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ABSTRACT 

The Robinson Creek Gold Occurrences, situated 

approximately, 12 kilometers southwest of Flin Flon, 

Manitoba, are of the typical quartz vein type. Mineralized 

quartz veins are contained within shear zones, hosted 

within rocks which may represent structurally deformed, 

metamorphosed and chemically altered, mafic volcanic flows 

and or related pyroclastic rocks of the Amisk Group 

volcanics. Metamorphosed intermediate to felsic volcanic 

rocks (dacite to rhyolite), also belonging to the Amisk 

Group, are found stratigraphically above the mafic 

volcanics, and may represent former volcanic flows and 

related pyroclastic rocks. These rocks are intruded by two 

varieties of porphyritic dacite to rhyodacite of 

contrasting age. 

highly deformed 

The Amisk volcanic rocks are overlain by 

conglomerates and rare sub-arkosic 

sandstone of the Missi Group sediments. Clasts in the 

conglomerate were probably derived from the underlying 

Amisk volcanics ~Stauffer and Mukherjee, 1971). 

The Amisk volcanics probably represent a transition 

from tholeiitic to calc- alkaline chemical affinities (Fox, 

1976, Walker and Watters, 1982) and perhaps from an ocean 

floor to an island arc setting (Stauffer, 1974). However, 

all of the rocks in the area have been affected by several 
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phases of deformation and are metamorphosed to greenschist 

to lower amphibolite grade. Chemical alteration of the 

rocks has been enhanced be penetrative deformation, most 

noticeable in the Robinson Shear system which hosts the 

gold. 

The typical secondary assemblage is ferroan dolomite 

(ankerite), quartz, chlorite, muscovite (sericite), pyrite 

and locally tourmaline. Carbonate alteration (ankerite), 

predates the introduction of the gold-bearing quartz veins 

in the sheared mafic volcanics. Metasomatic alteration of 

the mafic rocks associated with gold mineralization is 

typified by an enrichment in Rb, Sr, and K and depletion in 

Na, Ca, and variably Mg. Metasomatism is generally 

associated with a volume increase in sheared rocks and a 

volume reduction in rocks with minor penetrative 

deformation. 

The gold-bearing quartz veins are interpreted to be in 

a dilatent zone hosted within two shear zones located near 

the hinge of a tightly closed anticline with a steeply 

dipping axial surface. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Location and Access: 

1 

The thesis area is located northwest of Comeback Bay, 

on Amisk Lake, Saskatchewan, within the Churchill Province 

of the Canadian Precambrian Shield (Figure 1). The study 

area covers roughly 600 by 500 metres and is approximately 

12 .kilometres southwest of Flin Flon, Manitoba. There is 

good access to the area via a winter drill road from the 

north end of Comeback Bay. Originally, access to the area 

was obtained via canoe along Robinson Creek during the 

spring, or by a foot trail from the north end of Wolverine 

Lake. 

1.2 Purpose and Method of Study: 

The main objectives of this study are to identify and 

describe the various lithologies in the area, characterize 

their chemistry and interpret the nature and timing of the 

mineralizing fluids and their effects on the chemical 

composition of the host rocks. The tectonic setting and 

geological history of the rocks are also considered. 

Prior to the start of this study, the geology and 
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geochemistry of the Robinson Creek Occurrences was poorly 

understood, despite the long history of work on the 

property. 

of gold 

Emphasis had been largely on the investigation 

bearing quartz- carbonate veins with little 

consideration given to the surrounding geology. 

In the spring of 1983, Saskatchewan Mining and 

Development Corporation, the current operator of the 

property, perceived the need for a detailed geological 

study of the area and sponsored field work for this thesis. 

Field mapping for this study was initiated during the 

summer of 1983 at a scale of 1:1,200 on a previously cut 

grid. Hand-sized samples of rock were collected at the 

time of mapping and the research area was subsequently 

re-mapped and sampled during the summer of 1984 at a more 

detailed scale of 1:500. 

Mineral percentages were determined visually using 

visual comparison charts (appendix 1) and are intended to 

provide an approximate, rather than a precise value for 

mineral abundances. The fine-grained texture of many 

samples prohibited the use of modal point counting 

analysis. Mineral identifications were confirmed by X-ray 

diffraction or staining methods (see appendix 2 and 3). 

Major and trace element abundances were determined using 

X-ray flourescence, (appendix 4). 



1.3 Property Description: 

1.3.1 General Geology: 

There are three gold occurrences at the Robinson Creek 

property; the basalt hosted Bleiler and Vein zones and the 

pyroclastic rock-hosted "Quartz Zone" that is the focus of 

this study, (figure 2). The "Quartz Zone", occupies the 

hinge of a folded and faulted, tightly closed antiform with 

a steeply dipping axial surface, is underlain by mafic 

metavolcanic flows and overlain by a series of 

metamorphosed felsic to intermediate tuffs and flows 

belonging to the Amisk Group Volcanics. The mafic flows 

and mafic to felsic flows and tuffs have been intruded by 

apophyses of porphyritic dacite to rhyodacite, which may 

grade into a larger pluton at depth, as suggested by drill 

core. 

Metasedimentary rocks of the Missi Group are found 

stratigraphically above the Amisk Group and consist largely 

of polymictic orthoconglomerate composed of clasts derived 

from the Amisk Group volcanics (Byers and Dahlstrom, 1954). 

Both the Amisk and Missi Groups are extensively folded and 

faulted and are metamorphosed to greenschist to lower 

amphibolite facies according to the classification scheme 

of Turner (1968, 1981). 

The "Quartz Zone" occurrence, is apparently a 

stratabound quartz vein system, hosted by pervasively 

sheared Amisk volcanic rocks. Shear zones are typified by 
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a large number of closely spaced, anastomosing fault 

surfaces containing quartz veins up to 25cm in width, 

forming zones containing veins totaling 30 metres in width 

in outcrop. The shear zones are parallel to the contacts 

of the rock units and thus there are no displacement 

markers. 

Quartz veins have an average strike of 170. Grains of 

ferroan dolomite are concentrated along the flow boundaries 

of many of the quartz veins and appear to have been 

incorporated from the wall rock during emplacement of the 

veins. Late quartz veinlets containing minor inclusions of 

pink feldspar, intersect the major quartz veins obliquely 

at about 035 degrees, and also fill tension gashes. The 

geometry of the vein system is complicated by folding and 

faulting of the host rocks and the sub-surface expression 

of the vein system is unknown. 

Vein quartz is fine-grained, white to grey and 

contains abundant arsenopyrite, pyrite and minor amounts of 

tourmaline and chalcopyrite. Free gold is rare, but does 

occur within the quartz veins. 

within the quartz veins, occurs as Arsenopyrite, 

individual bladed crystals, cubes, and as aggregates of 

subhedral crystals forming patches of massive 

mineralization up to 15 em in width across trench faces 

(figure 3). Inclusions of cubic pyrite 0.5 to 3mm in 

diameter, occur within the massive arsenopyrite. 

also found as clusters of fine-grained crystals, 

associated with fine-grained fibrous tourmaline. 

Pyrite is 

commonly 

Acicular 



Figure 3: Photograph of arsenopyrite with minor PYrite in 
a quartz vein. White mineral is quartz·, the 
black mineral is tourmaline, the silver-white 
mineral is arsenopyrite (American dime for scale) 
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crystals of tourmaline occur along flow boundaries of 

quartz veins. Grains of chalcopyrite are randomly 

dispersed within clusters of other sulphide minerals and 

average 1mm in diameter. 

Visible free gold has been identified within quartz 

veins intersected during drilling. Free gold is rare and 

it is beleived that most of the gold is associated with the 

sulphide minerals. 

Weathering of gold-bearing veins exposed at surface, 

has discoloured the veins and host rocks with hematitic and 

arsenic staining. Pyrite, being susceptible to weathering, 

produces a vuggy appearance in the quartz veins wherever it 

has been eroded. 

Wall rock adjacent to the mineralized shear zones 

appears to have been carbonatized, silicified, sericitized 

and chloritized. Disseminated pyrite cubes, arsenopyrite 

and magnetite are also present within the wall rocks, 

although magnetite is lacking within quartz veins. 

1.3.2 History and Development: 

The discovery of gold on the northwest shore of Amisk 

Lake in 1913 by the Mosher brothers and 1. Dion was 

followed by sucessive periods of exploration and 

development for precious and base metals in the area. 

The Robinson Creek occurrences were first staked in 

1915 by L. Dion and the Mosher brothers, (Byers and 

Dahlstrom, 1954). In 1946, Hudson Bay Mining and Smelting 



Company drilled 15 holes and conducted str~pping and 

trenching operations with further trenching being done in 

1970 by M.L. Brown. Drilling, trenching and geological 

field work, were undertaken by Suneva Resources and 

Saskatchewan Mining Development Corporation starting in 

1981. More than 30 holes totalling in excess of 3,265 

metres were drilled on the property since its discovery in 

1915. 

There are a total of 26 drill holes and 11 trenches in 

the immediate study area. Locations of drill holes and 

trenches are labelled on Map "A" (in pocket). Drill holes 

completed by Hudson Bay Mining and Smelting, designated 

with a single or double digit, are the only holes for which 

assay results are currently available to the public. Some 

of the better results are 0.82 ounces per ton (oz. per 

ton) of gold over 0.73 metres, 1.08 oz. per ton over 0.5 

metres and 1.06 oz. per ton over 0.4 metres (Coombe, 

1984). 

1.3.3 Previous Work: 

Although little has been written specifically about 

the Robinson Creek Gold Occurrences, numerous papers and 

reports have been devoted to the geology and economic 

potential of the Amisk Lake area in general. Papers 

relevant to this thesis include those of Bruce (1918), 

Wright (1933), Wright and Stockwell (1934), Byers and 

Dahlstrom (1954), Beck (1959), Stauffer and Mukherjee 



(1971), Stauffer (1974)' Stauffer et al.(l975), Ayres 

(1977), McDougall et al. (1979), Longiaru (1980), Pearson 

(1982, 1983)' and Kyser et al. (1986). Direct reference 

to the Robinson Creek Occurrences are found in Bruce 

(1918), Byers and Dahlstrom (1954), Longiaru (1980)' 

Pearson (1982 and 1983)' and Kyser et al. (1986). As a 

result of work by the previous and current operators of the 

gold property, numerous unpublished reports have been 

written as well. 

The reports of Byers and Dahlstrom (1954), and Pearson 

(1982,1983) describe the Robinson Creek Area as consisting 

of basic lavas, that are overlain by sediments including 

greywacke and conglomerate and intruded by porphyritic 

granodiorite of the Reynard Lake Mass or Plutonic Complex. 

The gold mineralization was believed to have been contained 

within stratabound quartz carbonate veins hosted within a 

sheared chloritic greywacke. 

1.4 Terminology and Nomenclature: 

1.4.1 Classification of Rock Units: 

Although all the rocks within the study area have been 

metamorphosed, in this thesis they are assigned primary 

igneous and sedimentary names, and the prefix "meta" has 

been dropped. A rock given the name "rhyolite" for 

example, may or may not have been a rhyolite originally but 

its present composition is analogous to modern rhyolites. 



ll 

This is done to remain consistent with the work of previous 

researchers in the area such as Bruce (1918) and Byers and 

Dahlstrom (1954), and to impart a sense of genetic 

relationship between the various rock units. 

Except where indicated, metamorphic rocks of an 

igneous origin are classified according to Jensen (1976). 

The classification system of Jensen employs the cation 

percentages of Al203, FeO plus Fe203 plus Ti02 and MgO and 

also provides an approximate fresh surface colour index to 

relate field and geochemical observations. Some 

geochemical plots used in this thesis study, nessecitated 

discrimination of rock types on the basis of their silica 

contents, in which event the classification scheme of 

Goodwin (1967) was used. 

samples and thin sections, 

Textures and structures in hand 

have been given metamorphic 

terms based upon the works of Turner (1981) and Spry 

(1983). 

A set of criteria was established for the purpose of 

mapping rock units in the field (Table 1). Physical 

properties used included a combination of grain size, 

colour, percentage of mafic minerals, the composition of 

minerals or clasts if visible, the manner in which the 

rocks have weathered in outcrop, secondary minerals 

present, and other qualitative characteristics. 

Within this thesis, rock units as mapped in the field, 

have been assigned a rock type which have been referred to 

in the various geochemical plots and throughout portions of 

the text. Mafic to intermediate volcanic flows are 



referred to as type 1 and are generalized with the 

abrreviated name of "basalt" in some instances. The mafic 

pyroclastic unit is sub-divided into the carbonatic tuffs 

(rock type 2) and the mafic tuffs (rock type 2a). The 

felsic volcanic unit is given the name of type 3 and the 

conglomerate unit as type 4. 

1.4.2 Structural Terms and Symbols: 

Structural symbols used are based upon the work of 

Stauffer and (1971), whereby "p" 

deformation and 

is 

"S" 

the 

for abbreviation 

schistosity. 

Mukherjee 

for phase of 

The symbol P2 for example would denote the 

second phase of deformation. 

Stauffer and Mukherjee (1971) proposed three regional 

deformation events for the Flin Flon-Amisk Lake area. Not 

all of these phases of deformation are observable in the 

Robinson Creek area. The evidence for regional P1 is 

lacking, with the regional P2 deformation being the 

earliest recognized event. Thus the local P1 event 

recorded in the rocks of the study area is equivalent to 

the regional P2 event as described by Stauffer and 

Mukherjee (1971). 



~ 

7. Hafic 
Hinerals 

(J. -co 
E 

I 

.2 
1/) 

<11 
It-

>357. 

<157. 

Table 1: 
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Black to Green-Black Basalt ___ --- _, 

Dark Green-Grey to 
Dark Grey 
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-

-

Andesite-"" 
\ 

nacite- --, 

\ 
\ 
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' \ \ -
Light Grey-Buff Rhyodacite 

-
Buff to White Rhyolite-~ 

Criteria for the classification of rocks 
in the field (after Jensen, 1976). 
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'-----
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'- -- .. -

Field Names and Characteristics 

Mafic to Intermediate Volcanic FloYS 

-aphanitic to very fine-grained 
-rare visible hornblende, chlorite and tourmaline. 
-light blue to green-black on weat~ered surfaces. 
-variably foliated and sheared 
-even weathering of exposed surfaces 

Mafic Tuff 

-aphanitic to very fine-grained 
-visible chlorite, tourmaline 
-dark grey to black on weathered surfaces 
-discontinuous bands of ankerite: ankerite weathered 

orange-brown, averages Q,)cm in width, forms less than 
40% of total rock. 

-pronounced differential weathering • 
-strongly foliated with intense penetrative deformation. 

Carbonntlc Tuff 

-very fin•-grained 
-distinct, abundant bands of ankerite: bands up to 2cm In 

width with extensive strike lengths, forming 40-45% of thE 
total rock. 

-black on weathered surfaces 
-variable penetrative deformation and foliation. 

Felsic Volcanic Rocks 

-aphanitic with fine to ~edium-grained quartz and feldspar 
phenocryts. Rocks are variably porphyritic. 

-abundant sericite 
-buff to light-grey or pink-brown on weathered surfaces. 
-rare felsic lappilli or breccia fragments 
-localized subtle colour banding 
-pronounced foliation 
-pronounced differential weathering 
-porous appearance on weathered surfaces 



CHAPTER 2 

LITHOLOGY OF THE AMISK GROUP 

2.1 General Statement: 

The Amisk Group of metavolcanics are the 

14 

oldest rocks 

in the Amisk Lake region and underlie a major portion of 

the study area. The Amisk Group gives a zircon U-Pb age of 

1875 Ma (Macquarrie, 19 7 7) and a whole rock Rb-Sr age of 

1784+-44Ma (Watters and Armstrong, 1985). The total 

thickness of the Amisk Group is estimated to range from 

approximately 5 km (Byers and Dahlstrom, 1954; Byers et al. 

1965) to 9 km (Ayres et al. 

Fox (1976) and Ayres 

1981). 

(1977) sub-divided the Amisk 

Group into two subgroups; the Upper and Lower Amisk Groups. 

The Lower Amisk Group is predominantely subaqueous mafic 

flows dominated by tholeiitic sequences (Stauffer et al. 

1975; Fox, 1976). On the east side of Amisk Lake near the 

present study area, mafic flows are quartz-normative 

tholeiites (Parslow and Watters, 1980). 

The Upper Amisk Group includes a sequence of possibly 

subaerially deposited intermediate to felsic volcanic rocks 

overlain by a succession of volcaniclastic rocks. 

Intermediate volcanic rock of andesitic composition are 

dominant, with subordinate amounts of felsic rock ranging 

in composition from rhyolite to dacite. Although no 

distinction is made between the Upper and Lower Amisk 
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Groups in this thesis, the rocks of the study area are 

believed to represent a transition between the two groups. 

Metamorphism and intense shearing, have destroyed most 

of the original volcanic and s~dimentary structures and 

textures. Subdivision of the various volcanic rocks has 

thus been accomplished through field relationships, 

erosional characteristics, and chemical 

characteristics. 

2.2 Mafic To Intermediate Volcanic Flows: 

and petrological 

Metamorphosed volcanic flows of tholeiitic basalt and 

andesite are the most common rocks in the northern portion 

of the study area. Structural deformation and alteration 

have destroyed most of the original textures and structures 

such as pillows. The rocks are aphanitic to very 

fine-grained with weathered outcrops being light blue-green 

to black. Fresh surfaces are light grey to dark 

green-black. Major and trace element analysis of several 

representative samples, provides a rough estimation of the 

original composition of these rocks (tables 6 and 11), and 

mineral compositions for several representative samples of 

mafic to intermediate volcanic rocks are listed in table 2. 

There is a phyllonitic sheen in the mafic volcanic 

rocks wherever they have been intensely sheared. This 

shearing is accompanied by sericitization, chloritization, 

carbonitization and albitization of the host rocks. 

Materials such as quartz and feldspar have also entered the 



Mineral 

Estimated 
Modal 

Abundance (%) 

Sample 83-26-36 

Hornblende 
Chlorite 
Quartz 
Biotite 
Opaques 
Actinolite 
Epidote 
Sericite 
Dolomite (Ankerite) 
Plagioclase 

Sample 83-27-37 

Hornblende 
Quartz 
Sericite 
Chlorite 
Biotite 
Opaques 
Actinolite 
Dolomite (Ankerite) 

Sample 83-20-06 

Hornblende 
Chlorite 
Sericite 
Opaques 
Dolomite (Ankerite) 
Quartz 
Plagioclase 

55 - 60 
7 - 10 
7 - 10 
3 - 5 
3 - 4 
2 - 3 
2 - 3 
2 - 3 
1 - 2 

1 

45 - 50 
10 - 15 
10 - 15 

5 - 7 
3 - 5 
3 - 4 
1 - 2 

1 

40 - 45 
15 - 20 
20 - 25 

7 - 10 
5 - 7 
2 - 3 
2 - 3 
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Size (mm) 

1 • 5 - 2.0 
0.2 - 0.5 
0.08 - 0. 1 
0.2 - 0.5 
0. 1 - 0.2 
1.2 - 1 • 5 

- 0 .1 
0. 0 5 - 0.08 
o.o5 - 0. 1 
0.1 - 0.2 

0.25 - 1. 0 
0.02 - 0.05 
0 .o 2 - 0.03 
0.1 - 0.2 
0.1 - 0.2 
0. 1 - 0.2 
0.25 - 1.0 
0. 0 1 - 0.02 

o.o1 - 0.2 
0.1 - 0.2 
0.05 - 0.08 
0.05 - 0.08 
0.1 - 0.9 
0.02 - 0.1 
0.1 - 0.8 

Comments: Plagioclase is highly sericitized, dolomite 
contains inclusions of sericite and occurs as solitary 
grains and as small veinlets averaging 0.3mm in width. 

