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ABSTRACT

The stratigraphy of the'Lower Ordovician Bell Island
énd Wabana Groups was studied in orde} fo~detérmine their
depgsifional environments. A proposed depositioﬁal model was
then used to study the environment of forvgtion of the
Wabaﬁa‘ironstoﬁes. ?

Accessible stratigraphic sections were measured in
'detail and the data compared to documented examples of
modern and ancient environments of a generally similar naf%re.

On the hasis of this study a modifed geological
subdivision is 'proposed; The division ofNEhe succession
into two groups is retained and their subdivision into nine
formations is suggested. ”

It appears that sedimentation in the Bell Island and
Wabana Groups was controlled by tidal processes. Two major

-environments are represented in the strata: interbedded

sandstones, siltstones and shales interpreted to be a tidal

‘flat complex, and massive sandstones interpreted to be an
Sy

offshore barrier or tidal bar. Three subenviromments of the
tidal flat complex were recognized: the subtidal,
intértidgl and supratidal. ‘

Coarsening- and shoaling-upwards sequences at two
locations may be prograding delta cyclés, suggesting that
the over all environmental control may have been that of a
high—destructive. tide-dominated delta system, Paleocu£}ent

directions support these interpretations.




Provenance studies 1ndJ.ca‘t:e that the Source terrain N

was Precambrian volcanlc, Plutonic and prooably sedlmentary .
rocks that are exposed nearby on the Avalon Peninsula,
Detriéal garnet, muscovite and m€tamorphic rock frag‘ments
may have been derlved from a presently: unexposed crystailine
basement. |

'T}'}e chamosite ooliges apparently formed as i:rimary
precipitates in shallow lagoons and accumula* ed on tidal
bars .and tidal flats where they were oxidized, possibly to
goethite, forming hematite one\éagenesis. T}}e periodic
occurrence of ironstones in the strata may be the result of
migrating delta ddstributaries, .

A general correlation of the Wabana iron ores with
sunllar Lower Ordovician deposits of Nova Scotia, North

Afrlca and Europe is known. The sedimentology of the host

rocks, where studied, appears to be strikingly iimilar to

that of the Bell Island and Wabana Groups.

t
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CHAPTER 1

INTRODUCTION

A sequence of sedimentary rocks and iron ores of

Lower Ordovician age are exposed on three islands in

Conception Bay, southeast Newfoundland (Fig. 1). The lower

part of this sequenhce, the Bell Island Group (Rose, 1952),
Créps cut on Kellys Island, Little Bell Island and Bell |
Island; the upper part of the sequence crops out only on Bell
Island. Bell Island is approximately 43 sduare kilometres in
area andJis the largest and only inhaﬁited island of the
three. Five ironstone beds are exposed on Bell Island and
three have been economically exploited, supporting a
mining industry for over 70 years. Operations ceased in 1966,
The stratigraphic seéuence is well exposed along
narrow gravel beaches at the bage of high coastal cliffs., (Fig.
2). On Bell Island, the majority of these exposures are within
reasonable walking distanée from a road. Other isolated
coves, as well ags Kellys Island and Little Bell Island., are
accessible only by boat. Apart from the coastal cliffs, |
surface outcrops are of limited extent and are not well

exposed-

Purpose . of Study

This study has a threefold objective: (a) because no
formal subdivision of the entire Llower Ordovician strati-
graphic section of Conception Bay exists, the first objective
will be to describe and subdivide the stratigraphy in a

- manner that conforms to formal rules of stratigraphic
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FIGURE 2. Typical coastal cliff exposure of
the Bell Island and Wabana Groups at "The
Bell", Bell Island. Note trees for scale;
cliff is approximately 65 metres high.




nomenclature; (b) to expand the interpretation of the depositional

environment of the Bell Island and Wabana Groups and.attempt to
relate this environment to regional geology: (c) to recognize
which aspects of the depositional enviromment favoured the

formation of the iron ore beds.

Regional Geology

The Island of Newfoundland constitutes the northeast-
ern 1limit of the Appalachian Mountain System and, on a first
order scale, has three principal stratigraphic-tectonic
belts which trend in a northeasterty direction (Williams,
1964; Kay, 1967). The middle unit, the central m¢bile belt,
~comprises deformed Paleozoic geosynclinal sediments and

volcanics. It is bounded on the northwest and southeast by

Precambrian terrains that were gently subsiding stable

.

elements during the Lower Palenzoic, ubon which shelf deposits
were accumulating (Williams, Kennedy and Neale, 1972).

The ncrthwestern Precambrian belt consists of’
gneigsses, schists and granites of the Long Range Mountains
in western Newfoundland. The lithology and structure indicate
that these rocks are Grenviilian inliers of the Canadian »
Shield (Clifford and Baird, 1962). The overlying shallow-
water shelf sediments, dominantly carbonates of Cambrian to
Lower Ordoviciar: age, are typical of the lower Paleozoic
continental margin whose development is recognized along the

entire western margin of the Appalachians., The southeastern

Precambrian belt or "Avalon Zone" (Williams, Kennedy and




Neale, 1972), on the other hand, consists of Precambrizan
rocks that are well exposed in Newfoundland, but pocrly
represeﬁted in the easéern part of the United States
Appalachian system. The lithologies consist of 1little-
deformed Lzate Precambrian sediments, volcanics and
plutonic rocks.

On the Avalon Peninsula, the Precambrian rocks can be
placed into three broad divisions, These are reviewed by
McCartney (1967) and consist of (a) acid to mafie volcanics
of the Harbour Main Group, (b) marine volcanic sediments
and tuffs of the Conception Group and (c) marine and
al}uvial volcanic sediments ofjthe Cabot and Hodgewater
Groups. The geology has been interpreted by Hughes and
Bruckner (1971) as the late Precambrian development of a
volcanic island complex (Harbour Main and Conception Groups)
and the post-volcanic phase of erosion énd sedimentation
(Cabot and Hodgewater Groups). The Holyrocod Plutonic Series,
consisting mainly of quartz monzonite and granite, intrudes
the Harbour Main volcanies, It is considered by Hughes and
Bruckne; (1971) to be penecontemporaneous with the Harbour
Main and Conception Groups.

Papezik (1972) has suggested that the geology could
be interpreted instead as alkalic continental volcanism
related to block faulting of a late Precambrian continental
platform.

-

Overlying the Hodgewater Group either conformably or

unconformably at a slight angle (McCartney, 1967) is from




6 to 150 meires of white unfossiliferous quartzite of the
kandom Formation, either latest Hadrynian or earliest
Cambrian in age. McCartney (1967) considers the Random
quartzite to be reworked continental sediments along the

-

shoreline of an advancing Cambrian sea. The Random quartzite

does not occur around Conception Bay and Cambrian beds here

lie with angular unconformity directly upon fhe Harbour Main
volcanics and the Holyrood Plutonic Series, At Manuels, near the
Conception Bay coast just south of Bell Island (Fig. 1), the
basal Cambrian is a conglﬁmerate, six metres thick,

consisting of coarse angular to subrounded clasts (Rose,

1952).

Pzleozoilc Recks of the Avalon Zone

The Cambrian rocks of the Avalon Zone occur in widely
scattered outcrops, but their lithological sequences are
readily correldtable between outcrops (Hutchinson, 1962),
Hutchinson (1942) estimated the maximum thickness of the
Cambrian deposits‘to be up to 1300 metres., They consist
mostly of shale with some shaly limestone and siltstone.
There are a nﬁmber of thin limestone beds near the base of
the Lower Cambrian, and thin subeconomic manganiferous beds
in the Middle Cambrian. The Upper Cambrian becomes gradually
sandier towards the top (Hutchinson, 1962),

Three major periods of deposition during the Lower,
Middle and Upper Cambrian Epochs are recognized and it is

+

apparent from isopach maps that southeastern Newfoundland
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was a broad, intermittently subsiding btasin whose axis

trended just east of north during the Cambrian times, with
probable shorelines to the east and west (Hutchinson, 1962).

Good fossil control is provided by trilobites which
belong to the North Atlantic province (Walcott, 188&;
Howell, 1925: Hutchinson, 195¢; Fletcher, 1972).

The Lower Ordovician Bell Island and Wabana Groups
consist of at-least 1500 metres/of interbedded micaceous
_sandstones, siltstones and shales, The Cambro-Ordovician
contact probably occurs somewhere under thé waters of
Conception Bay between Kellys Islahd and the coast (Fig. 1).
Both sequences dip gently 8 to 10° to the north-northwest
suggesting a conformable contact (Rose, 1952). Thus, as
Hutchinson (1962) points out, the depositional basin
controlling sedimentation in earliest Camdrian times !
apparently persisted into the Lower Ordovician.

The only other Ordovician rocks of the Avalon Zone
are exposed west of Trinfty Bay, partly on Random Island
(Christie, 1950). These sediments are mostly grey and black
shales of the Clarenville Group believed to be of lowermost
Ordovician (Jenness, 1963; Dean, 1970). They are possibly
correlative with unexposed rocks below Conception Bay

between Masnuels and Kellys Island (McCartney, 1967).
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History and Previous Work

The native people of Newfoundland, the Becthuck
Indians, were traditiornally known as the "Red Indians" due
to the practice of staining themselves with red ochre. This
was obtained from naturally occurring ferric hydroxide
(Howley, 1915), for which the ironstones on Bell Island could
have provided a ready source. There is no conclusive evidence
of native visits to Bell Island, however Mr, Arthu} Parsons of
Parsonville, Bell Island, has shown the author a fragment
of a ground, red slate spearhead which had been plowed up.
This implement was subsequently shown to Dr. J. Tuck of the

Anthropology Department, Memorial University, who maintains

that it is of prehistoric origin, probably of a type used to

hunt seals.

1t appears that early white settlers knew of the
ironstones probably as far back as the 18th century. Rev.
L. A. Anspach, author of "A History of the Island of New-

foundland" (1814), citest

".,.. traditionary reports which are
repeated with confidence by the oldest inhab-
itants (of Newfoundland)... that there is an
iron mine at Back Cove, on the northern side
of Bell Isle near Portugal Cove.” (pp. 367-368).

These reports wena\iither not generally known or were
forgotten, because the commercial “discovery" of the deposits
came only in the 1890's.

The first mention of the Bell Island stYata in the




geological literaﬁure was that of Jukes (1842), who made a

genaral survey of Newfoundland‘geology as part of his
"Excursions ir and around Newfoundland during the Years 1839
and 1640", He refers to the "Belle Isle shale and gritstone~
and gives a brief but gccurate lithological description.:
Jukes did not recognize the ironstones,but he did note "a
reddish stone™ and "red marl"” (p. 250) and, elsewhere in his
report, the presence of a "bright red éandstone, 8 feet
thick, in the upper beds of Belle Isle™ (p. 276). Of what is
now known to be a riqh ichnofaunal assemblage, Jukes wrote:

"0n the firm pieces (of ‘slate*) occur
singular markings in relief which sometimes
assume the shape of leaves, branches or other
organic bodies, but which are, I believe,
entirely concretionary" (p. 250).

Alexander Murray (1881) published a stratigraphic
cross-section through the Avalon Peninsula including a short
litholiogical description of Kellys Island, Little Bell and
Bell Island. The uppefmost strata that he described were the
white quartzites in the middle of the Bell Island sequence,
thus missing the thick ironstone deposits in the upper beds.

The eventual discdvery of the iron ores is recounted
by Rev. Moses Harvey (1902):

"A fisherman picked up what he supposed
to be a heavy stone as ballast for his boat.
Upon arrival in St, John's it was discovered
by a mining prospector who investigated it
and became satisfied of its wvalue™,
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The rights to the property were acquired by the Nova Scotia

Steel and Coal Co. in 1864 and quarrying began in 1895.

During 1912, 1913 and 1914 Van Ingen of Princeton
University led field parties to examine the Cambro-
Ordovician rocks of Conception and Trinity Bays, resulting
in a series of contributions to the geology of Newfoundland
by the Princeton University Department of Geology. Van
Ingen (1914) produced a “"table of geological formations of
the Cambrian and Ordovician Systems about Conception and
Trinity Bays" from his field work., He divided the Lower
Ordovician of Conception Bay into the Bell Island Series
and %he Wabana Series, and named twelve formations based
on paleontology and the appearance of the ore beds in the
sequence. One of his students, A. 0. Hayes, undertook a
field study of the ore deposits during the summer of 1912,
subsequently writing his doctoral thesis on the Naban; iron
ores, The thesis was published as a memoir of the Geological
Survey of Canada (Hayes, 1515).

Hayes concluded that the oolitic iron ores were of
'primary origin deposited under éhallow water conditions and
he discussed the chemistry of precipitation making the
following points:

—"penefration of the oolites by boring
algae indicate the probable close association
of algae with ore deposition.

-"the alternating concentric layers of
hematite and chamosite in the spherules suggest
that most of the hematite was formed contemp-
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oraneously with the chamosite. (p. 70).

-"it seems pfobable that" the iron- was
derived by long continued weathering of earlier
crystalline and sedimentary rocks; the solutionf
of their iron content by mineral and vegetable
acids and subsequent transportation of the iron
salts into the sea. (p. 71).

-"Cayeux's'theory....that an original
limestone has been transformed into 'an oolitic
iron ore is absolutely untenab;e for the Wabana
ore.”" (p. 72). »

. In 1326, B, F. Howell summarized the Cambro-Ordovician \
stratigraphic columﬁ of southeastern Newfoundland, compiling
much of his information from the Princeton expedi£&ons.

Hayes (1929) published an article on "Further Studies
of the origin of the Wabana Iron Ores of Newfoundland". His
observations indicated that the Wabana iron ore, during the
process of formatign, was exposed to oxidizing conditions in
a very shallow marine ﬁasin that was exposed to air over
wide areéé at low tide.

E. R. Rose (1952) produced a map and geological
report of the Torbay map area, Newfoundland. Included in
this report is the Lower Ordovician sequence of Conception
Bay. In his report Rose changed Van Ingen's Bell Island
Series and Wabana Series to group status, but otherwise the
scope of Rose's work did not allow a more detailed descrip-
tion of the strata, His observations on the depositional
environment were the following: '

"Exclusive of the.hematite bedstthe rocks
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of the Bell Island Group are consoclidated

clastic, marine sediments, most of which seem to
have been deposited in the shallow water of a
tidal basin with its included and marginal deeps...
"Thick zones of shales represent deposition in
somewhat deeper wzter than that in which the
sandstones accumulated and zones of interbedded
shale and sandstone represent 1étera1 gradational '
deposition to the more shallow water sandstones.
The latter show ripple marks, cross-bedding, rain-
drop impressions, worm burrows, and other
evidences of shallow water deposition...

"The fauna 1s further eviderice of shallow water
marine conditions of deposition, and indicates

a Lower Ordovician age." (p. 34).

Rose (1952) accepted Hayes' (1915) conclusions for a primary
precipitation of the ores,

. The first study in any detail of the Cambro-Ordevician
sequence in Conception Bay was undertaken by Nautiyal (1966).
The emphasis oi_‘ the study was on paleontology, and in
particular, micropaleontology. A suite of microfossils
including acritarchs and Chitinozoa was collected and
described, and was referred to the Welsh-French province
rather than to the interior North American-Northern Scotland
province. .

Nautiyal's (1966) study included a detailed geological
map. The Bell Island Group of Rose and Van Ingen was re-
tained (Van Ingen, 1914; Rose, 1952), but divided into three
‘'new formations. The Wabana Group was lowered to formational

status and was divided into three members. This subdivision

- was not published and is therefore not formal.

»
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The ore and host rocks were again considered to be
»primary, shallow-water, possibly tidal marine sediments, ...
with the ore owing its existence to both physical and
chemical processes™ -essentially in agreement with Hayes
(1915, 1929).

Seilacher and Crimes (1969) recognized a close
similarity in trace fossils and facies of the Upper"‘Cambrian
and Lower Ordovician in eastern Newfoundland, Wales and
northern Spain, suggesting that these areas were originally in
close proximity. Furthermore, they noted that the Cruziana
species present in these areas are unknown in rocks of
equivalent age and facies in mainland North America.

Bergstrom '(1976) undertook a study of the prolific
trace fossils from the Cambro-Ordovician sequence in
Conception Bay. His published study included a short review
of the local geology and an informal gtratigraphic sub-
division. The ichnofauna he catalogued was typical of an
"Acado-Meditefranean Province" and the habitat was considered
to be "very shallow, apf)arently pértly intertidal.”

Concerning the mine itself, many 'telchnical papers
have been published over the more than seventy years of
mining operations., Most have dealt with engineering aspects
of the operation and cannot be: considered as previous work
in a geological sense. Only thos‘n” of geological interest-are

reviewed. | /

In 1924, J. B, Gilliatt published a paper entitled
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"Folding and Faulting ot the Wabanaz Ore Deposits™, which
included a general summary of the geology_of Bell Island,
He observed that "depositioﬁ of the strata was accompanied
by a gradual sinking of the basin of deposition, so that
shallow water prevailed during deposition of many hundreds
of feet of strata.” Major persistent vertical cleavage
directions were observed trending approximately north 63°
east and north 35D west, The system of normal faults was
related to compressional forces that produced the broad,
shallow, synclinal structure of the Paleozoic rocks of
Conception Bay.

The question of ore distribution prompted Hayes (1931)
to review the structure of Conceptidn Bay. The northwestern
extent and termination of the Cambro-Ordovician succession
(in ﬁarticular as i‘t affects the ore beds) was, anéi still is,
ynknown. Hayes (1931) postulated a major fault zone
extending from Colliers Bay to a point east of Baccalieu
Island (Fig. 1) as the possible terminating structure.
McCartney (1954) did not believe there was sufficient
evidence for the Colliers Bay Fault Zone. Whereas the

Topsail Fault shows up as a li‘near anomaly on the aero-

magnetic map accompanying McCartney's (1954) report, there
Ve

is no similar feature trending along Ha:}es' (1931) postulated
Colliers Bay Fault Zone. McCartney (1954) suggested that
"west of Bell Island-a north-plunging syncline or a

structural basin may prove to be the dominant control of the




15

ore horizons, with lesser complications introduced by faultsv.
Lyons (1957) presented an overview of the Wabana iron
ore deposits, making reference to a delta pattern as a
control of ore distribution and suggesting that the ore
accumulated in a wide, shallow, tidal basin.
Still another overview of the Wabana operation was
published by Southey (1969) three years after the closing

of the Wabana mines. This was a comprehensive paper reviewing

in retrospect the history and geology of the mines and the

problems of ore benefication.
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CHAPTER 2
METHODS

Eield Methods

Stratigraphic Sections were measured on two scales.
Easily accessible exposures were measured in detail on the
scale of 1 inch to 10 feet. (Seétions are reproduced on a
metric scale in this thesis.) This relatively large scale
was found to be necessary in order to delineate individual
units, which tend to be thin yet distinct from one another as
to composition, degree of bioturbation and variety of
sedimentary structures, Due to time restraints and because the
cliffs were not always accessible, it was not possible to des-
cribe the entire stratigraphic column in such detail. However
the entire column was measured as accurately as possible on a
smaller scale and the general lithology was recorded.

Rock specimens, primarily sandstones, were collected
from each exposure for later study.

| Paleocurrent directions were measured wherever
possible, Longitudinal current ripples were fognd to be best
suited for this purpose, Mo6st current ripples were only
slightly asymetric, so that measurement of the foreset dip
direction was required to determine the direction of flow.
Suitable three dimensional exposures were not common.
Corrections for regional dip of the rocks were not considered

necessary when plotting the paleocurrent data. The dip .




varies between B and 10° and would not significantly alter

the paleocurrent vectors. Rose diagrams show the percentage

of measurements in each modal class of 300.

Labcratory Methods

i X-ray diffraction identification techniques were
applied to a variety of green iron minerals in order to
accurately describe the lithology. Bo?;h whole rock a.‘l the
magnetic fraction of each specimen were pulverized and
preparéd as a smear mount. However, the two preparations
showed little difference in the peak intensities of the iron
minerals,

The x-ray technique was partly successful. Glauconite,
sgptachiorite (chamosite), and 164 chlcrite were detected,
but determination of the exact chlorite species would require
chemical techniques.

Heavy mineral separations were carried out on several
samples of sifty sandstone and silty shale., This was accom-
plished by centrifuging the 3 to 4¢g fraction of the crushed
sample in tetrabromdethane for 207minutes. After an acetone
wash, the heavy minerals weré placed in a beaker of dilute
hydrochloric acid for ten minutes in order to remove any
iron oxide staining. The grains were then rinsed, dried and
mounted on slides using Canada balsam.

For the thin section petrography, a point count of two

hundred grains was carried out on each sample. Some of the

thin sections were stained with sodium cobaltinitrate in
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order to simplify the identification of orthoclase,
Roundness was estimated using Powers' (1953) roundness
scale and sorting was estimated by comparison to a set of
standard deviation images prepared by Folk (1968). The
sandstone classification of Fclk (1968) was used in the
petrographic descriptions.

Thin sections from the coll.ection of Nautiyal (1966)
were made available to the author. Several of the photo-
micrographs in the present study were taken using specimens
from this collection in order to present the best example of
a particular feature. In the photomicrographs, thin section

specimens from Nautiyal's collection are prefixed with the

letter "N* followed by the original reference number,




15

CHAPTER 3

Bl

" STRATIGRAPHY

Introduction

Despite the economic importance and paleontological
interest in the Lower Ordovician Bell Island and Wabana
strata, a detailed stratigraphic section has never been
published, although several small-scale and generalized
descriptions are available (Van Ingen, 1914; Hayes, 1915;
Rose, 1952; Nautiyal, 1966; Bergstrom, 1976), Most of these
descriptions are based on informal geological divisions
proposed principally to facilitate the study of some
particular aspect of Bell Island geology.

The original detailed subdivision of eastern
Newfoundland Lower Ordovician strata is that of Van Ingen,
{1914) shown in Table 1. He‘recognized two major units,
the Bell Island Series and the Wabana Series, separated by a
disconformity and a thin pebble bed con81st1ng of phosphatlc
shell fragments and shale clasts. Rose (1952) changed the
status of the two units to the Bell Island Group and the
Waﬁﬁha Group, pointing put that the disconformity was a very
minor one and that there is no evidence of any significant
inter@ai'df nondeposition, Other workers (Nautiyal, 1966
Bergstrom, 1976) have pointed out that there is no real
justification for dividing the sequence into two groups.

Nautiyal (1966) proposed a new classification for the se-

»
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quence, lowering the Wabana Group to formation status and

dividing it into three members (Table 1), The Bell Island

Group was divided into three formation%. The choice of some
of the nomenclature was, however, inappropriate since in
surface outcrop the Townsquare Formation does not include
the local townsquare of Wabﬁna and the Airfield Formation
does not include the local airfield., This classification was
never published and therefore not formally proposed.

While the author agrees that there is little
justification for subdividing the Lower Ordovicién into two
groups, nevertheless since the classification has been well
established for over 60 years and has been formally?referred
to in many publications, the nomenclature should be retained,
Furfhermore, although placing the entire Lower Ordovician
sequence into a single group may appear a more natural
classification. today, there is certainly no advantage or
usefulnegs to be gained. A revision can therefore not be
adequately justified according to modern stratigraphic
nomenclature rules (American Commission on Stratigraphic ..

.Nomenclature, 1970).

On the basis of the present study, the author feels
that most of Van Ingen’'s original formational subdivisions
(Van Ingen, 1914) are still acceptable. However, minor
changes to some of the inappropriate formational names and
outdated terminology have been made (Table 1) in keeping

with formal nomenclature rules. The revised subdivision
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proposed here, along with the following description of
formations, provides a necessary framework in which to
discuss the sedimentology and depcsitiocnal environment.
Figure 3 is the stratigraphié section of the Bell Island

and the Wabana Groups.

For easy reference, each locality that was measured in

detail is identified by a reference letter. Within the text,
these reference letters correspond to sections described in
detail in the appendix and the localities are noted on the

geological map by their reference letter.

Description of Formations

Kellys Island Formation ~

Name

Van Ingen (1914) included all of the rocks of Kellys
Island in a single formation that he naqed after the island.
he also considered the overlying'stréta; which crops out on
Little Bell Island, to be a separate formation that was named
the Little Beli Island Formation. However, the strata exposed
on each of these two islands are nbt lithologically distinct
from one anothef. and therefore the boundary between the two
units is purely geographical. Thus, in keeping with the
guidelines of stratigraphic nomenclature (American Commission
on Stratigrﬁphic Nomenclature, 1970) the Kellys Island Formation
of Van Ingen (1914) should be expanded to include the ovsflying.
rocks of Little Bell Island. ’ 1
Distribution and Thickness

This formation is exposed only on Kellys Island and

“ ‘ Sy
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Figure 3.

