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ABSTRACT 

A funnel-shaped alteration pipe in Archean tholeiitie to transi1ional rhyolite 

and andesite underlying massive Zn-Cu sulphide ore at the Norbec mine in 

northwestern Quebec was outlined from drill core samples. Geochemical 

parameters, including mass changes and mobile element ratios were used with 

normative alteration mineralogy and thin section petrography ta deterrnine the 

extent of the alteration. The alteration was initially characterised by a peripheral 

zone of sericite-chlorite-quartz and a central chlonte·quartz zone. Isochemical 

metamorphism of the alteratlon pipe within the contact aureole of the Lac Dufault 

stock has converted these assemblages ta cordierite-anthophyllite-biotite bearing 

rocks. 

The delineated pipe has a mass of 42.2 million tonnes and a volume of 13 

x 106 m3
• Volume increase is 7% ta 12% relative ta the unaltered rhyolitic and 

andesitic rocks. The bulk chemical composition of the alteration pipe was 

calculated uSlng "weighting" procedures and "volumes of influence" for samples 

and drill hale intersections. Net mobile mass change (the ctlemlcal flux) for the 

pipe was +5.8x106 tonnes. Inclusion of the massive ore lens yields a flux of 

+9.6x106 tonnes for the entire hydrothermal system. The largest additions to the 

system were (in 106 tonnes): FeO (+4.2), 8i02 (+3.8), S (+ 1.8), K20 (+0.55), and 

MgO (+0.5); the only major depletions were Na20 (-1.4), and Ca (-0.44). Addition 

of Cu, Zn, Au, and Ag aeeounted for 3.4% of the total element flux. 

Bulk oxygen isotope data for the altered rhyolite suggest that the Norbec 

deposit formed at temperatures between 200°C and 300°C, with highest 

temperatures in the central chloritic zone of the alteration pipe. Calculations using 

5i02• K and Fe solubilitie$ in typical sea-floor hydrothermal fluids suggest that 

water/rock. ratios of 250 to 900 were necessary ta introduce the added mobile 

elements ta the alteration pipe. 
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RESUME 

Une cheminée d'altération en entonnoir dans des rhyolites et andesites 

tholéiitiques à transitionelles d'âge archéen en-dessous de minéral sulfuré massIf 

de Zn et Cu à la mine Norbec dans le nord-ouest de Québec a été deltmltée avec 

des carottes de forage. Des paramètres géochlmlques, Incluant des changements 

de masse et des rapports d'éléments mobiles ont été utIlisés avec la minéralogIe 

d'altératIon normative et la petrographIe de lame mince dans le but de détermIner 

l'étendue de l'altération. L'altératIon a Initialement été characterisépar une zone 

périphérique de séricitE -chlorite-quartz et une zone centrale de chlonte-quartz. Un 

métamorphisme isochim;que de la cheminée d'altération à l'Interieur de l'auréole 

de contact du stock Lac Dufault a converti ces zones à des roches composées de 

cordierite-anthophyllite-blotite 

La cheminée délimitée à une masse de 42 2 millions de tonnes et un 

\'olume de 13 x 106 m3 Le volume augmente d 7% à 12% relatl1 aux rhyolites et 

andesite5 non-altarés. La composition chimique entlere de la cheminée 

d'altération a été calculée utIlisant des procédés de "pesage" et "volumes 

d'influence" sur les échantillons et les intersections de 10 rage Le changement net 

de masse mobile (flux chimique) pour la cheminée était +5.3 x lOu tonnes. 

L'inclUSion de la lentille de minerai donne un flux de +9.6 x 10u tonnes pour le 

sytème hydrothermale entier Les plus hautes additions au système étalent (x 

106
): FeO (+4.2), 8102 (+38), S(+18), K20 (+0.55) et MgO (+O.t»; les seules 

baisses majeures étaient Na2Q (-1 4) et Ca (-0.44) L'addition de Cu, Zn Au et 

Ag conSistaient de 3.4% du flux d'élément total. 

Les données d'Isotopes d'oxygène pour la rhyolite alterée suggèrent que 

le gîte de Norbec a été formé à des températures entre 200 à 300 C avec les 

températures les plus élevées dans la zone centrale chlontlque de la cheminée 

d'altération. Des calcules utilisant les solubIlités de S102 , K et Fe dans des flUIdes 

hydothermales de fond mann suggèrent que des rapport eau/roche de 250 à 900 

étalent nécessaire pour introdUire les élements mobiles à la cheminée d'altération. 
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CHAPTER 1: INTRODUCTION 

GENERAL STATEMENT 

Recent published geo(ogica( work on the Norbec Cu-Zn massive sulphlde 

deposit in the Noranda district, Quebec has been limited ta bnet reviews ln survey 

articles on ore deposits in the area (e.g. Purdle 1967, Chartrand and Cattalam 

1990). With improved understanding of major and trace element geochemistry and 

its applications, the hydrothermal alteratlon pipe assoclated wlth the ore zone was 

studied thoroughly using the immobile element methods outlined by MacLean 

(1990). Focus in tre present study was on the Walte RhyolIte which 

stratigraphical/y underlies the Norbec deposit and has beGn affected most by the 

associated hydrothermal alteration. The Waite RhyolIte also forms the footwall ta 

the nearby Vauze a.ld Waite orebodles. 

Hydrothermal alteration is concentrated around the pipe-lJke feeder zone ta 

the overlying orebody. F!uld temperatures estimated trom oxygen Isotope 

systematics reached 200" to 300°, and water/rock ratios were as hlgh as --900, 

estimated trom 8i02' K and Fe flux. Intense leaching and fixation of elements 

produced alteration minerai assemblages consistent with other massive sulphide 

deposits in Archean terranes. These alteration assemblages have been subjected 

ta contact metamorphism by the nearby Lac Dufault granodlonte to an 

anthophyllite-cordierite-biotite assemblage. Metamorphism was apparently 
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Isochemlcal and the geochemical analyses represent the original bulk composition 

of the hydrothermally altered rocks. 

From thls geochemlcal study at the Norbec Mine. the degree of alteration 

was evaluated and elemental mass gains and losses were calculated for individual 

samples. The mass change calculations were further used to define the outline 

of the alteration zone and to estimate closely its bulk chemical composition. The 

total mass and volume changes that the host volcanic Untts were subjected to 

dunng alteratlon were then ca/culated and total flux of each analyzed e/ement was 

determmed for the hydrothermal system. 

PURPOSE AND METHODOLOGY 

The research was part of an ongoing project initiated by the Ministère de 

l'Énergie et des Ressources du Québec (MERQ) to systematically re-evaluate the 

geology of closed mines as weil as those presently operatrng in the Noranda area 

The objectives of the research were to apply recently developed geochemical 

techniques to major and trace element data for the host rocks li) the Norbec 

orebody ln order to determine the nature of the original rocks and to quantify the 

effects of hydrothermal alteration. Processing of the chemical data allowed the 

volume, Slze, mass and bulk chemlcal composition of the alteration zone to be 

determined. and the resulting volumetrie and mass changes to be estimated. The 

chemical flux of mobile components which resulted in the formation of the 

2 
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alteration zone and overlying orebody was calculated and compared with similar 

data trom the Horne mine (MacLean and Hoy 1991 ). the largest massive sulphide 

ore deposit in the Noranda district. These objectives were realised using the 

following procedures: 

1) Samples were taken tram drill core for eleven exploration û .. m hales that were 

stored at the Norbec mine site, ta best obtain a group of altered and unaltered 

samples of the hast rock units. The sampling program was somewhat hindered 

by lost sections of core and vandalized core boxes at outlying storage facilities. 

2) Samples were cut into three portions; the first as a representatlve sample. the 

second for thin section, and the third (1 to 3cm) to be crushed and powdered for 

geochemical analyses. 

3) 95 samples were chemically analyzed for major and trace elements using X-ray 

fluorescence spectrometrie methods. Glass beads were used to analyze the major 

elements, and pressed powder pellets for trace elements (Ga, Rb, Sr, Y, Zr and 

Nb). A subset of samples was analyzed for REE by INAA; Cu, Zn, Pb and Ag by 

ICP; and Sand CO2 by the LECO method. 

4) Fractionation Imes were generated using incompatible element monitors for the 

freshest samples trom the data set and supplementary samples trom the nearby 

Ansil and Waite mine areas. Alteration lines and precursor compositions for the 

Waite Rhyolite and Waite Andesite were determined. 

5) Mass changes were calculated using the techniques outlined by MacLean and 

Kranidiotis (1987) and MacLean (1990), and were used with cation normative 

3 
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alteratlon minerai estimations to outline the extent of the alteration zone in the 

Walte Rhyolite. The outlme of this part of the altered zone was extrapolated into 

the Waite Andeslte and the total volume and tonnage of altered rock were 

calculated. The volume of the onginal rhyolite and andesite represented by the 

alteration zone were computed using immobile element relations. 

6) Bulk chemlcal composition and net mass change were determined for the 

mobile elements m each unit, and the total flux of components in the hydrothermal 

system was calculated 

7) The flux values for the Norbec system were compared with those estimated for 

the Horne mine (MacLean and Hoy 1991, and unpublished data of MacLean). 

8) Oxygen isotope values (obtained by L. Hoy, University of Montréal) were 

compared wlth calculated values to estimate the temperatura of formation of the 

alteration minerai assemblages 

9) Water/rock ratios were estimated using the solubility of silica, K and Fe in 

hydrothermal fluids and the total bulk mass change of these components in the 

alteration pipe. 

PREVIOUS WORK 

The Noranda area has been the focus of base metal exploration since the 

discovery of the Horne Mine ln 1920 (Spence 1967). The overall volcanic 

sequence comprises alternating andesite and rhyolite flows with minor pyroclastics. 

4 
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This environ ment was favourable to the generatlon of "Noranda Type" 

volcanogenic massive sulphide deposits. To date, more than 90 million tonnes of 

ore containing copper, zinc, gold and silver have been extracted from the area, 

and several depo~its have been recently dlscovered (e.g. Ansil and Mobrun 

mines). 

The Norbec deposit was discovered ln 1961 during an exploration drilling 

campaign by a partnership between Lake Dufault Mines Limited and Falconbridge 

Nickel Mines Limited. The objective of the campalgn was to Intersect the contact 

between the Walte Rhyolite and overlying Amulet Andesite, as thls was considered 

a favourable horizon for base metal massive sulphide mmeralization as seen at the 

Walte deposits to the west. The campaign was successful and the NC'rbec mine 

went into production in Dctober of 1964 and operated until 1976. The exploited 

zones consisted of a principle stratlform massive Cu-Zn lens and a mmeralized 

stockwork zone. A total of 4.3 million tonnes of ore were mmed at 2.8% Cu, 4.7% 

Zn, 43 g/t Ag, and 0.9 g/t Au (Chartrand and Cattalani 1990). Dunng the period 

of cperatlon, the ore mineralogy and textures were studled by A.E Johnson as 

part of a Ph.D. project (1966). Geochemlcal studies of the deposit and 

surrounding rocks formed the basis of a Ph.D study by H.C. Sakrison (1967) and 

Cl M Sc project by 1. Pirie (1980). 

5 
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LOCATION AND ACCESS 

The Norbec deposit is 15 kilometres north of Rouyn-Noranda, Quebec (Fig. 

1). The Noranda area is situated on the southern margin of the Abitibi Greenstone 

Belt which straddles the Ontario-Ouebec border. 

The mine IS accessible via Ouebec highway 101 North tram Rouyn-Noranda 

whlch IS connected to the Norbec property by a paved private road. Presently, the 

rTllne IS closed but the offices and mil! are still in use by Minnova Incorporated. 

6 
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CHAPTER2:GEOLOGY 

REGIONAL GEOLOGY 

The volcanic stratigraphy hosting the base metal deposits of the Noranda 

camp is part of the Blake River Group (BRG) in the Archean Abitibi Greenstone 

Selt. The BRG is lensoidal in shape and straddles the Ontario-Quebec border 

extending trom Trmmrns rn the west, to Cadrllac in the east (Goodwin 1977), and 

is bounded by the Destor-Porcuprne Fault to the north and the Larder Lake­

Cadillac Fault to the south (Fig. 1). The BRG hosts gold and massive sulphide 

deposrts in the Timmins and Noranda areas, and signifrcant gold deposits in the 

Kirkland Lake and Larder Lake districts. The BRG was folded during the Kenoran 

Orogeny to produce an overall configuration of an east trendrng syncline (Goodwin, 

1977). The rocks have been regionally metamorphosed to prehnite-pumpellyite 

and greenschist facies (Jolly 1977). Where late-stage felsic plutons intrude the 

volcamc stratlgraphy, lower amphibolite facies hornfels metamorphlsm has 

stabilized biotite, garnet, cordierite, hornblende, actinolite and anthophyllite. A 

spotted "dalmatlonite" rock of brotlte, cordiente and anthophyllite has formed where 

the contact melamorphism has affected chlorite and sericrte-rich rocks in the 

alteratron zones beneath the massive sl!lphide deposits. Extensive diorite sills and 

dikes have also rntruded the BRG, filling faults which may have large vertical 

drsplacements (e.g. the Dufresnoy sill). 
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The Blake River Group is dlvlded into four sub-groups by Goodwin (1977) 

accordmg to age and chemical variations: Bowman, Garrison, Misema and 

Noranda. The Noranda sub-group hosts the majority of the base metal mines in 

the central Noranda distnct (Fig. 2). This sub-group is composed of sheet-like to 

tabular flows of basalts, andeslte and rhyolite having an upward progression from 

tholelltic to calc-alkaline affmitles (Goodwin 1977). The sub-group has been further 

subdivlded mto tlve zones by Spence and de Rosen-Spence (1975) to represent 

pnmanly the major occurrences of rhyolitic formations (Fig. 3). Most of the base 

metal deposlts, mcluding the Norbec Mine, occur at the end of the third zone 

named, appropnately, the Mme Zone Gélmas et al. (1977, 1984) also sub-divided 

the BRG stratlgraphy m the Noranda dlstnct mto a series of sub-groups composed 

of tholeiite, calc-alkahne or mixed affinity formations. 

The maflc volcanic rocks of the Noranda sub-group are pillowed to massive 

and occur as extensive sheets traceable for several kllometres and up to 800 

metres thlck. The matlc rocks range in composition trom basait to dacite with a 

mean m the andesite field. The rhyolites are generally tabular and up to 200 

metres thick, but may also occur as domes several hundreds of metres thick. The 

lava flows are massive to brecciated. Pyroclastic rocks account for less than 1 % 

of the volcanlsm m the Noranda sub-group (Spence 1975). The presence of 

pillowed andesite lava and the scarcity of sub-aerial pyroclastlc material implies a 

subaqueous envlronment during the formation of the Noranda sub-group. This is 

further supported by the existence of volcanogenic massive sulphide deposits 

10 
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that form at modern submarine discharge sites of large seawater-dominated flUid 

circulation systems. 
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MINE GEOLOGY 

The Norbec Mine lies at the contact of the Waite Rhyolite and the 

stratigraphically overlying Amulet Andesite (Fig. 3). Alteration extends below the 

ore hor;zon through the rhyolite and into the underlymg Waite Andeslte. Alteration 

is not seen in the hangingwall Amulet Andesite, indicatmg that hydrothermal 

processes ceased before its extrusion. A thin «Sm) tuffite bed is closely 

associated with the ore horizon and is found elsewhere on the Norbec property at 

the Amulet Andesite / Waite Rhyolite contact. This section of stratigraphy IS 

present at the neighbounng Waite Mine to the west, but has been dlsplaced by 

a normal fault occupied by the 500m thick Dufresnoy gabbro-diorite dyke (Fig. 4) 

The Norbec stratigr:1~.hy has been intruded by several late stage dykes and 51115 

that crosscut the alteration zone, and in some Instances, the massive sulphide 

orebody. These intrusives range in composition trom felslc to gabbroic, and are 

generally less than 10m thick (Fig. 4). 

Waite Andesite 

The Waite Andesite stratigraphically underlies the Waite Rhyolite at the 

Norbec mine. In this area its thickness is greater than 770m (Purdle, 1967). The 

unit is composed of pillowed and massive flows that are vanably feldspar 

porphyritic, with a medium gramed groundmass of acicular feldspar, interstltlal 

mafic minerais and quartz. Eoth pillowed and massive unlts are vanably 

amygdaloidal with tillings of quartz, epidote and calcite. In the vlcinity of the mine, 

13 
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the Waite Andesite has been moderately to strongly affected by hydrothermal 

alteration that tormed a sericite-chlorite assemblage whlch was later 

metamorphosed to cordiente-anthophyllite-biotite. 

Waite Rhyolite 

The Waite Rhyolite stratigraphically underlies the Amulet Andeslte and the 

Norbec massive A Zone, and hosts the stringer Band C Zone ore. 1he unit is 

-200 metres thick in the mine area and thickens to the east to 300 metres or 

more. The rhyolite is generally massive, but in the vicinity of the mine it consists 

of -25% breccia units and minor bedded tuft. In this area the rhyolite IS strongly 

altered. Least altered samples were obtamed only tram drill hales more than 1 km 

trom the mine. 

Fresh Waite Rhyolite is generally porphyritic with albitic phenocrysts up to 

2mm across; quartz phenocrysts are absent. Occasionally, albite phenocrysts are 

broken in the tuffaceous units. Quartz albite spherulites were rarely observed; 

they were presumably derived from devitnfication of glassy parts of the rhyolite. 

The rhyolite groundmass is a fine grained mosaic of quartz and a/bite with minor 

chlorite and sericite. A/tered and metamorphosed Waite Rhyolite 15 composed of 

an assemblage of quartz-biotite-anthophyllite-pinite-chlorite-sencite-garnet with rare 

relict albite phenocrysts. Generally, these metamorphosed altered rocks are 

coarse grained and contain disseminated and stringer-type pynte and chalcopyrite. 
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The Norbec Orebody 

The Norbec orebody lies -400 metres be/ow surface and consists of a main 

stratabound /ens (A Zone) with an underlying discordant stringer ore zone (8 and 

C Zones) (Fig 3). The main ore lens measures 200m by 120m, attaining a 

maximum thlckness of 45m. The feeder pipe extends downward more th an 500m 

at an angle of 80° to the south west, with a diameter in the Waite Rhyolite of 

-120m. The stringer and disseminated ore in Zone 8 and C is concentrated in the 

centre of the a/teration pipe and extends 75m below the massive sulphides in the 

A Zone. A 50m diorite slli cuts the stringer zone 110m below the massive ore 

lens. A smaller satellite massive ore lens (D Zone) occurs 600m southwest of the 

main orebody on the same stratigraphie horizon, but was not mined. 

The Norbec deposit comprised over 4.3 million tonnes of massive sulphide 

and stringer ore grading 4.7% Zn, 2.8% Cu, 43 g/tonne Ag and 0.9 g/tonne Au; 

this includes mined ore and a small amount of reserves. The mineralogy of the 

massive ore was estimated by Johnson (1966) to be 30% pyrite, 20% sphalerite, 

15% chalcopyrite and 11 % pyrrhotite, with accessory magnetite and trace galena. 

Silicates (mainly quartz, with minor ch/orite and sericite) and carbonate account for 

20% of the massive ore horizon and are generally interstitial to the sulphides. The 

ore and gangue minerais have been largely recrystallized during contact 

metamorphism. Chalcopyrite is concentrated in the lower portion of the massive 

ore lens and in the underlying stringer B Zone ore. Sphalerite is concentrated 

higher up and near the margins of the massive sulphide pile, and as a 
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disseminated peripheral halo to the c()pper-rich stringer B Zone. Layered 

sphalerite-pyrite-pyrrhotite ores occur at the top of the massive ore lens (Sakrison 

1967), whereas the rest of the orebody is generally structureless except for later 

shearing. The B Zone is generally composed of altered rhyolite with chalcopyrite 

stringers that decrease in abundance and size with depth. 

The Contact Tuff 

The Norbec orebody is on the same stratigraphic horizon as the Contact 

Tuff and the massive ore lens grades into the tuff at its marglns The tuffite is 

associated with at least six massive sulphide deposlts and is generally continuous 

throughout the Central Noranda district. It is a heterageneous and thinly banded 

unit consisting of fine layers of tuff with cherty layers containmg up to 20% 

sulphides. Pyrite and pyrrhotite are the most common sulphides, but chalcopyrite 

and sphalerite may also be present. The Contact Tuff varies in thlckness fram a 

few centimetres to 5m near the Norbec orebody (Sakrison 1967). The tufhte has 

a sharp contact with the overlying andeslte but is generally gradational wlth the 

underlying Waite Rhyolite (Sakrison 1967). In sorne areas, intense shearing has 

occurred along the tuff-rhyolite contact and has strongly tectonized the tuffite. 

Amulet Andesite 

The Amulet Andesite stratigraphically overlies the Norbec orebody. The unit 

attains a thickness of 800 metres and outcraps in the mine area. It is pillowed to 

massive, commonly amygdaloidal, generally plagioclase porphyritic, and is mtruded 

by diorite and diabase dikes. Outside the alteration zone, the andesite consists 
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of albite-hornblende-epidote-chlorite-quartz. The plagioclase phenocrysts are 

tabular to th;n and elongate up to 5mm. 

STRUCTURE AND METAMORPHISM 

The Norbec deposit ;~ within a fault bt unded block with a surface area of 

approximately 5km2 defined by the Vauze CrAek Fault to the north, the Waite Fault 

to the south, and a fault occupied by the Dufresnoy Diorite to the west (Bancroft 

and Atkinson 1987). Smaller sills and f2:Jlts to the east of the deposit may define 

this margin of the block. The stratigraphy within the black strikes 3300 and dips 

200 to the scutheast. The deposit itself is relatively undeformed, although two 

small thrust faults intersect the orebody at low angles. The Conka Fault slices off 

the top 15m of the orebody and ha5 -30m of displacement to the ea5t, while the 

Norka fault intersects the northwest margin of the massive sulphides with little 

displacement (Purdie, 1967). 

