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·• ABSTRACT 

The stratigraphy · of the Lower Ordovician Bell Island . 
and Wabana Groups was studied in order to determine their 

deposi.t.ional environments. A proposed depositional model was 

then used to study the environment of fo~tion of ~he 

Wabana .ironstones. 

Accessible stratigraphic sections were measure~ i n 

detail and the data compared to documented ex·amples of 

modern and ancient environments of a generally similar na(ure. 

On the ~asis of this study a modified geol ogical 

subdivision is proposed. The division of~he 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 stratas interbedded 

sandstones, siltstones and shales interpreted to be a tidal 

'flat complex, and massive sandstones interpreted to be an 
~·,. } 

offshore barrier or tidal bar. Three subenvironments of the 

tidal flat complex were recogni~ed1 the s ubtidal , 

intertidal and supratidal. 

Coarsening- and ·shoaling-upwards sequences at two 

locations may be prograding delta cycles, suggesting that 

the over all environmental control may have been that of a .. 
high-destructive, tide-dominated delta system. Paleocurrent 

directions support these interp~etations. 
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Provenance studies indicate that the source _terrain 

was Precambri9n volcanic, plutonic and probably sedimentary 

rockG that are exposed nearby on the Avalon _Peninsula. 

Detrital garnet I . muscovite and met amorphic r ?ck fragments . 

may have been deriv~d fr6m a pr~senily : unexposed crystalline 
~ 

basement. 

The chamosite ooli~es apparently formed as primary 

precipitates in shallow lagoons and accumulated on tidal 

bars and tidal flats where th~ were oxidized, possibly to 

goethite, forming hematite on ~~agenesis. The periodic 
. . 

occurrence of ironstones in the str.ata may be . the result of 

migrating de l ta ?~tributaries. 

A general correlation of the ~/abana iron ores with 

similar Lower Ordovician deposi t s of Nova Scotia, North 

Africa and Europe is known. The sedimentology of the host 

rocks, where stud~ed, appears to be strikingly similar to 

that of the Bell. Island and Wabana Groups. 
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CHAPTER 1 

INTRODUCTION 

' 
A sequence of sedimentary rocks and iron ores of 

Lower Ordovician age are exposed on three islands i n 

Conception Bay, s outheast Newfoundland (Fig. 1) . The lower 

part of this sequehce, the Bell Island Group (Rose, 1 952 ), 

crops out on Kellys Island, Little Bell Island and Bell 

Island; t he upper part of the sequence crops out only on Bell 

Island. Bell Island is approximately 4J square kilome t res in 

area anQ ,is the largest and only inhabited island of t he 

' three. F:lve irons tone beds are exposed on Bell Island and 
• 

threehave been economically exploited, supportihg a 

mining industry for over 70 years. Operati ons ceased in 1966. 

The stratigraphic sequence is well exposed a long 

narrow gravel beaches a t the base of high coastal cliffs. (Fig. 

2 ). On Bell Island, the majority of these exposures are Within 

reasonable wal king distance from a road. Other isolated 

coves, as well as 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 objective1 (a) because no 

formal subdivision of the entire Lower 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. 
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nomenclature: (b) to expand the interpretation of t he depooi tional. 

environment of the Bell Island and Wabana Groups and..attempt to 

relate this environment to ree;ional geology; (c) to recognize 

which aspects of the depositional enviromnent favoured the 

formation of the iron ore beds . 

Regional Geology 

The Island of Newfoundl9nd constitutes the northeast

ern limit of the Appalachian Mountain System and, on a firs t 

order scale, has three principal stratigraphic-tectonic 

belts which trend in a northeasterly direction (Williams, 

1964: Kay, 1967). The middle unit. the central moo·ile belt, 

comJlr.ises deformed Paleozoic geosynclinal sediments and 

volcanics. It is bounded on the northwest and southeast by 

Precambrian terrai ns that were gently subsiding stable 

elements during the Lower Paleozoic, upon which shelf deposits 

were accumulating (Williams, Kennedy and Neale, 1972). 

The northwestern Precambrian belt consists of 

gneisses, schists and granites of the Long Range Mountains 

in western Newfoundland. The lithology and structure indicate 

that these rocks are Grenvillian inliers o:f the Canadian 

Shield (Clifford and Baird, 1962). The overlying shallow-

water shelf sediments, dominantly carbonates of Cambrian to 

Lower Ordovician 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 

' 
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Neale, 1972 ), on the o ther hand, c o~sists of Precarr.brian 

rocks that are wel l exposed in Newfoundland, but poor ly 
,. . s ~ 

represe~ted in the e astern part Jf the Un1ted tates 

Appalachia~ s y stem. Th e l i thol ogies consist of little-

defo nned Late Precambrian s,e d i ments, volcanics and 

p lutonic r ocks. 

On t he Avalon Peninsula, the Pre cam brian rocks can be 1 

placed into three broad divi sions. These are reviewed by 

McCartney (1 967 ) and consist of (a) acid to mafic volcanics 

of the Harbour Main Group, (b) marine volcanic sediments 

and tuffs of th e Conception Group and (c) marine and 

alluvisl volcanic sediments of . t he 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-vo l canic phase of erosion and sedimentation 

(Cabot and Hodgewater Groups). The Holyrood Plutonic Series, 

consisting mainly of quartz monzonite and grani t ·e, intrudes 

the Harbour Main volcanics. It is considered by Hughes and 

Bruckner (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 

platfonn. 

Overlying the Hodgewater Group either conformably or 

unconformably at a slight angle (McCartney, 1967) is from 
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6 to 150 metres of white unfossiliferous quartzite of the 

Random Formation, either latest Hadrynian or earliest 

Cambrian in age. McCartney (1967) considers the Random 

quartzite to be reworked conti~ental sediments along the 

shoreline of an advancing Cambrian sea. The Random quartzite 

does not occur around Conception Bay and Cc;mbrian beds here 

lie with angular unconfonni ty directly upon the Harbour Main 

volcanics and the Holyrood Plutonic Series. At Manue ls , near the 

Conception Bay coast just south of Bell Island (Fig~ 1), the 

basal Cambrian is a conglomerate, six metres thick, 

consisting of coarse angular to subrounded clasts (Rose, 

1952). 

Paleozoic R@cks of the Avalon Zone 

The Cambrian rocks of the Avalon Zone occur in widely 

scattered outcrops, but their lithological sequences are 

readily correl~table between outcrops (Hutchinson, 1962). 

Hutchinson (1962) 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 number 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, i n"'cerni ttently subsiding basin whose axis 

trended just eas"'c of n~o rth during tf1e Cambrian times, with 

probable sh orelines to the east and west (Hutchinsor., 1962). 

Good fossil control is provided by trilobi tes which 

be long to t he North Atla.'"ltic province (Walcott, 1888 ; 

Howell, 1925; Hutchins on, 1956: Fletcher, 1972). 

The Lower Ordovician Bell Island and Wabana Groups 

consist of at least 1500 metresJof interbedded micaceous 

sandstones, siltstones and shales. The Cambro -Ordovician 

contact probably occurs somewhere under the waters of 

Conception Bay between Kellys Island 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 Cambrian times _II 

apparently persisted into the Lower Or.dovician. 

The only other Ordovician rocks of the Avalon Zone 

are exposed west of TTinity 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, 196); Dean, 1970). They are possibly 

correlative with unexposed rocks below Conception Bay 

between Manuels and Kellys Island (McCartney, 1967). 



History and Previous Work 

The native people of Newfoundland, the Beothuck 

Indians, were tradi tiorially lrnown as the "Red Indians" due 

to the practice of staining themselves with red ochre. This 

.was obtained from naturally occurring ferric hydroxide . 

(Howley, 191 5 ), for which the ironstones on Bell Island c ould 

have provided a ready source. Tnere is no conclusive evidence 

of native visits to Bell Island, however Mr. Arthur Parsons of 

Parsonville, Be l l Island, has shown the author a fragment 

of a ground, r e d slate spearhead which had been plowed up. 

This implement was subsequently shown to Dr. J. Tuck of t he 

Anthropology Department, Memorial University, who maintains 

that it is of prehistoric origin, probably of a type used t o 

hunt seal<> . 

It appears that earl y 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" (1819), 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. ) 67-368) . 

These reports we~ither not generally known or were 

forgotten, because the commer~ ial "discovery" of the deposits 

came only in the 1890's. 

The first ment i on of the Bell Island st~ata in the 

-~ 
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geological l iterature was that of Jukes (1842 ), who made a 

gene ral sc.:.rve·y of Newfoundland geology as part of his 

"Ex:::ursions ir. and around Newfoundland during the Years 1839 

3.nd 1 840" . fie refers to the ":Oelle Isle shale and gri tstone" 

?.JJd gives a brief but accurate lithological description. · 

Jukes did not rec~gnize the · ironstones, but he did note "a 

reddish stone" and "red marl" (p. 250) and, elsewhere in hi s 

report, the presence of a "bright red sandstone, 8 feet 

t hick, in the upper beds of Belle Isle" (p. 276 ). Of what is 

now k.""!own to be a rich ichnofaunal assemblage, Jukes wrote 1 

'"On 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). 

AlexG.nder Murray (1881) published a stratigraphic 

cr oss -section through the Avalon Peninsula includin& a short 

lithological description of Kellys Island, Little Bell and 

Bell Island. The uppermost strata that he described were th~ 

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 value". 

\ 



• 

10 

The rights to the property were acquired by the Nova Scotia 

Steel and Coal Co. in 1894 and quarrying began in 1 895 . 

During 1912, 1913 and 1914 Van Ingen of Princeton 

Univers i ty led field parties to examine the Cambro

Ordovic~an 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 

I:~gen (1914) p:r;oduced a "table of geological formations of 

the Cambrian and Ordovician Systems about Conception and 

Trinity Bays" from his f i eld work. He divided the Lower 

Ordovician of Conception Bay into· the Bell Island Series 

and the 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, underto ok a 

field study of the· ore deposits during the summer of 1912, 
• 

subsequently writing his doctoral thesis on the Wabana iron 

ores, The thesis was published as a memoir of the Geo l ogical 

Survey df Canada (Hayes, 1915). 

Hayes concluded that the oolitic iron ores were of 

primary origin deposited under shallow water conditions and 

he discussed the chemistry of precipitation making the 

following poiritss 

-"p~netration 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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<;>raneously with the . chamosLte. (p. 70). 

