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ABSTRACT

¢
Chert, ferruginous chert and associated chemical

'sedimentary rocks are a ubiquitous although vo1umetrica]ly'minor
component of the Upper Ordovician-Silurian vo]can{c succession in
Céntral NewfoundTaﬁd. They are intimately associated with volcanic
lithologies ra;ging from mafic pillow lava and pillow breccia to
5111cic flows and pyroclastic rocks, and occur both as thin,
discontinuous bedded lenses conformable with the volcanic stratigraphy
and as massive pods interstitial to mafic‘pi]]dﬁs. Although most units
_appear to be unrelated to base metal mineralization, a laterally
continuous horizon at Gull Pond, the Gullbridge ferruginous chert,
overlies and is spatially related to two volcanogenic copper deposits.
Two hundred and forty-sgven rock samplgs were analyzed for

. P
10 major and 10 trace elements in order to examine inter-element

relationships providing information on the genesig of thesé sediments
and to determine whether chemical. concentrations in the Gullbridge
ferruginous chert could be developed as a useful exploration tool.
Chemfcal data suggest that three processes contributed to
the formation of these chemical sediments, viz; biogenic processes are
inferred to have been responsible for most of the silica which is
dominantly present as non-detrital quartz; hydrothermal processes are
inferred to have contributed most of the Fe,0,, Mn0, Ba, and Au;
volcaniclastic sedimentation is the probable source of the remaining

major and trace elements. Chemical trends in the rocks are strongly

influenced by their mineralogy and can usually be related to the”

presence of specific minerals or groups of minerals.
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' Bedded chemical sediments were deposited in local topographic
depressions on the sea floor during periods of relative volcanic

qdiescence and underwent diagenesis under oxidizing to mildly reducing

conditions, Interpillow chert was depos%{ed in interstitial voids in

the pillow lava, probably due to the mixing of hydrothermal fluids with
sea water already present in the voids. ;

No chemical trends are developed in these rocks as a function
of their stratigraphic level and it appears that neither the progressive
chemical development of the related volégﬁ}sm nor the changing bulk |
chemistry of the associated volcanic rocks substantially inf]uencés their
composition. !

The Gu]]briqg§ ferruginqys chert can be distinguished ‘
empirically and stétistiqa]]y‘from §imi1ar Tithologies unrelated tb
mineralization on the basis of its higher Fe203,\MnO,uBa and Au
concentrations. These components are fnferred‘to have been contributed
hydrothermally wHich suggests that this feature may be genetically
" related to the mineralizing process and thus have the potential of
being a useful regionaf exploration tool. Sporadic high Ba values
occur near the Southwest Shaft copper depgsit at Gull Pond but the
narrow strike 1eﬁgth and sporadic nature of this feature probably limits

its general usefulness in mineral exploration.
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CHAPTER 1

INTRODUCTION

1.1 General Statement

The intimate association of ferruginous chert and iron-rich
edimentary rocks with volcanic sequences has been recognized from a

variety of geologic regimes virtually throughout geologic time
(e.g. Goodwin, 1962; Gross, 1965; Grunau, 1965; Bostrom and Peterson,
1966, Berger and von ﬁad, 1972; Garrison, 1974), althaough for
Phanerozoic times, this association has been more commoniy reported
from ophiolitic and related sequences (Grunau, 1965; Robertson and
Hudson, 1973, 1974; Thurston, 1973; Garrison, 1974; Bonatti et al., 1976)
than from sequences related to island arc volcanism. Ffurthermore, the
close spatial relation of this type of sedimentary rocks }0 base metal
mineralization has been remarked from a number of areas (e.g. Horikoshi,
jgﬁgzaMcA11ister, 1960; Robertson and Hudson, 1974; Ridlef, 1970;
Hutchinson et al,, 1971, Hutchinson{ 1973).

In central Newfound]qnd, chert and ferruginous sediments have
long been known from the Lower Paleozoic volcano-sedimentary sequence

ampson, 1923; Espenshade, 1937; Heyl, 1936; Helwig, 1967; Dean, 1973)

includi the Upper Ordovician-Silurian marine succession (Dean and

Strong, 1975) which is dominantly composed of volcanic rocks of calc-
atkaline affinity (Strong, 1973, 1975). Furthermore, the Gullbridge
copper deposit, which occurs within the latter séquence, has a prominent,

laterally continuous ferruginous chert horizon associated with it

(Upadhyay, 1970; Swinden, 1975).




1.2 Purpose and Scope

The present study is based on an examination of the field
relations, petrography and major and trace element geochemistry of
chert, ferruginous chert and associated sedimentary rocks throughout the
Upper Ordovician-Silurian volcanic sequence in central Newfoundland,
with emphasis on the Gullbridge férruginous chert which overlies the
mineralized horizon at Gull Pond. The complete volcanic section was
examined in three widely separated areas and samples were taken as
much as possible from all stratigraphic levels of the sequence. In
addition, ihe Gullbridge ferruginous chert horizon was extensively
sampled all along its exposed strike length. A total of 247 samples
were analyzed for 10 major and 10 trace elements and examination of
this data coupled with petrologic and field observations and mineralogic
data was directed towardsthe following problems:

1) The chemical composition of the sediments and the mineralogic
disposition of the elements.

2) The genesis of these sediments, their depositional environment

and the source(s) of their various components.

3) The distinguishing features between the Gullbridge ferruginous chert
and other similar Tithologic units unrelated to mineralization, lateral
variations in the chemical composition of this horizon possibly related
to the underlying mineralization and the application of these features to

mineral exploration.
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1.3 General Geology of Southern Notre Dame Bay

Southern Notre Dame Bay is underlain by a thick succession of
Early Paleozoic volcanic rocks and volcanogenic sediments (Fig. 1.1).

The oldest recognized rocks in this succession are mafic pillow lavas

and assoéiated minor sedimentary rocks of the Lushs Bight Group

(Espenshade, 1937; MaclLean, 1947; Horne and Helwig, 1969; Dean and Strong,
1975) which are of oceanic tholeiite affinity and have been interpreted
by Church and Stevens (1971}, Smitheringale (1972), and Strong (1973), to
comprise Cambrian to Lower~ Ordovician oceanic crust.

The oldest rocks of island arc affinity in Notre Dame Bay are the
mafic pillow lavas with lesser pyroclastic rocks, silicic volcanic domes
and greywacke assigned to the Cutwell, Wild Bight, Moretons Harbour,

Western Am and Summerford Groups of dominantly Lowe¥ to Middle Ordovician

I 0 RS i < s P O 4B N NS b i Lo,

age (Dean and Strong, 1975). Detailed study of the Cutwell Group at Long

Island (Kean, 1973; Kean and Strong, 1975) has shown that a progressive

vy L by

change from volcanic rocks of oceanic tholeiite affinity to those of

jsland arc affinity characterizes the base of this succession. These
volcanic rocks are interbedded with and conformably overlain by a thick
sequence of black shale, chert, greywacke, and minor mafic flows assigned

to the Exploits Group of dominané]y Middle Ordovician to Lower Silurian age
(Williams, 1964; Helwig, 1967; Horne and Helwig, 1969; Dean and Strong, 1975).
The top of the Exploits Group is gradational and conformable with the
overlying marine, dominantly volcanic sequence of Upper Ordovician and
Silurian age, variously assigned to the Roberts Arm Group (Williams, 1964),
Chanceport Group (Strong and Payne, 1973) and Cottrell*s Cove Group (Dean,

1973; Dean and Strong, 1975). The base of this succession comprises mafic
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volcanic rocks interbedded with greywacke and shale and overlain by
tuffaceous greywacke and siltsto?e, silicic tuff and ferruginous chert
(Dean and Strong, 1975) which give way to a thick sequence of dominantly
mafic flows of calc-alkaline affinity (Strong, 1673, 1975). The iop of
the succession is generally characterized by abundant silicic flows and
coarse pyroclastic rocks and tuff (Noranda Mines Staff, 1971; Dean, 1973).
The Upper Ordovician-Silurian calc-alkaline sequence attains its maximum
thickness in the Roberts Arm area and thins rapidly to the south (Neale
and Nash, 1963) and to the east where considerable amounts of greywacke,
shale and chert in the succession on the Moretons Harbour Peninsula
(Strong and Payne, 1973) may mark the distal end of active volcanism

at this time {(Dean aad Strong, 1975).

In the eastern part of Notre Dame Bay, the top of the calc-
alkaline volcanic sequence is truncated by the Chanceport Fault (Dean,
1973; Strong and Payne, 1973) while to the west it is disconf&nnab]y
overlain by f1uv3£i1e red sedimentary rocks assigned to the Botwood

(Williams, 1964) and/or Springdale (Neale and Nash, 1963; Strong, 1973)

Groups of probable Silurian age (Neale and Nash, 1963; Dean and Strong,

1975).

1.4 Choice and Location of Study Areas

Three areas within the Upper Ordovician-Silurian volcanic
sequence were chosen for the present study (Fig. 1.2). Their location,’

access and the reasons for their choice are summarized below:
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1)  Roberts Arm Area:

This area includes the thickest part of ﬁhe Upper Ordovician-Silurian
volcanic sequence (Fig. 1.1) and is centered on approximate coordinates
Lat. 4%° 29'N, Long. 55° 53'W. Access is provided mainly by roads
connecting the Trans-Canada Highway with Triton and Sunday Cave Islands.

A major consideration in the choice of this Srea was the existence of
detailed, relatively large-scale geologic maps (Espenshade, 1937; Hayes,
1951; Noranda Mines Staff, 1971) which provided a ma;imum of stratigraphic
control for sample locations. Another major consideration was the .
abundance of coastal exposure throughout the section, this being important
because the sediments sampled compr{se a volumetrically minor part of

the volcanic succession4and in the absence of almost continuous exposure
are difficult to find.

2}  Fortune Harbour Area:

This area, in the northern part of the Fortune Harhour Peninsula,
is centered at approximately Lat. 49°% 39' N, Long. 55° 14' W and is
reached via a road connecting the Trans-Canada H{ghway with the village
of Fortune Harbour.

This area was chosen as the representative section in the eastern
part of the volcanic sequence for reasons similar to those for ;he

Roberts Arm Area. Detailed geologic maps were available-as a result of

the work of Helwig (1967) and Dean (1973) and good exposure of the complete

r . .
section was afforded by coastline in Fortune Harbour and along the west

side of the peninsula, as well as by extensive road cuts.




3)  Gull Pond Area:

This area encompasses a north-south section of volcanic and

sedimentary rocks centered at approximate coordinates lLat. 49° 12' N,

Long. 56° 09’ W, and good access is provided by the Trans;Canada
Highway which cuts the northern part of the area, an all weather road
connecting the highway with the Gullbridge townsite, and numerous
woods Foads and trails.

Of principal interest in this area was the ferruginous chert
horizon associated with the Gullbridge ore deposit, along with a

number of similar horizons apparently unrelated to mineralization which

were also investigated and extensively sampled.
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CHAPTER 2

THE DCCURRENCE AND ORIGIN OF CHERT AND FERRUGINOUS

SEDIMENTARY ROCKS IN VOLCANIC ENVIRONMENTS

2.1 Introduction

Chert and ferruginous sediments are volumetrically minor

but ubiquitous components of volcanic sequences around the world
[

(Grunau, 1965; Garrison, 1974). Until recently, discussion of the
origin of these sediments was necessarily based on evidence in ancient
deposits where primary features are often partially or completely
obliterated by diagenetic and metamorphic processes. However, the
discovery of recent siliceous sediments on the ocean floor during the
Deep Sea Drilling Project (DSDP), and the concentrated study of
ferruginous sediments presently forming in a variety of submarine
volcanic environments, has afforded the opportunity to view the modern
analogues of ancient chert and ferruginous sediments and to gain a
better understanding of their genesis.

This chapter presents a review of current knowledge of the

occurrence and origin of modern and ancient siliceous and ferruginous

sediments which are chemically and/or environmentally analogous to

those studied during the present project.

2.2 The Occurrence and Origin of Bedded Chert

The "chert problem” has been a source of debate among geologists
for a considerable time and the resulting volume of literature prohibits a

comprehensive review of all relevant publications. Accordingly, this
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segtﬁon js restricted to summarizing contributions leading to the present
interpretations of the origin of bedded chert, especially as they bear
on the origin of the siliceous sedimentary rocks of the present study.
Extensive references beyond the scope of this summary are listed by

Cressman (1962) ,Grunau (1965), and Garrison (1974), and numerous

_descriptions of modern siliceous sediments can be found in the Initial

Reports of the Deep Sea Drilling Project.

The close association of some bedded chert with volcanic rocks
lTed early workers to sugqgest a genetic tie between them. Davis (-1918)
concluded és a result of his study of radiclarian chert in the Franciscan
Group that the silica was introduced to the sea floor, by volcanic thermal
springs, in amounts exceeding the solubility of amorphous silica and was
precipitated inorganically by the cooling of the heated water. This
notion was later reiterated by Sampson (1923) in his study of chert in
Notre Dame Bay and variations of it have appeared intermittently in the
literature up to the present (e.q. Iwao, 1970).

The earliest convincing evidence of a biogenic origin for chert
was supplied by Bramlette (1946) who suggested that the bedded chert of
t’he Monterey Formation, California, resulted from the conversion of
biageno‘us opal in diatomite to an opaline claystone and thence to quartz
chert. Ernst & Calvert (1969) ]ater‘ jdentified this claystone as
d*isordereq cristobalite and experimentally confirmed the nature of the
reaction. The general applicability of Bramlette's theory was supported

by experimental work on the low temoerature salubility of amorphous silica

and quartz (Krauskopf, 1959; Siever, 1962) which indicated that’ inorganic
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precipitation of silica cannot take place in normal sea water t;ecause

of its marked undersaturation in dissolved silica with respect» to

amorphous silica. However Siever (1962) noted that extensive dissolution
of biogenous opal on the sea floor due to the metastability of amorphous
silica in the marine environment should lead in some cases to interstitial
;01ution; supersaturated with respect to quartz and capalle of precipitating
that mineral,

The cpportunity to observe the above theoretical considerations
in the recent geologic record was provided by the recovery of chert and
siliceous sediments from widespread DSDP cores ranging from the North
Atlantic to the Pacific (Davies and Supko, 1973). Detailed study of
these cores revealed that a wide variety of siliceous rocks was present
from siliceous ooze through porcellanites in various stages of indurdtion
to quartz chert. Heath and Moberly (1971), noting that this 1ithologic
sequence was characterized by increasing age of the deposits, were led
to suggest & "maturation theory" of chert genesis in which three steps
proceeded naturally with increasing age as follows:

1) Dissolution of opaline debris and/or alteration of
montmorillonite and reprecipitation of disordered cristobalite to form
a cristobalite - montmoriﬂo;ﬁ(te claystone.

2) Creation of a well indurated porcellanite through the
crystallization of additional cristobalite.

3) Solid state inversion of cristobalite to quartz with

attendant loss of all remaining porosity and obliteration oflvirtuaﬂvy

all siliceous skeletons preserved in the cristobalite-porcellanite.
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Berger and von Rad {197?) supplied detailed descriptions
of chert and siliceous sediments cored in the Atlantic Ocean and further
refined the maturation theory by taking into account an increased
variety of deposits. They defined four basic types of chert based on
tezture, sedimentary fabric, and silica mineralogy ranging from
immature opal-lussatite ooze or mud to indurated, homogeneous quartz
chert. Their interpretation of the diagenetic changes leading to the
various types is summarized in Fig. 2-1.

An opposing theorv of chert genesis arising from study of
DSDP cores was proposed by Lancelot (1972) who contended that the clay
content and permeability of the host rock and the presence of foreign
cations determined whether disordered cristobalite or quartz would
precipitate at any given time. He suggested that in a clay-free
carbonate environmen‘t, quartz may form by direct precipitation while in
clay-rich sediments, disordered cristobalite will form. The discovery
of disordered cristobalite in clay-free chert on the Kerguelen Plateau
(Wise et _al., 1972) and of quartz cherts in clayey and marley beds in
the central Atlantic (von Rad and Rosch, 1974) as well as topological
considerations discussed by Calbert (1974) tend to limit the general
applicability of this hypothesis.

The role. of volcanism in fhe formation of cpert is still a
subject of considerable debate in the literature (e.g. see discussion by
Calvert, 1974) and while it has been shown that volcanism is nota
necessary prerequisite for chert formation (e.g. Wise et al., 1972},

P

there is a considerable body of evidence to suggest that it can be a
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ization, healed fracture (chalcedony).

Fig. 2.1

(from Berger and von Rad
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positive influence in the process. Some recent workers have speculated
that subaqueous volcanic activity may create an ehyironment where
siliceous org.am'sms will flourish and/or where their preservation after
sedimentation will be enhanced {e.y. Grunau, 1965; Thurston, 1972;
Kanmera, 1974; Roberston and Hudson, 1974) while others have noted that

the alteration of volcanic detritus in the submarine environment may

i 4,

contribute substantial amounts of silica to interstitial solutions
during diagenesis, thus promoting the crystallization of cristobalite
(Gibson and Towe, 1971; Heath and Moberly, 1971; Berger and von Rad, 1972;
Calvert, 1974; von Rad and Rosch, 1974).

Ramsey (1973) stressed that divergence of surface water
masses due to atmospheric and hydrospheric circulation leads to upwelling
of nutrient-rich deeper water in modern oceans, and the resulting

enhanced productivity of siliceous-plankton is reflected in an abundance

T T X g e Tl | Sy i LW by ko Vs WA

of siliceous sediments in these areas. He suggested that world-wide
distribution of siliceous sediments in Ordovician-Si]urian times appears
to have been most prohinent in a broad zone which, according to continental
reconstruction, falls in the Lower Paleozoic equivalent of the mbdern
equatorial "silica zone".

Although there is still much debate concerning chert genesis,
a consensus of opinion seems to be developing in the literature on some

aspects -of the problem and the present interpretation of this process by

most present workers can be summarized as follows (modified after Wise

and Weaver, 1974):
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1) Chert formation begins with‘thevdiagenetic precipitation
of disordered cristobalite from interstitial solutions supersaturated
in silica with respect to quartz. The 1mmediate’source of silica is
thought to be domjnantly the solution of biogenous opal, although
contributions f:ii\zgéuaJteration of clay and volcanic glass cannot be
ruled out

2) The maturation theory of chert formation (Heath and Moberly,

s

1971; Berger and von Rad, 1972) closely approxihates the actuai process.

Mo§t siliceous tests are destroyed dﬁring diagenesis and the presence of
Jjust a few fossil traces in an indurated chert may thus reflect the
original presence of many more, obviating the necessity of postulating
an exotic source for silica.

3) No amorphous silica gel phase has been detected in modern
incipient chert and no such phase is considered to exist during the
formation of this lithology.

‘ 4) Oceanic chert may form wherever biogenous opal is abundant,
independent of water depth, notwithstanding other factors such as dilution

by clastic sedimentation and volcanism, dispersal by turbidity currents, etc.

2.3 Occurrence and Origin of Iron-Rich Rocﬁs in Volcanic Environments
Although sedimenfs examined during the present study are as a
whole not particularly iron-rich, a significant number of samples contain
very hjgh concentrations of total iron and an inquiry into the occurrence
and origin of iron-rich sediments in ancient and modern volcanic regimes

is thus appropriate.
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The nomenclature of the iron-rich sedimentary rocks has
never been universally standardized and the useage of the terms "iron
formation", "ironstone", “irgn-rich sedimentary rock", and “ferruginous
sediment" as well as the numerous local tems varies considerably from
place to place. Following Gross (1965) “iron-rich sedimentary rocks"
are herein defined as stratigraphically concordant, bedded sediments
containing greater than 15% total iron, while "ferruginous sediments"
are defined after Beukes (1973) as those containing less than 15% total
iron but still having an amount significantly above crustal abundance.

2.3.1 Evidence from Ancient Deposits

Iron-rich sedimentary rog:ks from around the world were
classified by Gross {(1965) into six major types according to lithalogic
features, geologic setting and associated sedimentary rocks (Table 2.1).
In this classification, iron-rich litholégies in the present stt;dy fit
most readily into the "Algoma type", an association that will be further
explored in Section 2.4.

A second way of subdividincj the iron-rich sedimentary rocks
is basedron facies changes that result from varying environmental factaors
during d(po\sgtion and diagenesis. Following the work of krumbein and
Garrels (1952), who showed that the type and amount of chemical
precipitation are controlled principally by the pH and Eh of the
aqueous medium, James (1954) defined the oxide.'éarbonate, s'iiicate and
sulphide facies (Table 2.2).

Numerous workers have considered the problem of the source of

«iron in sedimentary iron deposits and three principal mechanisms listed

below have been proposed (after James, 1966):




=

TABLE 2.1

CHARACTERISTIC FEATURES OF THE DIFFERENT TYPES OF IRON-FORMATION
(after Gross, 1965)

Algoma type: Thin-banded chert or quartz and iron oxides, silicates,
carbonates and sulphides, associated with volcanic rocks, and greywacke;
usually in thin lensed*with streaky banding; oolitic textures absent
or inconspicuous; relatively rare but in rock of all ages, especially
early Precambrian; eugeosynclinal; e.g., Moose Mountain and Michipicoten

area, Algoma district, Ontario.

Superior type: Interbanded chert or quartz and iron minerals with
prominent granular or oolitic textures; associated with dolomite, quartzite,
black carbon-bearing shales and slate, chert breccias and volcanic rocks,
usually well-defined formations of broad regional extent; form in
continental shelf and miogeosynclinal environments. Extensively

developed in late Precambrian rock groups, e.g., Lake Superior and

Labrador iron ranges. - ¥

Clinton type: Hematite-chamosite-siderite formations; interbedded
with carbonaceous shale, carbonate racks and sandstones; high in phosphorus
compared to cherty formations; oolitic to granular texture; miogeosynclinal
and shallow-basin environments; lenticular beds restricted to thin formations
of broad regional extent as in the Appalachian belt. Most common in rock
groups of Cambrian to Devonian age, e.g., Wabana, Newfoundiand;

~ Birmingham, Alabama. :

Minette type: Siderite-chamosite-iron silicate, andqsgethite beds;

usually high in phosphorus; oolitic textures; lenticular beds containing.
clastic material, sideritic mudstones, and concretionary siderite layers; .
associated with sandstones, carbonaceous shales, siltstone and limestone;
cyclic sedimentation of sandy beds, shale and jronstones, and black shale,
common; formed. in transition zones between marine- and brackish-water
environments. Most common in Mesozoic and younger rocks, e.g., Peace

River area of Alberta, Canada; Jurassic beds in England; Minette ores

of Lorraine, France, and in Luxembourg and Belgium.

Non-oolitic: A heterogeneous group of non-oolitic, lensy, ferruginous

beds: vary in composition and type from the blackband sideritic

carbonaceous claystones associated with coal; to the Lahn and Dill hematite
and goethite beds locally rich in manganese and/or silica; to siderite-iron
silicate-goethite lenses in shale. Associated with fine-grained clastic or
volcanic rogks; occurring mainly in late Palaeozoic and younger rocks, €.9.,
Lahn and Df11 River area in Hesse, Germany; Vares, Yugoslavia; Gross

I'segé and Peine in Lower Saxony. ’

Clastic: Placer deposits of black sands; mainly magnetite with siderite or

hematite in sandstones, usually contain titanium and rare earth elements; thin
beds of lensy distribution, varied grade, and quality; deposited alonR]beaches

or near shore marine environments, e.qg., iron-formation near Burmis
in the Belly River sandstone.
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Facies

Iron
Minera

TABLE 2.2

CHARACTERISTICS OF VARIOUS FACIES OF [RON FORMATION (data after Gross, 1965)

Chemical Conditions

Togy for Formation

Oxide

Carbonate

Silicate

Hemat i

Magnet

Sideri

Grunerite

Minnes
Stilpn
Chamos

Iron chlorites

Pyrite

Pyrrhotite

Marcas

te Hematite-pos. to low neg. Eh,

ph weakly acid to alkaline.
ite Maghetite-Eh intermed. to
mildly reducing. pH weakly
acid to alkaline.

te

Strongly reducing; CO
partial pressure at&osphere.

Probably reducing: low 002
partial pressure.
Commonly associated with
siderite and magnetite.

otaite
omelane
ite

Strongly reducing with
abundant H,S and high
ferrous irén,concentration.
pH not critical.

ite
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Physical Features

Depositional Environment

Late Precambrian to
present-commonly show
granular and oolitic
textures.

Early Precambrian-
above textures not
common .

Granular and oolitic
texture commonly absent.
Where above are present,
they often occur in the
oxide-carbonate
transition zone,

Granular textures
common.

Common types of deposits:
-dissem. pyr. in black
carbonaceous shale

-py. and po. mixed with
siderite and carbonate
in banded chert.

-py. and po. beds with
minor siderite.
-oo0litic pyrite in
black shale.