The regional metamorphic grade is in the prehnite-pumpellyite to 

greenschist facies, which stabilizes prehnite, pumpellyite, albite, actinolite, chlorite, 

sericite and epidote. The late-stage Lac Dufault granodlorite pluton ta the south 

has metamorphosed the rocks within a 1 km contact aureole to the hornblende 

hornfels facies, stabilizing biotite, actinolite-hornblende, andalusite, gamet, 

cordierite and anthophyllite. The contact metamorphism has increased the grain 

size of the rocks to an average of 1 ta 5mm, but retrograde reactions have altered 

18 



1 
the cordierite to a fine-grained mixture of chlorite and sericite called pinite, which 

has pseudomorphed the roundish grains. In the alteration zone, pinite 

pseudomorphs of cordierite in a groundmass of anthophyllite and biotite give the 

rocks a spotted texture referred to as "dalmationite". Dalmationlte is present in 

much of the Waite Rhyolite at Norbec, and also in the underlying Waite Andesite, 

and has been reported at other mines within the contact aureole of the lac Dufault 

granodiorite (e.g. Millenbach, Riv&rin and Hodgsen 1980, Knuckey et al. 1982a; 

Vauze, Lickus 1965; Amulet, Hall 1982; Corbet, Knuckey et al. 1982b). Strongly 

metamorphosed VMS deposits at Montauban in the Grenville Province al 50 contain 

dalmationite which is indicative of syngenetic chlorite-sericite alteration zones 

(Bernier et al. Î 987). Hall (1982), and Riverin and Hodgsen (1980) have studied 

deposits within the contact aureole of the Lac Dufaul~ stock and consider the 

metamorphic process to have been isochemical. 
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CHAPTER 3: GEOCHEMISTRY AND ALTERATION 

INTRODUCTION 

Samples of the three main lithologies hosting the Norbec orebody and 

associatsd ttJffitp., dykes and si Ils were taken trom eleven drill holes throughout the 

area of the deposit (Fig. 5). The samples were used for petrographie studies, 

geochemical calcu/ations, and for the determination of the normative alteration 

minerai assemblage. Freshest samples of the host stratigraphy to the orebody 

were selected further away fram the alteration pipe, and used to construct 

fractionation lines for the major and trace e/ements. These formed the basis for 

determining the composition of the precursors to the alterad samp!as. Mass 

changes and normative minerai assemblages were used to determine the extellt 

of the alteration zone beneath the massive orebody. The bulk chemical 

composition and mass change in the alteration zone were determined, and the 

total volumetrie change resulting from alteration was calculated. 

ANAL YTICAL TECHNIQUES 

Samples were crushed with a jaw crusher followed by grinding to -200 

mesh. The rock powders were chemically analyzed at the Centre de Réc"erches 

Minérales in Sainte-Foy, Québec and at the Geochemir:al Laboratories of McGili 
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University, Montreal, Quebec. Major elements were determined by X-ray 

fluorescence (XAF) using tused beads prepared tram the rock powders. The trace 

elements Rb, Sr, Y, Zr and Nb were analyzed by XAF using pressed pellets of the 

rock powders. Detection limits for the major elements was 0.01 % and 5ppm for 

the trace elements. Copper and zinc analyses along with several CO2 and sulphur 

analyses were carried out by Activation Laboratories Ltd. in Ancaster, Ontario. 

Other CO2 and S03 analyses were carried out by the Geochemical Laboratories 

of McGill University. The LECO method was used to determine the concentrations 

of these elements with detection limits of 0.02% for CO2, and 10 ppm for S03' 

Rare earth element concentrations were determined using neutron activation 

analyses at the Centre de Récherches Minérales on representative samples of the 

volcanic rocks associated with the Norbec ore body. Dr. L. Hoy carried out oxygen 

isotope analyses on 23 samples of the fresh and altered units at the Geotop 

laboratory at the University of Montreal. 
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QEOCHEMICAL CLASSIFICATION OF STRATIGRAPHY 

1 

Host Volcanic Rocks 

Least altered voleanic rocks in the mine stratigraphy (Table 1) belong to a 

low-K bimodal suite common ta Archean greenstone belts (Fig. 6). Matie volcanic 

rocks, termed andesites in the Noranda district, caver a compositlonal range from 

basait to andesite, whereas the felsic volcanic rocks have a much narrower range 

within the rhyolite field. The Amulet Andesite varies from basait to basaltic-

andesite on a K20 versus 8i02 classification plot, suggesting sorne inhomogeneity 

(Fig. 6). 

Amulet Andeslte Walte Walte 
Rhyolite Andeslte 

DDH N181-1010 N129-1222 N175·1543 N224992 
wt% 

SI02 5470 5100 7502 5890 
TI02 163 121 027 126 

AIP3 1610 1670 1187 1460 
FeO 889 986 311 914 
MnO 021 038 002 024 
MgO 484 469 012 399 
CaO 777 1070 100 534 
Nap 495 390 601 453 
K20 029 027 052 043 
Pp~ 030 010 002 017 
LOI 080 1 75 177 078 

SUM 10048 10056 9973 9938 
ppm 
Ga 15 16 15 
Nb 6 5 17 7 
Rb 6 10 17 13 
Sr 220 140 38 120 
Y 23 17 52 28 
Zr 110 84 273 120 

Table 1 Chemlcal composll10n of sorne representa~ve least altered samples of volcanlc host rocks at tho Norboc fJhno 
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The Waite Rhyolite is generally mineralogically homogeneous below the 

orebodyalthough its morphology changes from flows to breccla Geochemically, 

the least altered rhyolite has low Ti and highly concentrated high field strength 

(HFS) elements (Nb, Zr, Y). Hydrothermally altered rhyolite generally shows 

enrichment in silica, potassium and magnesium, loss of sodium and frequently loss 

of calcium. Least altered samples were selected on the basis of a 

~O/(~O+Na20)<20 (sericitization index) along with 5i02 and LOI values typlfying 

a rhyolite. The Waite Andesite is a chemically homogeneous andesite unit, but is 

variably plagioclase porphyritic. 

The geochemistry of the Main Contact Tuff is variable, generally ranging in 

composition between the Amulet Andesite and the Waite Rhyolite (Appendix 1), but 

not falling on fractionation lines. The tuffite is characterized by low sodium, hlgh 

potassium and high LOI, with the bulk of the LOI due to sulphur 

A number of HFS elements (Zr, Y, Nb, REE) exhibit regular concentration 

from mafic to felsic units due to their incompatibility during magma d:fferentiation 

This phenomenon is characteristic of suites of tholeiitic magmatic affinity, and 

allows the HFS elements to be used to establish fractionation profiles. In calc­

alkaline suites, HFS elements are generally compatible and cannot be used to 

generate fractionation lines. 

The three volcanic formations hosting the Norbec orebody and alteration 

pipe have very simiJar fiat REE profiles (Fig. 7) with laN/YbN ratios of 1.15 to 1.25, 

and incompatible etement Zr/Y ratios of 4 to 6. These data characterize the rocks 
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as havlng affimtles that are tholeiitic to transitional (between tholeiite and calc-

alkaline) (Bonavla and MacLean 1986, Lesher et al. 1986, MacLean and Barrett 

ln review). Because the HFS elements are consistently incompatible trom basait 

to rhyolite in the Norbec rocks (Cattalani et al. 1992), it is possible to use them to 

establish tractionatlon lines, alteration lines, and calculate mass changes. 
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PRECURSOR COMPOSITIONS OF THE HOST ROCKS 

Hydrothermal alteration associated with the Norbec ore body is strongest in 

the Waite Rhyolite, but also affects the underlying Waite Andesite. The dominant 

pre-metamorphic normative alteration mineralogy (albite, quartz, sericite, chlorite) 

is similar to that of other Noranda-type volcanogenic massive sulphide deposits. 

There is no evidence ot petrologie or compositional zoning that would sig nif y mass 

transter of material within or across the contact metamorphic aureole. 

The mass changes and chemical flux that occurred during the alteration 

process are the differences between the chemical compositions of the original 

(Ieast altered) volcanic units and the reconstructed composition of the alteration 

zone. The determination of the precursor composition and resulting mass change 

of a unit depends upon the immobllity of elements which are used as a 

fractionation monitor for the suite. Immobility can be shown with x-y plots of two 

elements using bath fresh and altered samples of a unit. A regression li ne of r> 

0.90 for the data set and passing through the origin implies a constant ratio of the 

elements throughout alteration, and therefore, their immobility in contact with 

hydroth~rmal fluids. 

Fractionation Trends 

Fractlonation lines for the Mine Sequence (Fig. 3) were established using 

least altered sampi es from the Norbec area, and supplementary data from the 

nearby Ansil Mine, Corbet Mine, and a deep drill hole (WA 81-3) loeated 5km west 
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of Norbec. The incompatible HFS element Zr was used as a monitor of 

fractionation; other incompatible elements (e.g. Y, Nb, Hf) may be used, but Zr is 

more abundant and most accurately analyzed. The fractionation monitor is paired 

with a compatible immobile element such as AI or TI to produce weil constrained 

fractionation trends at high angles to alteration lines; thls allows mass changes to 

be subsequently calculated (MacLean 1990, MacLean and Barrett ln review). For 

the Norbec data, AI20 3-Zr pmduced a weil defined fractionatlon "ne with r = 0.96 

(Fig. 8A), and was used as the basis to calculate mass changes. The high 

regression coefficient for the line indicates that these unlts were derived by 

fractionation from a single magma chamber. 

Alteration Line 

Samples of Waite Rhyolite within the alteration zone produce a highly 

correlated (r = 0.98) alteration li ne that intersects the AI20 3-Zr fractlonation Ime and 

passes near the origin (Fig. 8B). This venfies that AI and Zr were immobile during 

alteration (MacLean and Kranidiotis 1987). The regression IIne produced by TIO;! 

versus Zr (r == 0.96) demonstrates that Ti also was immobile ln this hydrothermal 

system, and confirms the immobility of Zr. The high degree of correlation of data 

ta the regression line also demonstrates that the Waite Rhyolite was initially 

homogeneous. The altered samples proJect to a very narrow sector of the 

fractionation line that coincides with the locations of the three least altered samples 

of rhyolite. 
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Immobile elements have been residually concentrated in altered samples 

that plot above the AI20 3-Zr fractionation line, owing to the loss of mobile 

components during alteration (MacLean 1990). Mass loss commonly occurs during 

chloritization and sericitization, which often results in the leachmg of silica, Na and 

Ca. Samples plotting below the fractionation line have experienced mass addition 

resulting from silicification and mineralization, which has diluted the concentration 

of the immobile elements at a constant ratio. For example. sample N141-1331 on 

Figure 88 is trom the stringer ore zone and has the lowest Zr content (61 ppm). 

If plots on the alteration regression li ne defined by the Waite Rhyolite data set. 

The immobile elements ln this sample have been dlluted by the addition of silica 

and sulphides. By contrast, elements that are mobile during alteration plot 

randomly against Zr with very low or negative r-values 

Precursor Composition 

The intersection of alteration and fractionation lines derived tram an 

immobile element pair yields the composition of the precursor of the altered 

volcanic unit (Fig. 8B); high r-values for these lines indicate an mitially narrow 

compositional range. Least altered sampi es of the Waite Rhyolite (n=3) plot at the 

intersection of the alteration and fractionation fines, and were averaged to 

approximate the original bulk composition. The composition of the Walte Andesite 

was also estimated by this method. These precursor compositions (Table 2) were 

used to compute mass changes during the alteration process 
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Waile Rhyolite Walte Andealte 

SI02 7618 5976 
TI02 029 127 

AIP3 1225 1479 
FeO 380 925 
MilO 004 024 
MgO 051 405 
CaO 051 542 
N~O 575 458 
Kp 063 043 

P20 5 003 017 
SUM 100 100 

Zr 313 120 

Table 2 Precursor compositions of the hOsbng volcamc rocks used ln mass change calculahons THe 
precursor composition 01 the Walte Rhyohte was determlned Irom the Intersection 01 the alterallon Ilne 
wlth the Iractlonatlon hno (Fig SA). and the average 01 the least altered samples (n=3) The precursor 
composition of the Walle Rhyolite was determrned by averaglng the least altered samples (n::10) 

MASS CHANGES 

Geochemical studies of alteration zones associated with volcanogenic 

massive sulphide deposits in the Abitibi Greenstone Belt (Phelps Dodge, MacLean 

and Kranidiotis 1987; Horne, Cattalani et al. 1990, MacLean and Hoy 1991; Ansil, 

Sarrett et al. 1991; Delbridge, Barrett et al. 1992a; Corbet, Barrett et al. 1992b) 

indicate that AI, Ti, Zr, Nb and Yb are immobile during hydrothermal alteration. 

Mass change calculations (Fig. 9) are based on the differences in concentration 

of immobile elements between an altered sample and its precursor (Table 2). In 

Figure 9, the immobile elements in the altered sampi es are normalized to their 

original proportions, and the contents of the mobile elements are readjusted by the 

sam'e factor to obtain the "reconstructed composition" (RC) (Appendix Il): 

R C = (Zrfrash 1 Zrallered) X wt% of Oxideallered Equation 1 
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These reconstructed compositions reflect the actual mass of the altered rocks. 

Mass Changes = Precursor Composition - RC Equation 2 

The differences between reconstructed and precursor compositions constitute the 

mass changes incurred during a/teration and show the additions and depletions of 

mobile elements (Table 3) . 

Precursor Allered RC Masa 
wl% salJlflle Change 

N141·1320 

SI02 7618 5526 1268 506 
TI02 029 0.12 028 00 
AI20 3 1225 566 130 07 
FeO 380 2234 513 47 & 
MnO 004 0.09 021 02 
MgO 051 261 60 55 
CaO 051 049 1 1 06 
Na20 575 0.22 05 52 
Kp 063 004 009 -05 

P20 5 003 002 005 00 
Cu 000 229 53 53 
ln 000 139 32 32 
S 000 720 165 165 
CO2 000 226 52 52 

SUM 100 00 10000 2294 1294 
lrppm 313 136 313 0 

E F = 313/ 136 = 229 

Table 3 An example of mass changes ln the Walte Rhyollto bonoath Iho Norboc orobody Tho 
precursor composition IS from Table 2 Reis the roconstruclod compOSition, and E F 15 tho 
ennchment factor = Zrh.stllr.""oo 
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(Chlontlzed. ComposlIJon 
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Figure 9' Schema tiC dlagram IIlustrating the method used to ca/cu/ate mass 
changes for an altered rock. The mldd/e column represents the unaltered 
(precursor) rock wlth a geochemlcal composition normalised to 100% (Iess LOI). 
The columns to the left and nght of the precursor represent chemlcal analyses 
of the altered rocks which have galned or lost mobile elements (grey zone). 
The outer two columns represent reconstructed composition of the altered rocks 
after normahzlng the Immobile elements (dark zone) to thetr ongmal contents 
Modlfled from MacLean (1990). 
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Immobile elements and mass changes can be used to measure the severity 

of alteration. From initial inspection, sample N141-1320 (Table 3) trom below the 

orebody has Si02 (55.26 wt%) and Zr (136 ppm) values more typical of a basait 

th an a rhyolite. However, Ti02 and AI20 3 are very low (0.12 wt% and 5.66 wt%, 

respectively) and position this sample on the alteratlon li ne of the Waite Rhyolite 

(Fig. 8B). The reconstructed composition (Table 3) reveals that the sample has 

had large additions of S (as sulphides), silica, Fe and Mg, while Na and K have 

been removed. These changes are typical of the centre of an alteration pipe. 

The reconstructed composition and mass changes for the entire alteration 

zone have been calculated using a combination of data fram indlvidual samples. 

The samples were "weighted" for "volume of influence" and density accordmg to 

their distribution in the alteration zone, the geometry of which was then outlined 

in detai! to obtain accurate estimates of these parameters (see below) 

DELINEATION Of THE ALTERATION ZONE 

The extent of alteration below the Norbec orebody was delineated using 

petrography, normative alteration mineralogy, loss of Na20, K20/K20+Na:p 

(sericitization index), loss on ignition and mass changes On initial inSpection, 

samples were considered to lie withln the alteration zone If they showed significant 

bulk chemical change from the precursor composition by factors> 1 7 in K20, CaO, 

and MgO; >1.5 in N~O and FeO; and >1.1 in SI02 and Zr. Samples were 
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designated as "altered" using these chemical parameters and the requirement that 

at least one-third of the albite was converted to normative sericite and chlorite. 

Normative Alteration Mineral Assemblage 

Normative minerais (in cation %) were computed to estimate the amounts 

of hydrothermal alteration minerais formed prior to contact metamorphism 

(Appendlx Il). The minerais quartz, albite, sericite, chlorite, epidote, calcite and 

with relict rutile represent the typical hydrothermal alteration assemblage 

associated with Noranda-type massive sulphide deposits. Where sulphur analyses 

were available, sulphide minerais were added to the normative assemblage. The 

normative alteration minerai assemblage also was used in determining the 

calculated Ô018 values. An igneous normative minerai assemblage was 

determined for the prscursor rocks to calculate the volume change during 

alteration. 

Least altered sllmples of Waite Rhyolite, from beyond the periphery of the 

alteration pipe, are composed primarily of -55% normative albite, -35% quartz and 

-10% matie minerais. These minerais were seen in the thin sections of the 

unmetamorphosed samples. A vague zoning of normative alteration minerais is 

apparent in the pipe, with ch/orite and sulphides concentrated at the centre and 

sericite at the periphery. The amount of quartz increases in the alteration zone 

due ta the breakdown of albite ta quartz-serieite-chlorite assemblages, and also 

to a net introduction of silica as calculated from mass changes. This added silica 

defines a pod, or sub-zone, of a/tered rhyolite enriched in quartz and stringers of 
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sulphides in the centre of the alteration ZO,le. Other areas of silica enrichment 

occur primarily at the margin of the pipe in the sericite-quartz zone. The zonation 

of the alteration minerais encountered at the Norbec mine is, exccpt !or the central 

pod of silica, typical of other deposits in the Noranda district. 

VOLUME AND MASS OF THE ALTERATION ZONE 

The volume of altered rock was outlined using six diamond drill holes in the 

core of the pipe, and five holes between the core and periphery. Alteration is most 

extensive in the Waite Rhyolite just below the orebody, but also extends mto the 

underlying Waite Andesite where it becomes less intense and diffuse wlth depth. 

The most complete data coverage is restricted to the rhyolite, as only a few drill 

holes penetrated the altered Waite Andesite. The Waite Rhyolite IS -20ù m thick 

below the orebody, excluding a SOm thick sill of unaltered and unmineralized 

diorite in the lower portion of the unit. The sill has been excluded in the 

calculations of volume and mass. 

The upper and lower (-200 m) surfaces of the alteration zone in the rhyolite 

are approximately oval in outline (Fig. 1 DA). In three-dimensions, this part of the 

pipe approximates a frustum of a cone (Fig. 10B). From its dimensions and 

shape, ihe zone of altered Waite Rhyolite was divided mto a series of pnsms and 

a central polyhedron having a combined volume of 8.08x10G m3 The volume 

approximated as a frustum of a cone was slightly larger (-10%), but this method 
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does not allow for irregularities in detailed pipe outline. The density of the altered 

rhyolite averaged 2.85 g/cm3 (0 = 0.05) trom weighttvolume measurements on core 

samples, and 2.91 g/cm3 (0 = 0.16) from normative minerai percentages and 

minerai densities. The mean of these two density estimates, 2.88 g/cm3
, yielded 

a mass of altered rhyolite of 23.3 million tonnes. 

Due to the lack of holes penetrating the Waite Andesite, sampling of this 

unit was limited. The lower portion of the alteration zone, therefore, was assumed 

to have a conical shape (cf. Lydon 1984, 1988; Franklin et al. 1981). 6xtending 

downward from the base of the altered Waite Rhyolite (Fig. 11). The extrapolated 

apex of the cone is 550 m below the orebody, including the 50m thick slii. Given 

the measured density of 2.97 (cr = 0.20), and a volume of 4.92 x 106 m3
, the mass 

of altered Waite Andesite is 14.6 million tonnes. 

The total volume of the alteration pipe th us is 13.0 x 106m3 with a mass of 

37.9 million tonnes. This volume is -1/500 the size of the Horne mine (Fig. 1 :8) 

alteration zone which was estimated al 5km3
, including the H and #5 ore zones, 

alteration in the hanging wall, and restored faulted segments (MacLean and Hoy 

1991 ). 
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Figure 10. a) Outline of the upper and lower (-200m) extension of the 
alteratlon zone wlthin the Watte Rhyolite as dellneated from the surface 
dlamond dnll holes The outhne of the Norbec orebody 15 on the upper surface 
Note that the stratlgraphy has been returned to honzontal 
b) Schematlc projection of the alterattor. zone wlthtn the Watte Rhyolite 
(Iooklng north). 
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Figure 11 : Extrapolation of the alteration pipe into the Waite Andesite 

based upon the outlined portion of the pipe in the Waite Rhyolite. 
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BULK CHEMICAL COMF'OSITION 

1 
Averaging Procedures 

The bulk chemical composition of the alteration zone can be estimated by 

different methods. The simplest. but least precise. is the arithmetic mean of the 

chemical data, which gives equal importance ta clustered and dispersed samples 

in the alteration zone, but leads to a large margin of error. Other averaging 

procedures, such as cross-sectional, contounng, geostatistical and krigmg. were 

evaluated. The approach adapted uses a three-dlmensional model wlth volumes 

of influence for each sample and each drill hole, as in an ore reserve estimation. 

This procedure compensates for the uneven distribution of the drill hales and 

samples. Samples were "weighted" for their control length of drill core (midpoints 

between adjacent sample) ta a thlckness of 200m ta determine the average 

chemical composition for the altered rhyolite, and to a thickness of 350 m for the 

Waite Andeslte in each dnll hale. 

Equation 3 

Equation 4 

where ZI" is the weighted oxide or trace element i (wt%), d2 - dl is difference in 

depth between the sample locations or top of the rhyolite and bottom of the 

rhyolite or andeslte, ZI is the weight fraction of the oxide or trace element i in the 

sample, Z IS the weighted composition of the unit in the drill hole and 1 is the length 

41 

! 