Table 2: Mineral compositions for representative samples 
of mafic to intermediate volcanic flows (rock 
type 1) • 



mafic rocks via veins and small veinlets. 

Thin sections of the basalts reveal a wide range of 

textural characteristics with only minor variations in the 

mineral assemblages. Sample 83-26-36 represents the 

typical basalt within the study area and samples 83-26-36, 

83-27-37 and 83- 28-45 illustrated in figure 4, portray the 

typical transition in 

progressive deformation. 

In the least deformed 

figure 4), grains of 

texture of a basalt during 

basalts, (example, 83-26-36, 

subidioblastic pyroxene (now 

pseudomorphed by hornblende) l.S-2mm in diameter are set in 

a fine grained matrix of subidioblastic to xenoblastic 

chlorite, biotite, plagioclase, and quartz. Mineral grains 

are randomly oriented, locally lepidioblastic but evenly 

dispersed, with biotite altered to chlorite and-pyroxene to 

hornblende. A minor amount of subidioblastic actinolite is 

visible in the slide and is partially pseudomorphed by 

hornblende. In one location of sample 83-26-36, hornblende 

crystals appear to have grown while being rotated, 

resulting in a "snowball-like" texture similar to that 

described by Spry (1983) for garnets and albite. 

Carbonate, quartz and chlorite are ubiquitous but are more 

prevalent in highly sheared samples. 

Foliated samples (83-27-37, figure 4), have mineral 

grains that are preferentially oriented parallel to the 

foliation. Both lepidioblastic and nematoblastic 

schistosity is developed within this sample. 

Hornblende grains which are slightly larger compared 
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Figure 4: Photomicrographs showing the changes in textures 
of basalts with increasing degree cf penetrative 
deformation. 

4A: Photomicrograph of sample 83-26-36 (least deformed 
basalt). Moderate bire.fringent, high relief grains 
are hornblende, mat~ is chlorite, biotite, altered 
plagioclase and quartz. Crossed Nicols. 

48: Photomicrograph of a moderately deformed basalt 
(83-27-37) showing the development of a preferred 
orientation of grains parallel to the direction 
of foliation. Hornblende grains form augen. 
Crossed Nicols. 

4C: Photomicrograph of a highly deformed basalt (83-28-
45), showing the development of small-scale layer
ing and a reduction in grain size compared to the 
other photomicrographs. Crossed Nicols. 
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1mm 

4B 1mm 
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4C 1 mm 



a 
to other minerals form augen with enveloping phyllosilicate 

minerals. The larger hornblende grains (l-1.5mm in 

diameter), have been broken down along their crystal 

boundaries into an aggregate of smaller grains of the same 

mineral, forming a mortar texture. 

Epidote, although rare, occurs as small patches of 

xenoblastic grains. The presence of epidote in association 

with quartz and hornblende, has significance in 

determination of metamorphic grade, (see chapter 5). 

Intense shearing of the basalts is manifested in a 

reduction in the overall grain size and in the production 

of small-scale layering of the mineral constituents. 

Highly deformed basalt samples (sample 83-28-45 figure 4), 

have grain sizes less than 0.05 mm and posess a cataclastic 

texture. Porphyroblasts of quartz, carbonate and 

hornblende are present although rare. 

At least two deformational events are recorded within 

the fabric of sample 83-26-36. An indistinct pattern of 

asymmetrical folds are obliquely intersected and largely 

overprinted by a strong foliation. 

A porphyritic variety of a basalt having feldspar 

phenocrysts averaging 0.5 em in diameter and constituting 

up to 30 percent of the rock, has been noted in drill core 

from lower portions of drill holes, but has not been 

recognized at surface, within the study area. Rare, 

possible lapilli fragments have also been observed in drill 

core of "basaltic" material. 



22 

2.3 Mafic Pyroclastic Rocks: 

The mafic pyroclastic rocks were divided into mafic 

and carbonatic tuffs. Mafic tuffs were distinguished from 

carbonatic tuffs in the field partly because of possible 

differences in their respective economic potential. In 

general, the mafic tuffs appear more highly sheared and 

contain a visually lower proportion of carbonate (ankerite) 

material than the carbonatic tuffs. Both varieties of tuff 

of tuff mapped in the field may in fact represent former 

basaltic flows, possibly containing a minor pyroclastic 

component. Differences between the two rock units may have 

been developed through shearing and subsequent alteration. 



Estimated 
Mineral Modal Abundance (%) Size (mm) 

MG-83-06 (ALT 27-6) 

Quartz 25 - 30 0.25 - 0. 1 
Chlorite 20 - 25 0.06 - 0.1 
Dolomite (Ankerite) 15 - 20 0.3 - 1.0 
Opaques 7 - 10 o.o7 - 0.25 
Biotite 5 - 10 0.05 - 0.1 
Sericite 5 7 0 .o 5 
Tourmaline 2 3 o.os - 0.2 
Hornblende 1 o.os - 0. 15 

ALT 27-10 

Quartz 25 - 30 o.os - 0.5 
Dolomite (Ankerite) 20 - 25 o.os - 0 0 1 
Chlorite 10 - 15 0.06 - 0. 1 
Opaques 10 - 15 o.os - 0.5 
Biotite 7 - 10 Oo05 - 0 • l 
Sericite 7 - 10 0.05 
Hornblende 1 2 Oo05 - 0. 1 
Tourmaline 1 0.06 - 0. 1 
Plagioclase 1 0.05 - o.os 

MG-83-07 

Dolomite (Ankerite) 30 - 35 0.25 - 1 0 5 
Quartz 20 - 25 0.06 - Oo5 
Sericit:'e 10 15 0 0 0 5 
Opaques 7 - 10 0.04 - 0.25 
Biotite 7 - 10 0.02 - 0.5 
Tourmaline 2 3 o.os - 0.2 
Hornblende 1 2 o.os - 0. 1 5 
Plagioclase 1 0.02 - 0.5 

Table 3: Mineral compositions for representative samples 
of mafic tuff (rock type 2a). 
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2.3.1 Mafic Tuff: 

For this study, mafic tuff is a field name assigned to 

a highly foliated, dark grey rock, containing discontinuous 

bands of ankerite averaging 0.3 em in width. On weathered 

surfaces 

colour. 

the ankerite has a distinctive orange-brown 

A description of these rocks in thin section and a 

discussion of the merits of the variously assigned names 

follows. Slide number MG-83-06 (Table 3), is described 

here as a representative of the mafic tuffs. 

A thin section, of sample MG-83-06 demonstrates the 

strained nature of this rock. Quartz is fine to extremely 

fine-grained, averaging less than 0.08 mm in diameter, is 

granoblastic polygonal to xenoblastic and exhibits a mosaic 

or quasi-mylonitic texture. Fine-grained polygonized 

quartz containing minute fluid inclusions, exhibits 

undulatory extinction. Wrapping of micaceous minerals 

around the quartz grains, and a slightly milled appearance 

of the quartz suggest 

component of 

quartz, may 

the rock. 

represent 

that the quartz was an early 

Less common larger patches of 

re-crystallization of the finer 

grained polygonized quartz, 

within a cavity or pore space. 

or a later secondary growth 

Ankerite occurs as solitary xenoblastic grains, or 

more commonly as small clusters of subidioblastic to 

xenoblastic grains. The ankerite appears to have been 

slightly elongated parallel to the major foliation 



direction and may have been tectonically 
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fractured. 

Chlorite and biotite crystals envelope or curve around the 

ankerite suggesting that ankerite may have been an early 

constituent of the rock, however carbonate minerals are 

prone to migration and recrystallization and are unreliable 

indicators of relative ages of mineral formation 

(Moorehouse, 1959). 

Chlorite, biotite and muscovite (sericite) "wrap" 

around quartz and carbonate grains, form distinct bands in 

thin section and develop tight crenulations, kinks, and 

asymmetric folds developing a second planar foliation in 

the hinge areas of adjacent folds. 

Opaque minerals are abundant and commonly follow the 

traces of crenulations in the micaceus minerals. Mineral 

grains are less than 0.02 mm in diameter and are dominantly 

pyrite and magnetite. 

Small idioblastic tourmaline crystals are intimately 

associated with the micaceous bands well. The 

tourmaline was possibly formed late in the history of the 

rock as indicated by its idioblastic outline and 

cross-cutting relationship relative to the 

of the sample. 

overall fabric 

Determining the precursor for this altered rock type 

is difficult even after petrographic study. The rock may 

have been a mafic flow with the chemical composition of a 

basalt or andesite, which has been subsequently sheared and 

carbonatized. Relict mafic minerals such as hornblende, 

pyroxene, and olivine, are generally lacking but certainly 



may have once existed in the rocks. The manner in which 

the rock weathers and its colour in outcrop differs from 

that of sheared basalts elsewhere in the study area, but 

this difference may easily be a function of the degree of 

alteration and deformation. 

The rock could also have been a crystal tuff of mafic 

to intermediate composition, the original texture having 

been obliterated by alteration and dynamic deformation. 

Some mineral grains in a number of the slides appear to be 

fragmented and may be crystal fragments similar to those 

described for crystal tuffs by Moorhouse (1959). The 

dominance of crystal fragments as opposed to lithic 

fragments, tends to negate the possibility that this rock 

type represents a former lithic tuff. 

Tuffaceous rocks in which original microscopic 

textures have been largely obliterated by alteration, can 

probably best be identified megascopically using 

qualitative criteria such as weathering. In outcrop the 

mafic tuffs show a pronounced differential weathering and a 

porous surface. This style of weathering is similar to 

that described for Precambrian tuffs by Moorehouse (1959), 

as is the apparent susceptibilty of these rocks to 

shearing. The porous nature of tuffs and the abundance of 

glass in the original rocks, has the effect of increasing 

the intensity and susceptibilty of these rocks to 

alteration 

(Moorehouse, 

and weathering compared to volcanic flows 

1959). Solitary grains of ankerite, and 

patches of recrystallized quartz, as described above may 
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represent pore fillings in the rock. 

Although there is no conclusive evidence such as 

preserved volcanic structures, or glass shards to indicate 

that these rocks are metamorphosed volcaniclastic 

sediments, the weathered appearance of the rocks in the 

field, their apparent susceptibilty to shearing, and 

textural relationships of the minerals in thin section, 

suggest a possible tuffaceous volcaniclastic origin. 

Pearson (1982), referred to this rock type as "greywacke" 

and included it as part of the Missi Group of sediments. 

The mafic tuff seems to be more sheared than the 

carbonatic tuff described below. The result of this 

intense shearing has been a reduction in grain size and an 

overall darker colour in the mafic tuff compared to the 

carbonatic tuff. This darker colour is attributed to an 

increase in mafic phyllosilicate minerals such as biotite 

and chlorite and opaque minerals such as magnetite and 

pyrite possibly formed or introduced by secondary fluids 

migrating along shear planes. The origin of this altered 

rock will be discussed further in chapter seven. 

2.3.2 Carbonatic Tuff: 

Although the mafic and carbonatic tuffs differ in 

their relative abundances of ankerite and the degree to 

which they have been tectonically deformed, they are 

otherwise mineralogically similar and therefore a 

petrographic description will not be presented here. As 
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stated in section 2.3.1, both rock types are beleived to 

have had a common parentage. 

The carbonatic tuff has a visibly greater amount of 

ankerite in the form of distinct bands as compared to the 

mafic tuff. A 10 em wide representative section of a 

carbonatic tuff sample (sample ALT 27-18), has 6.2 em of 

ankerite, whereas as an equal sized section of a mafic tuff 

(ALT 27-5), has approximately 3 em of ankerite. These 

measurements are reasonable estimates of the relative 

abundances of ankerite in the two rock types in outcrop 

although some variations may occur. 

Ankerite bands in the carbonatic tuffs average 2cm in 

width and are extensive, measuring tens of metres in 

length. The alternating 

grey-black (tuff?) bands 

brown-orange 

have prompted 

(ankerite) 

the field 

and 

name 

"tiger rock", (see figure 5). The overall abundance of 

ankerite bands within the carbonatic and mafic tuffs, seems 

to decrease westward from sample line 27A shown in figure 

13. The portion of carbonatic tuff that is ankerite, is 

estimated to be between 40 and 45 percent. 

It is within this rock unit that the majority of 

exploration for gold has been conducted, with extensive 

drilling and trenching operations being carried out along 

the strike of this carbonatic rock. 

Two sets of quartz veins occur within the carbonatic 

tuffs and range in width from 0.2cm to 10cm. The first set 

is parallel to the dominant foliation (striking 

approximately 170 ) ' and parallel to the ankerite-tuff 



bands. 

it.'j 

These quartz veins commonly contain a large portion 

of "rafted" ankerite material and are mineralized. with 

gold. 

A second set of non-mineralized quartz veins 

intersects the first set and strikes approximately 035 

degrees and has a variable dip. These veins 

less abundant than the first set and 

are thinner, 

contain minor 

ankerite, and pink feldspar. 

2.4 Felsic Extrusive Rocks: 

Rocks of this category range in composition from 

rhyolite to dacite and include rocks that may originally 

have been flows and tuffs. In hand sample the rocks are 

buff, 

The 

light grey, or pink-brown and are variably foliated. 

weathered surfaces display several characteristics 

typical of weathered tuffs, including: pronounced 

differential weathering, rare possible lapilli or remnant 

breccia fragments, subtle colour banding and a porous 

surface (figure 6). In outcrop rocks which may represent 

former flows may be slightly porphyritic and are variably 

intruded by apophyses of a feldspar porphyritic rhyodacite 

to dacite (see Chapter 4). 

In thin section, textures and mineral percentages are 

variable. Because the modal composition can fluctuate 

between that of rhyolite and dacite within a very small 

area of an outcrop, the rocks have been grouped together 

under the common heading of felsic extrusives. 
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Figure 5A: Carbonatic tuff in outcrop (pencil for scale) 

Figure 5B: Carbonatic tuff in hand-sample showing the 
distinctive alternating bands of orange
brown ankerite and mafic material. 
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Representative mineralogical compositions are provided in 

table 4, and illustrate the range of compositional 

variability of this rock type. 

Sample number 83-21-10 is a prime 

average composition for this rock group. 

example of an 

In thin section, 

quartz in this sample has a range of sizes from very 

fine-grained granoblastic polygonal grains of less than 

0.1mm diameter, to larger, less common patches of quartz 

grains averaging 1.Smm in diameter. Quartz exhibits 

undulose extinction as well as strain deformational 

banding; particularily in larger grains. Patches of quartz 

coarser-grained than the majority of quartz grains, may 

represent remnant grains which have not undergone 

polygonization, or a later restructuring of previously 

disassociated fine-grained quartz. Quartz is the largest 

single component, constituting fifty or more percent of the 

rock. 

Plagioclase (An(15), averages 1.2mm in diameter but 

range from 0.1 to 2.2mm. Grains are idioblastic to 

subidioblastic, and are set in a matrix of fine-grained 

granoblastic polygonal quartz. Plagioclase crystals 

exhibit remnant twinning, although intense sericitization 

and albitization commonly obscures original textures and 

structures. Fine acicular grains of secondary sericite are 

commonly concentrated within the cores of the plagioclase 

Chemical or physical abrasion of the crystal grains. 

margins is expressed as embayments along mineral grain 

boundaries. 



Figure 6: Foliated felsic ex~rusive rock exhibiting some 
features suggestive of a weathered tuff. 
(pencil point at left for scale) 
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Mineral 

83-21-10 

Quartz 
Plagioclase 
Muscovite 
Dolomite (Ankerite) 
Biotite 
Sphene 
Opaques 
Epidote 

83-24-32 

Quartz 
Muscovite 
Dolomite (Ankerite) 
Plagioclase 
Opaques 
Biotite 

83-28-50 

Quartz 
Plagioclase 
Sericite 
Biotite 
Dolomite (Ankerite) 
Opaques 

Estimated 
Modal Abundance (%) 

50 - 55 
15 - 20 
10 - 15 

3 - 4 
3 - 4 
1 - 2 
1 - 2 

1 

55 - 60 
15 - 20 

7 - 10 
5'- 7 
4 - 5 
2 - 3 

35 - 40 
25 - 30 
10 - 15 

7 - 10 
5 - 6 
2 - 3 
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Size (mm) 

0.05 - 0.5 
0.1 - 1. 8 
0.05 - 0.1 
0.1 - 1 • 1 
o.o5 - 0.1 
0. 1 - 1.5 
0.05 - 1. 0 

o.o5 

0.05 - 0.2 
0.05 - 0.1 
0.05 - 0.18 
0.05 - 0.4 
0.08 - 0.25 
0.05 - 0 .1 

0.05 - 0.25 
0.05 - 2 (0.2 av.) 
0.05 - 0.08 
0.05 - 0.1 
0.15 - 0.4 
0.06 - 0.25 

Table 4: Mineral compositions for representative samples of 
felsic volcanic rocks (see appendix 5). 
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Phyllosilicate minerals (biotite, muscovite or 

sericite) occur as fibrous aggregates in parallel to 

sub-parallel bands in thin section and have a preferred 

orientation causing the dominant foliation direction. 

Micaceous minerals display "flowage" around more resistant 

and larger-sized feldspar grains. In some parts of the 

rock, it appears as if the muscovite crystals formed within 

pressure shadows on the flanks of quartz and feldspar 

grains. 

Ferroan dolomite (ankerite), is a common minor 

consituent. In slide 83-21-10, the ankerite occurs as 

randomly distributed solitary grains and small clusters of 

xenoblastic to subidioblastic grains 

diameter. 

averaging O.Smm in 

Common accessory constituents include sphene and 

various opaque minerals occurring as perfectly formed 

idioblastic as well as subidioblastic grains. Epidote may 

occur in these rocks in minor amounts, but was not noted in 

this particular sample. Of the opaque minerals, pyrite and 

magnetite are the most common. 

Quartz 

deformation, 

appears to have been present 

although in a few slides 

cross-cutting quartz veinlets. Likewise, some 

prior 

there 

to 

are 

plagioclase 

crystals still exhibit remnants of their original euhedral 

habit suggesting that these crystals may have originally 

been phenocrysts 

and metamorphism. 

that have survived tectonic deformation 

Accessory brown sphene, (figure 7) is most certainly a 



1 mm 

Figure 7: Photomicrograph of a felsic extrusive rock 
(21-10). Very high relief, euhedral crystals 
with acute rhombic cross-sections are sphene, 
matrix is quartz, muscovite and biotite. Large 
sub-idioblastic grains in the upper and lower 
corners are sericitized plagioclase. Crossed 
Nicols. 
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late-forming mineral as denoted by 

idioblastic crystal outline and because it 

overall fabric of the rock. 