Stratigraphic section of the Bell Island Group and
Wabana Group.

(Detail of Wabana Group at right)
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Little Bell Island, Conception Bay. Consequently these exposures -
constitute the type section. The entire exposed section is
accessible by boat., The exposed thickness is approximately )
298 metres, 224 metres on Kellys Island and 74 métres on Little
?ell Island. The complete thickness is unknown, since the base
aswell as the top lie under the ocean,

It .is questionable whether there is an unexposed.section
of the stratigraphic column between the rocks.exposed on
Kellys Island and those on Little Bell Island. The north-
western shore of Kellys Island appears to lie ‘approximately
along strike from the southeastern shore of Little Bell Island
and a continuous sequence‘may therefore be represented. A
direct correlation could not be recognized, but this may be

due to lateral variliability in the strata or perhaps to

faulting. ' ~
Lithology and Sediﬁentary Structures

The lithology consists of units of white,massive
sandstone interbedded with fissile,. dark, silty shale and
intercalated, micaceous, sandy siltstone; silty shale and
thin- fo medium-bedded, rippled sandstone. The top of the
exposed section is a massive, structureless, white sandstone
unit at least 13 metres thick on Little Bell Island.

The massive sandsticnes are fine-grained quartz

arenites and occasionally show traces of large-scale, parallel - i
crossbedding with horizontal or shallow-dipping laminated q

bedding at the top. Some of these sandstone units on Kellys
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Island are greenish, containing chamosite and chlorite. -
Other sedimentary structures include wavy, flaser

and lenticular bedding, runzel marks, mudcracks and scours;

with current and interference ripples in the silty shale

units.

Contact Relationships

»

The d?ntact relationships of the Kellys Island Formation
with underlying and over;yinéwstrata are unknown since both

the base and the top lie under the.waters of Conception Bay.

It can be implied that neither the upper nor lower contact
constitutes an angular unconformity, since the underlying
Upper Cambrian beds at Manuels (Figure 1) and the overlying

strata on Bell Island both have the same dip and strike as

‘gghftrata of the Kellys Islapd Formation.

>

/




Beach Formation

Name
Van Ingen (1914) proposed the name "Beach Formation™ 1
for the approximately 70 metres of sediments exposed above
The Beach, where the Bell Island ferry docks. Informal
thgough it appears, The Bea;ch is a legitimate geographic name
on Bell Island. It is therefore retained here and expanded
to include all the rocks of the middle part of the Bell
Island Grou}; from the base of Van Ingen's (19i4) Lance Cove
Formetion up to, but not including, his Redmond Formation.
I.‘t was found that these units are not lithologically
distinct and are mappable only as a whole. The type section
is at The Beach.
Distribution and Thickness

The ation is exposed along the entire southern,

eastern and westerrN\sghore of Bell Island from the Bell rock
to Redmond's Head. Th4 most easily accessible exposures are
at Freshwater Cove (Parsonville), Lance Cove, the ore docks
’a.nd The Beach. Exposed_- thic}mess is approxvimately 440 metres,
but the total this}mess is unknown, since the base of the
formation is covered by the occean.
Lithology and Sedimentary Structures

Lithology is characterized by lenticular-bedded units
of white to dazrk grey sandstone, rarély more than one metre

thick, interbedded with thick units of micaceous sandy

siltstone, silty shale and dark shale. Sandstones are fine- /
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a

to medium-grained orthoquartzites and are usually crossbedded
and ripple marked. There are two thin , 0olitic hematite beds
less than 1 metre thick within the Beach Formation and these
have been named the McGraw Ore Member and the Eastern Head Ore
Member after Van Ingen (1914)., Sedimentary structures include
flaser, wavy and lenticular bedding, current and interference
ripples, scour-and-fill, sand-filled chmels, herringbone
crossbedding, runzel marks, mudcracks, ball-and-pillow
structures and load casts. |
Contact Relations

The lower contact of the Beach Formation is inacces-
sible, lying under Conception Bay. The upper contact with
the sandstones of the Redmond Formation is exposed between
Eastern Head and Redmonds Head, but is not easily accessible,
Generally, the shales and siltstones of the upper part of
the Beach Formation become gradually sandier upward and
the sandstone units become thicker, untii the li{hology has
become virtually 100% sandstone, An arbitrary uppei' contact
horizon with the Redmond Formation is defined as that point
at which the proportion of sandstone exceeds the proportion

.

of shale in the overall lithology. °,

Redmond Formation

, Name
The name Redmond/F-ormation was proposed by Van Ingen

(1914) for the sequence of sandstones that form a resistant

ridge striking along the length of the island and which are
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best exposed at Redmond's Head. Nautiyal (1966) included them in
his Townsquare Formation. The type section is at Regdmond's
Head, Freshwater Cove,
Distribution and Thickness

The formation is exposed along the northern shore of
Bell Island from Freshwater Cove (North) to the lighﬁhouse,
and along the northwestern shore at Bell Cove and Big Head.
Thickness is approximately 79 metres. |
Lithology and Sedimentary Structures

The Redmond Formation cbnsists almost entirely of
fine- to medium-grained, white, orthoquartzite sandstone
with rare: very thin, silty partings.’A’lmost all of the '
sandstones are crossbedded on a large or small scale and
some display megaripple morphology. Bed thickness varies
from 2 centimetres to more 'than 1 metre. Other sedimerttary
structures include trough crossbedding, herringbone -cross-
bedding, shallow-dipping planar beds, scour-and-fill, rill
marks, swash marks and current crescents.

Contact Relations

The Redmond Formation overlies the Beach Formation
2

conformably. The upper contact with the Ochre Cove Formation
consists of a 15 metres thick sequence of massive sandstones
interbedded with units consisting of siltstone, shale and
thin ‘'sandstone lenses. The contact is gradual and conformable,
but the base of this contact sequence is arbi’t’raril‘y'"défined

as the contact horizon. -

-
"




Ochre Cove Formation

Name ¢

In Van Ingen's classification (1914), this formation
remained unnamed. Nautiyal (1966) included it partly in his
Townsquare Formation and partly in his Airfield Formation.
It is named for the easily accessible type section at Ochre
Cove, : |
Distribution and Thickness

The Ochre Cove Formation outcrops on the northwest
shore 'of Bell Island between Gratton's Cove and Ochre Cove,
and between Freshwater Cove and Gull Island South Head.
Thickness is approximately 65 metres.
Llithology and Sedimentary Structures

The lower beds of the Ochre Cove Formation comprise
a transition zone of close to 15 metres in which sandstone
beds become thinner and the lithology ck\langes upward into
thick units of fine-grained, saz?dy siltstone and silty
shales approximately 30 metres in totai thickness. Glauconite
is a significant component in some of, these beds. Beds vary
from less than 1 centimetre up to 12 centimetres thick. The
upper 20 metres consist of alternating units of fine-grained
sandstone, lenticular-bedded sandstone and siltstone, and
si}ty‘shale, 20 to 60 centimetres thick. Oolitic hematite
beds aﬁd lenses are common within the ~'upper 20 metres of the

formation. The sandstones and the oolitic hematite units are

all crossbedded] Other éedimentary structures include
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herringbone crossbedding, current and interference ripples,
lenticular, flaser and wavy bedding, ball-and-pillow
structures, scour-and-fill, and runzél marks.
Contact Relations

The lower contact of the Ochre Cove Formation is
gradual and conformable with the Redmond Formation. The
upper contact with the Dominion Formation is sharp, but
appears to be cohfon_nable. Minor scour surfaces are common
along the contact as elsewhere in the formation, i)ut these
are presumably dueb to the shallow-water nature of the
sedimentary enviromment and do not represent a major erosion

surface or hiatus.

Dominion Formation

Name

-

The name "Dominion Bed" was apprlied to the lowermost
workable iron ore bed when the mining rights to it were i
acquired by the Dominion Iron énd Steel Co. in 1899 (Hayes,‘
1915). Van Ingen listed the name "Dominion Ore Bed” as a
formatiqnal name in his classification of 1914, However, the
terms °'bed’ and ‘'formation' have distinct a;nd different
meanings in presentiy accepted stratigraphic nomenclature
(American Commission on Stratigraphic Nomenclature, 1970).
?ince the Dominion and Scotia ore bodies are lithologically
distinct units and have been mapped extensively above and

below ground, they are here given formational status and

Van Ingen's name, "Dominion Ore Bed™ is revised to the

’
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"Dominion Formation"”. Nautiyal (1$66) included this unit as
part of his Airfield Formation,
Distribution and Thickness

Much of the surface outcrop of the Dominion Formation
has been strip-mined, including what may have been considered
the type section. Remnants are found at Gull Island North
Head and foungsters Gulch immediately northeast of Ochre
Cove. A complete section outcrops along the.coast between
Youngsters Gulch and Powers Steps, and is here designated as
the type section., As the major ore horizon, this unit has
been extensively delineated underground and is known to
extend down-dip from the north shore of Bell Island for
5200 metres and laterally along strike for 6100 ﬁetres
without términation (Southey, 1969). Thickness varies from
4 metres, common in the_surfacekoutcrops. to 13 metres in
some of the underground workings (Southey, 1969). .
Lithology and Sedimentary Structures

The lithology of the Dominion Formation is
dominantly oolitic ironstone. Mineralogy of the oolites
consists of hematite or concentric layers of chamosite and
hematite. Interstices contain siderite, calcium phosphate as
shell fragments and nodules, and small amounts of pyrite.
Fine-grained, detrital sand makes up from O to 10% of the
iro;stone as oolitic nucleii or in interstices. Shale lenses,
stringers and streaks are common throughout the formation.

and in places lowered the ore grade to the extent of making

¥

-
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it uneconomic to mine (Lyons, 1957). Crossbedding is some-
times evident, but structures generally are obscured by
intense surficial weathering.

Contact Relations 9. *

The lower contact of the Dominion Formation with the

Ochré Cove Formation is sharp but apparently conformable.

The upper contact with the Powers Steps Formation is a minor
disconformity overlain in most places ty 10 to 50 centimetres
of phosphatic shell fragments and shale pebble conglomerate

in a sandy matrix. This is also ‘the contact between the Bell

Island Group and the Wabana Group.

Powers Steps Formation

Name

Van Ingen (1914) referred to this as the "Pyrite Bed
Formation". Since the terms 'bed' and 'formation’' are
conflicting terminoclogy in modern nomenclature and since
the name Pyrite Bed is non-geographical and describes only
a few centimetres of a 70 metre thick sequence, the name
proposed here is "Powers Steps Formation" after the location

oi‘E‘ the type section. The pyrite unit is given the status of

member, and it was a‘major marker unit in the underground
miniﬁg operation. In Nautiyal®s classification (1966) the lower
part of the Powez:s Steps Formation, inciuding the Pyrite Member,
was assigned to the Lower Member of his Wabana Formation and

the upper part was included in the Middle Member.
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Distribution and Thickness

The Powers Steps Formation outcrops along the north-
west shore of Bell Island between Youngster's Gulch‘ and
Upper Grebes Nest Point, and between Gull Island North Head
and the beach just east of Grebes Nest Point, Thickness is
approximately 70 metres.
Lithologj and Sedimentary Structures o

Near the base of the Powers Steps Formation lies the sedi;
mentary Pyrite Member, 20 to 40 cent.imetres thick. The pyrite
occurs as oolites, spherules, pyritized graptolite fragmenis
and pyrite-coated shale pebbles in a siliceous groundmass.
The beds are graded or current ripple crossbedded. Several
th.inner, rippled pyrite beds, 1 to 5 centimetres thick,
occur in shales within 3 metres above the Pyrite Member. .
Overlying this zone is approximately 30 metres of fissile,
graptolitic, dark shale in.tercalated with occasional thin,
rippled sandstone or siltstone lenses, 1 to 5 centimetres ¢
thick., Within the shales are several horizons alcng which
1limy septarian'nodules,aurrounde_d by cone-in-cone structures,
are common (Fig. Ya, b). These are generally in the shape of
a flattened spheroid, but occasionally irregular or
dumbbell shaped. Fine-grained sandstone lenses and beds
gradually become more common and thicker in the upper Lo
metres of the formation and dark, fissile shale gives way
to sandy siltstone and silty shale, Sedimenf‘t.pry structures , i

in this upper 40, metres include flaser, wavy and lenticular i

© e et E - —




FIGURE L4a. Septarian nodule horizon in dark
shales of the lower part of the Powers Steps
Formation; just east of Youngsters Gulch,
Bell Island. Rod is 6 feet long (1.8 m).

FIGURE 4b. Septarian nodules surrounded by
cone-in-cone structure (arrows). Hammer is
28 cm long.
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'bedaing, current, wave and interference ripplé-marks,
vséégr—and-fill, runzel marks, mudcracks and large ball-and-
pii;ow structures. .
Con%hct‘Relatiéns ’

. The lower contact of the Powers Steps Formation is
apparently disconformable with the Dominion Formation.
The upper contact with the Scotia Formation is lithologically
sharp, but apparently conformable and is similar in appear-

ance to the lower contact of the Dominion Formation as

described above,

& . .

Scotia Formation
Nome | |
The name "Scotia Bed", used for the middle of the

three workable iron ore bodies, has been in common usage at
least since thg beginning of the 20th century (Hayes,1915).
It is named for the Néva Scotia Steel and Coal Co., which at
vthat time owﬁed the surface mining rights to this and the
Upper Ore Bed. Van Ingen (1914) lists this unit as a form-
ation with the name "Scotia Ore Bed". As discussed above in .
the description of the Dominion Formation, the term ‘bed’
used in the name of a formation is incompatible with
modern stratigraphic nomenclature and the name is here
revised to the "Scotia Formation". The type section is at
Upper Grebes Nest Point. The Scotia'formation was included

in the Middle Member of Nautiyal's (1966) Wabana Formation.
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Qe
Distribution and Thickness

Due to extensive strip‘mining,-little surface outcrop
remains of the Scotia Formation, The only exposures |
remaining are in the sea cliffs between Upper Grebes Nest
"Point and Gravel Head, and at the beach and cliffs immed-
jately east of Grebes Nest Point. It has been extensively
delineated underground and has been mined offshore from
Bell Island downdip for about 1370 metres and laterally
along strike for roughly 2440 metres (Southey, 1969). Tétal
extent may not be considerably more than this, since
exploratbry underground drilling indicates a definite
narrowihg trend in all directions and the ore body was
considered tq be nearing exhaustion (Southey, 1969). Maximum
thickness is about 4 Qetres.

Lithology and Sedimehtary Structures

_The Scotia Formation consists dominantly of
oolitic hematite, chamosite, or contentrically layered
hematite and chamosite., A distiﬁct band.sevefal centimetres
thick, of chamosite oolites occurs near the top. Accessory
components are siderite and phospfatic shell fragments and
nodules. Fine-grained detrital_quartz sand ocgurs‘as-rare
oolitic nucleii or, more comm?nly, iﬁ the intergfices.

>

Evidence of large- and small%scale crossbedding is sometimes

seen, but is generally obscured by intense weathering.




Contact Relations

The lower contact of the Scotia Formation with the
underlying Powers Steps Formation is sharp, but appears to be
conformable. The upper contact is marked by a thin (6
céntimetres) but persistent pebble bed of pposphatic shell
fragments and nodules, and shale chips. This may indicate a

minor disconformity.
L,

Grebes Nest Point Formation

Name

This name is proposéd for the sequence of rocks
overlying the Scotia Formation up to and incluaing the upper
cre beds. Van Ingen (1914) 1€ft this sequence unnamed except
for the "Upper Ore Bed" which had formational status. This
ore body is here relegated to the status.of'a member, It was
not seen fit to consider the upper ore body as a separate
formation, since strip mining has left little surface
exposure except for sela cliffs and it is therefore not
mappable. Furthermore, it was never exploited underground
due to extremely irregular deposition (Southey, ;969) and
as a consequence, is not extensively delineated. The name
"Grebes Nest Point Formation" comes f;om the location of the
type section. Nautiyal, (1966) included this sequence in the
Upper Member of his Wabana Formation. -
Distribution and Thiclkness

The Grebes Nest Point Formation outecrops on the

northwest shore of Bell Island between Uppef Grebes Nest

‘s

k'
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Point and the beach cliffs immediately east of Grebes Nest
0Pdiﬁt, Thickness is approximately 18 metres.

\\\7 .
ructures.

——— W

Lithology and Sediﬁén%ary\§

The lithology of the Grébés'Nesf ﬁgzﬁt*Formgyion

R —

ranges from dark shales with sandy and silfy lenses inter-
calated with phosphatic pebbly beds at the bottqm, upwa;&é _ ?;.
into a series of interbedded and lenticular dark shales,
sandy siltstones and fine-grained, rippled sandstones.
Phosphatic pebbly beds are common throughout and oolitic
hematite streaks become more frequent in massive dark shales
towards the top. The top of the formation comprises several
beds of oolitic hematite varying in thickness from 0.5 to
3 metres. Shaly lenses and partings are ver& common within
much of the ore. Accessory minerals include oolitic
chamosite, siderite, fine-grained detrital quartz sand, and
phosphatic shell fragments and nodules. Bedding structures
include flaser, wavy and lenticular bedding, longitudinal
and interference ripples, and runzel marks.
Contact Relations i

Themlower contact of the Grebes Nest Point Forma%ion
appears to be a'hinor disconformity with the underlying
Scotia Formation. The contact with the overlying Gravel
Head Formation is a thin, discontinuous pebble bed consisting
of phosphatic shell fragments and nodules, and shale chip
conglomerate. This feature is similar to that observed to

directly overlie both the Dominion Formation and the Scotia

<
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Formation ore bodies and here again may be interpreted to be

a minor disconformity.

Gravel Head Formation

q

Name

Van Ingen (1914) proposed this name for the sequence
of shales overlying the Upper Ore Member and which forms the
uppermost stratum exposed on Bell Island. It is named for
the locality of the type section at Gravel Head. Nautiyal
(1966) included this unit in the Upper Member of his Wabana
Form%}ion.
Distribution and Thickness

The Gravei Head Formation outcrops on the northwest-
shore of Bell Island between Gravel Head and Grebes Nest
Point. This formation has been penetrated from below by
exploratory drilling in underground offshore workings. The
top of the formation is not exposed and was not reached
during drilling. Exposed thickness is 14 metres -and e
drilling has penetrated at ieaét 165 metres (Lyons, 1957).
Lithology and Sedimentary Structures

In surface exposure’ the lithology consists entirely
of dark, fissile shales, apparently non-fossiliferous.
However, an exploratory drill hole describeq by Gilliatt
(1924) penetrited a sandstone unit 6 metres thick underlying

the dark shales and thus at the base of the Gravel Head

Formation.




Contact Relations

The lower contact with the Grebes Nest Point Formation

appears to be disconformable and the top is not exposed.

Age of the Strata
- Evidence for the age of the Bell Island-Wabana
sequence is thoroughly reviewed by Bergstrom (1976). A
lower age limit’is set by Olenid trilqbites of late Cambrian
age at Manuels. Psilocara (?) sp., a possible early ’
Ordovician Olenid, was found by Bergstrom (1976) on Little
Bell Island. The most reliable upper age limit is provided by

graptolites of Didymograpius nitidus type found in the

pyrite and the overlying shales of the Powers Steps Form-
ation,_ind;cating an early Arenigian age. There is no
evidence that the overlying sediments are significantly
younger (Bergstrom, 1974). -

The occurrence of the trace fossils Cruziana semi-

plicata and €. furcifera overlaps in the lower Bell Island

sequence. SincCe C. semiplicata is believed to range only

into the Tremadocian (Crimes, 1970; Seilacher, 1970), its
apparent disappearance in the Beach Formation above the base
of the Eastern Head Ore Member led Bergstram (1976) to suggest
that the Tremadocian-Arenigian bounda'ry lies a.pproxima‘tel‘y

at that horizon (see Table of Formations, p. 20). (Note:

Tremadocian is used here toc refer to the Lower Drdovocian,)
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CHAPTER &

DEPOSITIONAL ENVIRONMENTS

Introduction

A number of readily épparent sedimentar%r structures
suggest that almost the entire thickness of th{e Bell Island
and Wabar{a strata was deposited in a shallow-water
environment. Ripple-marks and small-scale crossbedding occur
throughout the rocks and indications of periodic exposure
such jas mudcracks and rill marks are numerous. These
structures, aloang with abundant brachiopods and marine trace
fossils, indicated a shallow marine depositional environment
to even the earliest woz:kers however brief their study of
the Bell Islana rocks. Furthermore, a partly intertidal
"nature for the depositional environment has been suggested
(Hayes, 1929; Rose, 1952; Lyons, 1957).

This chapter is an interpretation of the environment-s'
and subenvironments in which these sediments were deposited.
It is based upon data recorded when méasuring’the sections
described in the appendix and on a comparison with documen-
ted examples of both ancient and modern shallow-water
environments. These postulated environments of deposition
are then put in the broader context of a larger depositional
system.

The evidence presented in this chapter indicates that

the Bell Island and Wabana Groups represent an extensive
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Lower Ordovician tidal flat complex with associated subtidal
and offshore rr.arir{e facies. Furthetrmore, there is evidence-
that the overall envircnmental c-olntrol was that of a major
sdelta system.

Two distinctivel sedimentary styleé doxﬁinate the
geology of Bell Island: (1) thin- to medium-bedded highly
variable, lenticular sandstones, siltstones and shales, and
(2) fine- to meaiu.m—grained, thick-bedded, white orthoquartz-
ites which, due to differential weathering, form a resistant
"backboné" striking across the length of t_he island. Both of
these sedimentary.styles exhibit’ chafacteristics of shallow-
water deposition and in this study are interpreted 'respect-
ively as‘ a tidal flat complex and an offshore barrier or

tidal bar complex.

Tidal Flat Complex

An idealized stratigrgph’ic sequence for. the tidal
flat coﬁlplex is illustrated in Fig. 5. Although the .entire
seqpénce is nowhe‘r;e fully developed, almost all the exposed
strata of the Beach Formation, the Othre Cove Foﬁationvand
the upper part of the Powers Steps Formation consists of a
succession of uni;ts whose rellationships and characteristics
are reflectéd in this model. The model represents the
sequence devéloped by a prograding tidal flat complex  -and
as such, it is a regressive sequence, It consists of three

facies representing closely related environments of

deposition: the shallow subtidal, intertidal and supratidal.
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Subtidal Facies

The subtidal facies (Fig. 6) consists of clean, white,
current rippled or massive sandstones of medium to fine grain
size., large-scale parallél crosébedding ié common and is charac-
terized by many scour surfaces often with a shell fragment and
shale chip lag deposit. Most of these sandstones are therefore
in‘té:gpre.ted as migrating channels of small size: no more than
2 to 3 metres in width and less than 1 metre in depth. Some of
these may be fluvial in origin, but because of their relatiohship
with other tidal facies ar;d their position within the depositional-
model being developed here, most, if not all of these channel
sandstones are probably. tidal in origin.

Some of the massive sandstones appear to have a megaripﬁle
morphology and may répresent low relief offshore or tidal flat
bars, possibly partly exposed at low tides.

The sandstone weathers light yellowish to reddish “brovm.

Carbonate and silica cements are both common, Bioturbation is

rare, but Skolithos and Diplocraterian burrows do occur.

The subtidal-intertidal boundary is often well defined. It
consists of a short transition zone in which beds become thinner,
and'draﬁéq and. partings become common, grading upwards into inter-
bedded siﬁtstones and shales, The lowest spring tides most likely
exposed the upper subtidal zone on rare occasions.,

The transition from the subtidal to intertidal environ-
ments also coincides with the first:éppearance in the sequence

of a combination of structures indicative of late-stage

emergent run-off prior to tidal flat exposure at low tide
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(Klein, 1963, 1971). These features include smali—scale
current ripples superimposed on megaripple'troughs (Fig. 7).
The current direction is controlled by.the strike of the
trough, c;rving around slip faces and is indicative of nearly
emergent conditionk.,

The subtidal facies is well exposed in the cliffs
opposite the o0ld Scotia pier at the southeastern end of the
ore docks f(locality D, unit 1) and attains a thickness there

of 1 to 2 metres.

Intertidal Facies

The intertidal facies, if ideally developed, can be
divided into-three distinct subfacies representing the shore-
ward decline in energy and the associated changes in the
sediment transport mode from traction to suspension (Klein,
1972). With respect to the Bell Island strata,these subfacies
are here referred to as thet lower sand flats, the upper mud
flats and a thick transition zone, the middle mixed flats

(Fig. 8).