-"it seems probable tha~ the iron· wa$ 

derived by long continued weathering of earlier 
c rystalline and sedimentary r ocks , t he s olut ion· 
of their iron content by mineral and vegetable 

acids an~ subsequent transportation of . t he iron 

salts into the sea. (p. 71 ). 
- "Cayeux' s theor y ... that an original 

l imestone has been transformed into ·an oolitic 

iron ore is absolutely untenable fo r the Wabana 

ore . " ( p . 7 2 ) • 

In 1926 , B. F. Howell summarized the Cambro-Ordovician ) 

str ati graph i c column of southeastern Newfoundland , compiling 

much of his information from the Princeton expedi~ions. 

Hayes (1 92 9 ) published an article on "Furthe r Studies 

of t he origin of the Wabana Iron Ores of Newfoundl and". His 

observation s indicated that the Wabana iron ore, during the , 
process of formation, was exposed to oxidizing conditions in 

a very shallow marine basin that was exposed to ai r over 

wide areas at low tide. 

E. · R. Rose 0952) produced a map and ge ol og.ical 

report of the Torbay map area, Newfoundland. Included in 

this report is the Lower qrdovician 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 Ro~e·s work did not allow a more detail~d descrip

tion of the strata. His observations on the depositiona l 

environment were the following• 

"Exclusive of the hematite beds, the r6cks 

---- ·· - - - ·- - - - -
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of the Bell Isl anc~ Gr oup are c on solidated 

clastic, marine sediments, most o f whi ch seem to 

have been deposited in the shallow water of a 

tidal basin with i ts included a nd marginal deeps ... 

"Thick zones of sr.ales represent deposition in 

somewhat deeper w2.t e r than that in which t he 

sandstones accumulated and zones of i nt erbedded 

shale and sandstone represent lateral gradationa l 

deposition to the mor e shall ow water sandstones. 

The latter show ripple marks, c ross-bedding , rain

drop impressions, wonn burrows, and other 

evidences of shallow wat er deposit ion ... 

"The fauna is further evide n ce of shallow water 

marine c onditions of deposition, and indic a t es 

a Lower Ordovician age." (p. J4). 

Rose (1952 ) ac cepted Haye s • (191 5 ) conclusions fo r a pri mary 

pr~cipitation of the ores. 

The first study in any de tai l of the Cambro-Ordovician 

sequence in C o~cepti on Bay wa s undertaken by Nautiyal (1966 ). 

The emphasis of the study was on pal eontology, and in 

particular, micropaleontology. A suite of microfossils 

including acritarchs· and Chitinozoa was collected and 

described 1 and was referred t o the Welsh-French province 

rather than to the interior North Ame rican-Northern S cotland 

province . 

Nautiyal' s (1966 ) s t udy included a det ailed geological 

1 · map. The Bell Island Group of Rose and Van lngen was re

tained (Van Ingen, 1914; Rose, 1952), but divided into three 

new fonnations. The Wabana Group was l owered to formational 

status and was divided into three members. This subdivision 

was not published and is therefore not form,al. 

______ ..;... _________ , _____ . -

' 
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. Th e ore and host rocks were again considered to be 

"primary, shallow-water 1 possibly tidal marine sediments, 

with the ore owing its existence to both physical and 

chemical processes" -essentially in agreement with Hayes 

(191 5 I 1 929) • 

Se ilacher 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 fac ies in mainl and North America. 

Bergstrom' ( 1 976) undertook a study o f the prolif i c 

trace fossils from the Cambro-Ordovician sequence in 

Conception Bay. His published study included a short review 

of the local geology and an informal ~ratigraphic sub

division . The ichnofauna he catalogued was typical of an 

"Acado-Mediterranean Province" and the habitat was considered 

to be "very shallow, 
I 

apparently partly intertidal." 
I 

Concerning the mine itself I many technical papers 

have been published over the more than seventy years of 

mining operations. Most have dealt wi.th engineering aspects 

of the operation and canno:t be considered as previous work 
'ff 

in a geological sense. Only tho• of geological interest are 

reviewed. I 

In 1924, J. B. Gilliatt . published a paper entitled 

/ 
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"F olQ. ing and Faulting o1' t he Wabana Ore Deposi ts", wh.:..ch 

I 
\ 

included a general summary of the geology o f Bell I sland . 

He o bser,reQ. that "depo sition of the strata was accompan i ed 

by a gradual sinking of th~ basin of deposition, so t hat 

shallow water prevailed during depos ition of many h undreds 

of feet of strata." Maj o r persistent vertical cleavage 

directions were observed trending approximately north 6 )
0 

east and north J5° west. The system of nonnal faults was 

related to c ompressional forces that produced th e broad, 

s hallow, synclinal structure of t he Paleozoic r ocks of 

Concepti on Bay. 

The question of ore distribution prompted Hayes (1931 ) 

to review the structure of Conoeptiol'l Bay. The northwestern 

extent and termination of the Cambro-Ordov ic ian succession 

(in particul ar as it affects the ore beds) was, and still is, 

~known. Hayes (1931) postulated arnajor fault zone 

extendin~~ from Colliers Bay to a point east of 'Baccalieu 

Island (Fig. 1) as the possible terminating struc ture. 

McCartney (19 54) did not believe there was suffic'ient 

evidence for the Colliers Bay Fault Zone. Whereas the 

Topsail Paul t shows up as a linear anomaly on the aero

magnetic map accompanying McCartney ' s (1954) repc;>rt, there 
. / 

is no similar feature trending along Hayes • (1931) postulated 

Colliers Bay Faul t Zotle. McCartney (19.54) suggested that 

"west of Bell Island · a north-plunging synclin.e or a 

structural basin may prove to be the dominant control of the 

/ 

. ... .. -· - .. -- ·--·----- .. - .... -----
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( ore horizons, with lesser complications introduced by faul ts" . 

Lyons (1957 ) presented an overview of t he Wabana iron 

o~e deposits, making reference to a de lta pattern as a 

contr ol of or e distribu t ion and suggesti ng 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 t he h istory and geology of the mines and the 

problems .of ore benefication. 

~ .. 

! 

j 
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CHAPTER 2 

METHODS 

Field Methods 

Stratigraphic sections were measured on two scales. 

Easily accessible exposures were me~sured in detail on the 

scale of 1 inch to 10 feet. (Sections 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 acc~ssible, 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. Lor.gitudinal current ripples were found to be best 

suited for this pur~ose. MOst current ripples were only 

slightly asymetric, so that measurement of the fore set dip 

direction was required to determine the direction of flow. 

Suitable three dimensional exposures wer~ not common. 

Corrections for regional dip of the rocks were not considered 

necessary when plotting the paleocurrent data. The dip • 
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varies between 8 and 10° and would not significantly alter 

the paleocurrent vectors. Rose diagrams show the percentage 
0 of measurements in each modal class of JO . 

Laboratory Methods 

·' i X-ra~ diffraction identification techniques were 

applied to a variety of green iron minerals in order t o 

accurately describe the lithology. Both whole rock Jib the 

magnetic fraction of each specimen were pulve.rized and 

prepared 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, 

septachiorite (chamosite), and 14~ chlorit e were de tec ted, • 
but determination of the exact chlorite species would require 

chemical techniques ~ 

Heavy mineral separations were carried out on several 

samples of si!ty sandstone and silty shal e. This was accom

plished by centrifuging the J to 4¢ fraction of the crushed 

sample in tetrabromoetnane for 20 minutes. After an acetone 

wash,the heavy minerals were 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 petrograph~ a point count of two 

hundred grains was carried ou~ on each sample. Some of the 

thin sections were stained with sodium cobaltinitrate in 



18 

order to simplify the i dentifi cation of orthoclase, 

Roundness was estimated using Powers' (1953) r oundness 

scale and sorting was estimated by comparison to a set of 

standard deviat i on images prepared by Folk (196 8 ). The 

sandstone classification of Folk (1968) was used in the 

petrographic descriptions . 

. Thin sections .from the collection o.f Nautiyal (1 966 ) 

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 o.f 

a particular feature. In the photomicrographs, thin section 

specimens from Nautiyal's collection are prefixed with the 

lett·er "N" followed ·by the original r:efer~nce number. 
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CHAPTER J 

STRATIGRAPHY 

Introduction 

Despite the economic importance and pal eontologic a l 

interest in the Lower Ordovician Be l l Island and Wabana 

s trata, a detailed stratigraphic section has never been 

published, although several smal l-scale and general i zed 

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 ~thin pebble bed consisting of phosphatic 

shell fragments and shaie clasts. Rose (19.52} changed the . . , 
status of the two units to the Bell Island Group and the 

WaDaha Group, pointing out that the disconformity was a very 

minor one and that there is no evidence of any significant 

interva;}. o'! nondeposition. Other workers (Nautiyal, 1966r 

Bergstrom, 1976) have pointed O\ft that there is no real 

justification for dividing the sequence into two groups. 

Naut i yal (1966) proposed a new classification :for the se -

·---------- ·- -· - ····· .. 
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TABLE 1. Table of Formations 

AGE VAN JNGEN NAUTIYAL 
(Bergstrom 1976 ) 1914 1966 THIS STUDY • 

N Gravel Gravel Head 
\./"\ Formation 
"' Head 
~ ~ Upper (>1 4m) . Upper 0 Grebes Nest 

tf)a.l . ...; Member 
ll>rn Ore Bed +"' p.. Poin t 

. ..... 0 unnamed (1j ;::! Formation 
~0:: E 0 

~· 
unnamed ~ (18m) 

0 t.:l Scotia 
cdp.. Scotia IL. 

ro Formati on ~;:l Ore Bed (1j ~ ( 4m) roo ~ cd 
.OS.... (1j Mi ddle .0 
roo .0 Member ro Powers 
3:ro (1j 3: 

s:; Pyrite 3: Steps 
~ 

ro Bed Formation .0 
ro ( ?Om ) 
iS Lower Mbr. 

·, 

• 

Domini on Domin i on 
z Airfield Formation 
<1; Ore Bed Formation (4m) .. 
H 
0 
H Ochre Cove z 
~ unnamed Fonnation 
<t (65m) 

,....... 
z N 
<t \./"\ 
H "' Town square 
u ~ Redmond 
H Redmond Formation Formation > . 
8 Q) ( 79m) 

t/)U) P. IX Q) 0 p.. 

0 ..-tiX ;:l ;::! 