CHAPTER 3 

LITHOLOGY OF THE MISS! GROUP 

3.1 General Statement: 

jb 

its dominantly 

cross-cuts the 

The Missi Group consists of boulder and pebble 

conglomerate, subarkosic sandstone, greywacke and minor 

quartzite (Stauffer, 1974). An earlier paper by Byers and 

Dahlstrom (1954), included sericite schist and biotite 

gneiss in what was then referred to as the "Missi Series". 

The Missi Group was deposited within structural basins 

and in some cases, overlies the Amisk Group Volcanics 

disconformably. Measurement of the total thickness of the 

Missi Group is hindered by the effects of erosion, folding 

and faulting, but Stauffer (1974) estimated the thickness 

to be approximately 2.7km. 

The conglomerate is known to occur at the base of and 

in several narrow zones within, the Missi Group. The 

sediments of the Group can be found in three major 

structural basins in the Amisk Lake-Flin Flon area, one of 

which follows a northwesterly trend from the north end of 

Comeback Bay and transects the study area (figure 9). 
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3.2 Missi Conglomerate: 

The conglomerate is the most abundant member of the 

Missi Group that can be properly mapped within the study 

area. Minor amounts of metamorphosed subarkosic sandstone 

(greywackes) occur as erosional remnants intimately 

associated with the conglomerate. These small patches of 

sandstone are often of smaller-than- mappable scale and are 

not described in detail herein. 

found within the study area has The conglomerate 

pebble clasts that have been flattened parallel to the 

foliation, elongated, and variably bent or contorted. In a 

few locations, the coarse clastic nature of this rock is 

apparent, but generally the conglomerate is a white-green 

to blue-grey streaked rock with an occasional clast of more 

resistant material that is less deformed than the rest of 

the clasts (figure 8). 

Extreme deformation of the conglomerate makes it 

difficult to distinquish between matrix and clast material. 

In the least deformed conglomerates, the clasts constitute 

55 to 65 percent of the rock. Matrix material is grey to 

green and is composed of chlorite, 

quartz. 

destroyed. 

Original textures and 

biotite, sericite and 

structures have been 

Moderately deformed clasts range in size from 0.5 

4.0 em in width, with length-to-width ratios varying from 

2:1 to 20:1 or higher. In extremely deformed samples a 

length-to-width ratio cannot be practically determined as 
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Figure S: Strongly deformed Mis.~ conglomerate. n~ar line 26 
(figure 14) showi~g stretched and contorted clasts. 
Quartz clasts in the lower left corner are only 
slightly deformed. 
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the outline of individual clasts becomes obscured by 

stretching. The clasts, wherever apparent, vary in colour 

index from felsic to mafic including rocks that may have 

the composition of rhyodacite, 

diorite, basalt, and mafic tuff. 

porphyritic rhyodacite, 

Jasper and quartz clasts 

are present but rare, The majority of clasts are believed 

to have been derived from the underlying Amisk Group 

volcanics, although the origin of the jasper pebbles has 

not yet been determined, (Stauffer, 1974). 

Clasts are fairly well sorted and well rounded, 

although it is difficult to ascertain how well rounded the 

clasts were when first deposited and how much of the 

rounding has been tectonically induced. Unlike the large 

cobble and boulder sized clasts found within the 

conglomerates at Comeback Bay and on the islands of north 

Amisk Lake, the pebbles in the conglomerates at Robinson 

Creek are fairly small (O.S-4.0cm). The conglomerates 

found at the north end of Amisk Lake have been interpreted 

to have been deposited as part of an alluvial fan or a 

molasse deposit, very near to the source; perhaps adjacent 

to a horst(Stauffer, 1974) and (McDougall, pers. comm., 

1985). 

The conglomerate at Robinson Creek may represent a 

portion of deposits of the same event with the smaller 

sized clasts being the result of an increased distance from 

the source area. The conglomerate in the study area is 

clearly correlative with that at Amisk Lake and is 

traceable from Robinson Creek to Comeback Bay (see figure 
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The exact stratigraphic position of the conglomerate 

in the study area in relation to the entire Missi Group, is 

uncertain. The ratio of mature clasts, (quartz, chert, 

felsic igneous rocks), to 

intermed1ate igneous rocks), 

immature clasts, 

is one method of 

(mafic to 

determining 

stratigraphic positions of conglomerates, (Stauffer, 1974). 

A conglomerate composed of mostly mafic clasts for example, 

would be considered a basal member and would be found in a 

lower stratigraphic position of the Missi sedimentary 

group. Although many of the clasts in the conglomerate are 

of mafic composition, the high proportion of felsic clasts 

suggests that the conglomerate in the study area is not a 

basal member, but perhaps is near the basal member. 

CHAPTER 4 

LITHOLOGY OF INTRUSIVE ROCKS 

4.1 General Statement: 

There are a wide variety of intrusive rocks in the 

Amisk Lake Region. The intrusive units take the form of 

sills, dykes, and irregular bodies of undetermined 

geometry. Many of these intrusive rocks possess a 

porphyritic texture. According to Byers and Dahlstrom 

(1954), the majority of these intrusions seem to be related 

to Amisk volcanism as indicated by the presence of clasts 

of intrusive rocks within the Missi conglomerate and the 



close resemblance between the intrusive rocks and 
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their 

equivalent extrusive phases of Amisk-age in the area. 

Attempts at determining the relative ages of intrusive 

rocks in the Amisk Lake area, have largely resulted in 

contradictory data. At the Robinson Creek field area, two 

varieties of porphyritic dacite to rhyodacite of different 

ages appear to be present. One variety is post or late 

stage Amisk, 

small gabbro 

while 

body, 

the other is post- Missi in age. A 

indicated on Map "A" (in pocket), 

appears to be post-Missi in age, as it is found intruding 

the Missi conglomerate. 

4.2 Porphyritic Dacite to Rhyodacite: 

Within the current study area there are two varieties 

of porphyritic dacite to rhyodacite; a porphyritic rock 

rich in feldspar phenocrysts, and one containing feldspar 

and quartz phenocrysts. The latter variety is the most 

abundant in the area. 

The manner in which the porphyritic rocks are now 

exposed, suggests that they have intruded as an irregular 

mass as opposed to a system of regular dykes and sills. 

Small masses of porphyritic material intrude the overlaying 

felsic to intermediate volcanics as a series of "finger 

like" or dendritic apophyses (see figure 10). In outcrop 

these intrusive projections form small isolated patches of 

porphyritic 

or sill. 

rocks, lacking the horizontal extent of a dyke 
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~~mafic flows 
felsic volcanic 
rocks 

~felsic intrusive 

~ (qtz. ·& feld. phenos.) 

~conglomerate mTI 
~ 

f etsic intrusive 

( feld. Phenos.} 

Figure 10: Schematic paleo-reconstruction cross-section of the 
area (not to scale). 
rocks has been excluded 

The figure also portrays the ape

geology of the Robinson Creek 
Structural deformation of the 
from the diagram. 
physal intrusion of the 
the previously existing 
of the intrusions. 

felsic porphyritic rocks into 
rocks, and the relative ages 



With the possible exception of one location in 
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the 

study area, the porphyritic dacite to rhyodacite containing 

feldspar and quartz phenocrysts, appears to be pre-Missi in 

age as suggested by a lack of intrusive contacts with the 

Missi conglomerate and the presence of clasts of a rock of 

similar composition within the Missi conglomerate. The 

porphyritic dacite to rhyodacite with feldspar phenocrysts 

is believed to have been intruded shortly after or during 

the latter stages of Missi sedimentation. Evidence to 

support this interpretation is drawn from the examination 

of drill core which clearly shows the intrusion of a 

porphyritic rhyodacite to dacite containing feldspar 

phenocrysts, into the Missi conglomerate. In one small 

section of exposed outcrop this relationship is visible, 

but a more convincing example is found along a trail 

leading to the Graham gold occurrence located approximately 

2.Skm west of the Robinson Creek occurrence. 

Both post-Amisk (possibly late stage Amisk) and 

post-Missi porphyritic dacite to rhyodacite exist within 

the study area, though pre-Missi porphyritic material is 

dominant. 

The porphyritic dacite to rhyodacite closely resembles 

the dacite to rhyodacite flows(?) and tuffs(?) that it 

intrudes and weather to the same colour as the felsic 

volcanic rocks. However, the porphyritic intrusive rocks 

have feldspar phenocrysts up to Smm in diameter that stand 

out in relief on weathered surfaces. These phenocrysts 

have been called "quartz eyes" by some previous workers. 



The porphyritic dacite to 
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rhyodacite with abundant 

feldspar phenocrysts, possibly represents the hypabyssal 

equivalent of the felsic to intermediate volcanic 

extrusives that it intrudes, having a similar mineralogical 

composition. Both types of porphyritic material recovered 

in drill core, contain larger and more euhedral phenocrysts 

than those found at surface. The intrusive nature of the 

porphyritic rocks at depth is much more apparent as it has 

not been subjected to surface erosion and alteration. 

In thin section, the porphyritic rocks have 

essentially the same mineralogical composition 

rhyodacite-dacite flows and tuffs. Plagioclase, 

as the 

(An0-7) 

and quartz are the dominant minerals, with secondary 

sericite/muscovite commonly constituting a substantial 

percentage of the total composition. Minor chlorite, 

biotite, and ankerite are also present. 

Plagioclase phenocrysts of 1-Smm diameter are greatly 

sericitized and albitized and are generally subidioblastic 

in crystal outline. The phenocrysts are set in a 

fine-grained polygonal or mosaic quartz groundmass. 

Micaceous minerals "wrap around" the larger feldspar 

phenocrysts attesting to the probable early age for the 

plagioclase and later age for the muscovite or sericite and 

biotite or chlorite. 

4.3 Gabbro: 

The gabbro weathers dark brown to black in outcrop and 



is generally medium- grained. 

or black with mafic minerals 

Fresh surfaces are dark grey 

constituting 60-70% of the 

rock. Mafic grains are subidioblastic and approximately 

0.2 to o.3cm in diameter. 

In thin section a sample of a gabbro, (R03-1), was 

found to be composed of about 40 - 45% hornblende. The 

hornblende is subidioblastic, yellow-brown and in several 

grains displays a pseudohexagonal cross-section normal to 

the x-y crystal plane. Hornblende crystals average lmm in 

diameter with lengths ranging between 1.5 and 2mm. There 

is an opaque rim along the perimeter of the crystal 

boundaries which is especially visible wherever z crystal 

axis cross-sectional views are displayed. 

The matrix of the gabbro is a mixture of chlorite, 

biotite, and fine-grained quartz. Quartz grains averaging 

O.lmm in diameter, occur as small growths within cores of 

other minerals and rarely as aggregates in small circular 

patches. The quartz has undulose extinction and larger 

grains have numerous inclusions. 

There are minor amounts, (<2%) of plagioclase An(?), 

sericite, and carbonate. Most plagioclase grains are 

totally pseudomorphed by sericite, 

exhibit remnant twinning. 

but several grains 

Opaque mineral grains (Fe oxides?) constitute up to 7% 

of the rock. These grains are black, xenoblastic and 

average 4mm in diameter. The opaque minerals appear 

blood-red to brown when illuminated with an indirect light 

source and may be hematite after magnetite. 



Unlike other rock units within the study area, the 

metagabbro displays a granoblastic to decussate texture. 

The lack of a distinct foliation in the gabbro is 

significant given the tectonometamorphic history of the 

area and will be discussed further in chapter 7. 

Samples of an amphibolite believed to be related to 

the gabbro were found in drill core, but are not exposed at 

surface. 

Longiaru (1980) described similar gabbro and diorite 

along the east shore of Comeback Bay. He concluded that 

the gabbro and diorite are associated with Amisk 

based upon their compositional similarity 

volcanism 

with the 

surrounding volcanic rocks and because of a lack of an 

intrusive relationship with the Missi sediments. It was 

however conceded by Longiaru (1980), that a clear contact 

between the intrusive rocks and the Missi conglomerate is 

lacking. 

At the Robinson Creek property it appears that the 

gabbro intrudes the Missi conglomerate which suggests that 

the gabbro is post-Missi; a conclusion in agreement with 

the findings of Pearson (1982). 



5.1 General Statement: 

CHAPTER 5 

METAMORPHISM 
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The metamorphic terminology of Turner (1968, 1981), is 

used herein to remain consistent with previously published 

papers on the Flin Flon Amisk Lake regions. The 

metamorphic grade in the area ranges from greenschist to 

amphibolite facies, with retrograde metamorphism along 

faults and shears, (Mukherjee, 1 9 7 1 ' Stauffer and 

Mukherjee, 1971, Longiaru, 1980). 

Regional metamorphism of the area has been thoroughly 

documented by Byers and Dahlstrom (1954), Mukherjee (1971), 

Stauffer and Mukherjee (1971), Longiaru (1980) and others. 

Many of the metamorphic mineral assemblages, their 

structures and textures, have been described in previous 

chapters of this thesis. The purpose of this chapter is to 

discuss the local metamorphic grade and 

metamorphism on the rocks. 

5.2 Metamorphic Facies Determinations: 

the effects of 

The term "facies", is used here in the context of the 

definition of Turner (1981). The merits and shortcomings 

of applying metamorphic facies names to these rocks of the 

study area and of the validity of Turner's (1981) 
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classification scheme, are beyond the scope of this thesis. 

Metamorphic mineral assemblages typical of the 

greenschist facies in the Flin Flon area include chlorite, 

epidote, sphene, actinolite, calcite and plagioclase (An 

<17) in mafic rocks, and quartz, chlorite, biotite, 

muscovite, epidote, sphene, and plagioclase (An <17) in 

and felsic to intermediate volcanic rocks, greywackes 

(Mukherjee, 1971). Mafic rocks of the amphibolite facies 

contain hornblende, plagioclase (An )17), biotite, epidote, 

and garnet (Longiaru, 1980). 

In the current study area, the mineral assemblage in 

the metamorphosed 

(basalt-andesite), is 

epidote, actinolite, 

mafic to 

hornblende, 

plagioclase 

intermediate flows 

chlorite, biotite, 

(An <17), and minor 

amounts of quartz and ferroan dolomite. The assemblage for 

rhyodacite to dacite flows or tuffs, as well as intrusive 

porphyritic rhyodacite to dacite, includes chlorite, 

biotite, muscovite, quartz, plagioclase (An <17), sphene, 

epidote, and ferroan dolomite. Opaque mineral grains 

(mostly iron oxides) are ubiquitous in all rock types. 

Feldspars were determined to be of two populations of 

Anorthsite (An) contents. The An contents were optically 

determined using measured extinction angles as outlined by 

Jones and Bloss (1980). The majority of plagioclase grains 

examined by these methods, produced anorthsite contents in 

the range of An0-9. A second, less common population of 

An12-15 was also recognized. The albitic nature of the 

feldspars was confirmed by x-ray diffraction analysis of 
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mineral separates. 

Feldspar compositions have been used by many authors 

to distinguish between the greenschist and amphibolite 

metamorphic facies. Turner and Verhoogen (1960), used the 

change in plagioclase composition from An0-7 to An15-30 to 

distinquish between the greenschist and amphibolite facies. 

Wenk and Weller (1969), used the appearance of plagioclase 

)An17 in association with hornblende as an indicator of the 

start of the amphibolite grade of metamorphism. When both 

albite and oligoclase co-exist with epidote and hornblende, 

as in the case of the area currently under study, the grade 

of metamorphism must be near the greenschist to amphibolite 

transition (Turner, 1981). 

Another mineralogical change that accompanies the 

formation of oligoclase, is the change from actinolite in 

rocks of greenschist facies, to hornblende in rocks of 

higher metamorphic grade, (Turner, 1981). This transition 

from actinolite to hornblende is visible in thin sections 

from the current study area, (see section 2.2). 

The existence of a transition zone between the 

typically greenschist assemblage of albite + actinolite and 

the typically amphibolite assemblage of plagioclase (An)17) 

+ hornblende, was demonstrated to exist experimentally by 

Liou et al. (1974), and was recognized to exist in the 

Amisk Lake area by Longiaru (1980). 

The experimental transition between facies was 

determined to be gradual, with an overlap existing between 

greenschist and amphibolite corresponding to the classic 
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epidote-amphibolite facies of Eskola (1939) and later 

termed the greenschist- amphibolite transition facies by 

Turner (1968, 1981). The change from greenschist to 

I 
amphibolite conditions, may be represented by the reaction: 

Actinolite + Chlorite + Albite + Quartz + Epidote----~ 

Hornblende + Plagioclase + Quartz 

Within the transition zone between greenschist and 

amphibolite facies, the reactants and products co-exist in 

varying proportions, so that assemblages such as albite + 

epidote + quartz + hornblende + chlorite, may exist (Liou 

et al., 1974). 

The change in plagioclase composition from An(17 to 

An)17 that denotes the change from greenschist to 

amphibolite facies, does not always coincide with the 

presence of actinolite with the former anorthosite content 

range nor hornblende with the latter. Actinolite has been 

found to occur with feldspars which should represent 

amphibolite conditions, i.e."An" contents higher than 1 7 ; 

likewise hornblende has been found with plagioclase 

containing very low "An" contents. 

Evidence for mid- to upper-amphibolite grade of 

metamorphism as described by Turner (1981), or its 

retrograde equivalents is lacking in the study area. For 

example, the overall grain size of samples in thin section, 

is suggestive of metamorphic conditions lower than 

amphibolite grade and there is no remnant polygonal 

hornblende which is typical of the higher metamorphic 



grades. Also, the hornblende identified in thin section 

shows no indication of having existed at a higher 

metamorphic grade but occurs instead as ragged 

subidioblastic to xenoblastic grains. Textures of higher 

grade metamorphism are exemplified by more uniform grain 

sizes, fewer inclusions within mineral grains and smooth or 

straight grain boundaries (Spry, 1983). 

Minerals such as almandine, and andesine, which are 

characteristic in amphibolite grade rocks and which could 

be expected to be partially preserved, are also lacking. 

The mineral assemblage of the mafic to intermediate 

flows appears to represent a prograde metamorphic 

assemblage between the greenschist and amphibolite facies. 

Minor retrograde metamorphism is apparent in and near the 

shear zones as is indicated by the alteration of hornblende 

to chlorite. 

5.3 Metamorphic Temperature and Pressure Conditions: 

The decomposition of chlorite and epidote and the 

formation of calcic plagioclase and hornblende, were 

experimentally studied by Liou et al. (1974). Figure 1 1 

shows the decomposition of chlorite in the basaltic system 

controlled by the quartz-magnetite-fayalite (QMF) buffer. 