L T s

At basin margins in relatively
shallow water where water
agitation leads to oolitic and
granular textures and
oxygenation.

Deep, quiet waters, little
agitation. Further from shore
and cooler water than oxide
facies; environment changed
with COZ, possibly from organic
decay.

Envifonment common to parts of
oxide and carbonate facies.
Low C02.

Deeper parts of basins, no water
agitation, organic carbon
preserved, H,S formed by bacteria,
little clast?c sedimentation.
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1) Work by Gruner (13922) and later supported by Gill (1927)
and James {1954) among others suggested that iron was mainly derived
from weathering of continental land masses under humid, tropical and
subtropical conditions, a suggestion that is still current in the

literature (e.q. Beukes, 1973).

2) The release of iron through sea bottom reaction on
clastic materials and its concentration by selective sea bottom
precipitation diagenetic reactions was proposed by Strakhov (1959)
and Borchert (¥560) among others.

3) The derivation of iron from contemporary volcanism was
first propounded by van Hise and Lieth (1911) and iater expanded by,
among others, Goodwin {1956, 1962} and Oftedahl (1958) who speculated
that iron (as well as other metals) enriched in gasses expelled from a
crystallizing magma would precipitate on the sea floor upon their
discharge into the submarine environment. Oftedahl (1958) termed the

deposit thus formed “"sedimentary ezﬁgTEZivef and variations of this

s
concept were later invoked to account for the ori?}; of Archean Algoma-

type iron formation (e.g. Goodwin, 1962; Ridler, 1970; Hutchinson et al.,

1971), ferruginous mudstones associated with ophiolite successions

(Elderfield et al., 1972; Robertson and Hudson, 1973, 1974; Bonatti et al.,
1976) and ferruginous chert in an island arc environment (Iwac, 1970).

2.3.2 PRecent Deposits Related to Volcanism at Spreading Axes

Metalliferous sediments on the East Pacific Rise have been the
object of detailed studies as examples of chemical precipitates on an

active spreading axis (Bostréh and Peterson, 1966, 1969; Bostrom et al., 1969;

§
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Bostrom, 1970). These sediments are characterized by a high accumulation
rate (Bostrom, 1970) and consist dominantly of goethite, iron-rich
montmorillonite and manganese hydroxides (Bostrom and Peterson, 1969).
They differ significantly from ﬁonmal pelagic sediments, being

relatively enriched in Fe, Mn, V, As, U, Cd, Zn, B and Hg (Bostrom et al.,

1972} and depleted .in Al and Ti (Bostrom and Peterson, 1966). Similar ]

¢ patterns are also reported from sediments in the median valley of the

coimmra b

Mid-Atlantic Ridge where Cronan (1972) reported significant enrichment

-

of Fe, As and sometimes Hg and a depletion of Al relative to normal

pelagic sediments,

Bostrom and Peterson (1966, 1969) considered these sediments ‘ 1
to be hydrothermal in origin, resulting from the pre;ipitation of metals
from mineralizing solutions wh{ch originated in the mantle and rose
directly to the sea floor at the spreading axis. (Fig. 2.2). Other

workers have stressed the role of hydrothermal leaching of volcanic rocks

as a source of metals in the solutions (Bonatti and Joensuu, 1966;

Corliss, 1971; Hakt, 1373). Bonatti et al. (1972) suggested that hydrotherma1ﬁ -
0 deposits could be distinguished from more slowly accumulating hydrogenous

deposits by virtue of their lower CutNi+Co values and high Fe/Mn ratio

and by their depletion in thorium relative to uranium (Fig. 2.3) and

i U - EER A & o GTIRA e

concluded that hydrothermal deposits predominate in areas of active
volcanism. -

Basal metalliferous sediments in DSDP cores from the Pacific
Ocean were described by von der Borch and Re7 {1970) and von der Borch

et al. (1971) who noted their similarity with the East Pacific Rise deposits

and proposed that these were formerly deposited on the rise and ubsgquent]y
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FIG, 2.2 Schematic representation of sedimentatipn processes on

the East Pacific Rise; A - Detrital (+ pelagic) facies; B - mixed
amorphous iran oxide-detrital facies; C - basal amorphous iron-manganese
oxides. (after Bostrom and Peterson 1969, and von der Borch and Rex, 1970).
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FIG. 2.3 'Chemical distinction between recent hydrothermal and
hydrogenous ferromanganese deposits on the basis of Fe/Mn/(Cu+Ni+Co)
and U/Th ratios (after Bonatti et al., 1972)
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transported out of the active spreading zone as a result of sea floor

spreading. Dymond et al. (1973) reviewed the chemistry of metalliferous

sediments from the Last Pacific Rise, Bauer Deep and basal cores at a

number of DSDP sites and concluded that similarities in their distinctive-

chemical, mineralogical and isotopic compositions pointed to a common

origin. These characteristics included a high transition metal versus

tow Al content and predominance of goethite, iron-montmorillonite and

manganese hydroxides. They noted that in all cases, while sulfur,

uranium and oxygen isotope compositions'are consistent with formation

from sea water at low temperatures and Sr isotope composition and REE

patterns are similar to sea water, lead isotope compusitions resemble

that of mid-gcean ridge tholeiitic basalts. They affirmed that the

chemistry of the deposits is best explained by their precipitation from

voicanic hydrothermal exhalations but noted that the mechanism for

enrichment of these fluids in the first instance is still uncertain.

The REE, Sr, U and sulfur are thought to originate in sea water and

Fe, Mn, $i, and Pb are probably of magmatic origin but the origina)

source of other enriched elements is still uncertain (Dymond et al., 1973).
Metalliferous sediments associated with thermal brines in the

Red Sea have been described by Miller et al. (1966), Bischoff (1963) and

Bignell et al. (1976) among others. These sediments are highly enriched

in Fe, Mny Zn, Cu, Cd, Pb and Hg (Miller et al., 1966) and show considerable

vertical) and lateral variability (Bischoff, 1969; Bignell g}_gl;, 1976).

Bischoff (1969) described sediments from'the Atlantis [I, Discovery and

Chain deeps and suggested that hot metal-rich brines were being discharged

EAPRS e

EIRUIEEL -~ YR




[
!
|
?

- 24 -

L ATLANTISTT DEEP sesiLLe]

Normai Red Seawater /
5

FIG. 2.4 Schematic representation of some mineral precipitation

processes in the Atlantis 11 Deep, Red Sea; 1 - InS and PbS precipitate
along cracks and fissures from cooling and release of metals from
complexes; 2 -/Doint of brine di’schérge; 3 - InS precipitates due ta
¢ooling and release of metals from complexes; 4 - CaSO4 precipitates
due to mixing; F92+, Fe3+518020(0H)4.nH20 precipitates due to partial
oxidation and cooling; 5 - Fe(OH)3 precipitates due to oxidation (after

Bischoff, 1969).
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. into the Atlantis Il Deep where precipitation of the sediments due to
cooling and mixing of the brines with Red Sea water occurred (Fig. 2.4).

Craiq (1969) suggested that the brines were composed af recirculated

Red Sea water which had been heated and enriched in soluble components

during passage through the subsurface. Bignell et al. (1976) described
sediments from brine pools discovered subsequent to Bischoff's work
and, noting the similarity of these sediments to the previously
discussed deposits in the Pacific Ocean, suggested a similar origin

for the Red Sea‘and Pacific Deposits.

¢.3.3 Recent Deposits Related to Volcanism at Consuming Plate
Margins

Highly ferruginous and/or manganiferous sediments enrj\ghed in
a number of metals and associated with post-volcanic fumarolic activ\i ty,
at or near consuming plate margins have been documented from a number of
areas 1'nc1udihg Indonesia (Zelenov, 1964), the-Meqithrranean (Pushkina,
1967; Butuzova, 1966; Bonatti et al., 1972; Puchelt, 1973), and New Britain,
T.P.N.G. (Ferguson and\Lambert, 1972; Ferguson et al., 1973). The nature
of these deposits is briefly described below.

The composition of thermal waters and associated chemical
precipitates at the submarine Banu Wuhu volcano, Indonesia, an andesite-
dacite dome with a history of recent eruptions, was examined by Zelenov
(1964). He observed that around the margins of the volcano, jets of hot
water were being discharged into sea water and that iron and manganese
hydroxides ‘could be seen brecipitating in the water column adjacent to
these springs. In addition the thermal waters were found to be enriched in

stlica relative to sea water. Encrustations on boulders proximal to the
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springs were found to carry up to 40% fe and 7% Mn and to be enriched

inV, Sr, Mo, Cu, In, Ba, Ni, Co, Ir, Pb, Sg\ Ge, Ga, Y and Yb in amounts

comparable to pelagic mangdanese nodules. Zelenoy/é”l/éﬁll) estimated that
between 900 and 9000 tons of suspended Fe and ﬂ{was introduced into
the ocean each year by fumarolic activity at this volcano.

Detailed studies of thermal waters and their deposits resulting
from post-volcanic fumarolic ac\tivw‘ty on the islTand of New Britain have
been reported by ferguson and Lambert (1972) and Ferguson et al. (1973).
Analysis of thermmal waters at Matupi Harbour by Ferguson and Lambert (1972)
showed the;n to be hot, acid and s.h'ghtly to highly oxidizing and to be
significantly enriched in Fe,Mn, In, Cu,‘Pb and As and depleted in most ’
salts relative to sea water. Precipitates around these springs commonly
consist of dominantly aniorphous iron oxide with sporadic crystalline
goethite carrying Mn, Zn, Cu and Pb. They appear to result from the cooling

of the hot solutions coupled with increasing pH and Eh due to mixing of

the brines with sea water. Mn tends to increase in concentration relative

/‘eo\Fe away from the springs. Ferguson and Lambert (1972) noted that

504/C1, Br/C1, and B/C1 ratios in the thermal waters differed little from
those of average sea water and suggested that the thermal water origi‘nated
as sea water and became enriched in metals through subsurface leaching of
volcanic rocks. The role of the environment in determining the nature of
sediments resulting from fumarolic activity is illustrated by the deposits
at Tal_asea, New Britain where exhalations similar t¢ those at Matupi
Harbour are being discharged into a reducing environment producing ksediments

dominated by iron sulfides (Ferguson et al., 1973).
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; Fumarolic agtivi and chemical sedimentation associated with

recent volcanism in/the Medfterranean area has been reported from

Stromboli, [taly #Bonatti et al., 1973) and from the Santorini Islands,

Greece (Pushkina,\1967; Butuzova, 1966; Bonatti et al., 1972; Puchelt, 1973;

Cronin et al., 1976 In the former area, sediments enriched in Fe, Mn, {

and Si (opal) and depl}ted in Al and Ti were recovered from the flanks of ]
the Stromboli vo]cano)]though no presently active fumaroles were seen
1 (Bonatti et al., 1979). In the latter area, Pushkina (1967) analyzed

the waters proximay to thermal springs on the island of Nea Kameni, and

found that while ﬁzey were significantly enriched in Fe, Mn, Si and P,

v Ao, e G s Y T T L b

the principal cdtion and anion composition of the water was not noticeably
3 .

affected. She farther noted that the waters tended to be siightly acidic

near the springs but that the pH as well as the element concentrations

tended to normalize away‘from the spring towards the mouth of the bay.

- e WD et e

i Sediments being formed from these solutions are rich in Fe (mainly ferric

T .

hydroxide gel), M and Si, and a gradual decrease in the Fe/Mn ratio

i towards the pm:iphery of the‘ basin wa§ noted by Butuzova (1966) who

§ a ascribed this feature to the decreasing relative solubility of Mn with
increasing pH. Silica in the sediments is dominantly opalline and is
i ascr_ibed by Butuz‘ova (1966)' to biogenic precipitation.

2.3.4 Summary

The features of the origin and occurrence of iron-rich and

ferruginous sedimentary rocks relevant to the present study as revealed

from ancient and modern deposits can be summarized as fol]ows;

-
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1) Highly ferruginous, rapidly accumulating deposits in
active volcanic terrains result from the fumarolic discharge of iron-rich
thermal waters and subsequent precipitation of the iron in the submarine
environment. Significant contributions may also be made by the weathering
of land masses in a humid, tmbica] to subtropical environment.

2) The thermal waters are dominantly composed of recirculated
sea water which has been heated and enriched in metals via leaching in
the subsurface. .

3) The initial precipitation of ferric hydroxides may take
place in the water column. The final form and mineralogy of the
ferruginous deposit is dependent on Eh and pH conditions during diagenesis.

4) These processes are operative in any area characterized by °
high heat flow, i.e. at both spreading and consuming plate margins.

v

2.4 Chemical Sedimentation in Ancient Island Arc Regimes

Algoma-type iron formation and associated sedimentary rocks
are found in Archean greenstone belts around the world (see review papers
by Goodwin, Bayley, James, Beukas, Von Dorr, Trendall and Alexandrov
in James and Sims, 1973) and apparently reached their greatest abundance
at this time (Gross, 1965). It has been suggested that the closest madern
analogues to Archean greenstone belts, on the basis of volcanic lithologies,

associated sedimentary rocks, and general tectonic enviromment, are the

island arc regimes (Goodwin and Ridler, 1970; Goadwin, »197'3a), but as yet .

there is no agreement as to whether similar tectonic processes were pperative

during their formation (e.g. Sutton and Bridaewater, 1974). The chemical

-~
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% .
sedimentary association of the greenstone belts is more abundant than

is its counterpart in the Phanerozoic island arcs but the two are very
similar in many respects. The essential features of the Archean deposits
as compared to the sedimentary association studied during the present ’
project (see also Chap. 3) can be summarized as follows:

1) Single deposits in the Archean range: from centimeters to
many tens of meters in thickness and are typically lenticular and
discontinuous. The present deposits are of similar physica]l form while
commonly not attaining as great a ma)‘(imum thickness.

2) The Archean stratigraphic a'sslemblages are heterogeneous,
typically containing interbanded ferr’uginous chert and hematite or
magnetite associated with various volcanic rock-s, greywacke, ferruginous
and/or siliceous shale and tuff (Gross, 1965) as shown by Fig. 2.5
(after Beukes, 1973). A similar association is present in the Upper
Ordovician-Silurian vo]car’\‘ic succession of Central Newfoundland.

3) The oxide facies ofjron formation, characte;ized by magnetite
and lesser hematite, is typically predominant in the Archean although minor
amounts of the carbonate ard sulfide facies' are usually present (Goodwin,
1962, 1973). In the Central Newfoundland succession, only the oxide facies
is developed and this is characterized by hemat;ite' rather than magnetite
suggesting that these sediments were deposited in a more oxidizing environment
than théir Archean counterparts.

4) Archean iron fomationg;s commonly associated with andesite/
dacite pyroclastic domes interpreted/t/o reflect volcanic centers (Good\‘vin,‘

1962; Ridler, 1970; Hutchinson et al., 1971; Fig. 2.6). A similar situation

prevails, although on a smaller scale, in the depositional basin of the
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Gullbridge ferruginous chert and the abundance of silicic pyroclastic
rocks in the Fortune Harbour area is suggestive of a similar geo]ogié
setting. This association is not conmonly present in the Roberts Arm
area.

The close association of Algoma-type iron formatlon and
its reNated sediments with volcanism has led most recent workers to
suggest that at least the iron and the silica in these sediments, as well
as the metals in their sulfide-rich equivalents, are of volcanic-exhalative
origin (e.g. Goodwin, 1962; Gross, 1965; R}dler. 1970; Hutchinson et al.,
1971). The gxha]ative components are generally considered to have
precipitated inorganically on the se; floor in response to changing Eh
and pH conditions {Gross, 1965; Goodwin, 1973) which in turn reflect
the sedimentary basin configuration during deposition (represented
schematically by the lateral extent of the various iron minerals in
Fig. 2.6). There is some recent evidence to suggest that biogenic
precipitation of silica may have occurred‘as well (LaBarge, 1973).

In the Phanerozoic, chert and ferruginous sediments are
genérally considered to be typical of ophiolite rather than island arc
}egimes (exg. Grunau, 1965; Garrison, 1974), a fact that is generally
exp1a1ned fy the assump::on that extensive clastic sedimentation and .
volcanism amund an active arc (Dickenson, 1974) would tend to dilute tﬁe
more slowly deposited chemical sediments beyond recognition (Garrison, 1974).
Karmera (1974) noted that in the Paleozoic volcanic saquences of Japan, chert

is rare in the Silurian-Devonian active arc sequence but becpmes extensive

in the alkalic and tholeiitic Carboniferous to Permmian sequence which is

~

interpreted by him to represent a marginal basin (spreading) environment.
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Mention of chert and ferruginous sedimentary Efcks in .
the Phanerézoic jsland art sequences is commonly restricted to those
horizons spatially }eTated to su]fidg deposition. Perhaps one of the
most intensely studiedof these is the Lower Ordovician iron formation

which overlies the massive sulfide deposits in the Bathurst, New

Brunswick area (McAllister, 1960; Davies, 1972; Whitehead, 1973).

These units commonly include a hematite-chert oxide facies apparently

e

similar to that developed in the present study area but which, in

contrast to the Central Newfoundland deposits, can often be traced for
considerable distances along strike. The New Brunswick ferruginous deposits
are commo;ﬁy magnetite-bearing in the oxide facies, and are locally
developed in the silicate, carbonate and sulfide facies (Davies, 1972).

Most recent workers link the iron formation to fumarolic activity which

is seen as having been responsible for deposition of both the iron P

formation and the underlying sulfide deposits in topographic depressions
on the sea floor (McATlister, 1960;;Hhitehead,'1973; Dav{es, 1972). :
o The author is not aware of any comprehensive survey of chemical
sedimentation in a complete island arc sequence. Garrison (1974) has
summarized the types of pelagic sediments expected around an i;land arc
noting that these would be typically small, lenticular, scattered and
interbedded with thick volcanic sequences and would be most abundant in @
the hore»deqritus-free settings such as inter arc basins or the tops of ’

remanent arc ridges (Fig. 2.7). >




CHAPTER 3

GENERAL GEOLOGY

3.1 Introduction

This chapter describes the local geology in each of the three
areas studied and places them in their regional geological and tectonic
framework. Becaﬁse of the considerable amount of relatively local »
geologic work conducted in Central Newfoundland in the past, a serious
prob]em"of nomenclature has arisen which has hampe;ed attempts to
correlate units over any distance. Thus, this chapter will proceed from
the specific to the general, first describing the local geology and
history of the Roberts Arm, Fortune Harbour and Gull Pond areas
separately and noting attempts at correlation of the units involved in
the present study (Fig. 3.2), followed by a description of their presently

interpreted tectonic setting.

3.2 Roberts Arm Area

3.2.1 Previous Work

The earliest geological studies in the Roberts Arm area were
carried out by Alexander Murray and James Howley (1881, 1918) as part of
their comprehensive’study of insular Newfoundland. Murray, influenced by
the work of Sir William Logan, assigned the volcanic and sedimentary rocks
in this area to the *fuebec Group". Detailed ;;ps were prepared but
later destroyed by fire in the Crown Lands office, St. John's.

\ .

Regional mapping was undertaken in Notre Dame Bay by the

Princeton University Geological Expeditions %o Newfoundland of 1915, 1916

o
i
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and 1919. Results of particular relevance to this study were reported
by Sampson (1923) from his study of the ferrug;nous cherts of Notre
bame Bay who noted the similarity between the geology of central
Newfoundland and parts of Great Britain and assigned Cambrian (?) and
Ordovician ages to the volcanic and sedimentary rocks he found.

Probably the most significant early contribution to the
understanding of Western Notre Dame Bay stratigraphy was made by
Espenshade (1937) as a result of his mapping of the coastline and
adjacent islands between Burnt Heat on the west and Wild Bight on the
east (see Fig. 1.2). He was the first to recognize the fuﬂdamental
structural break marked by the Lobster Cove fault and named the two
distinct sequences separated by it the "Pilley's Series" and the
“Badger Bay Series" to the north and south respectively. Espenshade
assigned a probable Ordovician age to both series but noted that their
relative ages were uncertain. He coined the name "Roberts Arm Volcanics"
for the uppermost unit of the Badger Bay Series and divided the under-
1ying sediments into several formations (Fig. 3.1).

The first geo]og€ka1 map to include -the complete Roberts Arm
study area was produced by Hayes (1951) who extended Espenshade's work

inland to the south. He demonstrated the southward continuity of 4

Espenshade's coastal stratigraphy but was much impressed by the lithologic

R
similarity of the "Badger Bay Series" with strata mapped by Heyl (1936)

in the Bay of Exploits. Reasoning that Heyl's nomenclature should stand

because of precedence, he renamed much of the stratigraphy according to

the laftter's work.

1
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Williams' (1962,1964) geologic compilation of the Botwood

. map sheet at a scale of 1" = 4 mi. was the ﬁ'rs'c1 attempt to put the
Roberts Arm area into a regional p,ers'pective. ln the 1962 work,
Williams considered the whole of tspenshade's Badger Bay Series to
be correlative with Heyl's (1936) Exploits Group but in the later
edition {1964), he redefAined the Exploits Group to include only the
dom;'nanUy sedimentary sequence overlying the Wild Bight Group and
underlying Espenshade's Crescent Lake Formation. The Crescent Lake
Formation and the Roberts Arm Volcanics were combined to form the
Roberts Am Group. -

Detailed (unpublished) mapping at 1" = 174 mi. by Noranda
Mines staff (1971) further clarified the distribution of lithologies

within the Roberts Arm Group and clearly indicated the relative

T g et e e

concentration of felsic volcanics and economic mineralization at the
top pf the sequence.

Recent mappiﬁg by Bostock (1975, 1976) has further refined
the eta’ivled distribution of lithologies in the Roberts Arm area while
c hﬁ'rming the general stratigraphy presented by orevious workers.

Detailed mapping and geochemical studies within the Roberts

rGroup by Strong (1973, 1975) has outlined the geochemical nature of
t“he\ Roberts Arm Volcanics and this will be further described in a
subsequent section.

‘Dean and Strong (1975, 1976), on the basis of regional
correlations across Notre Dame Bay, redefined the Roberts Arm Group to
include the basal Sops Head Complex comprising intercalated mafic volcanic

rocks, greywacke and shale previously assigned to the upper Burton's Head

e e T T R+ e g g

Formation of the Exploits Group (Fig. 3.2). | !
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3.2.2 General Geology

The Roberts Arm Group 1'5I divisible into three units, the
basal Sops Head Complex, the Crescenmt Lake Formation and the uppermost
Roberts Arm Volcanics (Dean and Str‘onng, 1976). 1t is underlain, in
part formably, by the Exploits Group, a thick succession of
turbidites, marine shale, chert and minor mafic flows.

The Sops Head Complex consists of mafic flow rocks inter-
calated with areywacke and shale. Volcanic rocks are relatively rare
at the base of the sequénce but tend to increase in abundance with
increasing stratigraphic level (Dean and ’Strong, 1976}.

The Cresceﬁt Lake Formation comprises a relatively deformed
sequence of interbedded red and green chert, red siltstone and shale and
acid tuff possibly up to 170 meters thick (Hayes, 1951). The overlying
Roberts Arm Vo]\canics consist of a suite of basaltic and dacitic flows
and pyroclastics which are chemically bimodal but of ca]c-al.kah'ne
affinity (Strong, 1973) and include vesicular lavas, massive and pillowed
flows, volcanic breccia, massive silicic flows and fine to coarse grained
pyroclastic rocks. The lower portions of the valcanic pile are dominantly
pillowed and massive flows with intercalated red siltstone and chert
cimilar to the Chescent Lake Formation lithologies. The upper portion of
the sequence contains a higher proportion of silicic flows and pyroclastic
rocks, the distribution of which suggests that at least two centers of
explosive Siﬁciczvolca‘m’sm., located in Sunday Cove west of Pilley's
Island and in Halls Bay west of Burnt Head, v)ere active during late

Roberts Arm time (Bostock, 71975). Locally, the volcanic pile is
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unconformably overlain by the Springdale Group consisting in this area
mainly of fluvatile red sandstones and conglomerate of probable
Silurian age (Neale &-Nash, 1963). -

The northern boundary of the Roberts Arm Group is marked
by the Lobster Cove fault, interpreted to be a major thrust of probable
upper Silurian age (Dean and Strong, 1975). Rocks immediately north of

this fault,assigned to the Lushs Bight Group (Espenshade’s "Pilleys

) Series"), are mainly massive and pillowed basalts and diabase dykes of

oceanic tholeiite affinity thought to represent Lower Ordovician ocean
crust (Smitheringale, 1972; Strong, 1973). ’

The Roberts Armm Group is intruded southeast of W ;deor'd‘s '
Arm by the Woodford's Arm granite pluton which may be consanguinous with
the silicic vplcanic rocks in the upper part of the volcanic pile
(Espenshade, 1937; Bostock, 1975). Further west, the Mansfield Cove
granodiorite is in fault contact with the volcanic rocks and its relative
age 1:5 uncertain (Bostock, 1975).

