 2.63 0.00 99.40
20.93 2L.79 13.04 2.11. 4.53 0.0(, 99.50
27.sO 25.24 9.38 2.9r 3.49 0.00 99.89
20.96 23.t2 17.50 2.46 4.54 0.00 99.76
21.36 25.96 9.44 2.9L 2.A! O.00 99.20
21.47 25.7s 9.64 2.85 2.96 0.00 99.56
o.16 0.37 0.16 0.00 0.39 0.00 0.29
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Table 8.3. S. Garnet Mineral Chemistry. (conrinued)

weight percent oxidc or element (Cr2O¡ not detected)
Samplc areer spot SiO, T
zone 5
24-tt9r E
24-tt9L E
24-tt9L Ð
24.LL9L Ð
24-719! Ð
24-rt9L E
24-Lt9L c
24-7797 c
24-Lr9r c
24-tL9L G
24-LL97 c
rim. ave(3)
stdev

44c
45
46

4Er
49t
50r
51
52
53
54

37.12 0.10
37.1A O.tz
37.35 0.09
37.19 0.08
37.20 0.o7
37.40 0.00
37.22 0.OO
37.17 0.00
37.50 0.00
37.82 0.08
37.31 0.06
37.27 0.O2
0.09 0.03

20.90 18.66 15.88 2.19
20.86 18.10 16.19 1.92
20.a4 t7.os 18.13 1.71
21.04 18.89 15.76 2.00
20.79 19.03 L5.46 2.O7
20.93 19.02 15.61 1.94
20.78 L9.26 L437 r.94
zt.or !9.22 14.89 1.96
20,93 18.92 15.98 1.93
2r.2I L8.21 t6.42 L.94
20.78 t8.24 16.95 1.93
20.s3 19.10 15.15 1.98
0.07 0.11 0.55 0.06

5.06 0.00 99.91
5.36 0.00 99.73
5.14 0.00 100.31
4.91 0.00 99.87
5.26 0.00 99.88
5.29 0.00 100.19
5.98 0.00 99.5s
5.54 0.00 99.79
5.62 0.00 100.88
5.17 0.00 100.85
4.90 0.00 100.17
5.51 0.00 99.87
0.33 0.00 c).26

Appendix B

315



Samplc

Table 8.3. g. Garnet Mineral Chemistry. (conrinued)

2Z-4L3
22-4t3
22-4t3
22-4L3
22-4L3
22-4r3
22-473

224-t625
22A-L625
224-LG25
22A-1,625
22¡'-1625
22}'-7625
224-L625
224-L625
224-7625
224-L625
22j.-7625
22r''-L625
22r''-1,625
22r''-1625
22}.-1,625
22¡.-1625
224-7625
224-L625
224-7A2s
22¡.-7625
224-L625
224-7625
224-1,625
rin. avc(3)
stdr:v

22I]-t721
228-t72L
228-1.72r
22Ï]-772t
22I]-7721.
22I]-7727
22B-L721.
22R-772t
22D-1727
228-1727
22D-172r
z2B-L72L
228-L72L
22Il-1,727
22R-7721.
228-7721
22R-7727
22R-7727
22Ï]-t721
228-L727
228-7727
22ß-772L
2ZB-1721.
2ZB-7727
rirn, avc(7)
stdev

areà spot

D
D
D
D
D
D
D

G
G
G
G
G
G
G
G
G
G
G
G
G
G
F
F
F
F
F
F
F
F
F

109r
110
111

I 12c
113
t14

1 15r

si Al"o

5.948 0.052
6.O07 0.000
5.984 0.016
5.972 0.028
5.996 0.OO4
6.033 0.000
5.996 0.004

5.965 0.035
5.984 0.01G
6.031 0.000
5.980 0.020
6.023 0.000
5.961 0.039
5.931 0.069
5.944 0.056
5.94s 0.055
5.959 0.041
5.966 0.O34
5.964 0.036
5.929 0.071
5.9s3 0.O47
5.942 0.056
5.973 0.027
5.957 0.o43
5.955 0.045
5.949 0.()51
5.952 0.048
5.959 0.041
5.928 0.072
5.963 0.037
5.941 0.059
0.01.0 0.01{:r

5.963 0.037
5.921 0.079
5.93E 0.062
5.913 0.087
s.947 0.053
5.961 0.039
5.942 0.056
5.962 0.03ô
5.967 0.013
5.92L 0.079
5.946 0.054
5.959 0.o41
5.961 C,.039
5.919 0.081
5.933 0.067
5.969 0.031
5.969 0.031
5.948 O.O52
5.937 0.063
5.9?it 0.026
5.983 0.017
5.974 0.026
5.972 0.028
5.942 0.058
5.950 0.O5(J

0.023 0.023

Strrrctural formula normalized to 36 anionic charges

29r
30
31
32
33
34

36
37c
3E
39
40
4lr
42t
43r
41
45
46
47
46
49
50
51c

ab¿ Ti
3,985 0.000
3.955 0.000
3.996 0.000
3.983 0.000
3.952 0.000
3.92L 0.000
4,005 0.000

3.955 0.017
3.989 0.014
3.981 0.O16
3.972 0.022
3.981 0.0r.6
3.998 0.0L9
3.966 0.021
3.991 0.020
3.972 0.021
3.973 0.021
3.931 0.017
3.999 0.013
4.027 0.000
4.031 0.000
4.OO7 (t.0ufj
4.000 0.007
4.000 0.0L5
3.971 0.019
3.975 0.016
3.952 0.023
3.962 0.023
3.962 0.023
3.965 0.018
4.019 0.000
o.010 tJ.000

3.958 0.000
4.008 0.007
4.Q07 0.000
4.(\26 0.0Cr0
3.967 0.C'()()
3.987 0.008
3.909 0.rXXi
4.032 0.000
3.998 0.000
4.029 0.000
4.001 0.0(x)
4.032 0.ûO(r
4.032 0.000
3.998 0.009
3.943 0.0L2
3.991 0.000
3.982 0.015
3.980 0.01 1

3.997 0.000
4.016 0.00o
3.972 0.OL2
4.033 0.006
3.952 0.015
4.018 0.00()
4.027 0.002
0.015 0.004

Fe Mn

4.434 0.388
4.433 0.401
4.366 0.478
4.397 0.465
4.383 0.478
4.4L5 0.429
4.434 0.427

2.376 2.454
2.L28 2.800
L.993 2.998
1.991 3.067
1.956 3.L27
1.949 3.150
1.995 3.186
1.940 3.17s
2.OzL 3.058
2.722 2.874
2.L46 2.889
2.249 2.675
2.693 2.7?9
2.659 2.t77
2.664 2.206
2.52L 2.247
2.320 2.533
2.166 2.791
2.O75 2.971.
2.081 2.985
1.994 3.065
2.Ozs 3.023
2.000 3.063
2.672 2.rA7
0.015 0.013

3.216 1.610
3.322 1..46.7
3.328 7.424
3.526 1.343
3.225 1.629
3.382 1.336
3.258 1.620
3.4E6 L.332
3.262 L.478
3.46i 1.316
3.474 r.292
3.477 r.264
3.552 1.336
3.140 1.634
3.118 1.64(l
3.L32 1..546
3.147 1.569
3.186 L.602
3.404 1.356
3.536 1.326
2.947 1.786
3.381 L.272
3.114 1.509
3,518 r.295
3.473 1.317
0.()61 0.024

Mg Ca

Appendix B

0.704 0.521
0.755 0.466
o.72A O.44!
0.703 0.475
o.72L O.491
0.716 0.492
0.618 0,516

0.708 0.511
0.581 0.488
0.468 0.475
0.464 0.486
0.450 0.418
0.424 0.463
o.42Q 0.426
0.413 0.474
0.467 0.472
0.539 0.544
0.505 0.547
0.566 0.501
o.77A 0.354
0.760 0.381
0.760 0.389
o.77Ct 0.460
0.645 0.494
0.546 0.522
o.479 0.506
0.466 0.514
0.440 0.532
o.451 0.547
0.43s 0.513
0.766 0.375
0.Cr09 0.015

0.581 0.675
0.644 0.586
0.659 0.609
o.671 0.463
0.565 0.657
0.671 0.631
(r.587 0.611
0.689 0.464
0.644 0.627
0.697 0.503
o.722 0.s37
0.?26 0.563
0.629 (r.456
0.536 0.716
0.557 0.780
0.577 0.774
o.566 O.732
0.567 0.680
0.702 0.576
0.667 0.456
0.508 0.785
0.695 0.599
0.590 0.783
o.702 0.487
0.685 0.515
rJ,013 (.ì.066

Na sitc

0.000 6.048
0.000 6.055
0.000 6.014
0.000 6.040
0.000 6.073
0.000 6.052
0.000 5.995

0.oo0 6.050
0.000 5.997
0.oo0 5.933
0.000 6.006
0.000 5.951
0.000 5.986
o.o22 6.052
0.000 6.002
0.019 6.037
0.000 6.018
0.000 6.086
o.000 5.992
0.000 6.004
().000 5.977
0.o0() 6.019
0.000 5.999
0.0011 5.993
0.ûoo 6.029
0.0c10 6.031
0.000 6.o49
0.000 6.031
0.000 6.046
0.o0(.r 6.034
0.o00 6.00o
0.000 0.017

0.0(r0 6.062
cì.(ìc,0 6.o13
0.00(.1 6.Q21.
0.000 6.0(ì{
0.000 6.076
0.00(r 6.021
0.uoo 6.075
0.00(ì 5.97(1
0.oo0 6.010
0.(ì(r0 5.997
0.000 6.02s
(i.000 5.973
().(,00 5.972
0.000 6.027
0.f)00 6.095
0.00() 6.029
0.000 6.014
0.o00 6.035
0.000 6.o37
0.o0(ì 5.986
0.(xx) 6.026
0.000 5.947
0.000 6.057
0.000 6.r)02
0.000 5.990
u.o0(ì 0.023

F 12c
F13
F14
F 15r
F16
F 17r
FlE
F 19r
F20
F 21r
Ð 22c
823
E 24r
D 25c
D 26<:
D27
D 28r
D29
D30
D 31r
D32
D 33r
D34
D 35r
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Sample

Table 8.3. S. Garnet Mineral Chemistry. (continued)

zo\e 5
24-LL97
24-r!9r
24-tt97
24-7L97
24-7L97
24-L797
24-119r
24-1.t9!
24.LT9L
24-1t9I
24-Lt9t
rim. ave(3 )
std<:v

area 6pot

E 44c
Ð45
Ð46
847
E 48r
Þ 49r
G 5Or
G 51
Gs2
G53
G54

Si

Structural formula normalized to 36 anionic charger

5.975 0.0?5
5.993 0.007
6.002 0.000
5.986 0.014
5.992 0.008
6.004 0.o00
6.005 0.o00
5.986 0.014
5.989 0.011
6.018 0.000
6.O02 0.o00
6.000 0.003
0.006 0.o04

Ali, Ab¿

3.942 0.012
3.958 0.015
3.948 0.011
3.979 0.010
3.940 0.008
3.961 0.000
3.952 0.000
3.974 0.000
3.930 0.000
3.979 0.010
3.941 0.007
3.951 0.003
0.009 0.004

Ti Fe Mn

2.5t2 2.165
2.440 2.21.L
2.29t 2.468
2.543 2.t49
2.564 2.rO9
2.5s4 2.I23
2.599 1.964
2.588 2.O3L
2.527 2.L62
2.423 2.213
2.454 2.370
2.572 2.065
0.019 a.o72

Mg

Appendix B

0.525 0.873
0.461 0.926
0.409 0.885
0.480 0.847
o.497 0.908
0.464 0.910
0.466 1.034
o.470 0.956
0.459 0.962
0.460 0.881
0.463 0.845
0.476 0.950
0.015 0.059

Ca Na

0.000 6.076
0.000 6.038
0.000 6.053
0.000 6.019
0.000 6.078
0.000 6.050
0.00cì 6.062
0.000 6.046
0.000 6.110
0.000 5.978
0.000 6.071
0.000 6.063
0.000 0.011

sitr:
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Sample

22-413
22-4t3
22-4r3
avc(3)
stdev

Table 8.3. h. Calcic Amphibole Mineral Chemistry.

area spot SiOz TiO2 AlzOs FeO Fe2Os MnO MgO CaONa2O K2O ZnO

24-LL91. E
24-Lt91 E
24-rt91 G
24-L79L G
24-Lr97 Þ
24-t791 E
24-179L G
Zone 5. core ave(?)
stdev

BL2
815
ct7

40.65 0.30
39.40 0.31
40.66 0.35
40.24 0.32
0.59 0.02

weight percent oxide or element (Cr2O5 not detected)

tc 44.72 0.31 13.38
21 43.98 O.32 13.97
51 43.73 0.29 14.08
6t 44.40 0.37 14.06
48c 43.93 0.30 13.58
49r 42.O7 0.23 15.59
50 41.76 0.15 15.22

43.51 0.2A L4.27
1.06 0.07 0.76

24-tt9L
24-LL97
24.LL9L
24-LL9t
24-Lrgt
Zone 4, ave(5)

15.80 10.52
L5.61 72.02
16.36 A.72
15.92 70.42
0.32 1.35

stdev

24-Lt9L K
2+-L191 K
24-Lr9L K
24-TL9L J
24-LL97 J
24-IL97 J
24-L79L J
24-tr97 H
24-tt9'J. K
24-tL91 K
Zone 3, core ave(3)

11.04 0.30 6.70 9.88 1.76
a.72 0.26 6.42 rO.23 r.77

12.5L 0.26 6.78 9.27 L.69
10.76 0.27 6.63 9.79 r.74
1.56 0.02 0.15 0.40 0.o4

h 44.36 0.38 13.62
6c 44.53 0.46 13.02
91 43.17 0.32 14.88
52 44.07 0.33 13.24
53 44.00 0.36 13.43

44.01 0.37 13.64
o.47 0.o5 0.65

54 42.7s O.55 L4.22
55 42.7r O.43 L4.45
56 43.E5 0.32 12.50
79c 42.87 0.50 14.99
2Or 43.52 0.19 14.31
!5c 44.77 O.25 L2.4L
161 52.12 0.00 3.40
41 44.37 0.35 12.89
25c 42.22 O.47 15.41
261 45.46 0.36 12.68

43.29 0.47 74.2A
1.08 0.11 L.34

zLc 5L.47 O.L  5.31
22r 5L.49 O.I5 5,25
10c 54.92 0.07 2.5L
111 53.17 0.10 4.00

52.75 0.t2 4.27
0.47 0.05 0.65

5.20 7.5L 1.08 12.06 rt.o4 r.47
6.22 7.69 r.o4 rL.22 10.99 1.47
6.33 .7.99 1.05 10.93 10.93 1.41
s.62 7.70 1.00 11.80 LL.Oz L.47
3.54 9.29 t.Oz L2.52 10.93 1.49
6.31 9.56 1.04 9.74 10.60 1.53
7.L9 8.51 0.87 9.83 1L.04 1.47
5.77 A.24 1.01 11.16 10.94 r.47
1.O8 0.65 0.06 0.99 0.14 0.03
6.73 6.96 0.88 11.66 11,34 1.43
7.73 6.22 0.89 11,90 11.54 1.35
6.77 8.66 0.99 10,42 10.98 1.48
6.24 7.88 0.89 11.49 11.07 1.41
4.66 9.7I O.74 LL.73 LO.64 r.44
6.31 7.89 0.88 1L.44 lL.rt L.42
0.87 7.23 0.08 0.53 0.31 0.04
5.97 8.45 0.78 11.38 11.35 1.4?
6.40 6.78 0.8r. 10.78 11.10 1.40
6.63 7.83 0.76 11.78 11.38 1.34
8.79 5.90 0.68 r.0.31 !L.37 L.57
8.14 6.32 0.79 10.73 11.46 1.39
6.48 7.79 0.72 L2.O3 11.45 1.19
5.23 5.97 0.57 16.69 11.54 0.30
9.06 6.55 0.A7 LO.47 11.39 1.20
7.O7 7.24 0.67 10.75 11.33 1.54
6.76 7.54 0.86 11.79 Lr.26 L.24
7.45 6.98 0.69 11..03 11.36 1..43
0.98 0.79 0.02 0.73 0.05 0.17
5.98 5.11 0.77 15.93 11.91 0.49
7.56 3.47 0.7! 75.72 12.39 0.50
6.44 2.O9 0.67 18.07 12.55 0.23
7.31 4.11 0.66 16.25 12.0? 0.36
6.83 3.69 0.70 16.49 L2.23 0.40
0.87 t,23 0.08 0.53 0.31 0.04

9.70 12.33 0.23 7.25 9.61 1.32
9.O9 L2.77 0.23 6.85 8.77 L.27
9.84 11.87 0.26 7.38 9.4r L,34
8.29 13.32 0.30 7.76 8.89 1.29
6.49 16.29 0.36 7.81 ?.68 1.11
8.68 13.32 0.26 7.29 8.87 r.27
1.22 1.56 0.05 0.31 0.67 0.O8

8.36 0.56 0.L9 17.77 13.43 0.25
7.80 1.78 0.23 t7.44 13.15 0.26
6.?8 0.93 0.32 19.20 13.55 0.12
8.51 0.51 0.30 16.87 13.34 -0.38
7.24 1.18 0.28 18.02 13.38 0.23
9.08 0.47 0.24 16.61 13.35 0.37
8.28 0.55 0.27 77.32 t3.22 0.26
8.00 0.01 0.20 18.40 13.60 0.25
8.01 0.75 0.25 77.70 13.38 0.27
0.68 0.50 0.04 0.79 0.14 0.08

sÈdev

24-7L91
24-7197
24-tt9t
24-tt9l
Zone 2. ate(4)
stdev

344- 1484
344-1484
3+A-r.484
344- 1484
34A-t4A4
ave(5)
st dev

348-759.5
348-759.5
348-759.5
348-759.5
348-759.5
348-759.5
348-759.5
348-759.5
ave(8)
stdev

0.27 0.00 0.00 96.12
0.25 0.00 0.00 94.12
0.25 0.00 0.o0 95.60
0,26 0.00 0.o0 95.28
0.o1 0.o0 0.o0 0.85

0.20 0.20 0.00 96.42
0.20 0.o0 0.00 96.33
0.24 0.00 0.00 96.18
0.25 0.00 0.00 96.40
0.22 0.00 0.00 95.89
0.31 0.00 0.o0 96.02
0.30 0.16 0.00 95.65
0.25 0.05 0.00 96.13
0.04 0.08 0.00 0.27

0.26 0.00 0.0C, 96.93
0.27 0.o0 0.00 96.69
0.32 0.O0 0.00 97.12
0.20 0.00 0.00 95.98
0.23 0.00 0.00 95.97
0.26 0.00 0.00 96.54
0.04 0.00 0.00 0.48

0.28 0.19 0.48 97.02
0.29 0.00 0.o0 96.27
0.24 0.o0 0.00 95.85
0.29 0.00 0.00 96.68
0.27 0.00 0.00 96.49
0.24 0.o0 0.00 96.56
0.00 0.00 0.o0 95.?3
0.23 0.o0 0.o0 96.72
0.35 0.O0 0.00 96.37
0.25 0.00 0.00 97.45
0.29 0.00 0.00 96.54
0.04 0.o0 0.00 0.13

0.10 0.00 0.00 96.64
0.08 0.00 0.00 96.9E
0.00 0.o0 0.o0 97.34
0.06 0.o0 0.00 97.68
0.06 0.00 0.00 97.16
0.04 0.00 0.00 0.48

0.13 0.O0 0.00 95.90
0.20 0.o0 0.00 94.98
0.16 0.00 0.00 96.12
0.13 0.o0 0.o0 94.78
0.20 0.00 0.00 95.23
0.16 0.00 0.00 95.40
0.03 0.00 0.o0 0.52

0.12 0.00 0.00 97.76
0.22 0.00 0.00 97.73
0.00 0,00 0.00 98.24
0.35 0.00 0.00 96.97
0.19 0.00 0.00 97.19
0.41 0.00 0.00 97.31
0.21 0.00 0.00 96.96
0.18 0.00 0.00 98.36
0.21 0.o0 0.00 97.57
0.12 0.00 0.00 0.51

Appendix B

M
M
L
L

F Total H2O Totaì

2.O0 99.23
1.95 96.94
2.01 96.86
1.99 98.34
0.03 1.00

2.O7 99,24
2.06 99.16
2.05 99.03
2.O7 99.18
2.O7 98.89
2.O4 99.02
2.O2 98.52
2.O5 99.00
0.02 0.23

2.O7 99.69
2.06 99.37
2.06 100.05
2.05 98.82
2.06 99.00
2.06 99.39
0.01 0.45

1.83 99.49
2.05 99.19
2.O4 98.67
2.O4 99.31
2.O5 99.17
2.06 99.40
2.08 97.91
2.O5 99.42
2.O5 99.14
2.08 100.29
2.05 99.29
0.01 0.11

2.10 99.25
2.09 99.42
2.L3 99.68
2.L2 LOO.2I
2.77 99.64
0.01 0.45

2.O2 99.15
z.Ot 9A.27
2,O3 99.33
2.01 98.12
2.05 98.91
z.o2 98.76
o.o1 0.48

2.L2 99.93
2.12 700.02
2.15 100.48
2.O9 99.11
z.Lt 99.42
2.O9 99.45
z.LO 99.11
2.14 100.50
2.11 99.75
o.o2 0.53

c22
c25
c26
D28
D29

42.09 0.25 14.22
41.73 0.28 15.06
42.79 0.23 t4.O3
41.53 0.25 14.95
42.94 0.22 L3.75
42.22 0.25 L4.4Q
o.56 0.02 0.52

53.55 0.1.2 3.47
53.08 0.09 3.86
55.39 0.0Cr 2.o4
51.37 0.17 5.22
52.96 0.10 3.73
5L.42 0.72 5.29
52.73 0.15 4.03
54.30 0.00 3.42
53.10 0.09 3.88
L.27 0.06 0.97

La
2a
3a
4a
5a
6a
7a
8a
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Appendix B

Table 8.3. h. Calcic Amphibole Mineral Chemistry. (conrinued)

Samplc

22-4L3
22-4L3
22-4't3
ave(3)
stdev

area Bpot

24-Lf97 E Ic. 6.476 L.524
24-1L97 E 2r 6.4O4 1.596
24-ft97 G 5r 6.385 1.615
? -Lrgt G 6¡ 6.431 1.569
Z4-LL9L E 48<: 6.371 1.629
z4-lLgl E 49r 6.181 1.819
24-L197 G 50 6.187 1..813
Zonc 5. ave(7) 6.348 1.652
stdev .1O8 .lO8

B 12 6.084 1.916
B 15 6.066 1.934
c 17 6.059 1.941

6.070 1.930
.011 .011

Structural formula normalizcd to (T*Ml*M2*M3)=13 and 46 anionic char¡¡cs

Si AL" Ah¿ Ti Fe*r Fe*2 Mn Mg Zn

24-L19L
24-L191.
24-L!97
24-LL91
24-LLgt
Zont:4. ave(5)
s t rìcv

.872 .034 7.244 t.3t7 .038 1,495 .000 1.585 .415 .095 .O5Z .L47 .OOO z.(XX)

.899 .036 1.011 1.547 .O34 L.473 .000 1.688 ,372 .216 .049 .265 .OO0 2.000

.932 .039 1.403 1.087 .O33 1.506 .000 1.480 .520 .000 .o48 .048 .O0o 2.000

.901 .036 1.2L9 7.317 .035 1,491 .000 1.584 .4L6 .LO4 .049 .153 .000 2.000

.O2rr ,OO2 .161 .1a8 .002 .014 .000 .085 .08S .0BB .O0Z .OB9 .O00 .000

.76r .O34 .819 .629 .132 2.603 .021 1.713 .2A7 J26 .O37 .163 .000 2.000

.802 .035 .843 .757 .LzA 2.435 .O00 1.715 .285 .130 .037 .167 .000 2.000

.809 .032 .878 .77s .130 2.378 .O00 1.?1.0 .290 .109 .045 .154 .OO0 2.000

.835 .040 .774 .681 .123 2.547 .OO0 L.7LO .290 .!23 .c'46.169 .000 2.00(r

.693 .033 1.014 .429 .r25 2.706 .O00 1.698 .302 .L77 .O4L .158 .000 2.000

.88L .025 1.057 .775 .L29 2.133 .000 1.669 .331 .104 .058 .163 .000 2.ooo
,846 .Or7 .949 .891 .109 2.171 .O18 r.7s3 .247 .175 .Ot7 .232 .000 2.000
.804 .031 .905 .705 .125 2.425 .006 1.?10 ,290 .126 .046 .172 .O00 2.000
.05? .007 .097 .136 .007 .199 .O09 .O23 .O23 .022 .O08 .025 .O00 .000
.7'16 .04L .760 .816 .L08 2.519 .000 L.76r .239.163 .o4B .Zl1 .Cr)o 2.000
.71L .050 .681 .867 .110 2.580 .000 L.799 .20:- .18() .050 .230 .00() 2.000
.819 .035 .947 .A22 .r22 2.256 .OOO 1.709 .291 .126 .O59 .185 .000 2.000
.718 .036 .868 .764 .110 2.504 .000 1.735 .265 .134 .037 .172 .00(ì 2.OO0
.699 .039 r.062 .567 .091 2.542 .OttO 1.657 .343 .063 .043 .106 .000 2.00()
.741 .O40 .864 .767.106 2.480.Ofi) L.732.268.133.047.181 .000 2.OOO
.044 .OO5 .134 .105 .010 .1L5 .O00 .o48 .048 .04O .007 .042 .olxt .(Jo(r

.689 .060 .928 .729 .096 2.476 .O20 L.776 .224 .r92 .rJ52 .244 .222 L.778

.74A .O47 .968 .783 .100 2.352 .0(r0 r.742 .258 .139 .O54 .193 .000 2.00c)