The chlorite decreasing curve is situated at approximately 

0 

475 C and chlorite was found to be stable with epidote and 

quartz up to 550 ° C and 2kb pressure. The stability of 

chlorite was experimentally determined to increase slightly 
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to approximately 575 ° C at 5kb pressure. The lowest 

possible temperature for all chlorite to be removed from 

the system was placed at 497°C. 

As chlorite decreases in abundance, at about 475 ° C, 

plagioclase changes from albite to oligoclase. The 

oligoclase of the transition zone was reported to be of the 

compositional range An20-30 by Liou et al. (1974). The 

stability of epidote is uncertain, but experimental results 

indicated that all epidote was removed at 600°C. Results 

of these experiments by Liou et al.(1974) demonstrate that 

the upper boundary of the greenschist facies, using the 

assemblage albite + chlorite + epidote + actinolite is 

0 
about 475 C. The lower boundary of the amphibolite facies 

0 
or zone was placed at 550 C, based upon 

hornblende+ plagioclase (An)17). 

the assemblage 

Figure 12 shows the P-T relationships between the 

greenschist, transitional and amphibolite facies. The 

diagram is based upon pressures of 2kb and f02 controlled 

by the QMF buffer. Higher oxygen fugacities would have the 

effect of increasing the stability of epidote and thus 

shifting the breakdown of epidote to higher temperatures. 

The chlorite-out curve on figure 12 would move towards 

lower temperatures and the chlorite-decreasing curve 

towards higher temperatures. 

The assemblage albite + epidote + hornblende, is 

believed to exist between the greenschist and amphibolite 

facies only at pressures greater than 4kb. This assemblage 

may also exist at much lower pressures if the oxygen 
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fugacity is increased (Liou et al. 1974). Epidote, which 

is present within volcanics of the current study area, may 

be indicative of rocks metamorphosed under higher oxygen 

fugacities perhaps near the HM buffer (Longiaru, 1980). 

The rocks of the study area are indicative of the 

transition zone corresponding to Turner's (1968, 1981) 

greenschist-amphibolite transitional facies. If the values 

determined by Liou et al. (1974) are employed, then the 

temperature of metamorphism (P2 deformation of Longiaru, 

1980), can be estimated at 475- 550°C. If higher oxygen 

fugacities were experienced as suggested by the presence of 

epidote, then a lower maximum temperature would be 

realized; perhaps as 
0 

low as 500 - 525 C for the basalts. 

If the anorthosite contents are used as an indicator of 

metamorphic conditions, then the minimum temperature is 

plac-ed at 475 ° C which corresponds to the experimentally 

observed transition from albite to oligoclase noted by Liou 

et al. (1974). The oxygen fugacity has a major effect on 

temperatures and at best only an estimate of metamorphic 

conditions can be made. 

Pressure conditions of metamorphism are more difficult 

to estimate. The assemblage epidote + albite + hornblende 

may indicate high pressure, but as was previously 

discussed, higher oxygen fugacities may allow this 

assemblage to exist at lower pressure. The lack of high 

pressure minerals such as garnet would suggest a lower 

pressure environment, although the bulk chemical 

composition of the rocks must also be considered. In the 
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Amisk Lake area, Froese (1968) and Longiaru (1980), 

concluded 

2-4 kbar. 

that the pressure was probably in the range of 

6 • 1 : General Statement: 

CHAPTER 6 

STRUCTURE 

The salient structural features in the thesis area, 

are discussed in the context of the regional geology of the 

Amisk Lake region as interpreted by Ahuja (1970) and 

Longiaru (1980). Rocks in the Amisk Lake region have 

undergone several phases of deformation. The actual number 

of deformational periods and the timing and nature of 

folding and faulting, has been a source of discussion and 

research since the early 1950's. 

Byers and Dahlstrom (1954), first identified many of 

the salient structural features in the area. They 

concluded that the deformation of the rocks in the Amisk 

Lake area had been accomplished by a single, although very 

long, phase of deformation. 

In 1968, Mukherjee established four phases of 

deformation for the Flin Flon area. Ahuja (1970), 

determined that three periods of deformation had acted upon 

the Missi sedimentary rocks north of Amisk Lake. These 

phases of deformation correspond to phase two, three and 
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four of Mukherjee's (1968) classification. Features of the 

polyphase deformation observed by Ahuja (1970) and Longiaru 

(1980), have been compared to features noted within the 

present study area and are listed in table s. Only two 

phases of deformation are interpreted within the current 

study area. These phases correlate to the regional P2 and 

P3 events of Ahuja (1970) and Longiaru (1980). Indications 

of regional P1 deformation were not observed within the 

area and obvious features of P4 folding could not be 

determined. 

To remain consistent with the regional structural 

nomenclature already employed, the first phase of 

deformation observed within the study area will be referred 

to as P2, after the regional classification of Ahuja (1970) 

and Longiaru (1980). The same practice will be followed in 

discusssion of features such as schistosity. 

6.2 P2 Deformation: Major Structures: 

The P2 deformation event in the Amisk Lake region is 

characterized by the formation of large isoclinal or 

tightly-closed folds, (Longiaru, 1980). There are no large 

fold structures related to P2 deformation within the 

immediate study area although a major fold known as the 

Magdalen Lake Syncline is present just southwest of the 

thesis area. The formation of fold structures was 

accompanied by progressive metamorphism and the intrusion 

of felsic magmas (Ahuja, 1970; Longiaru, 1980). These 



FLIN. FLON AREA 

P1 

- development of severAl large E-W 
trending anticlinal and synclinal 
structures 

P2 

-Regional metamorphism in association 
with a 'tiell developed schistosity and 

·the development.of a series of N-S 
trending anticlines and synclines. 

-Intrusion of plutons giving rise to 
contact metamorphism. 

P3 

-Intense folding and faulting with the 
faults trending NNW and folds ENE. 

-some poorly developed schistosity. and 
localized retrograde metamorph;sm. 

P4 

-may include portions of phase 3 such 
as late faulting but is not recognized 
as a separate phase. 
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NE AMISK LAKE 

P1 

-NOT RECOGNIZED 

P2 
~Large N-S trending synclines 
-regional metamorphism with well 
developed schistosity and internal 
defonna ti on. 

-intrusion of felsic plutons with 
related contact metamorphism. 

P3 

-major folding and faulting and 
minor folds and crenulations. 
~well develooed schistosity and 
localized meta~orphism. 

P4 

-development of the ENE trending 
Emoury Lake fold. 

Table 5: Deformational phases in the Flin Flon Area (after Stauffer and 
Mukherjee, 1971) and in northeast Amisk Lake (after Longiaru, 1980). 
Within the current study area, only the effects of phase 2 (P2) and 
phase 3 (P3) as described by Longiaru (1980), are recognized. 
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features are present in the area along with minor 

deformational structures. 

6.2.1 Minor P2 Structures: 

The effects of P2 deformation are readily visible in 

the Missi-conglomerate. There is a strong foliation in the 

rocks and pebbles have been aligned and flattened parallel 

to the S2 foliation. The foliation is most noticeable 

within the mafic pyroclastic rocks, where chlorite and 

biotite, believed to have formed during progressive 

metamorphism associated with the P2 deformational event are 

aligned parallel to the S2 foliation. S2 foliation has an 

average strike of 315°azimuth, ranging between 295 and 330 

degrees and dipping more than 75 degrees either northeast 

or southwest. 

Almost all the lithological units in the area display 

a pronounced foliation with the exception of the mafic 

flows and portions of the felsic intrusive rocks. The 

mafic flows are more foliated towards the contact with the 

felsic volcanic rocks, becoming finer grained than those 

further north in the area, mostly due to the effects of 

shearing, but possibly because of an increase in the 

metamorphic grade. A general increase in metamorphic grade 

northward in the Amisk Lake area was suggested by Stauffer 

et al. (1975) and the metamorphic grade may also be 

slightly higher towards the northern portion of the field 

area. Rocks which have been metamorphosed to slightly 



higher metamorphic grade, commonly display a less 

structure due to larger grain sizes. 

O.L 

foliated 

The reason for sporadic foliation within the felsic 

intrusive rocks is uncertain, but may be related to the 

presence of patches of more resistant minerals or may be a 

function of mineral grain size as suggested by Longiaru 

Felsic tuffaceous rocks are well foliated, but (1980). 

small patches of porphyritic dacite to rhyodacite 

containing quartz and feldspar phenocrysts are considerably 

less foliated. 

The S2 foliation has been folded by P3 deformation in 

many locations. P3 folding of S2 foliation is especially 

prevalent within mafic pyroclastic rocks. Figure 13 

depicts the relationship between S2 foliation and the P3 

event. 

6.3 P3 Deformation: 

The third phase of deformation recognized in the Flin 

Flon Amisk Lake region correlates with the second phase 

of deformation noted within the thesis area. Phase 3 

deformation is characterized in the region by the 

development of major folds and faults, the folding of S2 

foliation, and the refolding of P2 generated folds. On a 

smaller scale, the P3 event caused the formation of 

crenulation cleavages, axial plane fractures, penetrative 

foliation and numerous major and minor shear zones, (Ahuja, 

1970, Longiaru, 1980). 



Figure 13: Mafic tuff (near sample location Alt 27-4 
figure 14) showing P3 folding of S2 folia
tion. Ankerite bands have been recessively 
weathered. 
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6.3.1 P3 Major Structures: 

One major fold and one major fault related to P3 

deformation, is recognized in the thesis field area. The 

northwest trending Comeback Bay Anticline mapped by Byers 

and Dahlstrom (1954), Ahuja (1970) and Longiaru (1980), 

appears to extend north of the southern 

study area. This interpretation is 

occurrence of a topographic high (ridge) 

north of Robinson Creek (see figure 

approximately along strike to the Comeback 

boundary of the 

based upon the 

located to the 

1) ' and trending 

Bay Anticline. 

Additional support to this interpretation, is drawn from 

opposing dip measurements and the examination of satellite 

photographs which show a structural lineament in 

approximately the same location. Detailed field work 

outside of the present study area may reveal that this 

structure is only a minor anticlinal fold trending parallel 

to major P3 folds, but it is tentatively interpreted as an 

extension of the major P3 Comeback Bay Anticline (figure 

9) • 

The major fault within the area is the Mosher Lake 

Fault, which according to Longiaru (1980), formed during P3 

deformation because it is parallel to major P3 structures 

and displaces the Reynard Lake Pluton which was beleived to 

have formed during P2. The displacement along the Mosher 

Lake Fault cannot be calculated due to a lack of 

recognizeable marker horizons (Longiaru, 1980). The Mosher 

Lake Fault has been defined over 6km of strike length and 



constitutes a major structural feature. The shear zones 

hosting the "Quartz Zone", gold occurrence, are interpreted 

as splays related to the Mosher Lake Fault and are 

collectively referred 

system. 

to herein as the Robinson shear 

The Robinson shear system consists of two 

P2-foliation-controlled, sympathetic shear zones spaced 15 

to 25 metres apart. The shears strike approximately 310 

degrees 

excess 

and 

of 

dip 

200 

steeply NW or SE over a strike length in 

metres. The widths of the zones are 

difficult to determine because deformational effects become 

progressively subtle away from the center of the shears to 

the point where they are easily confused with P2 foliation. 

The width of the entire Robinson shear system is estimated 

at 50 to 60 metres, although the widths of the centers of 

individual shears are less than 2 metres. 

The relative displacement along the shears cannot 

determined because of a lack of marker horizons. 

be 

In 

outcrop, the shears parallel P2 foliation and the contacts 

of the rock units. A planar mineral alignment which also 

the shear zones, may be partly due to P2 parallels 

foliation. 

analysis, 

Based upon field observations and geochemical 

a dilatent zone is interpreted at the 

intersection of the two shear zones. 

Folding, faulting and intense shearing of the rocks 

have complicated the structural relationships of the rocks 

and would require extensive work to fully interpret. Such 

work is beyond the scope of this current study. 



7.1 General Statement: 

CHAPTER 7 

GEOCHEMISTRY 
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A study of the chemical compositions of the rocks was 

undertaken 

field names 

for the 

assigned 

purpose of a) refining and confirming 

to rock units, b) assessing the 

effects of metamorphism, c) estimating the tectonic setting 

of deposition of the rocks and d) characterizing 

geochemical anomalies 

mineralization. 

that may be associated with gold 

Thirty-four samples of various rocks were analysed for 

major elements and twenty-one samples for trace elements 

using X-ray flouresence spectroscopy (Appendix 4). 

results of the analyses are presented in table 6; 

locations are given in Figure 14 and and Map A and 

The 

sample 

brief 

petrographic descriptions are provided in Appendix 5. All 

rocks tested have been extensively altered and tectonically 

deformed. 

Thirty-five samples were analysed for whole rock gold 

contents by the Saskatchewan Research Council, and the 

results are listed in table 7. Mineral separates of 

pyrite, arsenopyrite and magnetite, were also analyzed for 

gold and the results of these tests are provided 

8 • 

in 

It is assumed that the carbonatic and mafic 

table 

tuffs; 
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Table 6: Results of major element analysis (in weight percent anhydrous). Field names for the 
rock samples are provided and are abbreviated as FV for felsic volcanics, MT for mafic 
CT for carbonatic tuff, CON for conglomerate, BT for basalt and SET for sheared basalt 
(included with basalts in figure 14). All samples were analyzed at the University of 
Western Ontario except for those marked with a star, which were analyzed at the U of s. 
(see section 7.4 for more information on the basalt samples designa\ed in this table 
with the prefix 11 83-")• 

sample 5102 Al201 C-"Q M!!O __ 1la20 . -~K2fl ____ fc2fl1 ____ .HnO _T_t 02 ___ P?ClC:. __ LilT --S.LJM -- H ~ ro..~.._ 

A l t 26-l 65.1 I 5 .6 ).06 I. 16 4. 4 4 3.45 3. 2 7 Q.Qf, ·o. 56 0. 2 6 2.77 I 00.1 FV 
A l t 26-2 6 4 • 2 IS. 2 ).20 I • 2 2 5.0 7 2.63 3. 16 0.06 0.54 0. 2 5 ). 16 99.2 FV 
Alt 26-3 6 7. 5 15.4 I • 9 5 0.67 3. 1 I ). )6 J.O'j 0.06 0.55 0.25 2. 54 99. (J Ctlll 
A It 2 (,- 4 60.2 I 4 • 5 4. 2 8 2. 77 2. 54 I. 99 7. 9 2 0. I 2 0.74 0. 18 ).62 99.1) Clltl 
A It 26-5 68.8 I 3.1 0.9) I. 6 4 0.67 2.81 6.19 0.05 0.76 0. I 4 ).08 99. I HT 
Alt 26-6 52.5 16.8 2.)9 2. 48 2.09 2. 7 7 12.90 0. I 7 I • 7 4 0 • I 7 4. 6 2 98.8 CT 
A 1 t 2 6- 7 69.4 I 5. 7 0.84 0.88 0.58 ).99 4. 3 9 o.os 0.69 0.23 3.08 100.1 NT 
A It 26-8 60.4 I 5. 4 ) • 7 2 2. 54 ). 4 2 I • 7 8 8.08 0.08 0.82 0.21 2. 4 7 9'l.l NT 
A 1 t 26-9 6 I • 9 15 .u 3. 8 I 2. 24 ).)[) 2. 2 7 6.46 0.08 0.84 0.)0 2. 9) 99.) CT 
A l t 27-1* 70.0 16 .8 I. 9 9 . I • 2 7 5. I 8 2. 78 3. I 6 0. I I 0.64 0.28 I. 10 I 0 3. 3 FV 
A It 27-2• 7 I • I 14 .o I • 7 4 I • 7 9 0.47 2.99 5. 9 2 0. I 7 0. 7 2 !l. Ill 0 .2) 99.1 FIJI Clltl 
A It 27-4• 56.4 14 • 7 7. 80 4. 7 5 I. 4 8 I • 2 4 I 0. 56 0.44 I • 4 5 0.24 0.66 9 9. 7 HT 
A 1 t 27-5 4 5. I 14.8 9.55 ). 9 2 2. 2 I I • I 3 II. 40 0.27 I • 3 I 0.1 4 9.08 99.1) HT 
A It 27-6 4 9. 0 I 5. 6 5. 23 4. 7 2 I .60 0.54 14. 1)0 0. 26 I • 7 5 0. 16 5.116 9 9 ·'· H'f 
A I t 27-lR 56. 5 I 5. 4 7 .IJS ).8 7 I .66 I • 9 6 ll. 57 0.6) 0.94 ().24 1 .no 98.6 NT 
A It 27 -ll 6 I .0 16.9 2.50 2.16 I • 4 6 2.96 7 • 0 2 0.10 I .Q I 0. I 6 ).62 99.) NT 
Alt 27-9 70.7 13.0 2. 4 2 I. 9 3 I. 50 I • 2 5 5. 57 0.07 0. 61 0.14 2.16 99.5 CT 
Alt 27-10 4 4. 0 I I. 8 9. 14 ). 9 2 0. 7 5 2.14 12.50 (). 2 9 0.96 0 • I 2 11.20 99.0 HT 

0'-
--.J 



table 6 cont.-

sample Si02 Al203 CaO MgO Na203 K20 

Alt 27-11* 69.2 16.6 I .69 0.80 4.03 3.54 
Alt 27-12* 69.3 16 .o J,S7 I • IS 2. 4 6 3.55 
Alt 27-13* 7 3. 7 13.0 0.72 I .69 o.oo 2.72 
Alt 27-14* 68.9 15.4 I .83 1.90 0.63 2. 7 1 
Alt 27-15* 62.1 15.8 3.56 3.29 I .8 2 I. 94 
Alt 27-16* 50.9 15.4 8.50 4. 7 4 1.4 3 I. 4 9 
Alt 27-17 4 7 • I 19.3 4.40 3.41 0.98 2.80 
Alt 27-18 3 7. 2 18 ,J 7. 38 4.98 1.8o 1. 96 
Alt 27-19 42.7 14.8 8.80 4. 12 2. 9 7 2.19 
Alt 27-20 4 3. 7 21 .o 4. 9 9 3.20 0.91 4.29 
83 20-06 50.1 I 3. 4 13 .so 5.50 2.14 0.25 
83 26-34 63.2 15 .8 2. 71 2.46 1. 4 2 2.34 
83 26-35 49.9 14 .o 8.37 5.34 2. 7 I 0.88 
B3 26-37 4 8. I 13.8 II. 70 5. 58 2.69 0.29 
BJ 26-39 4 9. 2 13.4 9.10 7. 26 2. 3 5 0.24 

() thokiitic 

SiO, 51.4 49.7 !ii01 

TiO, 1.92 1.0 Ti01 

A1 1 0 1 14.8 14.9 At,o, 
Fe 1 0.i 2.1 2.6 Fc 10 1 

FeO 8.3 8.8 FcO 
MgO 6.7 6.J I'. I gO 

DO 10.7 9.4 c.o 
No 1 0 2.7 2.1 Na.O 

K 1 0 0.18 0.32 K,O 
u.o 
r..:o,rc,o, 
Na 10;K 10 

() (Condie, 1976 and 1982). 