Lower Sand Flats

The predominant sediment type in the lower sand flats
is a light, fine- fo medium-grained sandstone,occasionall&
interbedded with darker siltstone and shale. The average
thickness of this subfacies is approximately 1 metre,
Saﬁdstone bedsets are parallel or current ripple crossbedded,

or planar laminated. A distictive feature of this subfacies
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FIGURE 6. Lenticular sandstones with scoured
bases, resulting from migrating channels,
probably tidal in origin; overlain by thin-bedded
intertidal sandstone and siltstone; between the
ore docks, Bell Island. Rod is 6 feet high.

FIGURE 7. Current ripples indicating water flow
around the slip face of a megaripple (lower
right): a late stage emergent run-off feature.
Arrow indicates direction of flow; Freshwater
Cove (north), Bell Island. Hammer is 28 cm. long.



b7

FIGURE 8. A section through the inter-
tidal facies showing the three subfacies,
(a) the lower sand flats, (b) the middle
mixed flats and (c) the upper mud flats;
Freshwater Cove (Parsonville), Bell
Island. Rod is 6 feet long (1.8 m).
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is the development of herringbone crossbedding (Fig. 9), in
which cressbedded units displa&bforeset laminations dipping
in opposité directions. Originally described by Reineck
(1963), they are considered as a particularly good indicator
of tidal influence on sedimentation processes (Klein, 1975a).

Interbedded siltstones and shales are wavy and thin
bedded. Brachiopod shell fragments and shéle chips 'sometimes
occur as a lag deposit at the base of the sandstone beds.
BiStufbation is rare in this subfacies.

As the lowest and most seaward subenviromment of the
intertidal faciés, %he lower flaf would have been exposed to
high energies from waves and tidal currents throughout most
of the tidalicycle and have been subaerially exposed for
less time than any other part of the tidal flat complex, Some of
these lower sand flat deposits may in fact be intertidal
sand bars of low relief similar fo those developed in the
.Minas Basin, Nova Scotia (Klein, 19705) and separated from
-the tidal flat proper by a wide, shallow chaqpel.Other bedsets
which have a shell and.shale chip lag deposit at their base and
appear to have formed by lateral migration are intefpreted
to be small tidal channels. '

This subfacies crops out at Freshwater Cove (Parson-
ville) (locality E. unit 3), at the Ore Docks (locality D,
unit 2) and at Gull Island North Head (locality H, units j,

.

‘b
10 and 13).

-




Middle Mixed Flats

This subfacies is highly variable in;compdsition and
structﬁre,\aﬁd makes up'the bulk of tﬁe tidal flat sediments
on Bell Island. It averages 3'to 4 metres thick and in

general is a fining-upwards transition subfacies between

relatively thinner lower sand flat and upper sand flat sub- .

facies. The overall sedimentary style, not withstanding the
dominant fining-upwards mature of the strata, is that of
interbedded, silty sandstones and shales with rippled sand-
stoné.lensés from 1 to 20 centimetres thick and 20 centimetres
to 2 metres in length (Fig. 10). The sandstones are fine
grained. may be ripple crossbedded aéd often have an
imterference rippled surface.

Some of the commonest bedding features in the middlé
mixed flats are flaser, WavyAand lenticular bedding (Fig.
11, 12) and numerous intermediate forms. These structures
indicate rapid fluctuation in.energy levels during the
period of deposition and their abundant occurrence is
evidence for a tidally in}iuenced depositional environment
(Reineck and Wunderlich, 1968). Flaser and related bedding
are some of the most commonly’documented_sedimeﬁtary
structures in both modern and ancient siliciclastic tidal
flat en@ironmenﬁs {(Ginsburg, 19?5) and‘;}e also known in
carbonate tidal fjat environments.

A significant structure frequently observed in the

middle mixed flat subfacies is the runzel or wrinkle mark

4
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FIGURE 9. Herringbone crossbedding in the

lower sand flat subfacies; Freshwater Cove
(Parsonville) Bell Island. Hammer is 28 cm
long.

FIGURE 10. Rippled sandstone lenses in Silt-
stone of the middle mixed flat subfacies;
Freshwater Cove (Parsonville) Bell Island.
Hammer is 28 cm long.



FIGURE 11. Flaser, wavy and lenticular
bedding; Lance Cove, Bell Island.

FIGURE 12. Mud-draped flaser-bedded sand-
stone overlain by starved ripples; The
Beach, Bell Island. Bar represents 10 cm.
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"

(Fig. 13). These interesting features are described by
Reineck (1969) and he has reproduced them expefimentglly'
by simulating strong wind conditions over a partly cohesive
sediment surface covered by a-~thin (1'centimetre or less)
-£ilm of-watgr. Similar structures are produéed by wind
driven foam on modern beaches (Allen, 1967). On Bell Island,
these features are tge commonest evidence for intermittent
subaerial exposure and, supporting Reineck{s“(lggg3
exﬁerimental conclusion, they‘are developed only on muddy
»band‘silty fine-grained sandstones which originally‘would ' |
" have been partly c®hesive. Some of the runzel marks, however.'
display an imperfect honeycomb-like pattern, possibily due to
runzel mark formétion during a rain storm. All of these
struct@res are regarded as direct evidence of subaerial
exposure wher%ver observed,
’ Theipreéencé of fossil raindrop impreséions has often
been mentioned in previous studies of theée rocks as a
- common indicator of subaerial exposure (Hayes, 1915;
Nautiyal, 1966). This structure was found to be rare and
was. recognized at only one horizons immediately below the
Dominion Ore body (Fig. 14). Both Hayes (1915, plate XXVIII)
-~ and Nautiyal (1966.{Fig.-725 show photographs of what is
inferred to be,raihdrop impressions. It is obvious from
\

these pictureé that‘fhe structures are actualYy I™mzel marks,

more like miniature ripples than circular or elliptical

imprints.
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FIGURE 13. Runzel marks displaying wide
variation in size. Note superimposed

"scribbling"” grazing traces; Ochre Cove,
Bell Island.

FIGURE 14, Fossil raindrop impressions; on
a bed surface in the basal part of the
Dominion Formation, Bell Island. Hammer is
28 cm long.
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Several features are indiéative of rapid shallowing
in the environment of deposition, so rapid in fact that
,Shallow-water and subaerial features are superimposed on
deeper water structures and subsequently preserved by rapid
burial. These features are particularly good\‘examples of
late-stage emergent runoff structures, ,Figure\15 shows a-
flat sediment surface covered with runzel m.ark ,but with a
more or less regular pattern of oval depression averaging
10 to 20 centimetres in length i'nside 'of which runzel marks
have not formed. It seems evident that this is an inter-
ference rippled surface produced during deéper water high ‘ -

,/tw*,ions and that subsequently the tops or nodes ]
were planed off due to late-stage runoff conditicns at low '
tide. Emergence is 1indicated by the ‘superimposed runzel
marks. Figure 16 is evidently an interference rippled
surface on which late-stage runoff was only of sufficient
energy, at least locilly, to superimpose a pattern of rill ‘ '
marks and current lineations without destroying the ripple .
morphology. Rippled surfaces may also be truncate\d by scours
(Fig. 17),° | S

) Double-crested ripfles (Fig. 18), another indication

of falling water level (Reineck, 1973), were recognized in
this gubfacies. They are rare, howevér, having been noted

"only at one outcrop.

Small sand-fi;_g_,led -channels, averag;‘mg' 30 to 50 centi-

metres in width, EE a common feature in the middle mixed ;

flat subfacies (Fig. 1§), giving further support to the inter-
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FIGURE 15. Runzel marks superimposed on a
scoured interference-rippled surface; Ochre
Cove, Bell Island.

FIGURE 16. Rill marks superimposed on an

interference-rippled surface; Gull Island
South Head.



FIGURE 17. Interference-rippled surface
truncated by scour; Ochre Cove, Bell Island.
Scour is approximately 1 metre in width.

FIGURE 18. Flattened, double-crested

ripples; Gull Island South Head. Hammer is
28 cm long.
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tidal nature of the depositional envirorment. Wide, shallow scéurs
with parallel infill were frequently noted, but often tend to be
camouflaged in the complexity of the bedding (Fig. 20)., Many of
the thicker sandstone 1eris_es are probably the infilling of very
shallqw tidal channels which were abandoned shortly after they
were established or after migrating only a few metres,

Bioturbation varies from weak to s{rong, generallx _
increasing upwards. It also changes in nature with trilobite
tracks and trails predominating at the bottom of the mixed
flat, decreasing upwards, and with burrowing predominating
towards the top. The tracks and trails include various

species of Cruziana, Rusophycos, Isopodichnus and trilobite

exite and telopodite scratches (Bergstrom, 1976). Burrowing
is probably due to annelids, brachiopods and other uniden-
tified animals.

v The middle mixed flat subfacies makes up a large
proportion of the sediments on Bell Island and can be
obgerved at almost every exposure except within the offshore
"var facies. There are excellent exposures at the Ore Docks

' ‘(locality D, unit 13), The Beach (locality E, unit 13),
- Freshwater Cove (Parsonville) (locality E, units &, 5) and

Gull Island North Head (locality H, units &, 11, 14).

Upper Mud Flats o . .

The uppermost subfacies of the intertidal facies
consists of light brown silty shales, weathering light
yellowish brown. They are generally thin bedded, although

bedding is usually destroyed by intense bioturbétion,




FIGURE 19. Flat bottomed, sand-filled tidal
channel; between the ore docks, Bell Island.
Hammer is 28 cm long.

FIGURE 20. Scour-and-fill in the middle
mixed flat subfacies. Arrows indicate scour
surfaces; Freshwater Cove (Parsonville),
Bell Island. Hammer is 28 cm long.
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characteristically leaving very little structure (Fig., 21).
This subfacies is referred to the upper tidal flat, which
is flooded only periodically and where low energy conditiocns
predominate due to the slack water period at high tide. Con-
ditions are fherefore such that clay and fine silt that
are agitated into suspension by tidal currents and waves in
the lower tidal flat are Jable to settle out in the upper
tidal flat environment. “

This subfacies averages 1 to 1.5 metres thick, usually
with sharp upper and lower: boundaries. Mudcracks are obser-
ved in places (Fig. 22), but are not common or are masked
by bioturbation, Narrow (30 centimetres or less), sand-filled
tidal channels are. present but rare,

This upper mud flat subfacies is well developed at
many localities. Its light colour and homogeneity produces
much of the layering seen from, a distance in fhe Bell Island
cliffs. Outcrops are prominent and acceésible at The Beach
(locality E, unit 22), the Ore Docks (lecality D, unit 5),
Freshwater Cove ZParsonville) (locality F, unit 8) and Gull

Island North Head (locality H, units 6, 12).

Supratidal Facies

A facies within the t'id'al flat compiex,which is
interpreted as s;.xpratidai,consists of dark shales, often inter-
bedded_with thin sandstones and graded siltstones

The typical development of tl?is subfacies is inferred

from the particularly good exposure at the northeast limit




FIGURE 21. Intense bioturbation in silty
shales of the upper mud flat subfacies;
Freshwater Cove (Parsonville), Bell Island.

FIGURE 22. Mudcracks; between the ore docks,
Bell Island. Pen is 13 cm long.
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of the Beach (Fig. 23). The outcrop consists of 1 to 2
metres of black shale interbedded with white rippled sand-
stones. Above the sandstones are, typically, several centi-
metres of light siltstone, grading upwards in texture and
colour to dark grey shales (Fig. 24a, b). The tops of these
shales display deep mudcracks, which have been filled with
sand from the next cycle. Short, sand-filled burrows often
extend dowh from the sandstone bed 1 or 2 centimetres into.
the underlying dark shale. A single cycle 1is typically from
L to 12 centimetres thick witﬁ very sharp boundaries between
the dark shale at the top of a cycle and the overlying
sandstone.forming the base of tite next cycle,

Téese cycles suggesf periodic flooding probably due
ts éxtféme spring tides or storm tides, which washed iﬁ
undifferentiated sédiments from sand to clay.-The sands were
deposited almost immediﬁtely from the traction load as
evidenced by the ripples and small-scale crossbedding.
Sﬁbsequently the siits and clays settled out from suspension,
forming the graded bedding. The dark colour of the shales
suggests a high oréénic content. Complete desiccation and
the return to subaerial conditions produced the deep mudcracks
on the new surféce. It is apparent that some burrowing
aniﬁals were washed in during the flooding and burrowed down
through the newly deposited sands into the underlying

surface. They probably would not survive long due to the

development of euxinic or desiccated conditions and




FIGURE 23. Banded black shales of the supra-
tidal facies, overlain by sandstone sheets

and lenses of the intertidal facies; The

Beach, Bell Island. Rod is 6 feet long.(1.8 m).

FIGURE 24a (left). Graded bedding, probably produced by storms
or extreme high tides flooding the supratidal ponds; The
Beach, Bell Island. Bar represents 10 cm.

FIGURE 24b (right). Mudcracks, in section (arrow), infilled
with sand from an overlying cycle; The Beach, Bell Island.
Bar represents 10 cm.
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possibly high salinity.

. Thevgraded bedding sué&ésts deposition from a dﬁiet.
standing body of water with no rapid runoff after flooding,
as would nbrmally be the case on an open tidal flat. This
implies that this facies was a resgricted environment,
poséibl§ a zone of-suprétidal ponds high up on the tidal
. flat complex, it would’ be the lower 6rdovician equivalent to
the salt marsh facies in tﬁe modern tidal flat environment.
A second possibility is that this facies developed in a
channelled belt as,ﬁonds or restricted lagooﬂ; dammed off py
chénnel bank levees, |

There is some field evidence to support this
latter ideas at The Beach, these supratidal dark shales
occur in an apparently intertidal facies in which sandstone
sheets and small migrating channels, filled with sand, are
uncommw@ly abundant (Fig. 23). In addition, a major sand-
filled channel at least 4 metres deep and 7 metres wide is
exposed approxim;tely 100 metres J.aterall; along the cliff to
the southwest (Fig. 25). Alihough they cénnot be correlated
directly due to talus cover, their overall position in the
stratigraphic column suggests close proximity in time and
cértainly'in space. A major tidgl channel periodicaily |
overflowing its banks is a logical proximal source for the
uncommon abundance of sandstone sheets and lenses.'The
development of high levees may, on-occasion, have dammed off

~

the inter-channel areas allowing the deﬁelopment of ponds
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which were flooded:only at extreﬁe high tides.

The large sand-filled channel mentioned in the
previous paragraph may be considered a’minor éubfacies of
the tidal flat environmenﬁ; This parficulap outcrop (Fig}
25) %é'the only’one of its size so far observéd in the
sequence. Unfortunately, the complete cross-sectiénal
morpholdgy canhot be observéd due to extenéive‘talué-cover
on both sides and because the base 'is not exposed. The
outcrop is at least 7 metres wide gnd'h metres high and has
channelled through sandy siltstones and silty shaiés of
intertidai affinity, probably of the mixed flat zone. The
sandstone making up the channel is coarse to medium grained
with large—scalé parallel crossbedding, often herringbone

crossbedded (Fig. 26a). Shell fragments are a common

constituent as are darge, flat, shale chips,up to 15

centimetres in length,aligned along the bedding plane (Fig.
26b). Somehof the chips are iron-rich, red-weathering shales,
The channel may have been a minor fluvial distributary, bdbut |
the presence of herringbone crossbedding ipplies a large

tidal influence,

Offshore Tidal Bar Complex v

The white quartzites of the Redmond Head sandstone
represent a différent sedimentary environmeht from the tidal
flat complex. While both exhibit featﬁres charactgriétic of
the littoral zone, the lack of sha1e and siltstone in the

Redmond Head sandstone is a sharp contrast to” the tidal flat

N




FIGURE 25. Sand-filled major tidal channel;
The Beach, Bell Island. Scale is in feet.

FIGURE 26a (left). Herringbone crossbedding in sand-filled
tidal channel; The Beach, Bell Island. Hammer is 28 cm long.

FIGURE 26b (right). Large shale chips forming lag deposits
along bedding planes in sand-filled tidal channel; The
Beach, Bell Island.



- sequence is shown in Fig. 5. It consists of two, and possibdly

-and the foreshore-beach facies, A white structureless unit

"Offshore to Shoreface Facies

‘because the homogeneity of the sand gives a massive appearance

- waves" similar to those described by Off (1963). v .
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complex and suggests a shift to a higher enérgy system. It
is here referred to as the offshore tidal bar complex.

This complex is approximately 79 metres thick and much
of it is easily accessible at Freshwater Cove and at Redmond

Head, especially at low tide. A proposed ideal stratigraphic
three, units designated as: the offshore to shoreface facies

(locality G, unit 10) may be a supratidal backshore facies.

!

M TN

The lower part of this facies is dominated by fine- to
medium-grainéd,megarippled sandstones (Fig;>2?). Cross:se;tional
morphology is sometimes evident and the average ripple length
is usually greater than 2 metres with a ripple height of 0.1

to 0.5 metres. Internal structures are not ofWen observed

to the rocks. However large-scale parallel crossbedding and
rare, small-scale ripple crossbédding are scmetimes perceptible,

Parallel laminated bedding is also evident in placeg, indica-

ting a high energy regime. The megaripples may be tidal "sand

Towards the top of this facies, massive, almost
structureless, sandstone beds predominate in which cross-

beddihg and trough crossbedding are occaslionally developed.




67

This fepresents a gradual change to shorefacg envirconment,
possibly partly intertidal. Hefringbone and reactivation@

surfaces are occasionally obseryed. Both of these structures

are indicative of a time-velocity assymetry of bedload

transport due to tidal influences (Kleln, 1970) and the trough /\\
crogsbedding ig p obably ‘due to the development of tidal

channels wlthii**hé shoreface (Fig. 28), Occasional rill
marks and current lineations are probably late_thgezrunoff
features._Planaf’lamihafed'bedding and small-scale current
and ;nterferenée ripples af& common.

Scours are frequently observed (Flg. 27), but there
is no trace of assoc:.;'ted coarse lag deposrts of any kind.
These scours or erosional surfaces are often draped ;1th
very thin greenish siltstones 0.5 to 1 centimefre thick.

It is suggested that these scoufs represent the effects
of storms, subsequent to which thé 5ilt drapes settled out
of susPension from the turbid waters, '

The offshore to shofeface facies is vaxiablé in
thickness, but generally gread than 5 metres where éxposed
in outcrop. Bioturbation is rare to weak‘énd consists
exclusively of surface grazing trails (Fig; 29a,,5).

large stylolites are commpn throughout (Fig. 30)

and the sandstones tend to part along these planes leaving

-

a very rough surface,




FIGURE 27. Megarippled sandstones of the offshore
to shoreface facies. Siltstones drape several
scour surfaces. Scale is in feet; Freshwater
Cove, Bell Island.

FIGURE 28. Trough crossbedding probably due to a
tidal channel cutting through the shoreface sedi-

ments; Freshwater Cove, Bell Island. Scale is in
feet.



FIGURE 29a. "Scribbling" grazing traces;
Freshwater Cove, Bell Island. Hammer is
28 cm long.

FIGURE 29b. Ichnofossil of unknown affinity,
possibly a grazing trace; top of bed at Fresh-
water cove, Bell Island.
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FIGURE 30. Large stylolite surface forming

a parting plane in massive sandstone; top
of a bed at Freshwater Cove, Bell Island.



Foreshore-Beach Facies -

The rock‘s{ of this facies coneist of white to light

“yellow, fine- to'm'edimn-grainqd sandstone. Bedding is
‘ 'thin., 0.5 to 2 centimetres thick, plana.f laminated and
horizontal or shallow-dipvping.. Many of the bedsets also
displa:;r large;scale, broad; low-angle crossbedding. Scours
are common, Somé:-filled with thin, silty laminae. These
are probably either the effects of storms as described
above in the subtidal megaripple zone, or, especially where
there is no silty.infilling, the scours may be fossil beach
cusps. :

Numerous be:;ch related structures can be observed in
this facies and are assigned to the effects of swash and
backwash or emergent .runoff. Possibly the structure
most diagnostic of a beach environment, apart from bedding,
is i:he presence of swash marks (Fig. 31a). Since the
concave side of these swash marks is evidently the seaward
direction, it is interesting to note that at least two
seaward- directionsl, opposed to each other at approximately
335° and 160°, ar'e observed in this subfacies, Similarl:y,
- current crescents (Pig. 31b), which form by backwash or
emergent runoff around. an obstacle on‘ the beach, also

indicate a multi-directional seaward side. These observa-

tions lend substance to the idea that the Red.mond Formation

indeed represents an offshore barrier bar, as it is surrounded by,




FIGURE 31a. Swash marks; wide spacing
indicates a very gently sloping beach.
Compass points to shoreward direction;
the reservoir, Bell Island.

FIGURE 31b. Current crescent; current or
backwash moving towards top of photo;
Freshwater Cove, Bell Island.
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beaches, Poorly preserved foam swash marks were observed at }
one locality and well developed rill marks (Fig. 32a, Db)
are common. The thickness of the foreshdre-beach facies
averages between 2 and 3 metres (locality G, wits 8, 9).
Bioturbation varies from nil to mederate, with
Skolithos burrows at soxﬁe localities, It may be that the
variation in bioturbation in this subfacies, and possibly
also in the offshore to shoreface facies, is a function of
which side of the offshore bar is represented at that
particular outcrop. That is, the landward or lagoonal side
of the bar is apt to be more bioturbated than the oceanward
side, which is exposed to high wave energy. Lack of regional
outcrop exposure .unf_ortunately prevents the delineation of

bar morphology.

Supratidal Facies

A definite supratidal or aeolian facies has not been

recognized in this offshore bar envirorment, however a

massive, almost stfuctureless, fine-grained sandstone over-
lies a beach 2one unit at Freshwater Cove (locality G,
unit 10). Bedding is very obscure, but appears to be

hérizontal planar laminated or very low-aixgle. large-scale

crossbedding. Lackiné further evidence, this may be either

‘the uppermost foreshore (beach bar) or backshcre zone of a

beach.

Bioturbation is non-existent in this unit.




FIGURE 32a. Meandering rill marks on a
bedding surface in the Redmond Formation;

Redmond Head, Bell Island. Hammer is 28 cm
long.

FIGURE 32b. Conical rill marks superimposed
on swash marks; the reservoir, Bell Island.
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R%gional Envifonment - Evidence for a Delta

Si#ce almost all of the 1,500 metre thick Bell
-Island—WJbana sequence of sediments was deposited under
.shallow-dater conditions, it follows that the rate of sediment
supply equaled or exceeded the rate of shelf subsidence or sea
level rise, The guestion then arises as to how such an
enorfious amount of sediment was supplied to the depositional
basin ~a question not previously coneidered. The author
suggests that the Bell Island and Wabana Groups represent
tidal flat and tidal sand bar subenvironments of a major
tide-dominated, high-destructive delta system in the sense ’
of Fisher et al. (1969). There is some good field evidence
to support this proposal, however it has not'feen possible

t0 demonstrate conclusively due to two factors: (a) total

outcrop-areé of the Bell Island and Wabana Groups combined
is less than 50 square kilometres, so that the lateral
faclies variations cannot be oﬁser#ed on a regional scale
and (b) tide-dominated deltas may be difficult to recognisze
in ancient rocks and there are few published descriptions
of such deposits (Miall, 1976). According toﬂmiall=

~None of the characteristics of tidal
delta deposits are distinctly r*deltaic'. Tide-
generated sand rldges and tidal flats are .
w1despread at the present day in areas W1thout
51gn1f1cant fluvial sedlment input,. The
thlckness of the deposit, reflect1ng the nearby
presence of 2 major river mouth, may be the only
clue in the ancient record to the presence of a ‘

<
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tide-dominated delta.” (p. 221).
{emphasis added).

Field Evidence

At Lance Cove (locality C) on the southeast shore of -

Bell Island, cliffs approximately 60 metres high expose
' part of the lower sequence of the Beach Fprmatio?. The .
stratigraphy in this section is distinctly different from
elsewhere on the iéland in that it is made'up of a number
of coarsening-gpward, apparently shoaling-upward, égquences
{Fig. 33). The base ¢onsists of dark, highly weathefed,>
somefimes silty shales varyiﬁg in thickness from 1.5 to
over*10 metrés. These basal shales contain an occasional
very fine-grained, rippled sandstone or giltstone bed 1 to
.3 centimetreé thick. Towards the top of the shale zone,
thin, planar and lenticular ;andstone anf siltstone beds
become more cémmoﬁ in a thin transition 2zone 0.5 to 1 metr%
thick, followed by rippled sandstone beds up to 15‘centi-
metres thick 1ntercalated with wavy, lenticular and _
occasionally flaser-bedded sandy slltstones, silty shales
and dark shales, often moderately bioturbated. Towards the -
top of the sequence, sandstone beds up to 40 centimetres
thick predominate., either 1arge-scﬁle, parallel crossbeddea

‘or massive. Where the sequence appears to be qgllldeveloped,

the afenaceous part of the coarsening-upward sequences (i.e..

excluding the basal dark shale) is of fairly uniform

thickness, approximately 4 metres. large, sand-filled

RST— e
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channelé, 1 to 2 metres wide and 50 to B0 centimetres deegp,
are common (Fig., 34) and display longitudinal crossbedding,
apparently of point bvar origin (c.f. Reineck, 1958), with
shale pebble and shell fragment lag conglomerate at the
base of the crossbed sets. Rungel mifks are notably absent
and mudcracks are rare, Dut occasionally observed on the
underside of sandstone beds near the top of a coarsening-
upward seduence.