~ unnamed 0 0 
IX 

~· 
~ ~ 

fx.l E~~!arn 
0 0 

3 'Og. '0 0 f-:?-?-?- '0 
...:l fii ~ ~ c 

Cl! Cl! 
.--H!> .. r-i r-i Beach 
tJ) Beaeh 

tJ) rn 
Formation H'O H H 

~ Poll's Head (440m) 
r-icd r-i Formation r-i 

r-i ..-I r-i r-i 

~~ McGraw Bed 
Q) Q) 

Ill Ill . 
z ..-I Lance Cove 
<1; ..-I 
H Q) not{exposed 
() j:Q jnot exposed not exposed 
8 

._, - 'IO'lm) 

~ II:i ttle Bell 
~ Island Ke l lys 
8 Island 

~ Kellys 
Formation 

Island· 
{>298m) 

. 
not expos.ed (Clarenville Group?) (- 4 20m ) 

0 

UPPER CAMBRIAN 
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" quence, lowering the Wabana Group to f ormation status and 

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

Group was divided into three formations. The choice of some 

of the ~omenclature was, however, inappropriate since i n 

surface outcrop the Townsquare Formation does not include 

the local townsquare of Wabana and the Airfield Formation 

does not include the local airfield. This classification was 

never publisned and therefore not formally proposed. 

While the author agrees that there is little 

justific~tion for subdividing the Lower Ordovician into two 

groups, nevertheless since the classification has been well 

established for over 60 years and bas been formally··referred 

to in many publications, the nomenclature should be retained, 

Furthermore, although placing the entire Lower Ordovician 

sequence into a single group may appear a more natural 

classification-today, there is certainly no advantage or 

usefulness to be gained, A revision can therefore not be 

adequately justified according to modern stratigraphic 

nomenclature rU~es (American Commission on Stratigraphic 

_Nomenclature, 1970). 

On the basis of the present studyJ the author feel s 

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 

f ormations, provides a necessary framework in wh i ch t o 

discuss the sedimentology and depositional environment . 

Figure J is the stratigraphic section of the Bell Island 

and the Wabana Groups. 

For easy reference, each locality that was measure d i n 

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 t he rocks of Kellys 

Island in a single formation that he named after the island. ,. 

He also considered the overlying strata, which crops out on 

Little Bell Island, to be a separate formation that was named 

the Little Bell Island Formation. Howeve~ the strata exposed 

on each of these two islands are not lithologically distinct 

from one another, and therefore the boundary between t he two 

units is purely geographical. Thus, in keeping with the 

guidelines of stratigraphic nomenclature (American Commission 

on Stratigraphic Nomenclature, 1970) the Ke l lys Island Formation 

of Van Ingen (1914) should be expanded to include the ov~rlying 

rocks of Little Bell Island. 

Distri but;i,on and Thickness 

This formation is exposed only on Kellys Island and 
.. 

-- ---·-- --· ·- --
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Figure J. 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' i s approximately 

298 metres, 224 f!letres on Kellys Island and 74 metres on Li ttle' 

Bell Island, The complete thickness is unknown, since t he base 
• 
$Well 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 variability in the strata or perhaps to 

faulting. 

Lithology and Sedimentary 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- to 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 sandstones are fine - grained quartz 

arenites and occasionally show traces of large-scale, paral lel 

crossbedding with horizontal or shallow-dipping laminated 

beddi ng 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, runze l marks, mudcracks and scours, 

wi t h c urrent and interference rippl es in the silty shale 

units. 

Contac t Relationships 

• The c'ontact relationships o~ the Kellys Islar;d Formation 
~ ....... 

with underlying and ove~_J..ying strat a 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 lowe r cont ac t · 

constitutes an angu~ar unconformi t y, since the underlying 

Upper Cambr~an beds at Manue l s (Figure 1) and the overlying 
• 

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

~trata of t h e Kellys Islapd Formation, 

"' 
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Beach Fo~ation 

Name 

Van I n gen (1914) proposed the name "Beach Formation" 

for the approximately 70 metres o f sediments exposed above 

The Beach, where the Bell Island ferry docks. Informal 
to 

though it appears, The Beach is a legi tirnate geographic name 
, 

on Bell Island. It is t herefore retained here and expanded 

.to include a l l the rocks of the middle part of the Bell 

Island Group from the base of va,.._ Ingen 's (1914) Lance Cove 

Fonna.tion up to, but not including, his Redmond Formation. 
' 

It was found that these units are not lithologically 

distinct and are mappable only as a whole. The type section 

is at The Beach; 

Di.stribution and Thickness 

along the entire southern, 

from the Bell rock 

to Redmond's Head. most easily accessible exposures are 

at Freshwater Cove (Parsonville), Lance Cove, the ore docks 

and The Beach. Exposed · thickness is approximately 440 metres; 

but the total thic)cness is unknown, since the base of' the 
f 

fonnation is covered by the ocean. 
> 

Lithology and Sedimer.J.tary Structures 

Litho logy is characterized by lenticular, bedded units 

of white to dank grey sandstone, rarely more than one metre 

thick, interbedded with thick units of' micaceous sandy 

siltstonet silty shale and dark shale. Sandstones are fine-

.. 
C· 

'·• 

I 
I 
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to medium-grained orthoquartzi tes and are usually crossbedded 

and rippl~ marked. There are two t h in,_ oolitic hematite beds 

less than 1 metre thic){ within the Beach Fomation and these 

have been named the McGraw Ore Member and the Eastern Head Ore 

Member after Van· Ing~n (1914), Sedimentary structures include 

flaser, wavy and lenticular bedding, current and i nterference 

ripples, scour-and -fill, sand-filled channels, herringbone 

crossbedding, runzel marks, mudcracks, ball - and-pillow 

structures and load casts. 

Contact Relations 

The lower contact of the Beach Fonnation is inacces-

sible, lying rmder Conception Bay. The upper contact with 

the sandstones of the Re&nond Fonna tion is exposed between 

Eastern Head and Redmond's Head, but is not easily accessible. 

Generally, the shales and siltstones of the upper part of 

the Beach Fonnation become gradually sandier upward and 

the sandstone rmi ts become thicker, until the l~ology has 

-
become virtually 1 OO% sandstone. An arbitrary upper contact 

horizon with the Redmond Fonnation is defined as that point 

at which the propo:r'tion o:f sandstone exceeds the proportion 

of shale in the overall 1 i tho logy. · , 

Redmond Formation 

Name 

The name Redmo~ormation was proposed by Van Ingen 

(1914) for the sequence o:f sandstones that fonn 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 i n 

his Townsquare Fonnation. The type sec t ion is a t Reproond 's 

Head, Freshwater Cove. 

Distribution and Thickness 

The fonnation is exposed along the northern shore of 

Bell Island from Freshwater Cove (North) to the lighthouse, 

and along the northwestern shore at Bell Cove and Big Head. 

Thickness is approximately 79 metres. 

Lithology ahd Sedimentary Structures 

The Redmond Formation c-'onsists almost entirely of 

fine- to medium-grained, white, orthoquartzite sandstone 

with rare, very thin, silty p~rtings. Almost all of the 

sandstones are crossbedded on a large or small scale and 

some displ-ay megaripple morphology. Bed thickness varies 

from 2 centimetres to more ,than 1 'metre . Other · sedimerttary 

structures include trough crossbedding, herringbone -~ross

bedding, shallow-dipping planar beds, scour-and-'fill' rill 

marks, swash marks and current crescents. 

Contact Relations 

The Redmond Formation overlies the Beach Formation 
~ 

conformably. The upper contact w.i t h 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 confo~_ab:J,._e, . 

but the base of this contact sequence is arbitrarily defined 

as the contact horizon_ •... -· 

_. =--- ------
~~--
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Ochre Cove Formation 

Name1 

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. 

Lithology 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 changes upward into 

thick units of fine-grained, s~dy siltstone and silty 

shales approximately~ metres in total 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 

silty shale, 20 to 60 centimetres thick. Oolitic hematite 

beds and lenses are common within the ·upper 20 metres of the 

formation. The sandstones and the oolitic hematite units ar~ 

all crossbedde~ Other sedimentary structures include 

) 

• 

\ 



herringbone c~ossbedding, current and interference ripples, 

lenticular, flaser and wavy bedding, ball-and-pillow 

structures, scour-and-fill, and runzel 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 conformable, Minor sc'our surfaces are common 

along the contact as elsewhere in the formation, but these 

are presumably due to the shallow-water nature of the 

sedimentary environment and do not represent a major erosion 

surface or hiatus. 

Dominion Fonnation · 

Name .. 
The name "Dominion Bed" was applied to the lowermost 

workable iron ore bed when the mining rights to it were 

acquired by the Dominion Iron and Steel Co. in 1899 (Hayes, 

1915). Van Ingen. listed the name "Dominion Ore Bed" as a 
.... 

formational name in his classification of 1914. However,the 

terms 'bed' and 'formation' have distinct and different 

meanings in presently accepted stratigraphic nomenclature 

(American Commission on Stratigraphic Nomenclature, 1970). 

Since the Dominion and Scotia ore bodies are lithologically 
l 

distinct units and have been mapped extensively above and 
I 

below ground, they are here given forma~iona1 status and 

Van lngen' s name, "Dominion Ore Bed"' is revised to the 
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"Dominion Fonnation". Nautiyal (1966) 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 Youngsters Gulch immediately northeast of Ochre 

Cove. A complete section outcrops along the coast between 

Youngsters Gulch and Powers Steps, ~nd 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 metres 

without termination (Southey, 1969). Thickness varies from 

4 metres, common in the surface outcrops, to 13 metres in 

some of the undergrotg1d 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 fr,om 0 to 1 ~ of th~ 
-. 

ironstone as oolitic nucleii or in interstices. Shal e lenses, 

stringers and streaks are common throughout the :fonnation 

and iri places lowered the ore grade to the extent . of making 

f 

l 
J 
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it uneconomic to mine (Lyons, 1957 ). Crossbeddi ng is some-

times evident, but structures generally are obscured by 

intense surficial weathering. 

• Contact Relati9ns ·•· 
The lower contact of the Dominion Fonnation with the 

Ochre Cove Fonnation is sharp but apparently confonnable. 

The upper contact with the Powers Steps Fonnation is a minor 

disconform~ty ~verlain in most places by 10 to 50 centimetres 

of phosphatic shell fragments and shale pebqle conglomerate 

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

Island Group and t he Wabana Group. 