Fe203 MnO 

3.28 0.14 
J .18 0.14 
5.84 0.10 
6.69 0.16 
8.16 0.23 

12 .4 4 0.46 
10.40 0.12 
12.70 0.20 
10.30 0.23 
11.30 0.12 
10.90 0.18 
8.31 0.05 
8.86 0.15 

13.80 0.20 
14.60 0.21 

antl<sitcs 

56.1 58 9 
0.92 0.6S 

140 ISS 
2.) u 
1.0 4.S 
s.~ 4.5 
6.6 S I 
).4 40 
0.67 1.9 
)0 lO 
lO )0 
S.J 2.1 

Ti02 P205 LOI 

0.62 0.29 0.82 
0.59 0.31 0.74 
o.11 0. I 7 Q,JJ 
o.86 0.24 0.28 
0.92 0.22 0.34 
I .84 0.29 0.26 
I , 1 9 0.29 6.23 
I, 55 0.13 9.39 
1 • t 3 0.12 12.60 
J,Jl 0 .I 7 7. 2 3 
t.oo 0 ,JO I. 54 
0.89 0.20 2. 54 
0.96 0 .) 0 7. 62 
2.!6 0.19 0.85 
1 • 59 0 .14 I. 4 7 

docile- rhyolite 
rhyodocile 

s;o, 66 2 71.7 
TiO: 0.28 0.19 
AltO I 16.5 16.~ 

r.,o, 0.9 0.7 
FeO 1.0 0.9 
;\1~:0 1.6 0.5 
CoO 3.9 1.7 
No:O 5.2 5.0 
K10 2.0 2.0 

SUM 

10 I .0 
100.9 

98.1! 
99.6 
98,4 
9 7. H 
96.4 
9 5. 5 

100.2 
98.5 
98.7 

100 .I 
99.0 
99.4 
99.6 

Name 

FV 
fV 
CON 
CON 
CON 
CON 
CT 
CT 
CT 
CT 
B'f 
BT 
SBT 
SliT 
BT 

0'
()) 
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units 2 and 2a respectively in figure 14, were once the 

same rock type which has been subsequently altered by 

varying amounts. 

(unit 1, figure 

The mafic to intermediate volcanic rocks, 

14 and maps A and B), are tentively 

interpreted to be parental to rock types 2 and 2a. All 

geochemical variation diagrams within this chapter then, 

are based on these three rock units, as they are the host 

to economic mineralization. The conglomerate unit, (rock 

type 4, figure 14), has been excluded from analysis because 

of its polymictic composition and variable chemical 

composition. 

Element mobility during metamorphism, hydrothermal 

alteration and weathering are important factors to be 

considered in interpreting geochemical data. Element 

mobility is a function of ionic potential, with ions of low 

potential being readily removed in solution, (Pearce, 

1973). Table 9 lists elements considered mobile and those 

considered immobile. It is thus desirable to use immobile 

elements to characterize the original nature and 

environment of emplacement of the various rocks. This is 

especially crucial in this study, because field and 

have been petrographic evidence suggests that 

affected by processes that have 

chemical compositions. 

these rocks 

altered their original 

Major and trace element compositions can be used to 

show possible tectonic settings of eruption, the chemical 

classification of rocks, and chemical changes in the rocks 

caused by metamorphic processes. The problem with many 
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Whole Rock Gold Analyses 

Sample Number Rock Type Au (in ppb) 

Alt 26-1 FV 1.6 
Alt 2 6··2 FV 1.3 
Alt 26-3 CON 36.0 
Alt 26··4 CON 5 • 7 
Alt 26-5 MT 4.9 
Alt 2 6··6 CT 24.0 
Alt 26··7 CT 5.4 
Alt 26 ··8 MT 8. 1 
Alt 26··9 CT 7.9 

Alt 2 7 ··1 FV 5.0 
Alt 2 7 ··2 FV/COU 120.0 
Alt 27-3 CON 8. 1 
Alt 27-4 MT 12.0 
Alt 2 7 ·-5 MT 37.0 
Alt 27 .. 6 MT 41 • 0 
Alt 27-7 MT 31 • 0 
Alt 27-8 MT 5.0 
Alt 27-9 CT 3.6 
Alt 2 7 ·-1 0 MT 830.0 
Alt 27-11 FV 2.2 
Alt 27-12 FV 1. 8 
Alt 27-13 CON 2.7 
Alt 2 7··14 CON 7.9 
Alt 27-15 CON 13.0 
Alt 2 7 ··16 CON 205.0 
Alt 2 7 ··1 7 CT 960.0 
Alt 27-18 CT 150.0 
Alt 2 7 ···19 CT 22.0 
Alt 27-20 CT 150.0 

83-20-06 BT 11.0 
83-26 ··34 BT 7.4 
8 3-2 6·- 3 7 SBT 15.0 
83-26-35 SBT 25.0 

MT=Mafic Tuff CT=Carbonatic Tuff BT=Basalt 
SBT=Sheared Basalt CON=Conglomerate 
FV=Felsic Volcanics (Dacite to Rhyodacite) 

Table 7: Whole-rock gold analysis (in ppb) of samples 
from Robinson Creek. Locations of samples are 
labelled on figure 14. 
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-
Number .Description Weight Au (in ppb) 

Sep 1 Pyrite 0.203 g 1 ,5 00 
~ep 2 90% Magnetite, 10% Quartz o.soo g 34 
Sep 3 70% Magnetite, 30% Pyrite 0.148 g 4,300 
Sep 4 Sericite, Quartz, Chlorite o.soo g 67 
Sep 5 Arsenopyrite 0.500 g 4,700 

Number Host Material and Host Sample Number 
. 

Sep 1 shea red mafic tuff, (Alt 27-10) 
Sep 2 least deformed mafic flow 
Sep 3 sheared mafic tuff, (Alt 27-10) 
Sep 4 shea red mafic tuff, (Alt 27-10) 
Sep 5 quartz vein hosted in a shear zone 

Table 8: Gold analyses of minerals seperates (ill ppb). Sample 
locations on figure 14. 



Mobile Elements Immobile Elements 

Na Mg K Ca Rb Ti Cr Co AI y 

Sr Cs Ba Ni Cu Zr Nb Sb Te La 

Zn Ag Au Si p Ce Nd Th As" Fe" 

s CJ As· Fe· Mn· Mn" v· Pt. T J. Pb" 

v· Pt" Tr Pb. 

•sTABLE OR SOI.UABLE DEPENDING ON OXIDATION STATE 

Table 9 = The relative mobility of selected major and trace 
elements. ( Pearce, unpublished paper). 
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location Elements depleted* Elements enriched 

ALT 26-5 MgO, AJ203' Na20, CaO Si02, K20 

ALT 26-7 MgO, AJ203~ Na20, CaO Si02 , K 20 

ALT 27-6/7 MgO, AI203, Si02, K20, Na20, CaO 

ALT 27-10 Si02, Na2, Mgp, K 20. Al 20 3 , CaO 

ALT 27-17 MgO. Na2, CaO Si02, K20, AI203 

ALT 27-20 MgO, Na2, CaO Si02, K 20, AI203 

* EXPRESSED AS OXIDES 

Table 10: Enrichment and depletion of major element e.buniances in 
sheared rock samples. Sample locations are listed in the 
first column, and correspond to the location of the center 
of shear zones, (see figure 14). 
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chemical discrimination diagrams, is that they are often 

based upon modern volcanic rocks that are usually basaltic 

in composition, and there is 

diagrams for felsic rocks. 

a lack of 

There are 

discrimination 

also inherent 

problems in assuming that tectono-magmatic processes of the 

early Proterozoic, were the same as they are today. 

Primary magmatic processes will undoubtably have an 

effect on the geochemical diagrams presented in this 

chapter, in that changes in the chemical composition 

between different rocks may be partially explained by their 

degree of differentiation. Discerning whether primary 

magmatic processes or secondary alteration are responsible 

for observed results can be a problem. It is assumed 

herein that the effects of primary processes are minimal in 

the results and that secondary alteration exerts the 

greatest influence. 

7.2 Major Element Geochemistry: 

7.2.1 Rock Classification: 

According to Stauffer et al. (1975), and Parslow and 

Watters (1980), the Amisk Group volcanics consist of 

subaqueous tholeiitic to subaerial calc-alkaline rocks. 

Figure 3 in Stauffer (1984), places the boundary between 

the tholeiitic and the calc-alkaline Amisk volcanics 

through Amisk Lake, trending north-south. The approximate 

boundary on Stauffer's regional diagram, falls close to the 
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current study area. 

A variety of chemical plots may be employed to 

distinquish between tholeiitic and calc-alkaline rocks. 

Irvine and Baragar (1971), used the AFM diagram as well as 

Al203 versus normative plagioclase diagrams to distinguish 

between the two rock series. Basalts, dacites and 

rhyolites were identified using normative plagioclase 

compositions compared to normative colour indexes. The 

problem with plots such as these, is that they employ 

alkalies like calcium and elements such as silica, which 

tend to be easily mobilized, thus often producing spurious 

results. 

Jensen (1976), developed a ternary diagram based upon 

the cation percentages of FeO + Fe203 + Ti02, Al203, and 

MgO to distinquish between calc-alkaline, tholeiitic, and 

komatiitic rocks. This diagram appears to be very useful 

for the classification of altered rocks, as the majority of 

components used in the plot are fairly immobile. 

Jensen cation plot is used only as an aid to 

The 

the 

classification of volcanic rocks and to show general 

trends, but cannot be used as an indicator of specific 

petrologic processes such as fractional crystallization. 

Figure 15 shows 26 samples from the study area plotted 

on a Jensen cation plot. The figure shows that the rocks 

in the area appear to range from basalts to rhyolites, with 

points plotting along or near the boundary between the 

calc- alkaline and tholeiitic fields. More than half of 

the points plot within the calc-alkaline field. Either the 
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Figure 15: Jensen Cation Plot using the cation percentages of Al203, 
FeO + Fe203 + Ti02 and MgO (after Jensen, 1976). 
The numbers on the figure indicate that several samples 
plot on one point. 

75 

MgC 



'(b 

rocks in the study area are transitional between the two 

fields, or there has been mobilization or enrichment of the 

cation components causing a shift in the points 

f~eld to another. 

from one 

7.2.2 Major Element Variation Diagrams: 

Figures 16a to i illustrate the variations of major 

elements within the three rock types under study. 

examples, the major element concentrations 

considerably between type 1 and types 2 and 2a. 

rocks, considered here to be parental to types 2 

In all 

differ 

Type 1 

and 2a, 

appear to be the least chemically altered and in the field 

display the least penetrative deformation. Type 2 rocks 

(carbonatic tuffs) appear to be the most chemically 

altered, whereas type 2a rocks (mafic tuff) show the most 

penetrative deformation in the field. Indications for 

alteration by secondary fluids in type 2 rocks, may be 

suggested by figures 16a, 16b, and 16d, which show an 

abundance and large spread in the amounts of Si02, Al203, 

and K20 respectively. The increased abundances of these 

components appears to be related to the presence of 

minerals such as sericite and quartz, some components of 

which were possibly introduced by secondary fluids. The 

significance of the diagrams in figure 16 becomes more 

apparent when related to the geochemical variation diagrams 



Figure 16: (a-i): Variations in element abundances 
compared to rock types. Rock types used 
in these plots correspond to rock units 
as indicated on the geology maps. Square 
symbols represent basalts, triangles are 
carbonatic tuffs, diamonds are mafic tuff. 
Numbers next to points in the figures 
indicate that more than one sample plots 
at that value. Plots are based on anhy
drous analyses. 
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that follow. 

Figure 17a to 17r show flucuations in major element 

abundances along the three sample lines shown in figure 14. 

Changes in lithology and the intersection of shear zones 

with sample lines is indicated in figure 17. 

Although most of the'rocks within the detailed study 

area have been sheared to some degree, the greatest 

shearing is believed to be at sample locations Alt 26-5, 

Alt 26-7, between Alt 27-6 and 7, near Alt 27-10, and 

through Alt 27-17 and Alt 27-20 (figure 14). 

In all of the sub-figures of figure 17, an increase or 

decrease in the abundance of some elements with respect to 

adjacent rocks is noticeable wherever the sample line is 

intersected by a shear zone. Line 26, figures 17 g, j, m, 

and p, shows a decrease in Na20, MgO, Al203 and CaO at the 

point of intesection with the center of a shear zone. 

There is a corresponding increase in the amount of Si02 and 

K20 in these locations. This finding compares favourably 

with the observed increase in chlorite, biotite, sericite 

and ankerite within the wall rocks adjacent to shears and 

an increase in quartz and sericite in the shear zone 

itself, as found in the field and petrographic studies. 

In contrast, at Alt 27-10, there is an increase in 

MgO, K20, Al203 and CaO, (figures 17k, b, n and q). There 

is also an increase in K20 and Al203 in the shear at Alt 

27-17 and Alt 27-20. In the case of Alt 27-17 and 27-20 

however, MgO, CaO, and Na20 are depleted. 

Figure 18A compares the loss on ignition weight 
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Figure 17: (a-r): Abundance of element oxides at locations along 
sample lines labelled on figure 14. The approxi
mate intersection point of the center of a shear 
zone with the sample line is denoted with a "5", 
changes in lithology along the lines are marked 
with dashed lines, and the rock types are identi
fied using a code; CON for conglomerate, MI' for 
mafic tuff and CT for carbonatic tuff. 
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percent, (L.o.r.), with the abundance 

95 

of gold in ppb. 

L.o.r. can be used as a rough indicator of the amount of 

alteration in the rocks. Figure 18A suggests an 

approximate correlation between rocks with high L.O.I. 

values (more highly altered rocks), and those rocks 

containing higher gold values. Similar correlations have 

been documented for other gold occurrences; for example, 

deposits of the Timmins area of Ontario (Fyon and Crocket, 

1983). 

Caution must be taken in interpreting these variation 

diagrams for a number of reasons. The secondary chemical 

composition of rocks in the shear zone will largely depend 

upon the primary chemical composition of the host rock, and 

comparisons should only be made between similar rock types. 

Highly mobile elements such as Na and K, can give 

misleading chemical information, if their mobility is not 

taken into account. Another major influence on the 

chemical and mineral composition of the rocks, is their 

associated structures. Line 27A and 27B are believed to be 

situated within the hinge of a fold, while line 26 is 

situated further away from this feature. The fold hinge 

may have the effect of acting as a low pressure area acting 

as a passageway for secondary fluids and allowing the 

growth of minerals such as chlorite. It may also act as a 

structural trapping mechanism for elements such as gold. 

Changes in elemental abundances are listed in table 10 as 

an increase or decrease within the various shear zones. 
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Figure 18: (a-f): Major element oxides, major elements 
and loss on ignition (L.o.r.) in weight percent 
versus gold in parts per billion. Triangle 
symbols are carbonatic tuffs, diamonds are mafic 
tuff samples and squares are basalts. Rock types 
are not distinquished in figure 18 f. Rock types 
in the figures correspond to rock units used in 
the geological maps (figure 14, maps A and B), 
Basalt samples do not appear to be significant 
in these plots and has been included from some. 
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7.2.3 Comparison With Other Deposits: 

There are similarities between the Robinson Creek 

occurrences and the gold deposits at Cameron Lake, Ontario, 

Red Lake, Ontario and Bousquet, Quebec. The geology of the 

Cameron Lake deposit is similar to that of Robinson Creek, 

in that the deposit is situated along a shear zone hosted 

by altered mafic volcanic rocks. The mineralized 

alteration envelope consists of silicification, 

sericitization, and carbonatization (ankerite). 

deposit is located near the intersection of a major 

The 

fault 

system and an antiformal structure (Melling and Watkinson, 

1985). The Bousquet, Quebec mine is associated with 

aluminium silicate-bearing rocks contained within mafic 

tuffaceous and volcaniclastic sedimentary rocks (Valiant 

and Hutchinson, 1982). Stratiform and stratified pyritic 

gold occurrences are intercalated with the tuffaceous and 

volcaniclastic rocks (Valliant et al., 1983). Although the 

geology of the Bousquet mine differs from Robinson Creek, 

there are geochemical similarities and although there are 

differences in the geochemistry between Robinson Creek and 

Cameron Lake, there are geological resemblances. 

Work by Melling et al., (1985), at the Cameron Lake 

Gold Deposit in Ontario, indicates that the highest gold 

values are associated with the lowest silica values. 

Figure 18C shows a similar relationship in rocks from the 

thesis study area. It would be 

reverse relationship as quartz 

logical 

(Si02) 

to expect the 

is the dominant 



mineral associated with gold in vein deposits. 
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As figure 

18c suggests, the trend of the plot may reverse at some 

point; perhaps at gold values higher than 1000ppb, so as to 

produce a positive correlation between gold and silica 

reflecting lode gold conditions. 

Gold mineralization at the Bousquet mine in Quebec, is 

associated with high aluminum silicate-bearing rocks 

(Valliant et al., 1983). Gold-bearing rocks at Bousquet 

are generally enriched in Al203, Si02 and to a lesser 

extent, K20, MnO, and Fe. These rocks were also found to 

be depleted in CaO, Na20 and MgO. Gold- bearing altered 

volcanic rocks of 'the Red Lake area of Ontario are enriched 

in Si02, C02, K20, As and Sb and depleted in Na20, CaO, MgO 

and total Fe (Pirie, 1980). There are similar enrichments 

and depletions in some of the shear zones within the study 

area, (see table 10). Figure 18d shows that rocks enriched 

in gold generally contain greater amounts of Al203 than 

otherwise chemically similar rocks in the area. The stray 

point marked " a' " in figure 18D, may be attributable to 

free gold in the sample. 

Figure 18E may indicate an overall correlation between 

MgO and Au, although there is an obvious scattering of the 

points. Table 10 suggests that MgO is enriched within some 

portions of the shear zones, or concentrated along the wall 

rocks adjacent to shears. High MgO values may be 

attributed to the presence of chlorite, biotite, and minor 

tourmaline. 

Despite the apparent association of sericite with gold 
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mineralization, the plot of K20 versus gold results in a 

random scatter of points and is not included in this series 

of diagrams. The reason for the lack of correlation 

between K20 and Au is discussed in chapter 8. 

According to Melling et al. , (1985), gold 

mineralization at the Cameron Lake deposit is related to 

the precipitation of pyrite at the expense of magnetite. 

It is believed that iron was released from the alteration 

of magnetite and that this iron not only formed secondary 

pyrite, but probably also prompted the precipitation of 

gold from mineralizing fluids. This close association of 

gold and pyrite, as well as gold with iron (after 

magnetite) arsenopyrite, chalcopyrite, and other sulphides, 

was noted by Boyle, (1979), and has long been recognized by 

field workers. 

Because of this association, five mineral separates of 

pyrite, arsenopyrite and magnetite from several locations 

were analysed for gold. Sample locations and results are 

listed in table 8. Results indicate a correlation between 

gold and arsenopyrite, pyrite and altered magnetite. This 

relationship may also be inferred in figure 18B of total 

iron versus gold. Ferric-ferrous ratios were not 

determined, so the contribution of iron from ferroan 

dolomite (ankerite), chlorite, biotite, and other minerals 

are included. 