.609.035 .866 .815.095 2.580.000 r.792.208.r74 .l'45.219.O00 2.000

.878 .055 .651 1.078 .OA4 2.253 .0tìû 1.?87 .ZI3 .ZS3 .Ot4 .ZBT .000 2.000

.845 .021 .697 .997 .098 2.342 .00U L.798 .202 .193 .050 .244 .000 2.000

.636 .O27 .853 .788 .089 2.607 .000 L.7a4 .2L6 .119 .045 .164 .Ct00 2.O0o

.075 .000 .647 .630 .069 3.579 .0(J0 L.7?9 .22r .000 .000 .000 .000 2.000

.733 .039 .723 L.ttO .108 2.288 .O00 1.789 .211 .130 .043 .173 .OOO 2.000

.853.052 .799 .866.083 2.347 .OOO 7.77A.222.216.065.281 .O00 2.OO0

.696 .039 .817 .814 .105 2.529 .O00 L.737 .263 .083 .046 .129 .00() 2.000

.789 .045 .76A .911 .085 2.402 .000 L.7A3 .277 .189 .O55 .244 .000 2.000

.109 .ft12 .085 .L22 .OO2 .149 .000 .003 .o03 .050 .009 .057 .o00 .000

.237 .Ot' .549 .715 .093 3.391 .000 1.S23 .1?7 .000 .018 .o18 .000 2.000

.262 .|0L6 .375 .906 .086 3.356 .000 1.902 .098 .O40 .O15 .O55 .00() 2.000

.144 .007 .22L .758 .080 3.789 .000 1.892 .10S .000 .000 .o00 .o00 2.000

.184.011 .437 .864.O79 3.424.ttOO 1.829.1?1 .rJ00.011 .011 .ooo 2.oo0

.2J7 .Ot2 .395 .811 .085 3.490 .O00 1.861 .139 .O10 .011 .021 .000 2.O(ì0

.044 .(ì05 .134 .105 .010 .115 .OO0 .048 .048 .O40 .L)07 .042 .ooo .(x)0

.750 .028 1.380 1.206 .029 1.606 .ilX) 1.531 .469. .000 .O25 .O25 .()(X) 2.OOo

.856 .031 1.431 1.132 .O29 !.520 .O00 1.399 .601 .0(X) .O38 .038 .Oofì 2.OOO

.776 .026 L.321 r.zLV .033 1.62? .O0O 1.491 .509 .(XlO .03Ct .03O .OO0 2.00(,

.816 .028 1.494 L.034 .O38 1.590 .00(, 1.420 .58() .000 .O2rr .OZS .(XXl 2.0Oú

.644 .O24 !.792 .794 .O45 1.701 .000 L.203 .797 .OO0 .O3? .037 .000 2.000

.769 .O27 L.484 r.O77 .035 1.609 .000 1.409 .591 .000 .o31 .031 .000 z.(xìo

.o72 .002 .164 .156 .006 .058 .000 .LL4 .1L4 .000 .006 .006 .000 .000

.164 .013 .059 .990 .023 3.751 .000 2.038 .000 .tt69 .022 .090 .000 2.ooo

.166 .010 .189 .925 .026 3.683 .OO0 1.997 .O03 .068 .040 .108 .000 2.000

.074 .000 .098 .792 .O38 3.996 .O00 2.028 .000 .033 .000 .03s .o(n 2.000

.259 .O18 .055 1.022 .036 3.610 .000 2.052 .000 .106 .064 .1?O .000 2.OOO

.152 .011 .t26 .860 .O34 3.817 .000 2.038 .oo0 .063 .034 .098 .000 2.000

.268 .013 .051 1.089 .029 3.550 .000 2.051 .o00 .103 .o75 .178 .O00 2.000

.2L4 .Orc, .059 .989 .033 3.689 .OO0 2.024 .OO0 .0?2 .038 .110 .000 2.oo0

.187 .000 .o01 .940 .o24 3.849 .000 2.045 .O00 .O6E .032 .100 .000 2.000

.186 .010 ,080 .951 .O3t 3.743 .000 2.034 .o00 .073 .038 .111 .000 2.000

.o59 .006 .054 ,O87 .O05 .134 .000 .017 .OO1 .O22 .022 .043 .000 .000

C-site=5

24-1791. K 54 6.242 1.755
24-Lr97 K 5$ 6.254 L.746
24-1r.91 K 56 6.444 1.556
24-Lr9l .I 19r: 6.287 1.713
24-1791 J 2Or 6.374 L.626
24-tl9t .1 15c 6.509 1.491
24-LL9t .l 161 7.499 .501
24-L79L H 4Ì 6.505 1.495
24-LL97 K 25c 6.185 1.815
24-L197 K 261 6.544 1.456
Znnc 3. corr: ave(3) 6,927 l.67s
stdev ,135 .135

z4-lLgL M ZLc 7.343 .657
24-rI97 M 22î 7.375 .62s
24-tL97 L LOc 7.728 .272
24-1191 L 11r 7.5t8 .4A2
Z<>na 2. ave(4) 7.497 .5O9
stdev .07f. .O71

344-1484 C 22 6.258 L.742
344-1,484 C 25 6.273 r.7A7
344-1484 C 26 6.330 1.670
344-1484 D 28 6.189 1..81"1
34L-7484 D 29 6.275 L.72s
ave(5) 6.253 7.747
stdcv .O49 .O49

34I}-?59.5 la 7.5E5 .415
348-759.5 2a 7.527 .479
348-759.5 3a 7.738 .262
348-759.5 4a 7.375 .625
348-759.5 5a 7.52? .473
348-759.5 6a 7.374 .626
348-759.5 7a 7.535 .465
348-759.5 Aa 7.627 .379
ave(8) 7.535 .465
stdev .113 ,113

7t 6.429 'J..571

8c 6.47a 7.522
91 6.277 1.729
52 6.436 1.564
s3 6.397 1.603

6.402 1.598
.o77 .O71

B-site=2

Ca Na Na K site

F+OH-2

FOH
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Sample

22-413
22-4r3
22-4r3
22-4L3
22-4L3
ave( 5)
stdcv

24-tL37
24-tL3L
24-Lrst
24-r73L
24-L137
24-LL37
24-tL31
24-tL31
24-1L37
24-rLsL
avc( 10 )
stdev

34.A'-1484
34.A'-1484
34-4.- 1484
344-1484
344- 148+
34.A.- 1 484
344-7484
ave( 7)
st dr:v

ar(:a 6Pot

Table 8.3. i. Fe-Mg Amphibole Mineral Chemistry.

A

B
B
c

cml0 52.86
cmll '12.47
cm13 12,34
cm14 52,59
cm16 52.72

52.60
0.18

anla 54,15
an11a 53.45
anl2a 52.78
a¡r10a 55.35
anSa 52.81
anSa 52.L7
an6ð 53.56
zttTz 53.46
arr3a 52.15
an4a 52.57

0.93

cm18 52.42
cm19 52.80
cm20 52.2A
cm21 52,43
ctn23 52.59
cm24 52,51
cm27 52.50

52.50
U.I5

sio? Tio2 Al2os

wcight perccnt oxide <¡r elcmcnt (Cr2Os, K2() and ZnO not rletectcd)

o.00 0.94 27.45
0.00 r.34 26.9s
0.00 1.15 27.46
o.00 r.tT 27.54
o.00 1.o5 26.74
0.o0 1.13 27.23
0.o0 0.13 0.32

0.o0 2.69 19.82
o.00 3.49 20.39
0.00 4.36 20.16
0.00 1..58 19.55
o.o0 3.99 20.35
0,o0 4.05 20.02
0.00 2.44 19.84
o.00 3.s0 L9.70
o.00 5.37 20.02
0.00 4.4t L9.72
0.00 3.59 19.96
0.00 1.05 0.27

0.00 0.96 27.7s
0.00 1.06 27.69
0.06 1.15 27.70
o.oo 1.1.3 26.89
rj.o0 0.89 27.76
0.o() 7.37 27.L7
0.00 0.88 27.34
0.01 1.06 27.46
c).02 0.16 0.32

FeO MnO

A
B
B
B
c
c
c

0.57 14.A7
0.58 14.91
o.72 14.06
0.62 L4.34
o.59 15,06
0.62 14.65
0.05 0.38

0.96 19.85
1.10 19.08
1.10 19.00
0.88 20.37
1.O1 18.91
0.91 19.06
0.94 19.84
0.65 19.79
0.84 19.07
0.98 19.03
o.94 t9.40
0.13 0.49

0.55 L4.29
0.52 t4.2A
o.tz 14.05
o.50 74.46
0.54 74.25
0.57 L4.21.
0.58 t4.47
0.54 t4.29
o.o3 0.13

Mgo CaO NazC)

0.39 0.o0
o.47 0.10
0.40 0.06
o.44 0.10
0.30 0.06
0.40 0.06
0.06 0.o4

0.35 0.o0
o.37 0.26
0.41 0.29
0.26 0.o0
0.34 0.27
0.36 0.29
0.31 0.00
0.32 0.21
o.37 0.41
0.36 0.25
0.35 0.20
0.04 rJ.L4

0.28 0.07
0.28 0.o8
0.30 0.11
o.32 rì.10
0.38 0.10
0.59 0.I2
o.27 0.o9
0.35 0.1(r
0.11 0.o2

Samplc

22-4L3 A cmlO 7.925
22-4L3 A cm11 7.A79
22-4L3 B cm13 7.934
22-4L3 B cm14 7.91.9
22-4L3 C cm16 7.926
avr:(5) ?.9r7
stdcv 0.019

24-1131 anl¿r 7.764
24-1131 anll¿t 7.677
Z4-L137 anl2a 7.1)Az
24-!L3l anl0a 7.896
24-lL3L an8¿ 7.622
24-LL31, anSa 7.590
24-LL3L an6¿r 7.761
24-LL37 antTa 7,676
24-173t an3a 7,475
24-1f37 an4a 7.593
ave (1{)) 7.664
stdr:v 0.113

344-1484 A cm18 7.937
34j,-L444 B cm19 7.956
34¿,-1484 B cm20 7.929
344-L4A4 B cm21 7.946
34r'.-L4A4 C cm23 7.949
344-L4A4 C cm24 7.9L6
344-1484 C cm27 7.912
ave(7) 7,940
stdcv 0.013

Appendix B

area 6pot

0.00 97.08
0.0() 96.E2
0.00 96.19
0.00 96.80
0.00 96.52
0.00 96.68
0.00 0.30

0.30 9a.24
o.27 9A.42
0,20 98.31
0.32 98.36
0.26 97.97
o.zs 97.13
ñtt oaro
0.28 97.92
o.zt 98.47
0.30 97.62
0.26 97.97
0.o4 0.46

0.00 96.36
0.00 96.61
0.0() 96.17
0.(ì0 95.83
0.()0 96.51
o.00 96.54
o.00 96.13
0.o0 96.31
o.00 (t.26

Total Hz0

Si

2.OO 99.06
2.00 98.82
1.98 98.17
1.99 98.79
1.99 98.51
1.99 98.67
0.01 0.3L

1.95 100.06
1.96 100.27
1.99 tOO.22
1,95 100.18
1.94 99.80
1.94 98.97
1.96 99.16
1.96 99.76
1.99 100.37
1.93 99.43
1.96 99.82
o.02 0.47

1.98 98.34
1.99 96.60
1.98 98.15
1.98 97.81
1.98 98.49
1.99 98.53
1.98 98.11
1.98 98.29
0.00 0.26

Structural formul¿¡ normalized to 46 anionic charges

Alio Aloi

Total

0.075 0.092
0.121 0.1 17
0.066 0.139
0.o81 0.L27
o.o74 0.112
0.083 0.L17
0.(ì19 0.o16

0.236 0.219
0.323 0.268
0.418 0.321
0.104 0.t62
0.378 0.301
o.410 0.285
0.239 0.178
0.324 0.269
0.525 0.382
0.407 0.343
0.336 0.273
0.113 0.067

0.063 0.L08
0.044 0.t44
0.071 0.134
0.054 0.148
0.05r 0.107
0.084 0.159
0.048 0.109
0.060 0.130
0.013 0.020

Ti F.¿

0.000 3.442
0.000 3.385
0.000 3.481
0.000 3.468
o.oocì 3.362
0.oo0 3.424
o.(xx) 0.o47

0.o00 2.377
0.000 2.449
0.000 2.422
0.000 2.332
0.000 2.456
0.000 2.436
o.000 2.404
o.oo0 2.366
0.000 2.400
0.000 2.382
0.000 2.402
0.000 0.037

0.000 3.519
0.000 3.477
0.007 3.513
0.000 3.408
0.000 3.509
0.000 3.425
0.000 3.463
0.oo1 3.474
o.oo2 0.041

M¡r

0.072 3.323
0.074 3.337
0.092 3.176
0.079 3.218
0.075 3.374
0.079 3.2A6
0.007 0.075

o.117 1.242
o.134 4.O84
(i.134 4.068
0.106 4.331
0.123 4.067
o.tLz 4.133
0.115 4.285
0.079 4.235
0.102 4.074
0.120 4.096
0.1i4 4.161
0.015 0.096

0.071 3,224
0.066 3.207
0.067 3.176
0.064 3,266
0.069 3.210
0.073 3.192
o.o74 3.266
0,069 3,220
0.003 0.032

Mg Ca

0.063 6.991
0.076 6.987
0.065 6.954
o.o7L 6.963
0.046 6.972
0.065 6.974
0.o09 0.o14

0.054 7.OO8
0.057 6.992
0.063 7.008
0.040 6.97L
0.053 7.O0L
0.056 7.O22
0.048 7.030
o.o49 6.998
0.o57 7.015
0.056 6.99?
0.053 7.O04
0.006 0.016

0.045 6.967
0.045 6.939
0.049 6.946
0.052 6.938
0.062 6.957
0.095 6.945
o.044 6.957
0.056 6.950
0.017 0.010

sitc Na sitc

0.oo0 0.000
0.029 0.029
0.018 0.018
0.o29 0.029
0.017 0.o17
0.()19 0.o19
0.o11 0,(r11

0.000 0.00o
o.Q72 0.072
0.081 0.081
0.000 0.000
0.076 0.076
0.082 0.062
0.oo0 0.000
0.058 0.058
0.114 0.114
o.0?0 0.070
o.055 0.055
0.039 0.039

0.o2L o.oz'J.
0.023 0.023
0.032 0.032
0.029 0.029
0.029 Q.O29
0,035 0.035
0.026 0.o26
0.028 0,028
0.005 0.005

F*OH=2

FOH
o.000 2.000
0.o00 2.000
0.ooo z.ooo
0.000 2.000
0.ooo 2.()00
0.000 2.00()
o.oo0 0.000

0.136 1.864
0.123 1.A77
o.091 1.909
0.144 1.856
0.128 r.872
0.115 1.885
0.101 1.899
o.L27 1.873
0.095 1.905
0.137 1.863
0.120 1.880
0.o18 0.018

0.000 2.000
0.0(x) 2.000
0.000 2.o00
0.000 2.000
0.000 2.000
0.000 2.000
0.000 2.o00
0.000 2.000
0.000 0.000
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Sample

34-1028.5
34-1028.5
34-1028.5
3.1- 1028,5
34- 1028.5
ave( 5)
stdev

228-LA43
22I]-LA43
22B-LA43
22I]-LA43
22D-tA43
228-LA43
ave(5)
stdcv

z2B-t727

24-ttgL
24-1L91.
24-rt9L
24.LL9L
24-LtgL
24-I197
Zonc 3. avc(6)
stdev

24-119t
24-LtgI
Zont:6, avc(2)

34I}-759.5
34I}-759.5
348-759.5
34I}-759.5
348-759.5
348-759.5
avc(6)
s tdcv

a¡ea spot sio? Tio2 Al2o¡ Fe2o¡ Mno Mgo Bao caoNa2o K2o roral H2o rotal

Table 8.3. j. Epidote Mineral Chemistry.

B
D
D
A
A

30c 38.41
3t r 38.36
32r 37.62
34r: 38.O0
35r 36.12

38.1o
o.26

wcight pr:rcent oxidc or element (Cr2O3 and F not dctectr:d)

o.09 26.75
o.o7 26.97
o.o9 26.20
o.o8 26.92
0.10 26.96
0.09 26.76
0.01 0.29

1.61 25.89
0.28 23.10
0.06 26.96
0.11 25.02
o.o5 27.57
o.Lz 27.37
0.39 26.56
0.6r. 0.97

0.o0 25.76

0.10 25.87
o.07 25.69
0.00 2Í1.86
o.08 24.68
0.06 24.98
o.10 25.34
O.07 2rr.24
o.o3 0.43

o.(.ra 2s.27
o.00 24.79
o.04 25.03

o.o9 27.42
o.Lz 26.66
o.oo 27.L5
0.o9 25.70
0.00 26.82
o.o0 25.80
0.o5 26.59
o.o5 0.64

A 19<:

A 2Or
A2T
422
B 25c
B 26r

36.75

38.55
37,O0
38.67
38.52
37.90
0.84

38.O2

38.54
38.09
37.99
36.44
38.O7
38.40
38.26
o.27

38.21
38.21
38.21

37.65
37.45
38.20
37.65
37.86
37.O4
37.68
0.36

8.41 0.29 0.04
8.16 0.31 0.07
9.22 0.33 0.04
8.38 0.28 0.05
8.51 0.38 0.O7
8.54 0.32 0.05
0.36 0.04 0.01

4.23 0.14 0.08
7.77 0.71 2.33
7.93 0.34 0.o0
4.22 0.50 0.12
7.91. 0.18 0.06
7,91 0.29 0.00
8.04 0.29 0.0s
0.15 0.1-3 0.o5

9.55 0.74 0.O4

9.40 0.42 0.07
10.05 rJ.45 0.09
10.85 0.32 0.00
10,80 0.35 0.00
10.74 0.38 0.0o
LO.42 0.35 0.00
10.38 0.38 0.03
o.52 0.{t4 0.o4

10.46 0.39 0.OO
10.92 0.32 0.14
10.69 0.36 0.07

7.38 0.00 0.00
8.69 0.14 0.00
7.78 O.L4 0.L2
9.26 0.13 0.o0
8.60 0.o0 0.oo
8.37 0.00 0.00
8.35 0.07 0.o2
0.62 0.07 0.04

D9
H 3<:

L l2c
L13
JL4
.I l.7r;
.l 18r

o.oo 22.62
0.00 21.23
0,00 22.39
0.oo 22.o8
0.00 20.69
0.00 21.80
0.oi) 0.73

o.oo i2.o4
0.o0 17.50
0.00 22.36
o.oo 22.07
0.o0 21.88
o.o0 23.04
o.oo 22.27
0.00 0.42

0.00 20.62

0.O0 22.rro
0.0cì 23.18
o.oo 22.a7
0,0[r 23.o1
0.00 22.95
o.o0 23.L2
0.o0 22.94
0.(x) o.27

0.o0 22.33
0.o0 22.41
o.00 22.37

na 24.72
na 24.43
na 24.39
n¿ 24,38
na 24.63
na 24.05

24.43
o-2t

M 23c
M 24c

c 11
QL2
.A13
AL4
815
816

Appendix B

o.00 0.o0 96.61
0.00 0.00 95.17
0.00 0.00 95.89
0.00 0.00 95.79
o.00 0.00 94.83
0.00 0.o0 95.66
0.00 0.00 0.62

0.00 0.o4 94.7a
0.11 1.27 88.40
0.00 0.00 96.20
o.00 0.00 92.98
0.00 0.o0 96.32
0.00 0.oo 97.25
0.00 0.01 95.51
0.00 0.02 L.49

0.00 0.00 94.73

().o0 0.00 96.96
o.00 0.o0 97.62
o.OU 0.o0 96.83
0.o0 0.00 97.36
0.00 0.00 97.18
0.00 0.00 97.73
0.00 0.o0 97.28
0.o0 0.00 0.33

0.00 0.o() 96.74
0.00 0.00 96.79
0.o0 0.o0 96.77

o.00 0.o0 96.66
0.o0 0.00 96.70
0.00 0.oo 97.07
0.o0 0.00 96.57
0.o0 0.oo 97.24
o.00 0.oo 94.60
o.o0 0.00 96.47
0.o0 0.o0 0.87

1.90 98.51
1.88 97.05
1.88 97.77
1.88 97.67
1.6? 96.7L
1.88 97.54
o.01 0.62

1.86 96.64
L.73 90.13
1.90 98.10
1.82 94.81
1.90 98.23
1.91 99.17
1.88 97.39
o.03 t.52

1.86 96.59

1.90 98.86
1.90 99.52
1.88 98.71
1.89 99.2s
1.89 99.06
1.90 99.64
1.89 99.77
tì.01 0.33

1.89 98.62
1.88 98.66
r..89 98.65

1.90 99.30
1.9() 99.47
1.9r. 99.76
1.89 99.39
1.91 100.01
1.86 97.30
1.90 99,21.
o.o2 0.89
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Sample

34- 1028.5
34-1028.5
34-1028.5
34- 1028.5
34- 1028.5
ave(5)
stdev

22B-LA43
22Ð-rA43
228-1843
228-1843
228-rA43
228-LA43
ave( 5)
stdev

228-t72t

24-L19t
24-7t9I
24-LL97
24-1L91
?,4-LL9L
24.LL9L
Zone 3, ave(6)
stdev

24-tL91
24-1191
Zone 2, ave(Z)

348-759.5
348-759.s
348-759.5
34I}-759.5
348-759.5
348-759.5
ave(6)
etdev

area 6pot Si L\,o AL; Fe*s site Ti Mn Mg Ca Na K site

Table 8.3. j. Epidote Mineral Chemistry. (conr,inued)

B
B
B

A

30c 3.033 o.00o 2.490 0.500 2.990 0.005 0.019 0.00s 1.914 0.000 0.000 i..94331r 3.057 0.000 2'534 0.489 3.023 0.004 0.021 0.008 1.819 0.000 0.000 1.84632r 3'006 0'000 2'46a 0.555 3.022 0.005 o.o22 0.005 L.gL7 0.000 0.000 1.94934c 3'023 0.000 2.s24 0.502 3.026 0.00s 0.019 0.006 t.BBz 0.000 0.000 1.91135r 3.049 0'000 2.642 o.5L2 3.055 0.006 0.026 0.008 L.z7g 0.000 0.000 1.813
3.034 0.000 2.5t2 0.572 3.023 0.005 0.021 0.006 1.860 0.000 0.000 1.893
0.018 0.000 0.028 0.023 0.020 0.001 0.002 0.002 0.05? 0.000 0.000 0.054

19c 2'966 0.034 2'429 0.500 2.930 0.098 0.010 0.010 1.906 0.000 0.004 2.oz72or 3'oro7 0'000 2'357 0.506 2.863 0.018 0.052 0.801 1.629 o.o18 0.140 2.].5221 3.048 0.000 2.513 0.472 2.986 0.004 0.023 0.000 1.895 0.000 0,000 r.g2L22 3.045 0.000 2.42A 0.509 2.937 0.OO7 0.035 0.015 1.941 0.O0Cì 0.000 1.997
25c 3.044 0.000 2.559 0.469 3.027 0.008 0.012 0.00? 1.946 0,000 0.000 t.B6B261 3.019 0'000 2'529 0.467 2.996 0.007 0.019 0.000 1.9as 0.000 0.000 1.9613.025 0.007 2.492 0.483 2.975 0.024 0,020 0.006 L.904 0.000 0.001 1,955

0.031 0.014 0.054 0.018 0.037 0.037 0.009 0.006 0.034 0.000 0.002 0.056

9 3.063 0.000 2.447 0.579 3.026 0.000 0,051 0.005 1.?80 0,000 0.000 1.835

3c 3.045 0.000 2.4Os 0.559 2.968 0.006 0.028 0.00s 1.910 0.000 0.000 1.952!2c 3.006 0.0oo 2.390 0.597 2,986 o.0o4 0.030 0.011 1,960 0.000 0.000 2.00513 3.027 0.000 2.335 0.650 2.985 0.000 0.022 0.000 L.947 0.000 0.000 1.969L4 3.045 0.000 2.305 0.644 2.949 0.005 0.023 o.OO0 1.953 0.000 0.000 1.981I7c 3.023 0.000 2.338 0.641 2.980 0.004 0,026 0.000 1.9s2 0.000 0.000 1.98218r 3'027 0'000 2'355 0.618 2.973 0.006 0.029 0.000 1.958 0.000 0.000 1.982
3.029 0.000 2.355 0.618 2.974 0.004 0.025 0.003 1.946 0.000 0.000 1.978
0.014 0.000 0.035 0.032 0.013 0.002 0.003 0.004 0.017 0.000 0.000 0.016

23c 3.037 0.000 2.368 0.625 2.993 0.005 0.026 0.000 1.901 0.000 0.000 1.9a324c 3.041 0'000 2'326 0.654 2.980 0.000 o.ozz 0.012 1.911 o.ooo 0.000 1.9493.039 0.000 2.347 0.640 2.986 0.002 0.024 0.008 1.906 0.000 0.000 1.941

Structural formula normalized to 23 anionic charges, F+OH-1

A
^A

B
B

D

H
L
L
J
.l
J

M
M

c 11 2.965 0.035 2.510 0.43? 2.947 0.005 0.000 0.000 2.086 0.000 0.000 2.091c Lz 2.9sr 0.043 2.43a 0:516 2.9s4 0.002 0.009 0.000 2.067 0.000 0.000 2.089A 13 2.991 0.009 2.496 0.458 2.956 0.000 0.009 0.014 2.o4? 0.000 0.000 2.070A L4 2.995 0.005 2.393 0.551 2.944 0.005 0.009 0.000 2.067 0.000 0.000 2.081B 15 2.972 0.028 2.454 0,508 2.962 0.000 0.000 0.000 2.072 0.000 0.000 2.072B 16 2.989 0.011 2.443 0.508 2.9sr 0.000 0.000 0.000 2.079 0.000 0.000 2.o7g
2.978 0.022 2.456 0.497 2.952 0.003 0.005 0.002 2.069 0.000 0.000 2.o7s
0.014 0.014 0.039 0.038 0.006 0.003 0.005 0.005 0.012 0.000 0.000 0.007

Appendix B
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Table 8.3. k. Kyanite Mineral Chemistry.

Sample

224-r638
224-1638

22-901

34C-L747.5
34C-7747.s

34C-L377

34- 1500
34- 1500
34- 1 500

22A-1732
22A-7752
22¡.-7752

weight pcrcent oxide
(Cr205, TiO2, MnO; MgO

and ZnO not detected)

spot SiO2 AlzO¡ Fe2Og

4 37.38
16 36.69

3 36.76

t7 36.26
18 36.22

5 37.33

16 36.23
r7 36.41
18 36.38

19 36.40
20 36.E9
2L 36.41

62.31 0.24
62.83 0.28

61.32 0.47

60.85 0.77
61.42 0.46

61.28 0.27

Total

99.93 1.009 1.983
99.80 0.993 2.004

98.55 1.OO7 1.981

97.88 1.O02 7.982
98.10 0.997 1.994

98.88 1.O18 7,970

97.84 0.999 2.OO2
97.77 t.oo4 7.995
98.03 1.001 1.999

99.08 0.992 2.004
99.87 0.997 ¡..997

100.08 0.984 2.013

Structural {ormula
normalized to

l0 anionic charges

Sample

61.61
61.36
61.65

62.38
62.64
63.24

22A.-1638
22A'-1638

si

34C-L377 22c 35.95
34C-1377 23r 36.56
34C-L377 24c 36.93
34C-7377 25r 35.95
34C-1377 26c 37.31
34C-t377 27r 36.67

0.o0
0.00
0.00

0.30
0.34
o.40

Appendix B

Al Fe*s

spot SiO2

Table 8.3. l. Tourmaline Mineral Chemistry.

lc 37,15
21 35.45

0.007 1.990
0.oo8 ?.013

o.014 1.995

0.024 2.006
0.0r.4 2.008

0.008 1.979

0.000 2.002
0.000 1.995
0,000 1.999

0.o09 2.014
0.o 11 2,OO7
o.otz 2.o2s

weight percent oxide or element
(Cr2O¡, BaO. KzO and ZnO not detected)

site

TiO2 AlzOs FeO MnO MgO CaO Na2O

o.27 32.53
0.33 33.25

0.33 32.64 3.42
0.33 33.26 3.01
o.r2 34.37 3.46
o.38 33.60 3.21
0.15 34.22 3.47
0.33 33.09 2.90

Sample

22A-1638
224-1638

2.60 0.00
3,34 0.OO

34C-7377 22c 5.A67
34C-t377 23r 5.884
34C-L377 24c 5.932
34C-7377 25r 5.810
34C-f377 26c 5.974
34C-L377 27r 5.909

Bpot

1c
21

si Al.,
5.997 0.003 6.000 0.188
5.803 0.197 6.000 0.220

0.00 9.48
0.o0 9.60
0.08 8,50
0.00 9.47
0.00 8.48
0,00 9.60

St¡uctural formul¿ normalized to 49 anionic charges

9.61
9.L4

Alz

1.15 1.87 0.72 85.90
1.00 2.04 0.63 85.18

1.13 1.86 0.74 85.55
L.O4 r.92 0.74 86.46
0.35 L.76 0.57 86.14
1.06 1.92 0.75 86.28
0.37 r.76 0.00 85.76
t.oz 1.91 0.6? 86.19

o.133 6.000 0.147
0.116 6.000 0.194
0.068 6.000 0.440
0.190 6.000 0.212
0.026 6.O00 0.434
0.091 6.000 0.196

Alv Ti

0.033 0.351
0.o41 0,457

o.04t 0.467
0.040 0.405
0.014 0.465
0.046 0.434
0.018 0.465
0.040 0.391

Total

Fe

Hz0

Mn Mg site

0.000 2,312
0.000 2.230

o.000 2.306
0.000 2.303
o.011 2.035
0.000 2.266
0.000 2.o24
0.000 2.306

3.37 LO.77 99.74
3.36 10.62 98.90

3.32 10.65 99.2!
3.38 10.80 100.33
3.46 10.82 100.19
3.35 10.76 100.08
3.74 10.86 100.36
3.40 10.79 100.10

BzOs

2.883 0.199 0.585 0.?84
2.94A O.L75 0.648 0.823

2.960 0.198 0.589 0.786
2.942 0.L79 0.599 0.?78
2.965 0.060 0.548 0.60E
2.958 0.184 0.602 0.785
2.941 0.063 0.546 0.610
2.933 0,776 0.597 0.773

Total

Ca N¿ site

F+OH-4 B=3

FOH
0.368 3.632 3.000
0.326 3.674 3.000

0.382 3.618 3.000
0.377 3.623 3.000
0.290 3.710 3.O00
0.383 3.617 3.000
0.000 4.000 3.000
0.341 3.659 3.000
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Table 8.3. m. Plagioclase Mineral Chemistry.