The structure within the Roberts Arm Group is relatively
uncomplicated, The beds are typically éteep to vertically dipping and,
at least in the upper two-thirds of the sequence, north-facing. Minor
exceptions are present on Haywards Head where south-facing pillows may
be due to local faulting (Bostock, 1975). South of Crescent Lake, the
less comﬁetent Crescent Lake Formation has been folded into a series of

northeast to north-trending folds (Hayes, 1951) which appear to repeat

the stratigraphy and allow the Crescent Lake Formation to be epréed in

the cores of anticlines.

it
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A fau]lt system which may be of some stratigraphic
importance, cuts the approximate center of the volcanic section.
This fault trendg at a small angle to the stratigraphy northeast -
into Woodford's Arm where itforms part of the southern boundary of
the Woodford's Arm pluton. From Woodford's Arm, it swings {or
branches) eastward emer:ging on the coast in Stag Cove. 1t has not

proved possible to correlate stratigraphy across this fault and ‘the

extent to which it may interrupt {or repeat) the succession is not

known,

3.3.3 Occurrence of Chert and Ferruginous Sediments in
The Roberts Arm Area

Chert, ferruginous chert and iron-rich sedimentary rocks
commonly associated with siliceous and ferruginous siltstone, shale,
greywacke, tuff and mafic flow rocks are present in minor amounts
throughout the Roberts Avm Group. ”They are commonly various shades
of red and green with sporadic black, white and 1ight brown varieties
being found. They are usually colour-laminated with ¥ndividual laminae
ranging from less than 1 millimeter to several centimeters.

Ferr»ugin.ous chert is widespread within the Crescent Lake
Formation and is commonly we]]-bedded and intercalated with red
siltstone and silicic tuff (Plate 3.1). This chert is typically red
although rare green varieties are sometimes seen. There appears to
be a complete gradation between relatively pure red chert and red
siltstone with an abundance of intarmediate varieties consisting of

ferruginous chert diluted by clastic and/or tuffaceous material.
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In the Tower regions of the -Roberts Arm Volcanics, chert
and ferruginous sediments are typically bedded, occurring in thin,
laterally #Miscontinuous lenses. They are often intercalated with red

siltstone, greywacke and tuff

Specially near the base of the volcanic
sequence, and in some stratigraphically higher regions occasiona]ly lie
directly on top of pillow lavas. Rare, narrow (up to 30 am) beds of
massive hematite are present and occasional sole markings and minor
slump features are the only sedimentary structures visible in outcrop.

Higher in the volcanic sequence, particularly north of
the Woodford's Arm-Stag Cove fault system, chert and ferruginous
sediments less commonly form coherent beds. Abundant chert occurs
marginal to pillows where it may completely surround individual pillows
or more typically occur in pods filling openihgs at pillow junctions
(Plate 3.2). Rarely, convolute, thin lenses and pods of red chert are
found within the pillows themselves and around the pillow margins,
chaotic fine laminations and irregular wispy fragments suggesting
soFt-sedimenf brecciation are oftenApresent.

Veining by calcite, epidote and quartz is present sporadically

in the sediments throughout the volcanic sequence and rare grains of pyrite

and chalcopyrite are seen.

3.3 Fortune Harbour Area

3.3.1 Previous HWork

The earliest work in the Fortune Harbour area, as in the

Roberts Arm area, was carried out by Murray and Howley (1881, 1918) and

by the Princeton University Geological Expeditions to Newfoundland.

N




e s B
NP T I

- 45 -

Geologists from Prin;eton University returned to Notre
Dame Bay in the 1930's and Heyl (1936) mapped the eastern part of the
Fortune Harbour peninsula during his study of the geolTogy of the Bay
of Exploits. He presented an interpretation of the Ordovician-Silurian
stratigraphy in this area and coined the termm Exploits Series to define
a thick sequence of volcanic and sedimentary rocks which included those
of the present study.

The area was included in Williams' (1962, 1964) compilations
of the Botwood map sheet at 1" = 1/4 mi. In the final (19645 version,
he postulated a major break, the Lukes Arm fault, running ESE from
Southeast Arm to Muddy Hole and, by inference, correlated all volcanic
and sedimentary rocks north of this fault with Espenshade's (1937)
"Pilleys Series" to the west. Because of the inclusion of units directly
south of the faufi in the Exploits Group, this precluded the presence
of Roberts Arm Group equivalents in this area.

The first detdiled map of the Fortune Harbour peninsula was '
produced by He]wig'(1967) who supported Hj]liams' (1964) implied
corretation of the Lukes Arm and Lobster Cove faults and assigned all
rocks Horth of this fault at Fortune Harbour to the Lushs Bight Group.

Remapping of the northern part of the peninsula was carried
out by Dean (1973), who recognized that the major break separating the
Lushs Bight Group from younger volcanic rocks was, contrary to previous
though?, considerably north of the Lukes Arm|fault. He correlated this
break with the Chanceport fault previously identified on New World Island

to the .east (Strong and Payne, 1973) and with\Espenshade's (1937) Lobster

1




Cove fault to the west. He named the volcanic sequence north of this
fault the “Moreton's Harbour Group" (after Strong and Payne, 1973) and

the volcano-sedimentary sequence south of it, the Cottrell's Cove Group,
which he suggested was a lithologic and probably a time equivalent of

the Robehts Arm Group to the west and Strong and Payne's (1973) Chanceport
Group to the east. This interpretation of the straéigraphyAand
corre15tions in this part of Notre Dame Bay provided the incentive to
include the Fortune Harbour area in the present study.

3.3.2 General Geology

Previous workers in the area have proposed a varied
nomenclature based on their interpretation of the geologic relations.
The present study accepts the interpretation of Dean 61973) and further
refined by Dean and Strong (1976) and the nomenclature used herein is
based on the latter work (Fig. 3.1).

The Cottrell's Cove Groupcencompasses the Upper Ordovician-

Silurian vo]cano-sedimentaﬁijkequence on the Fortune Harbour Peninsula.

comprising in as;ending stratigraphic order the Boones Pgint Complex,
the Moores Cove Formation and the Fortune Harbour Formation.

The present study was carried out within the Fortune Harbour
Formation which is similar in stratigraphy to the Roberts Arm Volcanics
and conformably overlies the Moore's Cove Formation, a sequence of
tuffaceous greywackes correlative with simf]ar strata at ‘the base of
the Roberfs Arm Group. At the base of the volcanic sequence, a relatively
thin (approximately éorm) unit of intercalated red and green chert, red

siltstone and silicic tuff is exposed in North Harbour and in Rowsells
v
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Cove. The lower part of the volcanic succession comprises up to )
2000 meters of mainlymaficpillow lava and volcanic breccia, locally
containing minor interbeds of chert and siltstone. Within the upper
Fortune Harbour Formation, there is a distinct member of coarse to
fine silicic pyroclastics and porphyritic flows interbedded with red
and green.chert which rgaches a maximum ?hickness of 1000 meters in
the Fortune H;rbour area. This pnit and its equivalents in the Bay
of Exploits were previously designated the "Fortune tuffs and cherts"
by Heyl (1935). The'silicic tuff and chert member is overlain by a
thin mafic pillow lava unit near Fleury .Bight but to the‘southeaSt 
the Chanceport Fault cuts it and the overlying units are not seen.
Chemica] analysis of volcanic rocks in the Fortune Harbour ;krmation
show them to be of calc-alkaline affinity and comparable to those of
the Roberts Arm Group (Strong, 1975).

The Forfune Harbour Formaéjon is intruded by minor

concordant gabbroic and diabasic sills, mainly within the silicic

~member, and later lamprophyre dykes of probable late (retaceous age

(Han]ess et al., 1965).
The Cottrell's Cove Group is consistently steeply dipping
and north- to northeast-facing, andthere appears to be a continuous
stratigraphic section present between Muddy Hole and the Chanceport
fault. Minor folds are ‘occasionally seen 6p outcrop scale, but they

do not appear to significantly repeat the stratigraphy.
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3.3.3 Occurrence of Chert and Ferruginous Sediments
in the Fortune Harbour Formation )

Chert is present throughout the Fortune Harbour Formation,
but not as widespread as within the Robert; Arm Group. Red chert is
occasionally found in the interstices between pillows in the m&ficA
flows but is more commonly seen as thin, conformable lenses Between
flows and as fhégmeqts in volcanic breccia. Occasional re]ative]y
thick (greater than 10 meters) sections of red, green and white chert - N |
fnterbedded with red siltstone, shale and silicic tuff are found, the

most prominent of which occurs in Rowsell's Coveé very near the base of

the Fortune Harbour Formation wheremore than 20 meters of red and
green chert intercalated with silicic tuff is exposed in a series of
tight isoclines. |

Chert is considerably more common in the silicic volcanic
member where beds of red, green and white chert are typically intgrbedded
with fine to coarse pyroglastic rocks, and chert fragments are commén in
_ thé volcanic breccia. .

Near the south end of Fortune Harbour and adjacent to the
Chanceport fault,red chert occurs intimately associated with bedded
‘manganese oxfdes. Thé deposit was mined in the early twentieth century

and is nod rather poorly exposed in a series of old pits. [t.appears

to be in excess of 7 meters thick and can be traced along str{ke for

more than 85 meters.




3.4 Gul) Pond Area

3.4.1 Previous Work

Copper mineralization has been known in the Gull Pond
area since the early 1900's, and much of fhe eaF]y geological work
in this area was ;onnected with exploration. The first geological
map of the area was prebared at a scale of 1" = 400 ft. by A.C. Bray

of the Great Gull Copper Company in 1629. Exploration was carried

out intermittently through the early part of the century and a summary

" of known ge61ogy was presented by Douglas et al. (1940) as part of a
survey of Newfoundland copper deposits. ‘
Kalliokoski (1951) hroduced a preliminary map of the Gull
Pond area at a scale of 1" - 1 mi. and a more refined version of this
map with marginal notes was published three years later (Kalliokoski,
1955). He adopted the terms "Roberts Arm‘Formation"‘and "Crescent
Lake Formation" for the vplcanic and underlying tuffa;eous‘sediments
respectively and "Badger Bay Series" for the Ordovician sequence as
a whole, suggesting their correlations with those mapped'by Espenshade
(1937) further north. '
The area was included in the Geoloéical Survey of Canada
1" = 4 mi. compilation map of the Sandy Lake sheet prepared by Neale and
Nash (1963) who renamed kKalliokoski's "Badger Bay Series" the "Exploits
Group" after the useage of Heyl (1936) and Williams (1962).
The subdivisfan of the Exploits Group by Willjams (1964) has
never formally been extended to this area but has been used by Upadhyay
and Smitheringale (1972), Norandq Mines Staff (1971) and Dean (1974) and

is thus retained in the present work.
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Considerable knowledge of the geology of the immediate

mine area has been acquired as a result of extensive diamond drilling
and underground mapping shortly before and during production from 1967
to 1971. Much of this information was compiled by the Gullbridge Mines
Staff (K. Newman, chief geologist) and is available on mine plaﬁs and
sections, A study of the underground geology of the Gullbridge deposit
was done by Upadhyay (1970) and certain aspects of this work were later
published by Upadhyay and Smitheringale (1972).v

During the summer of 1975, the entire Gullbridge Mines Ltd.

property was remapped at a scale of 1" = 400 ft. by the author (Swinden,

1975).
3.4.2 General Geology
kY

The Roberts Arm Volcanics in this area attain a maximum
thickness of approximaﬁe1y 4500 meters north of Dawes Pond but average
less than 3000 meters. They conformably and gradationally overlie the
Crescent Lage Formation which, unlike its type section at Crescent Lake,
consists mainiy of siliceous, fine to medium grained tuffaceous clastic
sediments and contains little if any red ferruginous siltstone or chert.
Lenses of this lithology persist intermittently for up to 1000 meters
into the overlying volcanic sequence (Swinden, 1975).

The basal RoSerts Arm Formation consists of from 600 to 900
meters of dominantly mafic flows in which pillows are well preserved and
top directions are to the west. West and south of Gull Pond, a thick
pile of fine grained silicic tuff, massive rhyolite, ferruginous chert

and volcanic breccia attains a maximum thickness greater than 1500 meters.

2




The major component of this unit is fine grained silicic
tuff and sericite schist with massive rhyolitic flows being-present
in greatest abundance immediately west of the Gullbridgé Mine and
decreasing to the north and south. Coarse pyroclastic racks are
present locally but seldom are widespread enough to form mappable
units. Towards the norgh end of Gull Pond, the rhyolite sequence is
greatly attenuated into several narrow bands of dominantly fine to
medium grained siliceous clastic sediments similar to Crescent Lake
Formation lithologies.

The silicic member is everywhere over]afn by a second
mafic volcanic member comprising fine grained basé1tic flows with
minor interbedded tuff.

Large intrusive bodies virtually surround the Gull Pond
study area: The Twin Lakés Complex, a composite intrusion with phases
ranging from grandaiorite to gabbro intrudes the volcanic sequence from
the west; The Topsails Granite, comprising mainly granite with minor
granodiorite and'quaftz-diorite phases, is present to the west and a
large circular granitic body, herein termed the Dawes Pond pluton,

intrudes the sequence to the south. Minor dykes and sills of feldspar

and quartz-feldspar porphyry are locally common as are small diabase
to gabbro intrusions.

The rocks in the Gull Pond area are considerably more

deformed than those in the other two areas studied. All tuffaceous

rocks are highly schistose, with the foliation being axial planar to

tight, upright isoclinal folds and trending N4Q%E with steep dips

’
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various] 0 the east or west. A well developed crenulation cleavage
is commonly present trending slightly south of east, and kink bands
are often encountered. Top directions in the volcanic sequence are
scarce but those recorded are uniformly to the west and there is
presently no evidence to suggest major repetition of strata by folding
in the area.

A northeast-trending fault set truncates the stratigraphy
in the immediate mine area, resulting in minor omission of units
(Upadhyay, 1970). A second fault set trends east to southeast and
can be shown to have offset the stratigraphy up to several tens of
meters.

3.4.3 The Gullbridge and Southwest Shaft Copper Deposits

The Gullbridge copper deposit consists of disseminated’
and stringer pyrite and chalcopyrite mineralization occurring in a
cordierite-anthophyllite-chlorite alteration zone which spans the
uppermost 20 meters of the basal mafic pillow lava unit and the lower
50-70 meters of the overlying silicic tuff. The deposit has been
described in detail by Upadhyay (1970). Approximately 3 million tons
of ore averaging less than 1% copper were mined from 1967 to 1971.

The ore—bearin\g alteration zone, which can be traced south
of the orebody for at least 5000 meters along strike, is roughly

conformable with local stratigraphy and is typified away from the mine

by a pyrite-chlorite-sericite-(cordierite) assemblage. Units within

the alteration zone are commonly bedded, highly deformed and commonly

contain discrete beds of gossan after pyrite. Pyrrhotite, magnetite

and minor chalcopyrite are common constituents near the mine.

i
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A second deposit known as the Southwest Shaft deposit, occurs
at approximately the same stratigraphic level 1400 meters southwest of
the main ore zone. A prominent, dominantly pvritic gossan crops out
here and a shaft was sunk on it in the late 1920's to a depth of about
27 meters. The host rock is probably a metabasalt, highly altered to
cordierite and anthophyllite and containing abundant disseminated and
. string‘er chalcopyrite and pyrite. Locally intense alteration and
deformation considerably complicates the detailed stratigraphy here
(D. Gemmell, pers. comm., 1974) but this zone has been shown geophysically
to be laterally equivalent the main ore zone (Gullbridge Mines Staff,
unpub. data) and is unquestionaMy stratigraphicaﬂ} eguivalent to the
main ore déposit.

Upadhyay and Smitheringale (1972) considered the Gullbridge
deposit to be of volcanogenic origin, suggesting that fumarolic fluids
were initially responsible for the magnesium alteration and sulfide
deposition in a zone which was later metamorphosed to its present form.
They noted the stratigraphic relationship between the main ore zone and
the Southwest Shaft deposit, implying that the latter zome also represents
a zone of inténse fumarolic activity.

3.4.4 Occurrence of Ferruginous Chert and Iron Rich
Sediments in the Gull Pond Area

Chert and ferruginous sediments occur in a remarkably
continuous horizon overlying and extending considerably beyond the
Gullbridge orebody and the Southwest Shaft deposit (the "Gullbridge

ferruginous chert"). This unit commonly comprises several beds of
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ferruginous (and sometimes tuffacecus) chert separated from each
other by up to three meters of fine to medium grained silicic tuff.
It is present stratigraphically above both the Gullbridge orebody
and the Southwest Shaft deposit, generally 10 to 50 meters above the
ore horizon, and appears to be laterally contiﬁbous paralleling the
alteration zone between these déposits. The individual cherty beds
tend to be fe]ative1y thin (less than 20 cm) and widely separated by
tuffaceous material jmmediate1y above the mineralization (Plate 3.3),
although about 120 meters north of the Southwest shaft, the individua]

beds are up to 15 meters wide and contaj rbedded tuff.

In this latter area, the chert 1slc only capped by 1 to 2\cm of
interbanded hematite and magneti
North of the Gullbridge mine, the chert horizon di
under the lake and upon its reappearance at the north end of Gull Pond,
it is considerably more discontinuous, cropping out only sporadically.
Individual beds seldom exceed 30 cm and the total thickness is generally
less than 10-meters. Tuff interbedded with the chert here tends to be
coarser grained than that tc the south, sometimes contains rounded
quartz and rhyolite grains, and displays graded bedding and slump
features. Narrow beds of ferruginous chert are occasiona11y broken up

and the pieces rotated and slumped into the underlying tuff (Plate 3.4).

Explosive volcanism following Tithification of the chert has produced

coarse volcanic breccia with included fragments of this unit (Plate 3.5).

A second major continuous horizon of ferruginous chert is

present south of Gull Pond at a basalt/rhyolite contact approximately
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500 meters.structurally below the mineralized zone. Its northern
extremity is exposed immediately sduth of the southeast corner of

Gull Pond from where it can be traced for over‘5300 meters south along

. strike. It is commonly 20 to 50 meters thick consisting of massive,

red to deep ﬁurp]e,'finely 1amthgted ferruginous chert with relatively
little interbedded tuffaceous material. Tﬁe physical characteristics
of this unit change remarLab]y 1§tt1e along strike, although towards
the south, tuffaceous components become more common, occasionally
comprising up to 40% of the total thickness. There are no sulphides
spatially associated with this horizon, nor is there any .evidence of
alteration similar to that near the ore horizon. v

A number of sma11er, discontinuous lenses of ferruginous
chert are present throughout the volcanic sequence at Gull Pond
commonly comprising one dr more narrow beds intercalated with silicic’
and lesser mafic tuff. \The basal contact is locally gradational witﬁ
the first hints of reddish colour occurring %in the tuff up to 50 cm
below thevfirst chert bed. The beds are locally broken and slumped
into &nder]ying material and fragments .sometimes occur in local

volcanic breccia.

3.5 Tectonic Setting of Notre Dame Bay
The island of Newfodnaland comprises the northeastern limit
of the Appalachian orogen in North America. Early interpretation of

this orogen in terms of geosynclinal theory viewed it as a one sided

system bounded to the east by an older craton énd to the west by an

[
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ocean basin (Dietz, 1963). Williams (1964a) was the first to recognize
that the Appalachians in Newfoundland are actually a two-sided
symmetricé] system and on this basis divided the island into three
geological provinces representad by late Precambrian to early Paleozoic
cratonic areas to the east and west respectively, separated by a Lower
to Middle Paleozoic mobile belt, ,

Wilson's (1966) hypothesis that the Atlantic Ocean opened
and then closed again in Paleozoic tiﬁes and the advent of plate
tectonic theory enabled later wdrkers’to view Williams' (1964a) two-
sided symmetrical system in a new light. Bird aﬁd Dewey (1970)and .
Dewey and Bird (1971) presented plate tectonic models for Central
Newfoundland in which early Paleozoic opening of the Proto-AtlaniiC~
Ocean was succeeded by closure in the Ordovician. The Western Platform
was, in their view, the North American continental edge in pre~0rdovic1;n
times and the eugeosynclinal sequences of: the Centré] Mobile Belt were ‘
built on oceanic crust in a series of marginal basins and island arcs
above a Lower-Middle Ordovician subduction zone. Stevens {1976) and
Church and Stevens (1971) were the first to recognize that allochthonous
layered u]tramafﬁc complexes on the Western Platform were in fact remnants
of Lower Ordovician and earlier ocean floor which had been fhrust over
the platform during the closing of the Proto-At]antfc Ocean and they
further suggested that pillow lavas of the Lushs Bight Térrain might also
be ocean floor structurally emplaced along the Lobster Cove Fault.
Further evidence fo support the first part of this view was presented by
Smitheringale (1972) and Strong (1972, 1973) who showed the volcanic rocks

of the Lushs Bight Terrain to be of oceanic tholeiite affinity.
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Kean (1973) was the first to describe an island arc

assemblage in Notre Dame Bay in his study of the Cutwell Group on

Long Island. Strong and Péyne (1973) interpreted the Moretons Harbour
Group on the Moretons Harbour Peninsula to be of island arc origin

and suggested that the structurally juxtaposed Chanceport Group was

younger, possibly Upper Ordovician to Silurian in age, implying its

correlation with the Roberts Arm Group to the west. This interpretation
wasvreinforced by Dean (1973), who extended the correlation to include
the Cottrell's Cove Group on the Fortune Harbour Peninsula. Strong
(1973) showed that the volcanic rocks of the Robgrt; Arm Group are
chemically of calc-alkaline affinity and later demonstrated their
chemical similarity with volcanic rocks of the Cottrell's Cove and

Chanceport Groups (Strang, 1975).

Dean and Strong (1975) proposed correlations of units across

Notre Dame Bay (Fig. 3.1) and outlined thg present interpretation of

the tectonic history of Notre Dame Bay which can be summarized as
follaws: H

1) Lower Paleozoic opening of the Proto-Atlantic Ocean
resulted in the generation of oceanic crust until the Lower Ordovician.
These rocks are presently preserved as the Lushs Bight Group and in
the obhio1ite allochthons of Western Newfoundland.

2) Initiation of eastward subduction in the Lower Ordovician |
was accanpaniea by tﬁe‘comnencement of westward ophiolite emplacement
and of island arc volcanism whereby a thick seduénce of tholeiitic to

L]

calc-alkaline volcanic rocks and associated sediments was laid down on
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ocean crust (Cutwell, Western Am, Méretons Harbour, Wild Bight and
Summerford Groups). .

3) Final ophio]ite emplacement in western Newfoundland was
accompanied by cessation of volcanic activity in the Middle Ordovician.
Erosian of the island arc volcanic sequence resulted in extensive

clastic sedimentation producing the Exploits Group shale-turbidite

sequence.

4) Resumption of cq]c-a]kaliﬁe volcanism in the Upper

S ate

Ordovician-Silurian produced a basal sequence of interbedded volcanic
and sedimentary rocks, followed by the thick succession of mafic to

acidic volcanic rocks and associated sediments of the Rcberts Ary,

r Cottrell's Cove and Chanceport Groups. Eastward thinning of this

sequence and the presence of substantial volumes of qreywacke and

shale in the Chanceport Group may indicate that this area approaches

e D Tl T LRI

y ' the distal end of the volcanism.
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5) Major uplift of the volcanic sequence ab0ve'séa level,
probably in the Silurian, was accompanied by deposition of terrestrial
1 volcanic rocks and red beds of the Springdale and Botwood Groups [ ;
‘ unconformably to disconfohmab]y up on the marine succession.

6) Thrusting from the northwest subsequent to deposition

of the Springda]é Group juxtaposed the oceanic crust - early calc-alkaline

L ey ¥ T

! » volcanic rocks and the upper Ordovician-Silurian succession along the

-

Lobster Cove-Chanceport fault system.




CHAPTER 4

MINERALOGY AND PETROGRAPHY

4.1 Methods

Thin sections were cut from 47 selected hand specimens of
chert and ferruginous sedimentary rock§ in arder to examine their
mineralogy and the nature of their sedimentary structures. In addition,
the priﬁcipa] minerals present in 20 selected samples, of which 8 were
from the Roberts Arm area, 6 from the Fortune Harbour area and 6 from
the Gull Pond area, were identif{ed by X-ray diffraction. Analysis
was performed on randomly mounted, unseived whole rock powders, the
preparation of which is described in Appendix B.

This chapter deals principally with the mineralogy of the
analyzed samples as determined by the above methods, especially as it
pertains to thelchemica] composition of the rocks. 1In adddtion, the
nature of various sedimentary structures and their relation to the

genesis of the sediments is discussed.

4.2 Mineralogy of Chert and Ferruginous Sediments

The principal minerals identified in thin section and by
X-ray diffraction in the chert and ferruginous sedimentary rocks -
comprising the present study suite are described in this section in

generally decreasing order of abundance.