The relationship between sulphur 

illustrated in plots by Melling et 

and gold has 

al. , ( 1985) 

been 

and a 

similar correlation may exist in samples from the Robinson 
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Figure 19: (a-d): Ca versus Mg, Fe versus Ca, Mg versus Fe and 
Ca versus Sr in weight percent (Sr in parts per million). 
Triangle symbols are carbonatic tuff samples, diamonds 
are mafic tuff and squares are basalts. Rock types are 
not distinquished in figure 19d •. 
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Creek property 

in figure 18F. 
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in spite of the random nature of points seen 

Random points towards the right of figure 

18F,(high sulphur low gold), are probably due to "barren" 

sulphides in the samples. 

Calcium versus magnesium, magnesium versus iron, and 

iron versus calcium plots were drawn from whole rock 

analyses to check for changes in the ratios 

elements, all of which are found in ankerite. 

the composition of ankerites may indicate 

of these 

Changes in 

different 

generations of that mineral or reflect chemical changes 

that can be related to gold mineralization (Fyon and 

Crocket, 1983). The mineralogical compositions of the 

mafic and carbonatic tuffs (see sections 2.3.1 and 2.3.2), 

suggest that calcium and magnesium would be dominantly 

contained within ankerite. In figure 19a and b there is a 

general positive correlation between the elements. There 

is probably also a general trend between elements displayed 

in figure 19C. This would suggest that slight changes in 

the composition of ankerites cannot be used as a gold 

exploration tool in this area, but the chemical composition 

of the ankerites have not been studied in detail and 

no conclusions can be made. 

thus 

The apparent decrease in Al203 content of the rocks in 

the area, may be partly explained by the dilution effect of 

silica, as may be indicated in figure 19E. The result of 

introducing large quantities of silica into a rock, is an 

apparent decrease in the abundance of Al203 along with 

other components. The same effect probably exists between 
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Table 11: Results of trace-element analysis (in ppm). Average 
compositions of Archean volcanic rocks (after Condie, 
1976, 1982) are provided for comparison. 

ALT 26··5 

Nb 11.0 
Zr 134 
y 23 
Sr 198 
Rb 41 
Pb 9 
Zn 39 
Cu 35 
Ni 25 
Co 35 
Cr 188 
Ba 698 
v 167 
s 1523 
Ga 12 
Sc 27 

ALT 2 7· 7 

Nb 10 .t 
Zr 122 
y 24 
Sr 278 
Rb 30 
Pb 10 
Zn 79 
Cu 27 
Ni 48 
Co 36 
Cr l3R 
Ba 507 

216 
1 

a 16 
Sc 27 

(accuracy better than 5 percent; Sc values are semi
quantitative) • 

26-6 26-7 26-8 26-9 27-4 27-5 

10-.5 8.2 9.9 11.0 10.6 7.4 
148 144 15 9 144 127 78 

35 15 28 26 32 32 
·431 35 7 424 404 325 460 

37 61 37 39 19 19 
22 17 15 13 10 10 
94 68 108 77 102 86 

18 2 11 15 38 47 210 
66 12 48 29 43 63 
40 20 41 35 51 64 

175 59 89 88 130 113 
106 1606 490 555 269 49 
3 11 10 1 205 175 235 268 

10421 524 1 43 1 252 
22 19 18 13 11 10 
87 15 37 14 48 57 

------ ----
27-8 27-9 27-10 27-17 27-18 27-19 

-----
10.7 8.0 6.2 11 • 7 10.8 7. 7 

160 130 62 115 100 94 
27 22 23 30 32 27 

244 291 339 442 639 546 
60 16 26 46 34 46 
19 9 8 30 6 l 1 1 
76 61 56 102 119 1 t 2 
1 5 3 37 2481 59 95 
40 32 5 1 76 68 86 
36 40 50 45 46 55 

212 10 7 250 229 172 219 
888 345 199 420 214 863 
294 17 3 18 3 258 293 250 
688 1 1 7 16 2870 4509 29 

16 13 12 19 19 15 
41 2 1 35 55 72 59 

27-6 

9.o 
1 t 7 

34 
301 

7 
24 
70 
12 
54 
63 

194 
14 

291 
93 
18 
85 

27-20 

--
13.4 

18 1 
4 1 

564 
77 

9 
92 
65 
70 
44 

240 
823 
268 

42 
26 
7 1 

-cont.-



Table 11 (cont.) 

83- 26-37 20-6 

Nb 15.0 8.7 
Zr 14 3 42 
y 40 25 
Sr 265 160 
Rb 1 2 
Pb 17 14 
Zn 103 97 
Cu 148 74 
Ni 44 8 1 
Co 58 46 
Cr 35 212 
Ba 2 2 
v 391 285 
s 25.8 541 
Ga 20 7 
Sc 49 46 

Average Archean Compositions 

thoh•iitt·s 1 

Cr 
Zn 
Cu 
Co 
Ni 
Rb 
Sr 
Zr 
Ba 
Ca 
y 
La 
Ce 
Sm 
Eu 
Tb 
Yb 
Lu 

KJRb 
KJBa 
Sr/Ba 
l...'l/Yb 
Ni/Co 

n 

1 
Condie ( 1976) 

2
Condie h9&2) 

350 
115 
110 
60 

225 
4 

100 
55 
80 

0.3 
10 

4 
10 

2 
0.8 
0.5 
1.8 
0.4 

350 
10 
1.5 
1.5 
3.8 

32 

175 Cr 
100 Zn 
110 Cu 
50 Ni 

100 Co 
10 Sr 

165 Rb 
100 Ba 

90 Zr 
0.5 La 

15 Cc 
12 Sm 

25 Eu 
3.6 Tb 

1.1 Yb 

0.7 Lu 
2.4 

y 

0.4 K/Rb 
350 Ni/Co 

28 La/Yb 
1.5 Eu/Eu* 
5 
2 

18 

110 

Detection 
26-34 27-39 26-35 Lim! t ( ppt 

11.2 9.9 7.6 2.5 
199 10 t 45 3 

27 42 22 3 
236 240 137 3 

46 45 8 2 
10 . 14 9 4 
81 121 91 1 
13 68 122 t 
43 54 77 1 
42 46 49 1 

100 74 269 1 
588 2 2 3 
243 318 307 1 

1 36 11 1 
17 14 10 1 
26 32 54 10 

d:~cite- rhyolite 1 

Archaean andesites 2 rhyodacite 

125 sa Cr 30 12 
97 81 Co 8 3 
60 36 Ni 25 10 
70 60 Rb 33 41 
25 23 Sr 600 110 

27:i 580 Zr 50 30 
22 75 Ba 590 480 

230 S..J7 Cs 5 2 
ISO 190 y 2 2 

13 34 I...3 13 17 
31 70 Ce 30 35 
3.6 6.7 Sm 2.4 2.3 
1.1 1.9 Eu 0.7 0.5 
0.6 1.0 Tb 0.6 0.3 
1.3 2A Yb 0.5 0.4 
0.3 0.3 Lu 0.05 0.05 

25 35 
K/Rb 503 405 

253 210 K/Ba 28 35 
2.8 2.6 Sr/Ba 1.0 0.23 
7.2 14 u/Yb 26 43 
0.96 0.90 Ni/Co 3 3 

n 7 5 



other element pairs and is worthy of note. 
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Dilution 

effects are particularly important in mass balance 

equations which deal with volume and compositional changes. 

The cluster of points above 20 weight percent Al203 in 

figure 19E, may represent a seperate population and the 

inclusion of these points in this plot should be considered 

in the interpretation of this figure. 

7.3 Trace Element Geochemistry: 

Twenty one samples were analyzed by XRF for trace 

elements by Dr.TW.Wu, at the University of Western Ontario. 

Fifteen trace elements were measured quantitatively with a 

reported accuracy better than 5%. Scandium was measured, 

but the results are semi-quantitative owing to possible 

interference from the high arsenic content of some rocks. 

Sample locations are labelled on figure 14. Results of the 

trace element analyses are listed in table 11 and are 

compared to trace element 

from other areas. 

compositions of Archean rocks 

7.3.1 Tectonic Setting of the Basic Rocks: 

Twelve samples containing less than 58 weight percent 

Si02 were studied using the flow chart system of Pearce and 

Cann (1973), designed to characterize the tectonic setting 

of basic volcanic rocks. The flow diagram is illustrated 

in figure 20. 



Collect 10+ 
random samples 

~ 

Analysis for Ti, 
Zr, Y and Sr .... 

Determine y to Nb ratios 

~ 

Plot Ti. Zr and y 
on Fig. 21 .... 

ll2 

Within Plate Basalts? }Jiv g._ ~continental 
CJ or ocean 

island basa 

Fresh 

( 
'YES I 
~ 

Plot Ti, Zr 
and Sr 

Samples? 

\ 
El 

' Plot Ti, and 
Zr on f lgure 22 

Figure 20: Flow diagram illustrating a method of 
characterizing basic volcanic rocks 
(after Pearce and Cann, 1973). 



113 

Tl/100 

Figure 21: Discrimination diagram for the tectonic setting 
of basic volcanic rocks; using Ti, Zr, and Y. 
Within-plate basalts (ocean island or continental 
basalts), plot in field D, ocean-floor basalts in 
field B, low-K tholeiities in fields A and B and 
calc-alkali basalts in fields C and B. (after · 
Pearce and Cann, 1973) 
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Figure 22: Discrimination diagram for the tectonic setting of basic volcanic rocks, 
using Ti and zr. Ocean-floor basalts plot in fields D and B, low-K 
tholeiites in fields A and B and calc-alkali basalts in fields C and B. 
(after Pearce and Cann, 1973) 
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Yttrium to Niobium ratios yielded values ranging 

between 2 and 4, with most samples giving a result of 

either 3 or 4. According to Pearce and Cann (1973), the 

Y/Nb value for tholeiitic rocks is greater than 2 for 

within plate basalts and greater than 3 for ocean floor 

basalts. 

A plot of Ti/100, Zr and Y.3, (figure 21), places most 

of the samples in fields B and C, with one point situated 

within field A. According to Pearce and Cann (1973), ocean 

floor basalts should plot within field B, low K-tholeiites 

in A and B, and calc-alkali basalts in field C and B. 

Within plate (ocean island or continental basalts), should 

plot within field D. In figure 21, there is a clustering 

of points within field B, with some points plotting within 

fields A and c. This suggests that the rocks represent a 

Proterozoic analogue of the transition from low 

K-tholeiites to calc-alkaline basalts, but the possibility 

that ocean floor tholeiites may be included must also be 

considered. 

Data was also plotted on the Zr versus Ti basalt 

discrimination diagram of Pearce and Cann (1973), (figure 

22). Ocean floor basalts in this diagram plot in fields D 

and B, low K-tholeiite volcanic arc basalts in fields A and 

B, and calc-alkali basalts in fields C and B. Figure 22 

suggests that the rocks are analogous to predominantly 

ocean floor basalts, but may also include samples that are 

low K-tholeiite and calc-alkali basalts. 

Although Pearce and Cann (1973) suggest caution in the 
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use of these diagrams for very old rocks, their use herein 

is believed to be fairly valid, as the results of the plots 

are consistent with field observations of Stauffer et al. 

(1974), for the Flin Flon-Amisk Lake area and Ti and Zr, 

are known to be fairly immobile in metamorphosed rocks 

(Pearce, 1973). Though not conclusive, the diagrams 

suggest a Proterozoic analogue of the plate margin setting 

of modern tholeiitic ocean floor basalts and tholeiitic to 

'calc-alkali volcanic arc basalts. 

7.3.2 Trace Element Variation Diagrams: 

Trace element variation diagrams were constructed for 

Ni, Sr, Cr, and Sc versus gold and are illustrated in 

figure 23a,b,c, and d respective. These plots may show a 

general positive correlation between the trace elements and 

gold. Sr versus Au, (Figure 23b), shows a scatter of 

points which is probably due to the migration of strontium 

during the carbonatization of the rocks 

Pearce (1973). The ionic radii of 

similar size and therefore they are 

as described by 

Sr and Ca are of a 

commonly mobilized 

together in secondary fluids (Fischer, 1969). A plot of Sr 

versus Ca should illustrate a positive relationship if Sr 

and Ca have been introduced in the same fluid (figure 19d). 

If the two points which plot above 500 ppb in figure 

23d are interpreted as a seprate population and are not 

considered in the interpretation of the figure, then there 

may be a correlation between Sc and Au. This would suggest 



, 

Figure 23: Trace elements in parts per million versus gold 
in parts per billion. Square symbols represent 
basalts, triangles are carbonatic tuff samples 
and diamonds are mafic tuffs. 
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that background gold, that is, gold present 

120 
in trace 

amounts in the rocks originally, may have been associated 

with mafic silicate minerals. Scandium is known to occur 

in trace amounts in pyroxene, hornblende, sphene, 

tourmaline, biotite and a variety of 

varying amounts, (Frondel, 1969). 

other minerals in 

Scandium values in the rocks range between 14 and 

87ppm. If the two highest and lowest values are excluded 

and an average value is calculated, a figure of 45ppm is 

determined. This is within the range for a modern oceanic 

tholeiitic basalt as reported by Norman and Haskins (1968). 

Values between 23 and 92ppm are typical for basalts, 

according to Gunn (1966). Because the scandium contents 

reported herein are semi-quantitative, and because of 

possible dilution effects and differences between modern 

and ancient volcanism, no conclusions can be made about the 

genetic origin of 

analysis alone. 

the rocks based upon trace element 

A ternary plot of Ti02x100, Y plus Zr, and 

Davies et al. (1979), illustrates results 

Cr, after 

similar to 

figures 21 and 22, suggesting that the rocks in the thesis 

area are transitional from calc-alkaline to tholeiitic 

affinities. The triangular plot after Davies et al. 

(1979), is presented in figure 24. 

The ratios of some of the least mobile trace elements 

(Zr, Y, Nb) and the fairly immobile major elements Al and 

Ti, were calculated for a number of carbonatic tuff, mafic 

tuff and mafic volcanic flows (basalts). The ratio of the 
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Y t Zr C1 

Figure 24: Discrimination diagram for volcanic trends using Y + Zr, 
Ti02 X 100 and Cr (after Davies et al., 1979). 
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Number Al:Ti Ti:Zr Y:Nb Ti:Y Zr:Y Zr:Nb 

Parent Rocks (Mafic Flows) 

83-20-06 13.4 142.8 2.9 239.8 1.7 4.8 
83-26-37 6.4 93.1 2. 7 323.8 3.6 9.5 
83-27-39 8.4 94.4 4.2 226.9 2.4 10.2 

Av. Par. 9.4 110 .1 3.3 263.5 2.6 8.2 

Product Rocks 

Alt 27-05 11.3 111.5 4.3 2 7 1 • 7 2.4 10.5 
Alt 27-06 8.9 97.5 3.7 335.1 3.4 13.0 
Alt 27-10 12.3 106.4 3.7 286.8 2.7 10 • 1 
Alt 27-17 16.2 66.7 2.6 255.8 3.8 9.8 
Alt 27-18 11.7 104.9 3.0 327.9 3. 1 9.3 
Alt 27-19 13. 1 80.4 3.5 279.8 3.5 12.2 
Alt 27-20 15.3 49.4 3. 1 21 7. 9 4.4 13.5 

Rejected Samples 

Alt 26-05 18.0 35.3 2.1 20 5. 9 5.8 12.2 
Alt 26-06 9.7 74.9 1.8 316.9 4.2 14 • 1 
Alt 26-07 22.8 29.6 1 • 8 283.8 9.6 17.5 
Alt 26-08 18.8 32.1 2.8 182.0 5. 7 16 • 1 
Alt 26-09 17.9 36.2 2.4 200.6 5.5 13 • 1 

Table 12A: Immobile element ratios of parent and product 
rocks used for mass balance calculations. 
Rocks listed under the rejected samples heading 
were not used in mass balance calculations as 
their element ratios significantly differ from 
those calculated for the average parent rocks. 
The average parent is abbreviated as "av. par." 
Parent rocks are type 1 rocks whereas product 
rocks are type 2 and 2a rocks as previously 
discussed. 



Table 12B: Ratios of Relatively Immobile Elements 
For Average Archean Andesites, Tholeiites, 
and Recent Basic Flows For Comparison With 
table 12A. 

Recent Basic Flows (average - 52% Si02) ~'e 1 

Al:Ti Ti:Zr Ti:Y Zr:Y 

16.3 42.2 220.5 5.2 

Average Archean Andesite *2 

Al:Ti Ti:Zr Ti:Y Zr:Y 

15.2-23.9 25.9-29.0 155.9-157.6 5.4-6.0 

Average Archean Tholeiite *3 

Al:Ti Ti:Zr Ti:Y Zr:Y 

14.9 59.97-109.o 399.7-599.6 5.5-6.6 

Archean Meta-Basic (Greenschist facies) *4 

Al:Ti 

Y:Nb 

3.3-4.2 

* 1 Ewart, 1982 
*3 Condie, 1982 

Ti:Zr Ti:Y Zr:Y 

92.3-103.0 391.2-398.9 3.9-4.2 

Zr:Nb 

12.7-17.8 

*2 Condie, 1976, 1982 
*4 Floyd and Winchester, 1978 
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immobile elements should remain fairly constant during mild 

alteration, and similar rock types should have similar 

ratios of immobile trace elements. The ratios Al/Ti, 

Ti/Zr, Y/Nb, Al/Zr, Ti/Y, Zr/Y and Zr/Nb were calculated 

for a variety of rock samples (table 12A). 

The ratios of Zr/Y, Y/Nb and Ti/Zr are similar among 

the mafic volcanics and the carbonatic and mafic tuffs 

(table 12A). The mafic volcanic rocks in table 12A are 

placed under the heading of parent rocks and the carbonatic 

and mafic tuffs are collectively referred to as the product 

rocks. Although there is some variability in the values, 

the range of values are roughly analogous among all three 

rock types, suggesting a common parentage for the rocks. 

An exception to this are the samples collected from line 26 

(figure 14), which yield noticeably different immobile 

element ratios. It is suggested that samples from this 

line may not be related to the other samples listed in 

table 12A, or were related but differed in composition 

originally. There may be a change in lithology westward in 

the map area shown in figure 14, despite the similar 

appearance of the rocks along strike in outcrop. The 

average silica of samples from line 26 is also different; 

an average of 63 weight percent for samples of line 26 and 

44 weight percent for samples along line 27A and B. 

Table 12B shows the ratios of relatively immobile 

elements for a variety of Archean as well as Recent basic 

rocks and has been provided for comparison with table 12A. 

1~ 
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7.4 Mass Balance Calculations: 

For the purpose of the study it is assumed that 

'basaltic rocks', adjacent to the mineralized zones, (type 

1 in figure 14), were parental to the mafic and carbonatic 

tuffs (rock types 2 and 2a). 