~, 



i 

of the drill hole withm Unit a. The drill holes were then welghted for their volumes 

of influence in the alteration zone by constructing a polyhedron around each hole 

using median distance between the holes to constrain their shape. Using these 

volumes of influence, average reconstructed chemical compositions were 

calculated for the Waite Rhyolite and Waite Andesite within the confines of the 

alteration pipe (Table 4) yleldlng the bulk chemical composition of the alteration 

zone. 

Equation 5 

Equation 6 

where Z· is the bulk chemical composition of the unit, V
J 

is the volume fraction 

("volume of influence") for drill hole j, Z'otal is the bulk chemical composition of the 

alteration zone, Va' and Vb' is the volume fraction of unit a and b, respectively. 

We/ghted bulk chemical compositions of chloritic, sericitie or other alteration sub-

zones also can be determined with these techniques when sampling coverage is 

suffic/ent. 

Net Mass Change 

From the bulk ehemical data and the immobile element procedures outlined 

above, the average mass changes were determined for each component (Equation 

2) for the ent/re ahcratlon pipe (Table 4). The altered rhyolite and andesite exhibit 

signifleant inereases ln silica, Fe, Mg and K. Only Na has been removed from 

both units. Potassium, Rb and Ba behaved similarly (Rb versus K, r = 0.91; Ba 
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versus K, r = 0.80) and increased at constant ratios owing to their incorporation 

exclusively into sericite. Calcium and Sr were added to the rhyolite. but almost 

entirely removed from the andesite. Sulphur increased to 1 9 wt% in the Walte 

Rhyolite, but changed IiUle in the andesite. Base and precious metals were added 

in small amounts to the Waite Rhyolite, but not to the andesite Total mass 

Walte Rhyolite Walte Andeslte Alteration Zone Average Composition 
Avg R-C Mass ~ Avg RC Mass i.\ Avg RC MassA 

SI02 87.3 11 1 653 50 788 88 676 
TI02 033 004 10 -012 059 -002 051 
AlP3 128 05 177 20 147 1 1 126 
FeO 102 64 157 80 123 70 106 
MnO 016 012 047 028 028 018 020 
MgO 13 08 63 20 32 1 3 28 
CaO 18 1 3 053 -51 1 3 -1 1 11 
Nap 23 -3 4 076 -38 1 7 -35 15 
K20 19 1 3 20 17 1 9 1 4 16 
Pp~ 003 000 021 003 003 001 003 
Cu 008 008 000 000 005 005 004 
Zn 035 035 000 000 02 02 017 
S 19 1 9 004 004 1 2 1 2 10 
Sum 1205 205 1100 100 1165 165 100 

Rb l'pm 38 14 41 31 39 21 33 
Sr ppm 56 11 46 -138 52 -46 45 
Ba ppm 370 106 490 361 416 203 357 
Pb ppm 21 17 20 16 21 17 18 
Au ppb 29 28 1 5 -16 18 17 15 
Ag ppm 40 39 03 03 26 26 22 
Co ppm 44 38 27 0 37 24 32 

EF 1205 1100 1 165 

Table 4. Average bulk rOC{lnstructed composition (RC) and mass changes tor tho Norbac altorallon zono E F 15 Iho 
ennchment factor ln thls cas.,) E F = Sum (all.'od/Sum (precur,or) where the sum of Iho componen!s ln Iho prucursor Ir. oqu.11 
to 100. 

change was twice as high in the rhyolite (+20.5 wt%) as in the andesite (+ 1 0.0 

wt%) (Table 4). The net mass change in the entire alteration zone (+ 16.5 wt%) 

is a weighted average of these two units. The bulk changes mclude rocks trom 

ail the sub-zones of alteration in the pipe including the stringer ore zones. The 
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mass additions listed in Table 4 represent net amounts of individual components 

that were brought into the alteration pipe from an external source via the 

hydrothermal fluids. Net mass losses are of components leached trom the pipe; 

these probably were exhaled via the hydrothermal tluids onto the seafloor and into 

the overlying water column. 

The addition of 8.8 wt% S;02 to the alteration pipe represents a net 

silicification of the rhyolite and andesite. This is not simply the increase in modal 

or normative quartz that results tram the breakdown of albite to sericite, or ta 

chlorite and quartz. Iron was added in large amounts (7.0% FeOr ) , and 

incorporated into chlorite (with Mg) and sulphides. The introduced K (1.4% K20) 

produced sericite. Calcium was added only to the altered rhyolite and mainly 

formed calcite. In other similar alteration zones in the Noranda district, Ca has 

commonly been removed (Horne, MacLean and Hay 1991; Ansil, Barrett et al. 

1991), but in the Delbridge mine (Fig. 1 :9) alteration zone, Ca locally was added 

also, as calcite (Barrett et al. 1992a in review). The increase in AI m the Waite 

Andesite probably reflects hlgher primary AI contents due to igneous accumulation 

of plagioclase in some samples, rather than mass increase. The lower net value 

of mass change in the andesite indicates that it has experienced a lower degree 

of chemical alteration, but does not necessarily reflect a lower degree of 

mineralogical alteration; the unit initlally contamed large quantities of Fe and Mg 

that were converted ta chlorite (and later cordierite and anthophyllite), whereas 

these elements were less abundant in the rhyolite Rrecursor and were added in the 
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1 chlorite-rich zones. 

Volumetrie Change 

The change in volume of the host volcanic rocks during alteration was 

determined using the principle of Zr immobility which prescribes that the amount 

of Zr in a volume of altered rock is the same as in the initial volume of the 

precursor. Each gram of Zr represents a certain volume of fresh rock (Table 5), 

and using the known amount of Zr in the alteration pipe, and a calculated density 

of the precursor rock, the original volume of the fresh precursor rock ean be 

caleulated. 

V (m3
)."eanot = Zr (T)aner.lllOllzMe x ! x ! Equation 7 

Zr(g)p Op 

Where Op = density of the precursor, and Zr (g)p = ppm Zr 1 106
• The volume of 

the unaltered precursor can also be caleulated tram the known volume of the 

alteration zone, bulk enriehment factor (E.F.), and the densities of the a/tered (DA) 

and precursor (Op) rocks. 

Equation 8 

The volume estimates are very close (Table 5), and differ only in that one extra 

caleulated variable (D,.) was utilized in equation 2. The volume of the fresh Waite 

Rryolite was 7.21 x 106 m3 giving a 12.10/0 increase in volume during alteration. 

Similarly, the fresh Waite Andesite had a volume of 4.6 x 106 m3 with an increase 

of 7.0% during alteration. The significant volume inerease in the Waite Rhyolite 
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during alteration is accounted for by vesicle filling, and by matrix and other open­

space filling ln the breccia intervals which represent 25% of the rhyolite. In the 

Waite Andesite, the matrix of pillows and breccias, and vesicular intervals provided 

the porosity ta accommodate the calculated volume increase. 

Op 
0 .. 
Zr ln precursor (ppm) 
Mass 01 altcred rock (T) 
Zr ...... _,ono (T) 
Enrrchment Factor 
Volume 01 allored rock (m3

) 

Volume 01 Irash rock (m3
) 

Volumetrie change 

Waite Rhyolite Walte Andeslte 

267 
288 
313 
23270400 
6044 
121 
8080000 
7224500 
121% 

289 
297 
120 
14612400 
1594 
1 10 
4920000 
4605000 
70% 

Table 5 Average volumetrie change 01 the Walta Rhyolite and Waile Ande~lte alter hydrothermal alteratlon Op = denslty 
of precursar. 0 .. = densily of altared rack 

Weighted Flux Calculations 

The flux of an element is its total weighted mass change in the alteration 

system based on wt% and ppm, and expressed as tonnes and kilograms (Table 

6). The term "hydrothermal system" includes both the alteration zone and the 

massive sulphides, as the components of the ore lens are derived fram fluid-rock 

interaction, and then deposited on the sea floor above the alteration pipe. Twenty 

per cent of the ore lens is a silicate component, mostly chert, but also of 

tuffaceous origin composed of quartz, chlorite and sericite. 

The flux calculations provide a comprehensive display of the effect of a 

focused flow of ore forming fluids on a small volume of the volcanic units. Some 

mobile components were introduced and some depleted, whlle others were 
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redistributed within the a'teration zone. The weighting procedures smooth local 

compositional variations (which may be large as in the case of sllica and Iron) 

between samples or sub-zones of the alteration pipe a:ld glve a true depiction of 

the total flux. The flux of metals represented by the orebody was calculated from 

the average grade of the deposit (Chartrand and Cattalam 1990) Included in 

Table 6 are the mass change tonnages of fluxed elements ir1 the Waite Rhyolite. 

Waite Andesite and the orebody. Material added was 7.81 million tonnes, and 

depleted 1.79 million tonnes, yielding a net flux of 9.6 million tonnes. Net changes 

in major and trace elements are i/lustrated on a histogram (Fig 12) and show the 

separate contributions of the alteration zone and orebody ta total flux of each 

element. 

Waae Rhyolite Walte Andes.te TOTAL ZONE Orebody TOTAL SYSTEM 
Vol (m3

) 8080000 4920000 013 km3 1080000 014 km' 
o (g/cm3

) 288 297 
Tonnes (MT) 23270 14612 379 43 422 
FLUX 
SI02 2595 MT 0723 MT 332 MT 0506 MT 381 MT 
F~· 1492 1 165 266 1561 422 
MnO 0280 0041 032 0010 033 
MgO 0188 0291 048 001A 050 
CaO 0302 -0739 -044 044 
Nap -0791 -0552 -130 -0040 134 
Kp 0293 0254 055 0007 055 
S 0433 0006 044 1346 179 
Cu 0019 0019 0120 014 
Zn 0082 0081 0202 028 
Pb 400 T 234 T 634 T 634 T 
Ag 91 4 95 185 285 
Rb 330 450 780 10 790 
Sr 260 -2020 -1760 0 1760 
Ba 2470 5270 7740 74 7814 
Co 880 880 880 
Au 640 kg 30 kg 670 kg 3870 kg 4 540 kq 

NET FLUX 4897000 T 1193000 T 6.1 MT 3730000 T 9.9 MT 

Table 6 Total mass of element fluxes ln the Norbec alteratlon zono. orobody and tho camploh: hydralhlJrrndl '.yr,Iom FfJü' 
IS total Iron as FeO 
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The total mass of the hydrothermal system (alteration zone plus ore) is 42.2 

million tonnes (MT). Ten per cent of this mass is represented by added iron (4.2 

MT), 8% by added silica (3.8 MT), followed by additions S (1.8 MT), K20 (0.55 

MT), MgO (0.50 MT), and smaller contributions of other elements. The massive 

ores account for three-quarters of the added S, and about one-third of the Fe The 

mass losses in the system were restricted to Na20 (-1.38 MT), CaO (-0.44 MT), 

and the geochemically associated Sr (-1760 T). The gain in the economically 

important metals (Cu and Zn) reprt.'sent <1 % of the total mass of the hydrothermal 

system, and only 3.4 wt% of the mate rial added. Seventy-flve per cent of the Cu 

and Zn is contained in the massive ore lens, and the remainder ln stringer and 

disseminated sulphides in the alteration pipe. Bath Au and Ag are added to the 

system, mostly to the massive sulphide lens. Lead and Co were not analyzed in 

the massive ores, but show small net additions in the alteratlon pipe. 

Silica was added to the alteration zone as quartz in veinlets and amygdules, 

as a matrix in breccia units and in the stringer zone. It appears ta have been 

largely trapped in the alteration zone, as the overlying massivq ore and tufflte unit 

contain <10°10 added silica. Most of the non-sulphide Iron and ail of the Mg in the 

alteration zone was in chlorite prior to metamorphism. As non-sulphide Fe greatly 

exceeds the Mg, the chlorite was probably an Fe-rich ripidollte. This 15 5upported 

by the high Fe/Fe+Mg ratios of metamorphic matie minerais (see Appendlx Il) 

which now make up the alteration zone. 
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Barium showed the largest addition to the system of the non-ore trace 

elements. Ba has a good correlation with K (r = 0.80) and is inferred to substitute 

(along wlth Rb) for K in sericite. In the Kuroko ores of Japan, Ba occurs largely 

as barite (8aS04 ), suggesting a higher oxidation state for the Kuroko hydrothermal 

fluids than for those that formed the Norbec deposit. 

Although Cu and Zn masses are impressive (482 000 T), their flux in the 

system was only a fraction of that for FeO and silica (Table 5). Copper and Zn 

masses are similar to added K20 (550 000 T) and MgO (500 000 T), but much 

less than leached Na20 (1 380000 T). 8ase metals and Ag (285 T) and Au (4.54 

T) were important econamic components, but they represent only minar flux 

products of the system. 

Comparison with the Horne Mine 

:he flux of elements at Norbec was much smaller that at the Horne mine 

(Fig. 1 :8, Table 7), the largest massive sulphide deposit in the Noranda district 

(Fig. 1). A prellminary estimate of the mass changes for the Horne (MacLean and 

Hoy 1991. MacLean, unpub. data) includes the very large alteration zone which 

extended trom below the orebody into the hangingwall. and sectors displaced by 

faulting. The orebody includes the Cu-Au-rich H lenses, and the high tonnage 

subeconomic Zn-bearing #5 Zone. 
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Horne Deposit Norbee Oeposit Norbec" 

Mo\SS IAli 15000 MT 379MT 379 Ml 
MASS IOREI 259 MT 43 MT 43 MT 
MASS (Total) 15259 MT 422 MT 422 MT 

ALTERATION ZONE (AZ) 

SI02 1700 MT 38 MT 43 MT 
FeO(AZ) 135 27 034 
MgO ·15 050 ·004 
CaO ·200 ·044 ·050 
Na20 ·335 ·1 38 084 
Kp 240 056 060 

OREBODV (ORE) 

FeO(OREI 70 156 116 
Cu 15 014 003 
Zn 36 028 006 
S 120 1 79 199 
Au 760 T 4510 kg 12600 kg 

Table 7 Compartson of the actual flux of ore and rock formlng elements from tho Norboc doposlt wllh tho Horno doposlt 
Norbec' 15 the predlcted flux 01 the system as a scalod down version of the Horno dopoSlt 

The Norbec orebody makes up a much larger portion (-10%) of its small 

focused hydrothermal system than do the Horne orebodles (-2%), which occur 

within a large and diffuse alteration zone. Although the slzes of the hydrothermal 

systems are very different, they exhlblt sorne important similanties. Bath have 

gained large quantlties of siltca, Fe, and K, and bath have lost most of thelr Ca 

and Na The flux of Mg was different at the two mines, wlth a gain at Norbec. and 

Joss at the Horne where it was Jeached during the seneitizatlon process. At the 

Horne, silicification is mamly in the extensive quartz-seneite alteration zone, 

whereas. at Norbee, pods of slhclflcation are also present ln the ehlontle stnnger 

zone. Bath orebodies show the same trend of relative metal and sulphur additions. 
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To make a clearer comparison betwaen the two mines, the ratio of element 

flux to the mass of the hydrothermal system at the Horne can be used to predict 

element flux in a deposit of the size of Norbec (Table 7). This procedure 

reasonably predicts the flux of silica, Ca, Na, K in the Norbec alteration zone, but 

underestimates Fe and Mg due to the proportionately larger chloritic zone at 

Norbec. Iron and Sare closely predicted for the Norbec orebody, but Cu and Zn 

are lower, and Au higher. Some of these variations can be accounted for by the 

atypical nature of the Horne among the Noranda deposits, with its very large silica-

sericite alteration zone, a small chlorite zone, and Au-rich ore. As more 

geochemical data are compiled on the alteration zones of these deposits, the flux 

of element.:; in each system can be more accurately determined and compared. 

OXYGEN ISOTOPES 

Oxygen isotopes were measured by L. Hoy of the University of Montréal on 

the host volcanic rocks of the Norbec deposit. Twenty six whole rock samples 

were analyzed using the BrFs medium method (Clay ton and Mayeda 1963) to 

extract the oxygen. The samples studied were fine-grained metamorphosed 

volcanic rocks. and, therefore. minerai separates were not obtained. Temperature 

estimates on these would not be relevant to alteration conditions. 

The measured bulk oxygen isotope analyses for the least altered Waite 

Rhyolite average -9.7%0 which is on the higher limit of the (l ISa range for the 
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unaltered rhyolites of the Abitibi Greenstone Belt (Taylor 1968, Beat y et al. 1988, 

Cattalani et al. 1990 and 1992). The altered rhyolites returned values ranging from 

5.1 to 10.5%0 with an average of 7%0. The unaltered hangingwall Amulet Andesite 

samples have measured oxygen isotope values of 6.8 to 9.4%0 and are also at the 

upper limit of the Abitibi average. 

The hydrothermal minerai assemblages of the host volcanic rocks have 

been metamorphosed within the contact aureole of the Lac Dufault granodiorite to 

the hornblende hornfels facies. The oxygen isotope values of the original 

hydrothermal minerais have been affected by thls event, but the contact minerai 

assemblages do not imply a significant migration of fluids (Hall 1982, Riverin and 

Hodgsen 1980). Metamorphic reactions gene"ally were prograde dehydration 

followed by retro(lrade hydration. The total effect of these reactions on the oxygen 

isotopes of the bulk rock are considered minimal (Valley 1986, Cattalani et al. 

1992), and the measured bulk 8180 indicate the thermal and Isotopie conditions 

during the hydrothermal alteration associated with the formation of the Norbec 

massive sulphide deposit. 

Calculated Oxygen Isotope Values 

The a180 values of the a/tered vo/canic rocks can be ca/cu/ated usmg the 

methods outlined by MacLean and Hoy (1990) using weight percentages of the 

alteration minerais and their 8180 values. The wt % of each alteratlon minerai was 

calculated using the normative alteration minerai program outlined ln Chapter 3 

and Appendix Il, and subsequently converted to weight %. The oxygen Isotope 
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values of each alteration minerai were assessed using a series of steps: Ô

180 

values for minerais at several temperatures typical of VMS hydrothermal fluids 

were determined using experimentally derived equations for quartz (Matsuhisha 

et al. 1979), chiante (Wenner and Taylor 1971), muscovite-sericite (D'Neil and 

Taylor 1969), calcite (D'Neil et al. 1969), zoisite-epidote (Matthews et al. 1983), 

albite (Bottinga and Javoy 1973), and magnetite (Wenner and Taylor 1971). At 

Norbec, the mineralizing fluid is estimated ta have a Ô180 ::::: 0%0 (seawater) (L. Hay 

in Cattalani et al. 1992). The resulting bulk-rock ÔHIO values were calculated for 

each sample that had a measured B180 using the equation: 

Equation 9 

(MacLean and Hay, 1991) where c~)180wR is the bulk oxygen isotope composition 

of the altered rock, Ô180 1 is the oxygen isotope composition of mineraI i, XI is the 

weight fraction of the minerai i relative ta ail oxygen-bearing minerais, and YI is the 

weight fraction of oxygen in minerai i. Seve rai assumptions were made when 

using this formula: 1) each minerai formed at a constant temperature, 2) the 

hydrotherma! fluids had a constant temperature, 3) the hydrothermal fluids had a 

constant B180 value (in this case 0%0), 4) the normative minerai program gives an 

accu rate estimation of the original hydrothermal minerai assemblage and, 5) the 

0180 values of the minerais have not been greatly readjusted by contact and 

regional prograde and retrograde metamorphisrn. The bulk oxygen isotope values 

reflect the normative minerai assemblage such that a chlorite-rich rock should have 
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Figure 13. Plot of measured bulk 0 180 values (horizontal aXIs) agalnst calculated bulk Ô 180 
values (vertical aXIs) for the Walte Rhyolite The calculated values were carried out for the 
measured samples at temperatures of 200', 250', and 300' Calculated values were obtalned 
after using Equation 13 and minerai contents were normative estlmates Precise predictive 
capablilty should result ln a 1 1 correlation between the calculated and measured values 
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a very low 81BO value (0 - 1%0), while a silicified rock should have a relatively high 

value (6 -9%0) depending on the temperature of formation. 

The calculated values for the rocks analyzed by L. Hay (Cattalani et al. 

1992) show a moderately good correlation with the measured 8180 values at 

temperatures between 200° and 250° {Fig. 13). Samples with 8180 values above 

8%0 show the best correlation with the measured values at 200° and, in most 

cases, (Appendix Il:3) represent samples furthest trom the deposit with a minerai 

assemblage of quartz and albIte. Samples correlating best with a temperature of 

250° are generally composed of quartz-chlorite-(sericite) representrng sampi es 

proximal to the deposit. The one sample correlating best with the measured 

values at 3000 is composed of quartz and chlorite and is within the stringer zone 

(Appendix Il:3). The calculated arri measured values of the oxygen isotor'3S show 

that there is a strong correlation between the bulk 8180 and the alteration 

mineralogy and ail samples have formed at tempe ratures between 2000 and 

350°C, typical of Vf\.1S depusits in the Noranda area. 
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CHAPTER 4: DISCUSSION 

HOST VOLCANIC UNITS 

The stratigraphy in the Norbec area is a bimodal sequence of basalt-

andesites and rhyolites. The umts define a single fractionatlon line mdlcating that 

the volcanic rocks are part 01 a fractionated series derrved trom a srngle magma 

chamber. The Walte Rhyolite. which hasts the Norbec deposit. !tes at the top of 

the volcanic sequence and is the most fractionated unit of the senes. From 

discrimination plots, the rocks hosting the Norbec deposit are tholeiitic ta 

tranSltional in affmity, and are of the low-K series. These compositions are typical 

of the volcanic sUites hosting the Ansil, Corbet. Vauze, and Waite deposits. 

The volcanic units of the Blake River Group have been divlded mto tholeiltlc 

and calc-alkaline affinities by Spence and de Rosen-Spence (1975), Gélinas et al. 

(1977), Ludden and Gélinas (1984), and Gélinas et al (1984) mainly on the basis 

of AFM major element discrimination dlagrarns supplemented by Miyashiro plots. 