Sample

22-413
22-4r3
22-4L3
22-4L3
22-473
22-413
22-4L3
22-473

224-1752
224-L7s2
224-t7s2
224-7752
22A-t762
224-L752
224-r752

22R-L721
22B-L721
228-L727
228-7721
22B-1721
228-L72r
228-L72L
228-1727
228-L721
228-L72r
228-7727
228-1727
228-172L
228-L72L
228-t727
228-1721
2ZB-L721
228-1.72L

24-L!31
24-t13L
24-tLsI

zone 6
24-!79L
24-tLgr
24-tt9t
24-LL9t
24-ttgI
24-I79L
24-LLgt
24-tL9L
24-LL97
24-Lrgt
24-tt9t
24.LL9T

zone 5
24-7191
24-rL9L
24-L79t
24-7tgr
24-LLg1
24-tt9t
24-tL9L
24-Lt9I

zoÃe 4
24-tLgt
24-LL9t
24-LL9r
24-1197
24-719t
24-LL9L
24-tL91

area spot SiOz AlzOs FeO

D1
D2
D3
c4
Q4a
c6
c7
c8
H1
H2
H3
H4
H4r
E5
E5r

63.18
60.33
60.64
59.48
62.63
63.35
60.99
60.16

61.87
63.80
64.88
64.4L
63.39
63.03
62.26

56.26
58.68
62.4A
s4.71
54.40
53.84
57.73
58.66
58.54
55.39
56.74
59.25
59.50

lr0,23

52.46
50.54
54.80

45.L2
44.96
45.13

55.61
58.1E
61,36
60.12
61.08
57.46
54.77.
57.31.
6L.49
56.79
56.67
57.92

6r.42
61.49
60.37
57.34
s7.45
62,2L
51.46
56.87

weight percent oxide

23,60 na 5,57
24.OA na 6.2L
24.40 na 6.10
23.50 na 5.99
23.07 na 4.79
22.55 0.00 4.64
23.93 0.00 s.71
24.07 0.36 5.85

23.59 0.00 5.65
23.25 0.00 5.o4
22.17 0.00 5.10
22.90 0.00 4.72
23.23 0.00 4.7a
24.8L 0.00 6.L7
24.37 0.00 6.56

26.49 0.44 8.07
25.LL 0.00 7.90
24.06 0.00 7.92
29.07 0.00 11.98
28.80 0.00 11.73
29.42 0.00 L2.47
26.32 0.00 8.88
25.26 0.00 7.76
26.50 0.00 8.38
28.44 0.00 u.o4
27.L9 0.13 10.21
2s.62 0.00 8.44
25.4A 0.00 7.a2
26.23 0.00 E.60
30.28 0.00 13.58
28.18 0.O0 7t.57
29.68 0.00 t3.47
28.10 0.00 11.56

35.31 0,00 19.74
35.56 0.13 20.29
35.42 0.15 19.97

29.60 0.00 10.76
27.60 0.00 8.61
25.39 0.00 6.25
25.97 0.0û 6.89
23.92 0.00 5.70
26.04 0.00 9.18
25.81 1.66 8.47
26.57 0.00 9.15
23.44 0.00 5.83
26.07 0.00 8.98
25.95 0.00 8.72
25.87 0.18 8.50

24.90 0.00 5,70
24.AL 0.00 5.82
26.L6 0.00 6.83
26.66 0.13 9.60
26.20 0.23 8.60
29.65 0.47 L2.78
30.30 0.40 13.67
26.18 0.23 8.86

CaO Na2O Kz O Total

D1
D1r
D1e
Dla
D2
D2e
D2a
D3
D3e
D3a
D3b
Ð4
E4a
E4b
E4c
Ð4d
E4e
E5

AI
A2
A3

8.67 0.01 101.02
8.11 0.02 9A.74
8.17 0.02 99,s3
8.31 0.13 97.4L
8.94 0.03 99.45
9.31 0.04 99.92
8.40 0.04 99.10
8.34 0.05 98.83

4.44 0.o4 99.60
8.97 0.06 101..12
8.50 0.06 100.70
9.04 0,o7 101.19
9.20 0.06 100.66
8.16 0.01 102.18
8.07 0.03 101.31

6.61 0.09 97.96
7.30 0.04 99.06
6.31 0.04 100.80
4.96 0.03 too.77
s.13 0.04 100.11
5.O1 0.O4 100.77
6.84 0.05 99.86
7.4L 0.05 99.17
7.O9 0.06 100.59
s.52 0.04 100.49
6.03 0.06 100.36
7.O3 0.06 100.43
7.43 0.04 100.26
6.97 0.04 99.41
3.E8 0.O2 98.00
5.11 0.04 97.36
4.t7 0.04 97.90
5.29 0.04 99.84

0.36 0.01 100.61
0.33 0.00 101.26
0.35 0.o0 101.02

5.04 0.05 101.06
6.30 0.00 100.69
7.70 0.06 100.76
7.25 0.05 100.28
8.41 0.06 99.27
6.54 0.05 99.35
6.39 0.04 97.13
6.50 0.05 99.65
8.34 0.05 99.54
6.66 0.05 98.63
6.67 0.06 98.36
6.81 0.05 99.33

7.85 0.00 99.87
7,83 0.00 99.95
7.25 0.06 100.67
6.33 0.04 100.10
6.E6 0.05 99.39
4.33 0.03 99.46
3.78 0.02 99.83
6.76 0.04 98.94

1.63 0.00 100.54
2.L2 0.00 99.74
L.t2 0.00 100.63
3.25 0.02 99.37
L.70 0.02 98.37
1.95 0.O2 97.47
1.99 0.00 97.68
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D
D
D
D
A
A

c
c
c
D
D

E
D
E
G
G
G
G
G

39c
40r
4lc
42r

1

2c
2r
3c
3
3r
4c
4r

36c
37
38r
5c
5r
6
7
8¡

33c
34

JÐT
I

9a
9b
9r

17.28 34.72 0.17 16.74
47.A2 33.89 0.00 15.91
47.t3 35.03 0.11 16.84
49.89 37.t2 0.23 14.85
45.85 33,64 0,27 16.89
45.75 32.66 0.23 16.85
46.39 32.57 0.14 16.59
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lable 8.3. m. Plagioclase Mineral Chemistry. (conrinued)

Sample

zone 3
24-tL97
24-LL97
24-1L91
24-Lt97
24-Lt9r
24-LL97
24-IL9L
24-1L97
24-t!91.
24-I191.

34C-7377
34C-1377
34C-t377
34C-L377
34C-L377
34C-1377
34C-1377

area Epot

H27
H28
H29
K30
K31
K32
K10
K 10a
K 10b
K 10d

I1
Ila
Ilb
T2
I3
E5
E6

Si02 AìzOs FeO

47.24
47.37
48.2r
45.95
46.18
46.83
45.31
46.7L
44.83
45.43

59.28
60.L7
60.76
59.1 1

59.75
6L.L7
60.42

weight percent oxide

34.55 0.00 16.48
34.90 0.00 16.60
34.68 0.00 16.07
35.60 0.00 17.74
35.30 0.00 t7.66
35,22 0.00 16.95
34.11 0.11 18.49
33.89 0.00 r.8.24
33.44 0.54 L7.46
34.08 0.13 18,55

24.A4 0.00 7.35
25.01 0.00 7.L7
25.43 0.00 7.o7
25.05 0.00 7.L6
25.02 0.00 7.74
25.L4 0.00 5.78
26.08 0.18 4.24

CaO Na2O KzO Total

1.64 0.00 99.91
1.65 0.00 100.52
L.92 0.00 100.88
1.09 0.00 100.38
1.O8 0.00 !oo.22
t.47 0.00 too.47
1.01 0.00 99.0s
I.24 0.00 100.18
1.34 0.00 97.59
1.09 0.00 99.27

7.6L 0.05 99.14
7.62 0.04 100.04
7.64 0.04 100.95
7.64 0.O3 99.00
7.64 0.19 99.74
8,08 0.07 roo.24
8.30 0.18 99.80
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Sample

22-4L3
22-4L3
22-4L3
22-4L3
22-4L3
22-413
22-413
22-4L3

22A-7752
22¡.-77s2
224-t7s2
22A-1752
224-1752
22?'-t752
224-1752

22}]-1727
228-1721
228-t727
228-r727
228-L72r
228-7727
228-L721
228-L72t
228-7721.
228-172r
228-L727
228-1727
228-L72L
228-L721.
228-t72t
228-t727
2ZB-7727
228-t72r

24-LL3L
24-713L
24-tL3r

zone 6
24-7L91
24-179L
24-tL9l
24-rL9t
24-1L97
24-LL91
24-719t
24-LI97
24-IL97
24-7L97
24-L19t
24-LLgt

zone 5
24-LL9t
24-L't9L
24-7191
24-!L9L
24-179t
24-rL91
24-7L9t
24-tt9L

zone 4
24-LT9L
24-t!97
24-!19t
24-ttgL
24-rL97
24-!t9L
24-Lt97
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Table 8.3. m. Plagioclase Mineral Chemistry. (conrinued)

areaBpot

D1
D2
D3
C4
C4z
c6
c7
c8
H1
H2
H3
H4
H4r
E5
E5r
D1
DLr
Dle
Dla
D2
D2e
D2a
D3
D3c
D3a
D3t
E4
E4a
E 41,
E4c
E4d
E4e
E5
A1
A2
A3

Structural fo¡mula normalized to 64 anionic charges

11.080
10.860
10.E47
10.872
Lt.L42
tt.225
1n oto
10.841

si Alin

4.479
5.1 10
5.145
5.064
4.839
4.710
5.055
5.1 14

Fe

na 15.959 1.047 2.948 0.002
na 15.970 1.198 2.831 0.005
na 15.992 1.169 2.834 0.005
na 15.936 1.173 2.945 0.030
na 15.980 0.913 3.084 0.002

0.000 15.935 0.881 3.199 0.009
0.000 15.984 1.096 2.918 0.009
0.054 16.009 1.130 2.914 0.011

11.016 4.952 0.000 15.96S 1.078 2.914 0.OO9
77.L65 4.797 0.o00 15.962 0.945 3.044 0.013
11.363 4.578 0.000 15.941 0.957 2.887 0.013
LL.252 4.7t6 0.000 15.968 0.8E3 3.062 0.016
tt.L49 4.At7 0.000 15.966 0.901 3.137 0.013
10.934 5.074 0.000 16.008 L.r47 2.745 0.OO2
10.924 5.029 0.000 15.952 7.233 2.745 0.OO7

to.297 5.776 0.067 16.080 1.583 2.346 0.021
10.589 5.342 0.000 15.931 1.528 2.554 0.009
L0.977 4.9A4 0.000 15.961 1.491 2.150 0.009
9.808 6.L44 0.000 15.953 2.30! L.?24 0.OO7
9.819 6.128 0.000 15.947 2.269 r.795 Q.oos
9.685 6.239 0.000 15.925 2.392 1.747 0.OOg

10.368 5.573 0.000 15.940 1.709 2.382 0.011
10.574 5.368 0.000 15.942 1.499 2.590 0.011
10.417 5.559 0.000 15.976 1.598 2.446 0.014
9.942 6.018 0.000 15.960 2.123 1.921 0.009

70.172 5.747 0.0L9 15.938 1.961 2.096 0.0L4
10.551 5.378 0.000 15.929 I.670 2.427 0.OL4
10.597 5.350 0.000 15.948 1.492 2.566 0.009
70.374 5.577 0.000 15.9s2 L.662 2.437 0.OOg
9.327 6.629 0.000 15.956 2.702 L.3s7 o.oot
9.753 6.176 0.000 15.929 2,305 1.842 0.009
9.402 6.510 0.000 15.912 2.685 1.483 0.009
9.917 5.995 0.000 15.912 2,242 L,A66 0.OOg

8.2A9 7.647 0,000 15.936 3.886 0.128 0.002
8.223 7.667 0.020 15.909 3.976 0.117 0.000
8.264 7,646 0.023 15.933 3.918 0.124 0.000

9.886 6.203 0.000 16.089 2.050 1.73? 0.011
70.314 5.769 0.000 16.083 1.636 2.166 0.000
10.799 5.268 0.000 16.067 1.179 2.628 0.013
10.652 s.425 0.000 16.0?7 1.308 2.491 0.011
10.934 5.048 0.000 15.982 1.093 2.919 0.014
10.378 5.545 0.000 15.922 L.777 2.2sO O.O72
10.198 5.665 0.25A 16.122 1.690 2.307 0.010
10.318 5.639 0.000 15.957 L.765 2.269 O.O7r
10.962 5.010 0.000 15.972 1.11.4 2.883 0.011
10.338 5.595 0.000 15.932 r.752 2.35]- O.OL2
10.371 5.579 0.000 15.950 1.704 2.358 0.014
10.443 5.499 0.027 15.969 L.642 2.38r O.oL2

10.883 5.202 0.000 16.085 1.082 2.69? 0.000
10.890 5.180 0.000 16.071 1.104 2.689 0.000
10.650 5.441 0.000 16.091 L.29r 2.4AO O.O74
10.286 5.638 0.020 t5,944 1.845 2.202 0.009
10.368 5.574 0.035 15.976 1.663 2.400 0.0t2
9.538 6.386 0.072 15.996 2.502 1.534 0,00?
9.390 6.516 0.061 15.969 2.?12 1.33? 0.005

70.322 5.602 0.035 15.959 L.723 2.379 o.OOs

site Ca Na K 6itc

3.997 73.76 26.19 0.06
4.033 70.19 29.70 0.L7
4.OO7 70.71 29.18 0.11
4.149 70.99 28.2A 0.73
4.OO4 77.02 22.8r O.r7
4.088 78.23 21.55 0.22
4.024 72.53 27.25 0.23
4.055 71.86 27.A6 0.28

4.001 72.83 26.94 O.23 within ctagt
4.OOZ 76,05 23.61 0.33 withi¡r clast
3.A57 74.A4 24.81 0.BS wirhin claet
3.961 77.30 22.30 0.39 within clasr
4.052 77.43 22.23 O,gg within clast
3.894 70.49 29.45 0.06 matrix
3.985 68.89 30.95 0.17 marrix

3,949 59.40 40.0? ().53 grairr l: core
4,091 62.44 37,34 O.23 ¡¡rain 1: core
3.649 58.90 40.85 0.25 grain 1: core
4.032 42,76 57.OT 0.fT grain 1: internal contact
4,073 44.08 55,70 0.23 grain 1: manrle
4.149 42.12 57.66 0.22 grain 1.: mantle
4.102 58.06 41.66 0.28 grain 1: rim
4.100 63.16 36.55 0.28 grain Z: core
4.058 60,29 39.38 0.34 grain 2: corc
4.064 47.39 52,38 0,23 e¡ain 2: internal contact
4.077 1,L.49 48.18 0.34 grain 2: rim
4,051 59,91 39.75 0,34 grain 3: core
4.067 63.08 36.69 O,22 grain 3: core
4,109 59.32 40.45 O.22 grain B: core
4.LO4 34,04 65,A4 O.fz grain 3: internal contact
4,156 44.32 55,45 0.23 grain 3: mantle
4,177 35,49 64.28 0.23 grain 3: manHe
4,LOT 45.20 54,5A O.22 grain 3r mantle

4.016 3.19 96.75 0.06
4.093 2.86 97.14 0.00
4.042 3.07 96.93 0.00

3.79A 45.74 53.96 0.30 gahnitc inclusions
3,801 56.97 43.03 0.00 gahnite inclusions
3.820 68.79 30.86 0,S5 relict with rutile t¡ails
3.810 65.37 34.33 0.30 relicr with rutile trails
4.026 72.sO 27.L6 0.34
4.078 56.16 43,56 0,28 gahnite inclusions
4.006 57.58 42.18 0.24 gahnite inclusions
4.046 56.09 43,63 0.28 gahnite inclueions
4.008 71.93 27.79 O,28 gahnite inclusions
4.ff4 57,14 42.58 0.28 gahnite inclusions
4.076 57.86 41,80 0,34 gahnite inclusions
4.034 59,01 4O,7O O.29 gahnite inctusions

3,779 71.36 28,64 0,00 relict with ruiile trails
3.793 70.88 29.12 0.00 relict wirh rutile rrails
3.785 65.53 34,11 0,36 relict with rutìle trails
4.056 54,28 45,49 0.23 symplectiie with pyrrhotite
4.075 58,91 40.81 0,28 eymplectite with pyrrhotite
4,043 37,94 61.89 0.17 contact to po inclusion
4.054 32,99 66.90 0,11 contact to po inclusion
4.111 57.86 41,91 0.23 symplectite with pvrrhotite

Al) An O¡

D
D
D
D
A
A
A
c
c
c
D
D

E
E
E
G
G
G
G
G

Comment

39c
40r
4lc
42r

1

2c
2r
3c

3r
4c
4r

36c
37
38r
5c
5r
6
7
8r

33c
34
35r

9
9a
9b
9r

A'622 7'464 0.026 16.087 3.27L 0.576 0'000 3,84? 14.98 85.O2 0.00 symplectite with pyrrhotite8'761 7'319 0.000 16.080 3.123 0.753 0.000 3,876 19.43 80.57 0.00 symplectite with pyrrhotite8'583 7'520 0'017 16.103 3'286 0.537 0.000 3.823 14.04 85.96 0.00 simplectite with pyrrhotite9.171 6.744 0.035 15.950 2.925 1.158 0.005 4.088 28.34 ?1.55 0.1r simplectii. *i;h;;;;h;;i;;8'57L 7'414 0.042 16.028 3.383 0.616 0.005 4.004 15.39 84.49 O.1z simptectite wirh pirrhoriie8'642 7'273 0.036 15.951 3.410 0'?14 0.005 4.129 17.30 82.59 O.1z symplectite with pirrhotite
A'722 7'279 0.022 15.963 3'342 0'725 0.000 4.068 17.83 82.17 O.0O symplectite with pyrrhotite
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Sampk: area spot

zoìe 3
24-tI97
24-Irgt
24-7L9t
24-1191
24-LtgL
24-1191
24-1797
24-LL91
24-7L9L
24-1L97

34C-I377
34C-L377
34C-L377
34C-L377
34C-t377
34C-L377
34C-r377

Appendix B

Table 8.3. m. Plagioclase Mineral Chernistry. (conrinued)

H27
H28
H29
K30
K31
K32
K10
K loa
K 10b
K 10d

IT
I1a
I1b
T2
I3
E5
E6

Structural formula normalized to 64 anionic charges

si A\n

8.647
8.620
4.724
8.406
8.456
8.537
8.438
8.586
8.476
8.444

10.671
10.7L7
L0.713
10.649
10.686
to.822
10.785

7.456 0.000
7.487 0.000
7.399 0.000
7.678 0.000
7.621 0.000
7.570 0.000
7.489 0.017
7.344 0.O00
7.454 0.O85
7.468 0.020

5.271 0.000
5.252 0,000
5.286 0.oo0
5.321 0.000
5.275 0.000
5.244 0.000
5.452 0.O27

Fr: site

r6.LO2 3.232
16.108 3.237
16.123 3.116
16.084 3.477
L6.O77 3.465
16.107 3.311
15.945 3.690
15.929 3.592
16.015 3.537
15.932 3.694

15.942 L.4L8
15.969 1.368
15.998 1.336
15.970 1.382
15.962 1.368
16.066 1.096
16.237 0.806

Ca Na

0.582 0.000
0.582 0.000
0.674 0.000
0.387 0.000
0.383 0.000
0,520 0.000
0.365 0.000
0.442 0.000
0.491 0.000
0.393 0.000

2.656 0.011
2.632 0.o09
2.612 0.009
2.669 0.007
2.649 0.043
2.772 0,ot6
2.854 0.041

K siie Ab

3.8L4 15.26
3.819 15.24
3.790 17.78
3.864 10.01
3.848 9.96
3.831 13.56
4.054 9.00
4.034 10.95
4.028 12.L9
4.OA7 9.61

4.085 65.O2
4.009 65.64
3.956 66.01
4.058 65.77
4.061 65.24
3.883 71.38
3.700 77.13

An

84.74 0.00
84.76 0.00
82.22 0.00
89.99 0.00
90.04 0.00
86.44 0.00
9r..00 0.00
89.05 0.00
87.E1 0.00
90.39 0.00

34.70 0.28
34.13 0.23
33.76 0.23
34.06 0.17
33.69 1.07
28.22 0.4t
2L.77 L.ro

O¡ Comment

in pressure shadow
in preasure shadow
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Appendix C

Whole-rock Geochemical .A,nalysis.

A suite of 303 samples, representative of the lithologies and alteration types (see
Table 4.1) was selected for whole-rock geochemical analysis. The samples were
mainly splits of drill core, supplemented by outcrop samples. The samples varied
in weight from a few grams (not less than 12 g) for microcrystalline cherty rocks,
to more than 400 grams for coarsely porphyroblastic rocks. Some small-scale het-
erogeneities lvere represented by separating clasts and matrix in breccias, beds in
metasediments, and different intensities or types of alteration in cases in which
there appeared to be a variation in the hand sample. Separates extracted from the
same hand sample have the same drill-hole and footage designation in their sample
number, and are numbered from 1-N in the last designator. They are linked by tie
lines in the fi.gures (ie. in Chapter 11).

A rock sav/ lryas used to split drill core and to extract clasts, eúc. from hand
samples' Saw marks and metaliic smears rrvere removed on a diamond iap. The
specific gravity (p) was determined by weighing the samples in air and in water,
and calculating the ratio: p : ueight,o¿,f þaeighto¿, - ueight-o1".). The samples
were passed through a jaw crusher and, in the case of relatively large samples, the
resulting sand was coned-and-quartered and an aliquot was taken. Samples of at
least 50mÌ were pulverized to a fine powder within 25-60 seconds in a tungsten
carbide swing mill. Smalier samples u/ere pulverized in a mechanical agate mortar-
and-pestle.

The sample powders were submitted to G.Lachance of the Analytical Chemistry
Section, Mineral Resources Division, Geological Survey of Canada for geochemical
analysis of major and trace elements, and ferrous iron. The major oxides, SiO2,
TiO2, AlzOs, Cr2O3, Fe2O3¿, MnO, MgO, CaO, Na2O, K2O and pzOs, were deter_
mined by X-ray fluorescence (XRF) wavelength dispersive analysis on fused disks.
The trace elements, Ba, Nb, Rb, Sr, Y and Zr, were determined semi-quantitatively
by the same method on the same fused disks. Feo, H2o, Coz, and S were analysed
by rapid chemical methods. Due to limitations inherent in the methods, H2O and
FeO were determined only in samples containing less than I% S. Quantitative anal-
yses of the trace elements, Be, co, cr, cu, La, Ni, v, yb and. zn, were obtained
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by inductively-coupled plasma (ICP) emission spectrometry. One gram of sample
was dissolved in HF and then fused with any remaining residue. The fused bead
was subsequently dissolved in L0% HCI and diluted to 100 ml. In some samples,
the additional trace elements, Ag and Pb, were determined by atomic absorption
(AA) spectroscopy.

Calibration ranges, error estimates and detection limits supplied by the labo-
ratory are listed in Table C.1. As an independent check on accuracy and precision,
blind standards (Table C.2), sample duplicates (Table C.3, a) and sample replicates
(Table C.4) were interspersed in the sample suite. In general, the precision and
reproducibility were very good; however one significant and disturbing exception
occurred among the replicates (Table C.4). The ICP trace element analysis of one
replicate of sample 27-484-l reported values 1-3 orders of magnitude higher than
that of the 5 other replicates. As this problem appears only in ICP anaiyses, it is
a laboratory error incurred during preparation or analysis by this particplar tech-
nique. (Recall that Pb was analysed by AA.) The most likely explanation is that
one of the spiked standards used to maintain the calibration during on-line analysis,
was mistakenly read as a sample analysis (G.Lachance, pe.rs. corrrm.) 1988). As the
spiked standards have elevated values for all the elements, including some which
were typically low in samples from the Linda suite (ie. Be, Ni, cr), a mistake of
this nature should be identifiable and appears to have been an isolated instance.

Table C.5 lists the anaiyses of the sample suite. All major elements are re-
ported, excepting CrzOs which u/as generally below the detection limit and is there-
fore reported as Cr determined by ICP. Among the semi-quantitative trace-element
analyses, Y and Nb occurred at low levels, near the detection limits, without sig-
nificant variation at the 2a confidence limits; they are not reported. Likewise, Be
and Ag showed values near or below detection limits for quantitative analysis. Co
was not considered to be significant in view of probable contamination contributed
by tungsten carbide crushing surfaces. In summary, in addition to major elements,
the analyses of the following trace elements are tabulated in Table C.5: Ba, Rb, Sr,
Zr, Cr, Cu, La, Ni, Pb, V, Yb and. Zn.
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Table C.1. Calibration Ranges, Estimated Errors and Detection Limits
of Whole-rock Geochemical Analyses.