This stratigraphic sequence therefore apﬁears to
‘be comparable ‘to typical-coarsening-upward sequences
described as river- or wave-dominated prograding deltaic
,cycles (Fisher et al., 1969; Pettijohn, 1975; Miall, 1976).
These generally cong}ét of prodelta clays at the bottom,

passing upwards into delta fromt silt and sand. It would

~seem that at this stage of deposition of the Bell Island

Group the tidal range was not large, a-féctoruppobably
controlled by basin morpholbgy. Therefore, the‘deltaic
sequence is more recognizable as such, being typicai Qf the
much<studied, river-dominated Gr'"Mississippi'type" delta.
With subsequent establishment or re—establishment of a .
large tidal range,«fhé'delta became a high-destructive,
tide—éominated type with few "typical" deltaic characteris-
tics.,

' Further evidence for a deltaic enviromment is
provided by a section at Powers Steps (locality I)Lwhidk‘

eiposes approximately 44 metres of highly weathered, dark,

R A RN
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FIGURE 33. Shoaling-upwards deltaic sequence;

Lance Cove, Bell Island. Bar is approximately
6 m.

FIGURE 34. Sand-filled channel, displaying
longitudinal point bar crossbedding.  Note

scour surfaces (arrow); Lance Cove. Scale is
in feet.
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"
somewhat silty, graptolitic shale of the lower Powers Steps

Formztion. The oolitic pyrite beds lie at the base of the

shale unit and at the top of the unit there is a coarsening,

sﬁoaling-upWard zone, several metres thick. The shale cont-
ains occasional fine—grainéd rippled sandstone.or siltstone
beds 1 to 3 metres thick. If one stands at the top of the
west side of the gully at Powers Steps. the entire 44 metres
of the opposite cliff face can be seen in cross- sectlon
(Fig. 35). On close observation it can be seen that the
bedding in the‘uppef part of the shale unit dips several
degrees steeper than the lower part, indicating a p0551b1e
éggular unconformity. No sharp unconformity or 'erosion
surface can be observed however, and there appears to

have been siﬁp;&'a gradual change in-the -angle of deposition.
Furthermd(e, the younger beds dip more steeply than the’
older beds. an unusual 81tuat10n for an angular unconformlty:
requiring a reversal in dip direction after d9p0§1t10n of
the younger beds. Alse, this shale unit lies between the

two main ore formations. the Dominion and the Scotia. Both
of these ore formations have been mined down-dip for over

1 kilometre and are known to be parallel (Southey, 1969).

It would thus appeér that all the beds are in their original
angle of defositibn in relation to one another. The |
possibility that this structure is a large infilled fluvial
* chanmel is also unlikely betause, as mentioned above, no.

‘erosional base is seen and there is no hint of channel
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FIGURE 35. Section at Powers Steps, Bell
Island, with Dominion Formation at base
overlain by a prograding deltaic cycle
making up the lower Powers Steps Formation.
Primary angle of repose of the prodelta
foreset bed i s approximately 8°.. Height
from base is approximately 44 m.
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morpholbgyl Furthermore, the presence of graptolites'within

the shglg‘-and ortﬂocone cephalopods, 3Filobi;e ffagﬁents

_and brachiopod fragments towards the top of the unit

indicatesg g‘marine or ét least a brackish environment. The

author éuggésts that the shale unit represents the effects o
qf a sudden transgression with subsequent seaward prograd- |
ation of a deltaic cycle. The lower part of thelshale anit
represents offshore shelf deposits of marine‘'clay, followed
by prodelta silﬁy clay deposited at a primary‘anéle of
repose of about 8° from the horizontal during rapid
progradation. Qverlying this is the shoaling-upward seduencé
of delta front silt and sand. This being the case, the
geaward direction of the lower Paleozoié\‘hgfeline lay in )
the dip direction of the prodelta déposits; fhéf is towards

approximately 320°. .. ' -

T i, A

The Gravel Head\Foertion. immediately-overlyiné
the upper ore beds, also cohfrigés thick shales similar to
those of the Powers Steps Formation and may also represent
a Qajor transgression. Very limited ougérop exposure : .

prevents a better interpretation.

o .
~

£,

Depositional Environment of the Kellys Island Faormation

The rocks of Little Bell Island and Kellys Island .

consist of sefuences incorpérating many of the ma jor .

environments described .above. An ideal sequence .is described

and interpreted as followsé : -
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At the‘base of the séquénce are dark fissile shale
and silty shale, becoming sandier and siltier within 1
or 2 metres of the top of the un:it. Total thickness can
vary frbm 2 metres to 15 metres or more. Overlying this B
shale is massive, thick-bedded; orthogquartzite sandstone.
This may display faint megaripple structure znd may be
gently dipping planar laminated towards the top of the
beds. Sandstone beds lyiné immediately above the shale unit
are prone to convolute bedding, ball—and—pillbwl and other
slump structures. The sandstone units vary between 2 and
8 metres thick. Overlyi"ng the sandstone is the topmost uni‘t
of interbedded rippled sandstones, sandy siltstones, silty

shales and black, fissile shales. Wavy, flaser and

lenticular bedding are common. These sediments are thin

beddeé and weakly to moderately bioturbated. Runzel n}arks
) ,

and mudcracks are common features.

The basal shales in the sequence are probably off-
shore marine clays and are similar to shales higher up in
the section 1in the lower part of the Beach Fométion. which
are interpreted as possible prodelta sediments. The over-
lying massive sandstone probably represents é bﬁ‘rier bar,
behind which the rippled and bioturbated sandstones,
siltstones and shales have accumulated. This latter facies
is similar in almost all respects to the tidal flat facies

described previously, however no distinctly zbned subfacies

were recognized.
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The ovccurrence of the massive bar sandstongs as 2
4

regular component ‘ the Little Bell Island and Kellys

Island sequences s their stratigraphy distinct from
that exposed on Bell Island._On Bell Island, the massive
sandstones form a single, thick formati‘on. A possible
explanation for this is that high tidal ranges associatgd
with wide tidal flats are represented on Bell Island.
Resulting high current velocities dispersed much of the
sand in the system into broad offshore bars. Therefore,
two separate, areally expansive environments developed,
encompassing a zone perhaps 5 to 10 kilometres or more in
width. On Little Bell Island and Kellys Island, the

tidal or barrier bars may have been preserved in almost

every progradational sequence because the tidal range

was not excessive, and wide tidal flats had not devel-
oped. The bar-tidal flat system prograded then, as a
closely related unit, whereas the replacenent of one major
environment by another in the Bell Island sequences possibly
reflects a progradation-transgression cycle on ‘a higher
order of magnitude.

Table 2 summarizes the postulated depositional

e

envirorments for each formation in the Bell Island and

AY

Wabana Groups.




Depositional Environments of the *
Bell Island and Wabana Groups

’

84 ’ .

TABLE 2.

Fcrmation

Interpreted Environment

Gravel Head
Formation 1‘

Offshore shelf, possibly
interdistributary bay or
distal prodelta

upﬁér ore beds

Grebes Nest

Tidal bar

Shallow subtidal,

Foint

Formation protably lagoonal
Scotia .

Formation Tidal bar

Powers Steps

Shallow subtidal and

. Formation intertidal flat
Lﬁ; " | Offshore shelf and prodélta,
f possibly interdistributary bay
Dominion Tidal bar
Formation
Ochre Cove Shallow subtidal and
Formatio intertidal flat, high
n to moderate, tidal range
Redmond Tidal bar, probably
Formation high tidal range
Beach Shallow subtidal and
Formation intertidal flat,
. high tidal range
. 38171 Prodelta and delta front,
s little or no tidal range
¥
Unexpocsed
?gi;ﬁg Tidal flat and tidal or barrier bar
Formation sequences, low tidal range,overlying

marine shale

No scale implied.




" This patterh is reported as typical of delta topset and
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' Paleocurrent Analysis
Paleocurrent data is plotted in Fig. 36a and b;
Current crossbedding measurements taken throughout the : -
section apparently indicaté two populations. Fig. 36a shows
a well-distributed bimodal pattern for the lower part of

the Beach Formation. The modal classes are 180° apart.

higher tidal flat envirorments (Klein, 1967). Neither modal
class dominates the other, so that the source direction
probably lies either to the northeast or southwest, but
cannot definitely be determined.

A composite of the current directiéns in the upper
part of the Bell Island Group and the Wabana Group is
plotted in Fig. 36b, The pattérn is trimodal and,is
supposedly typical of tidal deposits. Tidal flat deposits
generally show two modal classes 180° apart representing
ebb and flow directions. A third and often fourth modal
class may be developed perpendicular to the first pair

and these represent long-shore tidal currents (Klein, 1970

1971). Once again,no modal class aominafes and the source
direction cannot be definitely determined. If the unpaired
modal class (towards the north-northeast} represents
long-shore currents, then the source lay either‘to the
wést—northwest or east—southeaét. Shales in the Wabana

Group that are interpreted as prodelta sediments have a

primary angle of repose dipping towards the northwest

o

c.-
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Figure 36A. ,

Faleocurrent cross-bedding directions in the lower part of the

Beach Formation. .

: 50 measurements
Figure 36B. :

Paleocurrent cross-bedding directions in the Wabana

Group and the upper part of the Bell Island Group.
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(p. 81 ). This could indicate that the modal class'driénted

in the west-northwest direction represents the seaward

direction and that the source was to the east-southeast. o :

The paleocurfent direction patterns 'support the

hypotﬁ:?is that the Bell Island anq Wabana Groupé represent
,H,A/ a tidal flat and probably a deltaic environmént. However,

it is apparent that a detailed study‘backed by much more

data is needed before a meaningful interpretation of the

dispersal pattern can be made. Determininé)the dispersal

pattern for each subfacies would probably produce the most

significant data.

AN
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r " CHAPTER 5

( ' - PETROLOGY AND PROVENANCE

R - Sandstone Petrology
' The basic petroloégy of the Bell Island-Wabana groups

~ has been described by Nairtiyal (1966)., General descriptions )
of sandsténe petrology for each su:bfacies of the depositional
environment is documented here and is aimed towards an
interpfetation of provenance. Jable 3 gives the mineral
composition of 8 ‘studied thin sections selected as tyjplcal
of each facies, or considered to be important in the
interpretation of provenance. Those in the latter category

’ are coarsé-grained sandstones, a size fraction which,

although raré in the rocks of the Bell Island and Wabana

grodps. was nevertheless found to be invaluable for socurce

studies because of the rock fragments they contain.

Prodelta S ilty Iandstone

These sandstones occur as thin, rippled beds within
shales that pfobably represent a prodelta envirc;nment ~t
(p. 77) and which ou‘tcrop_at‘Lance Cove, Kellys Island- and
Powers Steps. These rocks are light grey to white arenites
(for examf)le, ‘specimen BI-76-14) and typically contain a
variaﬁle but minor a.moﬁnt of volcanid ‘rock fragments, Grain
size varies from 0.25 to less than'0.05 mm, but averages k

approximately 0.1 mm making the sands fine to very fine

grained and moderately sorted. Quartz is subangular and




Sandstone Thin .Sectiog Petrology

unartz

undulose extind.)

quartz

(straight extinc.)

uartz
jdiomorphic)

total quarti
orthoclase
p'lagioc lase
microcline
muscovite
altered grains
matrix

rock fragments
carbonate
biotite
bleached biotite
phosphatic shell

- fragments

zircon
tourmaldne
hematite
magnetite
glauconite
hornblende
chlorite
chamosite

TR = trace amount
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“TABLE 3

% Composition

» ¥
= P~ \——i
—+ N ~—

f 1 ] Q
\D O Nel =4
= 5 5 0%
= = = [
m m: m m
30 38 23 20

76 96 91  £B
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TR - - -
TR 1 1
B8 - - 12
2 - bk 6
2 TR 3 -
- TR - 2
- TR TR 5
1 TR 1 -

TR TR TR TR

TR TR TR TR

™ - TR+ -
- 1 - -
TR - - -
- - - 6
T - - -
3 - - -

BI-65a

25

22
TR
12
TR
TR

TR

«~

O

i

- I
N SRNe
A
— —
Jae] m
27 38
63 58
1 -

91 96
- 1
.- TR
- TR

-

- 3

1 -
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2 -

- TR

1 -
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many»grains nave a iow sphericity. Texture is’ ‘mmature. to
submaturé The sands generally contain 75 to 857 quartzx
some cf which displays undulose ‘extinction, Muscov1te
flakes up to 1.mm in length are 1nvar1ab1y a 51gn1flcaﬂt
cbmponent in proﬂortions_ﬁp to 5% of the rock. \Bleached
bibtite and chlorite are always present in varying minor
amounts. Unidentified altered grains probably include
feldspars, fine;grained volcanic rock fragmeﬁfs'and ferro-
magnesian minerals. Othér:ninerals making up 1ess than 1%
of the rock include micfocline, pIagioclase (oligoclase),

- orthoclase, zircon, tourmaline, magnetite, phosphatic shell
fragments and altered ahphipoles. The cement is sericitic,
making up from 2 to 5% of the rock, but quartz overgrowths
are'also very common. Bedding consists of the alignment

of muscovite flakes and placered heavy mineralé; typicall&

chlorite and bleached bioctite,

Subtidal-Lower Intertidal Sandstone !

These sandstones are normally megarippled and thick
bedded. They are white to light grey and classified as
quartz arenites (for example, specimen BI-76-27). Grain
size varies from 0.5 to 0.08 mm, but averages 0.8 mm
giving a fine-grained, .well-sorted sand. Quartz makes up
90% or more of the mineral components aﬁd is rounded to
subrounded. Some of the guartz grains display a slightly
undulose extinction. Grains wifh low sphericity are common.

4

[
.

Texture is mature. Weathered acid volcanic rock fragments
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are easily recognized, but gene;aily make ‘up less than 1% J

of the rock. Up 50‘3% orthoclase may be present. In some

of these sandstones the feldspars are replaced-by carbonate.
‘Other minerals makiﬁg up less-than 1% of the rock include

gfeen and brown biotite, ziréon, phosphatiec shell fragméﬁts

and rare oligoclase. Large shell fragments and.;ha;e
“tlasés are conecentrated in scour légs.'MUSCovite is ﬂare.
Cement is generally overgrowths on quartz gréins, but some
beds~are'ca{Eon;te cemented with large calcite euhedra

2 -mm or more in size, producing a crystal sandstone with

*lustre mottling' (Fig., 37). Rarely, a fringing radial

crust of authigenic clay §ineral (possibly kaolinite) is-

observed as a cement in thin section.
3

Intertidal Sandstone

Sandstones from this facies typically occur in
rippled, thin- to médium-beddgd lenses intercalated with
silty shales. Associated sediméntary structures indicate
intermittent subaerial exposure. ihese sandstones are highly
variable in composition and texture (for example, specimen
BI-76-11). Generally they are immature quartz arenites

" and some; with a significant fractiom of volcanic rock
fragments and volcanié'éuartz (Fig. 38), may be classified
as volcanic areﬁites. In the middle part of the Ochre Cove
Formation, glauconite is an important conétituent (fig. 47)
and these sandstones can be classified as gladconitic_

.arenites.
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FIGURE 37. Fine-grained quartz arenite from
the subtidal zone. Carbonate cement produces

a lustre mottling. (X nicols) Sample BI-76-29;
the Beach Formation.
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FIGURE 38. Detrital volcanic quartsz
fragment; bipyrimidal with embayment

(arrow). Sample BI-65a; Ochre Cove
Formation.
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AlL quartz»graiﬁs are subrogn&ed to.subangu;ar.

., Grain size varies from coarse silt‘to medium sand and the-
sediment is moderately to podrl orted. Clay‘content is
generally greater than 5%. Quagi;iéontent varies from
60 to ?O% and some gralns display highly undulcse extlnctlon
Other major constituents may include green and ‘brown

" biotite and bleached biotite, muscovite, phosphatic shell

fragments, glaucgnité and chlorite. Orthoclase may make

¥?

up 1 or 2% of the rock and is more or less sericitized.
FeidsPars are sometimes replaced by carbbnate. Other minor
components include oligoclase, zircon and tourmaline,
Cement is clay-sericite, but quarti overgrowths ére ¢ommon,
Bedding in thin section consists.of alignﬁent\of micas and

heavy mineral zoning. ‘ ¢ L o

Tidal Channel Sandstone , . ‘ L9
The sandstone descrlbed for this facies is a A

crossbedded tidal channel unit outcropping at The Beach in

the Beach Formation. This sandstone is a quartz arenlte

(for e;hmple, BI-56i) containing 90 to 99% quartz grains,

which‘;ange from angular to well-rounded. Sortihg is poor -

and grain size fagges from 1.5 to 0.05 mm on average, a

coarse to medium ;and. Some of the guartz is partly

idiomorphic with'embayments and is obviously volcanic., A

few rhyolite rock fragments are seen in thinlsection),gs ‘ 7 ;-

well as composite quartz gréins, probably of granitic

origin. Large shale pebbles up to 1 cm or more in length -
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are common. Trese contain imbedded fine-grained quartz and

occasionally chamosite pellets,some cf which are oolitic.

Ortroclase is generally less than 1% of the grains and is
often almost wholly replaced by carbonate. Fhosphate shell
fragments are common,as is biotite and bleached biotite.
Muscovite is rare. Glauconite is a minor component. Silty
patches are probatly animal burrows. Cement may be hematite
or carbonate euhedrsa, forming a crystal sandstone. Chamolsite'

is occasionally present as a cement., Bedding is obscure in

thin section and is evidenced onliy by the aligmnment of

shell fragmnents.

Qffshore Tidal Bar Environment Sands¥one

These sandstones comprise the white to light grey
orthoquartzites of the Redmond Formation. They are
classified as quartz arenites (for example, BI-76-101).
Grain size varies from 0.25 to less than 0.05 mm, put
averages 0.15 mm, a fine-grained, well sorted sand.
Rour.xdness is subangular to sudbrounded and thé cldy content
is less ;han 1%, thus the texture is mature. The sands
contain greater than 95% quartz grains, some of which
display strongly .unqulose extinction. Some of these sand-
stc;nes, particularly those from'the 'swash' or 'beach' zone,
contain up to 2% muscovite. Sericitized orthoclase makes up
1% or less of the rock, althouéh many of the unidentified
altered grains may be orthoclase. Microcline and oligoclase

-

are also present in minor amounts. Other miherals present

-~
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in quantities of less than 1% are altered bdiotite, 2ircon,
clay minsrals and rarely, phosphatic shell fragments.
Fine-grained rhyolite fragments are rare. Cement consists

of quartz overgrowths. However, pseudonodules within the

Redmond Formation are cemented by large carbonate euhedra,

Bedding is only evidenced by aligmment of muscovite flakes

-

if present in the rock,
Provenance

Quarte

Quartz grains genérally are too fine grairied to
differentiate genetic types.*lany gquartz grains do show
variable degrees of undulose extinction, however Blatt
(1963) has concluded thé)t there is no correlation between
rock type and amount of strain in quartz. The occurrence of
coarse, composite quartz grains is discussed under "Rock
Fragments" below.

Volcanic gquartz was identified as a major component
in coarse-grained sandstones from several different horizons.
In thin sections, these quartz crystals are idiomorphic
with hexagonal-bipyrimidal shape. Embayments are common
(Fig. 38). Crystals are water-clear with no inclusions and
have straight extinction. Their assoclation with porphyritic
acid volcanic fragments leaves no doubt that they are

derived from erosion of these volcanics. In fine-grained

sandstones throughout t]:{e Bell Island-Wabana strata,much of
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the quartz with straight extinction and a lack of inclusions

is therefore believed to be of volcanic origin.

Rock Fragments

The different rock frazgments in several coarse-
grained sandstones are tabulated in Table 4, Several
different source lithologies are represented and are treated

individuzlly in the following descriptions.

Volcanic Fragments

Typically, these have a microcrystalline cherty
appearance (Fig. 39) and consist almost exclusively of
quartz with a rare, highly altered or carbonate-replaced
patch. Phenocrys+ts of bipyrimidal gquartz are sometimes
enclosed in the fragment. At least one porphyritic grain
displays a dusty cutline, which may be a flow banding
structure or perhaps the structure of a welded crystal tuff
(PFig. 40). These rock fragments are similar in many ‘respects
to rhyoclites of the Late Precambrian Harbour Main Group,
which underlies and outcrops to the south and east of the
Bell Island and Wabana Groups. Even the unusual spherulitic

texture in some of the Harbour Main rhyolites has a similar

detrital counterpart in the Bell Island-Wabana sandstones

(Fig. 41).
Highly altered basic volcanic fragments were also
identified, but these are rare and difficult to recognize,

Some of these volcanic rock fragnents may be second

\
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TABLE 4
Rock Fragments

% Composition

8 £ o o
WO v om O
O - O o tl\
I
m m @ Mm m
acid volcanic 39 s8 28 78 73
plutonic 32 11 18 4 20
recrystallized metamorphic 4 6 L4 -
stretched metamorphic ' 22 25 9 18 5

basic volcanic 1 - - - -
shal¥ 2 - 1 - -

!
i
!
H
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SR ——. ant_.
FIGURE 39a (left) and 39b (right).

Detrital acid volcanic fragments. Arrows
indicate remnants of phenocrysts. (X nicols)

Sample BI-65a, Ochre Cove Formation.
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FIGURE 40. Detrital porphyritic volcanic
fragment; possibly a welded crystal tuff (?).
Sample BI-KB, the Beach Formation.

FIGURE 41. Spherulitic rhyolite fragment.
Note radial structure (arrows). (X nicols)
Sample N243h.
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generation detrital grains.

These could have been derived

from volcanic sediments of the; Conception Group, which may

be partly contemporaneous with the Harbour Main Group
(Hughes and Bruckner, 1971). It is not unreasonable to
suggest that the sedimentary rocks of the Conception Group

- and also the Cabot Group were a considerable, if not a major,

source of sediment.

Metamorphic Rock Fragments

Stretched metamorphic quartz (terminology after
Folk, 1968) is a minor rock fragment component in some
sandstones (Fig. 42). These polycrystalline grains meet
all the:criteria for gneissic quartz according to Blatt
(1967):+ sand-sized grains are formed of more than five
crystals with a bimodal.size distribution; all crystals
show dndulatory extinction and have strongly sutu?ed inter-
crystalline boundaries:; crystals are elongated with
subparallel extinction. It is probable, therefore, that théd

source terrain encompassed in part a metamorphic, apparently

gneissic, lithology.

Plutonic Rock Fragments

A second group of polycrystalline quartz rock
fragments have the characteristics of plutonic quartz after
the genetic classification of Folk (1968) and also that of
Blatt (1967). The crystals are xenomorphic and subequant,

sometimes with re-entrant angles. Undulatory extinction is
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FIGURE 42. Stretched metamorphic (gneissic)
rock fragment. Note subparallel extinction.
(X nicols) Sample BI-65e, Ochre Cove
Formation.
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common, however there is no obvious crystallographic
‘orientatian of crystals within each grain. An obvious
source for these grains is the Holyrood Plutonig Series, In
several thin sections, grains of microcline-gquartz inter-
growthé exhibit a micrographic texture (Fig.“bja). Tris
textﬁre has been described in pegmatites of the Holyrood
Granite as "heiroglyphs" (Barning, 1965). Other clastic
grains have intergrowths that are patchy or "wormy"

(Fig, 43b), similar again to granophjfes occurring in the
Holyrood Granite (McCartney, 1§67).