4.2.1 Quartz

Quartz is by far the most cq?mzﬁ/;;;;;;;\ﬁbserved in most

thin sections and it commonly dominates the X-ray diffractograms. It
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generally occurs as cryptocrystalline to microcrysta)line aggregates,
the individual crystals of‘which are often irresolvable under the H
petrographic microscope. These aggregates comprise thé groundmass of
most samples and in the Robert$ Arm and Fortune Harbour suites may be
accompanied by minor amounts of isotropic silica. In the Gull Pond
suite, the groundmass is commonly composed of micrographic quaftz

which is considerably coarser-grained than that in the Roberts Arm or

Fortune Harbour suites. This suggests that, in general; substantial ly

more recrystallization has taken p]aée in the chert in this area,

- i e e B

peﬁ§ib1y due to their relatively intense tectonism (Sec. 3.4.2) and/or
to their relative proximity to several large ingrusive'bodies (Fig. 1.1).

Quartz is also found in minox but varying amounts as angular
to subangular detrital grains, as relatively coarse-grained micrographic
cavity fillings (Sec. 4.5) and as a major constituent of late veinlets
6ften accompanigd by epidote t Ea]cite.

Chalcedonic quartz is rare but sometimes occurs in veins as

fibrous growths perpendicular to the vein wall and as radiating sheaves ]
. S ¢ i
of crystals in spherical structures of probable diagenetic origin (Sec. 4.4.2). :

4.2.2 Hematitg

Hematite is a ubiquitous component of all red cherts but is
uncommon in green varieties. When present in relatively minor guantities,
it forms a fine dust in the interstices of the quartz groundmass and with i
increasing concentration tends to aggregate into irregular clots (Plate 4.5) ' j
which often render large portions of the thin_sections virtually opague.

When present in large quantities, hematite may form discrete beds.
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4.2.3 Aliminosilicate Minerals

The tery "aluminosilicate minerals" is herein used for
convenience whep/ referring to the suite of minerals listed below which
contain aluminum and silica as well as various other major element
cations. These minerals are commonly observed in thin section as
microcrystalline aggregates, the individual crystals of which are
irresolvable in thin section but single detrital grains are often coarse
enough to identify optically. The aluminosilicate minerals are more
commonly detected, both optically and by X-ray diffraction, in the
green rocks rather than their red counterparts, this being due partly
to their relatively greater abundance in the former {cf. Sec. 5.2.2)
but also to the obscuring effect of hematite which renders much of the
red specimens opaque im thin section and is the cause of considerable
interference in X-ray diffraction. J

Sericite and I1lite

Séricite and il1lite have both been identified by X-ray
diffraction in some samples but they are too fine grained to be
distinguished from each other in thin section. In the Raberts Arm and
Fortune Harbour suites, they occur principally as microcrystalline
aggregates distinguishable from chlorite by their high birefringence
but in the Gull Pond suite are more often seen as individual flakes
aligned parallel to the bedding. They are often associated with other
detrital minerals in quartz and/or hematite-poor beds and are occasionally
seen replacing feldspar grains and as cavity fillings (Sec. 4.5).

X-ray diffraction indicates that illite is more common than

sericite in the Roberts Arm 8nd Fortune Harbour suites while in the Gull

Pond suite, sericite appears to be more prevalent.
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Chlorite
Chlorite 1s seldom present in sufficient quantities to
be identified by X-ray diffraction but is often present in thin section
where it occurs almost exclusively as microcrystalline aggregates in the
quartz groundmass. It commonly shows very low first order interference
colours but in some specimens of interpillow material, gives anomalous
. 4

Berlin-blue interference colours.

Epidote and Clinozoisite

Epidote and less commonly clinozoisite were identified in
a Targe number of samples both optica]iy and by X-ray diffraction. They
occur both as vein fillings assoéiated with quartz and calcite and as
microcrystalline aggregates in the qro&ndmass,’usua11y associatéd_with
sericite/illite and/or chlorite. These minerals are especially’ common

in the green samples and in many cases are probably responsible for

their colour. Epidote is often present partially or completely replacing

detrital feldspar grains.

Felasgar

Feldspar is commonly a minor detrital component in samples
from the present study and where idd}yidual grains are Qisible they are
often partially or completely altered to sericite, chlorite and/or epidote.
Large detrital feldspar grains are occasionally seen concentrated in narrow
tuffaceous beds within the chert associated with detrital quartz, pyroxene
and lithic fragments. Sodic .plagioclase was detected. by X-ray diffraction
in some samples in amounts greater than those seen in any thin section,
suggesting that considerable plagioclase may be sporadically present in

optically irresolvable microcrystalline aggregates.
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Pumpellyite
Pumpellyite was identified in a few thin sections and in one
X-ray diffra'ctogram_, all from the Roberts Arm suite, occurring as rare
\ individual grains in late quartz veinlets and occasionally as micro-
crystalline aggregates.

4.2.4 Calcite

nck iR A - B

Calcite is present in some samples as a coarse to fine-grained

e

vein filling associated with epidote and quartz. It is occagionally seen
as discrete grains in the chert groundmas‘s and is especially common in
interpillow material adjacent to the chert-pilliow interface.

4.2.5 Opaque Minerals

’ Next to hematite, pyrite is the most common opaque mineral
present in the chert and ferruginous sedimentary rocks but.is rarely
abundant. Small pyrite cubes are sometimes disseminated thr%.ughout the

groundmass, and broken edges on some grains suggest that they, at least,

s AN ke . 4 7 7 i LB 7 AR 5 i

are detrital. Vein-fillings of pyrite are sometimes present near the

é
volcanic rock/chert interface where the chert is interstitial to pillows. 2
Magnetite is a rare detrital component in the Roberts Arm 2

and Fortune Harbour suite but is somewhat more common in the Gull Pond
: suite, where it occasionally forms almost massive lenses in highly ;'
i ferruginous chert proximal to the Southwest Sh-aft copper deposit (Sec. . ,
,f - | i
! 3.4.4). : {
! 1
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4.3 Mireralogic Distribution of the Principal Major Elements

Major element analyses of all samples referred to in this
section are presented in Table 4.1. I‘n all samples examined optically
or by X-ray Idiffraction, the proportion of non-detrital free quartz is
directly correlative with the concentration of $10, and there is no
doubt that in most si]iceoué samples, th1’§ mineral accounts for the
majority of the S1’O2 present. In rare cases, samples very rich in
aluminosilicate minerals may be relatively deficient in non-detrital
free quartz and thus contribute a significant proportion of the 5102
present in the rock {e.g. RA67G).

Fe203 is present in most samples mainly as hematite, with
a typically minor contribution being made by magnetite and Fe3+—r1'ch
a'luminosﬂicatesv such as epidote and pumpellyite. There are five samp1es>
in ‘;c'he Roberts Arm suite‘-which appear in hand specimen to be virtually
without hematite but contain in excess of 6% FeZO3 (RA67G, RA120, RA123,
RA143B, RAI61G) and X-ray diffraction of two of these s‘amples confirmed
the paucity of hematite and indicated the presence of anomalously large
amounts of epidoté and/or pumpellyite. No other minerals identified on:
these diffractograms are capable of ca;-rying suffiéient amounts of Fe203
to account for its concentration in these samples and it thus appears that
in some cases, significant amounts of Fezo3 may be.attm:buted to the '
presence of epidote and pumpellyite. |

The variety of aluminosilicate minerals didentified in thin

section and by X-ray diffraction (Sec. 4.2.3) can easily account for the

A1203 content of most samples. The concentrations of major elements other

2 s it AN . cim i i Tt - MBI B

s e, ek

S b i -




1 )

-~

TABLE 4.1 T~
-

:"__'.‘z
¥
-8 "
f; .
i
2

MAJOR ELEMENT COMPOSITIQN OF SELECTED SAMPLES

,Height % RA46 RAS2 RAG676G RAB9 RA120 RA123 RA1438 RA161G RA190B SP 75 FH4G FHA1A FHE4

F,0,  0.93 204 637 649 377 697 100 }5.41 3.3 3.98  0.00 4.46 0.9

Tio, 3 000 0.00 0.00 .66 .22 000 - .11 .20 .9 000 0.3 0.00

10, 68.9 64.0 56.8 83.3 5.1 430 443 47.8  77.3 241 . 94.7  64.6 82.6

Cad 56 1.53 19.7 3.91 15.63 23.6 20.43  14.28 g9 .3 .08 1.8 0.26 .

K,0 3.3 " o7 .03 000 .02 0.00 0.00 0.00 .34 2.51 .24  4.08 0.45 @
A Mg0 .97 2.33 .57 1,04 41 .26 1.49 2.20 1.31 .79 .73 2.18 0.60
L Ay, 13,70 3.27 1.5 12 163 20,60 1430 104 724 5.54 184 121 823
- Fe0 63 300 , .61 1.57 .65 .64 1.06 194 339 145 2.14  0.43  0.68

Na,0 23 0.00 0.00 .01 0.0 .01 0.00 0.00 1.43 .20 0.00 0.1 2.6l

- MnO 07 .07 .05 .04 .09 .04 .04 0 .26 BN .09  0.08 0.71
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than A]ZOB associated with the aluminosilicate ﬁ;inerals (TiOZ. Ca0,
KZO’ MgQ, FeQ, NaZO) are often very low, however, :and the mineral
phases containing them are commonly too fine grained to identify with
certainty in thin section. However, by,examining samples which are
relatively enriched in one or two of these elements to the exclusion
of the others, it is often possib]e to identify the major aluminosilicate
mineral carrying the element in question and this identj(ication can be
used inv‘conjunction with the chemical composition of various samples to
infer the principal mineralogic distribution of this element throughout
the sample suites. The following discussion reports the preliminary
resufts of examination of selected samples which meet the above
criterion and is expanded in Chapter 5. ‘
a) Ca0: The most widespread Ca0-bearing mineral identified optically
and by X-ray diffraction was epi’dote, although calcite veins are
common in a few samples and clinozoisite and pumpellyite are
occasional minor constituents. Extremely CgO-rich samples such
as RA67G comnbniy contain very large amounts of epidote in thin
section and give pronounced epidote peaks on the diffractograms.
Plagioclase was seldom 1;dent1‘ fied in the absence of anomalously high
Na20 concentrations, and calcic feldspar is thus not thought to ¢
contribyte sig.nifi cant amounts of Ca0 to the whole rock composition.
b) K,0: Kzo‘em:iched samples from all areas (e.g. GP75, RA46, FH41A)
comn_c_ngly contain a relative abundance of illite and/or sericite in
thin section and X-ray diffraction of Kzo-rich samples commoniy
results in peaks characteristic of these two minerals. I1lite and
sericite are therefore thought to be the principal Kzo-beari ng

mineral in most samples.
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¢) MgO and FeO: Eecause of the close positive correlation be;ween
these two elements throughout the sample guites (Sec. 5.3.1), they
are thought to generally occur in the same mineral. Sample RA5Z,
which contains dominamly Hgo'and FeQ as its aluminosilicate-related
component, contains a fine-grained detr{ta] fraction identified
ﬁs chlorite in thin section. Likewise, samples which give X-ray
diffraction chlorite peaks are commonly those which contain
MgO+Fe0 KZO,CaO,NaZO.
Occasional samples anomalously high i{n FeO were observed in hand
specimen and/ar thin section to carry disseminated pyrite.
d) N320 concentrations are 'éonmonly very Tow and the only mineral
";\identified in thin section which carries major amounts of this
‘N\ement was detrit‘a) plagioclase. Sample FH64, which carries.
aﬁbwa]ously high NaéO, was found to give pronounced X-ray
dif%kgctipn albite peaks and it seems likely that this mineral is

AN
respons\ible for Na20 concentrations in most samples.

|
. \\
AN

4.4 Sedimentary Structures

4.4.1 \ Bedded Deposits

-~ A number of bedded red chert and ferruginous sedimentary
rocks, as well as ste green varieties, are co1our-1aminated in hand
specimen (Plate 4.1} and details of these laminae are clearly seen in
thin section. Individual laminae vary in thickness from less than 0.1 mm
to +1 em and while s\ome are remarkably continuous on outcrop scale, many .
others are lensoid ahd discontinuous (Plate 4.2). Laminae in the red

samples commonly resrlt mainly from variations in hematite co tent, with
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lighter-coloured bands being relative1y-dep1eted in this mineral but

~— v SRRt R E————— )

may also be caused by differential concentration of microcrystalline

i ey AN

aluminosilicate minerals or coarse clastic and/or tuffaceous interbeds
'(P1ate 4.2). Laminae contacts are often sharp but are more comhon]y

rather diffuse and gradational.

e

Sha]] scale sedimentary structures are rare in hand specimen
but are more commonly viewed in thin section, especially where laminae
contacts are sharp. The most common structures seen in thin section
are intra-laminae slump folds (Plate 4.3) in which one or more laminae
are deformed while beds abbve and below are not. Individual laminae are.
;ometimes disconnected and streaked out at the broken ends, suggesting
that some soft-sediment boudinage has taken place. In some cases, the
disconnected bedding fragments are deformed and bunched up at one end
(Plate 4.4) suggesting that the disconnected pieces have occasionally
moved laterally while in a plastic state, causing deformation aloﬁg the

leading edge.

Transport of unconsolidated chert on a somewhat larger scale '

was noted in one sample where poorly sorted fragments of pale reddish
chert up to 5 am in length arepresent in a dark grey siliceous matrix. - i
The fragments are seen in thin section to be dominantly formed of
microcrystalline quartz with scattered hematite é¢lots and abundant 3
radiolarian remains (see Sec. 4.5) and are virtually free of aluminosilicate
\ﬁinera1s. The quartz matrix is mainly finer-grained than in the fragments,
contains no hematite and few radiolaria, but has scattered detrital

feldspar laths and occasional clots of miérocrystél]ine clay minerals,
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The fragment boundaries are definite but irregular and without sharp

edges and the fragments are therefore interpreted to have been transported

-while in a plastic state. The uniformity of clast composition and the

absénce of exotic fragments indicates that transport was probably over
a very short dist‘anc? and involved only a minor amount of sediment. |

~ Scour and fill structures were noted in some outcrops,
generally in the more shaly members, and some tuffaceous interbeds show
a crude size gradation but laminae in the bedded chert and fe;ruginous
sediments seldom show evidence of current reworking.

Post-depositional readjustments, as reflected in the sedﬁmenta}y

structures, thus seem to have been limited to minor slumping, possibly in
response‘to slight density contrasts and/of depositioﬁa1‘§1ope instability.

4.4.2 Interpillow Deposits

Interpillow chert is seen in thin section to be composed
dominantly of quartz, hematite and minor ¢lots of aluminosilicate minerals.
Quartz érysta1s are commonly much coarser fhan those in the bedded varieties
and hematite is commonly present in sufficient quantities to render much
of the thin section opaque. Aluminosilicate minerals, especially those
rich’ in Ca0, tenq to increase in concentration towards the chert-pillow
lava contact, and epidote with lesser amounts of pumpellyite and chlorite
are comon in the contact région. Calcite is ubiquitous in most contacts,
often obscuring the contact ifse1f, and calcite veins are common in both
chert and pillow lava.

A breccia-like texture-is often visible in hand specimen in

which irregular bright red fragments of varying shape are chaotically

-
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intermixed in a quartz-hematitemtrix. This feature is seldom visible
in thin sections due to their hematite-caused opacity but occasionally
the»fragménts are preserved in a more quartzose matrix (Plate 4.5).
The fragments are often elongate and somewhat curved, w{th sharp
boundaries and angular corners.
These fragments are reminiscent of broken beds which may
have been intruded in a semi-consolidated state by the pillow lava,
" resulting in disruption of the beds and their being squeezed into the
" pillow "interstices. Alternatively, they could be laminae formed
chemically by déposition of chert in the pillow interstices and
subsequently disrupted by minor late readjustments of pillow geometry.

Macro-spheroids ranging up to 1.5 mm in diameter comprise

up to 60% of the rock in some interpillow samples. They are seen in thin
section (Plate 4.6) to consist dominantly of micrographic quartz near the

center giving way outwards to radiating chalcedony. Comcentric bands of

S 4=

hematite, commonly overgrown by the chalcedony, are present in- the outer
1/2 to 1/3 of the structures, Where these structures are in contact, their

mutual sides are flattened suggesting interference during growth. However,

the structures are commonly separated by a fine film of hematite and/or

clay, and crystals of one structure are never seen intergrown with those of

an adjacent structure. The outer edges of these spheroids are commonly

diffuse, marked by the outer growth 1imit of the various chalcedony crystals.
The origin of these structures is not presently known. Their

mutually flattened edges, Tack of nucleii and lack of concentric banding

in the inner 1/2 to 2/3 indicate that they are not recrystallized ooids.
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A possible origin is suggested by the work of Elliston (1963 a,b)
and Nashar (1963) who suggested that colloidal material in a partially

consolidated, water-rich sediment will flocculate into large aggregates

o RIS g A T e - >

in response to the aﬁp]ication of shearing stress. These aggregates

later crystallize in response to compactior, dehydration and possibly ;
: 1
elevation of temperature (Elliston, 1963a, Plate 1). In the case of '

SR ——

the present sediments, this stress could have been exerted either by

; the extrusion of pillows into a partially consolidated sediment or.by 3

: post-depositional readjustment of the pillows causing disruption of

’

partially consolidated material in their interstices.

!
|

& ‘ There is no evidence of baking of the chert near the pillow

lava contacts and field and petrographic evidence is not conclusive as

RN

to whether the chert in the pillew interstices pre- or post-dates pillow

extrusion. Geochemical evidence pertaining to this problem is presented

PR

in Chapter 5.

N 4.5 Radiolarian (?) Remains ®

A majority of the samples examined in thin section contain
widely varying concentrations of microspherica1 structures ranging 1in
diameter up to 0.3 mm (Plate 4.7). They are commonly filled with
micrographic quartz which is normally considerably coarser than that in
the groundmass, suggesting it may haye originated as cavity fillings.

Less commonly, the spheres are partially or completely filled with

7

Amicrocrysta]]ine clay minerals and/or hematite (§1ate 4.7). In many i

1
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samples, the spheres are scattered at random throughout the specimen
while in others they are concentrated in specific horizbns, common 1y
those rich in hematite and/or detrital material. On the rare occasions
when they aréAin mutual contagt, the spheres are tangentially welded
(Plate 4.8); Preservation seems to be enhanced in the hematite and
shale-rich rocks and where the spheres are present in highly siliceous
samples, they are often partially destroyed (Plate 4.9). The only
suggestion of internal structure in these spheres is a faint, poorly
preserved outer wall in some specimens (Plate 4.7)

Sampson (1923) described similar features from the cherts
of Notre Dame Bay and interpreted them to be radiolaria as did Ruedemann
and Wilson (1936) from cherts of similar age in New Yark. Similar forms
interpreted to be radiolaria have been repdrted from many DSDP cores
(e.g. Heath and Moberly, 1971; Berger and von Rad, 1972; von Rad andl
Rosch, 1974) where a complete gradation from opaline radiolarian coze
to indurated quartz chert can be observed and the prbgressive destruction
of internal structures of the radiolaria can be recorded. Most recent
workers agree that dissolution of opaline tests during diagenesis will
result in the destruction of most internal structures and possibly
complete obliteration of the test (Wise and Weaver, 1974).

In smnpaky, sthe following considerations suggest that the
microspheres observed in thin section and described above are poorly
preserved radiolarian'remaﬁns:

1) The internal micrographic quartz is relatively coarse-grained and
tﬁis, coupled with the occurrence of internal clay'and hématite, suggests

infilling of an original cavity. Sy







[FPS—————

e~ - 81 -

2) The general lack of concentric banding and/or nucléii indicates

that these are not recrystallized ooids. Sharp outer boundaries and

tangential welding rather than flattening at mutual contacts indicates

-

that they are probably not diagenetic growth features or recrystallizel

< silica globules’

3.) The occasional presence of a poorly preserved outer wall
indicatés than an original outer wall may have been a universal
characteristic, i.e. suggesting a“biogenic origin. ’

4) The similarity in size, general appearance and occurrence of
these spheréi to radio]aria described in sediments of a simi]ar age as

\ .
well as those \present in more recent rocks suggests that they are

likewise radiolayia.

4.6 Sumary

Quartz and hematite are the dominant minerals present .in
the chert and ferruginous sediments studied during -the present project.
Non-detrital, microcrystalline quartz comprises the groﬁndnas; of most
samples and i's’diluted by varying concentrations of hematite which occurs
as a fine dgst svurrounding quartz crystals, as irregular clots, and
occasiona‘Hy\ as discrete beds. A ubiquitous detrital compo;ent is present‘
which ranges from occasional tuffaceous fragments to discrete tuff interbeds
and micro.crystaﬂine aggregates in the siliceous groundmass. The dominant
minerals in thié fraction are illite, sericite, chlorite, and epidote with

lesser albite and clinozoisite and, in the Roberts Arm suite, pumpellyite.

‘Calcite, pyh‘te and magnetite are sporadica]]y”present.
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Concentrations of the various major‘elements can usually
be r‘e’late‘:i to the presence of spécific minerals identified optically
or by X-ray diffraction.

Sedimentary structures in th;a bedded sedimentary rocks
indicate that most were deposited in relatively quiet water and 'I-oéaﬂy
disrupted by soft sediment deformation probably d;.ue_to' density contrasts
and/or depositional slope instabi-]ity. . '

" Petrographic ®vidence is inconclusive as to whether
interpillow chert was briginal'ly depbsited before or after extrusion
of the host pillow lava.

Microspherical features present in a major%ty of bedded

samples are interpreted to be poorly preserved radiolarian rémains.
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5.1 Methods / ‘

CHAPTER 5

e GEOCHEMISTRY
T~
I

A total of 247 samples comprising chert and ferruginous -
sedimentary rocks associated with volcanic rocks of the Ao/l:;'ts Arm
and Cottrell's Cove Groups, of which BO were from the Gull Pond area,
115 f‘rom the Roberts Arm area and 52 from the Fortune Harbour area,
were analysed for 10 major and 10 trace‘ elements. Major element
compositions were determined with a Perkin-Elmer Model 303 atomic
absorption _spectrorqetér and trace element compositions with a Philh"ps
Model 1220C X-ray fluorescence spectrometer. FeO content v;as fo;nd by
titration acc‘ording to the method of Wilson (1955), described by
Maxwell (1968, p. 419). Gold was determined commercially by Bondar-Clegg
and Company for 179 sé]ected samples of which 61 were from the Gull Pond
area, /6 from the Roberts Arm area and 42 from the Fortune Harbour area.
Loss on ignition was determined for all samples.

A1l analyses were performed on unsieved whole rock powders
and details of sample preparation techniques, analytical methods, and
the precision and accuracy of the‘ analyses can be found in'_Appendix.B.

A variety of statistical ‘techniques were applied to the data

in order to interpret the compositions of and chemical trends both in

the various geographic suites and in selected subgroups within these suites.

Thg main emphasis in the Roberts Arm and Fortune Harbour areas was directed

towards chemically distinguishing contrasting lithotypés and samples of

differing modes of occ'urrence, as well as seeking stratigraphic variations

FRLIOP NN
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vertically throughout the volcanic sequence. The principal concern in
the Gull Pond area was to find chemicaT variations along strike within
‘ o
the single stratigraphic unit associated with base metal mineralization
and to define cHemical variation between this unit and similar
3 : .
1ithotypes apparently unrelated to mineralization.
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s also reflected in a relative enrichment of Fe0, Mg0, Ca0 and Na,0

5.2 Results

The average major and trace e]ement compos1t1ons and the
standard deviations from the mean concentratwns for the three geograph1c
suites are presented in Table 5.1 and histograms showing the distribution
of the various element concer{trat'ion\.. for the three areas can be found

in Appendix D.

5.2.1 Comparative Compositions of the Geographic Suites
A comparison of major e’lement concentrations as presented in
Table 5.1 indicates the following: o
N

1) The chemical composition of all suites is dominated by Si02 and to

a lesser extent (in the Gull Pond and Roberts Aym suites) Fe,03, which

togethef‘ comprise 84 to 91%3f the mean rock composition, This reﬂect.s
quartz and hematite respective1§ being the dominant mineral component§
in most samples. i
2) There are significant differences in the sediment composition between
the th;‘ee suites. Tﬁe Roberts Arm suite is relatively depleted in S1'02
and enriched in Fe203. reflecting the greater proportion of ferruginous
shale and mudroc'ks as opposed to true chert in this area. This feature

205
elements present mainly in detrital chlorite, epidote and plagioclase
in this suite.  The Fortune Harbour suite, while showing a marked dep'leﬁon.
in. Fe,03 is enriched by a factor of two in K20, presumably reflecting a
relative preponderance of ill1ite in the clay .fraction. The Gull Pond suite
is the most Si]icéo‘tﬁf the three and a relative paucity of detrital

material in the samples is suggested by a s]'lg'ht but consistent relative

depletion in Alp03, Ca0, Mg0, K,0, FeQ and Na,O.