(as reported by Analytical Chemist¡y Section, Geological Survey of Canada)

oxide o¡

element

sio2
Tio2
Al2o3

Fe2O3t

FeO

MnO

Mso
CaO

Na2O

Kzo
Hzo
ÇO2t

PzOs

s

Major Oxides and Elements

calibration er¡o¡ estimate
range (%) absolute*rel ativeVo

0-100 0.40 1

0-3 0.02 1

0-60 0.40 1

0-90 0.10 1

0-30 0.20 2

0-1 0.01 2

0-50 0.10 1

0-35 0.1 0 I
0-10 0.5 0 I
0-15 0.05 L

0-5 0.10 5

0-20 0.05 3

0-1 0.02 1

0-3 0.04 s

detection

limit(%)

0.40

0.02

0.40

0.10

0.20

0.01

0.10

0.10

0.5 0

0.05

0.10

0.0 5

0.0 2

0.04

er¡o¡ estimate
element absolute{rel ative%o

B¿202
Rb202
Sr 20 10

Z¡ 20 10

C¡ 10 s

Cu 10 5

La 10 s

Ni105
Pb 20 10

Vs5
Yb 0.s 5

ZnSS

T¡ace Elements

detection

limit (ppm)

20

20

20

20

10

10

10

10

20

5

0.5

5
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s*mple sio2 Tioz Al2o3 Fe2ost Fc2os Feo Mno Mgo cao N*2o K2o H2ot cozt pzog
32-L70$2 52.30 1.10 17.30 9.60 3.80 5.20 0,22 4.26 6.95 2.gO L.TL 2.50 0.20 0.23 0.o4 98.70DR-N* 52.85 1,09 L7.52 9.?0 3.?0 5.40 0.22 4.40 7.O5 2-gg L.70 2.4? 0.10 0.25 0.o4 sg.77
34B.L200'2 67.40 0.o3 1?.80 0.40 0.00 0.50 0.o4 0.o1 0.65 5.90 3.23 0.90 0.20 1.42 0.O1 98.09MA-N+ 66.60 o.01 L7.62 o.47 o.1g 0,31 0.o4 0.o4 0.59 s.B4 B.r8 L.zs 0.18 r..g9 o.0r 92.18
228-2700'2 3A.70 2.65 10.00 12.80 5.50 6.60 0.20 13.20 13.98 3.10 1.41 2.OO 1.O0 1.06 0.02 gg.42BE-N* 38.20 2.67 10.07 tz.a4 s.s4 6.74 o.20 13.15 1B.B? g.1B r..sg z.T4 o.T4 1.05 o.oa 99.30
198-1000-2 59.30 0.16 11.60 6.50 2.50 3.60 0.32 2.57 A.28 4.70 4.LS 0.60 0.40 0.55 0.O5 98.1?sY-3* 59'68 0.15 11.80 o.4z 2.44 s.sa 0.32 2.6T 8.26 4.Ls 4.zo o.4z o.3B 0.54 o.o1 98.59
27'tooÈ2 47.90 1.18 17,30 10.10 2.30 7.O0 0.16. 8.41 11.97 z.LO O.2r 0.40 0.10 0.13 0.ol 99.1?NBS688+ 48.40 L.17 17.96 10.35 L.86 ?.64 0.17 a.40 L2,L7 2.15 0.19 - o.o5 0.13 _ 99.69
29'700-2 39.fiì 3.73 8.40 L7.60 8.50 8.20 0.L7 13.47 L .SO 0.70 0.21 1.10 1.10 0.06 0.07 99.19MGR-I* 39'32 3.69 8.50 rz,az 8,26 8.63 o.r7 rg.4g tl.Tz 0.?1 0.rB 0.98 1.00 0.06 0,06 99.81
8(L140G2 49.40 1'40 27.30 13.80 10.60 2.90 0.02 0.82 L.62 0.20 2.27 0.50 9.90 0.39 0.19 107.46NBS1633a* 48.80 1.30 26.00 13.40 o.03 o.75 1.55 O.2g 2,26 s4.32
16-6-1 60.10 0.16 11.50 6.40 2.20 3.80 0.32 2,5g 8,32 4.LO 4.27 0.60 0.40 0.31 0.06 98.66sY-3+ 59.68 0.15 11.80 G.42 2.44 3.58 o.g2 2.6T a.z6 4.rs 4.zo o.4z 0.38 0.54 o.o1 98.s9

Table C.2. Whole-rock Standards.
a. Major Elemcnt Analyses (weight ¡rerccnt oxide or elemcnt)

Samplc

32-170(t2
DR-N*
348-1200-2
MA-N*
228-2100-2
BE-N"
198-1000-2
sY-3+
27-rOO$2
NBS688*

29-700-2
MGR.1-
80-14rJ0-2
NBS1633a*

I6-6-1
SY.3*

Ba Nt)

396
385

98
42

ro24
!o25
424
430

184
200

113
50

t267
1500

464
43l

0

224
173

99
100
trt
130

0

1
20

2t

218
130

Rb

63
70

39t 5
3600

76
47

212
208

0

0
I

111
131

195
208

Sr

Appendix C

393
400

L20
84

1334
1370

290
306

L51
169

2L6
260

778
830

290
306

13 L32
30 L25

o24
L27

22 24A
30 265

692 360
740 320

o44

b, llacc Elcment Analyses (ppm)

*' values from Govindaraju (1984).

Zr As

S Total

Bc Co Cr Cu

L.7
1.8

340.0
280.0

1.9

20.0
22.O

0.6

o.8
0.6

13.O
!2.O

22.O
22.0

37
35

1

56
6L

L2
L2

51
50

79
86

44
46

L4
r2

0E60
16 105 0

68 240 0

42
42

3

310
360

15
10

290
330

400
450

L70
196

20
10

642 335
74l) 320

55 20
50 2L

140 1

140 1

85 7L
72 A2

40 1200
16 1350

100 4
96

140 3
135 10

110 76
118

67 1300
16 1350

La Ni

24 190
16 225

90
35

230 200
267 235

t6 1s0 48
11 130 51

160 10 230
150 3 250

180 2r 480
195 10 520

L20 63 260
L27 72 300

19 s7
11 130 5t

Pb Yb

2.2 140
2.8 145

0.0 230
220

1.5 130
1.8 L20

53.O 240
65.0 240

1.8 89
2.t 58

0.3 270
1.O 190

6.3 240
220

58.O 250
65.0 240

Zn
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Sampk:

32-657-L
32- 1657.5- 1

34-127rr-l
34-2275,rù-l

34.A'-1463.5- 1
344-2463-1

34C-145&t
34C-2453.5-t

224-L575-t
224-25t5.5-1.

L9-440-7
19- 1440.5- 1

24-277.5-t
24-L277-L

24-1,082-1
24-20A2.5-r
27-L324.5-L
27-232+L
29-47A.5-r
29-147ùL
29-10991
29-2099.5-L

31-970.5-1
3l-197(11

73-1t7|ù.5-2
73-2L7G2

80- 11.38- 1
80-2138.5-1

la-27-L
D4-1-1.

228-LO44-1.
33- 104iL I

sio2

72.8{J
72.70

66.60
66.20

49.90
49.80

48.40
48.60

71.O0
70.70

72.80
73.O0

52.40
52. r0
65.50
65.90

71.80
72.50

49.L0
49.00

68.20
68.40

53.00
53.30

76.10
76.00

74.OO
74,r¿O

70.60
70.40

76.60
76.20

a. Blind Duplicates-Major Elcment Analyses (wcight percerrt oxidt: or elcnrent)
TiOz Alzos Fe2()st Fe2Oe FeO MnO MgO CaO Na2O K2O H2Ot CO2t p2()õ

Table C.3. \Mhole-rock Duplicate Analyses.

0.36
0.34

0.36
0.34

o.47
o.46

o.52
0.50

0.31
o.29

0.30
o.26

0.40
0.48

0.32
0.35

o.27
o.27

0.50
o.54

o.34
0.33

0.48
o.47

o.19
0.18

Q.L4
0.15

0.26
o.25

o.22
o.22

11.80
LL.70

15.E0
15.70

18.20
18.10

24.80
25.10

13.10
13.O0

12.50
L2.60

19.20
t9.20

13.30
13.30

L2.70
12.80

17.30
t7.30

13.40
13.5o

17.L0
1 7.10

10.80
10.80

14.30
14.50

r4.40
L4.4Q

11.50
11.50

3.30 1.00 2.00 0.09 2.L5 3.!2 1.10 3.67 1.r.0 0.20 0.07 0.03 9E.483.30 1.10 2.00 0.09 2.15 3.13 1.r0 3.67 1.00 0.20 0.06 0.02 98.1.6
5.40 0.09 1.90 2.68 1.50 2.90 0.o0 0.o8 1.26 98.265.20 0.10 1.89 2.66 1.S0 2.sZ 0.10 O.o7 L.ZZ g7..rú

L2.70 3.1O 8.60 O-r7 5,93 8.61 4.40 0.1tì L.zO 0.1O 0.06 0.o1 97.7512.80 3.50 8.40 0.17 5.91 8.63 4.40 0.11 1.10 0.00 0.06 0.01 97.r5
12.90 0,o4 0.69 0.14 1.10 3.61 0.0o 0.06 8.3O 98.4913.10 0.04 0.69 0.13 1.10 3.64 0.10 0.06 8.14 99.17
6.80 1.80 4.50 0.08 239 r.42 1.50 1.89 1.60 0.00 0.0? 0.30 98.096.90 2.OO 4.40 0.08 2,38 7.42 1,50 1.93 1.60 0.10 0.o8 0.30 97.77
5.00 0.80 s.80 0.14 1.51 1.64 2.80 2.34 1.O0 0.10 0.06 0.06

1.80
2.OO

0.80
1.105.20 1.10 3.70 0.15 1.53 1.64 2.70 2.37 1.OO 0.10 0.06 0.05

10.20 0.10 10.20 0.15 0.30 O.E6 0.00 0.08 1.02 94.669.70 0.09 10.14 0.15 0.30 0.89 0.10 0.06 1.23 94.r.5
7.80 0.o7 4.62 0.95 0.50 1.63 0.lo 0.10 3.91 97.E27.80 0.0? 4.63 0.95 O.50 1.66 0.10 0.10 3.74 98.17
4.90 0.11 r.84 2.32 L.4O r.IZ O.00 O.OT Z.Ot) 98.125.00 0.11 1.86 2.34 1.40 1.r8 0.00 o.o7 2.og 99.10

13.80 3.20 9.6(ì 0.18 6.54 8.82 2.O0 0.16 2.30 0.10 0.08 0.01 96.7113.50 2.70 9.70 0.18 6.49 8.?8 1.90 0.19 2.40 0.30 0.07 0.01 96.86
6.90 0.o2 0.97 1,.70 L.20 2.23 0.00 0.10 4.92 98.757.0t) 0.02 0.98 1.70 ]-ro 2.24 0.10 0.10 4.85 99.1r

r.1.8(ì 1.80 9.O0 0.15 6.2s 6.64 1.60 1.75 2.20 0.10 0.07 0.08 98.301r..90 1.60 9.30 0.15 6.29 6.57 r.60 r.77 2.20 0.20 0.07 0.07 99.07
4.80 Q.7O 3.7Q 0.03 2.70 O.oct 0.20 1.96 2.7O 0.oo 0.o2 0.o4 98.434.80 O.7O 3.7O 0.03 2.72 O.OO 0.90 1.94 Z.T0 0¡O0 0.OZ 0:OS 98.43
0.90 0.o0 1.o0 0.01 0.36 1.86 5.70 0.91 0.40 0.10 0.00 0.01 98.?90.90 0.o0 0.90 0.01 0.35 1.88 5.80 0.91 0.50 0.10 0.00 0.o0 99.60
4.90 0.70 3.80 0.08 1.75 3.58 2.?0 1.60 1.00 0.20 0.o4 0.05 100.054.90 0.50 4.00 0.08 L.74 3.59 2.70 r.ss 1.O0 0.20 0.o4 0.o4 700.02
6.30 2.O0 3.90 0.09 2.15 0.15 0.20 r.44 2.40 0.10 0.03 0.08 98.846.30 1.80 4.00 0.09 2.19 0.15 0.20 1.43 2.40 0.lo o.03 0.08 98.5?

Appendix C

S Total

0.10 0.06 0.06 99.04
0.10 0.06 0.05 99.15

332



Samplc

32-657-t 540
32-1657.5-1 605

34-L275-t 7r4
34-2275.5-t 697
34å.-1463.5-1 79
34A-2463-1 70

34C-145&1 422
34C-2453.5-1 427
224-t5L5-L 356
22A.25L5.5-t 337

19-440-1 62s
19-1440.5-1 620
24-277.5-1 L23
24-L277-L 99

24-tOA2-7 232
24-20A2.5-1 238

27-t324.5-L 191
27-232+L tgt)
29-47A.ú-L 74
29-L47&1, 79

29-10991 216
29-2099.5-1 262
31-970.5-1 276
31-1970-1 300
73-LL70.5-2 829
73-2t7G2 804
80-1138-1 684
80-2138.5-1 696
I8-27-r 298
D4-1-1 267
22Ð-1044-7 474
33-104+1 457

lable C.3. \Mhole-rock Duplicate Analyses. (conrinued)

Ba Nb Rb Sr

0
0

o
0

0
0

o
0

o
0

0

0
44

0
to

0
34

0
0

o
0

0
0

o
0

0
0

o
0

0
o

64 72 I 65 0.651 77 16 72 0.6
52 169 31 101 0.652 L7t 37 103 0.6
o 2a4 0 22 0.4
0 280 0 13 o.4

64 50 70 164 0.6
57 47 29 162 0.5
39 45 26 84 0.629 45 31 80 0.6
55 7t 0 83 0.0 0.660 61 37 82 0.0 0.6
7 42 0 115 0.0 0.2
0 75 33 704 0.0 0.3

16 35 0 62 2.O 0.421 37 32 56 0.o 0.4
77 83 0 91 0.0 0.516 83 29 85 0.0 0.6
o 304 0 51 0.O 0.5o 300 0 33 0.0 0.5

4! 71 0 59 0.0 0.5
49 66 0 56 0.0 0.5
30 80 0 31 0.o o.5
41 77 0 45 0.0 0.5
37 63 0 80 0.0 0.236 62 0 ?5 0.o o.2
2t 4L5 0 46 0.0 0.60 411 0 37 0.o 0.6
19 133 0 61 0.5
23 L34 0 59 0.5
o 43 77 65 0.4
o460650.4

b. Bli¡rd Du¡rlicates-Tracc Elcmcnt An:rlyscs (¡rpnr)

Ag Bc Cr¡ C¡ Cu La Ni pb

5169
5 11 10

I 11 63
8963

49 23 100
49 24 100

32 5 180
32 13 180

27922
27 10 22

21 11 15
zL79
15 4 I
16915
46 11 680
45 L2 690

30922
31 11 23

60 33 L20
60 37 1.10

45 64 20
42 59 22

49 46 too
49 63 110

23 10 32
23831
31 62
31 72
33 15 51
32 L4 48

4t L2 14
39 10 L3

6942.784
7642.785
7 6 L2 9.7 150
7 5 Ll 3.4 150
2 26 3OO 0.5 55
2 2A 310 0.5 60

14835.3?1OO
15 12 3 5.5 6400
7 7 11 2.8 sz
68 102.790
751552.760
631852.?58
57703.0240
6117L3.s280
3 23 120 55 2.2 2803 24 110 56 2.7 2go
662373.064
8 I 27. 10 3.0 130
3 35 10 310 0.6 llo
2 36 6 330 0.6 100
5 21. 18 80 1.8 63
5 19 16 79 1.8 63
3 36 0 250 0.7 95
4 39 0 250 0.8 93
14052.0L4
!4551.916
o42590.118
031180.119
7 ro 48 1.8 577 Lr 48 L.7 58
7672.s51
6342.350
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Samplc

27-4A4-L
t9- 100&2
24-IOO3-2
29-10032
70-LOO?-2
73-100$2
Ave(6)
Stdcv

SiO2 TiO2 Al2Os Fe2Ost Fe2O¡ FcO MnO MgO CaO Na2O KzO HzOt Crrr, pro"
77.L0
75.30
77.LO
77.80
77.6(.)
77.70
77,10
0.85

Table C.4. \Mhole-rock Replicate Analyses.

70-462-7 70.80
24-5rJ2-2 70.50
27-502-2 71.10
28-sO2-2 70.60
31-502-2 70.10
80-502-2 70.40
Ave(6) 70.58
Stdcv 0.31

2ZB-2036-L 70.70
32-1001-2 71.O0
34-1001-2 72.20
344-1001-2 71.80
34I}-1001-2 ?1.4()
22-LOOL-2 70.00
Ave(6) 71.18
Stdcv O.72

o.27
o.42
o.27
0,22
0.21
o.20
0.26
0.08

a. Major Elemcnt Arralyses (weight percent oxid<¡ or elcment)

Lr.40
1L.oo
1 1,30
11.40
11.40
I 1.30
11.30
o.L4

3.90
3.50
4.OO
4.O0
4.O0
4.20
3.93
0.2L

5.40
5.40
5.60
5.50
5.20
5.60
5.45
o.14

o.28 11.60
0.28 11.50
o.24 11.a0
0.28 11.60
o.34 11.60
o.24 11..60
0.28 LL.62
0.03 0.o9

o.34 12.80
0.31 13.00
0.33 13.1O
0.3(J 13.00
o.33 13.OO
0.30 12.90
o,32 12.97
o.o2 0.09

0.02
o.o2
0.o3
o.o2
0.03
o.o2
o,o2
o.00

1.40 3.60 0.o8
1.40 3.60 0.08
1.70 3.50 0.08
1.70 3.40 0.08
1.20 3.60 0.08
1.60 3.60 0.08
1.50 3.55 0.08
0.18 0.08 0.00

1.07 0.11
1.04 0.11
1.08 0.11
¡..08 0.1r
1.O9 0.11
L.08 0.11
1.07 0.1r
0.02 0.00

2.77 3.23
2.75 3.2t
2.78 3.2L
2.76 3.22
2.74 3.17
2.77 3,21
2.76 3.27
0.01 0.o2

t.5t 2.52
1,55 2.53
r.54 2.57
I.54 2.56
1.53 2.55
L.52 2.54
1.53 2.55
0.01 0.02

Sam¡rkr

27-484-r
19- 100&2
24-700:ù.2
29-tOO1-2
70-100&2'
73-100&2
Ave(5)
Stdev

4.50
4,60
4.80
4.80
4.60
4.60
4.65
0.11

0.60 2.16
0.50 2.O4
0.60 2.1r.
0.60 2.15
0.60 2.13
0.60 2.13
O.rrB 2,L2
o.04 0.04

Appendix C

310 Q 36 56 23 6E 0.0 o.4z6L 0 22 70 2t 61 0.0 0.4
313 0 39 51 14 71 0.0 0.4326 0 36 53 27 73 0.0 0.4320 0 35 55 L7 74 0.0 1.0311 0 42 50 19 76 0.o o.4304 0 35 56 21. 70 0.0 0.4
22077450.00.o

70-462-t 1133 0 56 49 !4 72 0.0 .o.424-rrO2-Z 1118 0 40 50 tT ?T 0.0 0.427-5rJ2-2 1r.18 0 6() 47 16 76 0.0 0.42E-602-2 1126 0 53 46 25 75 0.o (r.4
37-502-2 1096 0 44 54 13 72 0.0 0.480-502-2 1099 0 6(ì 48 28 76 0.0 o.4Ave(6) 1115 0 sZ 4s 19 7s 0.o 0.4Sidcv13082620.0O.O

Nl¡

1.30 3.30
L.30 3.27
1.30 3.29
1.30 3.28
1.30 3.26
1.30 3.30
1.30 3.28
o.00 0.01

1.20 1.86
1.20 1.86
1.20 i..94
1.20 1.91
1.20 L.94
L.20 1.92
L.20 1.91
0.00 0.o3

0.o9
0.09
0.09
o.09
o.09
0.09
0.09
o.00

0.10
0.00
0. l0
0.10
0.o0
0.00
0.05
0.05

0.00
0.10
0.L0
0.10
0.20
0.10
0.10
0.o6

0.60
0.10
0,10
0.10
o.10
0.20
o.20
0.18

0.o4 2.O5 96,31
o.04 1.91 95.40
o.04 2.01 98.19
o.04 2.01 99.03
o.04 1.95 98.67
0.0.1 2.10 98.96
0.o4 2.01 98.09
o.00 0.06 1,24

0.06 0.07 99.57
0.06 0.07 99.30
0.06 0.07 r00.31
0.06 0.o7 99.53
0.06 0.07 98.70
0.06 0.06 99.41
0.06 0.07 99.47
0.00 0.00 0.47

o.09 2.68 9A.22
O.Og 2.78, 98.39
o.09 2.79 100.05
0.09 2.13 98.99
0.09 2.69 98.8s
o.o9 2.74 97.42
0.09 2.63 98.65
0.00 0.23 0.81

Sr

S Total

1.10
r.20
1.10
1.10
1.00
1.1(r
1.10
0.06

228-2036-L 243 0 40 65 12 58
32-LOO7-2 249 cl 57 54 16 63
34-1OOL-2 243 0 49 6L 11 63
344-1001-2 249 0 39 62 23 61
348-1001-2 259 0 42 64 I 6122-LQtn-2 247 0 60 58 10 63
Ave(6) 248 o 48 61 13 62Stdev50a4S2

b, Tracc Elcment Analyses (ppm)

* laboratory er¡or in ICP analysis, see text for explonation,

2L729463922.6900
201525363322.4930
27527542922.4890
22827653732.s880
95 2800 84 t4 1600 20 30 5.5 190022629662342.4900
2LA27553232.4900
L4111610.1L7

Cr Cu

25 11 37740102.?85
28 9 38 5 5 I I 2.6 1102783955r.1 62.7762693765592.677
27 103655092.674
2A10357517102.?78
27 1037657s2.783
11Ll0610.1L2

Ni Pb

o.5 36 23 48 6 13 56 2.3 1400.5 40 24 48 I 12 55 2.3 150o.5 37 23 47 7 L2 55 2.3 140o.5 37 22 48 7 tr 54 2.2 r400.5 39 25 48 7 13 s7 2,2 1500.5 51 24 50 7 13 56 2.2 130o.5 40 24 48 7 L2 56 2,3 7420.05111110.0?
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Samplc

24-097-7
24-6s7-r
27-830-7
29-LL4çL
29-336b- 1

29-7L7.5-L
31-705-1
32-426-1
34C- 1 31 5- I
34- 1 L3G 1

34-757.5-7
H9-63-1
H9-64-t
34- 1 753.5- 1

24-O97-2
29-774Ç2
32-426-2
34C- 131s-2
34C- 1385- 1
29-336a- 1

29- 50 1- 1
31-259.5-1
32-L374.5-L
344-L292.s-1
34C- 1385-2
H8- 14- 1

I8-42-5
19-688- 1

34- 1397.5- 1

I8- 13- 1

79-744.5-1
27-L22A-7
344- 1360- 1

34-1306.5-1
34- 1443.5- 1

34-1.443.5-2
t 9-44(t- 1

19- 543- 1
79-629-7
224-L479-t
228-1509.5-1.
27-L165-7
28-288- 1

26-329. s- 1
29-301.5- 1

29-362-7
32- 1093.s- 1

32-1118.5-1
32-828.5- 1

32-950- 1

34.A- 1268- 1
34C- 1 185-1
73-677-t
80- 1064.5- 1

22-413-7
22-55(rI
70-397-7
29-7L97-L
29-464.rr-t
29-774-1,

29-804-L
37-767-7
3 L-989.5- 1

32-1169.5-1
32- 138& 1

Appendix C

Table C.5. \Mhole-rock Geochemical Analvses.
The totels are adjusted for S er¡d f".F.;õ;;;;;;;;îi;ã:'

Unit

1

7

1

7

1

I
1

1

1

1

1

1

1

1

1

1

1

1

1

.a

Codc

ePy
epm

mvpy
cePvx
cpmi
pxv

cdhnx
epx
pxi

epvxi

SiOz TiOz AlzO¡ FcOr Fe:Or FeO MnO MgO CaO NarO K"O ¡frOt COrt prO,
72.40
70.10
72.80
62.90
61.90
61.70
65.60
72.90
74.90
73.30

o.25
0.34
0,26
0,61
o.36
0.50
o.47
o.26
0.26
o-29

0.34
o.19
0.16
o.47
o.20
0.46
o.22
0.31
0.58
0.24

0.35
o.27
0.36
0.18
0.28
o.25
o.2L
o.22
0.28
o.2L

0. ¡.9
o.26
0.2ct
o.22
0.19
0.19
c.t.30
cJ.43
o.26
o.45

a, Major Elemcnt Analyses (weight percent oxide or elcment)

12.20
13.30
L2.20
16.1 0
18.10
14.80
13.60
!L.70
L2.90
12.s0

10.90
11.90
10.70
15.20
10.50
15.10
10.80
14.50
18.20
12.20

11.80
72.20
13.80

9,4Cì
12.70
L2.OO
12.80
lrJ.4o
10.30
7r.20

LL.7O
LL.2O
9.70

10.1(i
9.80
9.60

I 2.5(t
16.40
10.3(ì
16.1()

72.6(t
t2.50
15.00
16.30
10.70
L2.O(t

7.40
!2.70
1 1.60
12.O(,

e p 70.70
pl 73.00
ply 78.5()

gvpqu 60,60
lhlpv 64,0O
chfp 63.60
fphx 70.10
lhyxi 68.711

l1 61.50
c 79.00

5.04
4.23
5.13
6.t2
5.s8
9.54
8.01
6.2L
3.60
4.4L

5.67
3.96
1.89
8.55
7rd
7.O2

5.58
3.78
0.18

4.59
0,36
8.73
0.36
2.07
L.62
2.79
1.35
4.05
3.60

0.80 4.30

1.40 3.80
L.60 4.70
t.40 4.3rJ
5.10 4.90
3.s0 4.90
L.60 4.70
L,60 2.20
1.¡.0 3.40

0.70 5.00
0.60 3.50
o.20 L.70
2.30 6.50
L.80 5.70
2.OO 5.20
2.20 s.7(\
2.90 3.00

0.60 4.00
O.ocì 0.40
3.70 5.40
0.00 0.60

La dn 73.00
la cd 78.70
1a vpxi 65.90
la dx 83.60
La ph 74.4Q
la my 76.70
1¿r pml 74.0(t

7a/7t)¡t cd 79.80
1¿¡/10J) dyvmx ?7,4(.1
la/1(k pqlx 74.80

o.11
0.o9
0.16
0.09
0.07
0.07
0.08
0.06
0.06
0.11

L.75 Z.7A
1,36 1.45
1.92 1.78
2,30 3.22
3.O7 L.23
2,33 L24
2.06 3.76
L.59 2.42
0.92 1.85
1.11 1.40

2.80 1.87 1.00 0.10
2.6Cr 3.40 0.10
o.oo 2,17 2.00 0.20
4.10 1.36 1.30 0.10
2.30 4.74 2.20 0.20
5.80 0.88 1.30 0.00
4.30 0.17 0.70 0.10
2.60 1.66 0.80 0.20
4.80 0.56 0.50 0.10
4.7tì 1.15 0.50 0.1.0

o.oo 2.76 1..30 t1.00
3.10 2.83 0.90 0.90
2.50 1.34 0.90 1.10
1.60 0.76 3.40 0.L0
1.70 0.76 1.20 3.2ù
3.40 0.84 1.10 0.40
2.10 0.61 0.90 0.50
3.80 0.24 0.70 0.10
3.10 0.58 0.10
6.30 0.27 0.30 0.20
4.70 0.26 0.60 0.10
6.60 0.28 0.20 Q.20
5.20 0.27 L.70 0.20
4.9(ì O.10 0.2(r o.L0
2.30 Ú.26 0.20
0.90 1.26 0.80 0.30
2.20 2.79 1.00 0.50
5.60 0.13 o.oc¡
3.6(t O.24 r.Cro 0.10
3.2(t r.24 0.60 0.60

1c
1c
1c
Lr:
1<:

Lc
1l)
1b
1l)
1l)

11,

1b
1l)
1b
1l)
1b
1l)
1b
1l)
1. l¡

0.09 3.62 2.69
0.08 1.11 1.92
0.13 0.52 2.99
0.10 5.75 3.07
0.38 3.05 7.80
0.18 2.58 4.89
0.13 1.99 5.04
0.2Cì 1.OO 4.00
0.06 1.26 6.65
0.01 0.00 0.75

acd
p

du
d

acd
cdum

cp
p
a
p

c¡ri
c¡rrni
cPhv
cm¡t

a
cdemp

â
cpy
cpui
(:cl)