All other polycrystalline quartz grains, generally
those which have straight or slightly undulose extinction -
and form a mosaic of equant, interlocking crystals with
straight boundaries (Fig., 44), are classified as meta-
quartzite and are not further differentiated as to source.
Folk (1968) refers to this type as recrystallized meta-
morphic quartz occurring in recrystallized metaquartzi}es

and gneisses,
. N -

Sedimentary Rock Fragments

Shale pebbles and fragments are an extremely common
éomponent‘in many of the Bell Island-Wabana sandstones.
However, the vast majority, if not all, are believed to be
intrabvasinal and probably of a very local source for the
following reasons: (1) their relatively large size indicates

a short transport distance, particularly considering (2)

their abundance versus low potential for survival relative
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FIGURE 43a (left). Micrographic texture

in plutonic rock fragment. Note "hieroglyphs"
(arrow). (X nicols) Sample N402Q, Beach
Formation.

FIGURE 43b (right). Granophyric texture
in plutonic rock fragment. (X nicols)
Sample N402T, Beach Formation.
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FIGURE 44 . Detrital metaquartzite fragment.
(X nicols) Sample BI-65a, Ochre Cove
Formation.
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tc other nhnarder rock fragments; (3) a tidal flat is a Qery
Tavourable environmer.t for the formation of shale chips due
to subaerial exposure of mud flats; (4) shale fragments
occasionally contain chamosite or hematite ocolites,which
are major allochems in_the Bell Island-Wabana strata and

therefore of intrabasinal origin.

Heavy Minerals // /

Heavy mineral separations were carried dut on five
samples as a possible aid in the interpretation of
provenance. The resﬁits are shown in Table 5, Bleached:
biotite, opaques and zircon are the ma jor components, all
of which are ubiquitous. Zircon, sphene, apatite, magnetite
and epidote are all known to occur in rocks of the Holyrood
Plutonic Series (Barning, 1965; McCartney, 1967).

Of notable significance is the occurfence in all of
the grain mounts of minor amounts of pinkish and colourless

garnet, some of which is idiomorphic. Similar garnets also

occur in sediments of the late Precambrian Cabot Group

(Papezik, 1973).

Summary and Interpretation of Provenance

In light of the above analyéis, it is evident that
the source terrain of the Bell Island and Wabana Groups
included several diverse lithologies, some of which outcrop

in close proximity on the Avalon Peninsula. In summary

these lithologies are: (1) acid volcanics, particulaly
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TABLE 5
Heavy Mineral Grain Mounts

% Composition

o~ 3 )
© i ) o
R
‘ H R R R &

‘ biotite and bleached biotite 72 63 81 82 76
zircon 4 5 2 1 R -
opaques 7 20 9 7 14
‘altered grains . 11 5 8 6 3
siderite TR 1 - - TR
garnet TR TR TR TR 1
tourmaline 3 TR TR TR TR
hornblende | TR - - - -
epidote ' - 3 TR - 3
sphene TR - - - -
hematite TR TR TR TR TR
clinopfroxene 2 3 - - TR
orthopyroxene 1 - - TR " 3
chlorite D

apatite ' - - - - TR

TR = trace amount
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porphyritic rhyolites and possibly welded crystal tuff,
(2) basic volcanics, (3) granite and granoﬁhyre plutonic;-
(4) metamorphic, particularly gneissic and possibly meta-
quartzite, (5) possidly a sedimentary lithology of
volcanogenic origin (by inference only). All of these
lithologies, except the metamorphic, occur on tﬁe Avalon
Peninsula in the Harbour Main, Conception and Cabot‘Groups
and the Holyrood Plutonic Series. |

"The gneissic rock fragments,as welﬁfaa the presence *
of detrital garnet and the great abundance of muscovite
flakes in <the Bell Island-Wabana rocks, presents a major
problem as to source. Gneissic rocks are unknown on the
Avalon Peninsula and moreov;;, mgscovite and garnet are
not known to occur in the Harbour Main-Holyrood igneous
complex (Papezik, 1573). |

Poole (1972) suggested the existence of an area of -
late Precambrian or early Cambrian plutonic and metamorphic
rocks underlying the Atlantic continental shelf or on
opposite parts of Western Europe and Africa, that could have
been the source of the detrital muscovite.

Small amounts of detrital muscovite, garnet and
metamorphic rocks have been recognized in late Precambrian
sediments of the Signal Hill Formation in the Cahpt Group
(Singh, 1969; Papezik, 1973). Reworking of these sediments

could have been the source of the garnet and the metamor-

phic rock fragﬁents that appear in the Bell Island-Wabana
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rockg. Howgver, secondary reworking would probably have

diminished the proportion cf these components to very small .
amounts, whereas garnet was recognized in all the heavy

mineral mounts and me‘ca.morphlc rock fragments are common in-

all the coarse-grained sandstones. Furthermore, secondary

rewcrking cannot explain the great abundance of muscovite

m the’ Bell Island;Wabana rocks. '

Papezik (1973) suggested that the Signal Hill

.Fomation may be partl‘y derived from a Precambrian basement
with assoclated la’te} Precambrian' garnetifercus leucogrénite
intrusions, all lying to the east and northeast of the
Avalon Peninsula and now covered by th? ocean., This
suggestion was prompted by the fatt th’é‘it such a terrain |
oqcv‘.z.r.s along the vwestern margin of the Avalon Zlorie and is
considered ¥y Kennedy and McGonigal (1972) to be "at least‘
pre-Middle Ordovician in age and probably considerably B
older," Ken-nedy‘and McGonigal (1972) further suggest that
the gneissic rocks may possibly underlie and form a sialic
basement to the Avalon Platform. -

Poole (1973) pointed out that the lithologic charac-
ter of the Hadrynian and Paleozoic Strata on the Avalon
Peninsula,as well as the lack of severe deformation, meta-
morphism and extensive plutonism, favour the hypothesis
that the Hadrynian and Paleozoic strata were laid down upon

a continental crust. Geophysical studies also indicate that

continental crust may underlie the continental shelf off
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southeast Newfoundland (Haworth and MacIntyre, 1875).

In this study, the appearance of detrital garnet and
metamorphic rock fragments in the petrographic analyses
contributes to the evidence that the sediments of the Bell
Island and Wabana Groups may have been derived in part from
a gneissic-leucogranite Precambrian basement. If so, then
such a source probably accounted for a significant
proportion of the sediment, considering the abundance of
muscovite throughout the strata.

Althou4 the paleocurrent data remains inconclusive,
there is an indication that the source terrain of the Bell

Island-Wabana sediments may have lain to the east-southeast,

’ e

at least during the deposition of the (ic\)wer part of the

Wabana Group (p. 87 ). This would then support Papezik's
(1973) éuggestion‘;thét Precambrian basement may underlie
the present continental shelf to the east of the &\valon

Peninsula.
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CHAPTER 6

DEPOSITIONAL ENVIRONMENT OF THE IRON ORES

Facies Relationships

Goovd coastal exposure of the major iranstone beds
allows an interpretation of at least th?. vertical facies
relationships of the ores.

Significantly'r. the occurrence of the ironstone beds
is apparently related®to certain facies of the tidal flat
complex. Immediately below the ironstones of the Dominion
crebody are several thinner, uneconomic ironstone beds
interbedded with’ quartz sandstone, siltstone and shale.
Where exposed at Gull Island North Head, these beds form a
number of well-developed, fining-upwards sequences (Fig, 45).
Each sequence consists of -three subfacies referred ta the
lower sand flats,.middle mixed flats and upper nud flats,
corresponding closely to the tidal flat stratigraphic model
{1lustrated in Fig. 5. However, where quartz sands _usUally
appear in the lower sand flat subfacies, oolitic hematite
ironstones appear instead. Sandstone beds and lenses in the
overlying middle mixed flat facies are of two compositions.
Oolitic ironstone appears in the lower half of the subfacies,
but quai‘tz sands make up the upper half,. suggesting a
hydraulic fractionation 5y density. Each fining upwards

sequence is approximately 3 metres thick.

The ocolitic hematite of the Dominion orebody overlies




FIGURE 45. Fining-upwards intertidal

sequences immediately below the Dominion

Ore Bed. (a) Lower siand flats consisting

of oolitic hematite, (b) middle mixed flats,
(c) upper mud flats. Note similar sequence
immediately above. Séquences are approximately
3 metres thick. Compare this sequence to that
in Fig. 8; Gull Island North Head, Bell Island.
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these sequences and is also approximately 3 metres thick in
outcrop. Little structure can be observdd in the orebody
except for faint evidence of largeiscéle crossbedding. This,
together with its thickness and massive nature, suggests that
within the tidal flat compilex the Dominion orebody belongs
to the offshore tidal or barrier bar facies,

Overlying the ore are black shales and black, silty
shales, occasionally rippled, suggesting a lagoonal facies,
Aqfociated thin, discontinuous beds of dark siderite are
found in this facies and contain chamosite oolites, which are
almost completely replaced by siderite. Phosphatic shale
pebble conglomerate beds overlie the black shale-siderite -
unit.

The Scotia orebody, approximately 70 metrés above the
Dominion orebody, shows similar facies relationships.
Immedlately below the main ironstone bed are several mlnor

uneconomlc beds interbedded with shale, siltstone and sand-

stone. Rippled and wavy bedding, mudcracks and runzel marks
indicate that this is an intertidal facies, although a tidal
flat sequence has not been well-developed. Thé Scotia

orebody ié approximately 24 metres thick at the type section
at Upper Grebes Nest Point. The bed is generally massive, but
may show faint large-scale parallel crossbedding (Fig. 46).
With all these features, similar to thosge found in the

Dominion orebody, it too is considered to be an offshore

barrier or tidal bar facies. The composition of the Scotia
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FIGURE 46. Large-scale, faint cross-
bedding in the Scotia Ore Bed.
Crossbedding defined by rock parting.
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ore changes from oolitic hematite to concentrically layered
00litic chamosite and hematite wifhin 10 centimetres of the
top of the bed.

Overlying the Scotia Formation are dark shales and
dark, silty shales of the Grebes Nest Point Formation. These
are highly bioturbated in places and interbedded with fine-
grained rippled sandstones. This is interpreted as a thick
lagoonal facies. Thin beds or streaks of chamosite and
hematite in a siderite cement are common in this facies, as
are phosphatic shale pebble conglomerates.

The Upper 0Ore Member crops out near the top of the
Grebes Nest Point Formation, but these beds are generally thin
and streaked with sandstone and shale. Becausge of the
presence of thin ironstone beds throughout the Grebes Nest
Point Formation, the Scotia orebody, as well as the upper

orebodies and the intervening lagoonal facies, could all be

considered as a part of a single ‘episode of ironstone

- formation.

The similarities that exist between the two main

" episodes of ironstone formation can be summarized as follows:
(1) They b.oth begin as minor ironstone beds within an
intertidal facies. (2) The main ore beds probab]_:y represent
a bar facies. (3) Both wain, ore beds are overlain by dark
ghales and dark siderite beds containing chamosite ocolites,
apparéntly a lagoonal facies, (k) Both contain thin but

extensive phosphatic shale pebble conglomerates. (5) Both of
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these iron-forming episodes are overlain by dark, pyritic,

apparently deep-water shales and silty shales.

Environment of Formation

The following interpfetation is suggested for the
environment of formation of the ironstones, disregarding
for the moment the gquestion of the source of the iron. The
ironstones may have formed as chamosite oolites in semi-
restricted and perhaps slightly reducing zones within a
lagoon, The lagoon probably was protected behind an offshore
barrier or tidal bar. The ‘gidal flat facies containing the
oolitic hematite may have existed adjacent to, and along-
shore from, the barrier bar-lagoon system, thus reflecting later-
al migration of environments. The oolites making up the bar and
tidafl flat sands could have been chamosite oolites that were
washed out of the lagoon and up onto the barrier bar or tidal flat
aind into tidal chamnels. There they would be oxidize&, probably
to goethite, formin'g hematite after diagenesis. In recent
'sediments of the Niger and Orinoco Deltas, Porrenga (1965) .
has obgerved mineralised faecal pellets composed of chamo-
site with a rim of goethite. The goethite has apparently
" formed by the oxidation of chamosite in shallow waters.
Because of their position within a well-developed intertidal
sequence, there is little doubt that some of the oolites
were at times subaerially exposed and therefore under |

highly oxidizing conditions. The idea that the ferriec iron

oolites formed from the oxidation of chamosite ocolites
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provides a ready explanation for the development of oolites
made up of concentric layers of chamosite and hematite., Some
of the chamosite oolites that were washed into the oxidizing
environment may have been too fine grained to be hydraulic-

ally stable in the presumably higher energy zone of the

tidal flat or bar. After a short period of time, during which

. b Y
the outer sheath of chamosite had become oxidized, the

oolite would have been washed back into the lagoon, where
chamosite precipitation recommenced, The cycle could have
been repeated several times. This situation may be contras-
ted with observations on the growth cycle of carbonate ocids,
in which periods of precipitation on shallow shoals
Apparéntly alternate with periodé of rest.

Thin section study of the Bell Island Group sandstones
::revealed that several contain rare, partially weathered,
’chamosite oolites as clastic grains. These occur as complete
single individuals or as individuals enclosed in shale
pebbles, They have been recognized in sandstones that
outcrop at the Ore Docks, The Beéch, Polls Head and Bell
Coye within the Beach Formation and at Scott's Gulch in the
Ochre Cove Formation., These sandstones are not in close
stratigraphic proximity to known ironstone beds, Although
the oolites may be a product of the reworking of underlying
ore beds, such a source is considered unlikely. Chamosite
oolites and shale pebbles would probably not survive

secondary reworking or fluvial transport for even a short




118

distance. Furthermore, in some cases underlying ore beds

afe more than 100 metres below the sandstones in which
oolites have been found. Reworking would therefore probably
require uplift or tilting of the beds to near sea level.
There is no evidence of éﬁch a disturbance,

> In light of this, the chamosite oolites within the
sandstones are probably not detrital, but have undergone
local transport from elsewhere on the shelf, This suggests
that ironstones wére forming locally at various times and
places throughout the deposition of the Bell Island and
Wabana Groups. The appearance of the ironstone beds within
the exposed strata’should probably not be considered as
unique episodes, but perhaps simply the lateral migration of
a special environment that was a result of, and an integral
part of, the -overall depositional environment. If the
accumulation of the ironstones at a particular locality
Jrequires a_low sedimentation rate, then a model must be

sought that allows regional variation in the sedimentation

rate.

The formation of thé ironstones may have been related
to the migration of major delta distributaries or delta
lobes. While a distributary was active, a high rate of
sedimentation diluted the available iron preventing the
formation of ironstones, Once a particular distributary was

abandoned, a slow rate of sedimentation would prevail,

depending primarily on longshore currents and the proximity

’ \
’
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of the newly established distributary. Conditions may then
have been favourable for the fcrmation of ironstones on the
shallow tidal shelf of the abandoned delta lobe.
There is some stratigraphic evidence fhat the
~ironstores formed in an interdistributary en?ironment. The
ironstore beds of the Dominion Formation are overlain by
pyr;tic, graptolitic, dark shale and silty shale, evidently
a deeper water facies. These are followedvby prodelta shales
_that'coarsen upwards into sandy, shallow-water delta front
sediments (Fig. 35). This sequence may be interpreted as
follows: (1) abandonment of a majorkdelta.distributary or
delta lobe, accompanied’'by a major phase of ironstone
formation; (2) subsequent transgression and establishment
. of a deeper water, distal, interdistributary bay envitonment,
followed by (3) lateral migration and re-establishment of a
"major delta distributary and (4) seaward progradation of

the delta and a return to shallow-water tidal shelf

conditidhs,

Significantly, the ironstones of the Scotia Formation
.ﬁnd the upper ore beds (considered as a single phase of
{ ironstone formation) are also overlain by dark, pyritic

shale and silty shale, indicating a deeper water environment.

- Phosphatic Pebble Beds

Phosphate nodules and pebbles occur within flat

pebble conglomerate beds and these are generally associated

-
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with the lagoonal facies overlying the major ircnstone beds.
The phosphatic material occurs mostly as structureless
pellets or pebbles, but some is also concentrically
laminated., Hallimond (1925) recognized intraformational
conglomerates as a striking feature of most of the iron-
stones of England and Wales. He refers to them as submarine
breccias resulting from submarine erosion of penecontempo-
raneous deposits, Phosphate beds .have been saia to occur at
ma jor and minor unconformities (Grabau, 1919; Goldman, 1922),
and Pettijohn (1926) suggested that such unconformities are
probably submarine surfaces resulting from periods of non-
deposition rather than erosion or exposure. ‘

There is no evidence to suggest that the phosphaticér\
pebble)beds associated with the Bell Island-Wabana iron-
stones repredent subaerially exposed surfaces; in fact,
the presence of fresh-looking chamosite oolites witﬁin the
pebble beds seems to pfeclude their exposure to highly
oxidizing conditions. Furthermore, the suggestion that these
pebble beds indicate minor submarine unconformities due to
pe?iods of nondeposition is consistent with the hypothesis
thﬁt the appearance of the ironstones represents a period

of distributary abandonment.

Glauconite
Glauconite sandstones occur within the Ochre Cove
Formation. The mineral was identified by x-ray diffraction

and is present in quantities of up to 10% of the rock. It

“
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occurs as individual microcrystalline aggregates, but also
occasionally between cleavage planes in green biotite,
§xpanding the structure into 'accordian®' shapes (Fig. 47).‘
Various stages in the alteration of biotite to glauconite
were recegnized;

Galliher (1935) recognized a similar series of
transition stages from biotite to glauconife in bottom
deposits of Monterey Bay, California. He cdncluded that the
glauconite was a submarine alteration product of biotite. A
similar source for the glaucoﬁite from the Ochre Cové
Formation seems likely,

| It is interesting that glauconite from the Qchre Cove
Formation is associated with shallow-water structures and
in places is interbedded with thin, silty sandstones,wﬂich
display runzel marks on flat-topped ripples, indicating
subaerial exposure. ’

Cloud (1955) concluded that glauconite forms in ‘
marine waters of normal salinity, 10 to 400 fathoms in depth.
On the other hand, Burst (1959) and Wermund (1961) believe
that the presence of glauconite is not confined to a
specific physical environment and that it will form wherever
physico-chemical conditions are favourable, that is, weil-
oxygenated, normally saline and possibly brackish waters.
In light of this, the glauconife from the Ochre Cove

Formation may have formed in the shallow subtidal zone and

accumulated nearby in the intertidal.zone.
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FIGURE 47. Glauconite forming as an
alteration of biotite between cleavage
planes. Sample BI-64c, Ochre Cove
Formation.
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Qolitic Pyrite Memi)er

The environment of formation and deposition of the
volitic Pyrite Member remains enigmatic, Sltrartigraphic;ally,
the Pyrite Member overlies dark shales and siderite beds
interpreted as a shallow—water lagoonal facies. The Pyrite

Member is itself overlain by a-deeper water, graptolitic,

shale facies however, so that the facies relationships

remain unclear. The presence of pyritized graptolite '

fragments in the Pyrite Member indicates access to open ocean;

on the other hand, surface tracks and trails, interference
. ripples, brachiopod shells, flat pebbies and the oolites

themselves are typical of what is recognized as a shallow-

water facles elsewhere in the study area. Graded bedding is ' -
also common in some of the oolite beds. | '

The ears to be a secondary replacement of

\ previously existing grajns. It replaces graptolite and shell
'fragmenté and partially replaces some shale pebbles. Sdr_ne
of the pyrite oolites have an ®olitic chamosite core,
_suggesting incompléte replacement (Fig. 48); Furthei‘more,
it is difficult to }onceive of the primary precipitation of
pyrite as oolites in .the required reducing enviromnen't.,
since the ocolitic form implies agitated, and therefore
aerated, water.

, .
Pyritization apparently took place before deposition of

the Pyrite Member., The pyrite coating on some of the shale

fragments appears to have been broken away (Fig. 49),




FIGURE 48. Pyrite Member. (a) Pyritized
oolite with chamosite core; (b) unpyritized

chamosite oolite. Sample BI-74, Powers Steps
Formation.

FIGURE 49. Pyrite coated shale pebble in the
Pyrite Member. Note break in coating (arrows).
Sample BI-74, Powers Steps Formation.
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implying some transportation.- Rarely, completely unpyritized
Chamosite ocolites are seen in thin section (Fig. 48). If the
pyrite is indeed a secondary replacement, -<hen the. only way
that clastic chamosite oolites could have escaped being
replaced is by pyritization taking place before deposition |
of the bed. Then, during the depositional event, some

chamosite oolites were washed in from an adjacent area and

deposited along with the pyrite,.
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CHAPTER 7

DISCUSSION

Comparison of the Bell Island-Wabana Sediments

to Other Tidal Flat Environments

The sediments of the Bell Island and Wabana Groups
have man}; features in common with both recent and ancient
tidal flat environments documented in the literature.

Klein (1971) lists a number of criterion that are
typical features of sediments deposited by tidal currents. A
distinct combination of these is required in order to
\‘.\dlstinguish ancient tidal sequences, Table 6 lists those
jfeaturés recognized in rocks of the Bell Island and Wabana
Groups and compares them to features found in several

documented examples of ancient tide-dominated sedimentary

sequences.

The fining-upwards cycles ;chat are particularly well-
developed in the Beach Formation and the Ochre Cove
Formation are similar to other examples that have been
interpretéd as prograding tidal flat sequences (Allen, 1965;
"Allen and Tarlo, 1962; Smith, 1968; Klein, 1970, 1971,
1975a, 1975b; Klein and Barnes, 1975; Sellwood, 1972).

Klein (1971, 1972) has proposed a sedip_:entary model for such
sequences, based on studies of recent tidal :é‘la't environments.
His model has provided the basis for the tidal flat

interpretation in this study (Fig. 5). Klein's model




TABLE 6. Comparison of sedimentary structures in the Lower Ogdovician
Bell Island and Wabana Groups with other documented ®
intertidal sediments of Paleozoic age.
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& provides criterion for determining the intertidal zone and

he conéiudes that the thickness of‘this zone in the sequence
provides a good estimate of the paleotidal range. -

Applying the paleotidal range model to fining-upwards
sequences that arg particularly well-developed at the Ore
Docks and Freshwater Cove (Parsonville) in the Beach

" Formation, paleoctidal range; were estimated to be approxi-
mately 6 and 5.5 metres respectively. At Gull Island North
Head in the Ochre Cove Formation, the fining-upwards
sequences containing the hematite bgds represent an estim-
ated paleotidal range of approximately 3 metres. These
estimates indicate a moderate to high tidal range and this
probably explains why sedimentation in the Bell Island and
Wabana Groups appears to have been dominated so thoroughly
by features indicative ofxtidal processes. Furthermore, if a
deltaic system‘did exist, it is pefhaps not surprisiﬁg
that little evidence for it remains,considering the
destructive potential of a 3 to 6 metre tidal range.

A comparison\of the Bell Island-Wabana stratigraphy

with several modern tidal flat environments also shows many

features in common.

Tidal flats along the North Sea coast of the United

ﬁ}ngdom, Netherlands and Germany have been well studied
(Evans, 1965; Van Straaten, 1954; Reineck, 1963,- 1967).
These areas are characterized by tidal ranges of 2.4 to

5 metres and the width of the tidal flat varies from 0.5 to
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.

3 kilometres at the Wash (Evans, 1955) and from 7 %o 10
-kilometres along the Dutch and German coasts (Reineck and

k)

Singh, 1975). Longshore barrier bars have developed seaward

of the Dutch and ferman tidal flats,
' The cha&pacteristic pattern of sediment distribution

on the North Sea tidal flats is a gradual change from sand
in the lower intertidal zones to mud in the upper mud flats,

with a mixed transition zcne between the two (Reineck and

Singh, 1975). In prograding deposits, the result is a

fining upwards stratigraphic sequence,

In the lower sand flats,current crossbedding and
occasionally herringbone crossbedding are common. Flaser,
lent.icu%ar and wavy bedding characterize the middle mixed
zoneé and the upper tidal flats consist of silty clays
deposited by .suspension settling (Reineck, 1967). In short,
a direct comparison can be made between sedimentary features
of the modern North Sea tidal flats and features robserved in
the sediments of the Bell Island and Wabana Groups.

The evidence for a deltaic influence on the overall
depositional environment (p. 75) is inconclusive. Several
examples of modern, tide-dominated delta systems mayr be
used as possible analogues.

The Klang River delta and the Ord River delta'have
been described by Coleman and Wright (1975), and the
Colorado River delta by Thompson (1968) and Meckel (1975).