I TorT R TI TE e e

LEECENAG. g wptsre " IMLW Ak 5 ey -




- }.‘:_i;“‘- YR 3 ]
[ )
.
J
- 86 -
§ et TABLE 5.1
! y
¥  MEAN- CHEMICAL COMPOSITION OF THE GEOGRAPHIC SUITES
Roberts Arm Fortune Harbour . Gull Pond
Weight % Mean | S.D.* Mean S.D. Mean S.D.
) Fe,0y . 9.89  13.12. 342 - 311 7.8 6.3
Ti0, .26 - I I 1 11 .22 .56
510, 75.09 16.94  81.87  11.31 84.54 9.19
Ca0 - 3:36 4,69 .37 1.4 .78 1.14
K,0 o " .64 1.05 1.29 1.15 .65 .69
Mg0 1.22 1.52 .96 .73 _ .68 .49 .
A104 4.83 4.57 5,13  ®63 - 2.81  2.14
Fe0 © .37 1.53 .87 .81 .80 .68
Na,0 .61 1.18 .60 .84 .47 .68
MnO : .22 .56 - .43 .53 .93 1.76
L.0. 1, %* 2.66 3.34 2.03 1.57 .61 .35
ppm ‘ - /
ir 45 46 53 43 31 1. B
Sr 138 341 61 63 5] 23 i |
Rb 25 - 32 48 a 28 18 §
In 36, 21 45 21 30 16 A
Cu , 15 25 14 50 10 © 14
Ba . 235 o3 458 653 444 547
Nb o 12 14 9 7 12 14
Ni 38 3] 31 10 30 13
, Cr 30 104 \ 16 6 .1 16 13
| Aur 20 16 67 38 12 50
. . . ‘
* - standard deviation
_ **  _ Yoss on ignition
J **¥x _ Ay in ppb
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4)  None of the geographic suites {s internally homogenous in composition

_ the element concentrations in each suite follow broddly similar distributipn

'QKZO in the Fortune Harbour suite which, in contrast to the other two suites,

. shows neither heavy weighting in the 1ow-concentration ranges nor scattered

which shows a linear decrease in quartz concentration with increasing

% : R g
3)  Ca0, Na,0, Mg, and Fe0 tend to increase in concentration from Gull
Pond to Fortune Harbour to Roberts Arm respectively. This trend coincides
with an increasing volume of mafic relative to silicic Vblcanic rocks in

the volcanic sequence and indicates that these elements are present in

the detrital fractions‘whﬁge compoéitions reflect their sources.

and very high standard deviations for most e1ém§nts in all suites reflects -
the Considerable range of compositions presén;/?see also histograms, | ~g¥
Appendix D). /

5) The distribution of element concentrations as depicted in the (

histograms (Appendix D) shows that in ;pite of the differences noted above,

-

patterns. The main exception to this is the distribution of A1303, Mg0 and

anomalously high values.

The relative major element cappos1t1on of the three suites is
best 111ustrated h a triangular plot of their three maJor components, o
quartz (5102), hematite (Fe203) and' the detrital fraction (A1203 + Ca0 +
K0 + Méo + Fe0 + Nap0) as shown in Fig. %.1. Most samp1e§_in all suite§ ‘ }
lie in one or both of two linear trends which converge at the quarti apex, |
one of which para11gls the quartz-"detritus" join, reprgsenting yariogs’ -

shaley to cherty sediments without significant hematite, and the other of

henatite+"detr1tus"vcdntent. Both trends are present in the Roberts Arm
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CaG+RhigO0+K,0 +Al,0, o )
+FeO +Na.0 '

¢
@ ~
ROBERTS ARM
FezO;; .
S
FORTUNE HARBOUR
"

GULL POND

e : o FlG. 5.1 Comparétive compositions of the three geographic sample
e o suites as a function of SiOz/Fe203/"detritus" ratio. ‘
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suite while safiples frbm.the Fortune Ha;bour aﬁd Gu]]‘Pond suites p{ot
almost exc1u51vely in the 1ow hematite and high-hgmatite trends
respectively. This diagram emphas1ses the siliceous nature of the
majority of the samples and‘show; that the increase of hematite and
‘detritus in fhé ferruginous:sedimqntafy rocks is a sympathgtic\
reiationéhip. Each4trgnd is iﬁterﬁaﬂ]y‘continuods showing no breaks
between the quaktg-riéh aﬁd détrita]-(ich gnd mgmbens indicaéing'that
a1l gradations of sedimentary type from relatively pure quartz chert
_to'shale'and ferruginous shale ﬁ}e bre§éﬁt. |

The trace element concentrations presentéd i Tab]é 5.1 and
their distribution as shown in the histograms (Appéndji D) indicate the
following: T s
-1)- Most trace elements an present in very small EOncentratlons and,
w1th the exception of. Ba in all suites and Sr~1n the Roberts Arm suite,
average less than 100 ppm.
2) Auis considerabl depJéted in the Rob;‘ts Arm suite relative to the
other two and is somewhat enriched in.the Gull Pond suite f;ﬂﬁfﬁve to the
Fortune Harbour suite. ¢ A
3) With the exceﬁ\hon of Au, Ba-and Rb, the Gull Pond suite carfzes
cons1stent1y lower trace element concentrations than the Roperts Anm and
lFor;une Harbbur suifes. ‘ >_ 7

4) The relatively high Sr mean” concentration in the Roberts Arm suite.

results from a few anomalous samples and the Sr histogram for this.suife'-

in Appendix D indicates that eXCluding’tﬂésé few samples, Sr distribution’

is {n fact similar in all suites.
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5.2.2 Comparative Composition of Lithologic Subgroups

Three pairs of 11thologic subgroups are compared. viz: 1) red -
-versus green samp]es from the Roberts Ann + Fortune Harbour su1tes,
2) bedded-sedimentary rocks versus 1nterp1110w sediments from the Roberts
Arm Group and 3) samples from ‘the Gullbridge ferruginous chert horizon
versus those units from the Gull Pond su1te apparently unrelated to
.mineralization. The mean concentrations and standard deviation from
the mean,concentrations of all subgroups are presented in Tables 5.2,
5.3 and 5.4 together with the statistical significance of the comp051tional

variations according to the Mann-Whitney U Test (see Appendix B),
v . f

.
Red versus Green Sedfmentary Rocks from the Roberts Arm and
Fortune Harbour Suites . .

Samples from the Gull Pond suite were not included in these

N . “ . s : )
subgroups due to their lack of green varieties. The greer subgroup also
includes a few samples in shades of grey, white and buff. =

The mean element concentrations for these subgroups as shown
[N .
in Table 5.2 indicate the following:

1) Feo03 and Si0, are signifigant]y enriched in the -red suBgroup;

reflecting itﬁ relative enrichment in quartz and hematite |
g;ser extent, are

2) * Alp0;, Fe0, and Na0, ' Mg0 and Kp0 to a 1
§ignificant1y-higher in the reen éubg oup, inditating that all major
detrital minerals are relatiyely enriched in the green rocks.

3) 2Zr and Sr are significanily enriched in the green suBgroup while Au

" is the only trace element to be enriched in the red rocks.




-~ '( o TABLE 5.2

MEAN COMPOSITION - RED AND GREEN SUBGROUPS

-

i

Red Subgroup ‘ Geeen Subgroup Phukx 7

Neight Percent -Mean S.D.* _ Mean S5.D.*

Fe20'3 8.69 10.67 2.84 3.76 99.999

Tio, . .24 N S a4 99.9
510, 79.49 .76 ,.76.43 14.31 99.999(\
Cad 2.04 2.59 .35 17.39

K0 . .68 .85 .64 .80

Mg0 01 . 116 .22 .82

A1,0 .67 .33 .82 .35

273
Fe0 .12 .38 .22 .61

Na,0 : .47 .10 50 - 1,40

MnO .33 .62 : .13 .62

L.O.1.** .28 .58 g4 .74

ppm

ir

Sr

Pb

Zn

Cu

Ba

Nb

Ni

Cr 16
25

* ~ Standard deviation
** - Loss on Ignition®
&  _ Au in ppb

Faxx Probab1th that element concentrations form separate popu1at1ons
- - for elements where p >95%.
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Bedded versus Iﬁfeﬁbi]]ow Sediments from the Roberts Arm Group

Samples for\this subgrouping were taken. only from thg Roberts
Arm suite as interpii1oQ material ;s rare in the Fortune Har?our suite
and non-existent in the Gull Pond suite. In addition, only red samples
are included in these subgroups due to the rglative paucity of green

interpillow sediments.

“ , The element concentrat1ons for these subgroups ds shown in

'
L3

Tab]e 5.3 1nd1cate that:

1) The mean concentration of Fe,03 is slightly higher in .the interpillow
subgrouﬁ while Al503, K50, Mg0, Fe0 and Nap0 are significantly enriched
in the bedded rocks. In view of thertwo subgroubs‘ similar Si02 (and
hence qUertz) contents, this probably }ndicates that a somewhat higher
detrital component present in the bedded rocks is having the effect of
re1ative1y diluting their hematite content. | .

2) Ca0 is considerably enriched in the interpillow subgroup as is MnO
in the bedded rocks and the rat1o Fep03/Mn0 i9 extreme]y high in the
1nterp1110w subgroup reflecting its relative dep1et1on in MnO,

3) Ir, Rb, and Zn are significantly enriched in the bedded subgroup,
probably ref1ec£ing their close association with the detrital fraction

in these .rocks.

Mineralization-Related Sediments versus Those App}rentIy
Unrelated to Mineralization in the Gull Pond Suite

The first Gull Pond subgroup cobnsists of samples taken from
the horizon spatially related to the Gullbridge and Southwest Shaft

deposits (hereafter called the "mineralization" subgroup)‘while the

second comprises samples from various other stratigraphic 1evél§' a
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TABLE 5.3

MEAN COMPOSITION - BEDDED AND INTERPILLOW SUBGROUPS

" Bedded Subgroup Interpillow Subgroup prx** g

Weight Percent Mean 5.D.* Mean

FeZO3 10.02 14.77 11.83

Tio, .24 10 .22
$10, 77.2) .92 77.26
Ca0 .53 .50 3.54
<50 , .68 .89 5
MgO .34 15 .72
A1,0, .65 .61 15
FeD .56 .83 .76
Na,0 .82 .63 .08
MnO .45 .88 .05

L.OL T ** .79 .94 .62

e . S - N A AN I A 5 x i it W N0 Kl

BDITI
r

Sr
Rb
in
Cu
Ba
Nb
N4
Cr

Standard deviation
Loss on Ignition
Au in ppb

Probability that element concentrations formt separate populations -
for elements where p > 95%.

One analysis
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apparently unrelated to mineralization (hereafter called the "mixed"
subgroup) in the Gull Pond area.

The major and trace element wrage concentrations of thg
subgroups presented in Table 5.4 indicate that: -
1) The mineralization subgroup is considerably enriched in Fey03 and
depleted in Si0; relative to the mixed subgroup, reflecting relative
proportions of free quartz and hematite in the two groups'{, Feo03 + Si0p
is roughly equal in both groups, suggesting that a re]ati?e)y uncomplicated
covariation between these two minerals dominates the chémistry of both
Gull Pond subgroups.
2)  The mean concentration of MnO is considerably higher in the mineralization
subgroup but this is principally due to three highly manganiferous samples . -
(GP 14, MnD = 9.6%; GP153A, Mn0 = 9.0%; GP153B, Mn0 = 8.6%) in this horizon
(note the high standard deviation). Excluding these three samples, the
mean concentration of Mn0 in the mineralization subgroup is 0.43% (S.D. = .41),
somewhat Tlower than that of the mixed subgroup and probably a more realistic
figure for purposes of intergroup comparisons.
3) The mixed subgroup has stightly but significantly higher concentrations
of Ti02, KZO’ A1203 and NaZO reflecting its more prominent detrital
component.
4) Barium is the only trace element significantly enriched in the
mineralization subgroup and this by-a considerable amount. Most other

trace elements (except gold) are slightly but consistently depleted in

these rocks relative to the mixed subgroup.
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TABLE 5.4

MEAN COMPOSITION - GULL POND MINERALIZATION AND MIXED SUBGROUPS

LY

Hineralizatio‘igubgroup Mixed Subgroup press ¢

Weight Percent Mean S.D.* Mean S.D.*

Fe,0, 9.48 6.40 3.55 3.4
Ti0, 13 .06 3 .80
10, 83.03 10.71 88.1 .96
Ca0 .78 1.27 .48 .27
K,0 Y 752 77 .58
“ Mgo .62 .49 .61 .27
A0, 14 .70 12 1.89
.91 7 .59 .43

. 40 .62 .50 .74

.99 .49 .65 .62

.51 .30 .BS .33

e AP g - - BT A " OV P MY o o G 0 e

R

10
31
16
1A

* - Standard deviation
* - Loss on Ignition
*** - Au in ppb

*xx*  _ Prohability that element concentrations form separate populations -
for elements where p >95%.




5.3 Statistical Examination of Chemical Data
ot

Ihe chemical data for ferruginous chert and assaciated
sedimer\\tary rocks in the Upper Ordovician-Silurian volcanic sequence were
subjected to a variety of statistical tests in order to determine the
retationships between various re1ements anvd to identify any chemical

trends present in the data. The destriptions of these tests can be

found in Appendix B aﬁd the results of each test are discussed separately

below. . =

R o B s e o ackhe s il

5.3.1 Pearson Correlation Coefficients

In an initial attempt to identify chemical re]ation‘\ships within

{
the datﬁ Pearson Correlation Matrices were calculated for the three

geographic suites. The complete matrices and the significance of the

correlations therein are presented in Appendix C.

I'd

-

Douglas (1976, in prep.) suggested as a result of his study of
Cambrian sedimentary rocks in Eastern Newfoundland that the correlation

coefficients calculated for the elements in his samples were influenced

T RTPN G e s e

by two factors:

1) A mineralogical association factor where elements which are present

-~

 —_

in a specific mineral are positively correlated to a degree determined by

e

the amount of this mineral present in the rock.

2) A mineral groupi-ng factor in which ther:e is a positive correlation

of elements within a mutually gradational group of minerals and a negative
correlation between these and the concentration of elements in an opposing a
group. In the present study, this takes the form of a dilution factor in

which the dilution of one or more preponderant minerals (in this case quartz
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s A

and to a lesser extent hematite) by various other minerals (e.g.
- 13

detritus) will result in all elements associated with the latter

showing a strong neqgative correlation with the former.

Major Element Correlations

The major elements in each suite which are significantly
correlated are summarized in Fig. 5.2. Analysis of the results presented
in Appendix C and Fig. 5.2 suggests the following relationshjps:

1) A strong negative correlation of most elements with Si0p is present
in all suites, reflecting the dilution of quartz, the dominant component,
by all other minerals.

2) Fe,03 shows no significant consistent correlation with other
minerals, with the exception Of a negative correlation with Si0, in the
Roberts Arm and Gull Pond suites. The lack of positive correlations
suggests that the concentration of hematite is not related to the presence
of other mineral phases, while the lack of negative cor:e1ations indicates
that the concentration of hematite relativg to quartz is commonly too Tow
to show é dilution trend with other minerals. The dilution factor
represented by the negative correlation of Fe,03 and 5i0, in the Roberts
Arm and Gull Pond suites is not present in the Fortune Harbour sujte due
to this suites' uniformly low Fep03 concentrations (Sec. 5.2.1).

3) The general positive correlation of Ca0, K,0, Mgo, Fe0, and Nay0 with -
A1203 jndicates that these elements are mainly present in alumifosilicate
minerals. The very strong positive correlation of A1203>with K50 and Mg0
in all suites as well as the mutual correlation of Ko0 and Mg0 in the Gull

Pond and Fortune Harbour suites suggests that chlorite and il1lite + sericite

are generally the major aluminosilicate components."fﬁ?; relationship is

qQ
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FIG. 5.2 Principal element correlations in the geographic suites;
+ signifies positive correlation at significance better than 0.001;

- signifies negative correlation at significance better than 0.001; .
parentheses indicate correlations.at significance between 0.005 and

0.001.
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overshadowed in the Roberts Arm suite by the strong positive correlation
. -~

of Ca0 and Nay0 with Al203 suggesting that other major aluminosilicate

components, probably epidote and detrital plagioclase, are prominent in

this suite. \
o/ . )
4) The strong positive Mg0-FeO correlation reflects their mutual

~

presence in chlorite. Because Ma0 exhibits a much stron;lr negative
correlation with 510, and bositivercorrelation with A1,03 than does Fe0,
it is Tikely that the chlorite is magnesium rich, but in the absence of
mineral analyses, no quantitatiye estimates are possible.
5)  MnO shows no signifiéant correlations in the Roberts‘Anm and Fortune
Harbour suites but is positively correlated with Ca0, Mg0, Al1203, Fes03
and Nazo in the Gull Pond suite. There are a number of alternative
explanations for these correlations:
a) The lack of correlation between Mn0 and the other major elements
in the Roberts Arm and Fortune Harbour suites probably indicates that
MnO was supplied chemically in these areas and thus is n0£ related
in supply to the detrital minerals. Alternatively, the small amounts
of Mn0 present in the Roberts Arm suite may be present in the various
detrital minerals while being .either too Tow in concentration or too
scattered in mineralogic distribution to produce a positive correlation.
b) The positive correlation of MnO with other major elements in the
Gull Pond suite suggests that MnO concentrations in this area may be
due to the jncorporation of larger amounts of this element into a
major detrital mineral such as chlorite, thus producing the correlations
via a mineralogic association factor. Alternatively, the Mno may be

present as a discrete detrital phase 1inked to the other major elements




by a mineral grouping factor. A third possibility is that Mn0 is
present in a discrete mineral phase which was chemically precipitatea
in environment where increased availability and/or environments
suitable for the precipitation of Mn0O coincided with the introduction
of a large detr{tal component. The highly siliceous nature bf the
Gull Pond suite relative to the other two suites wou{d enhance any
correlations produced by the above méchanisms because all other
components are present in small (i.e. more nearly equal) amounts.
Thus the collective dilution of quartz by the other components

(i.e. chemical and detrital) will result in a relatively strong

positive correlation of the elements via a mineral grouping factor.

Correlation of Major and Trace Elements

The significant corre]étions between major and trace elements
are summarised in Fig. 5.2 and suggest the following relationships:
1)  Rb, IZn, Sr and Zr are positiJe]y correlated with A1203 in all suites
(except Sr in the Fortune Harbour suite) indicating that these trace
elements are commonly present i the aluminosilicate minerals. Rb exhibits
a strong correlation with K;0, suggesting that it is principally bound in
i1lite and sericite, while a similar correlation between Zr and Na,0 (and

to a lesser extent Ca0) probably reflects the related detrital contribution

of plagioclase and zircon via a mineral grouping factor. Zn is consistently

correlated with Mg0, K,0, and A1203 suggesting this element's preference

for the clay fraction,
N
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2) Sr correlates well with Ca0 and A1203 in the Roberts Anm and Fortune
Harbour suités and with MnO in the Gul1l Pond and Fortune Harbour suites.
Mn0 is considerably enriched in the Fortune Harbour and Gull Pond suites
relative to the Roberts Aﬁﬁ suite (Table 5.1) and the above latter
correlation suggests that, at least in the Fortune Harbour and\fu11‘Pond
suites, Mn0 was origi?a11y deposited as manganese carbonate.

3) Ba is posifive]? correlated with K50, A1203 and Na,0 only in the
Roberts Arm suite coinciding with a considerable depletion of Ba in this
Asuite re1atjve to the other two. This suggests that most of the Ba in

the Roberts Arm suite is either incorporated in aluminosilicate minerals
or contributed as a discrete detrital phase along with these minerals.

In the Gull Pond and Fortune Harbour suites, increased amounts of a discrete
Ba-bearing mineral phase m;y have been chemically precipitated and
concentrations of this element are thus unrelated to detrital supply.l The
minor Ba associated with the detrital fraction may also be pfesent in /
these latter two suites but the excess amounts of the themiéal phase would
mask this relationship.

4) Ni in the Gull Pond suite is positively correlated with F9203. Cag,
K20, Mg0, A1203 and Mn0 and negatively with Sioz.

Trace Element Correlations

Consistent correlations are not as prevalent among trace e1éments
as among the majors, probably due to a scattering of these-elements among

several mineral phases and/or to the generally low amounts of these elements

in the rocks. Significant correlations summarized in Fig. 5.2 suggest the

following:

.

.

e £ b B B

T e il St~ il T W




1) .The only consistent trace element correlations between all groups

are the positive correlation of &r with Sr and of Rb with Zn. In addition,

In and Rb are positively correlated in the Roberts Arﬁ.and Gul ’Pond

"suites. This reflects the previously noted preference of Zn, Rb> ‘d Sr
for the aluminosilicate minerals via a minerq}ogical association’factor
and the related detrital contribution of 2ircon via a mineraf/groqping
factor. 'n
2) Barium is positively correlated with Zr,‘Sr32nd Rb in the Roberts

Am suite probably reflecting its presence either in the aluminosilicate

minerals in this suite or as detrital barite correlated with other

detrital components via a mineral grouping factor.

5.3.2 Scattergrmns

A1l major element éna1yses we¥e plotted agaihst Sw’O2 in order
v to visually examine the chemical trends discussed in section 5.2.1.
Selected scattergrams which i]lﬁ§trate the principal trends are presénted
in Figs. 5.3 to 5.10. ‘ The dominant feature in all ;cattergrams is al
cluster of points near the horizontal qxis in the high-silica range which

contains those samples composed dominantly of free quartz. The trends

generally terminate in. this cluster and contafin samples in which significant

dilution of quartz by other minerals has taken p1ace.
The scattergrams for A1203 versus Sio2 in Fig. 5.3 show that both
an upper fe]a}dVET% steep trend and a lower, more shallow trend are
g .
developed in the Gull Pond suite. The former is made up of samples
containing greater than 8% Fe203 while the latter comprises mainly samples
with less than 4% Fe203. Although these two trends are not as well defined

in the Roberts Arm or Fortuhe Harbour suites,-the relatively high Fe203
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samples tend to plot along the lower boundary of the groups and the

relatively low Fezo3 samples along their upper boundary in both cases.
'This‘feature is further:idiscussed with respect to the Gull Pond suite

on page 116.

o Hqsf of the KZO, Ca0, Na20, Mg0 and Fe0.versus Si02 scattergrams
show two sepafate sample groupings (e.g. Fig. 5.4). The first of these
forms a negative linear trend originating in the high-siltica cluster

which ref]ects‘the dilution of quartz by increasing amounts of the

aluminosilicate mineral(s) containing the element in question. The

second group generally plots in a diffuse trend subparallel to the SiO2

axis showing a wide variation in S1'02 with 1ittle corresponding change
in the concentration of the other element. In this group, dilution of

quartz is being accomplished by minerals which do not contain the element

in question (i.e. hematite and/or other aluminosilicate minerals). These
two trends are particularly well developed on tha K20/Si02 diagram fgr the
Roberts Arm Group (Fig.45.4). where a number of samples containing a
quartz-free %;action dominated by K20 lie along a line connecting the
high-silica cluster with the thedretical composition of illite, sdggesting
that the chemistry of fﬁése samples is dominated by a dilution of quartz
by this mineri1. This linear trend is also present in the Fortune Harbour
and, to a lesser extent, the Gull Pond suites.

The presence of substantial quantities of CaO-beaFing aluminosilicate

minerals in the Roberts Arm and Gull Pond suftes is illustrated by the Ca0 -

versus 510, scattergrams in Fig. 5.5. A number of samples plot along a
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rather diffuse negative Tinear trend which links the theoretical
compositions of epidote, cHnozgjsite and anorthite with the high-silica
cluster. Optical mineralogy and X-ray diffraction studies (Chapter 4)
indicate that the former two are the dominant Ca0-bearing aluminosilicate
minerals in all suites.

The presence of plagioclase as a principal component of the
detrital fraction in the Roberts Am suite is illustrated by Fig. 5.6
showing 5102 plotted against Na20 where a number of samples lie along the
line connecting the high-silica c1uster with albite.

The relative homogeneity of the red and green subgroups with
respect to most elements is reflected in their scattergram plots which
commonly display ilinear trends caused by samples from both subgroups.
However the majority of samples in the green subgroup tend to plot in the
upper (i.e. high-concentration) part of the A1203, Ca0, K,0, Mg0, and
Na20 versus SiO2 diagrams (e.g. Fig. 5.7) reflecting their uniformly high
aluminosilicate component and the paucity of low-aluminosilicate samples

in this subgroup.