From twenty four samples of debatable freshness, the rocks in the Norbec area 

were designated as belonging ta the Dufault calc-alkaline unit (Géh nas et al) 1977, 
~ 

1984). UJike and Goodwin (1987) attempted to define the affimties of individual 

flows and determmed that the Dufault unit comprrsed a combinatlon of tholei/tlc 

and calc-alkaline 1lows. Miyashlro plots wlth Jenson plots (AI-(l:Fe+ Ti)-Mg) were 

used ta determine the affinity of variably altered rhyolites and andesites of the 
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Dufault unit, and were supplemented with (LalYbJN ratios. Ujike and Goodwin 

(1987) determined that the Amulet Andesite, Waite Rhyolite, and Waite Andesite 

are ail of calc-alkaline affinity. However, the major elements used to classify the 

units in the cited studies are very mobile during hydrothermal alteration and can 

give erroneous classifications when used in these plots, and careful consideration 

was not used when determining the freshness of the sample. The light REE also 

have been shown to be mobile under some hydrothermal conditions (MacLean 

1988). In the present study, 'resh samples were examined in terms of: a) K20 vs. 

Si02 plot, b) REE plots, c) [La/Yb]N ratios, d) Zr/Y ratios, and e) fractionation plots. 

The resuits mdicate that ail three volcanic host formations have a tholeiitic to 

transitlonal affinity. 

The volcanic paleo-environment in the Norbec area has been interpreted as 

a cauldron of -20 km in dlameter extending from the Hunter Creek Fault to the 

north to the Horne Creek Fault to the south (Gibson and Watkinson 1990, Péloquin 

et al. 1990). The cauldron was filled by several cycles of volcanism with each 

cycle charactensed by a thick basal andesitic unit overlain by a senes of bimodal 

andesitic-rhyolitlc units. The first cycle of Péloquin et al. (1990) correlates with the 

third cycle (Mine series) of Spence and de Rosen-Spence (1975) and signais the 

beginning of the cauldron subsidence defined by the Gibson and Watkinson (1990) 

interpretatron. Goldie (1976, 1979) suggests the Flavnan Pluton represents the 

shallow underlying magma chamber that was co ev al with the Blake River Group 

volcanlc units. Most of the VMS deposits in the cauldron are proximal to the vents 
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Figure 14: Schematic diagram Illustrating an interpretated 
enviranment of de position for the Norbec, Waite, and Vauze 

...... 

ore bodies showing the location of VMS deposlts along the Old 
Waite Dyke Swarm Adapted tram Glbson and Watkinson (1990) 
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of rhyolite domes (except the Corbet and Ansil deposits), which are localized along 

synvolcanic faults and lineaments (Gibson and Watkinson 1990). Gibson and 

Watkinson (1990) recognized the pror'lounced alignment of the Waite, Norbec and 

Newbec deposits along a east-northeast lineament and infer a synvolcanic fissure 

that was also parallel to the Old Waite Dyke Swarm (Fig. 14). The overlying 

Amulet Andesite may have been fed from this fissure. The presence of 

synvolcanic faults allowed the hydrothermal fluids to penetrate and a/ter extensive 

areas of the vo/canic stratigraphy, and localize the massive sulphide orebodies. 

ALTERATION 

The rocks hosting the Norbec deposit have been altered to ch/orite, sericite 

and quartz, and later Isochemically metamorphosed to cordierite, anthophyllite and 

biotite. The mass change calculat!ons show that this resulted trom a large influx 

of sihca, potassium and iron, and a large loss of sodium and calcium. The original 

albite has been replaced by quartz and seri cite or chio rite depending upon the 

composition of the hydrothermal fluid. 

3 NaAISljO. ' K','"1) + 2H20 -4 KAI3SIJO,o(OH). + 6 SIOz + 3 Na'lOIlI 

Albite Senelto QUdrtz Equation 10 

6 NaAISIJO. + 3 Mg"'ilQl t 6 Fc' (iJQl + 7 HP -. Mgle6AI6SI50zo(OH),6 + 13 SIOz + 6 Na '''lI 

Albltc Chlonte Quartz 
Equation 11 

The absolute amounts of ch/orite and sericite formed dunng hydrothermal alteration 

were strictly control/ed by the initial amount of AI in the rocks (MacLean and 
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Kranidiotis 1987, MacLean and Hoy 1991). As shown in earlier plots, AI was 

strongly immobile in the hydrothermal system and its quantlty did not change 

during alteration. The chlorite-rich and sericite-rich rocks formed through resldual 

concentration by the removal of mobile elements. 

The metamorphic minerais that now constltute the Norbec alteratlon zone 

are primarily cordierite, anthophylhte, biotite wlth minor amounts of garnet, gahnite 

and andalusite. These minerais have formed fram simple dehydration reactions 

of the hydrothermal alteration minerais, 

14 (FeMg)aA'.SI,022(OH),. + 131 SI02 --t 21 (FeMg)2".J.SI~0 .. + 12 (FoMg),SI.ou(OH), ' 100 H,O 
Chlonte Cordlente Anlhophyllilu EquoIllon 12 

7 (FeMg).AI6Sls0 20(OH)'6 + 7 KAI3SI,o,o(OH)2 --t 7 K(FeMg) ,AISI,o,o(OHI, + 14 (FoMg).AJ.SI,o" • 2 (Fl'Mg),SI.O,,(OH), ,54 H. ° 
Chlonte Senelte Biotite Cordluntu Anthophylhtll 

Equ.lllon 13 

These equations show that the dalmationite alteration zone can form by 

isochemical processeB with only water being lost. Further praof that the 

metamorphic process was not metasomatic IS glven by the hlgh regresslon 

coefficients with the immobile element plots for altered samples ln the 

metamorphosed alteration zone indicating that both transformation mechanlsms 

did not affect the concentrations of these elements or thelr ratios It 15 more 

difficult to determine that the mobile elements were not metasomatlcally affected 

by the contact metamorphic event. Several geologic observations Indlcate that the 

contact metamorphism did not significantly affect the mobile elements The 

che mi cal zoning typical of Noranda-type VMS deposits has been preserved, but 

.. 
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may have been homogenized during metasomatism. There is no evidence of 

veining with metamorphic minerais or an introduction of exotic e/ements such as 

F or CI that could have come trom the intrusive stock. A chemical gradient of the 

mobile elements across the aureole reflecting the soubility or temperature front of 

the metasomatic fluids IS not observed; supporting the isochemical hypothesis. 

WATER-ROCK INTERACTION 

Several methods can be used to estlmate the water to rock ratio needed to 

produce the alteration minerai assemblages observed in many types of deposits. 

The calculated mass changes of certain elements provides the data to compute 

the water/rock ratios for a sample or for the whole alteration zone. The method 

used in this study was based on the solubility of an element in the hydrothermal 

fluid and its concentration in the altered rocks. Sllica, K and Fe addition ta the 

Waite Rhyolite and the Waite Andesite were used to determine the amount of 

hydrothermal fluid needed to mtroduce these elements to the rocks. Several 

assumptions are made when doing these calculations: 1) the concentrations of 

thP'?1 elements are saturated in the fluids. 2) total precipitation of the component 

occurs dunng alteration, 3) the hydrothermal alteration occurred as a single event, 

and 4) the altered rocks had a homogenous morphology. With these assumptions, 

the estunated water/rock ratios are a minima. For the Norbec deposit, a 

temperature of 250°C was chosen for the average temperature of the hydrothermal 
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fluids. 

The estlmated mass additions of 8i02 to the Walte Rhyolite and Waite 

Andesite are 11 1 wt% and 50 wt% respectlvely. Aqueous 8102 contents in typical 

hydrothermal fluids at sihca saturation at a temperature of 2500 are -400 ppm 

(Cobble et al. 1982). Therefore, to flx 111 000 ppm 8102 (=11.1 wt°lo 8102) 10 the 

Walte Rhyolite, the water/rock ratio had to be at least 278, the addItIon of 50 000 

ppm 8i02 to the Walte Andesite reqUires a water/rock ratIo of 125 There IS 

eVldence of quartz ln the massive sulphlde lens whlch would suggest that not ail 

of the sllica preclpitated from the flUld lOto the footwall alteratlon pipe (as 

assumed). This wou Id reqUire that the water/rock ratios were actually hlgher than 

those estimated above 

The estimated addition of potassium (as K) to the Walte Rhyolite IS 1.08 

wt% (or 10 800 ppm), and to the Walte Andeslte 1.41 wt% (14 100 ppm) 

Calculatlons by MacLe an and Hoy (1991) IOdicate that hydrothermal flUlds at 250" 

ln the stabillty field of seriClte (muscovite) can carry 2 x 10 5 9 K/g H20 (20 ppm 

K). Therefore, the water/rock ratio for the flUld addlOg K to the Walte Rhyolite is 

540, and for the Walte Andeslte IS 705 These values fa" under the same 

assumptlons as mentloned above. The much larger values may be eVldence that 

the fluids were undersaturated ln sllica 

Iron (as Fe) has a solubliity of 1000 to 2000 Ilmoles/kg of H~.O (55.8 to 112 

ppm) ln flUlds dlscharglng from seafloor vents at 250') to 350"C (Von Damm et al. 

1985). The Walte Rhyolite has had 497 wt% Fe added dunng alteratlon, whlle the 
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Waite Andesite has had 6. ~.2 wt%. This indicates water/rock ratios of 444 ta 890 

for the rhyolite, and 555 ta 1115 for the andesite. A minimal water/rock ratio of 

-250 to -900 appears necessary to have altered the Waite Rhyolite and Waite 

Andesite to thelr average bulk chemical compositions. 

COMPARISON WITH OTHER VMS DEPOSITS IN THE NORANDA DISTRICT 

A series of geochemical studies have recently been performed on several 

deposits in the Noranda area (Barrett et al. 1992, 1992a, 1992b, 1991; MacLean 

and Hoy, 1991; Cattalanl et al. 1990). Similar techniques were used to calculate 

mass changes, oxygen isotope values and water/rock ratios ln general, the 

results are similar to thos\3 determined for the Norbec, but each deposit shows 

individuality. Geochemical evaluation at the Horne copper-gold mine (MacLean 

and Hoy, 1991) Indicates that the deposit formed at temperatures between 275° 

and 380°C with water/rock ratios in the range of 50 to 300. In this system, sillca 

and K20 were added and Na20 and CaO were leached. The Oelbridge zinc 

deposit, located 3 km east of Rouyn-Noranda in a series of rhyolites, formed at 

temperatures of 175° to 200°C (Barrett et al. 1992a in review). Large mass 

changes in sillca were calculated ln the alteration zone, trom strongly negative to 

strongly positive, which resulted in a net bulk mass change near zero. Potassium, 

Fe and Mg were added ta the footwall rhyolites and Na20 was leached from both 

the tootwall and hangingwall (Barrett et al. 1992a in review). Tho Ansil Cu-(Zn) 
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mine at the top of the Northwest Rhyo/ite formed at temperatures of 250° to 300°C 

with highest temperatures ca/cu/ated at the pa/eo-discharge site (Sarrett et al 

1991). A lower temperatlJre of 200° to 270°C from oxygen isotope geochemistry 

on minerai separates was determined for the formation of magnetite-nch bodies 

in the massive ore. The Ansil alteration zone show-, the sa me fluctuations of sllica 

as at the De/bridge and large additions of FeO, MgO and K20; Na20 and CaO are 

comp/ete/y removed (Sarrett e/ al. 1991). The Corbet Cu-Zn mme IS in the upper 

portion of the F/avrian Andesite, the lowest andesite of the Mine Sequence 

Alteration is predominant/y ch/ontic with little slliclfacation or sericltizatlon of the 

footwall andesites (Sarrett et al. 1992b in review). Subsequent/y, large amounts 

of silica, CaO and Na20 were removed from the a/teration zone, and considerable 

FeO and MgO were added. Chlorite geothermometry indlcates the hydrotherr"al 

alteration occurred from 255° to 293°C, which is corroborated by the ù1!lO values 

that give temperatures of 250° to 300°C (Sarrett e/ al. 1992b ln revlew). The 

Mobrun Zn-(Cu) mine is in rhyolites of the fifth volcanic cycle of Spence (1967). 

The hangingwall and footwall rhyolites are sericitlzed and variably slllcified wlth 

local patches of chloritization (Sarrett el al. 1992). Potassium, FeO and MgO have 

been added in moderate amounts to the footwall and hangingwall and slllca shows 

mass addition only to the hangingwall. Bath rhyolites have GaO, Na;>O leached 

with si/ica depletion observed only ln the footwall Oxygen Isotopes tram quartz 

separates indicate temperatures of formation of the quartz-sericlte alteration of 

-350°C (Barrett et al. 1992). 
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CONCLUSIONS 

The present research project indicates the usefulness of geochemistry in 

providing information about stratigraphy, the precursor composition ('If altered 

rocks, normative alteratlon minerai assemblage, and mass changes of mobile 

elements dunng hydrothermal alteration. The mass change calculations and 

normative alteration minerai assemblages outline the alteration envelope, 

determine its bulk chemical composItion and allow calculation of total volume 

change during alteration. The normative alteration minerai assemblage also IS 

used to estimate the oxygen isotope composition of the altered units. Finally, with 

the bulk mass change values, water/rock ratios in the Waite Rhyolite and Waite 

Andesite were estimated. 

The Norbec deposit consists of a 37.9 million tonne alteratlon zone with a 

volume of 13.0 x 106 m3
, and a 4.3 million tonne Cu-Zn orebody with a volume of 

1.08 x 106 m3
• The volumetrie change of the host voleanie units dunng alteration 

was a 12.1% increase in the Waite Rhyolite, and 7.0% increase in the Waite 

Andesite. Ten per cent of the added mass was represented by iron (4.2 MT) 

which was flxed ln chlorite and sulphides. Other significant contributions were Si02 

(3.8 MT), S (1.8 MT), KzO (0.55 MT). Oxygen Isotope values are compatible with 

alteration at temperatures tram 200°C ta 300°C, with distal samples altered at 

lower temperatures. The estimated water/rock ratios needed to introduce the 

mobile components to the system range from -250 to -900. The parameters that 
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were necessary ta produce the Norbec deposit fall withln the range of those that 

produced Noranda type VMS deposlts. 

The senes of geochemlcal studles carried out on the volcanogenic massive 

sulphlde deposits of the Noranda area show the strong slmilanty between deposits 

in temperatures of formation and elemental mass changes. The variations 

between deposits are generally a result of host rock lithology, mlneralization style 

and variations in alteration mineralogy. 

67 



• 
REFERENCES 

Bancroft, W L., Atkinson, 1. (1987) Internai report ot Noranda Exploration Co. Ltd. 

Barrett, T.J., Cattalani, S., Hoy, L, Rlopel, J., Latleur, P.-J. (1992) Massive sulfide 

deposits of the Noranda area, Ouebec' IV. The Mobrun mine. Can. J. Earth 

SCI. (In press) 

Barrett, T.J., Cattalanl, S., MacLean, W.H. (1992a) Volcanic lithostratigraphy and 

alteratlon at the Delbridge massive sulfide deposit, Noranda, Ouebec. J. 

Expl Geochem. (In revlew) 

BarreU, T J, MacLean, WH., Cattalani, S, Hoy, L (1992b) Massive sulfide 

depoSits of the Noranda area, Quebec: V. The Corbet mine. Can J. Earth 

Sci (In review) 

Barrett, T J., MacLean, W.H., Cattalani, S., Hoy, L, Riverin, G. (1991) Massive 

su/flde deposits of the Noranda area, Quebec. III. The Ansl/ mine. Can J. 

Earth SCI. 28. 1699-1730 

Beat y, D.W, Taylor, H.P, Jr. (1988) An oxygen isotope study of the Kidd Creek, 

Ontario, volcanogenlc massive sulphide deposit: Evidence for a high 180 ore 

flUld Econ Geol. 83. 1-17 

Bernier, L, Pouliot, G., MacLean, W.H (1987) Ge%gy and metamorphism of the 

Montauban North go/d zone. a metamorphosed polymetallic exhalative 

deposlt, Grenville Province, Quebec. Econ. Geol. 82: 2076-2090. 

Bonavla, F F , MacLean, W.H (1986) Geology and ore enrichment factors at the 

68 



... 
Radiore mine, Quebec. Mineral. Deposita 21: 137-146 

BcWnga, Y., Javoy, M. (1973) Comments on oxygen isotope geothermometry. 

Earth Planet. SCI. Lett 5: 250-265 

Cattalani, S., MacLean, W.H., Shriver, N., Barrett. T.J. Hc:y, L. Géologie et 

géochimie du gisement de Norbec, dlstnct de Noranda, Québec. Ministére 

de l'Energie et des Ressources du Québec. Report ET (accepted January 

1992) 

Cattalani, S., Barrett, T.J., MacLean, W.H., Hoy, L., Hubert, C., and Fox, J S. 

(1990). La métallogéme des sulfures massifs: Les mmes Horne et Quemont, 

district de Noranda, Québec. Ministère de l'Energie et des Ressources du 

Québec. Rapport ET 90-07 

Chartrand, F., Cattalam, S. (1990) Massive sulphide deposits in northwestern 

Quebec. ln: Rive, M, Verpaelst, P, Gagnon, Y., Lulin, J-M, Rivenn, 

G ,Simard, A. (eds.) The Northwestern Quebec Polymetallic Belt· A 

summary of 60 years of mlning exploration The Canadlan Institute of Mining 

and Metallurgy Special Volume 43' 77-91 

Clay ton, R.N., Mayeda, T K (1963) The use of bromine pentafluoride m the 

extraction of oxygen from oxides and silicates for IsOtOplC analysis. 

Geochlm. et Cosmochlm. Acta 27: 43-52 

Cobble, J. W., Murray, Re, Turner, P J., Chen, K. (1982) High-temperature 

thermodynamic data for species ln aqueous solution. Elec Power Research 

Inst. Rept. Np-2400. 179pp 

69 



( 

( 
, 

Oeer, W A, Howle, R.A., Zussman, J. (1966) An Introduction to the Rock Forming 

Mmerals. Commonwealth Printlng Press Ltd., Hong Kong. 528 pp 

de Rosen-Spence, A.F. (1976) Stratigraphy, development and petrogenesis of the 

Central Noranda volcamc pile, Noranda, Ouebec. Ph.D. Thesis, University 

of Toronto Toronto, Ontario. 166pp 

Evensen, N.M., Hamilton, P J., Q'Nlons, R.K. (1978) The abundancesof rare-earth 

elements in the solar system. Amer. Geophys. Union. 59: p314 

Frank/m, J.M , Lydon, J W, Sangster, D.F. (1981) Vo/canlc-associated massive 

sulphide deposits Econ. Geol., 75th Anniversary Volume: 485-627 

Géllnas, L., Brooks, C., Perrault, G , Carignon, J., Trudel, P., Grassa, F. (1977) 

Chemo-stratigraphlc divIsions wlthm the Abitibi volcanic belt, Rouyn-Noranda 

distnct, Ouebec ln Barager. W.R A., Coleman, L.C., Hall, J.M. (eds.): 

Volcamc regimes m Canada. The Geologlcal Association of Canada Special 

Paper No. 16 265-295 

Géllnas, L., Trudel, P., Hubert, C (1984) Chemostratlgraphic division of the Blake 

River Group, Rouyn-Noranda area, Abitibi, Ouebec. Cano J. Earth Sci. 21: 

220-231 

Glbson, H.L , Watkmson, D.H (1990) Volcanogenic massive sulphide deposits of 

the Noranda cauldron and shield volcano, Quebec. In: Rive, M., Verpaelst, 

P , Gagnon, Y , Lulin, J-M , Rlverin, G., Simard, A. (eds.) The Northwestern 

Oue,-",ec Polymetallic Belt: A summary of 60 years of mining exploration. 

The Canadlan Instltute of Mming and Metallurgy Special Volume 43: 119-

70 



132 

Goldie, R.J. (1976) The Flavnan and Powell plutons, Noranda area, Quebec. Ph.D. 

Thesis, Queen's University, Kingston, Ontario 356 pp 

Goldie, R. (1979) Consangumeous Archean intrusive and extrusive rocks, 

Noranda, Ouebec. chemlcal slmilariti9s and differences. Precambrian 

Research 9: 275-287 

Goodwin, A.M. (1977) Archean volcanism in superior province, Canadian shield. 

ln: Baraqer. W.R.A., Coleman, L C., Hall, J.M. (eds.): Volcanic regimes in 

Canada. The Geologlcal Associaîion of Canada SpeCial Paper No. 16 205-

241 

Hall, S.V. (1982) Geochemistry of the alteratlon pipe at the Amulet Upper A 

deposlt, Noranda, Ouebec. Cano J. Earth SCI. 19: 2060-2084 

Johnson, A.E. (1966) Mineralogy and texturai relationships in the Lake Dufault 

ores, Northwestern Ouebec M Sc. Thesis, University of Western Ontario, 

London, Ontario 

JoUy, W.T (1977) Relations between Archean lavas and intrusive rocks of the 

Abitibi area, Canada, in light of major elemant geochemlstry. Jour. Petrol. 

21: 323-363 

Knuckey, M.J., Comba, C DA., Riverin, G (1982a) Structure, metal zonrng and 

alteration at the Millenbach deposlt, Noranda, Quebec ln' Hutchrnson, R.W , 

Spence, C.D , Franklin, J.M (eds.) Precambrian Sulphide Deposits, H.S. 