These systems are characterized by mean spring tidal ranges




- within the sediment or, as in the case of carbonate oolites,

either hypothesis;y the chamosite oolite beds are often - ¥
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of 4.3, 5.15 and 7.0 metres respectively, Because of the

high tidal ranges, the subaerial delta deposits consist

predominantly of tidal flat sediments rather than fluvial

. sediments., Vertical sequences in the Klang and Ord River - -

deltas are fining-upwards, except for matrine shales at thei
base (Coleman and Wright, 1975). Seaward of the delta, sands
are dispersed into coastal barrier or tidal bars, and
subaqueous sand ?idgeg-and sand waves éuch as those described
ty Off (1963). These sands afe recognized as a major
envifonment in tide-dominated deltas (Miall, 1967).
All of thiese features, which are recognized in the
Bell Island and Wabana sequenceg, are diagnostic more of
tidal influences than’of deltaic processes. Significantly, | -

no well-described examples of specifically tide-dominated

deltas in ancient rocks were found in the literature.

Iron Ores
The process by which_ooiitic chamosite forms is not

clear, but it is believed to form eitker by in situ growth

by chemical accretion during gentle agitation on the

sedimént,;urface (Wilson, 1966; Hallam, 196?); Both of these
processes may contribute to the formation of ironstones. In

the Waﬁana iron ores, there is no clgar evidence to support

\
rippled, suggesting agitated conditions, but they are also

associated with muddy, shallow-water sediments suggesting a

[P,

i
i
H
H
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lagoonal environment and low energy conditioms.
\.In the Minette iron ores; limonite léminae within the
chamosite oolites are believed to indicate oxidation of the
. Chamosite when washed ‘intc an oxidizing'region of the sea
floor (Brookfield, 1971; Davies and Dixie, 1951). Sh;ldon
(1965) similarly suggests that hematite oolites in the
Clinton of Alabama formed from the halmyrolysis of éhamosite.
This reasoning appears valid for the Wabana ironstones,
since the chamosite oolites are asgociated with apparently
lagoonal sediments, probably a reducing or slightly reducing
environment, whereas the hematite oolites are in a tidal bar
or lagwer tidal flat facies, presumably an oxidizing
environment.
The enviromnment of formation.of the Minette‘champsite
orés isvunclear. Due to generally poér exposure, there appears

to be some quéstion whether they formed close to old shore-

lines or within the open sea (Hallam, 1966; Brookfiéld.

1971). On the other hand, the Silurian Clinton ores of the
Eastern United States are undoubtedly near-shore deposits
(Hunter, 1960, 1970). Sheldon (1965) concluded that the
Silurian Clinton iroﬁstones of Birmingham, Alabama formed in
the lagoonward side of ‘a barrier island complex, an .
envirorment similar to that proposed in this study for the
Wabana ironstones.

The occurrence of the ironstones in a deltaic

environment, suggested here for the Wabana ironstones, has
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oolites are calcareous oolites that have been covered by
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o h

lbeen noted in several Minette deposifs.among other examples
(Chown, 1966). The Jurassi? ironstones of Britain may have
been formed during the developmenf of a delta (Dunham, 1960;
Hallam, 1966). Hallam (1966) suggested that the appearéncé

of the Northampton Sand ironstones was possibly controlled

by periodic migration of delta distributaries.

Kimberley (1974) has concluded that ferriferous

“deltaic sediment (or pyroclastics). Weathering and leaching
of the deltaic sediment producedrsqlute—rich groundwaters
'that drained through the oolites replacing aragonite with
chamosite. The appeal of this theory is that it explains
why no ironstones are seen forming today on the sea floor.
There is no real evidence that such a process takes place,
nevertheless it is difficult to disprove., Most workers cite
the preservation of delicaté primary microstructure in the
oolites as evidence of the ﬁrimary precipitation of chamosite.
The concentric lamination of chamosite and hematite or
limonite is the bést example (Hallimond, 1925; Davies and .
Dixie, 1951; Hunter, 1960; Schoen, 1965). Kimberley (1974)
_however, contends that after replacement, selectéd chamosite
layers were oxidized, possibly due to differences in the
content of organic matter.

The presence of rare chamosite oolites as clastic

grains or within shale pebbles in the sandstones of the Bell

Island Group provides further evidence of the primary nature




133

of the chamosite. It is‘unlikely that the oolites have been
reworked from underlying ore beds (p., 117) and they have
probably been transported and deposited soon after formation.
Pufthermore. in the Pyrite Member some of the pyritized oolites
have an oolitic chamosite core (Fig. 48). Since it appears

that the pyrite is a secondary replacement and that
pyritization took place before deposition of the Pyrite Member,
then it seems 1likely that the chamosite is the unpyritized

remains of a primary chamosite colite.

Source of the Iron

The source and transportation of the iron in most of
the Phanerozoic ironstones remains a subject for speculation.
The Devonian Lahn-Dill .ironstones 6f Germany are apparently
volcanically derived (James, 1966). In other ironstone types,
the lack of evidence for contemporanecus volcanic éctivity
or other extraordinary sourceé of iron has led most workers
o0 believe that continental weathering was the source of the
iron. A notable exception is Borchert (1960), who argues that
iron was derived from, and concentrated by, sea-bottom reactions.
This zﬁeW‘is not generally'aécgprd because such'processes
would seem to be quantitafivély inadequate unless sea wéter
chemistry was very different from that of today (James, 1966).

James (1966) and Schoen (1965) héve suggested that
iron was derived from the leaching of sediments in a 1arge:
scale analogy to present-day bog iron orés and transported

in bicarbonate groundwaters of low Eh and pH to a restricted
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basin. Carroll (1958) has shown how bacterial action appears
necessary to proéﬁce the reguired chemical environment in which
iron oxide can be leached from within crystal lattices of from
filﬁs on the surface of clay minerals, The common occurrence

of bleached biotite in th; Bell Island-Wabana rocks may be
evidence of this leaching process.

;ogs however, require land vegetation of which there was
little if any before the ngonian Period. It may be that supra-
tidal bogs in the lower Ordovician coastal environments were
algal marshes. 3Bacteria acting on decaying organic matter coﬁld
have produced the necessary loW_Eh environment in which iron is
reduced and mobilized. Transportation could then have taken
place’ by ground%éter into shallow restricted ocean lagoons.

, There is evidence for algal activity in the Bell Island-
_r Wabana coastal environmeht. Chamosite qolites in the upper -
part of the Scotia ore bed are riddled with Girvanella algal
borings (Hayes, 1915). Rippled wash-out structures in an
épparently heavily grazed sandstone surface (Fig., 59) ma;
indicate the presence of extensive algal mats in the infer-
| tidal zone; Furthermore, the high ichnofaunal content~in the
rocks indicategla large concentration and variety of marine
life and algae would probably have been a low“buj i;portant
iink in the food chain, Direct evidence for exfensive supra-
tidal algal swamps is, however, lacking. Figure 51 summarizes

the pbssible mechanism for the formation of Wabana-Bell Island

ironstomes.

\ K
If the hypothesis that iron wgé mobilized in supra-
/

/
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FIGURE 50. Rippled washout structure in an
apparently heavily grazed sandstone surface;

Freshwater Cove (north), Bell Island. Hammer
is 28 cm long.
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FIGURE 51 (below)

Suggested mechanism for the formation and accumulation
of the Wabana-Bell Island ironstones: a. tidal or barrier
bar; b. lagoon (low Eh sediments); c. tidal flat;

d, supratidal algal marsh (low pH and Eh due to bacterial
action); e. local drainage from abandoned distributary;

f. iron is leached from mineral lattices or from adsorbed
films on mineral surfaces, and reduced in the marsh environ-
ment, subsequently reaching the water table where it is
transported in groundwater; g. iron precipitates as
chamosite oolites in lagoon; h. tidal currents or storms
wash oolites onto bar and tidal flat, and into tidal channels

where iron is oxidized.
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tidal bogs is corfect. then the problem arises as to why
ironstonrnes are not seen to be form»irig‘ offshore from similar
environments at the present time. |

Ironstone beds may represent gondensed sections
" (Hallam, 1966). vPerhaps then, the accumulation of iron-

stones requires long periods of stable conditions within

the depositiq@al environment., In that case, thé accumulation
of ironstones in f.he’ Quaternary may have been prevented by.
the freguency 6f sea level fluctuationé associated with
cycles of glaciation. It should be noted that ironstones’
have formed prior to Pleistocene glaciation as recently as
4the Kimmerian age in the Lower Pliocene (Sokoiova, 1964),

an epoch during which there appears to have been several
prolohged stands of sea level. A less speculative explanation
for the apparent lack of formation of ironstones in.modern
environments must, however, await a better knowledge of the

processes which produce ironstones.

Regional Correlation Witk Other Lower
- ' A
Ordgvician Ironstone Deposits

Hayes (1915) noted that the Wabana iron ores were
comp.araﬁle in character and extent w:'lth iron ores of similar
age in Nova Scotfa and Europe. With the advent of the concept
of plate tectonics, a close.geographic relationship is now
generally aclcnowleélged. -

Wilson (1966) postulated that a proto-Atlantic ocean

of Late Precambrian-Early Paleezoic age might have closed
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from Ordovician to Devonian times along a line extending
through New England, southern New Brunswick and southern
Newfoundland. Subsequent rifting of the American-African

landmass tooktplace southeast of this suture and is
n

:
A

represented approximately by the present shelf edge.\b
Therefore, the early Paleozo-ic rocks of southeast Newfoundland,
Nova Scotia and southeastem-l&ew Brunswick are probably exotic .
to North America (Schenk, 1971).

Pre-drift reconstructions generally place Atlantic
[Cinada opposite the Moroccan coast and west of Spain (Bullard
et al., 1965; Dietz and Holden, 1970).

The distribut-ion of Lower Ordovician sedimentary
ironstones of Europe, North Africa and Atlantic Canada is
plotted on a paleogeographic reconstructiocn in Fig, 52. The
oolitic iron ores of Bell Island, Newfoundland and Arisaig,
Nova Scotia can thus be correlated with a broad belt of
similar deposits in Europe and North Africa, ranging from
Arenigian to Llandeilian in age.

The‘lower Ordovician ir'on ores of western France
outcrop within the Grés Armorican Formation and succeeding
shale formations of the Armorican Massif (C. Babin et al.,
1976). In this region, the Ordovician lithologic succession
is detrital, ‘ consisting of alternations, of sandstone and
shale and marked by an absénce of limestone, Phosphatic
pebble bed{aﬁd c‘onglomera'te bands are common. Sedimentary

structures include crossbedding, channels, ripple-marks,
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Figure 52%~

Generalized map showing the distribution of colitic
ironstone environments during the Lower Ordovician.
{Faleogeography adapted from Dean, 1976)

. Wabana, Newfoundland 6. Normandy, Anjou, and

. Arisaig, Nova Scotia Brittany, France

7. Carnarvonshire,

. Merionethshire arid

. Coto Wagner, Coto Vivaldi and Anglesey, North Wales
San Miguel de las Duenas, Spain

5. Guadramil, Moncorvo and -
Vila Cova do Mardo, Portugal

.'Ait Amar, Morocco

8. Thuringia, Germany

9. ‘BarrandiennefBasin,

Bohemia, Czechoslovakia
Sources: United Nations Publication ST/ECA/113; Blondel and
Marvier, 1952; Williams, 1914; Pulfrey, 1933.
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load casts, Y&te casts and nﬁmerous tracks and trails, all
suggesting epicontinental, shallow shelf conditions (Babin
et al., 1976), ’

In Spain and Portugal, the Lower Ordovician generally
shows close stratigraphic affinities with the Lower
Ordovician of France, The ironstones occur in the dark shales
overlying "Amoricaﬁ" quartzite of Arenigian age (Hamman,
1976). In the Westasturian-Cantabrian region, the Armorican
Quartzite of the Barrios Formation, as well as the under-
lying Oville Formation, possibly of Tremadocian age, has
been interpreted as a linear prograding coastline and high
destructive delte complex (Gietelink, 1973). Gietelink
re'cognized several different facies including barrier deach
'deposits and tidal deposits as well as fluvio-tidal,
prodelta, delta slope and shelf deposits', in short, an///
enviromment strikingly similar to that proposed for the Bell
Island and Wabana Groups in this study.

The shallow-water, epicontinental nature of the
Ordovician of the Moroccan Anti-Atlas in which the Ait Amar
ironstonesr occur has also.been noted (Destombes, 1962, 1976).
The Moroccan succession shows many general similarities to
the French-Spanigh Armorican and younger successions“
(Babin>g§ al., 19764 Hammann, 1976).

' 0f the other Lower Ordovician ironstones occurring with-

in the belt, both the Arisaig deposits of Nova Scotia (Hayes,

1919) and the Barrandienne deposits of Bohemia (Petranek,
N ,
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1950) are known to fepresent shallow-water environments.

Petranek (1964) has noted the genetic features of

thése deposits, emphasizing their shallow-water origin.
rFollowing is a point summary of his conclusions: (1) The
orebodies ‘are lenticular ahd elongated. Their narrow
wi@th and relatively small size does not suggest a deep
water origin. (2) The .paleogeographic setting of the deposi%s
indicatgs that they were deposited clqse to shore in
shallow. flats, bays or even littoral and deltaic environ-
ments, thus following ancient coastlines. (3) Most of the
ores show only coarse bedding or none at all, suggesting
shallow-water, high energy conditions. (4) The early
Paleozoic oolitic iron ores belong to the oxid&c t&pe,
implying that these ores were deposited in relatively
well-aerated, shallow-water environments, preventing the
reducing activity of-organic matter. (5) Clastic rocks
associated with the ores are chiefly shales, siltstones
and orthoquartzitic to subgreywacke sandstones, suggesting
a shelf or at most marginal miogeosynclinal environment.
Within this environment, the deéelopment of wide
tidal flats apparehtly played a role in the accumulation
of economic quantities of iron ore in the Wabana deposits.
In light of the work done on the recognition of ancient
tidal flat deposits in the last decade, perhaps a detailed
re-examination of'the other Lower Ordovician iron ore

_deposits in the North Africa-European belt would reveal a
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tidal infiuence on the accumulation of many of these ores

as well.
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CHAPTER 8
CONCLUSIONS

The rule of priority requires that the division
into two groups of the Lower Ordovician stratigraphy of
Conception Bay (Van Ingeﬁ, 1914, Rose, 1952) should
remain in a formal description of the stratigraphy. Much
of Van Ingen's (.1914) formational subdivisions of the Bell
Island and Wabana Groups is stilll acceptable with minor
c'h'ange_s to some inappropriate nomenclature and outdated
terminology. Nine formations can be distinguished,

Sediment distribution in the Bell Island and Wabana
Groups was controlled dominantiy by tidal processes. High
to moderate tidal ranges produced regressive, fining-upwards

sequences, recording a range of environments from shallow

subtidal to upper tidal flat,

Massive quartzites of the Redmond Formation, as well

as those ‘of Little Bell Island and Kellys Island, are

interpreted to be a shallow-water tidal or barrier
bar environment seaward of the intert:{dal mud flats,

Dark, silty shales and overlying coarsening- and
'shoaling-upward sequences in the lower part of the Beach
Formation and the lower part of the Powers Steps Formation
are interpreted as prograding deltaic cycles. The overall
'envi_ronmental control of the Bell Island and Wabana Groups

may have been that of a high-destructive, tide-dominated
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delta system.

A comparison of these sediments to other documented

examples of tidal flat environments shows many features in

common.
Paleocurrent direction patterns support the
hypothesis that the Bell Island and Wabana Groups represent

a tidal flat and prbbably deltaic environment, However,

because of the multi-modal nature of the patterns, the
source direction cannot be definitely determined. Other
evidence, in the form of prodelta sedimen"ts with a

primary dip towards approximately 3200, could indicaf
that the modal class oriented in a west-northwest direction
represents thé seaward direction and that the source lay to
the east-southeast, e;t least during the deposition of the
Wabana Group.

Pr;venance studies show that the source terrain of
the Bell Island-Wabana sediments was probably the Pre-
cambrian rocks of the Harbour Main, Conception and Cabot
Groups as well as the Holyfood Plu‘t-onic Series, Detrital .
garnet, muscovite and metamorphic rock fragments may.be
derived from a postulated Precambrian crystalline basement
underlying the Avalon Zofxe.

The chamosite ocolites are interpfeted ‘to be primary
precipitates that formed in shallow. lagoons. The oolites

accumulated in the lower intertidal and shallow subtidal
*

zone of both the tidal flat and tidal bdar environments
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where they became oxidized. The hematite is probably
diagenetic after ferric hydroxide. The ircnstones may have
formed during periods of distributar&.abandon;ent.

The Pyrite Member seems to be a secondary feplacement
of oolitic chamosite, organic material and shale pebbles.
The exact nature of the envirorment of fonmatioﬁ and

deposition of the Pyrite Member remains problematic, but

there is evidence that pyritization took place beforé final

.deposition.

‘ A general correlation of the Wabana iron ores can

. be made with Lower Ordovician iron ores of Nova-Scotia,
North Africa and Europe. All of the§e Aeposits are known
to représent shallow-water, fepicontinental, coastal
environﬁents and they probably developed as a belt along
a slowly subsiding, marginaily miogeosynclinal shelf, The
' sedimentology of the hast rocks, where studied, appears to

" be similar to that of the Bell Island and Wabana Groups.
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LOCALITY A

KELLYS ISLAND

ICKNESS

 (METRES )
from
' it base
20 Shale, fissile, dark grey, weathering®

reddish brown. . k1,9

19 Sandstone, massive, light grey, weathering
light yellow, some large-scale parallel
crossbedding. '

18 Siltstone, interbedded .with 1light grey
silty.ééndstone lenses, silty shale and
dark fissile shale, light yellow, '
yellowish.brown and dark grey, weathering
reddish brown and light grey; sandstones
.are current-ripple and crossbedded.'bed-
ding 2 to 25 cm thick, mudcracks; weak
bioturbation.

17 Sandgtone, massive, medium to fine grained,

interbedded with fissile shales towards

top; megarippled with faint, large-scale

parallel crossbedding, low-angle planar-

laminated towards top with some flaser

bedding and runzel marks. ' - 1.5 138.1

-

16 Sandstone, fine grained, interbedded with
fissile, dark shales containing white
siltstone lenses, light yellow and dark
grey, weathering light to dark brown;
sandstone beds are massive, up to 50 cm
thick, with rippled surfaces, runzel -

marks. . . : 1.5 36.6

15 Sandstone, fine to medium grained with some




THICKNESS
(METRES)
from

unit Dbase

silty partings, light gréy, weathering
light yellowish brown;'massive, mega-~
rippled with some large-scale parallel
crossbedding.and’iow—angle, planar
laminations towards the top.

il Shale, fissile, silty, interbedded wi%h
sandy siltstones and fine-grained sand-
(:2:\\‘ stone lenses, light to dark grey and light
' brown, weafhering—light to dark brown;
bedding 2 to 30 cm, current ripples,
lenticular bedding, mudcracks, runzel
marks; weak bioturbation.

13 Shale, fissile, dark grey, interbedded with
silty sandstones up to 10 cm thick;
grey and light yellow, weathering dark
gref.and brownish; sandstones are massive,
shales are structureless.

12 Shale, fissile, silty, interbedded with fine—_
grained sandstone lenses and sandy silt-
stones, light brown and light grey,
weathering brownish; sandstones are 5 to
50 cm thick, wavy, lenticular and flaser
bedding, current ripples, mudcracks, -

" runzel marks; weak to moderate bioturbat-

“ion.
11 Sandstone, fine grained, light grey,
. weathering light yellow, bedding 1 to 2 my
. megarippled with large-scale parallel
crossbedding, -angle parallel cross-
_bedding towards t{p of bed, scours filled




THICKNESS

- (METRES )

. from

T unit. base

S

-

with silt. ' . 3.9 26.7

Sandstone, fine grained, light grey,
weathering light yellow, bedding 1 to
2 cm thick; massive, faint meéaripg}es,
planar horizontal towards top, base
contains large slumps, roll-up structure
and ball-and-pillow.

Shale, silty, interbedded with silty sand-
stone lenses, yellowish brown, weathering
dark brown; bedding 1 to 5 cm, lenticular
and wavy bedding, runzel marks; weak
bioturbation.

Shale, fissile, interbedded with rare,
fine-grained sandstone and siltstone beds;
dark grey, weathering dark brown; becoming
siltier towards topﬁ‘

Sandstone, silty, interbedded yith silty
shales and dark, fissile shales, light
brown, weathering light to dark brown;
bedding 1 to 30 cm thick, current ripples,
interference ripples, many lenticular and
flaser bedding, runzel marks; moderate
bioturbation. 1.2 16.2

6 Shale, fissile, dark grey, weathering light
brownish grey. ‘ 0.8 15,0
5 Shale, fissile, interbedded with fine-

. 'grained sandstone and siltstone lenses 1
" %0 10 cm thick, dark grey and yellowish

: 3‘brown, weathering dark brown; ripple marks




THICKNESS
(METRES )
from

unit Dbase

and current ripple crossbedding.

Shale, fissile, dark grey, weathering light
brownish grey, interbedded with rare,
thin, silty lenses,

Shale, silty, fissile, interbedded with
massive siltstones 10 to 15 cm thick,
rlight grey, weathering light yellowish .
btrown; moderate biotufbation.

Shqle, fissile, interbedded with silty
sandstone lenses 3 to 4 cm thick; becoming
siltier towards top; light grey, weather-
ing medium grey and brownish, wavy @edding.
interference ripples; weak 1o moderate
bioturbation. '

Shale, fissile, interbedded with rére, thin
siltstones toward the top, dark grey, .
weathering medium grey and rusty; weak
bioturbation.

1.2 14,2

13.0

3

6.6 11.6

-

1.2 11,0
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"LOCALITY B

LITTLE BELL ISLAND

& UNIT : "THICKNESS
(METRES )

\. : from

: unit _base

"14 Sandstone, massive, fine grained, light brown-
ish grey," weatherlng llght grey, structure-
less, rarxe 51lty partlngs . 1.7 22.0

13 Slltstpne interbedded with flne gralned
sandstones and silty shales, light brown
and light grey, weathering Iight yellow1sh
brown; sandstones show largg— and small-
scale bedding or are horizontal planar
laminated, thin bedded, runzel marks; weak
bioturbation. . . 2.2 20.3

12 Sandstone, fine to medium grailned, light‘grey,
‘ weathering light brown; structureless or R .
shallow dipping, large-scale parallel
crossbedding. : - 3.6 18.1

11 Sandstone, massive, fine grained, silty
' 'shale towards top, light grey, weathering
brownish; megarippled, ow dipping,
large-scale parallel crossbedding or '
current erossbedded, scours, silty partings;

weak bioturbation, tracks'and trails. 1.4 14,5

10 Siltstone, interbedded with fine-grained
sandstone lenses and shale, light grey and
light yellow, weathering/brownish yellow;
ripple marks, wavy bedding, mudcracks,
runzel marks. 1.0 131

9 Saﬁdstone}‘maSSive. ligﬁt grey, weathering .
light yellow, large- scale low-angle cross- E
bedding. ‘ 0.5 12.1
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e

t—

s . Al
UNIT THICKNESS
' . . (METRES)
from
unit Dbase

8 Shale, massive, interbedded with sandstone
and siltstone towards top; medium grey,
weathering rusty brown and fissile; wavy
bedding towards top. 1.5 11,6

7 Siltstone, interbedded with fine-grained
sandstone lenses and dark shales, light +to
‘dark grey, weathering yellow to dark brown;
sandsto‘ne lenses are up to 15mm thick, ,
scours; moderate bioturbation. 1.6 .10.1

6 Sha:le. massive with siltstone lenses, i .

medium grey, weatheming rusty brown and
fisgile; weak bioturbation. .7 0.8 8.5

'5 Siltstone, interbedded with fine-grained
sandstone and dark shales, -1light yellow
end light to dark grey, weathering light
grey and yellowish brown; sandstone are

S/ up to 30 ¢m thick with large-scale parallel .
" » crossbedding, run%el marks, mudcracks;
moderate bioturbation. ' ? .07 7.7

. Shale, fissile, with siltstone.lenses towards
top, black to light grey, rusty weathering;
ripple marks -and runmel marks at top. . 0.9 7.0

3 Sandstone, massive, with rare silty partings,
light grey, weathering brownish; fine-
grained, structureless or di playing mega- /

ripple bedding, faint planar laminated -

bedding or largef-scale parallel crossbedding,

scour-and-fiil. : ' 5.2 6.1

2 Shale, dark grey, figsile.,weathering dark

brown.’ , : , 0.4 09

. -’
- - ) .
> , -




THICKNESS
(METRES)
from

unit Dbase

Siltstone, shaly, light grey, weathering
medium grey and rusty; thick bedded, some

current crossbedding.
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LOCALITY C

LANCE COVE
W
UNIT < THICKNESS
(METRES )
from

unit base

29 Sandstone, silty and shaly, with interbedded
shales, dark to medium grey, and light
brownish yellow, weathering to yellowish
brown and reddish brovm;‘beddinfg is highly
variable in composition, generally finely
laminated, becoming coarser and sandier
towards the to;; of the unit, wavy, lentic-
ular and current ripple crossbedded.‘ fine
grained, rare pseudopellet horizons in :
limy mud; highly bioturbated. . 0.8 36.1

e 28 Sandstone, white to light yellow, weather-
’ ing light yellow and light brownish
vellow; massive bedded with some wavy and
flaser bedding, parallel crossbedéing,
fine grained. g 0.3 35.3

27 Siltstone, shaly, sandy with interbedded
_ shales and laminated sandstones, dark
: grey, yellowish brown and light yellow,
. ) weathering brownish yellow and medium grey;
o thin bedded, 0.3 to 1 ¢m thick, wavy and
lengicular bedding, becoming shalier .
towards the tdp of the unit; weak 5 '

’Qf_thurbation. : 0.9 35.0 oo

26 Siltsfone, with minor interbedded ghales,
sandstones and sandstone lenses, iight
grey to brownish grey, weathering medium
brownish grey; wavy, lamindted, thin




THICKNESS
(METRES )

from

unit Tbase

bedded, 0.5 to 1 cm thick, rippled
throughout, some flaser bedding, exposure

 badly weathered; many highly bioturbated
zones.,

25 Sandstone, interbedded with shale, light
yellow, medium to dark grey, weathering
brownish yellow and brownish grey; sand-
stones are current ripple crossbedded and
3 to 20 cm thick, some interference
ripples.