Fe203‘in thé~green subgroup forms a relatively ill-defined trend

below that for'med by the red subgroup (Fig. 5.7) refTecting the fact that
high—Fe203 contents in this subgrbup are generally accompanied gy

coﬁsi’ derable amounts of other e]emen;s besides S1'02. The plot of Ca0
versus Fe203 for the green subgroup tHg. 5.8) shows a ratherrf vague linear

) .
relationship between- these elements supporting the contention made in

Section 4.3.2. that Fe203' in hematite-poor rocks occurs principally in

-t
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FIG. 5.8 Scattergram showing Fe203 versus Ca0 in thé"green subgroup. 3
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Ca0 + FeZO{jB}Pring alum'lnosijicate minerals (e.g. epidbte, pumpellyite).
The low trend of Fe?_O3 versus SiO2 in the green subgroup is thus probably
a result of the presence of substantial quantities of other elements
(mainly A1203. Ca0) in the F9203-bear1ng minerals of this subgroup as

opposed to the abse’ncemlements in hematite, the principal

Fe203—bear1'ng mineral in the red subgroup.

The green subgroup aiso shows ,a tendency to cluster on the
Mn0 versus SiO2 diagram (Fig. 5.7) and shows a considerably smaller
spread of Mn0 values than does its red countgi‘part. ‘

T‘he relative homogeneity of the bedded and interpillow subgroups
with respect to Fe203 and SiO2 is illustrated by Fig. 5.9 but other
chemical trends in these subgroups tend toc emphasize the relatively higher
aluminosilicate component in the former subgroup. This is well illustrated
in the K20 and Na20 versus SiOz diagrams (Fig. 5.9) where ‘linear trends
reflecting the dilution of quartz by {1lite/sericite and ;;1agioc1ase
respectively are composed entirely of samples from the bedded subgroup.
This feature is not as evident in the Mg0 and Fe0 diagrams (Fig. 5.9)
suggesting that the excess aluminosilicate component in the bedded subgroup
results from higher concentrations of i11ite/sericite and p'lagioc'la‘se
rather than chlorite. '

The outstanding difference xbetween these groups is illustrated
on the Ti0, versu§ $i0, diagram (Fig. 5.9) in which only one sample in
the interpillow subgroup contains detectable T1'02.

MnO shows a very restricted range of values in the interpivllow

subgroup as opposed to the bedded subgroup where it ranges up to 4% (Fig.)
5.9).
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FIG. 5.9 (Continued)
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FIG. 5.9 (Continued)
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Scattergrdns for the Gull Pond mineralization and mixed
subgroups (Fig. 5.10) show that in gemeral, elements in the latterg
subgroup tend to either é]uster,in restricted areas (e.g. Ca0) or to
form good ]%near trends (e.q. KZO) while in the former subgroup, element
concentrations are-mofe widely scattered.

The reason for this is illustrated by the Fe203 versus 51’02
diagram (Fig. 5.10) where the mineralization subgroup forms a relatively linear
trend over a wide range of Fe203 values while the mixed samples cluster in
a small area at the 1ow-Fe203 end of the diagram.'_The'strong linearity of
the trends of most other elements versus 5102 in the mixe& group is
probably a direct result of this subgrougs Hmited.FezO3 range and its
chemistky is thu§ dominated by a simple dilution of quartz by aluminosilicate

minerals. In the mineralization subgroup, however, the presence of a third

major variable, Fe203, complicates the pattern and produces the observed

scatter.

This effect is clearly illustrated by the A]ZO3 versus 5102
diagram where the mixed subgroup lies in a fairly linear trend which
parallels the trend developed by the fortune Harbour suite and is separate
and distinct from the somewhat more shallow linear trend formed by the
mineral ization subgroup {Fig. 5.10). It would appear that the former
trend reflects a straightforward dilution of quartz by aluminosilicate
minerals while in the latter trend, the addition of considerable extra

hematite along with intreasing amounts of aluminosilicate minerals causes

a significantly greater dilution of quartz. The distinct separation of
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FIG. 5.10 Selected scattergrams comparing the composition of the ,

mineralization and mixed subgroups.
v .

CaO

31 a
(o]
(- A !
2t s 4 A ‘
‘ -
1} L . * o ]
c . - ee A A
Lo .
AAA'! k-;."”tﬁ.‘ A A
r T fL‘I T T 1T T
:
3r
p . ‘
o 32 ' )
™ . ¢
o L
o | : ’
. » .A r‘
P \
- A
.« A" &
4 A a j
. tx;ﬁ““‘Aﬂ‘ 4 - At o
. &S A hd A A_A A
N T e — T T1 7T
100 90 80 70 60 50 40 30 2010

A Mineratizat lo‘e‘ subgrevp

‘e Mixed subgroup.

LT T TR TR
R B ST o X S A Ui it 5o sttt a2 - i o)




h“ *"'.H. [
oV “*
- 118 - ‘
F16. 5.10 (Continued)
4
LY
30r
r S
25t
— .
4
™ 20F A
o A ‘A A
o A
£ 15t ah 4 A
A ) A
o o :f" s
(o) ‘. T A A A
‘A
13 . s A A .
- ‘EA !‘:'- .
Aa v * :’
A . \ ‘
T T T T T T | SR
1 A )
{ -
12r P
9 V\‘év
°.
, éf
. - 4
*
n i
o o L/ P
- ¥/ A a L‘
< ... L] ‘ ‘ -
3F l.,./" 4 4
S ey FYy
o\o , . ../A‘ . F's
LY 2 A, A 4
- T e,
" 1 L) J LN
100 90 80 70 60 50 40 302010
A Mineralization subgroup
® Mixed subgroup
% $i0;
BRTUORSRRTT L R C




- 119 -

these trends suggests that the excess hematite in the mineralization

subgroup was contributed in distinctly higher amounts than were available
z

during the formation of rocks comprising both the mixed subgroup and the

Fortune Harbour suite.

5.3.3 Stratigraphic Variability in the Roberts Arm and
Fortune Harbour Suites

.Smnples from the Roberts Arm and Fortune Harbour suites were
subdtvided according to their stratigraphic level within the volcanic
sequence and analysed stafistica]]y t6 see if a consistent, stratigraphically-
controlled chemtcal variation is present. The Mann-Whitney U Test was
applied to the element concentrations 6f samples from the upper and lower
halves of the volcanic section in the two respective areas. In the
Roberts Armm area, s&mp]es wére taken from an almost- complete coastal
section throudh the sequence from Sop's Arm to Woodford's Arm (Fig. B.1)
and in the Fortune Harbour area from a coastal section along the northwest
am of Fortune Harbour‘and from highway road cuts.
The mean concengzdtion of elements in the upper and lower halves
of the two sections, iheir standard deviations and the probdbility level
at which they are different are presented in Table 5.5. It can be.seen
that a}thqughdifferencesbetween elements are significant at a high leve]
of probability within the Roberts Arm and Fertune Harbour sections
respectively, there are no consistent differences from one area to the other.
Further énaﬁysis of the stratigréphica]ly higher and lower groups
by discriminant function analysis® likewise did not show any consistent: q

differences in the samples corresponding to their stratigraphic position

in the volcanic succession,
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TABLE 5.5

COMPOSITION AND PROBABILITY OF DIFFERENCE OF STRATIGRAPHIC SUBGROUPS,
ROBERTS ARM AND FORTUNE HARBOUR SUTTES

ROBERTS ARM FORTUNE HARBOUR
Upper Lower Upper Lower

Weight
percent Mean pr* Mean Mean P Mean

Fe,0, 9.0 10.57 3.05 2.99
Ti0, .01 .04 .05 .07
510, 81.53 78.20 86.7 85.2
Ca0 .94 2.95 .13 .82
K50 .18 .36 ‘ .88 .97
MgO .59 .59 .76 .87
1,0, .58 .08 .65 .85
FeO .73 .78 . .82 .60
Na,0 .07 .97 .30 - .89
L.O.I.**  1.64 .94 .16 .92

MnO .03 . .32 .44

ppm
Ir 33

Sr

Rb 16
In 25
Cu 1
Ba

Nb 6
Ni 50
Cr - 16

* -~ Loss on Ignition

- Probability that samples from the two groups form separate populations
with respect to eath variable - for p > 95%. .
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5.4 Lateral Variability Within The Gullbridge Ferruginous Chert

Concentrations of all elements in the Gullbridge ferruginous
‘chert were plotted on a lo;wgitudinal section of this horizon in order
to show any variations along strike. Most elements were found to be
very evenly distributed within this horizon and few obvious trendsérg
developed. The only sﬁggestion of a trend among the major elements is
the slight tendency of KZO to increase from south to north, possibly
reflecting a slight relative enrichmént in i11ite (Fig. 5.11). This |
trend is mirrored in the trace elements by Rb {see Sec. 5.3.1) and by
Cu which shows a clear enrichment in many samples of the northern region
(Fig. 5.11). ’ a

The concentration of Ba in this subgroup does not show any
gradual trend but all Ba concentrations greater-than 1500 ppm occur near
the south end of the exposed horizon in the area of the Southwest shaft.
Similarly, anomalously high Au values are4 restricted to the area immediately

south of the Gullbridge orebody (Fig. 5.11).

5.5 Comparison with the Chemistry of Cherty and Ferruginous Sediments
From Other Areas

The average composition of 253 chert and ferruginous sedimentary
rock associated with the Upper Ordovician-Silurian volcanic succession in
Notre Dame Bay (hereafter referred to as the Notre Dame Bay suite) is
presented in Table 5.6 together with analyses of various modern and ancient
deposits analagous in chemistry. It can be séen from this table that while
many of the world-wide sediment types possess some chemical similarities

with the Notre Dame Bay suite, none are strictly comparable in all e!ements.
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’ Table 5-6: Comparison of present samples with chert and ferruginous sediments from
other areas.
. . -~
t‘ . 3 ] 5 5 7 8 10 " 12 13
“ Fezoa 7.61 3.40 7.04 6.73 7.26 19.29 3.18 4.53 3.5 5.53 1.00 ) 1.43 .83 4L0)
.1;102 .24 0.59 .75 .68 .25 2 7 .28 .27 Tr. .20 .9 .65
' 15102 79.68 67.36 55.08 65.05 85.39 un 84.64"  80.87 87.66 91.1 86.56 79.92 80.65 53.38
Ca0 2.08 1.74 .72 2.06 82 1.96 .63 1.3 38 ¥4 2.13 n 1.42 312
| M0 .83 2.29 2.92 +23.08 1.2 3.85 .84 1.7 .61 .n .76 1.4 1.73 2.45
K0 .99 2.18 2.65 3.14 .97 1.7 1.13 .93 .10 1.80 3.39 2.35 1.25
N AIZO.J 4.3 11,33 16.28 15.1 4.57 4.40 5.28 6.55 4.47 .18 1.90 7.44 6.39 15.47
' Fed 108 L .64 3 .68 81 2.4 .
"'2° .61 1.64 1.18 1.3 1.00 .62 1.32 .03 .4 .55 .28 .3 ;
L] 7 19 7 .58 1.29 .26 £.78 .52 .51 .22 M F .06 .06 12 Tr. -
ir .43 170 132 59 49 I
S 95 é30 n
i n k1 100 321 36 195 96 203
P Cu 14 370 350 130 979 139 106 33 21
Ba s2 1050 1316 1500 342 4
) N1 N 330 295 a 1004 52 3l 2 2
Cr 22 97 63 M 37 38 kX] 29

- Avg. concentration, 247 yamples, present study. B - Avg. S samples, red and greea chert (Cressman, 1962)

Avg. siliceous coze (E1 Wakeel and Riley, 1951) . § - Archean chert in Algoma-type fron formation. Avg. 3 samples

Avg., 11 recent marine red clays (E1 Wakee) and Riley, 1961) 10 A(.":; 8:“""' 1273) Patts 1957)

Radiolarian coze {Cressman, 1962) - Avg. cherts (after Pettijohn, 1957

Avg., 18 radiolarites (Audiey-charies, 1965) 11 - M1 sudstone, Matsumine Mine, Japan. Avg. 3 samplet (after Tono 1§74)
v East Pacific metalliferous sediments, Avg. 8 samples {Sayles and Bischoff, 1973)
16 - Red chert from Ligurian cphiolite (Bonatti et al., 1976)

7 - Cyprus radiolite, Avg. 3 samples (Robertson and Hudson, 1973)

TNy —
[ A

12 - M2 mudstone, Matsumine Mine, Japan.
13 - Avg. shala (after Clarke, 1924)

Avg. 4 samples (after Tono, 1974)
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A1l modern sediments have considerably lower concentrations of S1'02

and higher concentrationsof A1203, Mg0, KZO’ Na20 and FeQ, with the
exception of the East Pacific metalliferous sediments which have

similar A1203, Na20 and K20 concehtrations but considerably higher Mg0.
® .

The only modern sediments comparable in Fe203 concentration to the

Notre Dame Bay suite are marine red clays, while siliceous and

radiolarian oozes are considerably depleted and tr;e Fast Pacific
metalliferous sediments are considerably enriched in this element, 1
relative to the Notre Dame Bay suite. '

}’\ The major e]ement‘ composition of the various ancient and
modern siliceous and ferruginous sediments listed in Table 5.6 are
compared to the Notre Dame Bay suite in Fig. 5.12. Most sediment types

plot either near the SiO2 apex or within the low-iron trend defined by

the Fortune Harbour and part of the Roberts Arm Groups (Sec. 5,1.1).
The only sediments to plot in/the high-iron trend are netalTiferous
sediments from the East Pacific Ocean floor.
| The trace el compositions shown in Table 5.6 indicéte

that modern pelagic deposits are considérab]y enriched in most trace

elements relative to ancient lithified deposits. Trace element
concentrations in red radiolarian chert reported by.'Bonatti, et al. (1976)
exhibit the closest correlation with the Notre Dame Bay suite of all

. reported sediment types. Zn is depleted in the Natre Dame Bay suite

relative to most deposits, and copper is depleted relative to all except

the Kuroko M1 and M2 mudstones. .

In comparison with c1ark:‘s (1924) average shale, the Notre

Dame Bay suite is considerably enriched.in Si02, Fe203 and Mno; while




Ca0+KgO+K,044A1,0,

ompared with those of the present study (see also
to numbers is same as Table 5.6.
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being relatively depleted in all other major elements. However, relative

to other ancient cherty sedimentary rocks, ‘the Notre Dame Bay suite is
considerably enriched in Fe,0, and slightlx enriched in Ca0 and MnO while
having similar to slightly 1owe|? concentratibqs of all o}:her' major elements.
In spite of the over&)l depletion of the alqninosilicate-related
elements in the Notre Dame Bay suite relative to Clarke's (1924) average
shale, the sediment fraction containing these elements is chemically very
similar to lutites from other areas. This'is illustrated by Fig. 5.13
adapted from MacKenzie & Garrels (1971) which compares world-wide lutite
compositions with those of igneous rocks on the basis of NaZO/Alzoa and
K20/A1203, ratios. The plotted position of the average Notre Dame Bay
samples lies close to the general variation trend for fine-g‘;ained
sedimentary rocks, indicating that this fraction is composed of "normal"
shaly sediment. The slight enrichment of NaZO in the Notre Dame Bay suite
relative to most other ancient deposits probably reflects a volcanogenic
origin for at least part of the detrital fraction. MacKenzie And Garrels
(1971) note that alteration of volcanic detritus consisting chiefly of |
plagioclase (Na, Ca, A],“Si) and pyroxene (Ca, Mg, Fe, Si) to an albite
(Na, A].‘ Si), chlorite (Mg, Fe, Al, Si), epidote (Ca, Al, Si) assemblage

results in a relative depletion of Ca, Mg, and Fe and enrichment. of Na and

HZO in the end product. The Nazo content of the Notre Dame Bay suite, while

being slightly enriched relative to ancient deposits, is considerabTy
depleted relative to modern Pacific pelagic deposits which are formed
dominanﬂy of basaltic dgt,r‘i‘tus and plot high in the Na20-r1’ch part of the

diagram (Fig. 5.13). This may suggest either that a portion of this
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FIG. 5.13 Composition of lutites from other areas compared with

those of igneous rocks in terms of their.Na0 and Ko0 cahtents;

1 - illite composition; 2 - avg. Paleozoic shale, Russ. Plat.;

3 - avg. Russ. Plat. shale; 4 - 33 PC slates; 5 - avg. Paleozoic

shale (Clarke, 1924); 6 - 36 Paleozoic slates; 7 - avg. shale

(Clarke, 19245; 8 - 79 slates and phyllites; 9 - avg. pelagic sed.;

10 - 41 mica schists; 1] - 85 low-grade pelites; 12 - 70 high-grade

pelites; 13 - avg. Mes.“Ten. shale; 14 - 61 slates; 15 - avg. Pacifi

Pelagic sed. (after Mackenzie and Garrels, 1371). : i




material in the Notre Dame Bay suite was derived from normal weathe?ing
and erosion processes or that a significant portion of the detrital
component was composed of siliceous volcanic material carrying little
plagioclase and no pyroxene which would tend to dilute the Nazo-enrichment
in these rocks relative to the Pacific pelagic deposits.

The relation of this feature to the relat1ve enrichment in 510
of the Notre Dame Bay suite is clearly shown in Fig. 5.14 adapted from

MacKenzie and Garrells, (197}). Most samples from the Fortune Harbour

and Gul1 Pond suites plot in a linear trend bounded at the Tow-silica

end by the composition of the average Paleozoic shale and showing a
progressive increase in Si02 content with relatively Tittle change in the
composition of the detrital fraction. The trends lie outside the field

of modern siliceous sediments in an area of higher 5102/A12 3 and lower
(Na20+Ca0)/K20 values. Assuming that samples from the Gull Pond and

Fortune Harbour suites were chemically analagous to modern siliceous
sedinents at the time of depositidn, it would appear that diagenesis and
1ith1fication‘has caused a shift in composition in the direction indicated
by the arrows. This is consistent with the compositional changes dur1ng
chert development postulated by Berger and von Rad (1972) and von Rad and
Rosch (1974} in which progress1ve chertification leads to a relative
increase in the concentration of microcrystalline quartz and a corresponding
decrease in the relative concentration of fﬁe various aluminosilicate
minerals (see Fig. 2.1). }he relative decrease of (Na20+CaO)/K20 ratio may
have been enhanced by post-depositional processes in which alteration of a
detrital component carrying plqgioc]ase t+ pyroxene t olivine to clay + albite

+ epidote would result in a loss of Ca0 (as well as Mg and Fe) whi]e«Keo and
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NaZO are conserved or gain slightly (MacKenzie and Garrels, 1971).. The
re]atfve paucity of Na20 with respect to Ca0 resulted in its gain being
masked by the quantitatively 13rger loss of Ca0, with the net result
being a decrease in (Na20+Ca0)/K20. !

The trend of the Gull Pond and Fortune Harbour samples on this
diagram includes both the average composition of 15 cherty sediments
reported by Pettijohn (1959) and 3 Archean ferruginous cherts reported
by Beﬁkes (1973) suggesting that features illustrated by this diagram
have general applicability. ~ ¢

Samples from the Robefts Arm suite show considerably more

‘scatter on this diagram and approximately one half of the samples are

‘enri ched in'(NaZO+Ca0)/K20 relative to the Gull Pond and Fortune Harbour

i

samples. This probably reflects the relatively higher Ca0 concentrations
in the Roberts Arm suite (Table 5.1) and suggestﬁ that these sediments

were originally more calcareous than their counterparts in other areas.

5.6 Surmary of Results

The principal chemical trends in the™chert and ferruginous

sedimentary rocks associated with the Upper Ordovician-Silurian volcanic

rocks of Central Newfoundland are strongly influenced by the mineralogy

of these rocks. Three major components are commonly present in the rocks

which are represented by specific major elements and are narmally associated

“with specific trace elements. Concentrations of 5102 and Fé203 rgf]ect

the presence of quartz and hematite respectively wﬁ%]e A1203. Ca0, Kao.

Mg0, Fe0 and Na,0 represent a detrital aluminosilicate fraction composed

f;i
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principally of illite, sericite, chlorite, epidote and albite. MnO
appears to be commonly present in a discrete mineral phase and was
probably orignally deposited in the Gull Pond and Fortune Harbour suites .

"as a manganese carbonate. In some cases, Mn0 may be present as a trace

Trace elements, with the exception of Au and sometimes Ba,

are commonly associated with the aluminos{licate fraction and can often
be related to specific minera1s.

‘The principal chemical trend in these rocks is a negative
correlation of most components with SiOZ, which reflects the dilution
of quartz by all other minerals.- Relationships between elements associated
"with the aluminosilicate component are strongly influenced by the miner&]ogy
of this component and can usually be related to the presence of specific
minerals.

The Gull Pond and Fortuné Harbour suites are internally
homogeneous but show distinct differences between themselves and with
the relatively inhomogeneous Roberts Arm suite. Fezoj is re]atfve]y depleted
in the Fortune Harbour suite as are?SiOZ, MnO, Ba, and Au in the Roberts Amm
suite and most of the a]umino;iliCate—related elements in the Gul) Pond suite.

Green sedimenfary rocks in the present sqydy are chemically
distinguished from their red counterparts by a relative depletion in Fe203
and a relative enrichment in elements related to the aluminosilicate
companent. Bedded sedimentary rocks in the Roberts Arm suite are enriched
in the aluminosilicate-related elements and slightly depleted in‘FeZO3
relative to 1ithologically similar rocks present in pillow -interstices in

the volcanic rocks.

-

t»%ﬁi&

component of the aluminosilicate minerals. .
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There is no consistent variation in the chemistry of these
sedimentary rocks accordihg to their stratigraphic position, indicating
that neither the progressive chemical development of the related volcanism
nor the changing bulk chemistry of the associated vo]can1c rocks substantially
influences their chem1cal composition.

A continuous ferruginous chert horizon in the Gull Pond area
which is spatially related to two volcanogen{c base metal sulphide
deposits shows distinct chemical differences from other similar lithologies
in this area, being enriched in Fe203, Mn0 and Ba and slightly enriched 1in
Au. This horizon disb1ays no lateral chemical trends except for a slight
enrichment of K20, Rb and Cu from south to north. Maximum concentrations
of Ba and Au occur proximal to the Southwest shaft and Gullbridge deposits
respectively.

The‘sedimentaryvrocks of the present study exhibit chemical
similarities with modern and ancient chert and ferruginous sediments‘from
other areas but are strictly comparable to none. They are enriched in
51'02 andAFeZO3 and depleted in most other major elements relative- to recent
marine sediments, ang enriched 1in FeZP3 relative to similar ancient deposits.
The aluminosilicate fraction is similar in bulk composition to lutites from
other areas and the dilution of free quartz by this fraction produces
compositions similar to those of chert and ferruglnous sediments in ancient

marine volcanic environments. : ‘ e
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CHAPTER 6

GENESIS OF CHERT AND FERRUGINOUS SEDIMENTS IN CENTRAL NEWFOUNDLAND

6.1 Introduction

The qeochehica]. petrologic and field evidence presented in
previous chapters leads to a number of conclusions concerning the genesis
of the chert and ferruginous sedimentary rocks associated with the Upper
Ordovician-Silurian volcanic sequence of Central Nveound]and. This
chapter summarizes these conc1us1’or.15, suggesting sources of the various
components in” these rocks and presenting an interpretation of the

environmental conditions prevailing during their deposition-and diagenesis.

6.2 Source of the Sedimentary Components

&2.1’ $i0, N
The evidence that most, if not all, of the non-detrital

quartz in modern and ancient chert and siliceous sediments from various

areas is of biogénic origin (cf. Sec. 2.2) can be successfully applied

to siliceous 1ithologies studied during the present project. The

sporadic presence of radiolarian remains in various stages of decomposition

in the bedded deposits may indicate that radiolarian tests were common

constituents of.the original sediment and that their dissolution supplied

large amounts of silica to 1'nterst1‘ti$1 waters during diager;esis (Wise

and Weaver, 1974). 'Additiona) silica may have been supplied in the

subsurface through the breakdown of volcanic debris, but its quantitative

importance cannot be assessed. The precipitation of cristobalite and its
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inversion to quartz in the manner suggested by Heath and Moberly (1971)
is considered to be the most 1ikely mechanism for the formation of
non-detrital quartz in the siliceous Tithologies of the present study.