Robinson Memonal Volume Geol. Assoc Canada Spec. Pa. 25' 255-295 

71 



Knuckey, M J., WAtklns, J.J (1982b) The geology of the Corbet massive sulphide 

deposlt, Noranda dlstnct, Ouebec, Canada. In: Hutchinson, R.W., Spence, 

C.D , Franklin, J.M (eds.) Precambrian Sulphlde Deposits, H.S. Robinson 

Memonal Volume Geol. Assoc. Canada Spec. Pa. 25: 297-317 

Lesher, CM, Goodwrn, AM, Campbell, LH., Gorton, M.P. (1986) Trace-element 

geochemlstry of ore-associated and barren, felslc metavolcanic rocks in the 

Supenor province, Canada Can J. Earth SCI. 23: 222-237 

LICkus, R.J. (1965) Ge%gy and geochemlstry of the ore deposlts at the Vauze 

mine, Noranda distnct, Ouebec. Ph.D. Thesis, University of McGill, Montreal, 

Ouebec 135pp 

Ludden, J, Gélrnas, L (1982) Archean metavolcanrcs fram the Rouyn-Noranda 

dlstnct, Abitibi Greenstone Belt, Ouebec: moblhty of trace elements and 

petrogenetlc constrarnts Cano J. Earttl SCI. 19: 2276-2287 

Lydon, J W (1984) Volcanogenlc massive sulphide deposlts. Part 1: a descriptive 

modal. Geosclence Canada 11 . 195-202 

Lydon, J.W (1988) Volcanogenlc massive sulphlde deposlts. Part 2: genetic 

models Geosclence Canada 15' 43-65 

MacLean, W H. (1988) Rare earth element mobility at constant inter-REE ratios in 

the alteration zone at the Phelps Dodge massive sulphide deposit, 

Matagamr, Ouebec. Mmerallum Deposrta 23: 231-238 

MacLean, W H (1990) Mass change calculatrons in altered rock series. Mineral. 

Deposrta 25. 44-49 

72 



• 

.. 
MacLean, W.H., Barrett, T.J. (1992) Llthogeochemlcal techniques using immobile 

elements. J. Exploration Geochem (in revlew) 

MacLean, W.H , Hoy L 0 (1991) Geoehemlstry of hydrothermally altered rocks at 

the Horne mine, Noranda, Quebec Econ. Geol 86. 506-528 

MacLean, W.H., Kranldiotls, P. (1987) Immobile elements as mOnitors of mass 

transfer ln hydrothermal alteratlon: Phelps Dodge massive sulflde deposlt, 

Matagaml, Quebec Econ Geol 82' 951-962 

Matsuhlsha, V., Goldsmith, J R , Clay ton, R N (1979) Oxygen Isotope fractlonatlon 

ln the system quartz-alblte-anorthlte-water Geoehlm Cosmoehlm Acta 42 

1131-1140 

Matthews, A., Goldsmith, J R., Clay ton, RN (1983) Oxygen Isotope fractionation 

between zOlsite and water. Geochlm. Cosmochlm. Acta 47.645-654 

D'Neil, J.R , Clay ton, R.N., Mayeda, T K (1969) Oxygen Isotope fractlonatlon in 

divalent metal carbonates J Chem Phys 51 5547-5558 

D'Nell, J.R., Taylor, H P. Jr. (1969) Oxygen Isotope eqUlhbrium between muscovite 

and water. J. Geophys. Res. 74: 6012-6022 

Peccerillo, A , Taylor, S.R. (1976) Geoehemlstry of Eocene calc-alkaline volcamc 

rocks trom the Kastamonu area, northern Turkey. Cont. Miner. Petrol. 68: 

61-81 

Péloquin, A.S., Potvin, R., Paradis, S., Laflèche, M.R , Verpaelst, P., Glbson, H.L 

(1990) The Blake River Group, Rouyn-Noranda area, Ouebee: a 

stratigraphie synthesls ln' Rive, M, Verpaelst, P, Gagnon, V., Lulin, J-M., 

73 



r 

Rlvenn, G , Simard, A (eds) The Northwestern Quebec Polymetallic Belt: 

A summary of 60 years of mlnlng exploration The Canadian Institute of 

Mlnlng and Metallurgy Special Volume 43: 107-118 

Pine, 1 (1980) Llthogeochemlcal dispersion ln the area of the Norbec deposit, 

Noranda, Ouebec. M.Sc. thesls, Queens University, Kingston, Ontario. 

190pp 

Purdle, J.J. (1967) Lake Dufault Mines, Llmited. In' Canadian Institute of Mining 

and Metallurgy Centennlal Field Excursion, Northwestern Ouebec-Northern 

Ontano, pp 53-57 

Rlvenn, G, Hodgson, C.J (1980) Wall-rock 61teration at the Millenbach Cu-Zn 

mine, Noranda, Quebec. Econ. GeaI. 75' 424-444 

Saknson, H.C. (1967) Geochemlcal studies of the host rocks of the Lake Dufault 

mine, Quebec Ph D Thesis, McGIII University, Montreal, Quebec. 147pp. 

Spence, C.D (1967) The Noranda area. 10' Canadian Institute of Mining and 

Metallurgy Centennlal Field Excursion, Northwestern Ouebec-Northern 

Ontario, pp 36-39 

Spence, CD., de Rosen-Spence, A.F. (1975) The place of sulphide mineralization 

ln the volcanic sequence at Noranda, Quebec. Econ. Geol. 70: 90-101 

Taylor, H.P . Jr. (1968) The oxygen Isotope geochemistry of Igneous rocks. CC'ntr. 

Minerai Petrol. 19 1-71 

Ujlke. 0, Goodwm, AM. (1987) Geochemistry and origin of Archean felsic 

metavolcanic rocks, central Noranda area, Ouebec, Canada. Cano J. Earth 

74 



.. 

SCI. 24 2551-2567 

Valley, J.W. (1986). Stable Isotope geochemlstry of metamorphic rocks ln 

Valley. J.W .. Taylor, H.P ... Jr. and Q'Nell, J.R (eds.), Stable Isotopes ln 

Hlgh Temperature Geologlcal Processes, Mmeraloglcal Society of America, 

Reviews in Mlneralogy, 16' 445-489. 

Von Damm. K.L.. Edmond, J.M., Measures. C.I.. Grant. B (1985) Chemlstry of 

submanne hydrotherrnal solutions at Guaymas Basin, Gulf ot Calrtorma. 

Geochim. et Cosmochlm Acta. 49 2221-2237 

Wenner, D.B, Taylor, HP Jr (1971) Temperatures of serpentimzation of 

ultramafic rocks based upon 180/160 fractionation between coexisting 

serpentine and magnetlte. Contnb. Mineral. Petrol 32: 165-185 

75 



{ 

( 
.\ 

APPENDIX 1 
GEOCHEMISTRV 

SAMPlE PREPARATION 

Samples were collected from the core stored at the Norbec mine and from 
nearby core shacks. Each sample was cut into three parts; one for a 
representative hand sample, one for makmg a thin section, and one for 
geochemlcal analyses. The portion of the sam pie reserved for the geochemical 
analyses was crushed in a Braun jaw crusher and then ground for 60 - 90 seconds 
in a tungsten carbide ring grinder to a powder of -200 mesh. 

ANAL VTICAl TECHNIQUES 

Thirty grams of the powder were sent ta Centre de Récherches Minérales 
ln Sainte-Foy, Québec or ta the Geochemical Laboratories of McGill University in 
Montreal, Quebec for chemical analyses. X-ray fluorescence analyses were 
carried out on fused beads prepared from the rock powders to determine major 
element geochemlstry The beads were prepared from the fusion of a mixture of 
1 gram of powder, 5 grams of lithium tetraborate, 0.3 grams of lithium fluoride, 
0.01 gram of ammonium nitrate and 0.015 grams of lithium brornide. Detection 
limits for the major elements was 0.01 %. Pressed powder pellets were made for 
a more accu rate determination of trace element concentrations using X-ray 
fluorescence. These pellets were made trom approximately B grams ot powder 
mixed with 1 gram of binding agent and compressed under a pressure of 25 
tons/m2 for one minute. The detection hmit for the trace elements was 5ppm. 

Copper and Zinc analyses along with several CO2 and Sulphur analyses 
were made by Activation Laboratories Ltd., Ancaster, Ontario. Supplementary CO2 

and 803 analyses were carried out by the Geochemical Labortories of McGili 
University. The LECO method using a LECO Analyser was used to determine the 
concentrations cA these elements with detection IImits of 0.02% for CO2• and 
10ppm for 803' Rare Earth Element (REE) concentrations were determined using 
neutron activation by the Centre de Récherches Minérales on representative 
samples of the volcanic rocks associated with the Norbec orebody. 

Dr. L. D. Hay carried out oxygen isotope analyses on 26 samples of the 
volcanic rocks usmg standard techniques of gas extractions and mass 
spectrometry analysls (MacLean and Hoy, 1991) at the Geotop Laboratory at the 
University of Montreal, Montreal, Quebec. 

, 



Table A 1.1. Chemlcal Analyses of Wall rocks at the Norbec Mine 
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diorite 
WR 

N-124 
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299 56 105 

293 52 74 
91 23 146 

227 38 
,,8 2' 

"5 1 8 

6 

"0 
6 

1 00 23 110 

69 21 130 
100 21 ,90 

230 "0 17 
310 60 73 

120 28 120 

265 48 -68 

190 36 64 

'20 23 150 
230 45 - 50 
260 53 64 

320 71 35 

13 
17 ,. 
18 

6 
59 
17 

47 

19 
16 
17 

22 
23 
15 

53 

7 

57 

52 

67 

9 
55 
67 

27 

,. 
15 

32 
65 
38 
13 

6 

5 
'0 

4 

29 

Ba Q) 

130 

130 

85 

110 

340 

200 

310 

450 

460 

130 

290 

260 

520 

440 

6"0 
490 

210 

400 

120 

130 

100 

200 

sc 

43 

33 

23 

34 

13 

15 

36 

28 

21 

:ie! 

15 

2 

2 
19 

26 

21 

30 
27 
27 

3' 
38 

2' 

Cu 

2 

36 

8 

14 

31 

13 

'91 
364 

7 

4 

12 

'4 

29 

.. '. 

Zn 002 

39 

39 

23 

70 

103 

"2 

312 
60 

199 

43 

035 

025 

103 " 76 
161 025 

20 031 

S 

041 

073 

006 

009 

229 

015 001 
3132267' 

21 539 

70 142 

65 

29 

16 

44 

132 
50 

5 

26 
79 
59 

29 

40 

33 

47 

27 
097 

029 

012 

3 
07 

013 

028 

.... 
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Hole Depth SI02 TI02 AI203 FEO MO ~ Q() Na20 K20 P205 lOI Sum Norm QI N" Zr Y Sr Fb Ba Co O-J Zn en S 

UIoP , 870 474 072 158 97 017 878 " 3 
, 47 037 006 240 98,9 9579 , 044 1e 3 47 '5 '30 , 2 

U,t.A 2350 594 ~ 02 '36 '01 029 437 , 84 26' , 64 035 , 70 9690 9520 1 050 20 9 , 90 43 73 23 

LAA 2600 734 026 
" 7 39 006 069 , 23 464 067 004 , 36 9840 9702 , 03' '7 , .. 320 63 67 12 320 ,e 2' 49 

LAR 3290 759 030 " 2 36 0'0 '61 053 390 049 004 141 9905 9764 1 024 , 5 ' 5 340 63 50 " 50 14 38 205 
LAR 3550 602 1 13 148 73 015 405 350 421 046 C 20 239 9834 9595 1 042 19 8 210 39 ,70 " LAR 3570 587 , ... 148 88 022 355 314 560 020 030 1 71 9846 9675 , 034 , 8 7 '40 33 '50 6 
LAA 3747 743 029 11 6 42 007 223 029 270 1 14 003 197 9881 9684 1 033 17 15 330 63 18 20 

RRA 4320 656 088 136 69 014 304 1 31 447 070 023 '86 9869 9683 , 033 21 , , 220 49 42 14 

RRA 4S11 654 094 139 S4 0' , 212 253 !; 99 012 025 1 20 989S 9776 1 023 21 1 1 210 4S '00 5 

l.Eœ'{) 

A A - Amuie! Andeslle 
W R - Walte Rhyohte 
W A - Walte Andeslte 
U A R - Upper Amulet Rhyolite 
L A R - Lower Amulet Rhyolite 
RRA - Rusty Ridge Andesite 
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T.bI. ,. 1:2. Rar. E.rth Element "".Iy... of thl Holling Volcanlc Rock. In ppm. 

Hoi. Depit! Le C. Nd Sm Eu Tb Ho Yb Lu .. _t 

N-127 
AA 6« 81 20 14 32 12 05 07 22 036 
AA 1067 77 20 14 31 1 05 06 15 025 
N-12t 
AA 992 99 26 17 39 15 07 07 19 03 
WR 1307 29 73 42 10 24 18 27 74 12 
WR 1357 30 73 42 10 26 18 25 71 12 
WR 141. 18 42 25 66 1 7 13 18 5 06 
WR 1441 18 44 25 65 19 12 16 46 077 
WR 1468 20 53 32 74 1 5 16 21 6 098 
WR 1583 31 77 45 11 24 19 25 71 12 
WR 1632 18 45 27 68 25 12 18 46 073 
N-224 
AA 249 44 11 9 24 09 06 07 2 034 
WR n9 16 37 21 51 1 1 13 4 1 011 
WA 992 97 25 14 36 12 07 08 26 043 

WA81·3 
WA 27. 15 36 21 51 1 4 09 31 055 
WA 536 12 30 18 39 12 07 21 038 
UAR 890 18 47 29 71 2 13 18 42 07 
UAR 1516 23 57 33 89 1 ~ 18 25 73 13 
UAA 2350 17 44 25 65 1 5 12 14 4 069 
LAR 2800 28 64 36 91 2 16 22 64 1 1 
LAR 3570 12 29 19 49 1 5 09 12 31 054 
RRA 4320 20 49 29 7 1 3 t J 17 .... 075 

Le C. Nd Sm Eu Tb Ho Yb Lu 
chondrltl" 0.245 0.638 0.474 0.154 0.058 0.0375 0.0567 0.165 0.0254 
'Chondnle abundances trom Evensen et al (1978) 

Normallzed R.r. Eerth Elemtnt Analy ... 

Hoi. D.plh Le c. Nd Sm Eu Tb Ho Yb Lu (LalYb}n 
'Mt 

N-127 
AA 644 331 313 295 208 207 133 123 133 142 248 
AA 1067 314 313 29.5 201 172 133 106 91 98 346 
N-121 
AA 992 404 408 359 253 259 187 123 11 5 11 8 351 
WA 1307 1184 1144 886 649 414 480 476 448 472 264 
WR 1357 1224 1144 886 649 448 480 441 430 472 285 
WR 1414 735 658 527 429 293 347 317 303 236 242 
WR 1441 735 690 527 422 328 320 282 279 303 264 
WR 1468 816 831 675 481 259 427 370 364 386 224 
WR 1583 1265 1207 949 714 41 4 507 441 430 472 294 
WR 1632 735 705 570 442 431 320 317 279 287 264 
N-224 
AA 249 180 172 190 156 155 160 123 121 134 148 
WR n9 653 580 443 331 190 267 229 248 280 263 
WA 992 396 392 295 234 207 187 141 158 169 251 
WA81·3 
WA 274 612 564 443 331 241 240 176 188 217 326 
WA 536 490 470 380 253 207 187 176 127 150 385 
UAR 890 735 737 612 461 345 347 317 255 276 289 
UAR 1516 939 891 696 578 259 480 441 442 512 212 
UAR 2350 694 690 527 422 259 320 247 242 272 296 
LAA 2800 1143 1003 759 591 345 427 388 388 433 295 
LAR 3570 490 455 401 318 259 240 212 188 21 :: 261 
RRA 4320 816 768 612 455 224 347 300 2b7 295 306 

AA= Amulet Andeslte, WR=Walte Rhyolite, WA=W8Ile Andeslte, UAR=Upper Amulet Rhyolite, 
LAR=Lower Amulel Rhyolite, RRA.,Rusty Ridge AndeSlte 
Samples analysed al the Centre de Recherches Minerales ln Ste Foy, Queboc 
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APPENDIX Il 

Procedures and Calculations 

Mass Change Calculations 

The followmg IS an outline of the procedures given in MacLean and Kranidiotis 
(1987), and MacLean (1990) for calculating the mass changes of elements in a 
sample. Ali calculatlons were carried out on a spreadsheet computer program. 
At thls stage, Immoblhty has been proven for at least two elements (Alz0 3 and Zr 
ln this case), fractlonation and alteration lines have been plotted to determine the 
precursor composition for the altered Unit. Wlth the geochemica/ ana/ysis of the 
altered sample, the following was done: 

1) normahze the sample ta SUM=100 on an LOI, HzO, COz, S free basis with iron 
as FeO· 

2) an Ennchment Factor (E F ) was determined for each sample from the equation 

E F = Immobile Element in precursor 
Immobile Element in a/tered rock, 

ln thls case Zr was used as the Immobile element. 

3) each major element (as an oXlde) in the a/tered sample was mu/tiplied by the 
E.F estlmate ta show the Reconstructed Composition of the sam pie 

4) the mass changes are the difference between the Reconstructed Composition 
and the Precursor and have the unlts wt%. 

Normative Mineral program 

A cation % normative minerai program was designed, using Lotus 123, ta 
determlne the normative concentrations of a/teration minerais in the alfered and 
fresh sarnples The program was designed in a similar fashion to the Niggli 
Igneous normative programs. It used the followlng a/teration minerais in the order: 
leucoxene (TI02), albite (NaAISI30 a). sericite (KAlaSi30a(OH)z), apatite 
(CaS(P04),I(OH)), chiante ((Mg,Mn,Fe)gAI6Si50 zo(OH)16)' zoisite (CaZA/3Si3012(OH», 
kaolilllte (AI.!SI20 s(OH)), talc (Mg3Si40 1o(OH)2)' calcite (CaC03), pyrite (FeS2). and 
quartz (8i02). The following procedures were carried out: 

82 



1) normalize the sam pie ta SUM=100 on an LOI, H20, CO2 , S free basis wlth 
Fe20/ as FeO·, use only the major oxides and matai analyses above 0.01 wt% 

2) divide each oxide or trace metal by its molecular mass based on a smgle cation 
(Le. AI20 3 becomes AIO, 5) to determine the numb€!' of moles of each cation 
present. Sum this column. 

3) calculate the per cent each cation contnbutes ta the sum of the moles. This will 
determine the cation % used to make the minerais 

4) the alteratlon minerais hsted above were made, in the given arder, with a cati~n 
actmg as the limiting factor. (I.e. for Albite. ail of the N~O was used with an 
equivalent amounts of A120 3• and three tlmes the concentration of Si02). A flow 
sheet kept a tally of the cations. 

5) the sum of the minerais is 100. therefore, the quantity of each is its percentage 
in the rock. 

6) for later calculatlons. the normative minerais expressed as cation % were 
changed ta weight % by dividing the formula weight of the minerai by the number 
of cations and then normahzed ta the sum 100. 
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Tibl. A Il:1. IIIss Ching. cllculltlons for th. Wllt. Rhyollt. It th. Norbec min •. 
WAITE FlHYOUTE GEOCHEilICAL DATA· HORMAUZED lOW'REE 
HOJe Oeplh 5102 T>02 11/203 Fee MO ~ cao Na20 
PfECUfI90R 762 029 1225 360 0 O~ 051 051 575 

N·l0a 

N·l01 

N·124 

N·127 

N·121 

N·141 

N-ll3 

H-1" 