79.3(r
77.50
80.o0
81.80
62.2o
72.40
72.AO
61.80
82.30
67.9(ì

0.04 0.17 99.93
0.06 1.11 97.86
0.05 0.33 99.01
0.12 0.08 98.58
0.08 0.04 99.98
0.13 0.90 99.43
0.17 0.11 99.49
0.o5 0.00 100.56
0.07 0.50 101.12
0.07 0.30 100.02

0.06 0.18 98.30
0.02 0.o0 100.05
0.02 0.00 100.76
0.05 0.70 100.43
0.04 0.o0 100.33
0.11 0.07 99.91
().06 (r.00 100.35
0.06 0.63 100.19
0.04 3.11 98.18
0.06 0.o0 99.51
o.09 0.06 99.77
0.07 0.o0 99.55
o.10 0.27 100.2ô
().03 0.10 99.90
(J.05 1.49 98.68
0.03 0.43 99.99
(J.02 0.00 100.24
0.05 1.06 98.95
0.00 0.14 99.23
0.o3 0.o0 99.75

0.05 1.15 100.50
0.06 0.07 99.14
0.03 2.46 100.41
0.05 0.84 100.30
0.03 0.69 99.93
0.ù3 c.33 99.73
0.06 0.06 99.64
0.05 3.14 95.54
0.06 0.15 99.6tì
0.10 (,.07 100.83
().o8 (,.13 100.64
().06 (,.02 100.02
o.o8 ü.02 99.97
0.10 0.69 99.73
0.06 ().00 99,26
o.04 0.12 100.11
0.(-)4 0.10 99.93
0.04 0.11 100.52
0.06 0.66 99.?1
0.06 0.23 99.69

0.07 0.05 99.60
0.05 0.00 99.61
0.07 0.35 99.54
0.1 2 0.12 98.61
u.L1 0.25 99.6(,
o.o2 0.29 99.28
0.00 0.15 99.71
0.07 4.90 97.67
0.12 2.39 96.66
0.11 0.40 96.92

0.o8 0.o8 98.97
0.11 0.06 99.38
0.03 0.33 98.64
o.11 0.21 100.44
0.06 0.87 100.51

S Total

0.06 2.O4 2.72
Û.0() 0.14 0.49
0.06 2.27 t.Lz
0.o1 0.00 0.70
0.18 0.6+ 4.66
0.26 0,97 4.56
u.o6 L.24 2.52
0.01 0.10 0.46
0.07 0.96 0.91
0.o9 1.03 3.05

0.01 0.00 0.62
0.o5 0.33 1.89
0.cto 0.00 0.39
0.00 0.00 0.56
0.0(ì 0.10 o.34
O.cl(ì 0,o0 0.31
cì.14 1.51 1.64
o.o3 7.22 2.83
0.01 0.1+ 1.67
0.(ì7 1.05 3,08

o.40 2.50

L.50 2.7(.1

1.30 2.4C)

0.10 2.20

0.1(r 1.00
0.o0 1.o0

0.80 3.8()

0.40 0.30
o.7(t 4.20

0.60 3.5C¡
O.7() 3.70
0.90 6.00
L.ao 2.2Q
0.Ol-r 0.4tÌ
o.80 2.10
0,00 0,6f )

{).40 2.3(l
o.20 3.20
0.50 3.9u

0.10 0.60
0.90 3.60
1.90 5.50
2.20 3.80
2.60 8.90
2.80 6.80
2.60 5.5C)

1.10 1.50

0.00 0.90
0.40 1.60
0.10 2.50
0.20 1.70
2.60 4.20

1.44
2.31
2.6t
1.08
0.9tr
7.20
+.5U

0.63
4.86

3.96
4.32
6.64
3.78
0.36
2.8ô
0.54
2.70
3.42
4.4L

73.60 0.34
73.30 0.27
61.8() 0.38
66.1r) 0.39
81.3(r 0.20
76.40 0.20
66.90 0.20
77.40 0.22
74.80 0.31
73.4() 0.31

lb ay 84.8() 0.21
lb pm 72.90 0.91
1l) cph 67,10 0.36
1b cpnx 67.6r) O,77
ld nhx 57.90 t.I2
ld h 54.8Cì 0.31
ld h 54.OO O.24
4 mu 66.L(t O.2T
4 rlm¡ru 59.3() 0.39
4 dpm 68.50 0.40

6.00 0.23
3,90 (J.8(l 0.4rr
5.4u 0.12
5.6ú 0.10 0.10
5.4(r 0.15 0.2(r
4.6(, 0.35
2.8(l 2.$4 1.ç¡1¡
3.40 2.25
2.40 1.05 0.60
4.6(ì 1,63 (J.6rl

4
4 dmv
4mp
4 dmp
4 dpx

6.40 0.72
L2.4ü 4.4L
72.00 7.20
13.70 5.8s
15.20 11.25
1L.90 9.36
15.20 7.83
14.30 6.39
19.40 4.95
16.00 2.52

11.30 0.90
17.20 1.96
11.5() 2.61
15.40 1.89
13.6(i 6.57

0.o9 1.58 2.2(\ 3.70 7.55
0.06 1.37 1..63 3.20 2.O7
(.r.11 5.43 3.75 1.9(i 2.20
0.06 2.44 2.40 3.L( 2.92
0.01 0.14 1.82 3.6(1 0.63
o.o4 1.27 L.27 2.!0 2.5ö
0.05 0.00 1.51 2.7Q 0.1.5
0.05 0.73 1.63 3.9ar 1.17
0.()9 1.25 2.26 3.50 L.22
0.09 1.15 L.57 3.r0 2.64
0.03 0.15 L.38 3.40 0.22
o.L7 7.32 2.O5 1.90 2.61
0.09 3.70 2.66 2.70 L.76
o.o7 r.62 2.48 4.80 0.?6
0.2L 3.66 4.44 4.5() 0.O7
0.16 8.99 7.74 4.OO Q.24
o.75 7.66 7.76 4.90 0.29
0.03 1.23 1.75 r.80 2.25
o.02 L.64 2.29 2.50 4.26
0.04 1.40 2.06 4.0f) 2.31

78.20
68.60
76.30
72.20
66.80

O.1Lì
0.40
0.10
0.10
0.(tcl
0.10
0.10
0.00
0.oû
0.1. (.1

c1.10
0.2(t
0.20
0.10
0,10
0.2()
o.1(r
0.o(ì
0.10
(i.10

0.10
O.3r-l
0.10
o.10
0.10
o.10
0.10
0.o0
o.cì0
o.10

0.28
0.39
o.24
o.37
0.34

0.8(l
1.0(,
2.2U
1.30
o.3(J
1.10
o.2t)
tr.5t I

0.6('
0.7(l

0.1(i
1.10
1.30
0.70
0.60
r.2(t
1.20

1.10
0.05 0.70 4.53 L.zO O.rù7 0.60 0.50
0.o2 L.54 L.74 3.20 2.63 r.70 0.20
0.o4 r32 2.ZO 1.50 1.16 1.4() 0.10
o.o3 L.27 3.45 2.60 2.O5 0.80 0.10
0.09 1.64 2.83 3.10 1.70 0.80 0.10
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Sample

32-L434.5-1
32- 1 565- 1
34-1834.5- 1

8t)- 113& 1

H6- 1- 1
17-29-L
17-32-7
19- 1233- 1
24-L20U1.
344-1644.5-1

Table C.5. \ll/hole-rock Geoehemical Analyses. (conrinued)

Unii

4
4
4
4
4
4
4
4
4
4

Code SiOz TiOz AlzO¡ FeOt FezOs FeO MnO MgO õaO Na2O K"O IirO;õõ;;A

34A-1644.5-2 4 bgpui 51.2034C-187S1 4 smvu 62.9018-6-1 4 ph 66.90
I8-27-r 4 pyhti 20.60
224-LL97-r 1/10d pvym ?1.30
24-463.5-1. 7/7Od m 73.30
7O-LO37.5-L L/tAò. vpy 28.00
70-115&1 1/10d pmvyi 72.6080-141G1 L/tOd pmv TZ.IIJ
31-312,5-1 1b/10d cdmpv 59.60
80-1680.5-L tb/1Od mvp ?1.40
19-1(J41.5b-1 L/10p pv 85.20
228-7783.5-J, r/1.oyt py 6?.s0
19-986-1 r/UJy> gpv TZ.7o
24-7044-1. 1/1(r¡r gvpu S2.80
24-981a-1 7/tO1> gv Zg.60
27-7324.5-1 1/10¡r gmvur Zt.BCr
27-L343-l L/L0yt gvp 66.40
29-1092-1. l/10p cgmpu 64.90
344-1679-1 1/10¡r gmuv 7U.00
198-872-1 i.b/10J) mupvi 66.40
L9-1237-l lb/10¡r cpmv 66.5019-662-1 lb/10p mui 64.?0
22A-L575-r lb/10p cpvsi 21.00
224-155L.5-ttb/10p cl)vi 23.80
224-L752-1. 1b/tOp nruk 68.0(ì
22A-7752-Z 1b/1trp am 83.00
31-1,275-1. ltì/r0t) mp 66.6019-11fr(!1 4/1tJ¡: mvupi 62,30
19-125(ts1 4/t1p nri ?1.10
224-1885-1 4/10p mkpui 46.4()
22A-7975.5-L 4/l(rp puqv 61.40
224-1979-1 4/10¡r mvusi 68.4(l
224-2OO4-1, 4/10p omvus 65.90
228-2036-1 4/lop mvupi ?0.2()
24-IOA2-L 4/10p rmvu 6S.Si)
24-7228-t 4/I)p pvm 20.90
2E-343-1 4/Lûp om 70.1(ì
29-1'O/¿7-L 4/10¡r cmr¡ru 61,3()
29-7099-1 4/1,01> rru 66.20

dmp
vP

Pmi
P

pmlx
pmli
Pm
8p
8p

gaui

7r.20
62.90
7A.20
74.O0
73.90
72.40
74.OO
68.60
68.50
78.20

a, Major Elemcnt Analyses (weight pcrcent oxide or element)

0.34
o.47
0.19
0.14
o.24
o.24
o,24
o.34
0.41
0.33

L4.40
15.60
LL,7O
14.30
I 1.90
11.80
11.90
14.10
13.50
11.50

2.7Q
6.30
2.70
0.81
3.76
3.96
4.74
4.05
4.86

0.00 2.80
0.80 5.60
o.50 2.20
0.o0 1.00

o.90 3.10
0.90 3.30
1..60 2.60
1.70 3.30

0.50 3.50
0.70 3.80
1.30 4.40

0.50 4.60
1.10 3.90
0.50 3.30
1.30 3.30

o.50 4.60

1.10 3.50
0.8(Ì 3.80

o.80 3.3Cr

0.70 3,80

0.32
o.29
o.25
o.26
0.33
0.28
o.22
0.26
0.30
0.34

0.29
0.67
0.31
o.27
0.s7
o.24
o.27
o.27
0.46
0.35

0.30
o.40
o.22
o.31
o.26
o.24
0.16
0.36
o.25
o.26

o.72
o.45
o.26
0.30
0.34
o.32
0.36
o.37
0.51
0.34

11.80 9.54
13.80 4.23
14.50 3.96
t4.40 4.41
13.10 5.58
L2.20 4.A6
11.20 5.04
t2.40 4.95
12.10 3.78
2L.OQ 4.47

12.30 5.04
18.7Cr 8.91
15.10 4.50
13.20 4.50
14.00 13.86
11.80 3.96
72.71t 4.4t
L2.7Q 4.41.
15.50 6.12
13.30 5.13

13.90 6.10
13.90 6.84
9.5Q L2.42

13.10 6.12
L2.70 4.L4
11.60 1L.61
8.30 3.15

15.80 4.86
9.3Cr 13.95

12.00 5.31

26.90 6.75
15.1(¡ 8.1o
11.4(ì 8.91
13.3(r 8.82
12.8(r 4.05
73.3(t 7.Q2
13.70 3.15
18.7tì 1.62
14.80 6.55
1.3.4(.t 6.2L

L2.80 L2.6(l
15.50 3.96
1.4.30 1.89
11.O0 10.35
L3.80 2.97
12.00 3.78
9.4çt 6.27

12.70 5.40
L3.00 3.24
11.50 5.67

72.20 4.59
13.20 3.69
11.60 9.18
11.80 9.18
11.90 7.11

0.03
0.12
0.06
0.o1
0.05
0.06
0.o4
0.09
0.07
0.0r.

1.40
4.77
1.08
0.36
1.0i.
r.57
L.7L
3.29
3.61
o.44

2.43
2.54
2.71
1.86
2,65
4.57
2.60
4.34
2.22

2.40 2.69
3.10 1.2s
I.70 r.27
5.70 0.91
2.40 2.24
0.50 2.09
1,.30 2.77
L,20 2.t9
1.00 1.94
2.60 0.35

Appendix C

0.14
0.10
o.09
0.08
0.28
0.05
0.29
0.13
0.04
0.o5

2.01. t 1.00 1.20 0.93
4.53 0.80 0.70 2.7r
L.63 4,77 2.90 7.29
1.75 3.58 2.70 L.60
2.76 t.gt 0.06 2.45
t.27 r.62 !.30 2.{)4
2.97 3.36 0.40 7.22
L.23 L.54 3.50 1.36
2.98 L.47 2.80 L.92
2.60 0.62 2.60 5.s6

1.20 0.10 0.06
2.60 0.10 0.12
0.80 0.10 0.04
0.40 0.10 0.00
1.O0 1,00 0.04
1.50 1.30 0.04
1.50 0.50 0.o4
1.10 0.10 0.09
2.20 cr.00 0.10

0.20 0.08

0.88 99.71
0.16 100.03
0.10 100.63
0.00 98.78
0.00 r00.21
0.08 100.13
o.00 100.80
0.87 100.29
0.98 99.29
1.05 99.80

6.71 98.82
1.45 95.83
0.00 100.07
0.05 100.?5
0.22 100.03
1.50 98.05
0.00 99.41
0.15 99.29
o.()0 99.13
o.o(t 99.72

o.11 99.76
t.67 9A.L2
0.71 99.95
0.13 100.06
4.81 95.45
0.26 99.77
2.05 97.63
o.L2 99.76
2.57 98.82
3.86 96.63

0.04 3.71 0.68
0.06 4.O5 4.15
o.21 2.34 5.46
0.10 1.54 3.38
0.L2 8.40 2.37
0.06 2.89 2.56
0.11 1.84 2.32
0.041 6.15 3.19
0.06 1.97 3.42
0.o3 0.89 2.42

S Total

29-876-1. 4/10J) mvui 59.50
31-669.5-1 4/701t py 66.4(ì
344-1565-1 4/L)p dm¡r ?2.20
34C-L747.5-7 4/10p omukp 6?.80
34-166G1 4/1u¡r mpki 24.80
22A-77AA-L 4/701> gvpu Tr.40
24-lO4+2 4fI01t cgvlt 24.00
34C-¡.831-1 4/1{}p gmup 68.50
34-t72gL 4/t1p gmpt 72.7(t
228-1044-1 10d ovmsi ?6.60
22-907-7 lOd omvks 25.80
22-957-L 10d <¡vmsr 23.30
22-996.5-f 10d ovmsx ?1.2()
24-444.5-L 10d omuvi 68.60
27-593.5-1 l(ìd ovsmx 74.50

5.60 o.04
0.20 0.08

0.90 0.8ct 0.04
1.00 0.20 0.04
1.80 0.10 0.07

0.00 0.06
1.50 0.10 0.05
1.00 0.10 0.06
1.30 0.20 0.12
2.60 0.10 0.05

L.20 2.27 2.60
3.30 1..04
1.00 1.65 1.10
1.60 1.20 1.20
0.00 0.29
1.80 0.34 2.00
L.40 1..77
0.50 1.15 2.60
t.7o 2.s3
1.50 1.92

1.80 4.50
0.60 3.60

o.o2
0.18
o.00
0.08
0.04
0.o2
0.01
0.09
0.02
0.06

o.02
0.16
o.o2
0.07
(J.09

0.07
0.03
0.o(l
().05
o.o2

o.E7 0.15 0.50 3.58 0.1() 0.07 4.8O 97.s9
3.26 3.O2 L,30 2.L2 0.0(r 0.08 1.89 99.02
0.39 0.29 0.7() 1.90 0.1() O.05 10.90 98.45
2.39 L.42 1.50 1..89 1.60 0.0(ì 0.07 0.3c1 99.69
2.37 2.L3 2.40 L.20 1.30 0.1() 0.(J6 0.09 1í_JO.O30.76 0.46 L.00 1.08 0.10 0.0? 9.90 99.39
0.52 0.18 0.6(1 1.68 0.10 0.05 2.36 99.54
1.9(i 2.68 1.50 2.9(.ì 0.00 0.06 I.26 97.72L.t2 0.26 0.so 2.07 (J.2(\ O.O7 10.1() 9?.62
0.84 1.91 1.O0 2.33 0.8(r 0.07 3.69 96.45
5,57 Cr.26 (ì.80 4,41 (ì.o() o.07 4.()4 g4.g3
2.30 6.05 0.9(r 1.4? 0.10 0.06 2.03 97.63
2.36 0.22 0.00 1.74 0.0(ì 0.04 4.94 97.06
2.96 O.20 0.0(J 2.60 u.10 0.09 4.82 9?.96r.s7 2.52 1.2ri 1.86 0.60 0.o9 2.66 97.774.62 0.95 0.50 1.63 0.10 0.10 3.91 97.05
L.29 L.62 4.10 1.32 (,.10 0.09 r32 9?.65
0.38 0.19 7.2(J 4.20 o.o0 0.10 L.zr 97.77
4.10 i..40 0.80 0.2rj (J.10 t,.11 4.56 95.36
0.97 1.70 7.20 2.23 0.0(.1 0.10 4.92 98.06
2.45 0.28 0.00 2.78 0.10 0.o7 8.35 97.24
2.47 2.5A 4.3U t.8ü 1.lC1 0.30 0.12 0.r)9 99.232.L5 2.79 0.80 2.81 1.40 0.10 0.10 0.14 99.53
r.23 {t.L7 0.00 2.{3 0.00 0.06 ?.34 98.85
1.17 0.35 0.80 2.75 0.10 2.09 99.16
4.O7 4.03 0.80 1.47 1.30 0.1.0 0.07 (J.99 100.2?t.96 3.77 0.00 0.38 (,.00 0.07 2.68 98.07
1.29 2.38 1.5(ì 2.03 0.00 0.05 3.94 97.15
2.43 Z.O4 0.8(r 2.50 1.70 (.).10 0.09 0.95 99.15
2.L5 Q.75 0.O(.) I.44 2.40 0.10 0.03 0.08 100.64
1.48 0.10 0.00 2.09 0.10 0.04 2.52 98.53
2.26 0.62 0.00 1.86 2.4(t Q.LO 0.04 0.31 96.20
3.31 0.15 0.00 0.96 2.6() 0.10 0.06 0.14 100.08
0.93 0.16 0.O0 3.14 0.10 0.06 4.32 g?.5I
2.24 O.73 0.O0 L.27 2.30 0.10 0.07 0.14 100.35

0.10 0.05
0.20 0.o9
0.10 0.05
0.10 0.07
0.10 0.03
0.10 0.06
0.00 0.o7
t).10 0.o7
0.10 0.11
0.1.0 o.09

0.54
o.33
o.27
o.34
0.28
o.z3
0.28
o.33
o.22

o.2r
0.31
0.28
o.22
0.23

0.30 3.7(,
o.3cì 1.60

1.00 2.90

o.70 2.6(l
2.O0 3.gt:t

o.90 2.90
4.20 5.40

3.0cì 4.40

lì nt
0.11
0.04
0.o1
0.01
0.11
0.04
0.06
0.05
0.09

0.03
0.06
0.11
0.08
0.10
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Sam¡rle

27-733-L
34D-930- 1

348-967-1
34-863.5- 1

34-937-t
70-664-L
70-687- 1

70-a22.5-7
70-876.5- 1
70-934-7

Table C.5.'Whole-rock Geochemical Analyses. (conrinued)

Unii

10d
10d
10d
r0d
10d
10d
10d
10d
l0d
10d

Code SiO2 TiO2 Alzos F"9, t"olfgO Mno Mgo CaO Na2o Kro Hror cõrt prO"
omvr 71.40
vmski 70.40
vmsi 70,30
vmki 73.00
vmysi 70,20
ovsmx 74,40
ovsm¡r 72.00
omvsx 73.50
omvki 74.30
omvy 69.90

73-1107.5-1 10d omvs ?7.00
73-1.170.5-1 tOcl omvks 62.90
73-1770.5-2 10d omvi 26.10
73-L224-l 10d omv6x 25.40
73-1257-1 lOd omv 25.10
73-131G1 lOd omkst 70.60
73-949-L 10d omv 28.30
80-117G1 tOd pvmi 62.80
80-1382-1 10d omv 26.00
80-1639.5-1 1()d ovm 21.60
24-277.5-7 10d wovmk 52,4f1
80-1571.5-1 lOd wovkm 91.90
27-4A4-1. 10da ot ?Z.tO
27-504-7 10da okí 82.1rì
34-799-1 10da ou 81,60
198-785-1 lúp ckru 24,0(r
19-601-1 10p omrku 51.10
19-95(J-1 10J) ckmuJ) 6B.Cl(ì
224-f625-L 10p omvsv 69,81)
228-L7O3-L L0J) pmysx ?4.S0
228-1727-1 1()p mpvsu Z2.1tr
228-7727-2 10p omspy ?1.50
24-872-1 10p kmup 45.50
24-AL2-2 tOp nrkur 53.5Cr
24-812-3 10¡r muk 42.90
24-997-1 10p cmsk 25,80
32-1465.s-1 lüp dmu 59.50
344-1614-r 10p mui 6?.80
34C-L377-7 1()p mskut 55,80
34-1347-! L0¡r mvuk ?0.2(,
34-L477-7 10¡r muj ?r.So
34-1551-1 tOp cmùi 74.00
34-1607.5-1 l-0p gmk 20.50
34C-162er1 1{)J) gvup 63,00
34C-171(L1 10p gv ST.4o
198-663.5-1 1Cr¡ra 72.AO
224-1636-1 1O¡ra ouk ZT.!O
22.4.-165t)-1 1Opa ui 26.20
22A-L65O-2 !01ta opui 74.70
228-7723-l J,îytzt outi 22.1(.r

27-L295.5-7 tîpa cllu ?1.80
34C-1435-1 10pa uk 62.4u
34C-1453-1 10pa ou 48.4e
34-1539-1 10pa. ui 66.3t)
19-848-1 1O¡r/5 orumk 33.8(ì
24-lL31.a-l 1,01>/S zar ST.4O
34-152s.5-t 1t)p/5 mupj 86.80
24-LI9O.5-1 4/5 upv 52.10
29-1019-1 4/5a clu 4Z.Ao
34-1498.5-J. 3 ourpi 15.50
H6-10-1 4/70 kpu 62.90
H9-13-1 4/70 pusk 68.60
H9-30-1 4a/rQ pm 69.60
H9-30-2 4a/10 psmy ?4.80
H9-3o-3 4a/to hv 7s.90

0.33
0.23
0.37
o.24
0.36
o.22
0.25
o.23
0.27
0.23

o.L7
0.24
0. l9
0.27
0.32
o.24
o.24
o.57
o.23
o.25

a, Major Elemeni Analyscs (weight perceni oxide or element)

L2.80 4.77
12.70 6.48
L2.80 5.04
12.30 4.05
L3.20 4,77
LL.20 7.47
1r.80 7.65
L1,.70 5.94
11.20 5.13
12.70 5.94

LL.70 4.23
13.50 8.64
ro.80 4,32
11.30 4.68
10.80 3.60
11.50 6.66
11.50 2.70
1.4.OO 5.22
L1.90 2.25
12.30 4.68

r..00 4.10 0.10 3.87 1.04 1.10 0.71
0.90 3.30 0.02 4.31 0.18 0.00 1.34
0,50 4.30 0.13 3.84 1.?1 1.60 0.6s

0.05
0,0e
0.10
o.02
0.13
0.04
0.05
0.o4
0.02
0.20

3.90 4.00 0.04 2.09 0.11 0.00 0.8?

.05
,06
.10
.02
,13

2,20 5.70 0.05 3.20 0.12 0.00 1.29

3.
4.
3.
4.
3.

3.
t

4.