24 Sandstone, interbedded with silty sand-
stones and minor shales, light to medium
grey, light yellow and brownish yellow,
weathering to brownish yellow and brownish
grey, fine grained; sandstones are nassive
bedded but lensoid and pinching oui, silty
sandstones are wavy bedded with shales, in
places almost grading to flaser bedding,
and containing sandstone and siltstone
lenses,

23 Sandstone, interbedded with wavy sandstones
and shales, light yellow, yellowish brown
and medium grey, weathering to brownish
yellow and dark brownish grey; sandstones

" are fine grained; massive bedded, 10 to

115 em thick and curreht ripple crossbedded
with some thin shale partings, interference
ripples, shales are wavy bedded with fine-
grained sandstone; weak bioturbatiop.7
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UNIT . THICKNESS
. (METRES)

from
unit base

22 Sandstone, interbedded with wavy, silty
sandstories and shales, light yellow,
yellowish brown and dark grey, weathering:
brownish yellow -and dark grey, fine ‘
grained; sandstones are massive bedded and
laminated.from 3 to 15 cm thick, inter-
bedded silty sandstones and shales are
fmely laminated and lenticular bedded,
runzel marks. 0.6 30.2

21 Siltstone, interbedded with sandstones,
silty sandstones and shales, white, buff, _ .
brownish yellow, light to dark grey, '
weathering brownish ye‘llqw and dark brown-
ish grey, sandstones are fine grained;

y .- bedding is highly variable _in composition
and generally finely laminated; wavy, ‘
lenticular and flaser bedding, small-scale
scour-and-fill, rare pseudopellet horiszons T

" in limy mud; weak to moderate bioturbation. 1.2 29.6

~

. 20 Shale, dark, ‘papery, medium to dark grey, S
: weathering dark brownish grey; very thin
bedded, becoming sandier and siltier
towards the top of the unit, with a few
wavy, sandy and s'ilty‘interbeds; weak
bioturbation. | 3.6 28.4

19 Siltstone. shaly. with minor sandstone
lenses, light brownish grey, weathering to
dark brownish grey, sandstopes are fine
grained; , wavy and lenticular bedding, 1
to 3 cm thick. ) : o 3 24 8.

-
?
i

- i




THICKNESS
(METRES)
from.

unit base

18 Sandstone, interbedded with shales and
shaly siltstones, light yellow, light grey
and brownish yellow, weathering to brown-
ish yellow and dark, brownish grey, fine
grained; sandstones are massive bedded
from 10 to 20 cm thick, shales and shaly
siltstones are wavy and lenticular bedded
~with some,sandstone lenses, rare mud-
cracks; moderate bioturdbation.

17 Sandstone, with thin shale partings, light
grey, weathering yellowish grey, fine
grained; massive bedded, variable in
thickness to 1 m, large-scale parallel

crossbedding, runzel marks.

16 Sandstone, si‘lty, interbedded with shales

and shaly siltstones, light yellow,

brownish yellow and medium grey,

weéther:’mg brownish yellow and dark

“brownish grey, fine grained; wavy and :

lenticular bedding from 1 to 8 cm thick,

sandstones are eurrent ripple crossbedded,
interference ripples. . 0.6 23.2

15 Siltstones, shaly with sandstone lenses,
light yellow, light brownish yellow and
1ight grey, weathering to brownish yellow.
and brownish grey; wavy and lénticul.ar
bedding, 0.5 to 3 cm thick; modersa‘tely
‘bioturbated.

14 Shale, interbedded with sandstone lenses,
dark grey and greyish white, weathering
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UNIT - THICKNESS
- (METRES)

from

3 ‘ unit base

to dark brownish grey and light yellow,
sandstones are fine grained; sandstone
lenses are current ripple crossbedded, 5
to 8 cm thick, wavy and lenticular bedding;

weak bioturbation. v 0.5 22.1

13 Slr'lale,'inte/rbegded with thin sa.ndstones,_
very light grey and éi\ark grey, weathering
to dark drownish- grey, reddish grey and
light yellow; interbedded sm;xdstones are
fine grained and planar laminated from
1 to 8 ecm thick with occasional current
ripple surfaces; weak bioturbation. 0.4 21,6

12 Shale, d=rk, pai;ery, dark grey,‘weathering
dark reddish brown; finely laminated,
exposure is deep,lf weathéred; bioturbation .
not discernidle. B - 2.2 21.2

1

11 Shale, dark, papery, silty, interbedded
with some sandstones and siltstones, light
to dark grey and brownish yellow,
weathering brownish grey and dark rusty
lgrey, sandstones are fine grained; shales
ane finely laminated and sandstonea are
current ripple crossbedded bﬁt planar |
laminated towards the bottom of the unit,
wavy bedding, interference ripples;
moderately bloturbated. . ‘ 1.0 19.0

10 Shale, dark, papery and silty, dark grey, -
weafher:’mg rusty grey; finely laminated,
exposure is deeply weathered; weak ‘ :
bioturbation. _ .47 18,0

e ———ins & s e~




THICKNESS
(METRES) -

from

unit base

9 Shale, papery, silty, interbedded with

sandstones, dark grey, light grey and

yellowish grey, weathering brownish grey

and brownish yellow, sandstones are fine
grained; shales are very thin bedded,

sandstones are massive, wavy or horizon-

tally plarmar laminated, 8 to 20 cm thick,
'herfingbone crossbedding, some scour and

shale chip horizons; moderate bioturbation,
Cruziana. _ : 0.8

8 Sandstone, with thin shale partings, light

. grey to light yellow, weathering light
yellow to brownish yellow, fine to
medium gréined; wavy and flaser bedded,
sets 8 to ‘20 cm thick, shallow tidal
channel hotizon; rare trace fossils,
Cruziana, téloggdite-scratchqs. surface
scratches, /

7 Sandstone, interh%dded with dark shales and
shaly siltstonég, light to dark grey and
yellowish brown, weathering light to dark
- brownish ey andibrownish yellow, fine

-'to medium g ¢
crossbedded, wavy, lenticular and flaser
bedding, v iable- from 0.5 to 15 cm thick,
gsiltstones are horizontally
planar lamineted with some lenticular
bedding, interference ripples, rare
pseudopellet horizons in limy mud, small
scour-and-fill with shale. chip horizons,
bottom of ynit is a sandstone zone
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UNIT THICKNESS
. ' * (METRES)

unit

from
base

containing assymetric sand-filled channels

up to 1.5 m in width, incorporating large

scours and shale chip hofizons. and

showing small-scale point bar cross-
stratification, load casts; moderate
bioturbation. 1.2

6 Shale, dark, interbedded with thin- to
‘medium-dedded sandstones, medium to
dark grey, weathering yellowish brown and
dark brownish grey, sandstones are fine

grained; shales are finely laminated with -

thin sandstone beds and lenses, a few
sandstone beds up to.8 em thick current
ripple crossbedded, flaser, lenticular

and wavy bedding; weak bioturbation. . . 0.8 10.9

5 Siltstone, shaly, sandy, buff to light
grey, weathering yellowish brown;
horizontally planar laminated, wavy and
'len%ﬁcular bedding, some lenticular
sandstones are ripple crossbedded, unit
becomes sandier towards top; weak

Y

bioturbation. ] : = 0.7

L Shale, dark, papery, dark grey, weathering
dark brownish grey, thin bedded, becoming
siltier towards the top of the unit,,
exposure is deeply weathered; weak ‘!

bioturbation. , 1.k

3 Sandstone, interbedded with shales and
shaly and sandy siltstones, light to dark
grey, light yellowish brown and buff,

10.1

9.4




UNIT THICKNESS .
(METRES ) ”

from

unit Dbase

weathering brownish yellow and dark
brownish grey, fine grained; composition
and bedding are highly variable, thin
horizontally planar from 0.5 .cm thick to
massivg sandstones of up to 40 cm thick,

ripple crossbedding, wavy, lenticular and u //
flaser bedding, slumped bedding, ball- 7
and-pillow structure. - 0.7 8.0

2 éiltstoné, sandy, shaly, interbedded with
sandstone lenses and dark shales, light
tg dark grey, buff and brownish yellow,
weathering dark brownish grey and brownish
yellow, sandstones are fine grained;

R composition and bedding are highly

‘ variable, 0.5 to 8 cm thick, sandstones
are horizontally planar laminated or
current ripple crossbedded, lenticular
and'wavy bedding, small scour-and-fill;
moderately bioturbated. 0.7 7.3

1 Shale, dark pépery. dark grey, weathering
dark brownish grey; finely laminated,
deeply weathered, becoming siltier and
sandier towards the top, rare small sand-
stone nodules 10 to 15 em in diameter;
weakly bioturbated, increasing towards the

top. .
Bottom of unit not exposed. 6.6 6.6
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LOCALITY D

THE ORE DOCKS

P — — — ———

UNIT - THICKNESS

. (METRES)

-~ from
. : . unit base

s

17 Siltstone, shaly, interbedded with sandy
lenses, light grey to buff, weathering
brownish grey, lower half of unit consists
of limy sandstones and limy mud, pseudo-
pellet beds in limy mud highly bio-
turbated, , . 0.5 21.4

16 Sandstone, silty interbedded with siltstones
and - shales, light grey, buff, dark
" brownish grey, weathering to yellowish
brown,s fine grained; sandstones are thin
bedded, 1 to 5 cm thick, and current
ripple crossbedded, flaser, wavy and

lenticular bedded with siltstones and )
shales, runzel marks; weak to moderate
bioturbation. : 2.2 21,1

15 Shale, silty, interbedded with fine-grained
sandstone lenses, buff to light grey,
weathering light yellow; thin bedded, sand-
stone lenses are current ripple cross-. -,
bedded highly bioturbated. _ : 1.4 18.9

14 Sandstone,,silty, interbedded with silt- o R
stones and shales, light grey, buff and ”
S "dark brownish grey, weathering to yellow-
'1sh brown, fine grained; sandstones are
thin to medium bedded, 1 to 20 cm thick
and current ripple crossbedded, sometimes

planar laminated, wavy and flaser bedded
with siltstones and shales, some scour-




\_,

THICKNESS
(METRES)
from

unit Dbase

- . . ' ’
and-fill; moderately to highly bioturbated,
sandstones contain escape burrows. 1.3 17.5.

13 Siltstone, shaly, interbedded with silty
shales, dark shales and sandstone lenses, -
buff' to 1ight grey, weathering iight yel-
low; thin bedded; but beéding is almost
obliterated due to bioturbation, wavy and

. E \
lenticular bedding are evident,, becoming

sandier with flaser bedding towards the i o
top; extreme bioturbation. 2.2 \h€.2

12 Sandstone, with,limy mud horizon at base,
light grey, weathering light yellowish
grey, medium to figg grained;. massive _
bedded with scour and shale chip horizons.

11 Sandstone, interbvedded with shales and
shaly siltstones, light to dark brownish
grey, weathering yellowish brbwn, fine
grained;:current ripple crossbedded,
lenticularcgnd wavy bedded with shales
and siltstones, 1 to 8 cm thick; silt--
stones and shales are moderately bio- . 7
N turbated. : o 1.2 13.6

" 10. Sandsftone, white to light yellow, wehthering,
~1light brownish yellow, fine grained; ripple
‘ crossbedded, brachiopod shell fragments
common. ’

9 Shale, dark, papery, dark grey, weathering
' dark brownish grey; finely laminated, fresh
rock is massive looking and structureless. 0.7 11.9




THICKNESS
(METRES)
from

unit base
¥ 4 .

€ Sandstone, interbedded with shaly silt-
stones, light to dark grey, yellowish
brown, weathering light brownish yellow
to dark brown, fine grained; sandstones .
are ripple crossbedded and lenticular i%
places, 2 to 10 cm thick, siltstones are
lenticular bedded with some flasers,

runzel marks; weak bioturbation. ‘

7 Shale, dark, papery, dark grey, weathering
dark brownish grey; finely laminated,
fresh rock is massive looking.

6 Sandstone, silty, interbedded with shaly
- siltstones; light grey to dark yellowish -
brown, weathering light brownish yellow
to dark brown, fine grained; thin bedded,
0.5 to 2 cm ‘thick, wavy bedded with 'mud
drapes on some sandstcnes, several scour
surfaces arid shale chip horizons; weak
bioturbatibﬁﬁw‘ |

5 Shale, silty, interbedded with a few fine-
grained sandstone lenses, dark to light
grey, weathering to dark brownish . grey;

finely laminated, limy mud horizon at top
of unit; weak bioturbation.

kL Siltstone, interped&gd with sandstones and
silty shales, light grey, buff and yellow-
* ish brown, weathering light brownish
yellow and dark"'\brown;'composition'and
bedding highly variable, wavy and flaser
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UNIT - . ~ THICKNESS
| a (METRES )
. K from
. ‘ .. . unit Dbase
' bedding. - ' 0.3 © 4.6

3 Sandstone, light grey, weatheringrto light
yellow, fine grained; massive, structure-

less, contains some sand-filled channels. 0.k L. 3.
) . - f

2 Sandstone, interbedded with sandy silt-
stones, light grey to light yellowish.
grey, weathering l1ight brownish yellow,
fine grained; ripple crossbedded, 2 to
20 cm thick, mud drap'es on some sandstones,

A interference ripples, swash marks, runzel
marks becoming more common towards the
top of the unit, scour-and-fill; weak
bioturbation but tracks and trails common. 2.4 3.9

1 Sandstone, white to light grey, weathering
light yellow to 1light brownish&yellow,
*fine grained; megaripple morphclogy and
steep crossbedding, 10 to 60 cm thick,
many scour surfaces with shale chip and
brachiopod fragments as scour lag. 1.5 1.5
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| LOCALITY E
' ., THE BEACH .
: o THICKNESS
(METRES)

fro
unit bas

\

28 BSiltstone, sandy, shaly, interbedded with

: sandstone lenses znd shales, medium to
dark grey, weathering light prownish grey. _l
sandstories are fine grainedf horizontally
planar laminated and wavy thin bedded,
sandstone .lenses are current ripple cross-
bedded, broad and thin, 1 to 5 cm thick;
moderatelylbioturbated. ‘

27 Sandstone, silty, light +o medium grey,
. weathering yellowish grey, fine grained;

parallel crossbedded and current ripple
crossbedded, 10 to 20 cm thick, thin

silty partings, runzel marks are common,

26 Sandstone, silty, with shaly lenses, light
S to medium grey and yellcowish brown,
weathering light to dark brown, fine

grained; current ripple crossbedded with
silty 1enses,%flaser and lenticular
bedding; weak bioturbation. ..

.25 Siltstone, sandy, shaly, interbedded with
- sandstones towards the top, and sandstone
lenses, light to dark grey, weathering
light brownish grey:; sandstones are fine
grained and currént ripple crosébedded,
siltstones are planar laminated or wavy
thin bedded, some flasers towards the
' top, runzel marks; weak to moderate

bioturbation. \

24 Shale, silty, with soméigﬁnor siltstones,

buff, weathering to light yellow and
\ By '

e
(‘\\ - *
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UNIT “E' ’ : THICKNESS
. ’ ’ (METRES)

from

- ‘ - . -unit Dbase

'

, brownish yellow; bedding cbliterated; very
highly bioturbated. ¥ . 1.1 36.3

23 ©Siltstone, shaly and sandy, with fin?- Y
grained sandstone lenses, light grey,
brownish grey and yellowish grey, weather-
ing to light brownish yellow and reddish
brown; wavy and lenticular bedded, sand-
stone lenses are 0.5 to 3 em thick:
moderately bioturbated. ' 2.2 35.2

22 Shalé, silty, buff to yellowish brown,
weathering to light brownish yellow;
bedding obliterated by bioturbation, a
few fine-grained sandstone lenses; highly
bioturbated. : . 1.3 33.¢0

21 Siltstone, shaly, interbedded with silty
shales, dark shales and sandstone lenses,
buff to light grey, weathering light
yellow; thin bedded, 0.5 to 2 om thick,
wavy and lenticular bedding, becoming san-
dier towards the top; moderate biotur- ’
bation. . . 2.3 31.2

20 Siltstone, sandy, interbedded with sand-

stones and some sandstone lenses, light

yellowish grey and dark brownish, weather-

ing 1ight. to dark yellowish brown, sand-

stones are fine grained; thin wavy bedded

wiﬁh some flasers, sandstones are'ripple

crossbedded, 5 to 20 cm thick, some

runzel marks; weak bioturbation. ‘ ) 1.9 .29.4

£




THICKNESS
] (METRES)
from-
¥ unit

base

19 Siltstone, shaly, sandy, interbedded with

sandstone lenses and shales, buff, light
yellowish brown and dark brown, weathering
brownish yellow; thin bedded, wavy and len-
ticular, sandstone lenses are current ¢ “

. rippled; moderately bioturbated. k.9

18 Siltstone, shaly, with minor fine-grained

sandstones, buff to light grey, weathering }
brownish T¥ellow; lenticular and wavy
bedded; moderately bioturbated. 1.2

. . N

Sandstone, silty, interbedded with sand-
stone lenses and becoming siltier towards
the top, light grey and light to dark
yellowish brown, weathering dark brown,
fine grained; sandstones are current rip-
ple crossbedded, and wavy bedded with the
siltstones, runzel marks are common; weak

Y

bioturbation.

2.3

16 Sandstone, very light yellow to light grey,
= »

weathering light brownish yellow, medium
to fine gbained; bedding is massive but
shows megaripple morphology and some .
‘distinct large-scale‘crossbedding, scour .
surfaces are common, often filled with dark,
finely laminated, ghaly si,ltsfones.

15 -Sandstone. with thin silty partings, inter—_

bedded with sandy siltstones, light
yellowish grey to dark brownish grey,

weathering to yellowish brown, fine

27.5

22.6

21.4




THICKNESS
(METRES)
from

- unit base

grained; sandstones are thin bedded planar

laminated or ripple crossbedded, 'silt-
stones are wavy.bedded, some runzel marks; Py
weak bioturbation. : . 1.7

14 Sandstone, white to light grey; weathering

' light yellow to light brownish yellow,
fine grained; megaripple morphology and
large-scale parallel crossbedding, 10 to
50 cm thick. '

13 Siltstone, sandy, interbedded with sand-
stones and sandstone lenses, light
vellowish grey to light brown, weathering
light yellowisr_l brown, sandstitones are
fine grained; wavy and lenticular bedding,
sandstones are ripple crossbedded or
'p’],a.na} laminated, thin bedded; weak
bioturbation.

12 Shale, dark, papery, dark grey, weathering
black; finely laminated, fresh rock is
massive looking.

~ 11 Sandstone, carbonate cemented, light grey
weathering light yellow, fine:ito coarse
grained; planar laminated or parallel
me garipple crossbedded, many scour
surfaces, thir}x .shale partings.

10 Shale, dark, interbedded with siltstones
-and thin sandstone lenses, light to dark
grey, weathering black and light yellow-
ish; finely laminated, wavy and lenticular




UNIT . THICKNESS
: : ) : ) (METRES)

s , from

. unit Dbase

bedding; highly bioturbated. 1.3 10.

9. Sandstone, silty, interbedded with shdﬁf!
siltstones; light grey to dark yellowish
brown, weathering light brownish yellow
to dark brown, fine grained; thin bedded,
0.5 to 2 cm thick, wavy bedded with
flasers, several scour surfaces with
shale chip lag deposits; moderate
bioturbation. ‘ 1.1 8.8

8 $andstone. silty, interbedded with dark
. shales and sandy siltstones, light to .
gark grey and dark breownish grey,
weathering black and 1ight to dark
yellowish brown, fine to coarse grained;
flaser, wavy and lenticular bedding,
sandstones are planar laminated or ripple
crossbedded, runzel mayks common. 1.3 7.7

7 Sandstone, with some silty drapes, light
yellowish grey, weathering light yellow-
ish brown, fine to coarse “grained;
megarippled, with small- to large-scale
parallel crossbedding, rare flaser
bedding, some runzel marks, scour

surfaces are common with a coarse shﬁ}e
chip lag. . 1.2 6.4

6 Shale, dark, papery, dark grey, weathering
black; finely laminated, fresh rock is
‘massive looking, contains sandstone ball-
\_ and-pillow structures. : 0.5 5.2
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UNIT - : ' THICKNESS
' - (METRES)

from

unit base

. 5 Shale, dark, interbedded with thin sand-
stones and siltstones, light to dark grey
and light yellowish grey, weathering
black, light grey and light yellowish
brown, sandstones are fine to medium
grained; shales are massive 1obking. very
finely laminated, siltstones are massive

'and graded, sandstones are thin bedded,

1 to 5 cm thick and ripple crossbedded,

wavy and lenticular bedding at the top

and bottom, mudcracks are common, slightly
bioturbated. ' 1.7 4.7

4 Sandstone, with some silty d}apes, light
R yellowish grey, weathering light yellow-
' ish brown, fine to coarse grained; @ega—
rippled with small- to large-scale
parallel crossbedding, interference
ripples, scour surfaces are common. 0.4 3.0

3 Shale, dark, interbedded with silty sand-~
stones towards the top, light to dark
grey and light yellowish grey, weathering
black and light yellowish brown, sand-
stones are fine to medium grained;
lenticular and wavy bedding, shales \
are structureless, sandstones are ripple

}

crossbedded,;” rare flasers. : 1.2 2.6

2 Sandstone, white to light grey, weathering
light yellow to light brownish yellow,
fine grained; megarippled with large-
scale ﬁgrallel crossbedding, 10 to 30 cm




THICKNESS
(METRES )
~ from

-unit Ybase

thick, many scour surfaces. : Aﬂ 0.5 1.4

’

1 Sandstone, interbedded with dark shales,
‘light to dark grey,‘weatheriﬁéqiightvg
yellowish brown and black, fine to medium

-~ grained; wavy bedded, small ball-and-
pillow structures, sandstones are ripple
crossbedded, flasers and mudcracks are

- common; moderate bioturbation.
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LOCALITY F

Y

FRESHWATER COVE (PARSONVILLE) |

THICKNESS
(METRES )

. from
unit Ybase

12 Siltstone, sandy, interbedded with shales
.and fine-grained sandstone lenses, yellow-
ish grey, weathering yellowish brown and
reddish brown; wavy and lenticular bedded,
sandstone lenses are 1 to B cm thick and
are current ripg}e crossbedded, inteY-
ference ripples, runzel marks, and mud-
cracks; silts and shales are moderately
biotugbated, some blue phosphatic ‘
ijngulﬂd brachiopod fragments are common

in the sandstones.

11 Shale, silty, interbedded with minor silt-

stones, buff to dark grey, weathering

brownish yellow; bedding obscured;
“ moderate bioturbation.

<
10 Siltstone, sandy, interbedded with fine-

grained sandstone lenses and-minor shales,
Eark yellowish brown and grejﬁsh brown,
weatheiing yellowish brown and reddish
brown; wavy and'lenticular bedded, sand-
Stone’ lenses are 2 to 5 cm thick and

. interference rippled, sard-filled tidal "
channels 30 to 60 cm wide; moderately
bioturbated, lenses of brachioped

fragments are common.