N-1II0 

"·224 

1915 
2010 
2210 

1607 
1635 
2265 

1233 
1236 
1249 
1284 
1429 

1260 
1300 
1320 
133~ 

1371 
1367 
1422 
1460 
1485 
1512 

1307 
1357 
1377 
1414 
1441 
1466 
1563 
1612 
1632 

1406 
1507 
1601 

1109 
1253 
1411 

1042 
1065 
1319 

1174 
1308 
1623 

779 
951 

1180 

735 
762 
722 

776 
775 
732 

78 ~3 
5874 
5856 
6102 
7579 

7243 
8297 

6359 
6206 
61 66 
7524 
7637 
7693 
7917 
71 18 

6810 
6662 
6872 
6301 
6451 
5775 
7002 
8079 
7642 

7478 
6191 
7696 

7491 
7791 
72 ':'9 

84 Il 
7435 
7445 

7436 
7492 
BO 61 

8259 
7635 
73 B9 

029 Il ge 
028 1208 
034 1263 

501 
357 
592 

027 Il 31 
027 1157 
032 1245 

283 
265 
.. 81 

023 
025 
025 
022 

1029 
834 

ID 57 
9 B3 

338 
2309 
19 la 
1366 

024 1057 10 ~5 

032 
022 
014 
007 
013 
016 
022 
022 
022 
023 

032 
032 
026 
022 
026 
029 
035 
023 
024 

020 
034 
022 

026 
026 
029 

021 
033 

1233 10 16 
895 4 01 

652 2575 
401 31 61 
515 Il 25 
699 1538 
9.70 911 
874 Il 55 
9 13 970 

1030 15 04 

1374 878 
1369 741 
11 0.. 951 
958 1545 

1050 1846 
1398 2477 
1467 741 
877 556 
994 484 

731 
1363 
la 40 

11 54 
1066 
1149 

9 03 
13 06 

1307 
1586 
439 

590 
682 

Il 35 

032 1273 

079 
538 
467 

031 1247 
030 1212 
025 9 17 

021 Il 17 
021 1141 
030 12 B6 

475 
477 
562 

184 
244 
447 

013 
007 
011 

006 
005 
a la 

019 
058 
070 
o 8B 
005 

007 
045 
011 
007 
007 
004 
004 
008 
007 
010 

048 
065 
058 
093 
160 
023 
011 
006 
006 

014 
022 
018 

009 
006 
016 

002 
013 
005 

013 
002 
004 

004 
005 
006 

000 
017 
060 

o 2~ 
012 
023 

098 
196 
2 OB 
.. 31 
1 25 

1 55 
096 
3 00 
1 95 
1 14 
148 
1 30 
1 81 
140 
270 

1 98 
1 81 
1 51 
1 16 
233 
206 
184 
087 
124 

295 
436 
033 

090 
075 
099 

018 
052 
089 

072 
047 
010 

050 
024 
071 

213 
091 
258 

050 
078 
1 53 

3 7~ 
617 
810 
883 
016 

016 
002 
056 
016 
020 
002 
006 
006 
a la 
007 

345 
559 
782 
894 
149 
018 
221 
157 
1 16 

080 
098 
293 

276 
026 
062 

087 
242 
089 

316 

062 
024 

219 
077 
520 

361 
532 
383 

" 48 
506 
257 

1 ~8 
044 
027 
099 
017 

027 
025 
026 
001 
002 
001 
014 
005 
012 
001 

159 
220 
046 
035 
o 3~ 
023 
030 
043 
221 

068 
071 
3 02 

223 
054 
054 

4.23 
2.05 
526 

247 
345 
135 

1.17 
474 
213 

K20 P205 
063 003 

332 
138 
157 

250 
194 
478 

, 27 
037 
034 

02' 
130 

267 
216 
005 
004 
038 
042 
105 
054 
006 
036 

153 
169 
007 
034 
o ~8 
050 
3 04 
171 
188 

007 
1 96 
154 

140 
272 
194 

054 
172 
071 

159 

330 
243 

229 
177 
033 

003 
003 
004 

003 
002 
004 

002 
005 
003 
002 
001 

003 
002 
002 
002 
001 
024 
a al 
001 
002 
001 

003 
002 
004 
002 
003 
001 
005 
002 
001 

001 
003 
002 

002 
001 
004 

0.02 
004 
004 

003 
003 
000 

001 
002 
005 

Zr E.F. Al E F 

1 043 1 023 
1 047 1 014 
0947 0955 

1 116 , 083 
1 147 1 059 
1 040 0984 

1 170 
1 SIl 
1 208 
1 221 

1 190 
1 469 
1 159 
1 246 

1 161 1 158 

0900 
1 319 

1 993 

" 379 
2491 
1814 
1 190 
1 368 
1 308 
1 138 

0891 
0901 
1055 
1269 
1 138 
0963 
0842 
1293 
1 131 

1 589 
0927 
1 368 

1 183 
1 201 
, 072 

1 293 
0879 

0993 
1 369 
1 880 
3 057 
:2 381 
1752 
1 263 
1 402 
1 342 
1 189 

0891 
0895 
1 110 
1279 
1 167 
0876 
0.835 
1397 
1 232 

1677 
0699 
1 178 

1 062 
1 149 
1067 

1 357 

0938 
0831 0.962 

1028 
1041 
1 288 

1315 

1000 
1 139 

0983 
1 010 
1 336 

1336 
1 074 
0952 

Ga 

14 

16 
24 

18 

23 

21 
19 

20 
17 
2~ 

17 

'4 

Il 

17 

10 
16 

,.,., 

17 
18 
18 

Hi 
17 
16 

Il 
16 
13 
11 
12 

14 
10 

4 
4 

6 
10 
13 
16 
18 
13 

14 
13 
19 
10 
15 
11 
15 
12 
12 

Il 
17 
13 

14 
1~ 

17 

12 

14 
16 

17 
16 
14 

11 
13 
12 

Zr 
313 

300 
299 
331 

260 
273 
301 

268 
207 
259 
256 
270 

348 
237 
157 
71 

126 
173 
263 
229 
239 
275 

351 
347 
297 
247 
275 
325 
372 
242 
277 

197 
338 
229 

265 
261 
292 

242 
356 
377 

305 
301 
243 

238 
313 
275 

y 

58 
42 
53 

~" 
35 
56 

~g 

44 
49 
56 
40 

S9 
34 
34 
22 
22 
32 
52 
40 
46 
47 

72 
78 
95 
53 
~5 

61 
72 
37 
46 

39 
77 
45 

46 
43 
53 

40 
58 
69 

57 
53 
41 

41 
61 
50 

~ 

Sr 

141 
46 

138 

~6 

50 
79 

48 
65 
74 
82 

7 

20 
1S 
21 
19 
18 
le 

7 
17 
19 
o 

72 
112 
197 

71 
14 

9 
21 
35 
52 

14 
12 
55 

109 
6 

10 

44 
85 
46 

107 
76 

6 

la 
74 

174 

~ 

SS 
26 
H 

37 
32 
85 

38 
6 
3 
5 

26 

5~ 

42 
4 
~ 

12 
12 
23 

9 
12 

8 

42 
53 

3 
5 

20 
14 
99 
61 
41 

5 
63 
37 

46 
51 
43 

17 
48 
19 

53 
69 
59 

67 
38 

6 

c,,4 



T.bI. A Il:1 contlnu.d; lb •• Ch.ng •• In tM W.lt. Rhyollt •• 

Hale 

N·l01 

N·tOII 

N.124 

N.127 

N·1211 

N·141 

N·1I3 

N·1Il 

N·ll1O 

N·224 

Oeplh 
leel 

1915 
2010 
2210 

1607 
1835 
2265 

1233 
12311 
124~ 

1284 
14211 

1280 
1300 
1320 
1334 
1371 
1387 
1422 
1460 
1485 
1512 

1307 
1357 
1377 
1414 
1441 
1468 
1583 
1612 
1632 

1406 
1507 
1601 

1109 
1253 
1411 

1042 
'065 
131g 

1174 
1308 
1523 

779 
951 

1180 

5102 TI02 AI203 Fee 

05 
36 

-78 

10 Il 
127 
-01 

155 
126 
-5.4 
-1 7 
118 

·11.0 

332 
506 

1956 
1272 
603 
171 
291 
273 
48 

·155 
·162 
-3.7 
38 

-2 8 
·206 
·172 
283 
125 

427 
·188 
291 

124 
'74 

1 6 

326 
·108 
-'44 

03 
, e 

;:-9 

324 
22 
79 

001 024 1.42 
001 040 -006 
003 ·0 10 180 

001 037 ·0 65 
002 
004 

·003 
010 
001 

-003 
-001 

000 
·001 
·0.01 
002 
003 
001 

·003 
001 

·C 01 
·003 

000 
000 

-001 
·002 
001 

·001 
001 
000 

·002 

002 
003 
002 

001 
002 
002 

·0 02 
000 

-0 03 

002 
C 02 
c a3 

-002 
·ooe 
005 

1 02 ·076 
0.70 1 20 

·021 
035 
052 

·024 
003 

·1 15 

·045 
074 
530 
057 
043 

·071 
030 

-031 
·052 

·001 
009 

-060 
·0 10 
·030 

121 

010 
·092 
-1 01 

·064 
039 
197 

140 
056 
006 

·0 SB 
-076 
-1 68 

056 
., 37 

·043 

·0 19 
·0 Bol 
240 

015 
31 10 
1927 
1288 
833 

534 
149 

4754 
13460 
2422 
2410 
704 

1200 
8 B8 

1332 

402 
2 B8 
623 

15 BO 
1722 
2005 
244 
339 
1 68 

1697 

1091 
221 

318 
440 
836 

.2 7 8 
093 
o CB 

108 
j 17 
344 

., 39 

., 36 

129 

MO ~ 

o 10 ·051 
003 ·033 
007 006 

003 ·0 24 
002 ·037 
007 ·027 

018 
084 
081 
104 
002 

003 
056 
017 
027 
012 
004 
001 
007 
005 
007 

038 
055 
057 
113 
, 7B 
0,8 
006 
004 
003 

0,8 

016 
021 

007 
003 
013 

·001 
o OB 
COD 

010 
·0 02 

C 02 

001 
C C1 
003 

063 
246 
201 
475 
095 

089 
075 
547 
BOl 
232 
218 
104 
1 97 
132 
256 

126 
1 12 
108 
096 
214 
147 
104 
061 
089 

418 

353 
·006 

056 
040 
055 

·028 
·005 
023 

023 
·002 
·039 

014 
·027 
029 

ca:> Na20 

171 ·1 99 
044 ·0.18 
193 -2 13 

005 ·0 75 
038 008 
1 09 -3 07 

386 
882 
928 

1027 
-0 31 

-037 
·048 
061 
021 

·002 
·047 
·043 
·043 
·037 
-043 

256 
453 
774 

1084 
1 19 

·033 
1 35 
151 
080 

077 
040 
350 

275 
·020 
015 

061 
1 62 
023 

274 
C 13 

·02' 

238 
026 
541 

·402 
·509 
·543 
·454 
·556 

·550 
·542 
·524 
·570 
-570 
·573 
·5 59 
-568 
·559 
·574 

·433 
·377 
·526 
·531 
·536 
·553 
-550 
·5 19 
-325 

·467 
·510 
·1 61 

·3 12 
·5 la 
·5 17 

·029 
·395 
·1 38 

·321 
·2 '6 
.401 

.421 
·1 01 
·333 

K20 P205 

284 
082 
086 

2.16 

000 
000 
001 

000 
160 -0 01 
434 0.01 

085 
·007 
·022 
·034 
087 

177 
222 

·054 
-048 
031 
013 
062 
011 

·055 
-022 

073 
089 

-055 
-020 
·009 
-0 15 

1 93 
1 5e 
149 

-051 
1 19 
148 

1 02 
264 
145 

007 
o S8 

,004 

1 00 
280 
250 

238 
1 14 

·025 

·001 
005 
001 
000 

·002 

000 
000 
002 
007 
000 
041 

·002 
·002 
000 

-002 

000 
·001 
001 
000 
001 

·002 
001 
000 

·002 

·001 

000 
000 

-001 
·002 
001 

000 
001 
000 

000 
000 

·0 C3 

·002 
·001 

003 

SI..N 

4.27 
4.72 

-5.30 

1159 
14.73 
403 

1696 
51.15 
20.84 
22.08 
1612 

·1003 
3187 
1111.33 

337.81 
1411.07 
11.37 
1902 
3682 
3076 
1382 

·1091 
·9.91 
554 

2687 
1384 
·371 

·1582 
2929 
1309 

58.112 
·729 

3&.83 

1827 
2012 

716 

2931 
.12 OB 
-1694 

2i9 
406 

2884 

3148 
000 

1396 



-1 

Tebl. A 1':1b ..... Cheng. celculetlon. for the Welt. And •• lt. et the Norbec Min •• 
WAITE ANDESITE GEOCHEIIICAL DATA - NORIIALIZED LOI-FREE 
Hole Depth S102 TI02 AI203 FeO MO ~ CëIO Na20 K20 P205 Zr corr AI corr Ga l'II Zr Y Sr Ab 

1881 
PrecureDr 60.40 108 1573 770 019 429 559 454 031 o lB 135 

N·1.1 
WA lB9B 603 087 1597 1475 074 496 055 020 149 019 o 9B9 1067 20 7 137 24 6 23 
WA 1940 602 082 1583 1659 022 458 040 004 115 017 1 101 0948 11 123 20 23 24 
WA 2(133 614 084 1633 853 050 808 064 083 2114 0.19 0992 1 843 18 8 136 23 111 55 
WA 2111 605 08& 1& 50 699 013 450 572 444 018 0.18 0878 2249 ::2 7 154 27 246 7 

N·1II0 
WA 1724 563 092 liS e, Il 85 079 e 24 127 056 3.07 020 1091 1 328 7 124 22 42 70 
WA 1841 595 086 15.98 1562 033 489 030 078 155 019 1 138 1007 8 119 19 6 28 

N·224 
WA 992 603 129 1495 842 025 408 547 464 044 OH 1099 1 868 15 7 123 29 123 13 

WU1-3 
WA 274 61 1 109 16.55 658 011 281 386 737 025 027 0695 2389 19 9 194 37 65 5 
WA 53& 581 115 1574 815 015 435 646 512 059 0.13 1 101 1930 15 5 123 24 153 10 
WA a90 154.1 100 1506 7.19 016 266 297 638 013 033 0573 2188 23 10 236 46 154 4 

IIASS CHANGES· WAITE ANDESITE ONL Y 

Hole Oep:h S002 T,02 AI203 F..o MO ~ CëIO Na20 K20 P205 9...M 

N·181 
WA ·0751 ·022 005 688 054 061 ·505 ·434 1 16 001 ·1 15 
WA 587 ·017 1 ~~ la 57 005 075 ·5 15 ·449 09& 001 '0 08 
WA 0.56 ·025 047 077 031 373 ·4911 ·372 2.31 001 ·0 78 
WA ·730 ·032 ·'24 ·1 56 ·007 ·034 ·057 ·064 ·015 ·002 ·1221 

M·1I0 
WA 104 ·007 261 523 067 470 ·421 ·393 304 004 911 
WA 729 ·0 11 245 la 07 019 127 ·525 ·365 145 003 1375 

N-224 
WA 58& 034 070 1 55 008 020 042 056 017 001 989 



'\ 

Teta A Il:2. A1teretlon Normetlv. llnerel AlMlTlbI. Prog,.m for the Wei. Ilhyolitt dete Mt. 

DDH N·l01 N·108 N·1U N·127 
F •• t 1815 2010 2210 11107 1835 2Z1S5 1233 12311 12411 1284 14211 1210 1300 1320 1334 

GMM· 

5102 6009 73 51 7618 7218 7777 77 52 7317 7843 5874 5856 61 02 7579 72 43 8297 6359 62 06 
TI02 7988 029 028 034 027 027 032 023 025 025 022 024 n32 022 014 007 
AI203 50 98 11 98 1208 1283 1131 11 57 1245 1029 834 1057 983 1057 1233 895 652 401 
Fa203 7985 501 357 592 283 265 481 338 2309 1910 1366 1045 10 16 401 2575 3161 
M"O 70 94 013 007 011 006 005 010 019 058 070 088 005 007 045 o 11 007 
~ 4031 000 017 Q 60 024 012 023 098 1 96 208 431 1 25 155 096 3 00 1 95 
00 56 08 213 091 258 050 078 153 374 617 810 883 018 016 002 056 a 16 
Na20 3099 361 532 383 448 508 2 ~7 148 044 027 099 017 027 025 026 001 
K20 4709 332 138 1 57 250 1 94 47& 127 037 034 024 130 267 216 005 004 
P205 70 98 003 003 004 003 002 004 002 005 003 002 001 003 002 002 002 
S..M 100 00 100 00 100 00 100 00 100 00 100 00 100 00 100 00 10000 100 00 100 00 100 00 100 00 100 00 100 00 
• single callon 

Nwnber of MD'" of C"1on 
SI 1 2233 1 2677 1 2012 1 2943 1 2900 1 2176 1 3052 0.9775 09746 1 0155 1 2612 12053 ' 3807 1 0583 1 0328 
TI 00037 00035 00042 00034 00034 00039 00028 00032 00031 00027 00030 00041 00027 00018 00009 
AI 02349 02369 02517 02219 02269 02442 02019 a 1635 02073 01929 02074 02419 01755 01278 00786 
Fe 00697 00498 00823 00393 00368 00669 o 04 71 03214 02658 o 1901 01454 01414 00559 03584 04399 
M-l 00018 00010 00016 00009 00007 00014 C. 0026 00082 00099 00124 00007 00010 00064 o 001!> (j 00lù 
Mg 00000 00043 00149 00060 00030 0.0058 00243 00487 00517 o 1069 00311 00385 00237 00744 00483 
Ca 00379 00162 00460 00090 00139 00274 00666 01100 a 1445 01575 00031 00028 00004 00100 00029 
Na 0.1164 01717 01234 01446 01640 00830 (j 0478 00141 00087 00321 00054 00088 00080 00083 00004 
K 00706 00294 00334 00531 00412 o 10~5 00269 00079 :) 0072 00050 0.0275 00561 00458 0.0010 00007 
P 00004 00004 00006 00004 00003 00006 00003 00007 00004 00003 00001 00004 00003 00003 00003 
S..M 1 7587 11809 1 7594 1 7728 1 7803 1 7523 1 7255 1 6553 1 6731 1 7153 16850 1 7010 1 6994 1 6419 1 6059 

Callon % 
SI 695559 71 1848 682742 730051 724615 694850 756428 59 0531 582500 59 1993 748487 708612 81 2508 644568 643152 
TI G 2079 01988 02395 01924 01918 02251 01643 01928 01853 01572 01772 02391 01590 01072 00548 
AI 13 3590 13 3021 14 3071 125147 12 7470 1:> 9386 11 7008 98790 123889 11 2466 123103 142228 103301 71837 48955 
Fil 39621 27936 46803 22179 20695 38187 27272 19 4157 158844 11 0836 86318 83107 32869 21 8310 273949 
t.t'I 0.1050 00559 00899 00481 00400 00818 01514 04974 05912 07248 00434 00608 03750 00905 00617 
Mg 00000 02391 08486 03389 01690 03310 14058 29444 3 0908 62293 18469 22618 13949 45325 30051 
Ca 2.1551 09100 26157 05074 07793 1 5619 38611 66468 86336 91790 01865 01648 \) 0:!16 06109 01822 
Na 6.6169 96422 70159 81541 92119 4.7357 27718 0.8488 05175 1 8713 03177 05168 04682 05067 00235 
K 40140 1 6496 1 8961 29973 23141 57896 1 5581 04768 04322 02920 1 6332 33359 26964 00606 00465 
P 00242 00240 00327 00241 00160 00327 00168 00452 00261 00168 00043 00260 00170 00201 00206 
S..M 100 00 10000 10000 10000 10000 100 00 100 00 10000 10000 10000 10000 10000 10000 10000 10000 

lIook-keeping for fo",,"lon of 110IIII""'. miner •• 
SI(Total) ~9 5559 71 t848 682742 730051 724615 694850 756428 590531 582500 591993 748487 708612 81 2508 644568 643152 
SI(Ab) 497052 422581 472267 485429 448259 552780 673275 565067 566976 535853 738957 693107 798461 629369 642445 
SI(Sar) 429631 385983 41 5383 44 1823 41 2908 460751 626532 550762 554009 527093 689960 593029 71 7570 627550 641051 
SI(Chl) 42.9631 385983 402026 44 1823 412908 460751 602730 487432 465886 456266 631504 562211 702796 568423 601614 
SI(ZOI) 429631 385983 402026 44 1823 412908 460751 588745 487432 465886 456266 630722 562211 702796 568423 601614 
SI(Kaol) 429631 385983 402026 44 1823 412908 46.0751 588745 487432 465886 456266 630722 562211 702796 568423 601614 
SI (Tale) 428232 382049 402026 436663 41 0122 455248 588745 487432 465886 456266 630722 562211 7!l2796 568423 601614 
"::I(QIZ) 00000 00000 00000 00000 00000 00000 0.0000 00000 00000 o 11000 00000 00000 00000 00000 00000 



1Iook~"ng for fo",,"lDn CIl nanna'iv. miner." 
."(Total) 13 35iO 13 3021 
AI(Ab) 8 7421 38599 
AI(SII) 0 0000 0 0000 
AI(Mg·Chl) 00000 00000 
AI(Fe·Chl) 0 0000 0 0000 
AI(ZOI) 0 0000 0 0000 
AI(Kaol) 0 0000 0 0000 

F.(To.al) 
F.(Chl) 
Fe(Py) 

Ca(Total) 
Ca(Ap) 
Ca(Zol, 
CAlCe) 

MIl+Mn (TOI) 
MIl~Mn(Chl) 
Mi+Mn(Talc) 

Mg·ChIO')'. 
F. Chlo,lt. 
Chlorlt. TOTAL 
FelMg 

MtERAl% 

311621 
311621 
00000 

21551 
21147 
21147 
00000 

0.1050 
01050 
00000 

00000 
00000 
00000 
00000 

27936 
27936 
00000 

09100 
08700 
08700 
00000 

02951 
02951 
o ODOO 

00000 
Ci 0000 
00000 
00000 

14.3071 
72i13 
1602i 
09772 
00000 
00000 
00000 

46803 
32144 
00000 

26157 
2.5612 
25612 
00000 

09365 
00000 
00000 

20856 
32575 
53431 
15E1111 

125147 
43606 
00000 
00000 
00000 
00000 
00000 

22179 
22179 
00000 

05074 
04673 
04673 
00000 

03870 
03870 
00000 

00000 
00000 
00000 
00000 

127470 
3.5351 
0.0000 
00000 
00000 
00000 
00000 

2 0695 
20695 
00000 

07793 
07526 
07526 
00000 

02090 
02090 
00000 

00000 
00000 
a OOOCl 
00000 

139386 
9.2029 
o OJOO 
00000 
00000 
00000 
00000 

38187 
381S7 
00000 

1 5619 
15074 
15074 
00000 

04127 
04127 
00000 

00000 
00000 
00000 
00000 

11.7008 
89290 
42548 
3.2167 
13985 
00000 
00000 

27272 
00000 
00000 

38611 
38331 
2900a 
00000 

15572 
00000 
00000 

34604 
60605 
95209 
17514 

leucox.ne 
TI02 

0.2079 01988 02395 01924 01918 02251 01643 

Alblle 
NaAIS1308 

Se"cltlJ 
KAI3SI3010(QH)2 

Apalila 
Ca5(PQ4)3(OH) 

33 0844 482111 350793 40 7704 46 0593 23 6783 13 8588 

157316 85397 132728 101747 82486 214734 109066 

00646 00639 00871 00641 00426 00872 00448 

98790 
90302 
7.5996 
53051 
00000 
00000 
00000 

194157 
114582 
00000 

66468 
65714 
65714 
00000 

34418 
00000 
00000 

76485 
176835 
253321 
23120 

01928 

42440 

33379 

01205 

123889 
118714 
105747 
81200 
00000 
00000 
00000 

158844 
37043 
0.0000 

86336 
85902 
85902 
00000 

36820 
00000 
00000 

81823 
27 0668 
352491 
33080 

01853 

25873 

30256 

00695 

112468 
93753 
84992 
38632 
00000 
00000 
00000 

110836 
52888 
00000 

91790 
91510 
91510 
00000 

89541 
00000 
00000 

154535 
128772 
283307 
08333 

123103 
11 i927 
70929 
58328 
00782 
00000 
00000 

86318 
00000 
00000 

01865 
01793 
01272 
00000 

1 8903 
- ~'l00 

00 00 

.. 2006 
191818 
233824 

4566!> 

142228 
137059 
36981 
214i7 
00000 
00000 
00000 

83107 
50862 
00000 

01648 
01214 
01214 
00000 

23228 
00000 
00000 

51613 
71656 

123269 
1 3883 

103301 
99619 
17728 
0.5928 
00000 
00000 
00000 

32869 
231177 
00000 

00218 
00000 
00000 
00000 

17700 
00000 
00000 

39332 
19761 
59093 
05024 

01572 01772 02391 01590 

93 67 1 5893 25842 23412 

204'1 114327 233516 188745 

o 0449 00116 00694 00345 

77837 
72770 
7 0952 
4 0131 
00000 
00000 
00000 

218310 
158112 
00000 

06109 
05773 
05773 
00000 

46231 
00000 
00000 

la 2734 
133771 
236506 

1 3021 

01072 

25333 

04244 

00536 

48955 
487111 
... 7324 
26879 
00000 
00000 
00000 

273949 
233631 
00000 

01822 
014711 
01479 
00000 

:! 0668 
00000 
00000 

88152 
89596 

157748 
1 3146 

00548 

01177 

03254 

00548 

Chio".. 0 0000 00000 53431 00000 C 0000 00000 95209 253321 352491 283307 233824 123269 5 9093 23 6506 15 7748 
(Mg Mn Fe)9AI6S.5020(OH)16 

ZOISI'. 0 0000 00000 00000 00000 00000 00000 3 7293 0 0000 0 0000 0 0000 0 2086 0 0000 o 0000 0 0000 0 0000 

Ca2AI3&3012(QH) 
Kaolinl!e 

AI2S1205{OH) 
Talc 
Mg3S •• 01Q(QH)2 
CalCite 
CaC03 
PyrIte 
FeS2 

Oua'lZ 
S02 

TOTAL 

o 0000 0 0000 0 0000 a 0000 0 0000 0 0000 0 0000 0 0000 0 0000 a 0000 0 0000 0 0000 0 0000 0 0000 a 0000 

02449 06885 0 0000 09030 04876 a 9631 00000 00000 a 0000 a 0000 a 0000 a 0000 a 0000 00000 C 0000 

211~7 08700 25\l12 04673 07526 15074 29008 65714 85902 9 1510 01272 01214 00000 05773 01479 

39621 27936 32144 22179 20695 38'87 a 0000 114582 37043 52888 0 0000 5 0862 23977 158112 233631 

428232 382049 402026 436663 41 0~22 455248 588745 487432 465886 456266 63 0722 5622" 702796 56 8423 601614 

9823 9957 laC OC 9846 9886 9728 '00 oc 100 00 100 OC 10000 '00 co 100 00 lCO 00 10000 100 Co 

• If Su'" 1$ Jess ~aT'" '00 k IS orODat>y 'r" o~oc!asa "8~e' tt"Ia~ ." ser C te 

l 
: 



~ ~~ 

Teble A Il:2. AJ .. tlon Normltlve IIMniI A.-mblege Program for the Wei. Rhyoll. dâ Mt. 