Powers Steps Formation 

Name 

Van lngen (1914) referred to this as the "Pyri te Bed 

F.onnation". Since the terms 1 bed' and • formation • are 

con:flicting terminology in modern nomenclature and since 

the name Pyrite Bed is non-geograph~cal and describes only 

a few centimetres of a 70 metre thick sequence, the name 

_yroposed here is "Powers Steps Formation" after the location 

of the type section. The pyrite unit is given the status of 

member, and it was a major marker unit in the underground 

mining operation. In Nautiyal Is classification (1966) t he l ower 

part of the Powe~s Steps Formation, including 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. 

Lithology and Sedimentary Structures 

Near the base o£ the Powers Steps Formation lies the sedi

mentary Pyrite Member, 20 ·to 40 centimetres thick. The pyrite 

occurs as oolites,, spherules, pyri tized graptolite fragments 

and pyrite -coated shale pebbles in a siliceo1,1s grot.mdmass. 

The beds are graded or current ripple crossbedded. Several 

thinner, 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, 
I 

graptolitic, dark shale intercalated with occasional thin, 

rippled sandstone or siltstone lenses, 1 t o 5 centimetres 

thick. Within the shales are several horizons along which 

limy septarian 'nodules,•urrounded by cone-in-cone structures, 

are common (Fig. 4a, 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 40 

metres o£ the formation and dark, :fissile shale gives way 

to sandy siltstone and silty shale. Sediment!ry structures . .,. 

in this upper 4q metres include flaser, wavy and lenticular 

• 

--~------------------------------- ~ · 
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FIGURE 4a. 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 em long. 
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~ -bedding_, current, wave and i nterference ripple -marks, 

~ -scciur-and-fill, runzel marks, mudcracks and large ball-and
:.:~~. 

pl,:llow structures. 
·-

Cont>act R.elations 

The lower contact of t he 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 

.-Name 
' 

The name "Scotia Bed " , used for the middle of the 

three workable iron ore bodies, has been in common usage at 

least since the beginning of the 20th century (Hayes, 1915), 

It is named for the Nova Scotia Steel and Coal Co., which at 

that time owned tRe surface mining rights to this and the 

UJ?pe_r 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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Distribution and Thickness 

Due to extensive strip .rnining, little surface outcrop 

remains of the Scotia Fo:nnation. The only ex.posures 

remaining are in the sea cliffs between Upper Grebes Nest 

· Point and Gravel Head, and at the beach and cliffs immed-

iately east of Gre~s Nest Foint. It has been ext~nsively 

delineated underground and has been mined. ·of':fshore from 

Bell Island do~dip for about 1)70 metres and laterally 

along strike for roughly 2440 metres (Southey, 1969). Total 

extent may not be considerably more than this, ~ince 

exploratory underground drilling indicates a definite 

narrowing trend in all directions and the ore body was 

cons i dered to be nearing exhaustion (Southey, 1969). Maximum 

thickness is about 4 metres. 

Lithology and Sedimentary Structures / 

:' 

The Scotia Formation consis'ts dominantly of 

oolitic hematite, chamosite, or contentrically iayered 

hematite and chamosite. A distinct band,several centimetres 

thick, of chamosite oolites occurs near the top. Accessory 

components are siderite and phosp~ic shell fragments and 

nodules. Fine - grained detrital quartz sand occurs · as -rare . , 
oolitic nut:leii o.r, more c::ommcnly, in the interstices. 

. I 
I > 

Evidence of large- and sm.all f scale crossbedding is sometimes 

seen,but is generally obscur~d by intense weatheri ng . 
. t 
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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 ,tryin (6 

centimetres) but persistent pebble bed of phosphatic shel l 

fragments and nodules, and sha le chips. Thi s may indicate a 

minor disconformity. 

Grebes Nest Point Formation 

Name 

This name is proposed for the sequence of ,rocks 

o¥erlying the Scotia Formation up to and including the upper 

ore beds. Van I ngen (1914) left this sequence unnamed except 
" 

for the "Upper Ore Bed·; which had formational s t a tus. This 

ore body is here relegated to t h e status of 'a membeT. 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 s~a cliffs and it is therefore not 

mappable. Furthermore, it was never exploited underground 

due to extremely irregular deposition (Southey, 1969) and 

as a consequence, is not extensively delineated. The name 

"Grebes Nest Point Formation" comes from the location of the 

type section. Nautiyal., (1966) i ncluded this sequence in the 

Upper Member of his Wabana Formation. 

Distribution and Thickness 

The Grebes Nest Point Formation outcrops on the 

northwest shore of Bel l Island between Upper Grebes Nest 

' ___ ......... . -~· ~ · . .... ~ . .... ·-----···~~ . - .. . 
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Point and the beach cliff's .. immediately east o f Grebes Nest 

Point. Thic kness is aPProximate ly 1 8 metres. ----
____ _.~_ . • . . - ·- ---..____ u' 

Li t holo gy and Se<1iinentacy __ ~_:rucfure~ 

The lithology of the ~~~bes Nest ~~tion 
ranges from dark shales with sandy and silty l>H<s<ts~·.~--;;-~ ·.~ ~ .··f!Jrt:' ·. ·~ 
calated with phosphatic pebbly beds at the bottom, upwards • 

into a series of interbedded and lenticular dark shal es, 

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 ooliticlhematite varying i n thickness from 0.5 to 

J metre s. Shaly lenses and partings are very common within 

much of the ore. Accessory minerals include oolitic 
4 

chamosite, siderite, fine-grained detrital quartz sand, and 

phosphatic shell fragments and nodules. Bedding structures 

include flaser, wavy and lenticular bedding, longitudinal 

~d interference ripples, and runzel marks. 

Contact Relations 

The lower contact of the Grebes Nest Point Formation 
~ 

appears to be a minor disconformity with the underl ying 

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 

direct.ly 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 

Name 

Van Ingen (1914) proposed this name fo~ 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 

Formation. 
,.;· 

Distribution and Thickness 

The Gravel 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 
.,. 

drilling has penetrated at least 165 metres (Lyons, 195?). 

Lithology and Sedimentary .. Structures 

In surface e~posure ' the lithology'consists entirely 

of dark, fissile shales, apparently non-fossiliferous. 

However, an exploratory drill hole described by Gilliatt 

(1924) penetrated a sandstone unit 6 metres thick underlying 

11 the dark shales and thuii ·at the base or the Gravel Head 

Formation. 
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' ( 

The l.ower contact with the Grebes Nest Point Formation 

·. appears to be disconformable and the top is not exposed. 

I • 

Age of the Strata 
' 

Evidence for the age of .. the Bell I sland-Wabana 
!1' • 

sequence is thoroughly reviewed by Bergstrom (1976). A . . 
lower age limit is set by Olenid trilobites of late Cambri~ 

age at Manuels. Psilocara (?) ~·, a possible early 

Ordovician Olenid, was found ?Y Bergstrom (1976) on Little 

Bell Island. The most reliable upper age limit is provided by 

graptolites of Didymograptus ni tidus type found in the 

pyrite and the overlying shales of the Powers Steps Form 

ation, . indicating an early Arenigian age. There is no 

evidence that the overlying sediments are significantly 

younger (Be;t"gs.trom, 1. 97th. 

The occurrence of the trace fossils Cruziana semi-

plicata and C. :furcifera overlaps in the lower Bell Island 

sequence. Since C. semiplicata is be1,ieved to range onl y 

into the Tremadocian (Crimes, 1970; Seilacher, 1970), its 

apparent disappearance in the Beach Fonnation above the base 

of the Eastern Head Ore Member led Bergstrom (1976·) to suggest 

that the Tremadocian-Arenigian bounda·ry lies approximately 

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

Tremadocian is used here to refer to the Lower 'Ordovocian.) 
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CHAPTER 4 

DEPOSITIONAL ENVIRONMENTS 

Introduction 
~ 

A nu1nber of readily apparent sedimentary structures 
'1 

suggest that almost the entire thickness of ttfe Bell Island 

and Wabana strata was deposited in a shallow-water 

environment. Ripple -marks and small-scale crossbedding occur 

throughout the rocks and indications of' periodic exposure 

such /as mudcracks and rill marks are numerous. These 

structures, along with abundant brachiopods and marine trace 

fossils, indicated a shallow marine depositional environment 

to even t.he earliest workers however brief their study of 

the Bell Island 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 environments 

and subenvironments in which these sediments were deposited. 

It is based ·upon data recorded when measuring the sections 

described in th~ appendix and on a comparison with doc wen

ted examples of both ancient and modern shallow-water 

envirorunents. These postulated environments of' deposition 

are then put in the broader context of a larger depositional 

system. 

The evidence :~?resented 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.arine facies. Furthetmore, there is ev:dence 

that the overall environment~l control was that of a major 

•de 1 ta system. 

Two distinctive sedimentary styles dominate the 

geology of Bell Island 1 (1) thin- to medium-bedded~ highly 

variable, lenticular sandstones, .siltstones and shales, and 

(2) fine- to medium-grained, thick-bedded, white orthoquartz-

i te s which, due to differential weathering, fonn a resistant 

"back bon~" striking across the length o£ the island. Both of 

these sedimentary , styles exhi bi't · characteristics of' shallow

wat~r 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 stratigraphic sequence for .. the tidal 

f•at complex is illustrated in Fig. 5. Although the. entire 

seq_llence is nowhere fully developed, almost a11 the exposed 

strata of the Beach Formation, the Ochre Cove Formation• and 

the upper part of the Powers Steps Formation consists of a 

succession of J.l!li ts whose re-lationships and characteristics 
I 

•; are reflected in this model. The model represents the 

sequence developed 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 i 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 parallel crossbedding is 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 
. i ) 

inte:rpre.ted afi migrating channels of small size 1 no more than 

2 to J metres in width and less than 1 metre ~n depth. Some of 

these may be fluvial in origin, but because of their relationship 

with other tidal facies and 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 megaripple 

morphology and may repre.sent low relief offshore or tidal flat 

bars, possibly partly exposed at low tides. 

The sandstone weathers light yellowish to reddish brown. 

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 drape·~ and _ partings become common, grading upwards into inter

' bedded si~tstones and shales. The lowest spring tides most likely 

exposed the upper subtidal zone on rare occasions ·. 

The transition from the subtidal to intertidal environ-

menta also coincides with the first : appearance 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 small-scale 

current ripples superimposed on megaripple troughs (Fig. ?). 

The current direction is controlled by the strike of the 

trough, curving around slip faces and is indicative of nearly 

emergent condition~. 