9 Siltstone, shaly, sandy, buff to light grey,
weathering yellow and reddish brown; wavy
and lenticular bedding towards top;
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UNIT ) . THICKNESS
{* ~ (METRES)

’ from

unit - base

8

| -

moderately to highly bi urbated, some
large lenses of blue brachiopod fragments. 0.9 7.2

8 Shale, silty, with sopeﬂminor siltstones,
buff, weathering to light yellow and
brownish yellow; bedding oﬁliterated;
vyery highly bioturbated. 0.4 6.3

7 Siltstone, shaly, with minor fine-grained
sandstones, buff t¢ light grey, weathering
brownish yellow} lenticular and wavy
bedded with some black shale interbeds;
moderately bioturbated. . 0.9 5.9

6 Silts%one. sandy, with fine-grained sand-

stone lenses, light grey and light

yellowish grey, weathering brownish

'yellow and reddish brown; sandstone lenses . =
are 3 to 15 cm thick and laminated or’ . v
curreht ripple crossbedded, interference )
ripples, runzel marks and rare raindrop o . .
impressions; low bioturbation. E - 0.9 5.0

5 Siltstone, shaly and sandy, with‘fine—
' grained.sandstone lenses, light grey,
brownish grey and yellowish grey,
weathering to light brownish yellow and
reddish brown; wavy and lenticular bedded;
sandstoneglenses iﬂe 0.5 to 3 . cm thick;
-moderately bibturbated. : 1.1 4.1

L4 Sandstone, silty, interbedded with fine- .
, grained sandstone lenses and some dark

¥s\> ‘ shales, 1ight to dark grey, brownish grey =~ ~ e
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UNIT

THICKNESS
(METRES)
from

unit base

3

2

1

and greenish grey, weathering to brownish

grey and reddish brown; sandstone lenses
are 3 to 20 cm thick and are laminated or
paréllel crossbedded, wavy and® flaser bed-
ding, runzel marks and some mudcracks,
shallow scours to 2 m wide; low bio-
turbtation but increasing upwerds, large

Cruziana at top.

Sandstone, light grey, light yellow or
pinkish, weathering medium grey; herring-
bone crossbedding, laminated or current
ripple crossbedding, sets are 10 to 15 cm
thick; 0.6

no fossils. . 1.9

Sandstone, some interbedded dark siltstones,
light grey to light pinkish grey,
weathering medium grey, fine grained;
parallel and wavy laminated bedding,
laminae are 2 to 4 cm thick, some shale
chip conglomerate and brachiopod fragment !
horizons,

Sandstone, interbedded siltstones, light
- grey and yeéllowish brown, weathering
medium grey, fine grained; ‘laminated or
current ripple crossbedding, laminae are
2 to 4 cm thick.
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LOCALITY .G

FRESHWATER COVE-(NORTH)

UNIT ’ THICKNESS

) _ , (METRES)
: from

unit Ybase

21 Sandstone, white to light grey, weathering
TS light brownish yellow, medium to fine
grained; trough crossbedded, top of unit
is either inaccessible or not exposed.
This is the topmost unit of the Redmond
Formation. ' o.4 35,3

- 20 Sandstone, ¢ilty, interbedded with shales,
white to light grey, and dark brownish grey,
weathering light brownisim yellow to dark
, brown, fine to medium grained; silty
sands are thin bedded up to 6'cm thick
and ripple crossbedded, interference
ripples. 1.2 34.9

19 Shale, silty with a few thin sandstone
lenses, buff to dark yellowish brown,
weathering dark brown; finely laminated, )
becoming siltier towards the top of the
unit; highfy bioturbated, 1.8 133.7

18 Siltstone, shaly'. sandy, interbedded with
fine-grained sandstone lenses, dark grey
and dark brownish grey, weathering
yellowish grey and dark yellowish brown;
. ' siltstones are wavy and lenticular bedded,
sandgstone lenses are planar to wavy
bedded, up to 8 cm thick, interference
ripples, often planed off, runzel marks N
common; bloturbation high, surface tracks

and trails common. : 1.3 31.9




- THICKNESS
(METRES )

unit

from
base

Sandstone, light grey to light yellowish
grey, weathering light brownish yellow,

fine to medium grained; large-scale mega-

rippled, wave length greater than 2 m,
thick bedded. '

Siltstone, sandy, yellowiqg brown,
weathering to buff; Qinely laniinated;

bioturbation 5are.

Sandstone, light grey to light yellow,
weathering 1ight brownish yellow, fine )
grained; steep parallel crossbedding,
thick bedded, rill marks, megagcopic
stylolites, . |

Sandstone, with thin silty partings, light
yvellowish grey to dark brownish gre&,
weathering to yellowish brown, medium to
fine grained; sandstones are thin bedded,
planar laminated with some very shallow
large-scele crossbedding, increasing in
éteepness towards the <top of the unit,
8ilty partings are wavy bedded, interfer-
ence ripples, possibly poorly preserved
raindrop impressions, megascopic stylo-
lites,

13 Siltstone, sandy, shaly, with interbedded
sandstone lenses, yellowish brown to dark
brown and light grey, weathering light
brownish yellow to buff; flaser, wavy and
lenticular bedded, sandstone lenses Bre
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UNIT ’ " THICKNESS

‘ {(METRES )

from

unit Dbase

ripple crossbedded, 2 t0.25 cm thick,
.interference'and longitudinal ripples
often with scoured and bioturbated N
surfaces, runzel marks, possibly poofiyl

\

-y

preserved mudcracks or desiccation cracks;
moderate bioturbation, tracks and trails
. - common, brachiopod shell fragments common. 3.4 26.3

12 Sandstone, with thin, sillty and shaly
partings, light grey, weathering light
greenish brown, fine grained; massive,
N - steep trough crossbedding, some interference
' ripples on megarippled surfaces, silty
partings are wavy bedded,‘some me gascopic
stylolites:; rare bioturbation but tracks
and trails are common on some surfaces,
brachiopod shell fragmenfs increasingly
common towards the top of the unit. 2.8 22,8

11 Sandstone, silty, dark brown, weathering
. yellowish brown, fine grained; shallow
dipping to horizontal ‘planar bedded, .
1 to 3 cm thick, some interbedded, finely
laminated sandy siltstones, scour-and-filil

) , surfaces, megascopic stylolites; weak '
. bioturbation., . . 1.0 19.0

10 Sandstone, light grey to light yellow,
weathering light brownish yellow, fine
grained; massive, very homogeneous, bed-
ding .absent or obscure, planar, almost
horizontal at the top, with some faint,

very shallow-dipping, large-scale cross-
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UNIT - : THICKNESS
o R " (METRES)
‘ ‘ ;> ‘ unit izgz
, \__,/TA// B — .
bedding. . : ' 0.8 18.0
9 Sandstone, with silty partings, white to
1ight yellow, weathering light brownish
® yellow, medium to fine grained;'horizoﬁ-
tally planar laminated, 2 to 5 cm thick,
with some very shallow crossbedding, a few
shallow scour surfaces, rill marks, cur-
rent crescents, swash marks and possibly
wind blown foam prints; weak biotur-
bation, tracks and trails. 1.5 17.3

18 Sandstore, interbedded Qith a few thin

siltstone lenses, light yellow to light
yellowish brown, weéthering to brownish

yellow and dark brown, fine grained;v
horizontally planar laminated bedding *with

some very shallow, large-scale crossbedding,

2 to 5 ¢m thick, many erosjonél surfaces,
interference ripple surfaces on silty

lenses; weak bloturbation, tracks and

trails. 0.9

7 Sandstone, light grey, weatheriné light

brownish yellow, fine grained{ trough:
crossbedded, beds 1 to 5 em thick. 1:1

6 Sandstone, light grey, weathering light

brownish yellow, fine grained; trough
crossbedded, beds 1 to 5 cm thick; some
silty erosional partings thickening in
places to thin, dark greenish silty
sandstone laminae, some megaripple

15.7

14.8
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THICKNESS

(METRES)
from
unit bgse' )

morphology and megaripple crossbedding;
tracks and trails common in silty partings. 1.9

5 Sandstone,. very light yellow to light grey,

weathering light brownish yellow, medium

to fine grained; bedding 1s massive but
shows megaripple morphology and some
indistinct large-scale crossbedding, scour '
or'erosional surfaces are common, often
filled with dark greenish, finely
laminated, shaly siltstones, scour
horizons appear to be developed over

zones of small-scale current ripple
crossbedding in the megarippled sandstones;
tracks and trails are common in the silty
sandstones. . ' 7.6

4 Sandstone, interbedded with some greenish

silty sandstone lenses and shales, light

grey to light yellowish grey, weathering

to 1light brownish yellow, fine grained;
sandstones are ripple crossbedded, 2 to ;/

15 cm th , interference ripples, ruﬁzel

marks, scour and shale chip horizons, rilil
marks., 1.2

¢ 3 Sandstone, light grey, weathering light

yellowish grey, fine grained; megaripple
morphology and crossbedding, scours are
common. ' ‘ ' 0.8

2 Sandstone, light ey to 1light yellow,
weathering light\brownish yellow, medium

13.7

11.8
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THICKNESS

(METRES)

from

unit base

to fine grained; horizontally planar
laminated, bedding averages 1 cm in
thickness, a few scour and shale chip -
horizons, runzel marks, mudcracks, mega-
scopic stylolites; some weak bioturbation,
many tracks and trails.

1 Sandstone, massive, light grey, weathering
light yellow, fine grained; some megé—
ripple morphology, indistinct planar
laminations at the bottom of the unit.

s
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LOCALITY H

GULL ISLAND NORTH HEAD

ﬂ. =

THICKNESS
(METRES)
from

unit base

15 Sandstone, hematite oolitic, dark purplish
red, weathering bright reddish brown and
Tusty:oraﬁge, fineﬁérained; massive bedde?,
dxpodure is weathgred, obliterating

re; this unit is the remnant of
inion or? body which has been
usted by strip mining in this area;
phosphate nodules-are common as well as
medium-graingd phosphatic lingulid
brachiopod fragments.

14 Siltstone, shaly, sandy, interbedded with
sandstone lenses and shales, buff, light
yellowish brown, darkrbrown, weathering
brownish yellow; thin bedded, waﬁy and
lentigularl bedding and texture are highly
variable. sandstone lenées are current
rippled; moderately bioturbated.

13 Sandstone, hematite oolitic, dark purplish
;ﬁd, weathering bright reddish brown and
fusty orange, fine grained; massive and
large-scale steep to shallow dipping
crossbedding; abundant medium-grained
phosphatic brachiopod fragments.

12 Shale, silty, buff to yellowish brown,

‘ weathering to light brownish yellow;
bedding obliterated by bioturbation, a
few fine-graiﬁed sandstone lenses; highly
bioturbated.




THICKNESS
(METRES)
from

unit base

11 Siltstone, sandy, shaly, interbedded with
sandstone lenses and oolitic hematite,
light yellowish brown, dark brown and
purplish red, weathering brownish yellow
and brownish red; bedding and texture are
highly variable, wavy and lenticular
bedding, medium to thin bedded, quartz
sandstone_and oclitic hematite lenses are
current ripple crossbedded, there is an
upwards gradation in the composition of
the, lenses from politic hematite at the
bottom to quartz sand at the top of the
unit; moderately bioturbated,

10 Sandstone, hematite colitic, dark purplish
red, weatherirnig bright reddish brown and

rusty orange, fine grained; massive, with
some large-scale crossbedding and probable
herringbone crossbedding; phosphatic
brachiopod fragments are common.

9 Shale, silty, buff to yellowish brown,
weathering to light dbrownish yellow; very
thin bedded, a few sandstone lenses;
highly bioturbated.

8 Sandstone, hematite oolitic, dark purplish
red, weathering bright reddish brown and
rusty orange, fine grained; massive with
some large-scale -crossbedding and probable
herringbone crossbedding; phosphatic
brachiopod fragments are common. 7




UNIT THICKNESS
(METRES )
from
unit Ybase
? Sandstone, silty, lenticular, interbedded
with 'siltstones, light grey and light to
dark yellowish brown, weathering dark
brown, fine grained; lenticular and wavy
bedding, thin bedded; moderate bioturba-
tion. ' 0.7 5.5
6 Shale, silty, interbedded with sandstone
and sandstone lenses, light grey, buff
and light brown, weathering to light
yellowish brown, sandstones are fine
grained; thin bedded, sandstones are
current ripple crossbedded, some shallow
sand-filled channels; highly bioturbated. 0.7 4.8

5 Siltstone, sandy, interbedded with

lenticular sandstones, light to dark
yellowish brown, weathering to light
brown, sandstones are fine grained;
lenticular and wavy bedding, thin bedded,
some shallow sand-filled channels; highly
bioturbated.

4 Sandstone, silty, interbedded with silt-

stones and shales, light grey, light
yellowish brown and dark brown, weathering
td brownish yellow, fine grained; thin to

0.3 4.1

medium bedded, lenticular and wavy bedding,

thicker sandstones are large-scale cross-
bedded, a few hematite oolite lenses;
bioturbation is moderate.




THICKNESS
(METRES)
from

unit Dbase

3 Sandstone, hematite oolitic, dark purplish
' red, weathering bright reddish brown and

rusty orange, fine grained; massive:

bedded, with some, large-scale cross-
bedding and herringbone crossbedding,
some shaly interbeds.

«2 Sandstone, silty, hematite oclitic, inter-
bedded with shales and quarti sand, dark
purplish red, yellowish brown, weathering
reddish brown and light yellowish brown,
fine grained, sandstones are medium
bedded to 10 cm thick and large-scale
crossbedded, several scour and shale chip

horizons; weak bioturbation.

1 Shale, silty, interbedded with sandstone
lenses, dark grey, yellowish brown,
weathering light to dark brown, sandstones
ane fine grained; thin to medium bedded,
wavy and lenticular bedding, sandstones
are ripple crossbedded, runzel marks are
common, shallow sand-filled channels;
moderate bioturbation.
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e LOCALITY I

’ POWERS, STEPS
m

UNIT THICKNESS
, (METRES)

from
unit base

w,

20 Sendstone, silty, light grey, weathering
light to medium grey, fine gralined;
horizontal planar bedded or massive,
becoming thin bedded towards the top,
generally structureless. 0.7 43.8

19 Siltstone, shaly, interbedded with fissile
silty shales and fine-grained sandstones,
light to dark grey, weathering light grey
or brownish; sandstones are up to 10 cm
thick, and horizontal planar or ripple
bedded, siltstones are wavy bedded,

. " runzel marks, interference ripples; weak
bioturbation. 4 S 1.3 43.1

IS

- 18 Sandstone, fine grained, massive, white to
"light grey, weathering light grey; .
horizontal planar bedded with interference-
rippled surface, : 0.6 41.8

17 Siltstone, shaly, interbedded with fissile
8ilty shales and fipe-grained sandstones,
light to dark grey, weathering light grey
and reddish brown; sandstones are up to
10 cm thick, planar or ripple bedded,
siltstones are wavy bédded, runzel marks,
interference ripples; little bioturbation,
many tracks and trails. , 1.5 41.2

16 Siltstone, massive, interbedded with fine-
grained sandstone lenses, light to medium
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e
UNIT THICKNESS
(METRES )

from
unit base l

grey, weathering light grey or reddish
brown; sandstone lenses are up to 30 cm

thick and display large-scale crossbedding,'
some carbonate-cemented sandstones

weather reddish brown, flaser and wavy
bedding, iinterference ripples, runza{K

marks. 0.8 39,7

15 ©Shale, silty, interhbedded with some silt-
stones, light grey, weathering light grey
or brownish; massive to medium bedded,
siltstones are ripple crossbedded and
become abundant towards the top of the
unit; bioturbation is generally weak but
strong in some beds, many tracks and .
trails. 3.7 38.9

14 Shale, silty, fissile, interbedded with
siltstones, light grey, weathering light
grey to light brown; siltstone beds are
1 to 5 cm thick, runzel marks; poor to
moderate bioturbation, : 1.3 35.2

13 Siltstone, limy, interbedded with carbonate-
cemented, fine-grained sandstones, light
grey, weathering dark reddish brown;
massive bedded up to 40 em thick, a few
longitudinal ripplesy septarian nodules
and cone-in-cone structure is very common;
(trilobite, orthocone cephalopods). 0.3 33.9

12 Shale, silty, fissile, interbedded with
siltstones towards the top of the unit,




THICKNESS
(METRES)
from

unit Dbase

light to medium grey, weathering light
grey to dark brown; siltstones are very
thin bedded, increasing upwards to 3 or
5 em thick, planar or ripple bedded;
bioturbation weak, increasing upwards,
graptolites, Didymograptus nitidus.

11 Shale, dark, fissile, interbedded with some
siltstones, light grey, weathering light
to dark grey or brownish; siltstones are
planar or ripple bedded, generally less
than 5 cm thick, a siltstone bed at
24.3 m is approximately 3 m thick,
bedding is at an, angle of repose of 12°
to the primary horizontal; bioturbation
is weak, 10.7 31.2

10 Shale, dark, fissile, dark grey, weather- |
ing light to dark grey or brownish; very
rare siltstone beds, 5.0 20.5

9 Shale, dark, fissile, silty, interbedded
with scme siltstones and fine-grained
sandstones, 1ight to dark grey, weather-
ing 1light grey or brownish; sandstone and
siltstone beds vary from 1 to 5 em thick,
planar or ripple bedded, abundant limy
septarian nodules surrounded by cone-in-
cone structures along some horizons; )
bioturtation is nil to weak, graptolites,
Didymograptus nitidus. '

8 Shale, dark, fissile, intercalated with




THICKNESS
(METRES)
from

unit base

oolitie pyrite beds, light to dark grey,
weathering dark brown and light greenish
yellow; oolitic pyrite beds are 3 to 7 cm
thick and ripple bedded, they also contain
pyritized graptolite fragments, phosphatic
shell fragments and pyrite-coated shale
pebbles; weak to moderate bioturbation,
tracks and trails, graptolites, Didymo-
graptus nitidus.

7 Ironstone, oolitic pyrite, light grey and
light yellow, weathering light greenish
yellow; oolitic pyrite also contains
pyritized graptolite fragments, phosphatic
shell fragments and pyrite-coated shale
pebbles in a siliceous matrix, graded
bedding with a rippled surface; tracks
and trails common, graptolites, Didymo-
graptus nitidus.

. Siltstone, 1light grey, weathering dark
brown; massive, structureless.

Shale, massive, black, weathering dark
brown; interbedded in places with
phosphatic shelly and shale pebble con-
glomerate beds. '

Shale, silty, containing a few hematite
streaks, light grey and reddish brown,
weathering dark brown; massive, structure-
less., '

Shale, black, massive, interbedded with

v
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UNIT THICKNESS
(METRES)

from

unit TDbase

iron-rich red shales and pebble beds,
black, dark grey and reddish brown,
weathering dark grey or dark reddish brown;
pebble beds contain mostly phosphatic
shell fragmehts and shale chips with some
oolitic hematite and coarse sand, many
erosion and scour surfaces; weak biotur-
bation. 1,8 6.3

2 Siltstone, hard, black, with some streaks
of hematite ore, weathering light reddish
brown; massive, but with occasional small- (
«// ‘ scale ripples. 1.3 4.5

1 Ironstone, hematite oclitic, fine grained,
bright purplish red, weathering reddish
brown or bright rusty orange; massive
bedded with some small-scale current
ripples and raindrop impressions at the
base, weathering obliterates most
structure; contains phosphatic nodules
and shell fragments, Lingula hawkei,
boring algae, some weak bioturbation, 3.2 3.2
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LOCALITY J

UPPER GREBES NEST POINT AND GRAVEL HEAD

THICKNESS
(METRES)
from
unit base

16 Shale, dark, pyritic, dark grey to black,
weathering light grey and brownish yellow;
- fissile; bioturbation is rare,. 10.3 40.0
15 Sandstone, hematite and chamosite oolitic,

dark red to dark purplish red, weathering
bright reddish brown and rusty orange,
fine grained; massive; contains some
medium-grained phosphatic brachiopod
fragments,

14 éhale, dark, with silty partiﬁgs and
hematite streaks, interbedded with some
sandstones; light to dark grey or reddish,
weathering dark brown to black, sandstones
‘are fine grained; shales are massive,

sandstones are rippled and crossbedded,
0.5 to 3 cm thick; weak to moderate
bioturbation. , . ' 3.3 29.0

13 Sandstone, hematite and chamosite oolitic,
with many shale and sandstone lenses and
phosphate nodules, dark red to dark
purplish red, weathering bright reddish
brown and rusty orange, fine grained;
massive with some small-scale ripple
crosebedding; some weak bioturbation
evident including telopodite scratches,

12 Shale, dark, massive, interbedded with
fissile shales and fissile silty shales,
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UNIT THICKNESS
X ) (METRES)
from

unit Dbase

L ) some thin beds of greenish fine-grained

. sandstone with phosphate nodules and

. shell fragments, often streaked with

hematite, light to dark grey and reddish,

weathering 1ight grey to black and

. brownish; bedding varies from thin and

fissile to massive, up to 40 cm thick;
bioturbation is rare. 2.2 23.3

'11 Shale, silty, massive, streaked with
hematite and chamosite oolites, and with
some beds of fine-grained sandstone
containing phosphate nodules and brachio-
pod shell fragments, light to dark grey
and reddish, weathering black and .
purplish brown. 0,6 21.1

10 Shale, massive darK, streaked with hema-
tite, intercalated with phosphatic
pebbles, dark grey to black, weathering
black to dark brown; pebbles are of
various shapes but rounded, up to 2 ecm in /
length and consist of phosphate nodules, '
shale, and Shell fragments with some
hematite streaks and pyrite spherules, 1.4 20.5

9 Sandstone, with some thin shale partings,
white to light greenish grey, weathering
reddish brown, fine to medium grained;
current and interference rippled with
some flaser and wavy bedding, beds are
3 to 15 em thick, ball-and-pillow
structure at base; poor to moderate
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UNIT : THICKNESS
(METRES)

unit

from
base

bioturbation. 1.0

8 Shale, dark, silty, interbedded with many
sandstone lenses and dark, fissile shales,
white to light greenish or dark grey,.
weathering light to dark brownish grey,
sandstones are fine grained; lenticular
and wavy bedded, sandstones are current
and interference ripple crossbedded or
horizontal planar laminated, beds vary
- from 6.5 to 3 ecm in thickness, runzel

~ marks; bioturbation varies from poor to
moderate in shales and silty shales to
extreme through the sandstones. ' ‘2.0

7 Sandstone, interbedded with siltstones and
sandy siltstones becoming sandier upwards,

white to light yéllow. weathering brownish -

yellow, fine grained; current rippled,
' flaser, wavy and lenticular bedding,
sandstone beds are up to 15 cm thick;
extreme bioturbation including mud-filled
Skolithos. , 1.0

6 Shale, dark, fissile, interbedded with
8ilty shales, siltstone lenses, silty
sandstone and phosphatic pebble beds,
white and 1light to dark grey, weathering
brownish yellow amd medium to dark grey,
sandstones are fine grained; sandstone
and siltstone beds and lenses vary from -
0.5 to 5 cm in thickness, and are
horizontal planar laminated or ripple - o

19.1

18.1




THICKNESS

crossbedded, wavy and lenticular bedding,
pebble beds consist of phosphatic nodules
and shale fragments, and shale chips;
ffoderate to high bioturbation.

5 Sandstcne, hematite and chamosite oolitic,

dark purplish red and dark green,
weathering bright reddish brown and -rusty
orange, fine grained; chamosite occurs in
a5 to 15 cm thick bed at the top of the
unit, highly weathered but displays faint
large-scale parallel crossbedding and
some small-scdle ripple crossbedding.

Siltstone, shaly, interbedded with some

-fissile shale, dark grey, weathering light

grey; massive but in places displaying
some faint ripple crossbedding, runzel
marks; moderate bioturbation.

Sandstone, hematite oolitic with many shaly
lenses, dark purplish red, weathering
bright reddish brown, fine grained.

Shale, silty, dark greenish grey, weather-
ing very dark brown, massive bedded; rare
bioturbation.

Siltstone, sandy, interbedded with sand-
stones, silty shales and dark, fissile
shales, light to dark grey, weathering
reddish brown and light grey; sandstones

are fine-grained lenses, 3 to 25 cm thick,
silts and shales occur in beds 0.1 to 2 cm

(METRES)
from

unit Dbase
6.7 15.1
2.4 8.4
1.3 6,0
0.3 4,7
0.4 4.4
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THICKNESS
(METRES)
from

unit Dbase

thick, with bedsets up to 10 cm thick,
wavy and lenticular bedding, runzel marks,
mudcracks and large scour-and-fill
structures up to 2 m in width; moderately
or occasionally highly bdioturbated.
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