DDH N·127 N-1211 N-1211 N-141 
F ... 1371 1317 1422 14110 ,.15 1512 1307 1357 1377 1.14 1441 14111 1513 11112 11132 14011 

5102 81 66 7524 7837 7693 7917 71 18 6810 6662 6872 63 al 6451 5775 7002 8079 7842 74 78 
TI02 o 13 o 16 022 022 022 023 032 032 026 022 026 029 035 023 o ~4 020 
111203 515 699 970 814 9 13 1030 1374 1369 11 04 958 1050 1398 1467 877 994 731 
Fe203 11 25 1538 911 11 55 970 15 04 878 741 951 1545 1846 2477 741 556 484 1307 
t.W) 007 004 004 008 007 o 10 048 065 058 093 '60 023 0" 006 006 0'4 
MgO 1 '4 148 130 1 8 1 140 2 70 198 181 151 1 16 233 206 184 087 124 295 
CIO 020 002 006 006 010 007 345 559 782 894 1 49 018 221 1 57 1 16 080 
Na20 002 001 014 005 012 001 1.59 220 046 035 C 34 023 030 043 221 068 
K20 038 042 1 05 O~ 006 036 1 53 169 007 034 048 a 50 304 1 71 188 007 
P205 001 024 001 001 002 a al 003 002 004 002 003 001 005 002 001 001 
9..U 10000 10000 10000 10000 10000 10000 10000 100 00 10000 10000 10000 10000 10000 10000 100 00 100 00 
• smgle cation 

Humber of MD'" of Cation 
SI 13590 12521 13042 1 2803 13175 1 1846 1 1332 1 1081 1 1435 1 0487 1 0735 09611 1 1653 1 3444 1 3050 12445 
TI 00016 00021 00028 00028 00027 00029 00040 00040 00033 00027 00033 00037 00044 00028 00030 00025 
AI 01009 01371 01902 017104 01791 02021 02696 02686 02165 01879 02060 02742 02877 01720 01950 01433 
F. 01566 02141 01268 01607 01350 02093 o 1222 01032 01323 02150 02570 03447 01031 00774 00674 01819 
M'1 00009 0.0006 00006 00011 00010 00013 00067 00092 00081 00130 00225 00032 00016 00009 00009 00019 
Mg 00282 00368 00324 00450 00347 00669 00492 00449 00374 1) 0288 00517 00511 00456 00215 o 03C8 00732 
Ca 00035 00004 00011 00011 00018 00013 00615 00997 01394 01595 00266 o J033 00394 00279 00207 00143 
Na 00007 000004 00044 00016 00040 00002 00513 00709 00149 00113 00109 00073 00097 00140 00714 00219 
K 00081 00089 00223 00116 00013 00076 00325 00358 00016 00072 00101 00106 00645 00363 00398 00015 
P 00002 00034 00001 00001 00003 00001 00004 00003 00006 00003 00004 00002 00007 00003 00001 00001 
9..U 16597 16559 1 6849 1 6757 16775 16'l65 1 7307 1 7452 16976 1 6744 1 6681 1 6593 17220 16975 1 7341 16851 

Cabon % 
51 818832 756170 17 4062 764039 785399 706613 654770 635307 673624 626279 64 3567 579211 676727 792012 752543 738537 
TI 00981 01247 01641 01656 01624 01738 02317 02272 01932 o 1614 01984 02207 02553 01671 01702 1) 1<:71 
AI 60818 8.2814 " 2915 102279 106752 12 0539 155761 153902 '2 7510 11 2234 123485 16 5235 167061 10 1306 11 2472 85037 
Fe 94354 129299 75234 95898 80473 124865 70598 59114 77945 128423 154058 201760 59877 45611 38873 10 7935 
M1 00552 0.03704 00352 00678 00610 00800 03871 0.5282 004786 07789 1 3494 C 1933 00930 00513 00500 01133 
Mg 1 7003 2.2232 1 9206 26855 20688 39911 28438 2.5710 22053 1 7210 34600 30779 26485 1 2647 17744 43418 
Ca 0.2095 00237 00668 00643 01102 00788 35559 57111 82119 95240 1 5940 01979 22887 1 6449 1 1911 08491 
Na 00421 00214 02619 00970 02392 00102 29669 4 0621 08765 06735 06546 04425 05613 08225 4 1201 1 2971 
K 04852 05357 13258 06897 00787 04555 18765 20516 00918 04302 06058 06379 37446 21394 22972 00919 
P 00092 02057 00044 00085 00174 00089 00252 00165 00348 00173 00268 00092 00422 00171 00083 00087 
SM 10000 10000 10000 10000 10000 10000 10000 10000 10000 100 00 100 00 10000 10000 10000 10000 10000 

8ooII-II"ng for fomatlon of norm.tlve min."" 
SI(Tolall 818832 756170 77 4062 764039 785399 70 6S13 654770 635307 673624 626279 643567 579211 676727 792012 752543 738537 
SI(Ab) 81 7568 755527 766205 761128 77 8223 706307 565763 51 3443 647329 60 6073 623928 565936 659889 767337 628941 699623 
SI(Ser) 80 3014 739457 72 6430 74 0438 77 5862 692642 50 9469 45 1895 644576 593166 60 5753 546800 547551 70 3156 560026 696865 
SI(Chl) 764812 684015 673768 673256 71 9323 603665 452299 40 8785 586363 51 6006 523449 428739 50 6626 679072 558062 639108 
SI(ZOI) 764812 684015 672676 673256 718106 60 3665 451106 40 6785 540227 51 6006 523449 428739 506626 679072 558062 639108 
SI(Kaol) 70 4812 684015 666441 673256 685171 603665 451106 408785 540227 51 6006 523449 428739 50 6626 1' 7 9072 558062 63 9108 
SI(Talc) 764812 684015 666441 673256 685171 603665 451106 40 8785 540227 51 6006 523449 428739 506626 ,,79072 538449 ~3 9108 
SI(Qlz) 00000 00000 00000 00000 00000 00000 00000 0.0000 00000 00000 00000 00000 a 0000 00000 00000 00000 



. " ~ 

il00ii<< ... for fomallon of nonnallv. minanlla 
."(Tolal) 6 0818 82814 11 2915 
AI (Ab) 6 03117 8 2600 11 02116 
AI(S.r) 4 5842 66530 7 0521 
AI(Mg-Chl) 34139 51459 57482 
AI(~.-Chl) 0 0000 0 0000 0 7327 
AI(Zol) 0 0000 0 0000 0 6435 
AI(Kaoll 0 0000 0 0000 a 0000 

F.(Tolal) 
F.(Chl) 
Fe(Py) 

Ca(To'al) 
Ca(Ap) 
Ca(Zol) 
CII(CeI 

Mg+"'n (ToI) 
Mg+Mn(Chl) 
Mg+Mn(Talc:l 

Mg-Chio,,,, 
Fa-Chlo,ll. 
Chlorlt. TOTAL 
F ..... g 

MNERAl'Y. 
l.ucoxe"e 

TI02 
Albite 
NaAlSi308 

94354 
43146 
00000 

020115 
01942 
01942 
00000 

1 7555 
00000 
00000 

39011 
11 3798 
152808 

211171 

IJ 0981 

02106 

129299 
52110 
00000 

00237 
00000 
00000 
00000 

22606 
00000 
00000 

50235 
17 1531 
22 1768 

34148 

01247 

o 1071 

75234 
00000 
00000 

00668 
00595 
00595 
00000 

19558 
00000 
00000 

43462 
167186 
210648 

38467 

01641 

13095 

102279 
101308 
806111 
622ti3 
00000 
00000 
00000 

95898 
02503 
00000 

00643 
00502 
00502 
00000 

27533 
00000 
00000 

61185 
207544 
268729 

33921 

01656 

04852 

106752 
104360 
10 1999 
87800 
34152 
32935 
00000 

80473 
00000 
00000 

01102 
00811 
00811 
00000 

21298 
00000 
00000 

47328 
17 8828 
226156 

37785 

01624 

1 1960 

120539 
120437 
106771 
79630 
00000 
00000 
00000 

124865 
05420 
00000 

00788 
00639 
00639 
00000 

40712 
00000 
00000 

90471 
265434 
355904 

29339 

155761 
126091 
69798 
48258 
01193 
00000 
00000 

70598 
00000 
00000 

35559 
35138 
34343 
00000 

32309 
00000 
00000 

71798 
156885 
228683 

21851 

1539"2 
113280 

0; 1732 
:1 1071 
00000 
00000 
00000 

59114 
12508 
00000 

57111 
56836 
56836 
00000 

30992 
00000 
00000 

68871 
la 3569 
172440 

1 5038 

o 1738 0 2317 0 2272 

00509 14 8346 20 3107 

127510 
118745 
115992 
98099 
46135 
00000 
00000 

77945 
00000 
00000 

82119 
81HO 
50783 
00000 

26839 
00000 
00000 

59642 
17 3212 
232854 

29042 

01932 

43824 

Il 2234 
105499 
92592 
75927 
00000 
o oooe 
00000 

128423 
14533 
00000 

95240 
94952 
94952 
00000 

24998 
00000 
00000 

55552 
253089 
308641 

45559 

01614 

33677 

123485 
116939 
98764 
66701 
00000 
00000 
00000 

154058 
54006 
00000 

15940 
1 549"1 
1 5493 
00000 

48094 
00000 
00000 

la 6876 
222339 
329214 

20803 

01984 

32731 

165235 
160810 
141673 
119865 
00000 
00000 
00000 

207760 
27961 
00000 

o 1979 
01826 
01826 
00000 

32712 
00000 
00000 

72693 
399552 
472245 

54964 

02207 

2 ?125 

167061 
161448 
49110 
30834 
00000 
00000 
00000 

59877 
1 3626 
00000 

22887 
22183 
22183 
o OOCIO 

~ 7415 
00000 
" 0000 

6 OS~l 

10.080 
183701 

16871 

02553 

28063 

la 1306 
93081 
28900 
20127 
00000 
00000 
00000 

45611 
1 5421 
00000 

16449 
16164 
16164 
00000 

13160 
00000 
00000 

29244 
67090 
96334 
22941 

112472 
71271 
02356 
00000 
00000 
00000 
00000 

38873 
38873 
00000 

1 1911 
1 1772 
1 1772 
00000 

1 8244 
14710 
00000 

07853 
00000 
07853 
00000 

01671 01702 

4 1125 20 6003 

j; ' • 

85037 
7206& 
69308 
39608 
00000 
00000 
00000 

107935 
48524 
00000 

08491 
o A346 
0&346 
00000 

44551 
00000 
00000 

99002 
132025 
23 1027 

1 333& 

o 1471 

64857 

S. ,clle 3 3961 37497 92809 48276 05510 31887 131352 143612 06424 30116 42408 44652 262121 149756 160802 06435 
KAl3S,30'0(0H12 

"pal"e 0 0245 00379 00117 00226 00464 00237 00673 00440 00928 00461 00715 o 0245 0 ',27 00456 00222 00232 
Ca5(P04 )3(00) 

Cl'tlorole 152808 221766 210648 268729 226156 355904 228683 17 2440 232854 308641 329214 472245 163701 96334 07853 23 '027 
(Mg Mn,FeI9AI6S,5020 lOHlI6 

ZOISII. 00000 00000 02379 00000 03246 00000 03181 00000 123028 00000 00000 00000 0 0000 00000 00000 00000 

Ca2AI3&3012(OHI 
Kaol,n,'. 00000 00000 1 2869 00000 65869 00000 00000 00000 00000 00000 a 0000 00000 00000 00000 00000 00000 

A12S.205(OHl 
Talc 0 0000 00000 00000 00000 00000 a 0000 0 0000 a 0000 0 0000 0 0000 a 0000 0 0000 00000 00000 34323 00000 

Mg3S14010(OHl2 
Calc,'e 
CaC03 
Pyrite 
FeS2 

Quartz 
5102 

01942 00000 00595 005020081,0063934343568365078394952 '54930,826 2 <!183 '61641,77208346 

43'46 52'10 00000 02503 00000 05420 OOOCO 1 2508 00000 • 4533 54C06 2 7961 1 3626 1 542' 38873 4 8524 

7648'2 6840'5 666441 673256 685171 603665 45,106 408785 54C227 5,6006 523449 428739 506626 679072 538449 639108 

TOTAl 100 00 9981 10006 '0000 10C 08 ,00 00 100 CC 100 00 ,00 00 '00 00 '00 00 'oc 00 '00 OC 100 00 10000 '00 00 

• ,f 5"m ,s 'e55 !Ma~ 'OC K ,5 probaOoly ," ort"oe'ase ra!Mer t"la~ ln se"IC'1S 

• 
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Table A Il:2. AI"'Uon Normative "neral A-.nblage Program for the Walt. Rhyolit. data Mt.. 

00f 
~.et 

5,02 
TI02 
AI203 
F.203 
t.tO 
M;O 
CeO 
Na20 
I<X) 

P205 
aN 

N·141 
1507 

E191 
034 

1~ 63 
1586 
022 
436 
098 
071 
196 
003 

10000 
• singi. cation 

Humber of lia .. of C'lion 
SI 1 0302 
TI 
AI 
F. 
~ 
Mg 
Ca 
Na 
K 
P 
9..M 

Caban "10 
SI 
TI 
AI 
F. 

"' Mg 
Ca 
Na 
K 
P 
9..M 

00043 
02674 
02208 
00031 
01082 
00174 
00228 
00417 
00004 
1 7163 

60 0251 
02501 

155774 
128639 

01792 
63066 
10146 
13282 
24294 
00256 
10000 

N·1113 
1&01 1101 

76 96 
022 

1040 
439 
018 
033 
293 
302 
154 
002 

10000 

12808 
00028 
02039 
00611 

00026 
00081 
00523 
00975 
00327 
00003 
1 7422 

73 5156 
o 1614 

11 7055 
35082 
01487 
04653 
30000 
55990 
18797 
00165 
10000 

7" il 
025 

11 54 

590 
009 
090 
276 
223 
140 
002 

10000 

1 2466 
00032 
02264 
00821 

00013 
00224 
00492 
00718 
00296 
00003 
1 7329 

71 9382 
01853 

130621 
47370 
00751 
1.2922 
28393 
41448 
1 7095 
00167 
10000 

Book-kNfJ/ng 'or 'om.lion 0' nonnltlve min.,. .. 
Si(Total) 600251 735156 71 9382 
SI(Ab) 56 0406 56 7186 595039 
SI(Ser) 487525 51 0795 543754 
SI(Chl) 429515 506900 512180 
SI(Zol) 429515 506900 512180 
SI(Kaoi) 429515 506900 512180 
SI(Tale) 429515 50 6900 51 2180 
SI(Otz) 00000 0 0000 00000 

1253 

7791 
026 

1066 
682 
006 
075 
026 
054 
272 
001 

10000 

12966 
00032 
02091 
00950 

00009 
00187 
00046 
00174 
00578 
00001 
17034 

76 1189 
01900 

122764 
55761 
00513 
10993 
On06 
10186 
33903 
00086 
10000 

7611B9 
73 0632 
628922 
61 9865 
61 9865 
61 9865 
61 9865 
00000 

N·181 
1411 1042 

7259 
029 

1149 

1135 
016 
099 
062 
054 
1 94 
004 

10000 

12079 
00037 
02253 
01580 

00022 
00246 
00110 
00175 
00412 
00006 
16919 

71 3946 
02161 

133159 
93365 
01304 
14531 
06487 
10346 
24354 
00347 
100 00 

71 3946 
682909 
60 9847 
568'387 
568387 
568387 
568387 
a ~ooo 

8411 
021 
903 
a 79 
002 
018 
087 
423 
054 
002 

10000 

1 3998 
00027 
01771 
00110 

00003 
00045 
00155 
C 1364 
00116 
00003 
1 7589 

795806 
01507 

la 0662 
06249 
00162 
02550 
08793 
77524 
06575 
00162 
10000 

795806 
563234 
543509 
540665 
54 0665 
54 0665 
540665 
00000 

1065 

7435 
033 

1306 
538 
013 
052 
242 
205 
1 72 
004 

10000 

1 2373 
1) 0041 
ô 2562 
00748 

00019 
o 012 Q 

00432 
00660 
'l0365 
00006 
1 7336 

71 3711 
02364 

14 7809 
43166 
01081 
07466 
24937 

38082 
2 1052 
00333 
10000 

7137 11 
599465 
536310 
507581 
495484 
495484 
495484 

00000 

N·1iO 
1318 1174 

7445 
032 

12 73 
467 
005 
089 
089 
526 
071 
004 

100 00 

12389 
00040 
02497 
00651 

00007 
00220 
00158 
o 1696 
00151 
00006 
1 7814 

695465 
02219 

140175 
36521 
00403 
12339 
08869 
95189 
08498 
;:, 0322 
10000 

7438 
031 

1247 
475 
013 
072 
316 
247 
, S9 
003 

10000 

12377 
00038 
02445 
00661 

00019 
00179 
00563 
00799 
00337 
00004 
1 7423 

71 0421 
021 95 

14 034:. 
37912 
a 1071 
10296 
32312 
45835 
19365 
00247 
10000 

695465 71 0421 
409897 572914 
384402 51 4820 
368!60 487443 
368160 483880 
36 SI 60 483880 
368160 483880 
a 0000 00000 

1308 

749<: 
030 

12 12 
477 
002 
047 
062 
345 
330 
003 

10000 

12468 
00037 
02378 
00664 

00003 
a Cl1? 
00110 
a 1113 
00700 
00004 
1 7595 

708615 
02118 

13 5163 
37760 
00164 
06658 
06242 

63260 
39773 
00247 
100 00 

708615 
51 8836 
446932 
446932 
... 6932 
446932 
437835 
00000 

N·224 
1623 778 

80 SI 
025 
917 
562 
004 
a la 
024 
135 
243 
000 

10000 

1 3448 
00031 
01799 
00782 

00006 
00024 
00042 
o 043!> 
00516 
00000 
1 7083 

787229 
01804 

la 5312 
45775 
00353 
o 1399 
02458 
25471 
30199 
00000 
100 00 

787229 
71 0815 
63 0974 
63 0974 
63 0974 
630974 
628638 
00000 

S259 
021 
917 
184 
004 
050 
219 
117 
229 
001 

10000 

1 3745 
00026 
01799 
00255 
00006 
00123 
00391 
00377 
00486 
00001 
1 7209 

798695 
01506 

104524 
14841 
00339 
07162 
22736 
2 1930 
28226 
00042 
100 00 

798695 
732905 
65 0312 
650312 
65 0312 
65 0312 
640311 
00000 

851 

7835 
021 

11 41 
244 
005 
024 
077 
474 
177 
002 

10000 

'3039 
00027 
\)2238 
00340 

00007 
00060 
00137 
01528 
00375 
00003 
1 7754 

734428 
01495 

126057 
19163 
00401 
03386 
07707 

86068 
21135 
00160 
10000 

73 4428 
471\224 
436235 
436235 
436235 
436235 
431186 
00000 

, no 

7389 
030 

1286 
447 
006 
071 
520 
213 
033 
J 05 

100 00 

1 2296 
00038 
02523 
00622 
00009 
00175 
00927 
00686 
00070 
00007 
1 7354 

708560 
02170 

~4 5391 
35865 
00506 
10084 
53401 
39541 
04062 
00421 
10000 

708560 
589937 
577751 
551944 
4& 9249 
489249 
489249 

OfÜOO 

,-.,.. 