The subtidal facies is well exposed in the cliffs 

opposite the old Scotia pier at the southeastern end of the 

ore docks nocali ty D, unit 1 ) and attains a thiclrness 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 mod.e from traction to · suspension (Kle~n, 

1972). With respect to the Bell Island strata, these subfacies 

are here referred to as the lower sand flats, the upper mud 

flats and a thick transition zone, the middle mixed flats 

(Fig. 8). 

... 
Lower Sand Flats 

The ptedomin~t sediment type in the lower sand flats 

is a light, fine- to medium-grained sandstone, occasionally 

interbedded with darker siltstone and shale. The average 

thickness of this subfacies is approximately 1 metre. 

Sandstone bedsets are parallel or current ripple crossbedded, 

or planar laminated. A di~tictive feature of this subfacies 

/ 

I 
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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 em. long. 
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FIGURE 8. A section through the inter
tidal £acies showLng the three sub£acies, 
(a) the lower sand £lats, (b) the middle 

mixed £lats and (c) the upper mud £lats; 
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 crQSsbedded units display foreset laminations dtpping 

in oppositB directions. Originally described by Reineck 

(196)), they are considered as a particularly good indicator 

of tidal influence on sedimentation processes (Klein, 1975a). 

Interbedded siltstones and shales are wavy and t hin 

bedded. Brachiopod shell fragments and shale chips ·sometimes 

occur as a lag deposit at the base of the sandstone beds. 

Bioturbation is rare in this subfacies. 

As the lowest and most seaward subenvironment of the 

intertidal facies, the lower flat would have been exposed to 

high energies from waves and tidal currents -throughout most 

of the tidal cycle 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 to those developed in the 

. Minas Basin, Nova Scoti~ (Klein, 1970a) and separated from 

·the tidal flat proper by a wide, shallow channel.Other bedsets • 
which have a shell and shale chip lag deposit at their·base and 

appear to have formed by lateral migration are interpreted 

to be small tidal channels. 

This subfacies crops out at Freshwater Cove (Parson

ville ) (locality E, unit )), at the Ore Docks (locality D, 

unit 2) and at Gull Island North Head (locality H', units J, 
./> 

1 o and 1.-J). 

---~ 

i 
_______ J _ 
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Middle Mixed Flats 

This ~ubfacies is highly variable in. composition and 

structure,,and makes up the bulk of the tidal flat sediments 

on Bell Island. It averages )'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 sedime_ntary style, not withstanding the 

dominant fining-upwards nature of the strata, is that of 

interbedded,silty sandstones and shales with rippled sand-

stone lenses from 1 to 20 centimetres thick and 20 centimetre~ 

to 2 metres in length (Fig. 1 0). The sandstones are fine 

grained, may be ripple crossbedded and often have an 

i~terference rippled surfac~. 

Some of the commonest bedding features in the middle 

mixed flats are flaser, wav.Y and lenticular bedding (Fig . 
. , 

1t, 12) and numerous 1nterme>diate forms. These structures . \ 

indLcate rapid fluctuation in energy levels duFing the 

period of deposition and their abundant occurrence is 

evidence for a tidally in~uenced depositional environment 

(Reineck and Wunderlich, 1968). Flaser and related bedding 

are some of the most commonly documented. sedimentary 

structures in both modern and ancie·nt siliciclastic tidal 

flat environments (Ginsburg, 1975) 
' "~> 

and ar@l also known in 

carbonate tidal f~t environments. 

A significant structure frequently observed in the 

middle mixed flat subfacies is the runzel or wrinkle mark 

.I ... - . ·---~ 
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FIGURE 9. Herringbone crossbedding in the 
lower sand flat subfacies; Freshwater Cove 
(Parsonville) Bell Island. Hammer is 28 em 

long. 

FIGURE 10. Rippled sandstone lenses in silt
stone of the middle mixed flat subfacies; 
Freshwater Cove (Parsonville) Bell Island. 

Hammer is 28 em long. 



FIGURE 11. Flaser, wavy and lenticular 

bedding; Lance Cove, Bell Island. 

FIGURE 12. Mud-draped £laser-bedded sand
stone overlain by starved ripples; The 
Beach, Bell Island. Bar represents 10 em. 
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(Fig. 1J). These interesting features are described by 

Reineck (1969) and he has reproduced them experimentally 

by simulating strong wind conditions over a part ly cohesive 

sediment surface covered by a -~thin (1 centimetre or l ess) 

· film of wat~r. Similar structures are produced by wind 

driven foam on modern beaches (Allen, 1967). On Bell Island, 

these features are the commonest evidence for intermittent 

subaerial exposure and, supporting Reineck ' .B'·· \19~) 
experimental conclusion, they are developed only on muddy 

and silty fine-grained sandstones which originally, wauld 
.,..)> 

have beenP,artly c!Jhesive. Some of the rw1Zel marks, however, 

display an imperfect honeycomb-like pattern,possibiy due to 
. 

runzel mark formation during a rain storm. All of these 

struct~res ar~ r~garded as direct evidence of subaerial 
( 

exposure wher~ver. observed, 

The ·presence. of fossil raindrap impressions has often 

been mentioned in previous studies of these rocks as a 

common indicator oT supaerial exposure (Hayes, 1915; 

Nautiyal, 1966). -This structure was found to be rare and 

was .. recognized at only one horizon a immediately below the 

Dominion Ore body (Fig. 14). :Both Hayes (1915, plate XXVIII) 

and Nautiyal (1966, _Fig. 72) show photographs of what is 

inferred to be ,raindrop impressions. It is obvious ·from 
,.· .. 

these pictures that .the structures are actual·zy·· runzel marks, \ 

more like mihiature 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 em long. 



Several features are inclicative of rapid shallowing 

in ,the environment of deposit i on, so rapid in fact that 

,shallow-water and subaerial features are . superimposed on 

deeper water structures and subsequently preserved by rapid 

burial. These features ar~ particularly good examples of 

late~stage emergent runoff structures, . Figure 15 shows a·· 

flat 

more 

sediment surf'B.ce covered with runzel m~but with a 

or less regular pattern of oval depression averaging 

10 to 20 centimetres in length inside of which runzel marks 

have not formed. It seems evident that this is an inter-

ference rippled surface produced during deeper water high 

,~tions 
were planed off 

and that subsequently the tops or nodes 

due to late-stage runoff condi t ions a/ low 

tide. Emergence is indicated 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 loc'ally, to superimpose a pattern of rill 

marks and current lineations without destroying the ripple 

morphology. Rippled surfaces may also be truncated by scours 

(Fig. 17). ' 

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

of falling water level {Reineck, 197J), were recognized in 

thiS subfac ies. They are rare, however, having been noted 

only at one outcrop. 

Small sand-:fi:J.led ·channels, averaging )0 to 50 centi
~\ 

metres in wid:th• ~ a common feature in the middle m~led f 

flat subfac ies (Fig. a), giving :t:urther support to the inter-



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 em long. 
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tidal nature of the depositional environment. Wide, shallow scours 

with parallel infill were frequently noted, but oft~n tend to be 

camouflaged in the complexity of the bedding (Fig. 20), Many of 

the thicker sandstone lenses are probably the infilling of very 

shallow tidal channel,s which were abandoned shortly after they 

were established or after migrating only a few metres. 

Bioturbation varies from weak to sirong, generally 

increasing upwards. It also changes in nature with trilobite 

" tracks and trails predominating at the bottom of the mixed 

flat, decreasing upward~, and with burrowing predominating 

towards the top. The tracks and trails include various 

species of Cruziana, Rusophycos, Isopodichnus and trilobite 

exite and telopodi te sc'ratches (Bergstrom, 1976). Burrowing 

is ~~obably due to annelids, brachiopods and other uniden

tified animals. 

1 The middle mixed flat subfacies makes up a large 

proportion of the sediments on Bell Island and can be 

obaerved at almost every exposure except within the offshore 

bar facies. There are excellent exposures at t~e Ore Docks 

(locality D, unit 13), The Beach (locality E, unit 13), 

Fres.hwater Cove (Par~onville) (locality' E, units 4, 5) and 

Gull Island North Head (locality H, units4, 11, 14), 

11· Upper Mud Flats 

: . ~- -

The uppermost subfacies of the intertidal facies 

consists of light brQwn silty shales, weathering light 
.. 

yellowish brown. They are generally thih bedded, although 

bedding is usually destroyed by intense bioturbation, 

<' 

__ .._,. 



FIGURE 19. Flat bottomed, sand-filled tidal 
channel; between the ore docks, Bell Island. 

Hammer is 28 em long. 

FIGURE 20. Scour-and-fill in the middle 
mixed flat subfacies. Arrows indicate scour 
surfaces; Freshwater Cove (Parsonville), 
Bell Island. Hammer is 28 em long. 
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characteristically leaving very little structure (Fi g. 21). 

This sub£acies is referred to the upper tidal flat, w~ich 

is flooded only periodically and where low energy conditions 

predominate due to the slack water period at high tide. Con

ditions are ~here fore such that clay and fine silt that 

a.re agitated into suspension by tidal currents and waves in 

the lower t~dal flat are able 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 co~on or are masked 

by bioturbation. Narrow ( JO 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 

V much of the ·la-yering seen fro~ a distance in the Bell Isl~d 

cliffs. Outcrops are prominent and accessible at The Beach 

(locality E, unit 22), the Ore Docks (locality D, unit 5), 
' . 

Freshwater Cove (Parsonville) (locality F, unit 8) and Gull 

Island North Head (locality H, units 6, t2). 

Supratidal Facies .. 
A .facies within the tidal .flat complex, which is 

interpreted as supratidal,consists of dark shales, often inter

b~dded~with thin sandstones and graded siltstones 
.,-. 

The typical development of this sub£aciea is in.ferred 

from the particularly good exposure at the northeast limit 

~ 
i 
t· . I 



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 em long. 
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of the Beach (Fig. 2}); The outcrop consists of 1 to 2 

metres of black shale interbedded with white rippled sand -

. stones. Above the sandstones are, typical ly, sever~l centi

metres of light siltstone, grading upwards in texture and 

colour to dark grey shales (Fig. 24a, b). The tops of these 

shales c;il.splay deep mudcracks, which hav·e been filled with 

sand ' from ~he next cycle. Short, sand-filled burrows often 

extend down from the sandstone bed 1 or 2 centimetres into . 

t he W1derlying dark shale. A single cycle is typically from 

4 to 12 centimetres thick with very sharp boW1daries between 

t he dark shale at the top of a cycle and the overlying 

sandstone forming the base of Ure next cycle, 

These cycles suggest periodic flooding probably due 
/ 

.to extreme spring tides or storm tides, which washed in 

undifferentiated sediments from sand to clay. ·The sands were 

deposited almost ~ediately from the traction load as 

evidenced by the ripples and small-scale crossbedding. 