6.2.2 Fe203

Corliss (197) suggested that in areas of active volcanism,
sea water circulating in recently extruded basalt would become heated
and enriched in a number of components, one of them being iron. He noted
that these metal-énriched solutions could be expected to precipitate a
ferric hydroxide floc upon their discharge into the mah’ne environment
which would either settle in topographic lows near the discharge i-)oint
or be widely dispersed, depending on the presence of bottom currents.
Spooher and Fyfe (1973), noting that metamorphic paragenesis of ophiolitic
rocks in East Liquria indicated temperatures of up to 400°C as shallow as
300 m below the‘original rock-water interface, presented a model of
sub-sea floor metamorphism and mass transfer involving the circulation
of sea water in the heated rocks. " They suggested that hamatite in
ferruginous ;hert overlying the wolcanic assemblage was formed from iron
which was leached from the underlying basalts by heated sea water and
subsequently precipitated as hydrous ferric oxides upon the disch'arge of

these waters into the marine environment. Recent experimental investigations

of the leaching of basalt at elevated temperatures (Bischoff and Dicksoh,
v

1975; Hajash, 1975) confirmed that substantial enrichment of iron as well
as other elements in the aqueous solution could be accomplished by this

mechanism.
_The distribution of Fe,0, in the Roberts Arm, Fortune Harbour

and Guﬁ Pond suites indicates that similar processes of iron enrichment
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were operative during deposition of fhese sedimentary rocks. The highest
Fe203 concentrations are present in the Roberts Arm suite where the
ferruginous sedimentary rocks are commonly hosted by mafic rather than
siliceous velcanic rocks and where the mafic volcanic sequence is by far
the thickest of the three areas. It is inferred that this relatively
large mafigJaénic mass contributed correspondingly large amounts of \
iron to subsurface hydrothermal water and this is reflected in the 1
composition of the resulting chemically precipitated sedimentary rocks .
Similarly, the relatively iron-rich Gullbridge ferruginous chert .
occurs immediately above a thick basal basaltic seguence thch is inferred
to be the source of iron for this unit.
The ferruginoﬁs sedimentary rocks of the Gull Pond mixed
subgroup and the Fortune Harbour suite are commonly “hosted by silicic

273
part the relatively iron-poor volcanic sequence which hosts them and .

pyraoclastic rocks and their relative paucity of Fe, 0 inay reflect in 1

which formed their subsurface during deposition. ' -

6.2.3 T1'02, Cao, K20, MgO, Fel, Na20, A1203 : :

These elements occur in aluminosilicate minerals which are
dominantly of detrital origin. The composition of the detrital fraction

suggests that this material is chemically comparable to "normal" shaly

sediment but with adistinct Na-enrichment, suggesting that it is

A MG SN R i i B

dominantly composed of volcanic debris rather than the products of
weathering and erosion. Possible sources for this material include

4 ¢
water-borne tuff and previously deposited bottom sediment redistributed

by bottom currents.
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6.2.4 Mn0
Manganese may be introduced in substantial quantities into
‘ \\\§he submarine env1ronment by the same mechamsms responsible for the
introduction of iron (e.q. Corliss, 1971; Fyfe and Spooner, 1973;

Bischoff and Dickson, 1975; Hajash, 1975) and the positive correlation

of Mn0 and’ F—'e203 in the Gull Pond suite suggests that, at least in . this {
2 area, such mechanisms were operative. The two elements may become {
= strongly fractionated, depend]'ng on Eh conditions either in the subsurface

or in the marine environment (Krauskopf, 1957; Bonatti et al. , 1976) and

this may account for their lack of correlation in the Roberts Arm and
Fortune Harbour suites (see also Sec: 6.3).

6.2.5 Trace Elements

Generally low trace element concentrations and the correlations

they display (Sec. 5.3.1) indicate that most were supplied to these
] - sedimentary rocks dominantly by the detrital fraction.

Ba is relatively enriched in the Fortune Harbour and Gull Pond

suites relative to the Roberts Arm suite, cainciding with the relative
abundance of Ba-rich silicic volcanic host rocks in the former suites.
Chemical evidence suggests that Ba enrichment in the former two suites !
is not related to detrita]isupply implying a leaching of Ba in the

subsurface, fo]lowed by its prec1pitation as a discrete mineral phase

in the submarine sed1mentary environment.
Gold is Tikewise enriched in the Gull Pond and Fortune Harbour
suites and the lack of chemical corretations displayed by this element

suggests that it too was supplied by hydrothermal so]utlons
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6.3 Depositional Environment of the\Bedded Deposits

.B,edded sedimentary{ rocks of She Roberts Amm, Fortune Harbour
and Gull Pond suite; range -in compesition from relatively pure chert to
siliceous and/or ferruginous shale and tuff. They occur as small,
discontinuous, conformable lenses within the Upper Ordovician-Silurian
sequence suggesting that. they were originally deposited in topographic
depress’ions’in the volcanic sequence. They are commonly intercalated
with Atuff and, less commonly, wiih chloritic sediments and graded
turbidite deposit;, and while occurring dominantly within silicic ‘
py/odastic sequences in the Gull Pond and Fortune Harbour suites, they
are commonly hosted by mafic pillow lava in the Roberts Arm Group.

The chert and ferruginous sedimentary rocks are commonly
Taminated on a scale ranging from 1 mm to several centimeters, mainly
due to the differential concentration of hematite and, less commonly,
tuffaceous and/or clastic material. The more shaly members sometimes
d1sp1ay evidence of current reworking but these effects are rarely seen
in highly siliceous and/or ferruginous members. Internal structures in
the latter reflect only slight readjustments probably due to initial slope
instability and/or density contrasts ‘between layers.

The depth of ‘water during deposition can be inferred from
other geological evidence. Kanmera (1974) suggested that the pre/pnce of
silicic pyroclastic rocks 1nterbedded with chert in the Paleozmc-Mesozmc
volcanic. sequence of Japan indicated a water depth during depbvhon of

less than 500 m. Similar lithologies associated with the chert and

ferruginous sediments in Central Newfoundland suggest R\a\t}a similar
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interpretation is applicable in this area. Strong (1973) suggested
that pillow size and vesicularity in the Roberts Arm Volcanics
indicated that relatively shallow water depths prevailed during their
extrusion, reinforcing the above interprétation.

Relatively rapid deposition of the bedded sedimentary rocks
is inferred fr‘orﬁ the following considerations:

1) Rapjd clastic sedime.nt,ation and pyroclastic deposition
in an active island arc environment would tend to dilute slowly
accumulating chemical sediments (e.q. Kanmera, 1974; Dickenson, 1974;
Garrison, 1974).

¢ 2) Low heavy metal contents in analagous sediments are
interpreted by Bonatti et al. (1972) to be characteristic of rapidly
deposited hydrothermal deposits because slow precipitation of iron and
manganese hydroxides would result in extensive scavenging of heavy
metals. from,the' sea water, Figure 6.1 illustrates that on the basis of

~ heavy metal versus iron and manganese content, these rocks fall within

the rapidly deposited, hydrothermal field of Bonatti et al. (1972).

3) Rapid accumulation of large amounts of ferruginous sediment
has been observed in modern, hydrothenﬁany-supph‘ed basins (e.g. Zelenov,
1964; Butuzova, 1966; Bonatti et al., 1973).

Geocﬁemica] conditions prevailing in the depositional basins
during sedimentation are reflected in the oxidation state of iron and in
the Mn/Fe ratio (Krauskopf, 1957). Hematite (Fe203) is the preponderant
iron mineral in the chemical sedimentary rocks of Central Newfoundland.
The following considerations suggest that ferric compounds were the
original precipitates and that little or no reduction of this iron was

accomplished during diagenési S:
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(Ni+Cu+Co*) X10

HYDROTHERMAL

A —E3stPacific Rise metalliferous sediments
O -Recent hydrothermal deposits

#»~~—Red Sea matalliterous sedimgnts
® —Present study; 1-Roberts Arm

2-Fortune Harbour
3-Gull Pond
- % —Co not determined for present study

FIG. 6.1 C(lassification of hydrothermal and hydrogenous ferromanganese
deposits according to Fe/Mn/(Ni+Cu+Co) ratio (after Bonatti et al., 1972).
Note that although Co was not determined during the present study, it
would have to be enriched by more than a factor of 10 to cause these
samples to plot outside the hydrothermal field, a circumstance that

data of other workers (e.g. Audley-Charles, 1965; Sayles and Bischoff,
1973; Banatti et al., 1976) suggest is highly unlikely.
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1) Curtis and Spears (1968) showed that the only iron
compounds in equilibrium with sea water in the marine environment are
- hematite and other ferric compounds, although ferrous iron compounds
bmay attain equilibrium with pore waters of the underlying sedimentary

mass (Fig. 6.2). Thus,'iron‘wi11 precipitate in the marine water
column only in ferric compounds. |

2) There is no textural or other evidence to suggest

that hematite in the present study areas formed by the oxidation

- or replacement of ferrous compounds.

3) James and Howland (1955) suggested that original
Fe3+/Fe2+ ratios are retained in sedimentary rocks even to high grades
of metamorphism. Thys the oxidation state of iron in the present
rocks has probably nof been affected by either the dominantly
greenschist or lower region%l metamorphic grade or by the somewhat
'more severe thermal metamorphism in the Gull Pond area.

4) In most modern submarine iron-precipitating localities,
ferric hydroxides form the dserved iron-rich sediments (e.g. Zelenov,
1964; Ferguson and Lambert, 1972; Bonatti et et al., 1973).

5) The experimental evidence of Bischoff and D1ckson (1975)
and HaJash (1975) indicates that sea water will become 1ncreas1ng]y
acidic through reaction with basalt at elevated temperatures. Upon
discharge of these waters into the marine environment, mixing with sea
water will resylt in an increase in. their pH up to a maximum of about 8.

It cah be seen from Fig. 6.3 that in the presence of amorphous
silica, hematite is the stable iron mineral at PH less than 8 down to a

minimum Eh of approximately -0.2.
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FIG. 6.2 Stability of iron minerals as a function of Eh and activity

HS™¢ UPPER: pH=8, aHCO3-=10‘3'5. solid stability at FeZ*< 1076, i.e.
comparable with marine depositional waters; LOWER: pH=7,aHCO3.'= 10-2.5,

solid stability at FeZ+<:10'3, i.e. comparable to conditions in bottom
sediments with restricted pore water circulation (after Curtis and

Spears, 1968).
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The above factors suggest that most of the hematite-bearing
sedimentary rocks studied during the present project were formed under
oxidizing to mildly reducing conditions and that tHese conditions
normally prevailed until such time as the iron coﬁpoundﬁ wereg fixed
in the sediment. ]

This intérpretatiqngcan be'eitended to the green (i.e.
'hematite-poor) cherts of the Roberts Arm and Fortune Harbour areas even
though %heir"Fe3+/Fe2f ratios are considerably Tower than in their red
counterparts. Table 5.2 shows that the Fe3+ copcentrqtionsfare similar
in both 1ithotypes aﬁg-geochemical evidence p}esented in Sec. 5.3.1
suggests that Fe2+ is dominantly present in chlorite and was contributed
to the original sediment in the detrital fraction. The low Fe3+/Fe2+
ratio in the green rocks thus results from a paucity of Fe3+7supp1y
rather than the reduction of hematite to ferrous silicates during diégepesis
and does not demand that diffepent Eh conditions be postulated for the
two 1ithbtypes. . | ‘

Locally more reduciﬁg conditions during deposition of the
Gull Pond mineralization subgroup are indicated by minor amounts of magnetite
in small pods near the top of_thi; horizon, '

Oxidizing conditions in the Hepositional basins are also
suggested hy the presence of significant amounts of manganese which
geochemical evidence suégests was originmally deposited as manganese
carbonate (Sec. 5.3.1). A comparison of figures 6.4 and 6.5 shows that™
rhodochrosite (MnC03) is stable over a widg/?ange of Eh and pH values in

the presence of abundant CO2 and that for éh 20 and pH > 6, its stability
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FIG. 6.4 Eh-pH diagram showing stablh’ty fields of camon iron minerals
for (Fe<*) = 10-5M and [Fe2*1 = 10-M. Total activity dissolved
carbonate is 1M and of dissolved sulfur is 10-6M (after Garrels and
Christ, 1965).
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FIG. 6.5 .Eh-pH diggram showing stability fields of Common ‘manganese
J

ninerals for [ Mn

= 10-6M and [Mn2*'3 = 10-%. Assumed

concentrations as in Fig. 6.4, Dotted line outlines MnCO3 stability
field for when total carbonate equals 0.001M. (after Garrels and
CHrist, 1965 and Krauskopf, 1967).
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field overlaps that of Fe203j Fig. 6.5 also indicates that_for'decreaéing

0., activity, the stability field of rhodochrosite becomes smaller and

2
at very low (O, concentrations {dotted line), manganese minerals will not
precipitate in the normal range of marine environments except in the
presence of very high mangaflese concentrations (Krauskopf, 1967).

The MnO/Fe203 ratios for the Gull Pond mixed subgroup and
the Fortune Harbour suite are considerably higher than those in the
Gull Pond mineralization subgroup texc1uding threé highly manganiferous
samples, see Sec. 5.2.2) and the bedded deposits of the Roberts Arm suite
(Table 6.1). The separation of iron from manganese may be accomplished
at almost any stage in the chemical development of hydrothermal fluids
due to the mobility of manganese relative to iron in solution, especially
under conditions whicn'are not strongly oxidizing (Krauskopf, 1957).
Although KrauSkopf (1957) suggested that iron and ménganése are commonly

leached from basalt in approximately their original proportions, recent

vexperimenta1 evidence (Tables 6.2 and 6.3) suggests that at moderately

elevated temperatures (i.e. up to 400°C), sea water reacting with basalt
will acquire a substantially higher Mn/Fe ratio than was present in the'
source rocks (Bischoff and Dickson, 1975; Hajash, 1975). At temperatures
as high as SOOOC. a considerably Tower Mn/Fe ratio may‘result (Tabje 6.2).
During ascent of the metal-charged so]ufions, partition of iron and
manganese may occur in the subsurface resulting from the depasition of
pyrite under reducing c0nd1tioﬁs in which 'manganese is highly mobile

{e.g. Bonatti et al., 1976). Upon their discharge on the sea bottom, the

mobility of manganese relative to iron may carry it beyond the initial
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//;> TABLE 6.1

MEAN MnO/F8203 RATIOS FOR CENTRAL NEWFOUNDLAND

CHERT AND FERRUGINOUS SEDIMENTS

Fe203 %

~
Gull Pond Mineralization
Subgroup

Gull Pond Mixed Subgroup
Roberts Arm Bedded Subgroup

Roberts Arm Interpillow
Subgroup -

Fortune Harbour Suite
o

* _ excludes three highly manganiferous samples in

AN 0 a

MnO/Fe20

this subgroup

3
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TABLE 6.2

CHANGES IN Mn/Fe RATIO IN SEA WATER WITH TIME THROUGH

REACTION WITH BASALT AT ELEVATED TEMPERATURES

Initia1’Comp. of basalt: F9203 = 3.68%, MnO = ,17%, h1nO3Fesz3

Fe Mn ~
Time ~ {ppm) {(ppm)
Changes in initial 24 hr. 15 10

sea water with time‘ 212 hr. 35 25

~

at 200 C and 500 =" 552 hr. 28 35

bars 785 hr. 33 32
2928 hr. 16 17
4752 hr. 5 8

Data from Bischoff and Dickson (1975)
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TABLE 6.3

CHANGES IN Mn/Fe RATIO IN SEA WATER THROUGH REACTION WITH
BASALT AT INCREASING TEMPERATURES

Initial Comp. of Basalt: Fe,05 = 7.15%, MrTO = 12%, Mn0sFe,0; = .02

Sample # Pressure Time Mn Mn/Fe

Changes in {bars) EQE)_ S;-?m)-

initial sea water = 20 500 6.3 4Y 26 .65

with incr. temp. 18 500 5.8 .4 .27 .68
19 700 4.8 3.6 4.1 1.14
21 800 3.3 1057 90 .09

Data from Hajash (1975)

e g s S S i g

s




iron-precipitating,locah‘ties perhaps resulting in a facies gradation
in the precipitate of increasing Mn/Fe values away from the discharge
’vent (e.g; Krauskopf, 1957; Butuzova, 1966). Finally, reducing
conditions in the interstitial waters of the sediment during diagenesis
may result in remobilization of previeusly depositeé manganese and its
subsequent migration out of the system,

It is evident that there are too many unknown variables to
explain with certainty the variation in the MnO/Fe203 ratio in the
present study areas. rlt is suggested however that the association of
the Roberts Arm bedded deposits and the Gull Pond mineralization subgroup
with dominantly basaltic sequences and especially the presence of a
pervasive sulfide-rich zone underlyi“ng the latter suggesfs tha
hydrothermal fluids in these areas would probably hav€ been more
manganese-rich than those feeding the Fortune Hafbour suite and the Gull
Pond mixed subgroup. The variation in this rgtio thus probably resylts
from differing environmental conditions eithe during deposition or early
diagenesis by one or both of the following mechanisms :

1) Re]atjvg]y lower Eh conditions may have prevailed at the
depositional sites of the Roberts Arm suite and the mineraliiation subgroup,

resulting in manganese being removed from the system. This is supported

by. the previously noted local occurrence of magnetite pods in the latter
deposit. v
2) Higher CO2 activity in the depositional basins of the Gull

Pond mixed subgroup and the Fortune Harbour suite with an attendant increase

in the MnCO3 stability field (Fig. 6.5) could have led to the deposition

z




of rhodochrosite under Eh conditions similar to those prevailing at

the depositional sites of their manganese-poor counterparts.

6.4 Deposition of Interpillow Ferruginous Chert

Petrographic evidence presented in Section 4.4.2 is inconclusive
as to whether the interpillow ferruginous cherts pre- or po;st—date extrusion
of the lavas - i.e. whether pre-existing sediments were squeezed into the
pillow interstices during lava extrusion or whether the sediment later
filled pre-existing interpillow voids. However, the paucity of TiOZ. Na20
and most trace elements in these rocks strongly suggests that they were
deposited in the subsurface removed from the mo‘r*e or less continuous
detrital sedimentation 6ccurring on the sea floor. In addition, the
extremely high Fe203/Mn0 ratio in these rocks (Table 6.1) argues for a
depositional environment substantially different from their bedded counter-
parts. It i's inferred that the inte;r-piﬂow férruginous chert post-dates
the hosting pillow lavas and was deposited dominantly by heated, metal-rich
solutions circulating in the subsurface. Deposition was probably caused by
mixing of the hydrothermal —scﬂutions with sea water already present in the
interpillow voids. The resultant cooling of these solutions accompanied by
increases in both pH and Eh probably led to the precipitation of ferric
hydroxides and possibfy quartz (cristobalite?). ' |

Some circulation of relatively unaltered sea water is implied by
the fact that conditions in thevoids never became reducing enough to reduce

Fe3 2

¥ to Fe * but its circulation was apparently not great enough to create

an environment sufficiently oxidizing to allow extensive precipitation of

mangansse.

—




6.5 Conclusions

The following conclusions concerning tﬁe genesis of the Upper
Ordovician-Silurian chert and ferrhginous sediments in Central Newfoundland
are inferred from the present study:

. 1) The bedded deposits were formed fairly rapidly in local sea-
floor topographic depressions duriﬁg periods of relative volcanic
quiescence., Relatively quiet bottom conditions prevailed in the
depositional basins but regional instability is indicated by heriodic
turbidity deposits.

2) Interpillow ferruginous chert was precipitated in the
pillow interstices by circulating iron and silica-rich solutions probably
in response to mixing with relatively unaltered sea water. Post-depositional
brecciation was probably accomplished by later minor readjustments of pillow

geometry.

3) The bedded sedimentary rocks are formed from elements
contributed by biogenic, hydrothermal and detrital sources as follows: -
i) SiO2 was contributed principally through the dissolution of opaline

(radiolarian) tests and non-detrital quartz was probabl} formed in the

manner suggested by Heath and Moberly (1971). An additional contribution

of silica th'rough the breakdown of volcanic debris is inferred but its
quantitive™{mportance cannot be assessed.

ij) Fe203, MnO, Ba and Au were \introduced to- the depositional environment
principally by metal-rich hydrothermal fluids. Mixing of these waters with
sea water resulted in precipitation of ferric hydroxides which accumulated

in nearby topovgraphic depressions. Manganese may have also precipitated as




hydroxides but yas present in the sediment dominantly in carbonate
minerals. The mineralogic disposition of Ba and Au is'not known but
it-is'inferred that these elements formed discrete mineral phases close
to their discharge vents.
i1i) Ti0,, Ca0, NAZO,'FeO, Mgo, K,0, 51203 and most trace elements were
contributed dominantly by detrital material, pr;bably mainly of tuffaceous
origin, . !
4) The predominance of hematite as the iroﬁ-bearing phase
suggests the prevalence bf oxﬁdjzing to mildly reducing conditions during'
deposition and diagenesis of these sediments. Green, hematite-deficient.
chert does not necessarily reflect reducing conditions but may have
formed during periods of suspended fumaro]fc activity when little

hydrothermal ly-supplied iron was available.

5) Differing Fe203/Mn0 ratios suggest that zgightly different -

environmental conditions existed in different areas. T

»

bedded deposits and the Gull Pond mineralization subgroup appear to have

e Roberts Arm

been deposited in a somewhat more reducing and/or COz-defiCient environment

than those in the Fortune Harbour suite and the Gull Pond mixed subgroup.




CHAPTER 7
ECONOMIC SIGNIFICANCE

7.1 Introduction

Hutchinson (1973) noted that'ﬁassive sulfide deposits in\mafine
volcanic rocks from a variety of geologic times and various tectonic
settings display arnumber of unifying characteristics, one of which is the
common presence of overlying thin, siliceous, iron- and qanganese-rich
sedimentary rocks. This feature is evidenced in the‘case of the Gullbridge
and Southwest shaft vo]canogen1c copper depos1ts’(Upadhyay, 1970;

Upadhyay and Sm1ther1nga1e, 1972, Sw1nden, 1975) by the Gullbridge
ferruginous chert horizon, a ranarkab]y continuous unit which overlies and
extends beyond the two deposits along a strike length of over 10 km
(Swinden, 1975).

? A principal objective‘of the preseﬁf study was to attempt to

relate the chemf%a] composition of the Gullbridge ferruginous chert to
“the underlying mineral deposits and thus perhaps develop a useful tool for
mineral exploration in similar geological s1tuat10ns Accordlngly. the
chemical data was analyzed in a search both for a chem1cal s1gnature which
would un1quely distinguish this unit from similar lithologies within the
volcanic sequence and for lateral variations within the horizon which would
indicate proximity to the underlying mineralization. '

This chapter briefly summarizes the occurrence of siliceous and

ferruginous sedimentary rocks associated with massive sulfide deposits in

various geologic settings, with emphasis on attempts to use these rocks

in mineral exploration and presents conclusions reached during the present
study concernihg the similar application of the geochemistry of the

Gullbridge ferruginous chert horizon.




7.2 Siliceous and Ferruginous Sedimentary Rocks Associated with
Volcanogenic Massive Sulfide Deposits

“Exhalative" iron formation related in time and space to .
volcanogenic massive sulfide deposits has been extensively documented

in the Archean greenstone belts of the Canadian Shield (Ridler, 1970;

Hutchinson et al., 1971; Goodwin and Ridler, 1970; Ridler, 1971;

" Hutchinson, 1973) and the simjlarities between these/deposits and
those of the present study have been previously notéd (Sec. 2.4).
Hutchinson QEJELL(1971) proposed that this spatial fe]atidn was also
a genetic one and that discharge of hydrothermal fluids from fumarolic
vents at basin centers resulted in successive fac1es of chem1ca1
sediments ranging in general from proximal massive sulfide deposits and .
-su]fidg facies iron formation to progressively more distal exhalative

carbonate and oxide facies iron formation (see Fig. 2.6). Ridler (1971)

suggested that recognition of the exhalative facies throughout the
greenstone belts would provide a powerfu} regional exploration tool in-

the search for massive sulfide deposits .in that the aereal extent of the
sulfide facies delineates a paleoenvironment favourable for massiye sulfide

deposition.

Phanerozoic massive sulfide deposits;are typically associated

with epic]astié sedimentary rocks rather than chemically 'precipitated
chert and iron formation (Hutchinson, 1972) but good examples of the
latter have been doéumented jn the Bathurst, New Brunswick mining camp
(McAllister, 1960; Davigs,.1972; Whitehead, 1973). The massive sulfide
deposits in this area are Lower to Middle Ordovician in age and occur

in pods or lenses occupying topographic depressions which are often
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connected and overléin by thin 1$yers of various facies of iron formation
» 1972; Whitehead, 1973). Whitehead (1973) noted that the Mn/Fe

ratio in the iron formation tends to 1ncrea§e away from the sulfide
deposits at the Heath Steele mine and sugéested that this inditates a
progressive change from reducing conditions in the basin center (the
site of sulfide“d;position) to more oxidizing condit{oﬁs at the basin
margins.

"Kuroko-type" massive sulfide deposits of {Miocene age in Japan

are associated with felsic domal centers in an island arc en¥ironment and

are sometimes directly overlain by 5 tﬁin bed of ferruginous chert
(tetsusekiei bed) followed by one or more siliceous mudstone horizons
interbedded with the hanging wall tuff (Horikoshi, 1969; Lambert, 1973 (Fig.
Lambert (1973) noted that anomalously high concentrations of In, Cu and Pb
are occasioné]1y present in the mudstone ;nd attributed this fe;:ure to

the local digcharge of post-ore, metal-rich solutions in the depositional

basins. Tono (1974) showed that Ba, Zn, Cu and Pb were locally enriched in

the qustone overlying the Mitsumine depasit but while attributing this
feature to the effects of mineralization, did not speculate as to whether
the cause was contemporaneous hydrothermal activity or post-depositional
migration of the metallic ions.