~. 



Book""",,,,, for fomallon of nonnatlYa mlnlra" 
AI(TOIII) 155774 11 7055 130621 
AI(Ab) 142493 6 1065 89173 
AI(Slr) 6961-, 046U 37888 
AI(Mg-Chl) 2 6373 a 0580 2 8773 
AI/FI-Chi) 0 0000 0 0000 0 0000 
AI(Zol) 00000 00000 00000 
AI(Kaol) 0 0000 0 0000 0 0000 

FI(Tolal) 
FI(Chl) 
FI(Py) 

Ca(TOlal) 
Ca(Ap) 
Ca(Zol) 
CalCc) 

Mg+Mn (TOI) 
Mg+Mn(Chl) 
MlI+Mn(Talc) 

Mg Chlorll. 
FI-Chlontl 
Chlorll. TOTAL 
FelNg 

128639 
89080 
00000 

10146 
09719 
09719 
00000 

64858 
00000 
00000 

144129 
8751051 

2320:18 
a 6090 

350B2 
34212 
00000 

3 0000 
29724 
29724 
a 0000 

06141 
00000 
00000 

136'6 
01932 
15578 
01416 

47370 
004210 
00000 

2 B393 
28115 
28115 
00000 

13673 
00000 
00000 

30384 
SI 55110 

126294 
31566 

122764 
112578 
10869 
C 3198 
00000 
00000 
o OOCO 

55761 
5 0964 
00000 

02701; 
a '~64 
~ 25604 
00000 

1 1507 
00000 
00000 

25570 
10660 
J 6230 
04'69 

133159 
122813 
49752 
39195 
00000 
00000 
00000 

93365 
34572 
00000 

06497 
05908 
05908 
a OOCO 

1 5835 
00000 
00000 

35188 
130651 
165839 
37129 

100662 
23138 
03413 
01598 
00000 
00000 
00000 

06249 
a 3B51 
00000 

a B793 
a B524 
a B524 
a COOO 

02722 
00000 
00000 

06049 
05327 
1 1376 
o BB06 

147809 
109727 
46572 
04 0874 
12096 
00000 
00000 

43166 
00000 
00000 

24937 
204383 
16319 
00000 

08547 
00000 
00000 

18993 
95924 

11 '917 
5 0504 

14 0175 
44986 
19'91 
10996 
00000 
00000 
00000 

:; 6521 
20027 
00000 

011889 
08332 
08332 
00000 

12742 
00000 
00000 

:: 8315 
36655 
6 '969 
12946 

14.0345 
9 '510 
36416 
28838 
03583 
00000 
00000 

37912 
00000 
r 0000 

32312 
31901 
29525 
00000 

1 1367 
00000 
00000 

25260 
84249 

:0 9509 
33352 

135163 
7.190' 
00000 
00000 
00000 
00000 
00000 

37760 
37760 
00000 

06242 
05931 
05831 
00000 

06823 
08823 
00000 

00000 
00000 
00000 
00000 

105312 
79841 
00000 
00000 
00000 
00000 
00000 

45775 
45775 
00000 

02'58 
02458 
o 245B 
i:' 0000 

01752 
01752 
00000 

a 0000 
00000 
00000 
00000 

104524 
8259' 
00000 
00000 
00000 
00000 
00000 

14641 
14B41 
00000 

22736 
22665 
22665 
a OOf,O 

o nCll 
07501 
000,'0 

00000 
00000 
00000 
00000 

126057 
3 9990 
00000 
00000 
00000 
00000 
00000 

19163 
19163 
00000 

07707 
07440 
07440 
00000 

03787 
03787 
00000 

00000 
00000 
o oooe 
00000 

145391 
105850 
93664 
86605 
62995 
00000 
00000 

35865 
00000 
00000 

53401 
52699 
10902 
o CoOO 

1 0589 
o O\:;ûO 
00000 

23531 
79699 

la 3231 
33870 

MNORAl% 
leucoxene 

TI02 
Alblle 

NaAlS030B 

02501 01614 01853 01900 02161 01507 02364 02219 02195 02118 01804 01506 01495 02170 

6 6408 27 9950 20 7238 50929 51729 387620 190409 475947 229177 316298 127355 109650 4303~; '97705 

Sellelte 170056 131579 119665 237321 170477 4 6026 14 7363 59488 135553 167775 186296 192719 93309 28434 
KAI3SI3010(OH)2 

Apltll. 0 0682 0 0440 0 0445 0 0228 0 0927 00431 00887 00859 00659 00658 00000 00113 00427 01123 
Ca5(P04)3(OH) 

Chlo,.tI 232038 15578 126294 36230 165839 1 1376 114917 6 4969 10 9509 00000 00000 00000 a 0000 la 3231 
(Mg.Mn FeJ9AI6S,5020(OH}16 

lo,s,t. 0 0000 0 0000 0 0000 00000 00000 00000 3 2257 00000 09501 00000 00000 o OClOO OOJOO 167187 

CI2AI3&3012(OH) 
Kaolln,te 0 0000 0 0000 0 0000 a 0000 00000 00000 00000 a 0000 00000 00000 a OOO'J 00000 a OOGe 0 0000 

AI2&205(OH1 
Tele 0 0000 0 0000 0 0000 00000 00000 00000 0 0000 00000 00000 , 59'9 04088 1 7502 08836 00000 
Mg3S~O'0{OH)2 

Calcll. 09719 29724 28115 02564 05908 0'::;,24 16319 08332 29525 05831 02458 22665 07440 10902 
CtC03 
Pyllte 
FioSZ 

Quartz 
5102 

89080 342'2 04210 5 0964 34572 03851 0 0000 2 0027 00000 37760 45775 '484' 19163 00000 

4 L 95'5 506900 S' 2'80 6' 9865 56 838:' 5" 0665 495484 368'6C 483880 437835 628638 64 C3" 43' '86 489249 

TOTAL 100 00 '0000 '00 00 '0000 10000 '0000 10000 '!l0 CO 100 CO 9842 996' 9993 9922 '0000 

• ,1 sum '$ less :roa~ '00 K .5 Pl'Ob ... J/j ,~ Or:"'OC ase ra~e' t'la~ .~ se',e le 

-
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Table A Il . 3 Oxygen Isotope calculations 'or the Walte Rhyolite at the Norbec mine 

Hoœ 

Dotpth lm) 
Deplh (ft) 

S,02 
1102 

A'203 
;:-&0 
M'lÜ 

MifJ 
CaO 
Na20 
KéQ 
P205 
cm 
S 
Total 
LOI 
F&O' 

• CATIONS 
Cation % 
S, 
T. 
AI 

Fe 
Mn 
Mg 
Ca 
Na 
K 
P 
S 
C 
SUM 

Cation Min, Norma 
Apatrte 
Quartz 
Albrte 
Senclte 
Chlo'rte 
ZOIS(Ep) 
Kaohnlte 
Pynte 
Carbonate 
Magnetite 
Ru111e 
Graphite 
Total 

N,124 

375.82 
1233 

762C 
022 

·ex 
328 
O'S 
095 
363 
144 
, 23 
002 

9715 
233 
365 

16765 

7564 
01ô 

11 70 

273 
OIS 
14' 
386 
277 
156 
002 
000 
000 

10000 

004 
seea 
1386 
1090 
952 
373 
000 
000 
:190 
000 
016 
000 

10000 

37674 

1236 

553 
::; 24 
"765 

2" 71. 
:; 55 
, '15 

::.a' 
04' 
035 
005 
, 20 
568 

9536 
427 

24 '6 

17631 

5221 
017 
S 73 

1716 

044 
260 
588 
075 
042 
004 

1005 
155 

10000 

0" 
43 ID 

3 75 
295 

2239 
000 
000 

1507 
736 
510 
017 

000 
10000 

38070 
12411 

5€ 75 
::; 24 

'C 24 

'ô 5C 
::; S8 
202 
785 
026 
G 33 
~05 

C18 
, 23 

97 '0 
19 

2056 

16641 

56 76 
Ole 

1207 

1547 

058 
301 
841 
050 
042 
004 
231 
025 

100 00 

011 
4540 
252 
295 

3434 
000 
000 
346 
659 
245 
Ole 
000 

10000 

311137 
1284 

5950 
02 
959 

'332 
086 
420 
861 
097 
023 
002 

975' 
129 

1480 

16727 

5920 
016 

1125 
110B 

072 
623 
918 
187 
029 
002 
000 
000 

10000 

004 
4563 
936 
204 

2833 
000 
000 
000 
915 
529 
016 
000 

10000 

43556 
14211 

73 C 
C 23 

'Cle 
'0 OB 
C 05 
, 2' 
017 
0'6 
125 
OOC 

9645 
2B4 

1120 

16253 

7485 
01B 

1231 

863 
C04 
185 
019 
032 
163 
000 
000 
000 

10000 

000 
6308 

159 
1143 
2338 
021 
000 
000 
011 
000 
Ole 
000 

10000 

N,I27 

3lIO 15 

1280 

69 "2 
C 3' 

969 
~ ~~ 

" "' 
'48 
0'5 
G26 
255 
C03 
025 
269 

9568 
.: 

'077 

1 71211 

6716 
023 

1348 
787 
006 
214 
016 
049 
31S 
002 
490 
033 

!OOOO 

007 
5329 
245 

2213 
1169 
000 
000 
735 
066 
215 
023 
000 

10000 

316.24 
1300 

sc 7!: 

9 -. 
39 
o C~ 
093 
C 02 
C 24 
2 le 
002 
023 
, 19 

9716 
2 

434 

16i07 

7949 
Olé 

'0 Il 
321 

003 
, 36 

002 
046 
264 
002 
220 

03' 
100 00 

004 
SB 76 

.129 
1846 
578 
003 
002 
329 
062 
060 
016 
000 

'00 00 

.a234 
1320 

54 27 
8 4 2 
556 

2" 9; 
009 
256 
C4B 
022 
004 
002 
222 
707 

8755 
6 

2442 

16721 

5402 
009 

652 
1829 
OOB 
380 
051 
042 
005 
002 

1319 
302 

10000 

004 
4764 
212 
036 

1982 
000 
000 

'978 
603 
412 
009 
000 

100 DO 

40661 
1~ 

5296 
:::06 
342 

26 9-

006 
'ô6 
0'4 
DOC 
003 
002 
'20 

11 '7 
86 52 

8 
2997 

17456 

50 49 
004 
384 

2150 
005 
236 
0'4 
000 
004 
002 

1996 
156 

10000 

004 
4727 
000 
026 

1244 
000 
000 

2993 
3 '2 
6ee 
004 
000 

10000 

.. 17.8t 
1371 

-53S 
0 4 2 
4 -5 

'03S 
006 
,o!; 

C'B 
002 
035 
001 
122 
370 

9352 
3 

"54 

16752 

-489 
009 
556 
863 
005 
156 
C19 
004 
044 
00' 
689 
, 65 

'00 00 

002 
6995 
019 
3 Il 

1397 
000 
000 

1033 
136 
000 
009 
098 

10000 

Q2.76 
1387 

58'"" 
0·5 
636 

'399 
r 04 
, 35 

002 
000 
03S 
002 
OBC 
383 

9156 
3 

1555 

1.64011 

6942 
0'1 
760 

1187 

003 
204 
002 
000 
049 
002 
728 
, '1 

'0000 

DOS 
6284 
000 
344 

2042 
,003 
002 

1092 
222 
000 
011 

000 
10000 

43343 

lC22 

,4 s;: 
02 
922 
866 
C~ 
, 24 
006 
0'3 
'00 
00' 

9507 
2 

962 

16018 

7,'4' 
C 6 

1129 

752 
004 
'92 
007 
026 
133 
001 
000 
000 

'0000 

002 
6664 

131 
928 

2106 
021 
, 31 
000 
000 
000 
016 
000 

10000 

44501 
1460 

713 J.: 
022 
e 67 

1· 4S 
OOB 
'60 
006 
005 
054 
OCI 
037 
021 

99 59 
o 

1273 

1sm 
7573 
016 

iO 14 

950 
007 
266 
006 
010 

068 
001 
038 
050 

'0000 

002 
55 73 
048 
478 

2663 

000 
000 
058 
021 
000 
016 
040 

10000 

452.63 
1485 

-6~ 

:12' 

SS' 
936 
, ~­
"~ 

, 35 
o'e 
c '2 
ose 
002 
022 
006 

9726 
2 

'040 

16373 

7766 
016 

1055 
795 
006 
205 
0" 
024 
078 
002 
012 
03' 

'0000 

005 
6774 

118 
545 

2222 
032 
239 
016 
000 
000 
016 
031 

10000 

Il' 

460.86 
1512 

S7X 
Oz:' 
9 -4 

'4 2~ 

O~ 

2 5~ 
CJ-
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APPENDIX III 
<, 
l Calcul.Uon 01 the Original Volume 01 the Hosting Volcanic Roc. 

to the Norbec Deposit and Net Volume Change 

Precursor Precursor 
W Rhyolite W Andeslle 

5102 7618 5976 
TIO;> 029 127 
11.1;>03 1225 1479 
100 38 925 
MnO 004 024 
MgO 051 4 05 
CdO 051 542 
Na;>O 575 458 
K20 063 043 
1';>05 003 011 
SUM 100 100 

IgneolJ~ Normative Mlnordl Program NlgglHype callon% norm 
a) dlvlde by Ihe moloeular rIIdSS or oaeh oXlde on a single callon basis 10 
la delorrnlne Iha callon % 

CAliONS I1llyolllü Andeslle CATION % Rhyolile Andeslte 

SI 12660 09')47 70 97 5557 

ri 00036 00159 020 089 

AI 02403 02901 1345 1621 

I-e 00529 01287 296 719 

Mn 00006 00034 003 019 

Mg 00127 01005 071 561 

Cd 00091 00966 051 540 

N,I 01856 01478 1039 826 

K 00134 00091 075 051 

l' 00005 00031 003 017 

SUM 1 1866 17900 10000 10000 

Nornldll'vo Minerai How Shoet Chlorlle added lor exlra AI 

SI 1091 5!> 51 Fe,Mg,Mn 370 1300 

SI Ab 3g81 3079 Fe-lim 350 1211 

SI Or 3756 2926 Fe-Chi 146 1211 

SIAn 3660 2182 Fe-Cpx 146 1061 

SI Chi 3547 2182 Fe-OllX 000 000 

Sr Cp, 3547 1882 

SI Op' 34 01 821 

C<I 051 540 AI 1345 1621 

CilAp 046 522 AI Ab 306 795 

C,I AI~ 000 150 AI Or 231 744 

C,I CIIX a 00 000 AI-An 136 000 
AI-Chi 000 000 

Normative Mlnerdls 

Apallte 005 029 
11I1101ule 041 178 
Alhlle 5194 4130 
Ortllocldse 374 255 
Anorlhlle 239 1860 
Cilionie 453 a 00 
Ctlno px 000 600 
Otlll0 px 292 2121 
Qu,lrl! 34 01 821 
SUI11 100 100 

Cl1dnge callon % l10rm 10 welgtll % norm la determme volume and denslly 
01 tt10 procursors AmI 01 norm mine rat • (Formula welghVN 01 calions) 

f1hvohlo Anaeslle 

Ap,III!!' 316 1766 
IImonito :l123 13653 
AI\)1I0 :>72439 216593 
Otttloctaso 20839 14197 
AnOI!!llle 13:> 76 103467 
ClllolllU :>84 0(' 000 

t 
CIIIIO px 000 34851 
Ortl1o px 1696;> 123215 
QU,II!l 204384 49364 
Sum 559740 5571 26 



r 

l 
Normallzed Welght % of normative minerais lor tne precursors 

Apatlle 006 032 
IImemte 056 245 
Albite 4867 38 88 
Orthoclase 372 255 
Anorthiie 237 1857 
Chiante 507 000 
Cllno px 000 626 
Ortho-px 303 2212 
Quartz 3651 886 
Sum 10000 10000 

The volume each minerai occuples ln cm3 per 100 grams 01 rock Specllic 
gravlly 15 1001V01 Median composilion 01 chiante used 

Rhyolite Andeslte Densllies l'ood Irom 0 HZ' 
Apalite 002 010 Apalite 315 
IImemte 012 052 IImenlle 47 
Albite 1858 1484 Albite 262 
Orthoclase 145 099 Orthoclase 257 
Anarthite 086 673 Anorthlte 276 
Chlorlte 170 000 Chlontemed 298 
Cllna-px 000 184 Cllno-px 34 
Ortho-px 085 618 Ortho-px 358 
Quartz 1378 334 Quartz 2b5 

Sum cm3 3735 3454 • Deer. Howle and Zus~man 
Avg SG 2677 2895 

Determlnlng the onglnal volume 01 hO!oling volcanlc rocks 
Glven data Irom prevlous calcula tians 

Altered WR Altered WA 
Volume m3 
Tonnes 

8080000 4920000 
23270400 14612400 

METHOD' 

EF 
SG Fresh 
SG Altered 
Zr Fresh 
Vol (cm3) 100g 
01 Fresh 

a) Welght 01 Zr ln the Altered umts 

1205 1 100 
268 289 
288 297 
313 120 

3735 3454 

=tonnes 01 altered rock' Zr(ppnl) ln precursor J 10000001 E F 
WR WA 

Zr tonnes 6044 51 1594 08 

b) volume (m3) 011009 01 precursor represented by 1 gram 01 Zr 
1 e lor the Walle Rhyolite. 313 ppm = 0 0313 gin 100g 01 rocll 

WR WA 
m31resh 0 00 120 0 00289 

cl Resultlng volume 01 precursor hostlng volcanlc rocks 
=tonnes Zr ln altered rocks' VOl :JI rock represented by 19 Zr 

WR WA 
Vol m3 7224445 4605563 

d) % volume change 
WR 

% 

METHOD Il 

WA 
1164 683 

a) Ennchment lactor 15 also the mass chanyc lactor 
WR WA 

E F 1 205 1 11 

bl the denslly lactor 15 S G (ait) 1 S G (Iresh) 
WR WA 

S G lactor 1 075 1 028 

C) volume 15 related to mass by the denSlly. therelore 
the! volume change be!Ween Iresh and altered rock 15 the 1: FIS G lactor 

WR WA 
vol chnge 1 • 21 1 080 
% ",,13 801 

AVERAGE OF BaTH METHODS: 
WA WA 

1199 742 
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STATISTICS Of THE NOABEC OREBODY 
MASS. 04 3 MT or 4 300 000 T 

APPEND5X IV 
DETERMINATION OF OREBODY COliPONENlS 

GRADE. 2 8°;' Cu, 4 7% Zn, 43 ut! Ag, and 0 9 utt Au 

Mali 01 ore minerais 

Cu al CuFeS2 
'b1 a. lnS 
Ag a. Ag 
Au •• Au 

28%Cu. 
47%Zn. 
43 ppm Ag. 
09 ppm Au. 

Copper (T) Zinc (T) 

120 400 
202 100 

tron (T) 

105 127 

Sulphur (T) 

121 014 
Il 012 

TOTAl MASS OF 0Ft: ELEMENTS 120 400 202 100 105 127 220 186 
TOTAl MASS OF ORE MŒRAlS 648 701 87 TONNES 
TOTAl MASS OF REMAINN3 GIW3UE MINERAlS 3 651 298 13 TONNES 

GNGJE MtEfW.S 
The gangue minerais 01 the orebody are 30% pyrite, 11% pyrrhoble, 4% magnebte. and 20% sIlicates. 
Therelore, Ihere IS 46 2·4 p~"lle, 1697% pyrrhoble, 61% magnellle, and 30.8% ,IIlcrles ln the remalnlng 
malIS 01 gangue minerais 

Opaque gangue minerais 
Fe en Sulphur (T) 

462% FeS2 GMMa11985 786 015 100 804 
1697% FeS GMMa8785 3.4 082 225 544 
61% Fe3004 GMM.7718 222 721 

TOTAL MASS OF OPAQUES 402 106 T 1 126 348 T 

Silicale Gangue Minerai, 
SIIIcale minerais Irom tufflle and chell components account lor 30 8% 01 the gangue. 
Of the 3D 8%, 24 6% la quartz, 4 6% 15 chlonte, and 1 5% la senclle 

Ag (Tl 

185 

185 

SI02 (T) MgOm MnO (T) FeO (T) A101.5 (l) KOO 5 (l) 

246% SI02 811 211 
46% Mg3MnFe5AI6SI5020(OH) 16 
o 48%MgO 17 551 
o 28%MnO 10 212 
143%FeO 52 144 
122% 1'1015 44 407 
1 19% SI02 43 550 

15% KAI3SI3010(OH)2 
o 19% KOO 5 
060% 1'1015 22 041 
071% SI02 25 140 

TOTAL 967 710 17 551 10 292 52 144 66 448 

SI02 (T) MgOm MnO(T) FeO (Tl AlOI 5 (l) 
Total Gangua 167 710 17 551 10 212 1 455 050 66 448 

Assume that the tuff component was the same as the Walte Rhyolite wlth 60·4 Albite and 40% Quartz, 
and that Alumtnum was Immobile dunng atteratlon 10 chlonte and senclte 
60% NaAISI308 
AI015 • 1947% 01 Ab • 66 448 T Therelore, Albite has a mass 01 341 284 T 
NaOO5 " Il 83% 01 Ab • ~O 374 T 
SI02 .6870% 01 Ab • ~. 470 T 

Total masa 01 Albite IS 60% 01 the IuIl and quartz accounts lor the remamlng 40%, therelore' 
SI02 • 227 523 T 

ln ,. masa change conted, 
SI02 
AI015 
FeO 
M-O 
~ 
Na005 
KOO5 

the malor oxides have been added or depleted thlS way' 
+505717 T 

o 
+521444 T 
+102292 T 
+17551 T 
-40374 T 
+6788 T 

& 788 

6 788 

KOO.5 (Tl 
6 788 

Au (T) 

3,17 

3,87 

Sulphur (T) 
1 126 348 