Subsequently the silts and clays settled out from suspension, 

forming the graded ~edding. The dark colour ·of the shales 
' 

suggests a high organic content . Complete desiccation and 

the return to subaerial conditions produced the deep mudcracks 

on the new surface, It is apparent that some burrowing 

animals were washed in during the flooding and burrowed down 

through the newly deposited sands into the underlying 

surface . They probably wou+d not survive long due to the 

development o:f euxinic or desiccated conditions and 

; 

I 
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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). 

F IGURE 24a (left). Graded bedding, probably produced by storms 

or extreme high tides flooding the supratidal ponds; The 
Beach, Bell Island. Bar represents 10 em. 

F IGURE 24b (right). Mudcracks, in section (arrow), infilled 
with sand from an overlying cycle; The Beach, Bell Island. 

Bar represents 10 em. 
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possibly high salinity. 
... 

• The graded bedding suggests deposition from a quiet, 

standing body of water with no rapid runoff after flooding, 

as would normally be the case on an open t i dal flat. This 

implies ~hat this facies was a re~ricted . environment, 
d 

pos~ibly a zone of· supratidal ponds high up on the tidal 

flat complex. It wou~be the lower Ordovician equivalent to 

' . the salt marsh facies in the modern tidal flat environment. 

- / 

A second possibility is that this facies developed in a 
• ./ 

channelled belt as_.ponds or restricted lagoons damme'd off by 

channel bank levees. 

There is .so~e field evidence to support this 

latter ideaa at The Beach, these supratidal dark shales 

occur in an apparently intertidal facies in which sandstone 

sheets apd small migrating channels, filled with sand •. are 

unCO!JliD~ly abundant (Fig. 23). In addition, a major sand-

filled. channel <i:t least 4 metres deep and 7 metres wide is 
# 

exposed approximately 100 metres laterallY' along th~ cliff to 

the southwest (Fig. 25). Although they cannot be correlated 

directly due to talus cover, their overall position in the 

stratigraphic column suggests close proximity in time and 

certainly in space. · A major tid~l channel periodically 

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 dwnmed off 

the inter-channel areas allowing the development of ponds 

• 

, ... 
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which were flooded ,. only at extreme high tides. 

The larg~ sand-fi~led channel mentioned i..n the 

previous paragraph may be .considered a minor subfacies of 

the tidal flat environment. This particula~ outcrop (Fig. -25) ~s· the only one of its size s~ far observed in the 

sequence. Unfortunately, t~e complete cross-sectional 

morphology cannot be observE!"d due to extensivewtalus cover 

on both sides and because· the pase 'is not exposed. The 
-~ 

outcrop is at least 7 metres 'wide ~d 4 metres high and has 

channelled through sandy siltstones and silty shales of 

intertidal affinity, probably of the . mixe~ flat zone, The 

sandstone making up the channel is coarse · to medium grained 

with large-scale parallel crossbedding, often herringbone 

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

constituent as are ~arge, flat, shale chips,up to 15 

centimetres in length,aligned along the bedding plane (Fig. 

26b). Some of the chips are iron-rich, red-weathering shales. 

The channel may have been a minor fluvial distributary, but 

the presence of herringbone crossbedding implies a large 

tidal influence. 

Offshore Tidal Ear Complex 

The white quartzites of the Redmond Head sandstone 

represent a different sedimentary environment f'rom the tidal 

flat complex. While both exhibit f eatures characteristic of . . . 
the littoral zone, the lack of shale ·and siltstone in the 

Redmond Head sandstone is a sharp contrast to•the tidal flat 
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FIGURE 25. Sand-filled major tidal channel; 
The Beach, Bell Island. Scale is in feet. 

FIQURE 26a (left). Herringbone crossbedding in sand-filled 

tidal channel; The Beach, Bell Island. Hammer is 28 em long. 

FI GURE 26b (right). Large shale chips forming lag deposits 

along bedding planes in sand-filled tidal channel; The 
Be ach, Bell Island. 
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complex and suggests a shift to a higher energy 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 / j 
I 

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

_three, uni t s designated as: the offshore to shoreface facies 

·and the foreshore-beach facies. A white structur.eless unit .. 

. (locality G, unit 10) may be a supratidal backsho're facies . 

. ·Offshore to Shoreface Facies 
·~ ...... 

The lower :part of this facies is dominated by fine- to 
. ~ 

medium-grained,megarippled sandstones (Fig. 27). Cross~sectional 

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 o~en observed 

because the homogeneity of the sand givep a massive appearance 

to the rocks. However large:-scale :paral~el crossbedding and 

~are,small-scale ripple crossbedding are sometimes perceptible. 

Parallel .. laminated bec;lding is also evident in places, indica

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

waves" similar to thQse described by Off (1963). 

Towards the top of this facies, massive, almost 

structureless, sandstone beds predominate in which cross

bedding and trough crossbedding are occasionally developed. 



) 

This represents a gradual change to shoreface environmE!ht 1 

p ossibly partly intertidal. Herri ngbone and reac tiyation , 

surfaces are occasionally obseryed. Both of these structures 

j are indicative of a time-velocity assym.etcy of bedload 

transport due to tidal influences (Klein, 1970) and the trough \ . 

cro~sbedding ir ~robab~y due to the development of tidal 

channels withi~'e shoreface (Fig. 28). Occasional rill 

marks and current- lineations are probably la.te-ft~ge , runoff 

features. _Planar~ .laminated beddlng and small-scale current 
I 

and interference ripples ar& common. 

Scours are frequ.ently qbserved (Fig. 2 7 ) 1 but .there 

is no trace of associc:'ted coarse lag deposits of a:tzy kind. .. 
These scours or erosional surfaces are often draped with 

very thi n greenish siltstones o. 5 t o 1 centimetre thick. 

It is suggested that these scours represent . the effects 

of storms, subse~uent to which the silt drapes settled out 

of suspension from the turbid waters. 

The offshore to shoreface facies is v~iable in 

thickness, but generally gre~~ 5 metres where exposed 

in outcrop. ·Bioturbation is rare to weak ,and consists 

exclusively of surface grazing t~ails (Fig. 29a1 b). 

Large stylolites are commpn throughout {Fig. JO) 

and the sandstones te.nd to part along these planes leaving 

·· · ·-~- · 

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

28 em 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. 
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Foreshore-Beach Facies . o . 

The rocks of' thi-s facies consist of' white to light 

_:yellow, fine- to·medium-grain~d sandstone. Bedding is 

thin, 0.5 to 2 centimetres thick, planar laminated and 

horizontal or shallow-dipping. Many of' the bedsets also 

di~play large~scale, broad: low-angle crossbedding. Scours 

are common, some · filled with thin, silty laminae. The~e 

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 beach related structures can be observed in 
. 

this facies an? 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 the presence of swash marks (Fig. )1a). Since the 

concave side of ·these swash marks is evidently the seaward 

direction, it is interesting to note that at least two 

seaward·· directions, opposed to each other at approximately 

335° and 160°, are observed in this subfacies. Similar~y, 

current crescents {Pig. 31b),which form by backwash or 

emergent runoff around . an obstacle on the beach.also 

indicate a mult~-directional seaward side. These observa~ 

tiona lend substance to the idea that the Redmond Formation 

indeed represents an offshore barrier bar, as it is surrounded 

• 

t 

\ 
\ 
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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 1 
one locality an d well developed rill marks (F i g. )2a, b) 

are common. The thickness of the foreshore-beach :facies 

averages between 2 and · 3 metres (locality G, Units 8, 9). 
. 0. 

Bioturbation varies from nil to m6lderate, with 

Skolithos burrows at some l ocalities. It may be that the 

variation in bioturbation in this subfacies, and possibly 

also in the offshore to shorefac~ facies, is a function of 

which side of the o:ffshore bar is represented at that 

:particular outcrop. That is, the landw~d or lagoonal side 

of the bar is apt to be more bioturbated than the oceanward 

side, which is exposed to high wave energy. Lack o·f regional 

outcrop exposure unfortunately prevents the delineation of 

bar morphology. 

Supratidal Facies 

A definite supratidal or aeolian facies has not been 

recognized in this offshore bar environment, however a 

massive, almost structureless, fine-grained sandstone over-

lies a beach zone unit at Freshwater Cove (locality G, 

unit 10): Bedding is very obscure, but ~ppears to be . 
horizontal _planar l.aminated or· very low-angl.e, large -seale 

crossbedding. Lacking further ·evidence, this may be either 

the uppermost foreshore (beach bar) or backshore zone of a 

beach. 

iioturbation is non~~xistent in this unit. 
. . --
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FIGURE 32a. Meandering rill marks on a 
bedding surface in the Redmond Formation; 

Redmond Head, Bell Island. Hammer is 28 em 

long. 

FIGURE 32b. Conical rill marks superimposed 
on swash marks; the ~eservoir, Bell Island. 
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Rfgional Environment - Evidence for a Delta 

Si~ce almost all of the 1,500 metre thick Bell 
I 
i 

·Island-Walbana sequence of sediments was deposited under 
' 

shallow-~ater conditions, it follows that the rate of sediment 

supply equaled or exceeded the rate of shelf subsidence or sea 

level rise. The question then arises as to how such an 

enorthous amount of sediment was supplied to the depositional 

basin- a question not previously considere~. The author 

suggests that the Bell Island and Wabana Groups represent 

tidal flat and ~idal 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 been possible 

to demonstrate conclusively due to two factors s (a) total 
L 

outcrop ~ea of the Bell Island and Wabana Groups combined 

is less than 50 square kilometres, so that the lateral 

facies variations cannot be observed on a regio_nal scale. 

and (b) tide-dominated deltas may be difficult to recognize 

in ancient rocks and there are few published descriptions 

of such deposits (Miall, 1976) • According to Miall: 

"'None o:f the characteristics of tidal 
delta deposits are distinctly •deltaic'. Tide
generated sand ri~ges and tidal flat~ are 
widespread at the present d~y in areas without 

T 
significant fluvial sed~ent input. The 

• thickness of the deposit, reflecting the nearby 
presence of a 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). 
Jemphasis added). 