L.90 4.20 0.o4 2.24 0.r4 0.00 2.14

3.05
4.89
3.87
4.31
3.84
2.09
3.20
2.24
3.t2
4.54

0.50 4.70 0.02 3.12 0.10 0.o0 1.52
L.10 4.9tì

0.82 0.00 1.82
o.18 0.00 1.15

0.70 3.60 0.04
0.05

0.70 3.7C1 0.03
1.?0 3.6tr 0.03
0.40 3.30 0.02

0.04
o.40 2.40 0.o2
0.07 4.60 0.09
o.20 2.oo o.o2
0.80 4.o0 0.06

0.40
0.52
o.27
o.77
o.26
0.27
0.43
0.25
o.29
0.26

o.z5
0.32
0.65
0.5 L

0.62
0.32
0.51
0.38
0.45
0.30

0.23
o.24
0.3ú
0.43
0.66
o.26
0.2 5
o.25
0.27
0.34

19.2Cì 9.18
39.70 10.89
11.40 3.51
9.90 2.70

10.60 1.O8
12.90 3.33
19.60 13.23
16.60 5.40
13.30 5.49
12.40 4.so

12.30 6.12
12.20 6.03
30.00 8.64
27.70 5.40
27.60 7L.r6
11.70 2.O7
75.70 9.27
74.20 5.94
22.1(r 8.5 5
15.¡.0 4.86

L0.90 8.26
12.10 6.46
16.10 4.86
L2.7Q LL.52
16.70 6.28
L7,20 5.76
11.30 3.51
12.20 3.51
12.50 3.96
13.6C) 3.87

11.80 7.1t
LZ.OO 12.42
?4.80 11.61
L2.2O 9.27
20.90 23.67
10.00 19.53
L5.70 26.73

7.71t 20.97
1.60 9.90
6.00 36.90

L4.40 3.87
14.10 4.68
14.30 4.59
13.5Cì 3.15
L3.40 3.24

Appendix C

2.73 0.00
3.98 0.00
2.70 0.00
2.35 0.I4
3.31 0.14
4.04 0.!2
2.21 0.L2
2.58 1.80
2.69 0.58
4.59 0.L2

0.10 0.05
0.10 0.06

2.80 0.10 0.07
3.20 0.10 0.03
2,80 0.10 0.o7
1.80 0.10 0.06
2.80 0.00 0.06
2.70 0.10 0.06
2.?0 0.00 0.05
3.60 0,10 0.05o.29 0.00 1.99

0.10 1.0.20 0.15
2.20 8.90 0.o7 7.64 0.47

0.02 1.(t7 0.11
0.02 0.25 0.10

0.50 0.6(r o.oo o.24 O.I2
o.o2 ().72 2.50
0.00 0.44 0.48
0.01 1.ü6 0.53
0.12 3.15 0.18

1.30 3.40 0.L2 1.37 2.As

0.00 1.96 2.70
0.00 1.2r
0.00 1.96 2.70
0.00 2.01 2.60
0.o0 1.95 2.80
0.00 1.41
0.00 2.33 2.30
2.90 2.05 1.50
0.7Q 2.22 2.40
0.00 1.87 3.30
0.00 0.86
1r.00 1.26 5,7CJ

0.60 2.16
0.6() 7.79
0.50 2.38 1.30
2.4() 0.67
0.50 3.10
1.2() i..70
0.5û 2.44
0.9f) 1.53 1.3(ì

o.7(J 2.34
cì.o0 2.06
3.30 L.32
4.20 1.66
3.50 2.01
1.80 1.24
1.O0 3.47
0.90 3.35
1.50 3,49
1.60 1.62

o.o0 2.79
o.g{i 2.41
1.3(, 1.38
2.2û O.24
2.O0 0.74
1.()0 2.11
0.90 2.09
0.70 2.75
0.60 2.53
0.60 2.52

1.21 96.lCì
1.70 97.53
0,83 98.98
0.69 99.44
o.24 99.67
0.00 98.79
0.00 99.47
0.06 99.01
0.04 98.51
o.54 100.01

o.ocr 100.02
1.41 96.70
0.04 98.93
0.08 99.04
0.0tì 98.32
1.61 95.88
0.00 99.88
o.04 98.13
0.00 99.38
0.00 98.94

S Total

0.00 0.02
0.10 0.02
0.00 0.02
0.00 0.08
0.10 0.08
0.00 0.06
0.00 0.06
0.00 0.14
0.40 0.o4
0.00 0.05

o.L? 2.3t t.20
0.09 1.87 0.54
o.01 0.93 1.58
0.01 0.75 L.41
o.(J1 0.96 0.58
0.00 0.27 0.56
0.01 0.55 1.76
0.01 0.75 l.o4
o.()5 0.75 0.87
0.07 1.98 0.79

0.00 0.08 1.02 93.34
0.10 0.27 0.40 98.99
0.10 0.o4 2.O5 97.92
0.or:, 0.o3 1.84 99.04
0.00 0.o5 0.61 98.6L
0.o0 0.04 2.16 98.47
0.20 0.03 11..60 97.82
0.10 0.03 4.41 98.19
0.10 0.08 2.47 97.30
0.2(J c'.o4 0.06 100.26
0.10 0.o7 1.48 96.77
0.10 0.07 2.{1 96.59
c|.10 0.07 6.92 97.29
o.lfj 0.()6 4.77 97.79
0.(,0 0.o7 9.21 96.32
u.7(.t o.07 1.71 98.23
0.10 0.08 8.94 96.66
0.20 0.10 4.51 98.06
ü.1il 0.û6 6.92 96.91
(J.1Cl 0.07 2.9r 99.37
0.20 o.o(i 7.05 99.76
(,.1u Cr.03 3.53 99.68
(.,.11r 0.06 3.7.1 99.16
0.1(ì 0.09 3.76 99.15
0.20 0.o9 3.22 97.O2
(r.O0 0.06 4.39 97.74
0.10 0.03 2.96 97.85
0.()0 0.o4 2.67 97.62
o.1() 0.04 2.56 97.86
0.1(,0.o7 2.67 96.49

0.26
o.24
o.52
0.23
0.32
o.29
0.33
o.27
0.o7
0.31

0.28
0.27
o.25
o.2s
0.24

* The total assurnes C¿ rather than CO2 as this sample is graphitic,

0.01 0.3(ì 0.28
t).o7 ().42 0,34
(.1.01 0.56 1.40
0.()4 4.14 1.87
0.o9 5.56 3.46
0.01 0.96 0.28
0.01 0.24 0.10
0.02 0.32 0.23
().02 1.04 0.18
0.02 0.58 0.69

0.05 1.63 0.3(r 0.50 2.55
0.o0 0.17 0,40 1.50 0.82
0.04 0.69 0.14 1.10 3.61
0.00 0.27 0.16 1.30 1.76
0.01 1.82 1.39 0.0tì 1.59
0.19 3.45 1.52 0.OO 0.09
0.02 1.19 5.66 0.90 1.O8
o.05 2.64 t.22 1.3(i 0.89
0.16 0.32 20.07 0.00 0.21
0.01 0.54 1.18 0.00 0.43
0.05 2.36 3.12 1.40 1.37
0.o8 3.52 3.24 0.90 1.75

0.70 4.00 0.07 1.71 4.36 7.40 2.34
().80 2.50 0.06 1.51 L.88 7.70 L.gz
0.20 3.00 0.11 1.38 3.84 1.80 1.15

(r.10 0.c)6 2.97 9S.39
0.00 0.0() 10.60 9?.91
(.r.0r) 0.06 6.30 9?.2o
0.L0 0.o0 6.94 98.8()
0.10 0.o2 18.05 9?.1.7
0.50 0.02 6.10 97.57
0.1(r cJ.00 1.4.30 99.24
0.o0 0.o4 15.90 99.06

16.50 0.0() 8.43 97.96
17.60 0.05 34.60 +91.69

0.o0 o.05 1.6() 96.00
0.20 0.04 1.27 9S.33
0.60 0.04 0.06 100.62
0.00 0.04 o.ori 100.26
o.10 0.04 0.00 1.00.06

DÐ'A
ùd¡

L.20
1.30
0.90



Samplc

H9-54-5
H9-60-2
H9-6-2
31-8 14- 1

73-634-1
80-1265- 1
80- 1286.5- I
80-131Ê1
19-157-1
L9-274.5-7

Appendix C

Table C.5. \Mhole-rock Geochemical Analyses. (conrinued)

Unit

t/to
4/Lo
4/70
10m
10m
10m
l0m
10m

L/r0c
I/LOc

Code

224-1350.5-1 L/Ilc qpm TL.4()
228-1347-7 1/t0c pmq ?1.90
228-1843-1 1/t0c pmqu 66.40
22-685.5-7 1/10c cpm 22.30
22-789-1. 1/tOc pqm 21.80
24-666-1 1/10c mpq 68.30
27-32A-t L/rOc pmg Z2.AO
27-763-1, 1/1(tc m¡rvui 68.50
29-183.5-1 t/LOc p T2.Bo
29-776-t 1/LOc mpq 55.90
3L-716-1 1/ltìc cmpq S0.10
32-657-7 1,/LLtc qp TZ.AQ
34A-L252-I L/toc qpl 6Z.Bo
344-992-1 7/rr)c p1m 71,.4O
34I}-1032.5-1 1/1Ltc pvmy 21.8Cì
34-1028.5-1 7/LOc pql 21.9(l
34-697.5-1 L/tJc pqt 66.s0
7O-462-L r/70c pq 20.80
70-560-1 1/t0c pq 4S.BO
70-566.5-1 t/10c cmqp ?3.?0
73-1.380.5-1 1/LOc ¡rmvu 21.80
80-173S1 1/10c pmq 2L.9ú
80-1795-1 7/70<: ¡rql 61.6(ì
228-L91.L-1, 1b/1()c plu 20.30
24-624.s-L 1b/t()c apq 22.00
24-624.5-2 1bll()c mpq 69.6O
27-963.5-7 1b/toc pmqy 20.0(ì
D4-37-1, lb/1(rc hqpv 64.10
228-195(l-L 4f1(|)<: hv¡r 62.40
24-L252.5-r 4/U)c pq 52.80
27-t486-t 4/7(k: p 66.80
27-L48ç2 4/r(rc pqh 66.3f1
2E-393.5-1 4/1,r)c: pl TO.Zo
29-739-1 4/10c mpu 66.4fr
32-f42C>L 4/11-tc ¿OUr, On,O,,
73-6O2-f 4f 7tr<.. I)(l ZU,T0
D4-9-1 4/r1c thq 48.6(l
D4-9-2 4/10c lvhp 56.70
H9-1(,-1 4/r1c pglx 67.40
19-1023.5-1 t0i cl 52.To
224-I262-L 1t,i qhp 70.9f1
2ZA-L262-2 1Oi ohp 62.80
24-1053'1 10i h 96.8(t
24-477-1. 10i ohl<¡ 44.40
27-1557-! 1(,i lq 48.70
27-703.5-7 10i h 48.00
29-856-1 1(ii lhq 56.50
31-790-L lOi hu 46.50
348-759.5-1 10i ohr¡pl 50.30
34C-184L.5-1 10i ohql 56.40

Psk
MS

skpm
vPy

vhpqi
ovhyi
ohv

SiO: TiOz AlzOs FeOt FezOs FeO MnO MgO CaO NazO KzO HrOi CO;;F;ó;
68.90
55.90
58.70
62.40
53.30
50.40
46.50
57.70
67.40
60.10

a. Major Element Analyses (weighi ¡rercent oxide or element)

o.25
0.64
0.57
0.59
o.22
o.22
o.2t
0.29
0.31
o.24

pv
vPy
lm

L5.OO 4.77
28.10 2.61
25."rO 3,24
15.40 8.64
14.40 8.82
14.30 15.21
11.00 16.65
21.70 3.33
13.20 6.66
9.80 3.33

o.4Q 4.40
1.80 1.O0
r..30 2.10
2.90 6.o0
2.00 7.00
3.60 12.O0
5.90 11.30
0.40 3.00
L.40 5.40
0.90 2.60

0.31
0.34
0.28
o.zs
0.34
0.39
o,23
o,z7
0.25
o.44

0.38
0.36
0.28
0.29
0.26
(J.25

0.28
o.28
0.5 L

o.25

o.32
o.26
o.25
o.22
o.20
0.35
o.32
0.31
0.35
0.4s

fJ.36
0.33
rJ.25
0.3(ì
0.41
o.25
0.36
0.39
0.28
0.49

o.26
o.24
u.60
0.11
o.40
0.lE
o.44
0.35
().06
o.22

72.60
12.80
!L.40
12.00
10.80
15.70
1.1..50
72.40
11..90
22.40

0.05 3.77 1.84
o.o5 0.76 2.77
0.07 1.04 3.46
0.76 2.97 3.75
0.15 11.40 4.55
0.78 10.94 0.97
0.40 10.14 9.30
0.05 2.76 5.82
o.15 4.22 1.30
o.09 1..15 1.1,45

3.96 1.00
4.32 1.60
3.78
3.96 0.80
4.05 L.90
3.24 1.50
4.23 1..50
7,20
3.33 0.60
5.49

3.00
2.90

3.20
2.40
1.90
2.90

2.80

5.50
2.00
1.60
2.A0
4.80
2.40
4.50
3.60
8.00
2.L(l

1.50 2.50 1.50 0.00
3.20 3.66 2.10 0.10
3.40 2.28 1.50 0.10
1.80 1..04 2.10 0.10
0.70 0.84 4.60 0.10
0.00 0.06 6.20 0.20
1.10 0.19 1.90 0.40
4.50 1.30 1.30 0.10
0.50 1.91 3.20 0.00
1.90 1.99 0.90 8.20

20.30 7.56
Lt.ao 2.97
11.7rr 3.96
11.80 3.78
1.2.10 5.49
11.3C1 3.69
9.90 6.30

l.L.6tr 4,86
17.7Cr 1.3.68
Lt.40 3.24

o.11 1.63 4.34 0.50 3.15
o.o7 1..71 2.30 1.00 3.19
0.13 2.66 5.56 0.00 1.99
0.10 1.0? 3.52 r.90 2.64
Q.Lz 2.55 5.13 0.o0 3.11
o.o4 I.6A O.72 0.00 5.42
0.09 1.67 2.95 0.60 4.19
0.09 3,20 1.24 0.OO 2.76
0.o9 0.87 3.32 3.10 1.90
o.04 1.56 2.30 1.60 5.75

2.30
1.C,0
2.60
1.10
0.7c)
l.4Ll
2.O0
L.40
6.30
1.30

0.04 0.00 100,15
0.03 0.00 100.11
0.03 0.00 100.05
0.09 0.90 99.96
o.o2 0.24 99.46
0.02 0.10 99.77
0.00 0.22 98.51
0.00 0.12 99.01
0.07 0.53 99.46
0.05 0.81 99.98
0.06 0.15 99.41
0.07 0.48 99.74
o.o7 L.46 94.57
0.05 0.00 100.33
0.07 0.16 98.94
0.06 0.23 98.56
o.07 0.05 100.04
o.o7 L.75 97.L4
0.06 0.04 100.02
0.o8 1.9CJ 97.09

0.05 0.35 99.83
0.07 0.03 99.48
0.05 0.04 99.64
0.07 0.29 98.50
0.07 0.07 99.50
0.07 0.50 98.34
0.06 0.56 99.06
ú.06 0.07 99.57
0.06 0.38 99.97
0.06 0.04 99.52
0.07 0.30 99.21
0.05 0.0c, 98.99
0.05 û.07 99.09
0.03 1.07 97.39
0.05 0.23 100.65
0.07 0.L9 99.1.3
0.07 o.o8 99.38
(,.07 0.25 100.45
0.09 1.15 95.56
0.r1 1.10 91.37

o.09 0.21 98.64
0.09 0.39 99.7(l
0.07 0.09 10ú.16
0.06 2.82 99.06
o.1.1 0.39 99.6ô
0.06 0.10 99.66
0.(ì6 0.32 99.98
0.05 0.51 99.76
0,04 tt.tlo 1(10.2(ì
0.07 0.19 99.69

0.04 0.00 100.77
0.06 (ì.00 99.42
0.10 0.8(i 99.23
0.02 0.0(, 99.67
0.08 0.53 99.25
0.12 0.21 99.88
0.05 3.40 98.41
o.o3 3.22 97.44
0.04 0.00 10(J.60
0.03 2.27 96.39

0.04 0.19 99.93
0.16 0.00 100.05
0.02 0.00 99.03
o.00 0.58 98.71
0.05 0.00 100.59

LL.7O
12.4L\
12.00
10.60
10,01-ì
13.60
13.30
14.30
L2.20
14,5(l

13.5()
13.1 0
13.60
L3.40
18.fJn
1 1..30
L2.70
13.20
14.0()
L2.30

S lotal

0.11 2.36 3.89 2.90 3.76 1.70
0.09 2.15 3.L2 1.10 3.6? 1.10
o.t2 2.OQ 8.67 0.00 2.09 1.10
0.16 2.86 3.8? 0.00 2.63 7.20
0.06 2.86 2.63 ().O0 2.45 1.60
o.Lz 2.4L 4.72 0.00 2.39 0.90
0.15 3.30 4.88 0.00 3.37 1.40
o.o8 2.77 3.23 1.3rJ 3.3Cr 1.10
o.tz 4.44 6.99 0.60 6.56 2.20
0.04 1.86 2.20 0.oo 4.28 1.60

5.49 1.10
4.O5 0.80
8.26 2.70

3.15 1.10
4.5(r 1.40
5.13 1.10
7.83 2.6C)
5.85
6.7s

r.00 0.20
1.40 0.10

7.20
1.00 1.50
1.00 0.r0
2.30 0.40
1.20 0.30

0.10
0.90 1.40

ú.10

il.50 0.08 2.49 2.26
3.4Cr O.03 2.00 1.67
5.9(r 0.14 3.73 5.80

o.o4 3.74 5.1,2
2.1iì 0.18 Q.96 4.23
3.20 0.19 1.69 2.35
4.l(f 0.13 L.75 2.26
5.5Ci 0.21 7.67 7.96

0.09 9.60 2.55
0.13 2.23 3.96

34-697.5-2 10i oplhq 44.O0 0.12
34-876.5-t 1oi hqt 5s.00 0.16
73-677.5-l 1oi hq 85.60 0.14
73-677.5-2 10i phq 48.80 O.2S
28-199-1 2 hnvx 5Z,OO O.4T

4.95

4.L4
l.Jb
4.74
4.68
7.1.r
5,4(l

7.LL

0.8(r 4.20
1.O(Ì 3,7(l
0.7u 3.5(l

2,6(r 1.8{l
1.50 3,3(r
0.80 6.40
1.30 4,2f I

1.8Cr 3.60
1.60 5.70

o.20
0.20
1.60
0.10
0.10
0.10
2.30
0.oo
0.40
o.70

0.10
0.20
1.10
1.40
1,00
0.40
0.40
0.10
0,1r:)
0.10

0.o0
0.8c|
0.50
0.1c|
0.10
1.00
9.0cì
5.30
0.50
5.70

0.10
0.2(!
0.10
9.20
0.10
0,4rJ
3.40
0.10
2.60
0.20

L.70 2.76 L.20
1.30 3.68 1.30
o.00 3.97 1.60
0.5(r 1.85
1.41r 1..46 0.80
ú.9(r 3.64 1.60
1.O0 3.49 1.40
1.20 0.94 1.30
0.0f1 1.49
2.3{) 2.L9

10.60 4.05 L.90 2.30 1.50 3.85 6.56
10.90 5.22 2.60 2.90 0.27 s.sg u.77
r.5.3ú 6.64 2.10 .1.90 0.16 4.49 9.26
5.Otr 6.39 0.90 5.50 0.54 r0.42 22.Or

L3.00 10.35 3.90 6.90 0.23 10.?9 12.05
8.70 11.88 4.30 8.O0 0.4a 14.67 17.52

13.50 6.66 0.17 3.E0 1.1.1?
9.50 10.35 Q..J.z 73.74 LL.r2
4.7Q 6.27 1.7rì 4.?0 0.27 L3.26 2L.97
9.80 11.25 0.24 6.76 L7.71.

0.o5 3.95 4.68 0.00 2.?5 1.30
0.o7 3.93 7.07 o.o(J 2.O2 L.OU
0.06 L.42 3.65 2.90 1..76 0.80
0.O3 0.96 1.5 i 2.Ou 2.C,4
0.07 1..74 3.49 0.0(ì 4.47 2.1(.1
0.08 1.76 4.92 1.8û 1.91 i..(.r(l
0.14 6.60 11.38 1.0(, 0.56 2.10
0.75 2.76 L2.1,1 1..2rì O.?1 1.3()
0.11 1.74 3.80 2.70 3.23 1.00
0.14 4.15 14.51 0.70 0.39 1..10

6.80 7.38
10.40 5.76
12.50 6.48
I5.OO 9.27
1,7.70 L2.24

1.30 6.20 0.38 7.20 16.19
2.50 3.50 0.17 11.99 14.30
3.70 3.10 0.20 7.s4 L3.65
3.10 6.5(ì O.15 10.07 6.60
2.90 9.60 0.r.7 6.68 4.50

0.00 1.66 1.10
0.o0 0.39 1.3Ct
1.30 0.42 1.10
0.00 0.()7 1.50
0.80 0.20 1.70
0.80 0.15 2.40
0.00 0.17
1.0(] 0.21
o.orJ 0.06 1.00
0.0i, 0.o8

0.00 3.81
0.00 (,.07
0.50 0.18
1.00 4.o0
4.20 0.22

338

1.60 L2.10
1.60 0.20
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Sample

29-669- I
29-757.5-L
3L-272.5-!
31-361-1
31-399.5- 1

3L-473-L
3 1- 52 1.5- 1

31- 5 58- I
32-r323.5-L
344- r.459b- 1

Appendix C

Table C.5. \Mhole-rock Geochemical Analyses. (conrinued)

Unit

2hv
2 hpvy
2 dhx
2 phv
zh
2h
2h
2hq
2h
2h

Code Si()2 TiO2 AIzOs FeOt FezOs FeO MnO MgO CaO Na2O K2O HrOi C0r;;;d

344-1463.5-1 2 h 49.90O.47
29-478.5-1 2a hv 49.10 0.S0
29-580.5-1 2a h 50.20 0.47
29-633.5b-1 2a h s0.60 0.43
D4-38-1 2r hv 49.10 0.45
.18-2-1 2a. hx S1.?0 0.44
28-272.5-1, 2e hvnx 51.10 O.49
29-6A5.'o-2 2 /LOs hn 63.90 0.40
344-1484-1 2/1()s hnx 20.j.0 0.32
344-1484-2 2/lOs nvx 68.90 0.40
H9-52-1 2b/10s nypx Tt.2O O.q7
H9-61-5 2c/10s ahy 69.80 0.69
29-633.5a-1 2/10e oqhl 44.10 O.4O
29-685.5-1 2/ttte ht 89.80 O.43
29-62\ra-7 2/1fti hqvlu S9.OO 0.¡.6
344-1459b-2 2f1,Oe oqth 39.80 0.96
16-20-1 2/10 ttyp 52.9o 0.TT
24-1,294-1 6a bhv 4S.ZCr 0.54
24-729+2 6a ah 58.9O 0,43
27-16L7.5-1 6a bhv 48.90 0.55
27-r6L1.5-2 6a ahl 53.40 0.48
29-L223.5-L 6¿r chv 53.20 O.42
32-161G1 6â hlv 52.10 0.S1
344-1760,5-1 6a dhvn 50.00 O.50
3ilD-201G1 6a bhv¡¡ 51.,4() tl.4Z
34D-201U-2 6¿r anhv 5?.20 0.40
22A-2075.5-1, 6 hl 52.50 0.46
24-12A5-L 6 hJr 60.10 0.S4
28-453.4-1. 6 ph 46.00 U.50
31-970.5-1 6 trpv S3.Cì(ì 0.4ô
3+-1851-1 6 hp 49.50 0.43
34C-1ô8&1 6/l0e hq¡rl S1.00 0.44
JE-23-1 7 òp 74.50 0.26

50.40
49.40
46.70
47.80
51.30
52.20
50.60
53.10
51.30
53.90

a, Major Elcment Arralyees (weight percent oxide or element)

0.47
o.44
0.50
0.52
0.48
0.48
o.45
0.49
o.47
0.4s

16.90 12.33
19.50 11.97
16.20 12.51
18.70 13.23
16.30 12.06
16.60 11.43
17.00 1L.88
16.20 10.98
77.40 72.L5
L6.60 9.27

18.20 11..43
t7.30 72.42
16.80 10.98
16.80 1 1.07
1?.30 12.60
17.00 11.34
17.20 12.33
13.90 8.91
L2.20 6.66
13.10 7.83

12.1,0 7.36
L4.20 3.87
16.40 6.73
11.70 6.39
9.60 13.86

16.20 7.83
t1.30 1,7.73
18.20 13.14
15.00 7.56
t7.o(\ 72.42

t3.90 9.27
!.4.70 9.90
16.70 10.80
17.30 1 L.43
15.5Cr 1¡..25
16.OCr 9.0(r
15.10 10.62
15.3r) 8.64
2(ì.80 13.4l.
17.10 10.62

15.30 9.72
15.00 9.9(l
L2.20 3.42

2.90 9.70
2,90 9.30
3.10 9.70
1.90 11.50
3.40 9.00
3.00 8.70
2.70 9,50
2.80 8.s0
2.90 9.50
2.40 7.70

0.18
o.23
o,23
o.L2
0.18
o.2L
0.18
0.20
0.19
o.17

5.95 7.77
5.55 3,97
6.38 9.81
6.55 3.52
5.96 9.12
5.32 10.13
6.1 2 8.91
5.16 10.40
5.59 6.63
5,31 8.63

5.93 6.61
6.54 8.82
6.02 10.35
6.49 6.36
6.50 7.41
5.73 7.66
o,J r J.Þ I
3.49 3.43
1.86 4.65
2.L7 2.88

1.18 1.93
1.79 5.06
3.52 19.99
2.59 10.46
2.74 8.60
2.87 23.A5
2.43 7.8L
7.44 A.O4
4.26 E.L9
7.56 7.22

5.57 1().43
7.28 8.72
6.62 6.93
6.33 7.r.8
8.60 7.72
7.13 4.64
7.3i1 8.79
3.01 s.25
4.7s 5.35
6.2s 6.5.1

7.E3 1 1.99
6.34 13.05
1..30 0.63

3.10 8.60 0.17
3.20 9.60 0.18
2.30 8.90 0.19
2.70 A.70 0.17
2.60 ro30 0.22
3.60 8.10 0.18
2.50 10.10 0.16
2.40 6.70 0.72
1.50 5.30 0.06
2.70 5.4Cì 0.06
1.50 6.00 0.16
0.40 3.50 0.02
5.30 4.0C) 0.1.6
2.20 1.4Q O.20

o.73
5.50 2.90 0.19
4.40 13.80 0.51
2.9ù 10.50 0.22
1.50 6.20 0.18
2.80 9.90 0.17

2.10 7.4Ct 0.19
2.20 7.90 0.L7
2.10 8.90 0.18
2.70 9.o0 0.18
1.90 9.50 0.18
0.6(ì 8.40 0.15
2.30 E.5tl 0.19
1.50 7.3C¡ 0.11

o.26
1.80 9.00 0.15

1.60 8.3() 0.23
4.0(Ì 6.31r 0.19
0.10 3.3(r 0.04

3.30 0.11
3.60 1.88
3.20 0.26
2.20 2,96
1.90 0.17
1.60 0.2r
2.50 0.24
1.30 0.16
3.10 0.10
{.50 0.o5

4.40 o.to
2.00 0.18
L.80 0.16
4.10 0.12
3.20 0.27
2.90 0.73
4.40 0.13
4.40 0.07
3.10 0.06
4.00 0.00

5.00 0.36
3.30 0.31
0.o0 0.07
2.50 c.,.09
0.3(¡ 0.12
0.00 0.00
Q.OO 1..22
2.90 0.20
3.20 0.15
2.70 0.11

2,2(J O.L5
1.80 0.26
3.20 0.53
3.60 0.12
2.9() 0.1.0
4.5Cr 0.(ì6
2.9() 0.09
3,2Cì 1.13
1.6() 3.70
1.60 1.75

0.6() o.43
0.4(, tJ.70
4.3(¡ 2.18

2.00 0.20
2.70 0,10
1.60 0.10
3.40 0.10
1.90 0.10
1.20 0.10
1.80 0.20
t.40 0.20
1.50 0.00
1.10 0.00

1.20 0.10
2.30 0.10
1.40 0.00
1.50 0.0(l
2.60 0.40
2.10 0.50
2.30 0.10
1.20 0.o()
0.70 0.10
1.20 0.o0

0.60 tr.10
0.7.J o. 10
1.4rJ 3.60
0.80 3.40

1.8Ct
1.60 6.60
7.40 0.2rr
2.80 0.10
1,(JO (ì.90
2.70 0.10

7.20 1".70
2.O0 1.il)
2.20 0.4(.1

2.50 0.7(l
2.10 (|.1(l
1.40 0.o(l
1.50 0.10
1.4(l ().4(ì

0.1(l
2.?n o.7ct

1.6(ì 0.60
1.80 0.20
0.9tt 0.10

0.05 0.09 100,00
0.08 0.20 99.80
0.05 0.00 99.83
0.06 0.00 99,33
0.05 0.07 99.91
0.05 0.00 99.80
0.05 0.00 100.25
0.06 0.00 99.97
0.06 0.00 100.74
0.o0 0.00 100.21

0.06 0.00 100.84
0.08 0.00 99.90
0.o5 0.06 99.19
0.04 0.00 100.01
0.02 0.00 100.37
cÌ.o3 0.o0 100.57
o.05 0.0tt 100.57
0.15 0.08 100.22
0.09 0.00 i.00.13
0.09 0.()4 100.93

0.11 0.O0 100.71
0.18 0.00 100.0s
o.()4 0.0cì 98.96
Û.17 0.30 96.97
o.o5 2.72 99.02
0.o2 0.00 99.39
(t.16 0.04 99.93
0.o5 0.22 99.76
o.07 0.07 100.05
0.07 0.1.2 99.90

0.06 0.o0 96.80
0.07 0.07 1í)0.29
0.06 0.04 100.46
O.oE 0.11 100.27
0.03 0.(,0 100.45
o.03 0.00 100.51
0.05 0.05 99.66
ú.14 0.cì4 99.41
0.06 1.28 97.51
0.07 0.08 100.10

0.o5 0.05 98.50
0.(ì6 (),(J(l 99.48
0.03 0.0(, 10(ì.04

S Total
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Sample

Appendix C

Table C.5. \il'hole-rock Geochemical Analyses. (conrinued)

24-O97-L
24-657-L
27-830-1
29-t746-7
29-336b-1
29- 71 1.5- 1

3 1- 705- 1

32-426-t
34C-131 5-1
34- I 13Ct 1

34-757.5-7
H9-63-1
H9-64-1
34-1753.5-1
24-097-2
29-L1462
32-426-2
34C-13r5-2
34C- 1.385- 1

29-336a-1

29-501-1
31-259.5-1
32- 1374.5- 1

344-L292.s-7
34C- 1385-2
H6- 14- I
I8-42-5
L9-688- I
34- 1 397.5- I
I8-t3-1
19-744.s-7
27-722ùt
34.A'- 1360- 1

34- 1306.5- L

34- 1443.5-1
34-L443.5-2
1 9-440- 1

I 9- 543- 1
19-629.1
22A-7479-7

228-7'r09.5-r
27-r165-L
28- 286- 1

2E-329.5-1
29-30 1.5- L
29-362-1,
32- I 093.5- 1

32-1118.5-1
32-828,5- 1

32-950- 1

344-1 266-1
34C- 1 185- 1

73-617-L
80- 1084.5-1
22-473-t
22- 5 50- 1

70-397-7
29-7797-t
29-464.5-7
29-774-1.