These parental rocks have chemical compositions and 

ratios of relatively immobile trace elements similar to 

other reported Precambrian meta-basalts (see table 6 ). 

The parental samples (table 12A), also plot as basaltic 

rocks on the Jensen Cation plot (figure 15) which is 

considered here to be a satisfactory method for the 

classification of Archean and younger volcanics. 

Samples 83-20-06, 83-26-37 and 83-27-39, were chosen 

to represent the parent rocks in the mass balance 

calculations (table 12A). These samples were determined to 

have similar ranges of values for relatively immobile 

element ratios and all have low L.O.I. values (<1.6 wt. 

%), suggesting that they have not been significantly 

altered. Sample 83-26-34 and 83-26-35 (tables 6 and 11), 

were excluded from use in the mass balance calculations 

because of differences with the other parent rock 

candidates (see table 12A). Sample 83-26-35 was excluded 

because of its fairly high L.o.r. value (7.6 wt. %) ' 

which may indicate that it has been significantly altered. 

Secondary alteration, 

differentiation processes, 

rather than primary magmatic 

are believed to be responsible 

for the greatest majority of changes in the chemical 
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compositions documented in this chapter. However, ratios 

of immobile and fairly immobile trace elements (see section 

7 • 4) , between the selected parental and product rocks are 

similar, suggesting limited primary differences between the 

rocks. 

Cursory examination of the chemical compositions of 

relatively unaltered rocks versus their altered 

counterparts, is an unsatisfactory method to relate rocks 

of similar parentage that have undergone variable 

alteration. However, chemical mass balance can be used to 

estimate elemental gains and losses occuring in rocks 

during metasomatic processes. 

A simplified equation for calculating chemical mass 

balance is derived from Gresens' (1967) formula and is 

rep-r:esented as: 

1 

Here Xn equals change in the concentration of component 

n", with "n" equal to Al203, CaO, and soforth, "a" is the 

intial weight of the parent rock; herein given a value of 

lOOg, "Fv" is the volume factor, which is the ratio between 

initial and final volumes, "Ga" and "Gb" are the specific 

gravities of the parent and product rocks respectively, and 

"Cn" and "Cn" are the weight fraction of any component in 

the parent and product rocks. If an immobile behaviour is 

assigned to a given component "n", then "n" or "Xn" equals 

zero, and the equation is: 

2 
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A "Fv" value of 1. 0 , indicates constant volume during 

metasomatic alteration, a value of 0.7 indicates a 30% 

volume reduction, and a "Fv" of 1.3 an increase of 30%. 

7.4.1 Method: 

The above equations have been used in this study as 

follows. Weight fractions of individual components from 

chemical analysis of the assumed parent and an altered 

product rock are entered into equation 2 as Cna and Cnb 

respectively. In this study, the specific gravities of 

both parent and product rocks are assumed equal (Ga and Gb 

in equation 2). From equation 2 a fv value is derived for 

the component n • The procedure is repeated for each 

component under study until a list of fv's is completed. 

From this list, the fv values for components empirically 

known to be relatively immobile during alteration are 

selected and this value is then inserted into equation 1 as 

the FV. Changes in the concentrations of other components 

(Xn in equation 1) can be individually determined in 

relation to the component which is assumed to be relatively 

immobile. By plotting the gains and losses of the various 

components as derived from equation 1 onto a composition-

volume diagram, the overall volume factor (FV) for the 

metasomatic reaction can be determined. 

An alternate method would be to calculate volume 

factors (fv's) as 

plot these results 

described before using equation 2 and 

directly onto a composition-volume 
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diagram. Visual inspection of this diagram should indicate 

which elemental components have remained relatively 

immobile during alteration as these components should 

cluster together along the isochemical line. 

Either method can be used to select an assumed 

immobile component for use in equation 1. In this study, 

the first method was employed because of its simplicity. 

There are several problems in using "basaltic" (type 

1) rocks as a parent. There is variability in the primary 

composition of the "parent" rocks. Findings of this 

current study suggest that the rocks in the area range from 

tholeiitic to calc-alkaline basalts to andesites (see 

section 7.3.1). There may also be a degree of chemical 

variation contributed by primary seawater hydrothermal 

alteration of the rocks, as suggested by Kerrich and Fyfe 

(1981) for lode gold- hosting basalts 

Northwest Territories. 

at Yellowknife, 

In order to minimize the variations between samples of 

parent rocks used in this study, a general composition was 

estimated by averaging the chemical compositions 

of the least altered rocks. 

of three 

It is assumed in this study that no change in density 

occurred during metasomatism of the parent rock and thus 

parent and product rocks are assigned an equal value of 1. 

A small change in density of the rocks does not appear to 

have a major influence on the mass balance calculations. 

Use of a value of 3.0 for the specific gravity of the 

parent and 2.9 for the product, based upon the assumption 
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loss during metasomatism, produced a negligible 

difference in the results obtained through the mutual value 

of 1. 

The changes in volume (Fv) between the parent and 

product rocks were determined using equation 1 and 2. The 

oxides Al203 and Ti02 are regarded as relatively immobile 

under low grade metamorphism and may remain so at 

conditions of higher grade (Pearce and Cann, 1973; Floyd 

and Winchester, 1978). Volume factors calculated for these 

'immobile' components should therefore provide the most 

accurate estimate of the volume factor for the rock as a 

whole, (Fv), (Gresens, 1967; Robinson, 1984). By assuming 

a volume change based upon Al203 and Ti02, the gains and 

losses recorded as grams per 100 grams of parent rock, can 

be determined. The results of these calculations can then 

be displayed in composition-volume 

intersection diagrams. 

and isochemical line 

Although Ti is considered to be fairly immobile, the 

element can be mobilized under certain conditions. 

Extensive mobilization of Ti was reported by Hynes (1980) 

as a result 

metabasalts of 

of carbonitization of 

southeastern Quebec. 

the Ascot Formation 

Kerrich and Fyfe 

( 1981). also reported mobilization and enrichment of Ti in 

carbonate rich metabasalts at Yellowknife, Northwest 

Territories. There is a possibility that some mobilization 

and enrichment of Ti has occurred within the 

mafic rocks at Robinson Creek. 

Element ratios between the parent and 

carbonatized 

product rocks 
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that perhaps Y and Ti02 were the least mobile of 

the elements. Several diagrams were replotted using the fv 

values for Y and Ti02 to explore the possibility that these 

values may produce improved results. The slopes of the 

component curves decreased slightly and the intersection of 

Na and Ca with the isochemical line shifted by a marginal 

amount. Volume factors for Al203 and Ti02 were then 

considered equally acceptable to those of Y and Ti02 for 

the purpose of this preliminary study. 

A number of assumptions have been made in the 

construction of the composition- volume diagrams which may 

potentially contribute to a degree of error in the results. 

The mass balance diagrams presented herein are intended to 

show gross element changes and 

being ultimate solutions. 

should not 

7.4.2 Mass Balance Results and Discussions: 

be veiwed as 

Results of the mass balance calculations are presented 

in figure 25a-n in the form of a series of 

composition-volume diagrams. Sample numbers Alt 27-5, 6, 

and 17 show the least penetrative deformation in the field, 

whereas sample numbers Alt 27-10, 1 7 , 1 9 , and 20 are 

visibly sheared and deformed by comparison. 

Composition-volume diagrams are useful for an overall 

comparison of the relationships of component elements. In 

figure 25a, the majority of component curves, (expressed as 

straight lines), intersect the zero gain-loss or 



Figure 25: (a-n): Compostion-volume diagrams (after Gresens, 
1967). A volume factor (Fv) of 1.0 is 
termed isovolumetric, the zero point along 
the vertical axis is the isochemical point. 
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isochemical line, at or near FV=1.0. The 

.LJ9 

clustering of 

points within a small range of FV values, suggests that 

these components have not been mobilized appreciably and 

suggests a relationship between assumed product and parent 

rocks. The clustering of the points at Fv=1.0 also 

suggests an isovolumetric process whereby alteration was 

accomplished with negligible changes in volume between the 

parent and product rocks. 

The intersection of the Mg curve towards the right of 

the clustered points, suggests that this component is 

depleted and conversely, the intersection of K towards the 

left of the diagram, indicates an enrichment. The overall 

pattern of the plot indicates that the components in the 

sample have not been mobilized, although minor enrichment 

and depletion of some components has occurred. These 

findings seem reasonable considering the minor amount of 

penetrative deformation observed in the rocks. The 

assumption in this study is that highly sheared rocks 

allowed the passage of secondary fluids 

mobilization of some of the elements. 

and promoted the 

Figure 25g and h, are the plots 

trace elements of sample Alt 27-17. 

a wide range of intersection points 

for the major and 

These figures display 

for component curves 

with the isochemical line. This may indicate that the 

sample has been substantially altered, with a depletion of 

Na, Ca, and Mg and enrichment in K, Rb, Sr, and Ba. Sample 

number Alt 27-17 was taken from a highly sheared portion of 

outcrop. 



Figure 26: (a-g): isochemical line intersection diagrams, 
illustrating the intersection point of 
component curves with the isochemical line 
(after Gresens, 1967). Dashed lines on 
the diagrams delineate the approximate range 
of Fv values for the samples. Sample numbers 
are labelled above each figure (see figure 14 
for sample locations). 
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Isochemical line intersection diagrams 

iM 

are presented 

for all seven samples used in the mass balance study and 

portray the intersection points of major and trace element 

component curves with the isochemical line. The FV value 

of 1.0 on figure 26a-g is known as the isovolumetric point, 

or the point at which there is no volume increase or 

decrease between the parent and product rock as the result 

of alteration. Fv values of greater than 1.0 indicate a 

volume increase in the product rocks and values of less 

than one indicate volume reduction. 

In figure 26, there appears to be a wide scatter of 

the points along the Fv line. When studied in detail, it 

can be seen that the relatively mobile trace elements are 

often grouped with mobile major elements and the relatively 

immobile trace elements such as Y, Zr, and Sc are grouped 

with elements such as Al and Ti which are also considered 

fairly immobile (Pearce, 1973). 

Sr, 

Ca. 

In general, there appears to be an enrichment in Rb, 

and K, in the samples and a depletion of Na, Mg, and 

There is also a general relationship between rocks 

with higher gold values such as sample Alt 27-10,17, and 20 

and Rb, Sr and K enrichment. A similar phenomenom has been 

noted at the Cameron Lake area by Melling et al (1985). 

Silica, which is considered a mobile element, displays 

a tendency to remain constant in the plots, being neither 

substantially enriched nor depleted. The silica curve 

consistently intersects the isochemical line between Fv 1.0 

and Fv 1.2, with the exception of figure 26e which shows an 



intersection at Fv 1.26. 

~4~ 

Although only approximate and 

open to alternate interpretation, the Fv values for samples 

illustrated in figure 26 are estimated to be Fv=1.0 for 

figure 26a, Fv=0.9, forb, Fv=1.4 for c, Fv=1.1 for d, 

Fv=0.86 for e, Fv=1.2 for f and Fv=0.55 for g. 

The Fv value of figure 26a was chosen by taking an 

average intersection point for the cluster defined within 

the dashed lines. This value is near the intersection 

points for Y and Ti, considered here to be the least mobile 

components. For figure 25b,c,e and f, the values were also 

estimated by the average intersection of Ti and Y. Figure 

26d and g proved more problematic than the rest. In the 

case of figure 26d, there is a dramatic spread in the 

intersection points, with Al and Zr plotting near Fv=0.7 

and Y and Ti intersecting at an average value of Fv=l.IS. 

Both sets of points contain supposedly immobile components 

and arguments for choosing a Fv value of either 0.7 or 1.15 

could be made. Fv=1.1 was chosen for two reasons. 

Firstly, an Al enrichment in the rocks seems to be more 

viable than an enrichment in Y and secondly a volume 

increase in a highly sheared rock such as sample Alt27-17 

seems more geologically reasonable than a volume decrease. 

If the assumed Fv values are correct, then a volume 

increase has occurred between the parent rock and the 

products Alt27-10,17, and 19 and a volume reduction has 

taken place in samples Alt27-6,18, and 20. 

Kerrich and Fyfe (1981), determined that CaO and MgO 

were depleted at volume factors of 1.3 or less and added at 
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Fv's of greater than 1.3, in altered rocks hosting gold 

veins at Yellowknife. As well, Na20 was noted to be 

depleted in all samples and K20 enriched. Rubidium and 

Strontium were found to behave similarily to K and Ca 

respectively, and Al, Sc and Zr indicated no changes at 

all, (Kerrich and Fyfe, 1981). Samples from the thesis 

area (figure 26b, d, e and g), have an estimated Fv value 

of 1.3 or less and also show a depletion inCa, and Mg. Na 

and K are variably enriched or depleted and Sr appears to 

be independent of Ca, being enriched in rocks noticeably 

depleted in Ca (figure 26d,e, and g). 

Sample Alt 27-10,17,18,19, and 20, contain abundant 

visible ankerite. The rocks all appear to have been 

carbonatized and yet there is a depletion of Ca in several 

of the samples suggesting the formation of Ca-poor 

carbonate minerals and a possible net 

alteration. 

loss in Ca during 

7.4.3 Interpretation of Mass Balance Results: 

Although not definitive, mass balance calculations are 

of use for generalizing the movement of elemental 

components during alteration and to illustrate the 

relationships between components. 

In general, samples which display a greater degree of 

penetrative deformation tend also to show a scatter of 

points along the isochemical line, indicating a mobility of 

the components. These sheared samples commonly contain 
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higher amounts of gold and are characterized by an 

enrichement of K, Rb, Sr and to a lesser extent Cr and are 

depleted in Mg, Na, Ca and to a lesser degree V and Nb. 

The enrichment in K and Rb in the plots is interpreted to 

be a result of the introduction or formation of sericite 

and minor biotite in the rocks. Sericitization processes 

involve a depletion in Na and an enrichment in K, which is 

shown in figures 25d and f in particular. Rubidium, which 

commonly is associated with K, also occurs as a trace 

element component in muscovite and biotite (Heier and 

Billings, 1969). Sericite may be formed by the hydrolysis 

of silicates expressed as: 

Alblt• . Sericite 

3NaAISi30, t K• f 2H+-~ KAJ
3
Si30 10 (OH) 2 t 6Si02 + 3Na+ 

Composition-volume diagrams (figure 25) and shear zone 

intersection diagrams (figure 17a-c), suggest an enrichment 

of K in the sheared rocks, but a plot of K versus Au shows 

no correlation (see 7.2.3). Possible explanations for 

these findings are presented in chapter 8. 

The enrichment of Sr in the rocks may indicate that 

the secondary fluids were rich in this element. Strontium 

is closely associated with Ca and tends to follow Ca during 

alteration (figure 19d). Mass balance calculations suggest 

that Sr is enriched while Ca is depleted, implying a 

possible abundance of Sr in the secondary alteration 

fluids. Strontium is also noted to occur with gold bearing 

rocks of the Cameron Lake deposit (Melling et al. 1985). 

The apparent immobility of silica as suggested by its 



consistent intersection point along the isochemical lines 

of figure 26, is probably a function of its relative 

abundance in the rocks. Silica is the largest component in 

the rocks, and thus a depletion or enrichment of silica 

will not appear as a dramatic change in the plots as would 

trace elements. Another possibility is that there has been 

a nearly equal amount of silica enrichment as there has 

been depletion, thus producing negligible differences in 

the diagrams. The pH of the fluids may also play a role, 

as it is known that silica tends to be less mobile in 

acidic fluids. 

Despite the apparent carbonatization of the rocks, Ca 

in a number of the samples has been depleted. The parent 

rock, which is believed to be "basaltic", would have 

originally contained calcic minerals such as epidote, 

plagioclase and pyroxenes. The alteration of these 

minerals, plus chlorite, would release Ca and Fe-Mg 

respectively, which may have then been incorporated in the 

formation of ferroan dolomitic material visible in the 

product rocks. This alteration reaction as described by 

Kerrich and Fyfe (1983), may be written as: 

3(Mg Fe)4 AllSj20,o(OH)• + 6Ca2AI3 Si 3 0 12 (OH) + 6Si01 + 24C0 2 + 10K •--~ 
10KAI3 Si301o (OH)2 + 12Ca( Mg, Fe) (C03 ) 2 + 10H" 

Work by Parslow et al. (1981), on carbonate-rich 

rocks in the east Amisk Lake area, indicates that the 

ankerite in the rocks is Ca poor. Other than ankerite 

there is a general lack of calcic minerals in the product 

rock suggesting that Ca not used in the formation of 
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ankerite was perhaps lost. Calcium still preserved in the 

altered rocks in minor plagioclase would be more 

susceptible to chemical attack during any later alteration 

events than would Ca in the ankerites. The product rocks, 

although apparently rich in carbonate as seen in figure 5, 

contain an average of 7 weight percent CaO whereas the less 

altered parent rocks average 11.4 percent CaO and have only 

minor visible carbonates. 

7.5 Nature of Alteration and Mineralizing Fluids: 

Stable isotope studies by Kyser et al. (1986), 

~18 produced u 0 values of + 11 to • 14 for auriferous and 

non-auriferous quartz in veins in the Flin Flon-Amisk Lake 

area, suggesting a combination of metamorphic and 

hydrothermal origin for the fluids. Co-existing mineral 

pairs from quartz veins at Flin Flon, produce isotopic 

equilibrium temperatures of between 350 and 450°C. 

The co-existence of chlorite with albite in the wall 

rocks adjacent to quartz veins suggests a maximum 

0 
temperature of about 450 C based upon the work of Liou et 

al (1974) for the thermal stability of these minerals. 

This temperature is within the approximate range of 

temperatures estimated for quartz veins in the Flin Flon 

area by Kyser et al. (1986). 

Ankerite within quartz veins at Robinson Creek yielded 

n u 
liOvalues of +12 and a liC value near -4. Ankerite was found to 

be in disequilibrium with quartz in which it is contained 



suggesting that 

different fluids. 

quartz and ankerite originated 
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from 

Carbonatization and the formation of ankerite in the 

altered rocks is interpreted to predate the introduction of 

quartz veins in the area. This is suggested by the 

isotopic disequilibrium of quartz and ankerite, observed 

reaction relations of carbonate and quartz in thin section, 

field observations of the cross-cutting relationships 

between some quartz veins and carbonatized rocks and the 

inclusion of "rafted" ankerite in the quartz veins. 

CHAPTER 8 

Interpretation, Summary and Discussion 

8.1 Introduction: 

The purpose of this chapter is to summarize the 

information which has been presented and provide an 

interpretation and discussion for those topics not 

previously dealt with. A detailed summary of the 

geochemistry will not be presented here as it has been 

discussed in some length in the preceeding chapter. 