Fiel d Evi dence 

At Lance Cove (locality C) on the southeas-:t shore of'. · 

Bell Island, cliffs approximately 60 metres high expose 

part of the lower sequence of the. Beach Formation. The 

stratigraphy in thi-s section is distinctly different from 

elsewhere on the i~land in that it is made up of a number 
I 

of coarsening-upward, apparently shoaling-upward, sequences 
0 I . - ' 

·(Fig, JJ), The base consists of dark, highly weathered, 

sometimes s.il ty shales varying in thickness from 1. 5 to 

over •lo metres. These basal shales contain an occasional 

very fine-grained, rippled sandstone or ~ltatone bed 1 to 

3 centimetrQS thick. Towards the top of the shale zone, 

thin,planar and lenticular sandstone ana siltstone beds 
• becoiile more common in a thin transition zone 0. 5 to 1 metre 

thick, followed by rippled sandstone beds up to 15 centi

metres thic·k intercalated 'with wavy, lenticular and 

occasionally !laser-bedded .~andy siltstones, silty shales 

and dark shales, often ·moderately bioturbated. Towards the 

top of the sequence, sandstone beds up to 40 centimetres 

thick predominate., either large-scale, parallel cross bedded 

or ma~sive. Where the ~equence appears to be ~ell developed, 

the arenac eous pa:rt of the coarsening- upward sequences (i.e. 

excludin~ the basal dark shale) is of tairly uniform 

thicknes~, approximately 4 metres. Large, sand-fll,led 

·. 

\ 
1 
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channels, 1 to 2 metres wide and 50 to 80 centimetres deep, 

are common (Fig. J4) and display longi tudina1 crossbedding,· 

apparently of point bar origin (c,f . . Reineck,_1958), with 

shale pebble and shell fragment lag conglomerate at the 

base of the crossbed sets. Run~el marks are notably absent --
and mudcracks are rare, but occasionally observed on the 

underside of sandstone beds near the top of a coarseni~g-

upward sequence. 

This stratigraphic sequence therefore appears to 

'be comparable ·to typical >coarsening-upward sequences 

described as ri¥er- or wave-dominated prograding deltaic 

1cycles (Fisher et al., .1969; Pettijohn, 1975; Miall, 1976). 

These generally cons.,i st of prodelta clays at the pot tom, 

passing upwards into delta:front silt and "sa.n:d. It would 

seem that at this stage of deposition of the Bell Island 

Group the tidal range was not large, a fa:ctor.p:robably 

cc;mtrolled by basin morpholo~. Th~refore, the deltaic 
' sequence is more recogni~able as such, being typical of the 

much ..;studied,, river-dominated o'r · .. Mississippi · type" delta. 

With subsequent establishment or re-establishment of a 

large tidal range,~ the delta became a high~destructive, 
' 

tide-dominated type with f~w "typical" deltaic characteris

tics, 

Further evidence for a deltaic environment is 
.. .. 

provided by a se~tion at Powers Steps (locality I), .which 

exposes approximately 44metres of highly, weathered, dark, 
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FIGURE JJ. Shoaling-upwards deltaic sequence; 
Lance Cove, Bell Island. Bar is approximately 

6 m. 

FIGURE )4. Sand-filled channel, displaying 
longitudinal point bar crossbedding. - Note 
scour surfaces (arrow); Lance Cove. Scale is 
in feet. 
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~ 
somewhat siltyt graptolitic shale of the lower Powers Steps 

Form~tion. The oolitic pyri te beds lie at the base of the 

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

shoaling-upward zone, several metres thick. The shale cant-

ains occasional fine-grained 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 seeo in cross-secti on 

(Fig. 35). On c l ose observation it can be seen that the . 
bedding 'in the upper part of the shale unit dips several 

4egrees steeper than the lower part, indica~ing a possible 

~gular unconformity. No sharp ·unconformity or ·erosion 

surface can be ob.served ·however, . and there ,appears to 

ha"(e been s~p* 'a gradual change in · the ·angle of deposition. 

Furtherm~et the younger beds dip more steeply than the ' 

older beds, an unusual situati~n for an angular Unconformity, 

r~quiring a reversal in dip direction after deposition of 

the younger beds. Also, 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 (Sout~ey, 1969). 

It would thus appear that all the beds -are in their original 

angle of deposition in relati~n. to one another. The .. 
possibility that this structure is a large infilled fluvial 

' 
channel i 's also unlikely bel::ause, 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 is approximately 8° · -- Height 
from base is approxi~ately 44 m. 
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morphology. Furthermore, the presence of graptolites within 

the sh~le · an:d orthocone cephalopods, trilobite fragments 
( ., 

and brachiopod fraglllep~s towards the ' top of the unit 

indicatee a-marine or at least a brackish environment. The 

author suggests that the shale unit represents the effects 
• 

of a sudden transgression with subsequent seaward prograd-
_, 

ation of a deltaic cycle. The lower part of the shale unit 

represents offshore shelf deposits of marine ' clay, followed 

by prodelta silty clay deposited at a primary angle of 

repose of abou.t. 8° !rom the hori~ontal during r'api d 

progradation. Qverl'Ying this is the shoaling-upward sequence 

of delta front silt and sand. This being the case, the 

seaward direction of the lower Fale-.ozoi·c,h~re_line lay in 

the dip direction of the prodelta deposits, that is towards 

approximately )20°, 

The Gr~vel H~ad Form~tion, immediately overlying 
I 

the upper ore beds,· also coln~rises thick ·shales similar to 

those of the Powe~s Steps Fo~ation and may also represent 

a major transgression. Very limited ou~crop exposure 

prevents a better interpretation. 

Depositional Environment of the ' Kellys Island Fgrmation 

The rocks of Little Bell tsland and Kellys Island 

consist of sequences incorporating many of the majpr • 
environments described .above. An ideal sequence .is deacribet1 

and interpre-ted as :f'ollowg( 

. , 

j 
.J \ 

~ 

.. 
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At the base of the sequence are dark fissile s ha l e 

and silty shale, becoming sa.ndier and siltier with in 1 

or 2 metr.es of the top of the unit. Total thi:::kness car. 

vary :from 2 metres' to 15 metres or more. · Overlying th i s 
i 

shale is massive' thick-bedded: orthoquartzite sandstone . 

Thi s may display faint megaripple structure and may "Qe 

gently dipping planar laminated towards the top of the 

beds. Sandstone beds lying immediately above t he shale unit 

are prone to convolute bed~ing, ball -and-pillow; and other 

slump structures. The sandstone units vary between 2 and 
; 

8 metres thick. Overlylng the sandstone is the topmost unit 

of interbedded rippled sandstones, sandy siltstones, silty 

shales and black, fissile shales. Wavy, flase;r and 

lenticular bedding are common. These sediments are thin 

bedded and weakly to moderately bioturbated. Runzel ,arks 
t . 

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 in the lower part of the Beach Fonnation, which 

are interpreted as possible prodelta sediments. The over-

lying massive sandstone probably represents a b'a:frier bar, 

behind which the rippled and bioturbated sandstones, 

siltstones and shales have accumulated. This latter facies 

is similar in almost all r espects to the tidal · flat facies 

described previously, however no distinctly zoned subfacies 

were rec ognized. 

.. 



The ~renee of the massi~ ·bar sandston,.es as a 

regular componen~ the Little Bell Island and Keilys 

Island sequences~s t heir stratlgraphy dlStlnct from 

that exposed on Bell Island. On Bell Island, the massive 

sandstones form a single, thick fonnation. A p ossible _ 

explanation f or this is that high tidal ranges associated 

with wide tidal flats are represented on Beli Island. 

Resulting high current velocities dispersed much of the 

sand in the system into broad offshore bars. Therefore, 

two separate, areally expansive envirorunents developed, 

encompassing a zone perhaps 5. to 10 kilometre s or more in 

width . On Little Bell Island and Kellys Island, the 

tida l or barri er bars may ha ve been preserved in almost 

every progradational sequence because the t i dal range 

was not excessive, and wide ti<fal flats had not devel-

oped. The bar-tidal flat system prograded then, as a 

closely related unit, whereas the replacement 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 

environments for each formation in the Bell Is l and and 

Wabana ,Groups. 
t _; 

• 
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TABLE t'. 

Depositional Environments of the 
Bell -I slano· and Wabana Groups 

Formation Interpreted Env.ironmen·t 

Gravel Head 0 ffshore she lf, possibly 

Formation • interdistributary bay or 
distal prode l ta 

uppe r or e beds Tidal bar 
-------~-------- -- -~----- -------- - ---

Grebes Nest Shall, ow subtidal, Poin t 
Formation 

probably lagoona l 

Scotia Tidal bar Formation 

Fow~rs Steps Shallow subtidal and 
. Format ion intertidal flat 

- :.;-- - -orrshore-she1r-anctprodelta:-------
44m 
~ possibly interdistributary bay 

Dominion Tidal bar 
Formati on 

Ochre Cove Shallow subtidal and 
intertidal flat, high 

Formati on t o moderate,tidal range 

Redmond Tidal bar , probably 
Format ion high tidal range 

Beach Shallow subtidal and 
intertidal flat, 

Formati on high t idal range · . --,---~-------------------------------Prodelta and delta frontt .. 3~ l ittle or no tidal range 

Unexposed 

Kellys Tidal flat and tidal or barr ier bar 
Island sequences, low tidal range, overlying 
Fonnation marine shale 

No scale implied. 

• 
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Paleocurrent Analysis 

Paleocurrent data is plotted in Fig. J6 a and b, 

Current crossbedding measurements taken throughout the 

section appare~tly indicate two populations. Fig. J6a shows 

a well-distributed bimodal pattern £or the lower part of 

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

This pattern is reported as typical of delta topset and 

higher tidal flat environments (Klein, 1967), Neither mo~al 

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 directions in the upper 

part o£ the Bell Island Group and the Wabana Group is 

plotted in Fig. J6b. The pattern 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 ' t ·o the first pair 

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

1971). Once again, no modal class dominates and the source 

direction cannot be definitely dete~ined, If the unpaired 

modal class (towards the north-northeast~ represents 

long-shore currents, then the source lay either to the 

west-northwest or east-southeast. Shales in the Wabana 

Group that are interpreted as prodelta sediments have a 

primary angle of repose dipping towards ~he northwest 

.. 
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N 

Index to Rose Diap-rams 

41 measurements 0 

Figure )6A. 

~aleocur~ent cross-beddin~ directions in the lower part of the 

Beach Formation. 