29-804- 1

37-767-L
3 1-989.5- 1

32-1169.5-1
32-138& 1

Unii Code

1
1

1

1
1

1

1
1
1

1

1

1

1

1

1

I
7

1

1

La

Semi-quantitative

ePy
epm

mvpy
cepvx
cpmi
pxv

cdhnx
epx
Pxi

epyxi

ep
pl

Ply
EvPqu
{hlpv
chfp
fphx
fhyxi

th
c

b. Tlace Element Analyses (ppm), Derived Values and Specific Gravity (p)

Ba Rb Sr Zr Cr Cu La Ni pb

213
1028
735
285

to22
191
72

184
180
304

39 74 63 0 11 0 0 0 01.959 86 83 0 90 0 0 0 02.725 73 74 10 85 0 0 0 02.5
19 145 36 17 59 0 16 0 190 1.257 77L23 0 15 0 0 0 63.8
0 39 27 13390 0 19 0 611.9o 67 33 10160 0 10 0 26L.735 67 75 0 0 0 0 o2.522r95 83 0 3? 0 0 7L.80 90 72 10 27 0 0 02.2

257494363122800
6fJ2 62 rLz 52 14 0 11 0
379 27 t1z 45 11 40 10 o
156080664t51027
780485300o0

r77 0 113 38 18 55 0 1670206177t210010
79 0268 89 11 55 0 L0150 0 255 169 10 15 0 1136 0127 71 10 (ì 0 0

1,49 0 99 84 2Q 67 o 11850779103300
118046301266010
770835304100
87 01.64 61 L2 55 0 0

263 0t77 44 10 57 0 940827977911000
8006578111300
6106686113500

209 0109 85 13 0 0 0

Quantitativc

La dn
1a cd
La vpxi
La dx
la ph
1a my
1¿r pmÌ

La/rop crl
la/10p dyvmx
1a/10c pqlx

Lc acd
1c I)
Lc du
lc d
lc acd
Lc cdum
lb cp
lbp
ll, a
1b ¡)

lb cpl
1b cpnri
11, c¡rhv
ltì cmJ)
lba
1b cdcmp
lb ¿!

lb cpy
lb e¡rui
lb ccf)

VYb Zn

150
þt¡u
140
100
130
67
42
64
86
75

150
82

140
t20
180
110

77
110
98

130

50
19

160
0

56
110
58

62
70

46
ot

0
16
64
60
75
t2
94

62
49
79

1 1tl
77

100
Ê

89
180
220

19
52
76

100
150
180
94
56

220
100

38
100
44
84
29

TotalYo log
alkalis io(FeOt) Zr/TiO2

Ðc¡ived values

4.67 4.85
6.00 2.99
2.r7 4.76
5.48 6.03
7.o4 5.54
6.68 8.53
4.47 7.89
4.28 6.21
5.36 3.04
s.85 4.O7

2.76 5.47
5.93 3.96
3.84 1.89
2.36 7.77
2.46 7.29
4.24 6.94
2.71 7.74
4.O4 4.65
3.66 0.30
6.57 0.18

4.96 4.52
6.88 0.36
5.47 6.43
5.00 0.25
2.58 0.40
2.16 1.14
4.99 2.79
5.73 0.14
3.E4 3.E9
4.44 3.60
6.23 0.15
4.70 2.26
5.52 -O.17
5.70 0.14
s.55 0.13
5.15 0.1 1

5.r4 4,43
5.65 t.zs
3.45 0.46
6.43 4.78

5.25 3.81
5.21 4.30
-1.1(J 6.82
6.02 3.01
4.23 0.36
4.60 2.75
2.85 0.43
5.07 2.56
4.72 2.68
5.74 4.15

3.62 0.66
4.51 4.47
4.48 6.81
5.56 5.72
4.57 10.97
4.24 LO4
5.19 7.66
4.05 0.90
6.76 2.27
6.31 2.O7

o 2.2
5 3.0
7 2.5

LAO 2,2
0 03.0
0 180 1.5

0 4.9
L1 4.1
I2.1

0 01.7

88 0 61 62 0 0 0 C, 0 01.1Lzr O 67 69 10 0 0 0 0 81.839 0 79 59 0 15 0 0 6t.143 0 76 68 (ì (, 0 0 01.077 0 54 54 0 20 o () 01.376 0 31 55 (ì 13 0 0 81.2625 55 71. 83 11 15 0 0 0 52.7
556 35 L44 709 72 16 0 L2 0 9 3.4252 8126 60 0 2E 0 0 0 01.3633 25 179 90 0 33 10 0 7 4.?

-L.60 2.74
-t.61 2.73
-L58 2.77
-2.23 2.76
-t.47 2.76
-2.27 2.78
-2.15 2.80
-L.54 2,73
-7.53 2.70
-L.61 2.77

-L.73 2.77
-L.56 2.70
-t.55 2,73
-1.85 2.78
-1.58 2.63
-2.0ô 2.81
-L.49 2.83
-L.54 2.75
-L.54 2.7A
-L.53 2.64

-t.62 2.73
-L.47 2.65
-2.06 2.74
-1..53 2.65
-1.54 2.74
-L.75 2.75
-L.42 2.74
-L.45 2.66
-L.5L 2.70
-7.39 2.76

-L.49 2.67
-1.58 2.69
-1.53 2.70
-L.57 2.64
-r.55 2.67
-1.5{ 2.8C1
-L.56 2.74
-1.60 2.78
-L.f)4 2,67
-7.70 2.75

-t.70 2.72
-7.49 2.72
-1.96 2.80
-L.67 2.72
-1,.52 2.67
-L.31, 2.72
-L.76 2.65
-L.37 2.69
-L.69 2.72
-L.59 2.71

-1.57 2.65
-1.60 2.75
-t.77 2.79
-2.O1 2.74
-2.43 2.90

2.95
2.9L

-L.62 2.87
-1.61 2.80
-1.70 2.7L

-L.69 2.69
-L.66 2.72
-L.34 2.7r
-1.65 2.72
-1.88 2.76

0 4L 2.4
(t 0 1.9

50 1.6
01.5
7 2.3
0 2.5
I 2.O() 6 1.5

6 3.5

365 30 70 68 0 24 o 0 52.4269 26 69 87 11 30 0 0 0 ?3.0
82E 63 77 40 28 59 0 2L 0 140 1.3
325 44 89 63 240 57 0 5i 24 8? 1.498 0206 61 0 20 0 0 0 01.4
583 32 80 98 !2 29 1,Q (, 0 5 3.48(ì 0107 35 0 42 0 0 00.9
622 46 140 94 10 33 Cr 11 0 2.7327 0 79 64 11 lE 0 0 (t2.2
7L2 50 71, 79 11 22 0 0 7 2.3

1b
1b
1b
1b
1d
1d
1d
4
4
4

4
4
4
4
4

ay
pm
cph

cpnx
nhx

h
h

mu
dmpu
dP*

139 0151 57 0 2r o 0
541526476137200
262 35 85 64 65 150 0 28 0234 0 83 76 10 50 0 028
a2 0 21.4 42 11 6? O L2
67 0 81 0 97Cì 75 0 160

158 0 145 0 860 140 0 L40 0
345 43 Lt2 65 72 56 0 2Q 2t

LO77 43 L22 96 36 47 0 14 o
197 75 11.6 80 12 4() O 0 0

L76 0 r87 57
dmv 568 33 185 86
mp 244 O 100 109

dmp 497 68 224 83
dpx 653 40 77 45

o 1.6
0 3.2

69 1.9
28 3.7

100 2.9
zLO O.2
240 0.o
52 t.4
70 L.4
rrÊ 2.7

0 26 0 0 0 361.7
20 24 0 L3 0 722.0
15 10 i.1 L0 0 6 3.5
L2 29 0 17 46 2.O
14 370 0 L0 62 r.9

340

L.77
5.83
2.66
4.65
4.80

o.81
1.91

1.65
5.60



Sample Unit Code Ba Rb Sr Zr Cr Cu La Ni Pb V Yb

32-L434.5-I 4 dmp 4A6 57 83 69 rZ 37 0 0 51 2.0 73 5.09
32-1565-1 4 ap 203 28 91 49 15 37 0 19 190 1,1 97 4.35
34-1834.5-1 4 pmi 2L5 23 L29 LzO 0 16 12 0 4 3.1 55 2.97
80-113&L 4 p 664 21415 46 0 0 0 0 Zs 90.1 18 6.61
H8-1-1 4 pmlx 304 33 81 54 19 L2 0 12 31 2.0 56 4.64
I7-29-L 4 pmli 297 0 53 51 19 10o 0 10 30 1.6 63 2.59
I7-32-L 4 pm 279 23 70 52 15 0 0 t2 27 L.8 25 4.OT
19-123&1 4 gp 4O5 42 49 62 !4 40 0 11 20 63 1.6 200 3.39
24-L2o$1 4 Ep 359 37 49 59 10 45 0 0 O 62 L.7 56 2.94
34.4-1644.5-1 4 gaui 256 0 136 47 2L 73 0 14 53 1.4 57 2.95

344-1644.5-2 4 bgpui 709 O 63 47 25O 230 0 40 LLO 2,6 540 2.r3
34C-1878-1 4 gmvu 294 25 49 69 11 63 0 0 47 L.7 310 2.8L
18-6-1 4 ph 231. O L42 64 13 30 0 11 43 1.8 49 4.19
I6-27-L 4 pyhti 298 19 133 61 15 51 o 10 48 1.8 57 4.30
22A-1L91.-r 1/10d pvym 536 55 34 74 13 41 0 rl 0 2.8 22O 2.57
24-46s.s-7 L/LOi m 260 24 65 75 0 43 0 0 28 O 2.4 76 3.34
70-1037.5-1 l/Lod vpy 165 37 44 73 18 0 0 10 0 5 2.7 Lzo L.62
70-1153-1 1/10d pmvyi 516 12 7E 76 27o 10 o 120 0 0 2.6 39 4.86
80-141G1 1/LOd pmv 245 82 101 74 10 013 0 0 5 2.3 30 4.72
31-312.5-1 1bl10d cdmpv 1209 63 79 zls 18 10 O 0 0 0 4.9 160 8.16

80-1680.5-1 1bl10d mvp 165 33 70 73 11 0 0 0 0 5 2.7 a7 3.41
19-1041.5b-1 1/10p pv 22O 0 86 72 O 24 0 17 Cì 210 2.3 110 4.34
228-tTA3.5-1. L/7Op py 2OZ 2A 89 91 13 76 13 L0 11 3.4 93 2.65
19-986-1 t/lrtp gpv 618 30 126 92 24 39 0 11 0 5 3.3 90 2.80
2+-7O4+r 1/r0p gvpu 78 O 0 46 790 160 O 89 (ì 310 0.0 340 O.29
24-98La-r l/l0y> gv 92 O 94 78 0 33 Cì 10 0 0 2.5 92 Z.L4
27-I324.5-t 1/10p gmvur 191 O 83 91 Q 22 0 0 23 7 3.0 84 2.57
27-7s4Tt L/rOp gvp 343 59 37 79 31 0 0 L1 0 L4 2.7 110 1.65
29-1092-1 l/10p cgmpu 288 49 A4 72 18 39 0 11 31 72 2.7 76 4.23
34A-7679-L l/lOp gmuv 313 30 88 61 50 30 O 20 7L L.6 38 3.42

Table C.5. \Mhole-rock Geochemical Analyses. (continued)

Semi-quantitative

b, Trace Element Analynes (ppm), Derived Values and Specific Gravity (p)

Quantitative

198-672-L 1b/10p mupvi 471, 35 36 92 0 14O 0 0 21 0 3.1 55 4.08
L9-r237.L 1b/10p cpmv 276 37 46 65 18 31 0 13 20 49 2.8 190 3.42
19-662-1 1b/10p mui zOL 22 74 55 0 160 (ì (J 54 6 L.7 95 2.60
22A-LSL5-I 1b/1op cpvsi 356 39 45 84 0 22 0 0 Ll 2.A 92 3.39
22A-L55L.5-L 1b/l0p cpvi 254 L8 78 84 0 11 0 0 8 3.0 22 3.60
22A-L752-r 1b/l0p muk 184 0 40 70 0 180 0 0 6 2.L 310 2.08
22A-L752-Z 1b/10p am zao 32 62 52 0 13 0 0 I L.2 27 Z.2E
34-1275-L 1b/l0p mI) 7L4 52 169 101 11 63 0 0 LZ 3.7 150 4.4(.\
19-1100-1 4/1O¡r mvupi 205 0 0 40 (t 22OO Cl 15 110C, 36 1.1 Lz(:t 2.57
19-1250-1 a/r9p mi 356 47 52 67 10 49 0 13 21 40 2.2 82 3.33

TotalZo log
Zn alkalis iz(FeOt) Zt/1iO2

Appendix C

Derived values

224-1885-1 4/10p mkpui 457 44 5A L24 19 16(, 19 26 140 5.2 16(1 5.21
22A-L975.5-7 4/1Op puqv zLO 0 89 39 16 77 O 25 1.90 1.8 L1(1 2.37
22A-L979-l 4/1Op mvusi 230 O 35 50 53 590 0 23 64 1.8 1rO0 !.74
22A-2004-1, 4/1Op omvus 37L 40 36 66 10 89 O L2 69 1.7 630 2.60
228-2036-7 4/10p mvupi 243 4(t 65 58 23 46 0 13 56 2.3 I4(.t 3.06
24-1.OA2-1 4/10p rmvu 232 0 35 62 11 680 O 23 720 55 2.2 280 2.73
24-LZZA-1. 4/LO1> pvm 254 O 139 66 10 26 O 0 0 55 1.9 7L 5.42
28-343-1 4/70t, om 395 31 160 E4 0 490 11 0 120 54 1.8 17OCì 5.40
29-1057-L 4/10p cmr¡ru 418 O 72 65 O 24O O 0 51 6() 2.8 7L 1.O0
29-10991 4/701> mu 216 41 77 59 64 20 O 21 0 80 1.8 63 3.43

29-876-1 4/1ûp mvui 206 40 25 51 2l 1.4OO O 30 61 73 7.6 49O 2.76
31-869.5-1 a/71p py 4OS 44 1,75 45 16 48 O 16 (ì 160 1.3 91 6.Ltì
344-1565-1 4lIO1> dmp 329 33 11() 73 11 33 0 0 53 1.9 89 3.61
34C-7747.5-1. 4/L0¡r omukp 3O1 21 68 46 L2 500 0 0 42 2.O 50 2.43
34-166G1 4/10p mpki 2gl 64 ST 69 0, 33 0 0 55 1.1 39fì 3.55
22A-77AA-7 4/10p gvpu 136 35 62 72 20 29 0 15 27 2.4 97 2.27
24-LO44-2 4fLOp cgvy> 120 O 32 25 45O 92 0 61 0 13O 0.0 11O 0.38
34C-1831-1 4fLOp gmt!, 262 20. 62 52 37 26 0 16 66 1.8 59 3.53
34-t72ÈL 4/1Op gm¡rv 361 56 35 59 10 23 0 0 54 2.L 85 3.30
22R-1O44-L lOd ovmsi 474 O 43 65 fZ !4 0 0 7 2.5 51 r.44
Z2-90'J.t 10d omvks 436 25 43 76 0 110 0 0 5 2,5 140 2.Og
22-957-l lOd ovmsr 458 39 41 78 25 0 0 L2 5 2.4 350 1.86
22-996.5-7 lOd ovmsx 245 O 0 77 fZ 34 0 11 A 2.4 93 0.96
24-444.5-1 lOd omuvi 557 29 O 72 O 230 0 0 O 0 2.7 160 3.L4
27-593.5-l l0d oasw 253 22 20 77 0 41 0 0 O 5 2.2 160 L.27

L.7L
6.t2
2.s9
0.81
3.76
3.87
4.L4
3.08
3.76
0.35

2.O3
2.61
3.96
4.35
5.33
3.18
5.04
4.78
3.78
4.4L

4.92
7.O4
3.71
4.35
a.47
3.67
t 11

4.26
3.24
o.81

2.72
4.72
o.27
5.76
4.O4
o.52
0.46
3.45
2.64
1.18

5.63
3.38
3.42
1.05
2.64
t.67
o.26
3.42
0.70

3.25
3.86
t.73
2.!3
2.97
2.67
3.2L
o.99
2.18
5.58

-L.69 2.73
-1.98 2.69
-L.20 2.77
-1.48 2.65
-L.65 2.75
-L.67 2.79
-L.66 2.77
-L.74 2.76
-L.84 2.76
-L.97 2.70

-1.83 2.88
-L.62 2.72
-1.59 2.75
-L.63 2.79
-1.65 2.78

-r.48 2.77
-1.53 2.73
-t.61. 2.77
-1.22 2.76

-L.60 2.74
-t.97 2.79
-L.53 2.77
-L.47 2.75
-1.89 2.83
-L.49 2.77
-L.47 2.76
-L.53 2.73
-1.81 2.80
-L.76 2.79

-1.51 2.84
-L.79 2.79
-1.60 2.96

-L.49 2.72
-1.54 2.9E
-L.49 2.75

-1.80 2.97
-1.59 2.7E

-L.74 2.99
-2.Oç 2.42
-r.72 2.86
-1.66 2.6+

-1.71 2.61
-L.74 2.77
-t.64 2.77
-1.89 2.Es
-1.76 2.83

-t.46 2.92
-2.O8 2.73
-L.66 2.72
-L.75 2.9r
-1.69 2.78
-L.59 2.75
-L.96 2.77
-L.73 2.79
-t.75 2.74
-L.53 2.77

-L.44 2.79
-L.60 2.76
-1.60 2.84
-L.49 2.85
-L.48 2.81

34r

L.77
3.34
9.O2
4.34
6.95



Sample Unii Code Ba Rb Sr Zr Cr Cu La Ni pb V yb

Appendix C

Table C.5. Whole-rock Geochemical Analyses. (conrinued)

27-733.1
348-930- 1

348-967- 1

34-863.5-1
34-937-1
70-664-L
70-687- 1

70-a22.5-L
70-876.5-1
70-934-1

r0d
10d
10d
10d
10d
10d
10d
10d
10d
t0d

Semi-quantitative

omvr
vmski
vmsì
vmki
vmysi
ovsm:x
ovsmp
omvsx
omvki
omvy

l¡, Tlace Þlement Analyses (ppm), Derived Values and Specific Gravity (p)

73-1107.5-1 10d omv6
73-1170,5-1 10d omvks
73-lt7j.5-Z 10d omvi
73-1224.7 10d omvsx
73-L257-f 1Od omv
73-131G1 LOd omkst
73-949-1 10d omv
80-117G'1 l0d pvmi
80-1382-1 10d omv
80-1639.5-1 lOd ovm

4522834730110000
2080297901900
108058721126010
1430558310000
141078A2L219010
56910078r.9120110
44603276100000
879 31 80 70 0 3512 0 0
500 22 64 67 860 61 0 490 o
585 27 45 79 22 100 0 11 o

24-277.5-L 10d wovmk 123
80-1571.5-1 10d wovkm 4Og
27-484-! 10d¿r ot 310
27-5O4-L 10da oki 287
34-799-1, 10da ou 328
198-785-1 lQp ckru 134
19-801-1 10p omrku 314
19-950-1 lop ckmup 228
22r''-L625-t 10p omvsy 338
228-7703-1 10p pmysx 525

228-L721-I 10p m¡rvsu 260
228-172L-2 1Op omspy 243
24-Al2-l 10p kmup 2!O
24-8L2-Z 10¡r mkut 272
24-8L2-3 1Op muk 34S
24-997-7 10p cmsk 279
32-1465,5-1 10¡r dmu 1048
344-1614-1 10¡r mui 1105
34C-L377-7 10p mskut 741.
34-L347-f 10p mvuk 25f

767 36 61 7L 0
53000940
829 37 63 80 10
764 24 77 74 10
464 24 35 62 0
346 0 51. 75 0
862 40 39 73 0
348 37 Lza 95 t4
476 33 60 a2 L2
306 26 69 80 11

Quantitative

o 2.9
0 3.2
0 2.8
0 2.3
0 3.1
7 2.6
I ¿,1
o 2.1

23 5.1
6 4.5

0 1.3
0 4.0
5 2.O
9 2.4
0 2.3
I 2.6
7 1.9
0 5.1
0 2.9
o 2.5

0000
650000
32000
30000
0000

180000
0000

11 0 0 0
0000
00(r 0

o 42L15 0 0 0
0 20 135 10 84 77

365866029(r
04762000

494867000
33141 A4 0 52 0
42 97 130 0 250 10
39 106 162 0 110 14
59368710650
0 107 77 t4 36 2t)

Total% log
alkalis ir(FeOt) Zr/1iO2

4L
260
450

230

28
30
a7
70

31
56
L4

170
48

2L0
t7

150
45
44

Derived values

1.82
1.15
1.81
1.34
2.28
0.87
1to

2.14
L.52
1.99

1.96
L.2L
1.96
2.O7
1.95
L.4t

4.95

1.87

34-L477-L 1Op nmj
34-r551-1 1O¡r cmui
34-1607.5-1 10¡r gmk
34C-7626-l 10p gvul)
34C- 1 71.(L l. 10p gv
19I}-663.5-1 1Opa
224-1638-1 LO¡ra ouk
22A'-1650-1 1Opa ui
224-165O-2 f0pa o¡rui
228-L723-7 LDptt outi
27-1295.5-1 LOpa cpu
34C-1435-1 1Opa uk
34C-1453-1 1O¡rtr ou
34-1539-1 1O¡ra ui
19-846-1 10p/5 orum}
24-lL37a-L LOlt/S zau
34-1525.5-t LOp/5 mupj
24-1190.5-1 4/5 upv
29-1019-1. 4/5a clu
34-1496.5-1 3 ourpi
H8-1o-1 4/r0 kpu
H9-13-1 4/lO pusk
H9-30-1 4a/rO pm
H9-30-2 4a/7O psmy
H9-30-3 4a/rO hv

" upper detection limit.

3.42 -r.66 2.77
4.58 -L.46 2.79
4.LL -f.7L 2.71)
3.28 -L.46 2.74
4.50 -L.64 2.73
7.47 -t.4õ 2.A3
7.65 -L.32 2.80
5.85 -L.sz 2.77
5.09 -r.6L 2.7s
5.34 -L.46 2,76

4.23 -1.38 2.73
7.06 -t,4L 2.83
4.24 -L.38 2.73
4.59 -L.56 2.75
3.60 -L.71. 2.73
4.86 -L,57 2.77
2.70 -L.52 2.72
5.18 -L.7A 2.7"¿
2.25 -L.45 2.70
4.66 -L.49 2.73

8.04 -L.54 2.84
70.44 -1.59 3.17
L.27 -7.60 2.73
0.6.1 -L.44 2.77
0.40 -7.59 2.72
0.91 -1-.51 2.75
o.24 -1.52 3.10
0.46 -1.19 2.89
2.72 -1.52 2.80
4.43 -1.53 2.68

4.46 -L.st 2.79
3.33 -L.62 2.A5
0.89 -1.53 3.10
0.80 -L.49 2.90
0.85 -1.46 3.10
0.16 -L.52 2.78
-o.74 -r.at 2.94
0.89 -1.63 2.83
0.80 -1.12 2.98
1.60 -1.50 2.8C)

0.38 -L.52 2.97
2.53 -1,.47 2.79
0.67 -1.42 2.a6
7.3L -1.90 2.82
4.67 -t.99 2.79
0.84 -L.56 2.82
0.20 -1..52 2.80
o.52 -7.52 2.8{)
1.09 -1.56 2.80
0.88 -1.59 2.81

3.78 -1.55 2.84
0.s5 -1.55 3.03
2.32 -1.50 3.1,1
1.5Cì -1.50 2.91
3.46 -1.33 3.46

L2.70 -1.66 3.14
LO.72 -1.94 3.19
3.16 -L.77 3.L2
0.46 2.90

-1.85 -1.81 3.88

2.O8 -t.65 2.A2
3.26 -7.63 2.76
4.52 -1.63 2.80
3.15 -L.63 2.77
3.24 -L.63 2.76

34 33 78 11 110
67 80 76 11 120
0 306 191 0 36
0 478 166 0 14
o 440 204 Lt 22
ot67 97 0 0

37 66 79 610 270
37 55 90 500 130

119 75 3+t 0 64
47 136 94 0 42

0 0 03.o
16 0 cì 6.6
0 39 02.6
ct 32 0 1.9
0 52.7

13 35 13 1.6
10 22 t7 2.9
10 67 0 4.1
0 10 2.3
() 15 3.1

346 63 37 69 0 460
382 55 55 82 0 250
356 0 88 115 0 100
69056540130
'foo5568o49

274 47 L24 7L 0 56
308 45 47 76 0 280
244 44 60 75 0 t2
285 55 59 75 0 150
366 54 39 88 0 24

240 0.86
L20 1.28
900 2.76

2300 2.39
990 2.88
200 3.07
780 3.60
300 2.90
720 2.94
73 2.43

sEO 3.04
300() 2.06

97 4.62
44 5.86
56 5.51

140 3.04
110 4.47
110 4.25

2000 4.99
370 3.22

3200 2.79
52 3.31

160 2.68
76 2.44

160 2.1.4
1800 3.11

* toooo z.gg
2200 2.85
1600 3.13
8O0(ì 3.12

4800 3.05
8000 2.32
7100 4.7L
3400 3.06
23rJ 1.59

" loooo ú.09
650() 1.98
2700 2.L9
330 0.21.