Massive.sulfide deposits in the Troodos ophiolite complex. in
Cyprus are commonly overlain by a ferruginous, manganiferoué, metal li ferous

horizon (umber) which is in turn overla®n by red jasper, siltstone and

radiolarian chert apparently lithologically similar to the Gullbridge

ferruginous chert. As at Gullbridge, these units are often séparated fram
‘ N

the ore horizon by post-ore volcanic rocks. Constantinou and Govett (1972)
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showed that there is a sharp increase in Cu and Zn concentrations in the
umber close to the mineral depogits as compared with umber away from the
mineralization.
Robertson and Hudson (1974) noted that the radiolarites and
related rqpks commonly directly overlie the umber and proposed a genetic
"link between them, suggesting that the hydrothermal solutions which fed
the umber also contributed, by virtue of their high silica contents, to

~

the preservation of the radiolarite.

7.3 Application of the Presént Study to Mineral Exp1oratjpn

- The spatial association of ferruginous chert with volcanogenic
cdpper deposits at the Gullbridge mine raises the possibility th;t
conditions which resulted in ore deposition may also be reflected in the
chemical composition of the ferrugipous chert. The search for geochemical
anomalies in the ferruginous chert can be approached from two angles:
1) A regional approach in which a chemicalisignature is sought which
uniquely distinguishes this unit from other similar lithologies unrelated
to mineralization; th%s approach has been used with some success in volcanic

rocks to distinguish those which host sulfide deposits from those which are

barren (e.g. Davenport and Nichol, 1972; Govett and Pantazis, 1971;

Thurlow, 1974); 2) A detailed Spproach in which lateral chemical
variations are sought within the ferruginous chert which reflect the location
of the underlying mineralization; this may be caused either by the concentration

of particularly insoluble components near the fumarolic vents during deposition

or by later dispersion of elements out of the mineralized zone into the overlying
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rocks. The latter mechanism has been credited with forming trace element

haloes in rocks overlying sulfide deposits from a variety of areas (e.qg.
Whitehead and Govett, 1974; Goodfellow, 1974; Gale, 1969).

The first of the above approaches is predicated on the
assumption that the hydrothermal fluids which contributed in part to
the formation of the ferruginous chert are related to those which took
part in the mineralizing episode, either by being post-mineralization
exhalations of the residual mineralizing fluids or by having‘passed
Fhrough the sulfide-rich fumarolic vents at a later time, thus acquirihg
a distinctive chemical signature. It follows that meaningful chemical
differences between the Gullbridge ferruginous chert and those horizons
unrelated to mineralization should be sought in those elements which are
inferred to have been contributed by hydrothermal processes, viz. Fe203,
Mn0O, Ba and Au. |

Table 7-1 presents a comparison of the mean concentrations of

Fe203, Mn0, Ba and Au in the Gullbridge ferruginous chert with those from

the Fortune Harbour and Roberts Arm suites and the Gull Pond mixed subgroup.

A11 of these elements are seen to be moderate]y to highly enriched in the
former horizon relative to the others with the exception of F¢203 which
has comparable concentrations in the Robefts Arm suite. Figure 7-2 shows
that with respect to the covariation of Ba and Au with F$203+Mn0, the.vast
majority of the samples unrelated to mineralization fal]win the area under
a smooth curve, reflecting the fact that while some samples may be
“enriched in one or the other of these déments, few carry anomalous amounts

of more than one. However, almost half of the Gullbridge.ferruginous
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TABLE 7.1

MEAN CONCENTRATIONS OF Fe203. Mn0, Ba AND Au FOR SELECTED GROUPS

Fe,0; % -~ Mn0 % Ba (ppm) Au (ppb)
Gullbridge o
ferruginous chert 9.48 1.99 604 71
Gull Pond mixed .
subgroup 3.55 .65, . 239 - 83
Roberts Arm o
suite 9.89 .22 235 20
Fortune Harbour
suite 3.42 .43 458 67
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FIG.F 7.2 Empirical chemical distinction between Gullbridge ferruginous

chert End similar lithologies unrelated to mineralization according
to concentrations of Fe203, Mn0, Ba and Au.-
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. TABLE 7.2

1

Gullbridge

" ferruginous chert

Gull Pond
mixed subgroup

Roberts Amm
bedded subgroup

Fortune Harbour
Ssuite

Total (2-4)

Gullbridge
ferr%ginous chert

Gull Pond
mixed subgroup

Roberts Amm
bedded subgroup

" Fortune Harbour

suite

Total (2-4)

No. of Samples

Fig. 7.2 (Ba)

No. of Samples
Qutside Curve

39 16
35 0
115 K
53 2
203 6
Fig. 7.2 (Au)

32 17
33 3
76 : .
47 3

188 8

% of Samples
Outside Curve

41

3.5

3.8

3.0

53.1

9.1

2.6

6.4
4.3
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chert samples are enriched in more than one of the hydrothermally
contributed elements and plot to the righf of the curve(s) (Table 7-2).
This suggests that although it may not be possible to identify any
given sample as being related or unrelated to the mineralization, the
Gullbridge ferruginous chert samples as a group contain chemical
features, probably related to the underlying mineralization, which

distinguish them from other groups.

Statistical reproduction of the above empih‘ca] approach was
attempted by calculating discriminant functions, using Fe203, MnO, Ba and Au
as variables, for the mineralization subgroup and the Gull Pond mixed

subgroup, Roberts Arm suite and Fortune Harbour suite respectively. The

discriminant indexes, mean group values and individual sample values

(see Appendix B for description) are plotted, in Fig. 7.3 and indicate

that the empirical separation of the groups can be reproduced statistically.
The mineralization subgroup is separate as a group from th,é others in all
cases although the separation is somewhat less well defined ‘for the Fortune
Harbour suite than for the other two. As in the empif-ical approach, more
samples from the mineralization subgroup than from the alternate groups

are misclassified (i.e. fall on the wrong side of the discriminant index)
and thus any given sample re]atgd to mineralization is more likely to

be mistaken as beiﬁé unrelated to mineralization than vice versa although
the groups as a whole appear to be quite distinct." Fe203 an& Ba
respectively contribute significantly to the variation between groups in
two cases while 'go1d is a significant factor in all three cases. Mno does

not significantly enhance the separation in any case and for the mixed
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subgroup and the‘Fortune Harbour suite, actually detracts slightly from
the separation (i.e. provides a négative contribution to the variaqce,
Fig. 7.3).

The general applicability of this feature to regional mineral
exp]orqtion.caqpot be aésessed in the absence of further suppofting data
from similar sedimentary rocks associated with sulfide mineralization in
other areas. ‘It appears, however, that fluids which are responsible for

sulfide deposition may impart a distinctive chemical signature to

associated chemically precipitated sedimentary rocks and this could prove -

to be a useful regional exploration tool. This chemical signature need
not necessarily be defined by any or all of the elements ment1oned above
but in order to be meaningfully applied, should be defined by elements
whose presence i the sediments is related either to thegmineralizing
process or to the prior preéence‘of spatially associated iy]fide deposits.
As noted in section 5.4, there are no chemical trends>developed
along strike in the Gullbridge ferruginous chert which rindicate the
location of the underlying mineral deposits. However 1oca{1y high
concentrations of Ba occur in 4 samples very near the Southwest shaft
deposit and two gamples with highly anana]oué go]d values are present
approximately 200 meters south of the Gullbridge mine. In view of the
fact that Ba has previously proven a use‘fu1 indicator of mineralizatjon
in other areas (Tono, 1974; Thurlow, 1974), it is tempting to attribute
‘the Ba enrichment in these samples to the discharge through the Solithwest
shaft fumarolic vent of hydrothermal fluids related to mineralization. .

These samples are tightly ﬁf:;;:ered near the deposit and all are closer




to the associated sulfide zone than is the nearest exposure of ferruginous
cheft to the Gullbridge ore zone so the possibility of a similar
Ba-enrichment in the latter area cannot be assessed. Even if this effect
is related to mineralization, its usefulness in exploration is severely
limited by the narrow strike length of the anomaly and its sporadic
occurrence. )

The Au "anomaly" occurs at least 200 meters from the hu]]bridge
ore deposit and considering that it only comprises two samples and is |
not present at all at the Southwest shaft, is not presently thought to
be either an indicator of proximal fumaro1ic‘activity of a usefu]

exploration gquide.

7.4 Conclusions R4

1) Samples from the Gullbridge ferruginous chert horizon can

be distinguished chemically from other Tithologically similar groups on-

the basis of the covariation of Fe203 + Mn0O with Ba and Au. These elements

are inferred to have bgen introduced hydrothermally to the sediments during
deposition and this distinction may thus be genetically related to the
presence of the Gullbridge and Southwest shaft volcanogenic copper deposits,
stratigraphically below and spatially related to the Gullbridge ferruginous
cﬁert.

2) Further data are needed to test the general appiicabi]ity
of the above feature. The ability to chemically distinguish chemical
sedimentary rocks which are respectively related and unrelated to

mineralization has the potential of being a useful regional exploration tool.
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3) Lateral chemical variations within thé Gullbridge
ferruginous chert hqrizonvdo not appear to provide useful infprmation
on the ]odation of the underlying mineral deposits. A possibie
e*ception’to this is the high concentration of‘Ba in a few samples
directly overlying the Southwest shaft deposit, a fegfure which may
be genetically related tgtminera1ization. However the limited strike

length and spora&ic nature of this feature probably severely limit

its use as an exploration tool.
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CHAPTER 8
SUMMARY

The following is a brief summary of the findings of
this study:

1) Chert, ferruginous sediments and as;ociated sedimentary
rocks are a ubiquitous although volumqtfically minor cbnstituent of
the Upper Ordovician-Silurian ;%1canic sequence of central dlewfoundland.

A complete range from relatively pure chert to siliceous and ferruginous

shale is bresent.

2) Bedded chemical sediments are intimately associated with
a variety of volcanic lithologies ranging from pi]]dw lava and pillow
breccia to silicic flows and pyroclastic rocks. They typically occur
in small, discontinuous, lenses and pods conformable with the volcanic
stratigraphy.‘
‘ 3) Interpillow chert is abundant in the middle to upper

part of the volcanic sequence in the Roberts Arm area, less common in

A
the Fortune Harbour area and apparéfitly absent in the Gull Pond area.

It often exh{bits an internal brecciated texture and does not commonly
form coherent beés.

4) The principal minerals present in these sediments are
quartz, hematité, epidote (t clinozoisite), illite, sericite, chlorite
and sodic plagioclase. Minor amounts of calcite, pyrite, magnétite,
pumpellyite and chalcopyrite are present locally.

5) Chemical trends in‘the chert and ferruginaus sediments

are strongly influenced by the mineraiogy of the rocks and can usually




be related to the presence of specific mirnerals or groups of minerals.
The mineralogic distribution of elements inferred from chemical and
mineralogic data are summarized below: |

a) $i0;, is dominantly present in non-detrital quartz

althoudh t‘r1cally minor amounts are contributed by the

varlous aluminosilicate m1nera15

b) Fe,0, commonly reflects the presence of hématite,
although si¥gnificant amounts may rarely be contributed -
by epidote and/or pumpellyite. X ’
) A1203 is dominantly contribu%edvby the various alumino-
silicate minerals. Ca0 is commonly present in epidote and/or
clinozoisite but in some cases reflects the presence of
calcite. MgO and FeQ are dominantly present in Eh]okite
although ferrous iron is occasionally contributed in
significant amounts by magnetite and/or pyrite, K20 and

NaZO are present in illite/sericite ahd plagioclase

respectively.

6) Probable sourcés of the components are as follows:
Hﬁa) 5102 was probably supplied to the bedded deposits primarily
through the breakdown of siliceous organisms although an

.indeterminate amount may have been contributed through the

breakdown of volcanic detritus. Non-detrital quartz is

) ,
inferred to have formed by maturatfon in the manner suggested
by Heath and Moberly (1971). Substantial amounts of silica

in the interpillow chert may have precipitated fnorganically.
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b) Fe,0,, MnO, Ba and Au were probably introduced to-the

depositional environment primarily by submarine hydrothemal

exhalations.

¢) Ti0,, Ca0, Na20, Fe0, Mg0, K50 and A1203 and a}l trace

elements except Ba‘apd Au were probably contributed mainly.

be detrital material. |

71 There are no consistent variations in the chemistry of
these sediments according to their sf;atigraphic position and it is

. inferred that neither the chemical development of the associated

volcanism nor the changing bulk chemistry of the associatéd volcanic

rocks substantially influences the cunposithnu'f the associated

chemical sediments,

Oxidizing to mildly reducing conditions prevailed throughout

the deposition and early diagenesis of these chemical sediments.

S1ightly more reducing and/or C02 deficient conditions may have prevailed
*

during the formation of the Roberts Arm suite and the Gullbridge
ferruginous chert than during formation of the Fortu&e Harbour suite and
the Gull Pond mixed subgroup.

8) The Gullbridge ferruginous chert: is stratigraphically
above and spatial]& related to two volcanogenic copper deposits and can
be chemically distinguished from similar 1ithologies apparently
unrelated to mineralization on the basis of Fe203, Mn0, Ba, and Au
concentrations. This latter feature may be genetically related to
the underlying mineral12ation as these elements are interpreted to have
been contributed by hydrothermal processes possibly related to the
mineralization episode, and may constitute a useful regiona1 exploration

tool. Further data are needed to test its general applicab111ty.
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9) Lateral variations within the Gullbridge ferruginous
chert do not appear to serve as a re]iab1e, consistent guide to the
underlying mineralization. Although high Ba values in chert proximal
to the Southwest shaft deposit may reflect the presénce of this
deposit, thése high values appear to be too restricted in strike Iength
and sporadic in occurrence to be of use in exploration.

In summary, the present study has focused on a wide range
of chemical sedimentary rocks associated with early Paleozoic volcanism
in anvis]and arc environment. The data and conclusions presented in
the various chapters and summarized above provide an insight into the
physico-chemica1.qonditions prevailing on the sea floor and the

~ ensuing sediméntary br0cesses that occurred during this stage of

volcanism in Central Newfoundland. They also suggest that the processes

which contributed to the,formation of these sediments may, ﬁn some
cases, have been processes which-also result in the formation of base
metal sulfide deposité. Some areas for further work are indicated by
the results of this study. For example, many previous workers have
‘suggested that preservation of chemical .sediments should be rare in an
active arc environment (e.g. Dickenson, 1974; Garrison, 1974) but the
present study suggests that, in some cases, this précess may be
relatively widespread. Whather this is due, in the present case, to a
re]ativé Tack of contemporaneous clastic sedimentation 6r to special
physico-chemical conditions is not clear. Further detailed studies in
similar volcanic regimes could indicate whether preservation of chemical

sediments is, in fact, more widespread than previously reported and help




clarify the relationship between clastic and chemical sedimeﬁtation
in this type of environment.

It is noteworthy that most of the chemical sedimentation
in this volcanic sequence apparently occurred in thé oxide facies in

contrast to other similar areas where the silicate, carbonate and

sulfide facies are more extensively developed (e.g. Goodwin, 1962;

McAllister, 1960; Davies, 1972). This may imply that reducing
conditions (i.e. favourable for sulfide deposition) were not
extensively developed in Notre Dame Bay during this phase of volcanism.
Further detailed mapping with close attention to and a careful search
for chemical sédiments of various facies might further elucidate this

question.

The use of oxide facies chemical sediments as a regional
guide to sulfide deposits appears to show some promise but the general
applicability of the results of the present study are still indeterminate.
Fﬁrther data from similar volcanic sequences could provide a test of
the usefu]néss of this method. The Lower-Middle Ordoefcian volcanic
sequence in Central Newfoundland, which contains both sulfide deposits
and considerable chemical sediments, is suggested as a'possible area

for this work.
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APPENDIX B

. i ’
sample Collection and Preparation

Hand specimens.weighing 1 - 1% pounds were collected in
the- field using a four 1b. sledge hammer. In the Roberts Arm and
Fortune Harbour areas, sa_np]ing was carried out along traverses of
the best exposed stratigraphic sections through the volcanic sequence,
i.e. in road cuts- and along coastal sections, and representative samples
were collected wherever chert and ferruginous sediments were exposed.

In the Gull Pond area, the emph is was ‘on sampling laterally continuous

horizons along strike and these horizons were commonly walked out and
sampled at regular intervals, depend ng’on exposure.

At all stations, an a‘t}/e/mpt was made to obtain a sample -
representative of 'the outcrop.//ﬁ/!'iere diverse physical characteristics
of the sediments at a single étation ﬁ\ade this impracticals multiple
samples were taken representative of all types present. Where _
individual deposits were more than 2 meters thick, systematic samphng
across the section was carried out, the sample fnterval depending on
the thickness and exposure.

247 samples were chosen for analysis. A number of samples
were rejected because they were extensively veined by quartz, calcite,

epidote, etc. or showed other ‘evidence of extensive alteration (e.g. -

shearing wi th secondary minera]s developed along shea%). Those

samples to be ana'lyzed were washed and broken into chips, the largest

dimension of which was less than 0.75 am. Chips containing an outside
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surface of the original specimen and those containing visible veinlets
were discarded and the remainder stored in a clean plastic bag prior
to crushing. A‘representative sampling of these chips was crushed in
a siebtechnik tungsten-carbide swing mill for 2-3 minutes producing

a rock powder of -200 mesh ~.as determined by random sieving. The rock

powder was put in 4 oz. bottles and heated overnight at 1109 ¢.

Analytical Procedures

-

Major Elements |
Major elements were determined on a Perkin-Elmer 303
atomic abs;r\pti on spectrophotometer e‘quipped with recorder readout.
Rock powders were mixed to ensure homogeneity and exactly 0.2000 grams“
placed 1:n a digestion bottle. 5 ml. HF vwas added and the samples were
heated over a water bath. After subsequent cooling, 50 ml. of saturated

boric acid solution was added and the solution again heated bver a water

bath until complete digestion was effected.- The samples were then made

up to 200 m1. with distilled w3ter, .
Standards were prefjared in a manner similar to that ’
described by Abbey (1968). |
Ferrous iron was dete y titration according to the
"method of Wilson (1955) as described in Maxwell (1968). 5 ml. of ¢
amonium vanadate so]utio}\ was added to approximately 1.2 graﬁs of

sample and the resulting,solution.was mixed in an automatic shaker

overnight. 10 m1. of sulphuric-phosphatic mixed acid was then added

to the sample and the resulting solution mixed with 200 m1. of saturated
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boric acid soiution. 10 m1. of ferrous ammonium sulfate solution
and 1 ml. of barium diphenylamine sulphonate indicater were added
and the sample titrated with standard potassium dichromate solution
to a grey end point.

Loss on'ignition was determined by weighing a known
amount of sample into a porcelain crucible and heating at 1050°¢

for twp hours followed by cooling in a dessicator and subsequent

reweighing to determine the weight percent loss of volatileg.
7

Nine trace elements were determined by X-ray fluorescence

Analytical accuracy and precision of major el
analyses are presented in Tables B.1 and B.2.

Trace Elements

using a Phillips 1220-C spectrometer. Sample discs were prepared by
mixing 1.5 g of rock powder with 2 - 3 drops of N-30-88 mowiol binding
agent a:d pressing the resultant powder into a disc with boric acid
backing at 15 T/in.

Precision and accuracy of trace element analyses are shown

in Tables B.3 and B.4.

Statistical Procedures

Major and trace element analyses were punched on computer
cards and the individual samples grouped into their respective
geographic suites and 1ithologic subgroupings. Mean and standard ~ ¥

deviation were calculated for all elements and all data subgroupings.

[PENRNN. . . quisiiia Ak IRV S )
P S N . v
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A standard statistical program was employed i:o plot

variation diagrams and histograms for all majbr subgroupings and
to calculate Pearson Correlation Coefficients for all elementd in
the geographic suites.

'The Mann-Whitney U-test (Siegal, 1956) determjsdes the
probability that two sets of data are cirawn from the same population. 7 1
It \‘nas employed in the present program in a manner similar to that > {
previously used by Davenport and Nichol (1972) and Thurlow (1974)/to
test the statistical significance of mean element concentrations

, differences between pairs of subgroups, This test is non-parametric

{ . .
and was used because of the small numbers of samples in some subgroups

'énd because of the generally non-Gaussian distribution of element
concentrations within the subgroups.

Discriminant analysis was employed to test the chemical
differences between various pairs of subgroupings by der{ving a
function which would classify these subgroups by considering f

simultaneously a number of variables. A computer pr-;agram was used

which computed the discriminant i_ndex between the pairs of sample
subgroups, the mean discriminant score for the resp'ecttve subgroups,
individual scores for each sample and the relative contribution made

/_ by each variable in deriving the function.
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TABLE B.1

PRECISION OF MAJOR ELEMENT ANALYSES
(from replicate analyses)

Number of Standard
Determinations Mean Deviation
Fe203 7 6.38 - .16
TiO2 7 13 .0 ‘
. SiO2 7 79.7 1.16
Cal , 7 4.7 .07
KZO 7 .35 .01
; Mg 7 .97 .02
| ‘A1203 ) 7 5.10 R
: Fel 7 .40 .0
i
Nazo 7 .33 .02
| MO 7 .53 .02
L.0.1. o 7 1.68 .03

A I o
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TABLE B.2

ACCURACY OF MAJOR ELEMENT ANALYSES\

Standard Number of i
Wt. 2 A* Mean Deviation Determinations
510, 54.36 55,38 0.37 4
Ti0, 2.24 2.35 0.18 4 ’
A1,0, 13.56 13.50 0.27 o5
Fe,0, 13.40 13.00 0.28 5
Ca0 6.94 6.63 0.07 4
: Mg0 3.46 “ 3.57 . 0.06 5
€ Na,0 3.26 3.23 0.05 5
= Ky0 1.67 1.73 0.05 4
MnO o 0.18 0.01 5

* Proposed values after Abbey (1968).

"
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TABLE B.3

PRECISION OF TRACE ELEMENT ANALYSES

Sample XC-1 XC-2 XC-3 XC-4 6-2 (st-2)
No. of Pellets 46 18 16 15 1 (10 runs)
Element:
Ir Mean (ppm) 129 90 195 109 326 «
St. Dev. 22 B 23 N 7
Sr Mean {ppm) 98 85 51 102 494
St. Dev. 8 5 14 g 4
Rb mean (ppm) 51 123 146 132 171
_ St. Dev. 7 g =~ 10 12 2
| in Mean (ppm) 27 88 . 24 29 98
; St. Dev. 1 2 1 1 1
]
Cu Mean (ppm) 15 1 4 n 18
St. Dev. 2 3 3 2 2
Ba  Mean (ppm) 1042 194 966 973 1797
St. Dev. 80 67 57 64 38
Nb Mean (ppm) 15 15 19 -2 15
St. Dev. 2 4 3 3 3
Ni Mean (ppm) 12 69 * 23 25 21
St. Dev. 3 1 2 2 1
Cr Mean (ppm) 12 53 N/A N/A 7
1

St. Dev. 4 4




Element

lr
Sr
Rb
In
Cu
Ba
Nb
Ni
Cr
Cr

N.B.

400 ppm
400 ppm

error of y g

TABLE B.4

ACCURACY OF TRACE ELEMENT ANALYSES
FROM CALIBRATION CURVES DATA

Number of Standards

Standard No. of .
Deviation (s.d.) Range Mean Pellets Stds.
20 s.d.Ato 700 200 18 12 )
18 s.d, - 1400 - 250 24 18
8 s.d. - 400 130 21 15
10 s.d. - 350 100 24 16
3 s.d. - 110 35 27 16
46 s.d. - 1900 700 20 14
4 s.d. - 300 32 19 13 o
21 s.d. - 2400 410 28 16 ;
7 s.d. - 400 /50 18 12
140 400 - 4000 2800 5 4 {

Standard deviation could be considered an estimate of standard
iven x. '

Number of pel represents the number of individual points
used on the calibration curve|whith may include a duplicate of some
standards especially U.S.6.S5./standards, while the “standards" column
represents the number of differént standards used from various agencies.




APPENDIX C

CORRELATION MATRICES

(bracketed numbers indicate significance of correlation)
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APPENDIX D

ELEMENT HISTOGRAMS

{star followed by a number indicates the number of $amples
which fall beyond the range of the histogram)
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SAMPLE DESCRIPTIONS

APPENDIX E

Abbreviations used:

SF

SPX
MPL
MPX

Bd

I.P.

Mx

Silicic Flows

Silicic pyroclastics

Mafic pillow lavas and massive flows
Mafic.pyroclastics

Bedded subgroup
Interpillow subgroup
Mineralization subgroup
Mixed subgroup
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