8.2 Summary of Geology, Geochemistry and Tectonic Setting: 
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The volcanic rocks in the Robinson Creek study area 

are interpreted as a Proterozoic analogue of a sequence of 

tholeiitic to calc-alkaline basalts to rhyolites, based 

upon geochemical plots such as the Jensen (1976) cation 

plot shown in figure 15, Pearce and Cann (1973) plots in 

figure 20 and 21, and the plot after Davies et al. (1979), 

figure 24. Yttrium to Niobium ratios in mafic rock samples 

(less than 58% Si02), suggest an ocean floor emplacement 

(Pearce and Cann, 1973). A plot of Ti/100, Zr and Y.3 

(figure 21), as well as Zr versus Ti (figure 22), imply a 

plate margin setting in an ocean floor to volcanic arc 

setting. The results of the plots support the 

interpretation that the rocks represent an early 

Proterozoic equivalent of modern tholeiitic to calc-

alkaline basalts. This interpretation closely parallels 

those of Ayres (1977) and Walker and Watters (1982), who 

suggested that the Amisk volcanics south of Comeback Bay, 

range from a lower subaqueous tholeiitic sequence of mafic 

flows to subaerial intermediate to felsic calc-alkaline 

basalts. The entire Flin Flon area was interpreted by Bell 

et al. (1975), Mukherjee et al. 1971) and Stauffer, 

(1974), to be an early Proterozoic volcanic arc complex. 

The mafic to intermediate volcanics in the study area 

are viewed as being transitional between the tholeiitic and 

calc-alkaline affinities as best illustrated in the Jensen 

(1976) cation plot, figure 15. The chemical composition of 

these rocks is similar to those of other Archean basalts 

and andesites studied by Condie (1976) and Kerrich and Fyfe 
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Mass balance calculations and trace element analysis 

suggest that the mafic and carbonatic tuffs are related to 

the mafic to intermediate volcanic flows located in the 

northern portion of the study area. The "basaltic" 

parental rocks were found to be chemically variable and an 

average of the parents was thus used for comparison with 

the altered product rocks. 

A topographic low beleived to approximate the position 

of the northern extension of the Mosher Lake Fault through 

the study area, separates the sheared product rocks 

(carbonatic and mafic 

"basalts" to the north. 

tuffs), from the assumed parental 

Longiaru (1980), stated that the 

relative movement along the fault could not be determined, 

owing to a lack of marker horizons. The same problem 

exists within the study area, where the fault is obscured 

by a swamp. Longiaru (1980) assumed that the Mosher Lake 

Fault would behave in a similar fashion to the Comeback Bay 

Fault, with relative movement of east side up. This 

displacement would cause stratigraphically lower units to 

be exposed on the eastern or northeastern side of the 

fault. 

If this same movement is assumed within the study 

area, then the "basalts" in the northern portion of the 

area may represent stratigraphically lower units of the 

Amisk volcanics and may partially explain observed 

differences between the chemical composition of the parent 

and product rocks used in the mass balance calculations. 
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This scenario is only speculative and is presented here as 

a possible interpretation. The variability in the chemical 

compositions 

attributable 

of the 

to the 

parent rocks is more likely 

transitional nature of the chemical 

affinities of the rocks from tholeiitic to calc-alkaline. 

The mafic and carbonatic tuffs probably represent 

altered basalt to andesite flows and related pyroclastics. 

The obvious 

demonstrated 

susceptibility to shearing and foliation 

in portions of the outcrops and the nature of 

their weathering, suggests a tuffaceous component, although 

the rocks may also be highly sheared flows. Carbonate 

initiated alteration of mafic silicate minerals may have 

during subaqeous emplacement of the rocks, but the 

the 

The 

alignment of the carbonate material parallel to 

foliation suggests formation during metamorphism. 

isotopic disequilibrium of the quartz and carbonate and the 

cross-cutting relationship of some quartz veins through 

ankerite bands, suggests emplacement of the quartz at a 

different 

the rocks. 

and probably later time than carbonitization of 

Gold was probably introduced in fluids travelling 

along shear planes, along with other metallic cations. 

Gold appears 

arsenopyrite 

to be intimately associated with pyrite, 

and magnetite. Lateral migration of 

mineralizing fluids away from the shears is implied by the 

presence of auriferous pyrite within the wall rocks. 

Evidence for transport of the gold within quartz-rich 

fluids is drawn from the presence of free gold within the 
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quartz veins. The abundance of massive arsenopyrite within 

the quartz veins suggests the introduction of arsenic with 

the fluids. The fluids were also probably enriched in K, 

Rb, Sr, S, and Fe. 

A two stage alteration process is proposed for the 

thesis area to 

geochemical results. 

explain the 

The first 

observed mineralogy and 

stage may have largely 

involved carbonitization and sericitization of the rocks. 

The C02 and K required to produce ankerite and sericite 

present in the altered rocks, may have been provided by 

metamorphic fluids. The hydrolysis of feldspars, epidote, 

hornblende and other silicate minerals during metamorphism, 

would release Fe, Mg, Ca, Na, Al, Si and other elements 

which then formed sericite, ankerite and minor chlorite. 

The second alteration event may have 

involved silicification of the rocks, 

predominantly 

with minor 

chloritization, tourmalinization, and pyritization. Fluids 

were probably rich in Si, Al, S, Sr, As, and to a minor 

extent, Au, and were depleted inK. The typical secondary 

mineral assemblage for this event is quartz, tourmaline, 

pyrite, and minor chlorite. 

This scenario helps to explain several findings from 

the geochemical studies discussed herein. The reason why 

Sr and Ca are not equally enriched nor depleted in the 

composition-volume diagrams (figure 25), may be that Ca was 

enriched in the initial alteration fluids but depleted in 

later fluids, and Sr was disproportionaly enriched relative 

to Ca in later fluids. Calcium released during early 
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hydrolysis reactions was partly incorporated in the 

formation of ankerite. K was largely incorporated in the 

formation of sericite during early alteration and was 

depleted in later alteration fluids. This helps to explain 

why there is a lack of correlation between K and Au and why 

there is a positive correlation between Al (present in 

later fluids), and Au. 

In summary, the majority of ankerite and sericite 

present within the altered rocks of the study area are 

believed to have been formed prior to the introduction of 

gold-bearing quartz veins and the formation of tourmaline, 

chlorite, and pyrite. 

8.3 Discussion of the Transportation and Deposition of 

Gold: 

Present knowledge of the stability and stoichiometry 

of gold complexes in hydrothermal fluids and the mechanisms 

of deposition of gold from solutions is limited (Seward, 

1982). A detailed discussion of the transportation and 

deposition of gold is therefore beyond the scope of this 

present study. However, some generalizations regarding 

gold transportation and deposition can be presented. 

Gold is known to occur in two oxidation states; Au•and 

A 3+ u • According to Helgeson (1969) and Seward (1973,1982), 

Au•predominates in aqueous solutions. Gold is believed to 

be transported as a complex, but there are conflicting 

opinions as to the nature of the complexing ligands. 
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favours sulphur bearing (thio) 

complexes such as HS-, and S-and sulphur-arsenic complexes 

(thio- arsenites) such as AsS for the transport of gold. 

Some gold transportation may be facilitated by chlorine 

(chloro) complexes such as Cl • Henley (1973), agrees that 

thio complexes are important, but suggests that chloro 

complexes are dominant at temperatures above 350°C. 

(1982) disputes the conclusions of Henley (1973) 

possible errors in Henley's calculations. 

Seward 

citing 

Kerrich and Fyfe (1981), suggested that carbonyl 

complexes such as AuClCO may be important gold 

transporters. There are two major problems with carbonyl 

ligands as gold complexers; the carbonyl-gold bond is very 

weak, and CO is vulnerable to substitution by other 

elements (Seward, 1982). 

Thio complexes seem the most plausible means of 

transporting gold in hydrothermal fluids. Chloro complexes 

are less stable than thio complexes and require acidic 

conditions. Most ore solutions are neutral or slightly 

alkaline (Casadevall and Ohmota, 1977). Chloride complexes 

will only be dominant in fluids enriched in chlorine, 

depleted in reduced sulphur, or having a high oxidation 

potential. Most hydrothermal ore solutions do not meet 

these criteria (Seward, 1982). Chloro complexes may be 

important under specialized conditions and the influence of 

such complexes in the transportation of gold cannot be 

entirely rejected. 

The transportation of gold by thio and thioarsenite 
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occurrences. 

seems reasonable for 
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the Robinson Creek 

Abundant arsenopyrite and pyrite within 

gold-bearing quartz veins suggest that arsenic and sulphur 

were enriched in the mineralizing fluids and thus may have 

been available to form complexes with the gold. 

Experimental studies by Seward (1973, 1982), show that 

gold will be precipitated in response to changes in 

temperature, pressure, activity of reduced sulphur, 

oxidation potential and pH. Of these parameters, pH and 

temperature are considered the most influential factors 

affecting gold deposition (Seward, 1973, Romberger, 1983). 

A decrease in temperature is accomplished through the 

ascent of fluids towards the surface along fractures and 

shears (figure 27). Precipitation of metal sulphides and 

oxidation, will cause a decrease in the concentration of 

reduced sulphur and induce gold precipitation (Seward, 

1982). 

A combination of factors may have contributed to the 

deposition of gold at Robinson Creek. The interaction of 

mineralizing fluids with previously formed ankerite in the 

altered rocks, may have caused a change in the pH, the 

formation and precipitation of pyrite may have decreased 

the concentration of reduced sulphur, and the ascent of 

fluids along fractures and shear zones may have decreased 

the temperature. All of these processes may have 

contributed to the precipitation of gold. 
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Conclusions and Recomendations For Further Study 

9.1 Conclusions: 

1) The felsic volcanics, previously mapped by Byers and 

Dahlstrom (1954) as porphyritic granodiorite, are actually 

a sequence of intermediate to felsic volcanic flows and 

related pyroclastic rocks. The pyroclastic component of 

the rocks may have originally been 

helps to explain the pronounced 

a crystal 

foliation 

penetrative deformation observed in the rocks. 

2) Porphyritic rocks of dacitic to 

tuff, and 

and ease of 

rhyodacitic 

composition, intrude the felsic volcanics in a series of 

digital apophyses. Two varieties of porphyritic intrusive 

rock are present; a late or post-Amisk rock composed of 

feldspar and quartz phenocrysts and a post-Missi variety 

containing mostly feldspar phenocrysts. The porphyritic 

rock with feldspar and quartz phenocrysts, may be related 

to the Reynard Lake Pluton, which according to Longiaru 

(1980) was emplaced during P2 deformation. The porphyritic 

rock may represent the hypabyssal equivalent of the 

intermediate to felsic rocks in which it intrudes. 

3) The mafic and carbonatic tuffs are interpreted to be 

highly sheared and metasomatized mafic volcanic flows and 

related pyroclastics. The pyroclastic component helps to 

explain the apparent susceptibility of the rock to 

shearing. The parent rock material for these altered 
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rocks, was probably basaltic in composition. These rocks 

may grade into more felsic (dacitic) rocks westward towards 

sample line 26, in figure 14. The rocks along line 26 are 

not believed to represent altered mafic flows. 

4) The Amisk Group volcanics within the study area 

probably represent an early Proterozoic analogue of a 

transitional sequence from tholeiitic to calc-alkaline 

chemical affinities. There is also a transition in 

tectonic setting similar to modern ocean floor to island 

arc environments. 

6) The rocks appear to have been metamorphosed to upper 

greenschist to lower amphibolite grade. Most of the rocks 

probably were metamorphosed to the greenschist- amphibolite 

transition facies of Turner (1981). Temperatures may have 

0 
been in the range of 475 to 525 C. 

7) The Robinson Shear System, represents splays from the 

Mosher Lake Fault which is interpreted to transect the 

study area. The shearing is probably a regional P3 event 

and is important, as it probably acted as a passageway for 

alteration and mineralizing fluids. 

8) The rocks in the study area have been carbonatized, 

silicified, sericitized, chloritized and locally 

tourmalinized. Carbonate alteration (ankerite), pre-dates 

the introduction of quartz veins and gold and was probably 

emplaced during an early alteration event related to 

regional metamorphism during the P2 deformation. Ankerite 

was probably formed from the hydrolysis of feldspars and 

ferromagnesium minerals. 
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9) Metasomatic alteration of sheared volcanic rocks is 

accompanied by a volume increase, whereas metasomatized 

rocks with minor penetrative deformation are typified by a 

volume decrease. 

10) The Robinson Creek occurrence is of the structure 

controlled vein type and is asociated with pervasive 

hydrothermal alteration. The typical alteration assemblage 

is sericite, quartz, chlorite, carbonate (ankerite), and 

pyrite. 

11) Alteration and mineralization fluids were probably 

and Ni. rich in C02, K20, s , B' As, Sr, Rb, Au, 

Introduction of these components was accompanied by the 

depletion of Ca, Na, and to some extent V, and Nb. Mg 

appears to have been depleted in some of the rocks but 

enriched in others. Dilution effects must be considered 

with any of these interpretations. 

12) Gold was introduced during the emplacement of quartz 

veins and is closely associated with pyrite and 

arsenopyrite. Although only speculative, the gold may have 

been transported as a thio-complex which formed and 

precipitated pyrite and associated gold when the fluids 

reacted with the iron rich mafic volcanic rocks. Iron may 

have been partially derived from the breakdown of magnetite 

in addition to iron released through the breakdown of iron 

rich silicate minerals. Deriving iron from magnetite would 

explain the abundance of disseminated, late-forming 

auriferous pyrite found within wall rocks adjacent to 

shears, the lack of magn~tite within the centers of shear 
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zones, and anomalous gold values from altered magnetite 

(magnetite altering to hematite) seperates. A similar 

scenario has been proposed by Melling et al (1985), for the 

precipitation of gold in the Cameron Lake Gold Deposit. 

Precipititaion of gold may also have been prompted by a 

change in pH caused by the introduction of slightly acidic 

mineralizing fluids into ankerite rich rocks. 

13) The folded anticlinal structure interpreted by Pearson 

(1982) at the "Quartz Zone", probably acted as a trapping 

mechanism for mineralization and may also have acted as a 

dilatent zone of lower pressure which may have also induced 

the deposition of gold and related sulphides. 

14) The source for alteration and mineralization fluids 

was probably a combination of metamorphic fluids derived 

from dehydration reactions, as well as fluids derived and 

circulated by magmatic intrusions. 

9.2 Recommendations For Further Study: 

The potential for continued research in the Robinson 

Creek area is considerable. Detailed mapping and 

preliminary geochemistry, has revealed a more complex 

geological setting and diversity in lithology than had 

originally been suspected. Detailed geochemical sampling 

was largely done along traverse lines perpendicular to the 

strike of the rock units. Sampling along strike of the 

rocks may reveal changes in lithology suggested by this 

current study, but not recognized in previous work. 
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Mass balance calculations in this thesis, serve as a 

preliminary 

relationships 

study of 

between 

the fluid volume and component 

parental rocks and their 

metasomatized products. Much more work could be done in 

this area of study. 

larger populations 

The process could be refined by using 

of parent rock samples and a more 

precise selection of these samples. The fluid volume 

factors of Al and Ti used herein, are adequate for the 

purpose of a preliminary investigation to show general 

relationships, but, use of immobile elements such as Y, may 

prove to be more desireable for a detailed study. The 

element Y, is not susceptible to the processes of magmatic 

differentiation to the same extent as Al. A detailed mass 

balance study should also employ calculated specific 

gravities for parent and product rocks in order to more 

accurately portray geological conditions. 

Sample lines should be extended northward, well into 

the area occupied by mafic volcanic flows. Further gold 

assays should be performed along these lines for whole rock 

values, as well as for sulphide mineral seprates. 

Finally, a detailed examination of available drill 

core from both within and outside the study area, may help 

to unravel the complex structural and lithological 

relationships of the rocks. A detailed structural analysis 

in outcrop should also be undertaken. 
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APPENDIX 1: Comparison charts for the visual estimation of modal mii.eral abundances in thin section. 
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APPENDIX 2 

Mineral Identification By XRD 

Mineral seperates were ground to a fine powder in a 

ceramic mortar and affixed to glass microscope slides as 

thin smears. A solution of 95% ethyl alcohol was used as a 

binding agent. 

Analysis were performed with a Rigaku Rotaflex Ru-200 

rotating anode X-ray generator, (XRD), operating at 50 Kv 

and 100 mA. Standard scanning conditions were 90 to 10 

degrees, with a step width of 0.2 theta for 0.4 seconds per 

step. Raw data was processed by a computer using the 

Rigaku (1984) "DMAX" software program. 
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APPENDIX 3 

Staining Method For the Identification of Ferroan Dolomite 

Samples of carbonate were stained using the Dickson 

method as described in Allma nn and Lawrence (1972). 

Samples were first etched with a 1. 5% Hydrochloric acid 

solution for 10-15 seconds, and then stained in a two stage 

procedure. Stains were made using the formula outlined in 

table A and applied to the samples through the procedures 

listed in table B. 

Treated samples produced a deep turquoise color, 

indicating a positive reaction for the presence of ferroan 

dolomite. 

Tabla A 

STAIN t: 
A· 

B-

STAIN 2: 

Table 8 

f'ROCE::JURE 

Sla!Je I 

Slage 2 

St:aga J 

etch solution 

sl~ininq solution 
1 

3 pans A 
and 

2 pans B 

staining solution 
2 

Allurln red 

1.5 '\ HCI sol. 

KlFe (Cti)G 
t.S, HCI sol. 

Allz:Jtln red 
1 S'\ HCI sol 

TIME 

10-15 see 

30-oiSuc 

meaium stain 
40 sec 

light stain 
JO sec 

·10-1 5 StiC 

medium stain 
15 sac 

lioht suin 
10 s~c 

0.2g 

?Mb l ""' A Oo 2 '"" a 
100 ml 

2.0g 

100 ml 

0.2g 
100 ml 

calcite 
ferre~n calcite 

dolomite 
re~ro~n dolomite 

calci11 

ferroan calcite 

de lomite 

leuoan dolomote 

calcite 

lerro~n calcite 

dnloml!o 

lerro~n dolomoto 

RESUt..T 

IH:qligoblc; IIIC:n 

very pale ;:~in~ :o red dep1nding on 
opuc:al or;,,t.nion 

very p~l'! pink t:l red. ,.:lo !Jiue to dar::. 
blue: the two iUCerimposed g:ve 
meuvrt·c..,rclo·rOyal bluo 

nu colour 

palo to dwep turquoile dependin<J on 
ferrous content 

very pale pink ·red 

mauve·purplo~·oO)·'' blue 

no colour 

p61.t to d~ .. p turouoose 



Appendix 4 

Whole-Rock Analyses for Major and Trace Elements by XRF 

Major element whole-rock analyses were performed by 

X-Ray Assay Laboratories Limited, Don Mills, Ontario, with 

a reported detection limit of 0.010 weight percent. All 

elements are calculated as oxides with total iron expressed 

as Fe203. 

Trace element analyses were performed by Dr. T-W. Wu 

at the University of Western Ontario using fused discs. 

The reported accuracy of the results is better than 5 

percent except for S and Ga which are accurate to within 10 

percent. Sc is only semi-quantitative owing to 

interference from As. The accuracy of the analyses was 

varified using duplicate samples and by comparison to the 

known standards BR (basalt) and GSP-1 (granodiorite). 
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