6600 0.43

56 2.77
150 2.65
100 3.74
81 3.62
70 2.9s

0 0 103.1
o 10 10 2.8

14 0130 04.1
0 tì 180 7 3.6
0 0180 I3.9
0 tr 22 72.r
cì 210 140 0.6
0 14U 120 0.9

lC) (l 10 4.5
0 0 103.4
0 10 71;8
ct 0 52.8
rì cì 6 3.5
o 11 60 1.6
0 15 100 3.6
0 (ì 56 72.7
cr (ì Lo 2.3
0 0 L32.9
cì 0 14 3.0
0 0 93.7
0 13 2! 72.5
0 11 11 1.9

1,4 0 0 5.3
0 0 6 t.9

15 36 96 46 3.4
0 15 73 22 0.6
0 50 2E0 0.o
0 18 75 38 0,8
o 27 93 26 0.5
o 270 260 2.2

290 76 43 74 13 100
74407768043
422 64 50 164 0 180
?16 0 109 72 0 200
327 27 46 1.49 0 990
54 0 0 63 01600

336 0 61 38 230 6200
73 0 0 36 024oO
55000L7410

L67 0 0 4s 4t L200
364 0 109 63 15 61
323 25 83 64 16 69
226 51 121 56 t2 16
178 2A 96 58 13 73
188 0 98 56 16 13

16 74 84
01482
01045
0034
01047

1.5
r.7
L.7
1.8
1.9

342



Samplc

H9-54-5
H9-60-2
H9-6-2
31-814-1
73-834- 1

80- 1265- 1

80- 1286.5- 1

80- 131Ê I
19- 157- 1

t9-274.5-7

Table C.5. Whole-rock Geochemical Analyses. (conrinued)

Unit Code Ba Rb S¡ Zt Cr Cu La Ni Pb
L/to
4/ to
4/ to
10m
10m
10m
10m
10m

1/1oc
1/10c

Semi-quantitative

224-1350.5-1 1/10c qpm 260
228-L347-! 1/10c pmq 258
228-1843-1 1/10c pmqu Zr?
22-6A5.5-l rllAc cpm 484
22-7A9-L 1/10c pqm 597
24-666-i. t/10c mpq BTg
27-32A-1. 1/10c pmq 605
27-763-L 1/10c mpvui Z2S
29-183.s-1 1/10c p 383
29-77G-7 t/l}c m¡>q Z3tT
31-716-1 1/10c cmpq 1034
32-657-1 L/roc qp s40
34A-L252-1. t/r)c qpt TOg
3+A-992-1 1/10c pqnr ZZ8
348-1032.5-1 1/10c pvmv ZOz
3+-1028.5-1 L/Lîc pql zTO
34-697.5-1 I/loc pqt 386
7O-462-L L/Loc p(l 1133
70-560-1 1/t(rc pq 766
70-566.5-1 1/10c cmq¡r 661
73-1380.5-1 1/lOc pmvu L52
80-1736-1 t/t}c pmq 692
80-1795-1 L/r}c pqt 536
228-1911-1 lb/1()c ¡rlu ZtI
24-624.5-1 lb/10c apq g9S
24-624.5-2 1b/10c mpq 1211
27-963.5-1 1b/10c pmqv 250
D4-37-l 1b/10c hq¡rv 399
228-1950-1 4/rttc hv¡r L44
24-r252.s-! 4/70c pq 363
27-7486-7 4/70c p 289
27-14A62 4/t0c pqh 2Zg
2E-393.5-1 4/tt.tc pl 839
29-739-7 4/10c mpu 804
32-14261 4/lr¡c dqpm 1123
73-602-1 4/70<: I)q 360
D4-9- 1 4 /'r.oc thq rT6
D4-9-2 4/1(lc tvhr) 286
H9-10-1 4/1{ic pqlx 21.6
19-1023.5-1. 10i cl 104

p8k
m6

6kpm
vPy

vhpqi
ovhyi
ohv
pv

vpy
lm

b. ÎÌace Element Analyses (ppm), Derived Values and Specific Cravity (p)

361 65
470 64
433 31
L64 28
950
540
420

2s7 34
313 23
290 26

.67 A2 11 0 10 0 35 2.5 68.73 29 17 100 0 0 280 7.4 24.76 39 31 120 0 0 250 r.2 4877 55 10 27 0 11 0 120 2.3 r7082 0 590 110 0 140 0 230 0.0 1300 0 690 39 0 140 0 220 0.0 5600 0 920 2? o 180 0 200 0.0 15023 103 t7 43 0 23 140 86 3.3 1906E 73 0 59 0 0 o o2.4 g20
10 59 12 29 0 1r. o 92.7 32

Quantit¿tive

1

46 s7 75 10 16 O 10 02.7 3945 36 8L 11 22 0 0 02.8 13033 37 ?1 11 43 0 1.1 10 3.0 11047 76 81 10 0 0 o 62.8 4778 79 58 11 r.9 0 0 6 2.2 5149 31 96 0 7E 0 0 o 62.5 9834 76 76 0 77 0 0 0 82.4 9468 47 80 0220 0 0 (\ 72.5 10044 85 87 10 31 0 0 (r 73.0 674Q 65 96 15 92 0 c) 0 210 1.9 69

vYb
Total!/o

Zn alkalis

Appendix C

39 90 26 16 510 0 12 0 160 0.5 3564 72 65 16 0 o o o2.7 8477 90 s2 10 37 0 {) I3.1 8246 32 70 10 13 0 0 02.8 5846 69 74 11 19 O j.o o 2.4 7746 45 69 10 24 O 0 03.0 6564 77 56 13 47 0 1.0 5 2.4 37056 49 72 11 37 0 0 0 102.7 8556 103 0 2t 770 0 2L 0 340 0.0 14082 61 74 19 17 0 11 0 82.4 s4

Derived values

4.00 4.77
6.86 2.61
5.68 3.24
2.84 7.63
1.54 8.55
0.06 15.10
L.29 I6.4L
5.80 3.20
2.4L 6.07
3.89 2,42

3.65 3.79
4.19 3.78
1.99 2.L5
4.54 3.96
3.11 3.87
5.42 2.96
4.79 4.77
2.76 5.24
5.Oú 3.29
7.35 3.36

6.68 7.1,4
4.77 2.91
2.09 3.92
2.63 3.46
2.45 5.41
2.39 3.13
3.37 5.67
4.60 4.7A
7.76 13.26
4.24 3.20

3.66 5.15
4.98 4.05
3.97 6.20
2.35 1.59
2.86 2.89
4.rr4 4.29
4.49 5.04
2.L4 7.55
1.49 4.56
4.49 5.52

2.75 4.72
2.O2 i1.15
4.66 4.O4
4.64 4.40
4.47 3.7O
3.71, 4.57
1.58 6.75
1.91 4.83
5.93 5.22
1.O9 6.90
1.66 4.O5
0.39 5.22
r.72 5.94
0.07 6.39
1.0() 9.76
0.95 11.65
0.L7 2.85
L.zt 6.74
0.06 a.27
0.08 A.77

3.81 7.17
0.07 6.76
0.68 6.48
5.00 8.62
4.42 L2.24

ir (FeOt)
bg

Zr /1iO2 p

37 37 70 11 11 0 0 (ì 52.462 42 82 0 0 0 0 0 62.391 64 74 11 L2 0 0 0 03.o49 54 64 11 16 0 t0 LO 2.225 72 60 0 33 0 0 0 02.562 66 79 10 26 0 0 0 ct2.961 44 80 13 14 (ì 0 0 03.ct
cì 131 32 14 61 0 77 32 L.g22 75 47 38 130 o 2cì 76 7.740 110 44 15 52 0 30 0 180 1.?

-1.48 2.80
-2.34 2.88
-2.L6 2,83
-2.O3 2.79

2.85
2.89
3.15

-L.45 2.73
-L.63 2.77
-L.61 2.74

-7.62 2.76
-7.62 2.77
-1..60 2.80
-L.49 2.74
-t.77 2.A3
-L.61 2.76
-L.48 2.76
-1.53 2.60
-r.46 2.77
-1.66 2.84

-1.96 2.83
-L.74 2.75
-1.53 2.s7
-L.62 2.74
-1.58 2.7s
-1.56 2.78
-1.70 2.a7
-1.59 2.?8

3.02
-1.53 2.76

-L.66 2.77
-L.50 2.74
-1.53 2.89
-L.54 2.74
-L.52 2.74
-1.6s 2.78
-L.60 2.77
-1.99 2.93
-1.87 2.60
-2.01 2.8L

-L.76 2.79
-L.73 2.82
-r.67 2.73
-L.74 2.79
-1.76 2.63
-1.65 2.7E
-2.70 2.A4
-2.10 2.E4
-t.67 2.76
-2.08 2.89

-1.52 2.86
-L.s4 2.99
-2.O1 2,89
-1.19 3.00

3.09
-1.63 3.10
-2.O7 2.A4
-1.82 3.11

3.77
-1.96 3.10

-1.64 2.81
-1.76 3.03

3,06
2.96

-2.37 2.A8

22A-L262-7
224-1.262-2
24- 1053- 1
24-47r-1.
27-L5s7-1-
27-703.5-7
29-858-1
3 1- 790- 1

348-759.5- 1

34C- 1841.5- l
34-697.5-2
34-876.5- 1

73-677.5-r
73-677.5-2
28- 199- 1

52 83 63 L0 L4 0 10 0 472.335 79 61 11 20 0 LCr 0 44 L.g61 82 61 13 16 (ì 0 o 377.752 79 55 15 76 () 33 o 73 L.745 54 71. 26 37 0 0 69 1.652 L14 56 26 39o 0 !7 0 55 2.30 113 30 t5 69 0 26 150 1.4o 77 31 16 61 (t 22 150 1.5
39 139 60 15 27 0 0 87 1.7o 44 47 10 74 (r 18 0 1c,0 l.s

10i
roi
10i
roi
10i
10i
roi
IU¡
10i
10i

10i
10i
10i
10i,

qhp 536 33 60 7A tZ t9 0 Oohp 2L8 O 60 70 t3 L4 o 1.4h92064581815019
oirlq 35 O 42 7L lS O 0 16hq 51 O C, 0 650 120 0 110h6500421376015
lhq 64 O ?2 43 51 320 (ì 52hu7400533328O34

ohqpl 72 0 35 0 j.4 rZ O rTohql 53 0 0 24 TTO Z2 0 8Z

95
80

130

160
290
L20
120

1400
L20

b/
56
38
93
59
78
65

100

94
97

150
180
190
240
23(r

1200
110
85

o¡rlhq
hql
hq

phq
hnvx

143 40 64 39 16 2L O 14 7 L.g 50054 0 37 28 13 10 rJ 15 7 L.g 13082 0 190 0 510 10 0 93 0 220 0.5 597rQ 46 tt{ 0 680 120 0 130 0 240 0.0 11085 0 136 ZO 23 260 o 22 0 290 o.0 E3

I 2.4
tQ 2.6

o LlA 2.7
0 61.8
0 220 0.6
0 51.9

28 170 1.8
24 150 0.5

10 1..1

220 0.o

343



Sample

29-669-L
29-757.5-L
3t-272.5-t
31-361- 1
3 1-399.5- 1

3L-473-L
3 1- 52 1.5- 1

31-558-1
32- 1323.5- 1

344- 1459b- 1

344- 1463.5- 1

29-478.5-l
29-580.5- 1

29-633.5b-1
D4-36-1
.18- 2- 1

z8-272.5-L
29-665.5-2
344-14E4- 1

34A-t484-2
H9-52-1
H9-61- 5
29-633.5a- L

29-685.5- 1

29-820a.1
34A- 1459b-2
I8- 20- 1
24-1294-t
24-729+2
27-L6L1.5-L

27-161L.'r-2
29-L223.1-r
32- 1610- i
344- 1760.5- I
34D-201(L L

34D-2Q1,0-2
22A-2075.5-1
2+-L245-l
26- 453.4- 1

31- 97().5- 1

34- 185 1- 1

34C-188È1
J6-23-1

Table C.5. \il'hole-rock Geochemical Analyses. (continued)

Unit Code Ba Rb Sr Zr Cr

2 hv 8s 0 159 25 22 650 0 25 0 31O O.0 79

2 hpvy 1556 37 1L8 48 29 100 0 11 0 240 0.0 120

z anx L26 0 500 31 20 24o O 26 0 320 0.5 92

2 phv 899 72 67 27 L4 2O0 0 23 0 33O 0.0 150

2 h 64 016123 16 280 O 21 03000'5 85

2 lt 67 OZr2 0 18 140 O 24 03100'O 90

2 h 13rl o 2r5 23 27 180 0 23 0 290 0.O 84

2 hq 80 o 263 26 2L 2rO o 25 0 300 0'5 84

2 h 73 0278 0 21 190 0 23 3000.0 67

2 h 84 0235 O ZZ 87 0 24 260O''¿ 49

Semi-quantitative

b. Trace Element Analyses (ppm), Derived Valucs and Specific Gravity (p)

2 h.
2a hv
2zh
2ah
2a hv
2a hx
2c hvnx

2ll0s hn
2/t0s hnx
2/l9s nvx

2b/10s nypx
2<:llOs ahy
2/10t: oqhl
2/Ioc hl
2/loc hqylu
2/10e oqlh
2lL0 hyp
6a bhv
6¿r ah
6a bhv

6a ahl
6a cltv
6a hlv
6a dhvn
6a bhv¡t
6¿r a¡thv
6 ltl
6 h1r
6ph
6 hpv

6hp
6/J.0<: hqpl

7dp

CuLa NiPb VYb Zn

Quantitativc

79 0 284 22 23 100 0 26 300 0.5 55

74 0 304 51 33 120 0 35 0 31(r 0.6 110
161 0 224 0 27 260 0 34 0 28() 0'5 87
62 0 209 27 26 31 0 27 0 280 0.0 60
91 o ¡.53 0 21 100 0 27 38(, 0.7 73

356 0 274 0 27 72 0 27 310 0.7 61
97 O L57 24 20 3tì O 22 Cì 320 0.0 98
?E (ì 89 3Cì 0 530 0 L2 0 39 1.1 12CJ

76 0 4529 13 54 0 13 361'6 61
87 0 6930 10 90 0 11 401'3 58

568 0 8629 12 0 0
95 0 577 31. 20 91 0

83 () 377 zLt 23 23 t)

59 (ì 86 58 L6 1400 (ì

63 0 033 2E 65 (ì

66 0 332 0 23 110 11
220 26 L44 sA 13 66 15

64 0 129 56 32 110 0

82 015925 50 35 0

151 0 187 32 120 110 0

Appendix C

TotalYo loß
alkalis iz(FeOt) Zr l'IiOz

Dcrived values

3.41
5.48
3.46
5.16
2.O7
1.81
ta4
1.46
3.20

4.50
2.L8
1.96
Ãr,
3.47
3.63
4.53

J. f ö
4.00

5.36
3.01
0.07

o.42
0.00

3.10

2.84

2.08

3.00
4.56
2.99
4.33
s.30

1.03
1..1C,

6.46

L2.23
11.75
t2.57
13.23
11.98
LL.43
11.88
10.98
12.15
õtv

11.43
12.42
10.91
L 1.07
12.60
1L.34
L2.33

8.82
6.66
7.79

r27 0 176 0 95 31 r) 39 (ì 190 0.6 6s
105 o 57 42 130 100 0 47 0 230 0.6 80

296 0 98 26 71 160 0 35 250 0'5 E3

84 0 17E 51 47 11(l 0 36 270 0.9 98
65 0 4L 20 97 100 Q 44 29(r 1'1 88

82 (i 81 24 110 27 0 48 23() 0.6 77
7û O r.19 43 r.3o 77 0 59 240 0'9 88

322 2t 9E 37 31 27 0 16 0 130 1.3 110
661 51 gil 6(ì 16 2(r(\ 0 16 O 22() L.5 L40
276 30 8(r 31 4î) 100 0 36 (l 250 O.7 95

169 () 80 0 47() s5 0 110 220 0'4 10tl
159 (t 7| 37 !20 45 Û 41 22(t O.7 79

332 36 74 66 lf:r 23 0 0 42 2.6 39

-2.27
-1.96
-2.21
-2.39

-2.29
-2.28

0 55 1.9 96
27 230 1.5 45
24 () 260 0.0 36
23 0 70 1.8 90
16 0 l5 2.2 zl(J
26 33rì 0.6 24
17 54 2.6 14r.J

40 0 32t) 0.6 110
36 (J 20(ì 1.0 66
4? 0 29t) 0.6 99

2.98
2.88
3.07
2,90
3.03
3.O3
3.02
3.03
3.01
t ot

-2.33 2.95
-1.99 3.01

3.04
-2.20 2.94

2.96
2.98

-2.3r 2.92
-2.L2 2.82
-2.t7 Z.AO
-2.L2 2.78

7.38 -2.2L 2.76
3.87 -2.35 2.7s
8.73 -2.30 3.18
6.05 - 1.87 2.86

L0.61 -1.74 3.06
7.83 3.17

17.69 -2.L2 3.27
12.89 -1.96 3.01
7.4A -2.24 2.69

12.29 -2.24 2.97

9.27 2.96
9.82 -2.OO 2.9s

10.76 -2.29 2.93
11.31 -1.99 2.93
7t.25 -2.32 2.96
9.00 -2.22 2.47

10.57 -2.O3 2.99
8.60 -2.L6 2.45

11.98 -L.92 2.93
10.53 -2.L9 2.92

9.66 3.01
9.90 -2.08 3.(i5
3.42 -r.6(! 2.72

344
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1 0da. Muscovite-gahnite-staurolire schisr,.
1 0p. Proximal alteration zone-mr¡.scorite-rhi¡r¡.ils schists cc¡Ðtai:dng Ësa,-ì,.
lite +biotitetkyanite.
I Opa. Muscovite-gahnite-staurolite scHsts.
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l0v. Quartz veins.
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defining 
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Massive and serní- massive sul6de'"ti¡reraåisaÈics"

Ffr: A,, Quartz-megaph5rric felsie volca'n"ic rca&e'

Unit S. Graphitic metasedirnentar;' rocks.

iUriit 2, Mafic volcanic rocks. with rni¡lor inierËnedi.ate rçcks.

2b. Pillowed flows. ''¡
2c. Homogeneous and rnassive, excepl lsr h*]rsbleade åinea¿ion.

2d' Undifferentiated pillowed fiows, breccias. iapi3list*nes ar1d tu,Ss, cüîrìi::r: :,

plagioclase-hornblende (afrer pyroxene) phyric.

2e. Breccias, lapillistones and tufis.

Unit f " Felsic volcanic rocks, çriåh rniaor interlr¡ediate üo rnafic roe}*;*

1a- 'Cherty' felsic rocks-silicicffeldspathic alte¡ation or possible rhv,.,,,.

florvs.

1b" Volcaniclastic rocks.

1c. N{ineralized'chert¡-' breccia.

ld" Intermediate to mafic rocks-mainl]' voiceniclasüic, locally heteroiithit .

minor amphibolite.
I

Pyrite-calcite rocks.
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LÐGEND FOR THE LINDA ,A.REA

Unit 11. Not intersccted.

Uhffi
ffiffi
ffi

it 10" Altered roeks,

10d' Distal alteration zonc-*chlorite-rnuscovite schists containing st,aurc¡lite*
biotite*kyanite.

10da. Muscovite-gahnite-staurolite echist.

10p. Proximal alteration zone-*-muscc¡vil,e-chlorite schists containing stauro-
lite *biotite*kyani te.

10pa. Muscovitc-gahnite-staurolite schistä.

10rn" Mafic schistn c*ntnining chlorite*hc¡rnbl*nele.

10s' Sílicified/feldspathizecl rock*-'cherty' reick* coRrrnonly containing cum-
mingtonite- hornblen de- magneti tc.

10v. Quartz veins.

10c. Concc¡rdant calc-sili cnte dteratïon-*epirlotc-rnuscovite* biotite* calci te
defining .S1 layering.

L0i" Static calc-silicate alteration*localizecl intenseo slaticnlly crystalliaed ac-
tinolite-epidote-calcite* sphene.

10e' Epidotized-cart¡onatized mafic rocks*--epiclc¡te-hc¡rnblende*calcite a,sso'
ciated with mafic volcanic rocks.

Units 7*9. Not interaected

unit 6. Mafic to intermcdiate, mainly vc¡lcaniclastic rocks"
6a. Heterolif,hic breciia-containing clasts of unit 4.

6b. Breccia, lapillstone and tufis"

6c' Layered amphibolite-containing eoarsely recryetnllized amphibòle, -

unit 5. Massive and eemi-massive sulffde mineraliaation.

. 5a. Pyrite-calcite rocks"

ïJnit 4. Quartz-me6aphyric felai* r+lcnnir r-,trrks"

Unit 3. Graphitic metasedirnentary rocks¡

unit 2. Mafic volcanic roeks, with minor intermediate rocks.
2a. I{omogeneous, commonl.y with epidote knots.
2b. Pillowed flows.

2c. Homogeneous and massive, except for hornblende lineation.
2d' Undiflerentiated pillowed flows, breccias,lapillistones and tufis, commonly
plagioclase-hornblencle (after pyroxene) phyric.
2e. Breccias, lapillistones and tuffs.

Unit 1" Felsic volcanic roeks, with minor intermediate to mafic rocks.
la' 'Cherty' felsic rocks*silicic/felds¡rathic altera,tion or posrible rhyolite
flows,

1b. Volcaniclastic rocks.

1c. Mineralized'clrert.y, breccia.

ld' Inte¡:mediate tq mafic rocks-*nlainly volcaniclastic, locally heterolithic,
minor amphibolite"
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So strike and dip, facing ..jire.trotl tltlkrì()\\'tl

S, strike ancl dip

Sr strike ancl dip rvitli trcncl .intl plungc of lirrt-'atioti

Sz strrke and dip

F, minor f-old axis, with foid asymmetrv

minor fold axial plane strike and dip wìth folcl axis
trend and plunge

minor fbld asymmetry

Fac ing d irection

K nown ('ontact

Contact inferred or projected from drill hole clata

Contact approximate or assumed

Geochemical sample location

Mineral assemblage: bi-brotile, c.h-chlorite, cm-curnrningtonite, cl-calcitc, ep-epidote,
gt-garnet. hb-hornblende, ky-kyanite. mg-magnetite. mu-muscovite, po-pyirhotite.
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LEGEND FOR. TTTE LINDA. ÂR,EÀ

1" Gabbro.

-A.ltered roçks"

). Metáûurbidite and rnetagreywacke'

3. Mafic volcanic rocks.

I. Quartz-megaphyric felsic volcaæic rocks'

Mafic to intermediate, ntainty volce.niclastic rcieks.
f'A.,d.rron

f .=\.._

í(
D.

ia.

ib.

,c.

Ð.

\--\Lree k
Heterolithic breccia-contai*ìsg ciasts of u¡¡iå 4"

Breccia, lapillstone and tr¡fis"
^ rr' . r

Layer'ed .ärnphibolite--cnntaining coarscå¡: recrS:staÌìrdd
È

Massive and. serni- rnassive srrlÊde rlrineralizatirþ-
¡.

aæphibole-

$ct eryosed.

4.

la.
Q uartz-megaphyric felsic l"olcanric rseks'

Breccia.

3. Graphitic rnetasedimenùary racks' 3{ot errpssedìi
I
ì:

2. Maûc volcanic rodks, s'ith rrrisor iniermediatep*u"
s

2a. Homogeneous, conmoaly with epidoåe &¡seås'

i

2c. Homogeneous aod massive, exce¡rt fCIr hou-shleede $eþoa.

2d. Undifierentiated pillorreddowq brecciasriapiì3isto*esasd tufis, coarmonly
li::

plagioclase-hornblende {after pyroxeae} phyric"

2e. Breccias, lapillistones aad tufis-

t. Felsic volcanic rocks, witb rninor i¡råennedt"È*þ s1efft rocks"

la. ,Cherty' felsic rocks-siliciclfeldspaÈhic alÈe atioc þ pcesible rhyoüåe

flows. $

1b. Volcaniclastic rocks. Not exposed I
st

1c. Mineralized 'cherty'breccia' Not exposed' 
{1,

1d. Intermediate to mafic rocks-rnalniy volcaaiclastic focally heterolithic'

mi;tr,r anrphil;oìiit: \,'rì c-\:i]')icil

r$.ìr.
r¡3i:
.:l¡i
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LEGENÐ FOR. THE TII\{ÐÁ. .å.REÀ

Unit 11. Gabbro.

Unit l.O" .Altered rocks"

Unit 9. Metaturbidit,e and metagreyuracke'

Unit 8" Mafic volcanic rocks"

Unit ?" Quartz-megaphyric felsic volcaciie rocks'

Mafic to intermediate, maïaiy volcesiclastic

Heterolithic breccia-containi-ag ctrasts of unit 4.

Breccia, lapillstone and tuffs.

L ayerèd àmp hib oli te--contai:ri ng ccarselv recrystalli æd aæphibcle-
$

Unit E. Massive and serni-rnassive sul€de nni*.ereliaaúirþ. SVoi exposed.

i
i.:

Quartz-rnegaphyric felsic volcanic rocks" i
¡:Breccia. li

. :i:

ii

Graphitic met,asedimentary rocks= ÌËot erposed' :

s

2, Mafie volcanic rocks, qrith minor inter¡pediateþcks"

2a. Homogeneous: çernr.,ooly with epldote kcsts. 
.
ìl
i:2b. Pitlowed flqrvs. i

2c. Homogeneous a¡ld massive, exce¡rt f,6r bçs:¡håe31de åie{âåioa.

2d. Undifierentiated pillowed flows, brecciasn lapilüstoa*þd ùu&o connlaooly
:l.l:

rcicks"Unit 6.

6a.

6b.

6c.

Unit 4.

4a.

tlnit

Unit

4a).

È:

l-l Unit L. Felsic volcanic rocks, with minor i¡rÈermediateto sl¡fic rocks"II I 1a. ,Cherty' felsic rocks-siliciclfeltispatiric aiteratioalor possible rh-volite

plagioclase-hornblende ( after pyroxene) phyric-

2e. Breccias, lapillistones a.ad tr¡ft.

,,¡'

T
n
1¡

ð

È.

fì
il

t
lì
t:
t:..

ld. Intermed.iate to mafic rocks-mainì3' volcaniclasrìc.þcaJly hererolithic,

nliirr.,r ar"nphil:oliic. Nrrr ç-1çr-rst{1- 
{t
I

flows.

1b" Volcaniclastic rocks. Not exposed.

1c. Mineralized tcherty' breccia. Not e-'rposed'

Anderson
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Î

,JÞt,._ry,1

T

.,...¿?
4fa ø¡.hø.ep.ct

82 I -.s
\¡

7]
-)--



1 ,:; ?_,
¿o "'".,. zJ-=,: 'r- 

,/'.i:":i:/:sl\::" ..j /'....1!.... \/

-4./.-¿

vfu--

:_/ \/

v.-^tù¿.-P' G _<i$_

-H8.10.1

'lt

o
,sS

I
,
I
t

-t
v

\/l
\ \- '-

---'- ---- -/-
\y?

¿^---'^

:¡ì

.-i-":.r '-

v ,

)

Wekusko

\

.Orù
q)9

bi-hb.9t'py

L

Lake

1ffg4+q$
hb.cm.gl.bi.ch. mg'-

2c

gl.bi.stúlu-ch
sa.rry.þr.?u

4o

,t"

-tz

2c
:. .

AY.t
u/t

I

Road marks
northeastern limit of

grid control on map

\*

6o ' .-'

-.,\a

6b

1000



--)
-y_ t

:-'-:o

I
I
t
t
t

":r" 
-"'.--¿¿ _¿-__

-.-:'---'
:4__,'

st'ði.cf,'sr H9'30.1
hb.bi+h._.Hgf .3O.Z_.

:ìi.'r'Ê!
._.-:! 1

_:t:t

. -.,..-L-"¡-.

I
t,!r'

)

_ _ _ He3q9g
1-==-,49*Þi

--þ'* ?

bi.hb. st -þy

L

2c
çtåi,'r-rt-lrii:.'.....s,'---._.--'

2e

ke

!lj-,-ì
i 1.., *.*:t**..,i:'--'-.**'"-*41f,**
--_._

-\ i..
,---\. \

\l/

¿c
//

'',t n
gt.bi.st.nlu. ch
sf-ky.ót.?u

' -'t> ?
\\y

\

ì--'--,--

grid control on

\*
Road marks

northeastern limit of

'.--7-/

tì>---t-

6b

2c

o 5oo Jmetres

I