N 

50 measuremen-ts 
Fi@Ure J6B . 

Paleocurrent c.ross-beddinp: directions in the Wabana 

Group and the upper part of the Bell Island Group . 
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(p. 81 ) • This could i::1dicate that ,t he modal class. oriented 
.. 

in the west-northwest directi on represents the seaward 

direction and that t he source was t o the· east-southeast. 

The paleocurrent direction patterns ' support the 
I 

hypothesis that the Bell Island and Wabana Groups represent 
: ~ 

a tidal f l at and probably a deltaic envirorunent. However, 
• # 

it is apparent that a detailed study backed by much more 

dat a is ~eeded before a meani ngful interpretation of t he 

di spersal pattern can be made. Determinin~ the . dispersal 
/ 

pa~tern for each subfacies would probably produce the most 

s i gnificant dat~ . 

l 

I __ _.. 
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CHh.PTER 5 

PETROLOGY AND PROVENANCE 
,• 

Sandstone Petrology 

The basic petrology of the Bell Island-Wabana groups 

has been described by Nautiyal (1966). General descriptions 

• 

' ) 

of sandstOne petrology for each subfacies of ~~e depositi onal 

environment is documented here and is aimed towards an 

interpretation of provenance, ;able J gives the mineral 
.. 

composition of 8 studied thin sections selected as typical 

of each facies, or considered to be important in the 

interpretation of provenance, Those in the latter category 

are coarse-grained sandstones, a size fraction which, 

although rare in the rocks of the Bell Island and .Wabana 

Groups, was nevertheless found to be invaluable for source 
' 
studies because of the rock fragments they contain. 

Prodelta Silty Sandstone 

These sandstones occur as . thin, rippled beds within 

shales that probably represent a prodelta environment .. « 
' ~ 
' 

(p. 77) and which outcrop at Lance Cove, Kellys Island · and 

Powers Steps. These rocks are light grey to white arenites 

( i"or example, ·specimen BI -76-14) and typically contain a 

variable but 'minor amount of volcani d. rock fraglnents. Grain 

size varies from 0.25 to less than 0.05 mm, but averages 

approximately 0.1 mm making the sands fine to very fine 

grained and moderately sorted . Quartz is suban.gular and 
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~ -TABLE J 

Sandstone Thin .Sect-io\1 Petrology 

% Composition 

• , ...... 
~ !'- ..... 0 - N ..... ...... 

I I I () ro ·rl I 

' \0 \0 \0 ..::t \1\ \0 \0 
('._ ('._ C'- \0 \() U\ ('._ 

I I I I .I I I 

~ H H H ~ ~ H 
~ ~ · I7I:l I7I:l ~ Ill ~ 

Cuartz JO 38 23 20 3 27 38 i 
undulose extincf.) 

quartz .. 46 58 68 48 25 63 58 
(straight extinc.) 

Cuartz 36 1 
idiomorphic) 

total quartz 76 96 91 68 i54 91 96 

~ orthoclase 1 3 TR 1 
' 'i'lagioc lase TR TR TR -TR TR 

microcline TR TR 
muscovite 7 TR 1 1 2 -altered grains 8 12 3 
matrix 2 4 6 22 

rock fra~ents 2 TR 3 TR 4 

carbonate TR 2 12 . 
biotite TR TR 5 TR 1 

bleached biotite 1 TR 1 TR TR . 

phosphatic shell TR TR TR TR TR 2 
fragments 
zircon · TR TR TR TR TR 

..... tourmaJ...1.ne TR . - TR • 
hematite 1 TR 1 

magnetite TR -- -
glauconite 6 

hornblende TR 

chlorite 3 
\. chamosite 1 

TR = trace amount 

' I. 
---- - ·-
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many grains have a iow sp~ericity. Texture is: ~mmature . t o 

s1.1bmature. The sands generally contain 75 to 85% quartz\ 

some of which dis~.lays undulose extinction. Muscovite 

flakes ~p to l. mm in length are invariably a significant 

component in proportions. up to 5% of the rock. ~ched 

biotite and chlorite are always present in varying mi nor 

amounts. Unide'ntified al tera.d grains probably include 

feldspars, fine-grajned volcanic rock fragments - and f erro-. 
magnesian minerals. Other minerals making up less than 1% . . 
of the rock include microcline, plagioclase (oligoclase), 

·orthoclase, zircon, tourmaline, magnetite, phosphatic shell 

fragments and altered amphiboles. The cement is serici tic, 

making up from 2 to 5% of t he roc k, but quartz overgrowths 

are al.so very common. Bedding consists of the alignment 

of muscovite flakes and placered heavy minerals, typically 

chlorite and bleached biotite, 
) 

Subtidal-Lower Intertidal Sandstone 

These sandstones are normally me,garippled and thick 

bedded . . They are white to light grey and classified as 

quartz arenites (for exap~ple, specimen BI - 76- 27). Grain 

size varies from 0.5 to 0.08 mm , but ave.rages o.g mm 

f giving a fine-grained, "well-sorted sand. Quartz makes up 

90% or more of the mineral components and is rounded to 

subrounded. Some of the quartz grains display a slightly 

undulo~ extinction. Grains with low sphericity are common. 
I • 

Texture ·'is mature. Weathered acid volcanic rock fragments 

/ . 

\ 
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. 
are easil:~' recognized, but generally make up less than 1% / 
of the rook." Up to 3% orthoclase may be present. In some 

of these sandstones the feldspars are replaced-by carbonate. 

Other minerals making up less ~than 1% of the rock include 
' green and brown biotite, zircon, phosphatic shell fragments 

.., ~ 

and rare oligoclase. Large shell fragments and shale 

~lasts. are concentrated in scour lags. Muscovite ~~re. 
CemeDt is generally overgrowths on quartz grains, but some 

beds are carbonate 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 4ilner~l (possibly kaolinite) is · 

observed as a cement in thin section. 

Intertidal Sandstone 

Sandstones from this facies typically occur in . . 
rippled, thin- to medium-bedded lenses intercalated with 

silty shales. Associated sedimentary structures indicate 

intermittent subaerial exposure. These sandstones are highly 

variable in composition and texture (for example, specimen 

BI-76-11). Generally they are irm.nature quartz arenites 

and some, with a signific~t fraction of volcanic rock 

fragments and volcanic .quartz (Fig. JB), may be classified 

as volcanic arenites. In the middle part of the Ochre Cove 
'i . .. ' . •· - -~ 

Formation, glauconite is an 1mportant const1tuent (F1g. 47) 

and these sandstones can be classified as glauconitic 

. ·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 JS. Detrital volcanic quartz 

fragment; bipyrimidal with embayment 
(arrow). Sample BI-65a; Ochre Cove 
Formation. 
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All quartz grains are subrounded to ~ubangular. 

' Grain size varies from coarse silt to medium sand and the · 

sediment is moderat:ely to poor?Ylorted. Clay; content is 

generally greater than 5%. Qua~tz ~ontent varies from 

60 to 70% and some grains display highly undulose extinction. 

Other major constituents may inciude green arid .brown 

biotite and bleached biotite, muscovite, phosphatic shell 

fragm~nts, glauc9nite _and chlorite. Orthoclase may make 

up 1 or 2% of the rock and is more or less sericitized. 

_Feldspars are sometimes replac~d by carbonate. Other min'or 

components J-nclude oligoclase, zircon and tourmaline. 

Cement is clay-sericite, but quartz overgrowths are common. 

Bedding in thin section consists . of alignment of micas and 

heavy mineral zoning. 

Tidal Channel Sandstone 

The sandstone described for this facies is a 

crossbedded tidal channel unit outcropping at' The Beach in 

the Be~ch Formation. This sandstone is a quartz arenite 

(for eJhmple, BI-56i) containing 90 to 9~ quar.tz grains, 
v 

which range from angular to well-rounded, Sorting is poor 

and grain size rapg&s from 1.5 to 0.05 mm on average, a 
~ 

coarse to medium sand. Some of the quartz is partly 

idiomorphic with embayments and is obviously volcanic. A 

few rhyolite rock fragmen~s are seen in thin~section)/as 

well as composite quartz grains, pr.obably of granitic 

origin. Large shale pebbles up to 1 em or more in length 

•. 

,• 

• 

' 
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a re c ammon. Tr.e se c ontai::~ imbedded fine -grained quartz and 

occasionally cha.rnosi. te peilets, some cf wh ich are oolitic . 

OrU: oc:ase is ge:r.erally less than 1% o f the grains and is 

often almost wholly replaced by carbonate. Phosphate shell 

fragments are common, as is biotite and bleached biotite. 

Muse ovi te is rare. Glauconite is a minor c ornpo,nent, Silty 

patches are probably animal burrows. Cement may be h:;natite 

or carbonate euhedra. forming a crystal sandstone. Chamosite 

is occasional ly present •s a cement. Bedding is obsc ure in 

thin section and is evidenced only by the alignment of 

shell fragments . 

Offshore T1da l Bar Environment S;a.ndsifone 

These sandstones comprise the white t o light grey 

r·~- orthoquar tzi tes of the Redmond Formation . They are 

c lassified as quartz arenites (for example, BI -76-101 ). 

Grain si ze varies from 0. 25 to less than 0. 05 mm, but 

averages 0.15 mm, a fine-grained, well sorted sand . 
• 

Roundness is subangular to su"brounded and the cl<fy content .. 
is less than 1~, thus the texture is mature. The sands 

contain greater· than 95% quartz grains, some of which 

-display strong~y undulose extinction. Some of these sand-

stones, particularly those from the 'swash' or 'beach' zone, 

cotltain up to 2% muscovite. Serici ti zed orthoclase makes up 
·.· 

1% or less of the rock, although many of the unidentified 

alte red grains m~y be orthoclase. Microcline and oligoclase 

are also present in minor amounts. Other .miherals present 
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in q'-lanti ties of less than 1% are al te~ed biotite, zircon , 

c lay minerals and · rarel y , phosphatic shell fragments. 

Fine -grained rhyolite fragments are rare. Cement consists 

of qL<artz overgrowtr,s. However, pseudonodules within the 

Redmond Formation are cemented by large carbonate euhedra. 

Bedding :.s only evidenced by al i gnment of muscovite flakes 

if present in the rock. 

Provenance 

Quartz 

Quartz grains generally are too fine grained to 

differentiate genetic types. 41\tany quartz grains d o show 

v a riable degrees of undulose extinction, however Bl att 
·) 

(196 3) has concluded that 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 quartz was identified as a major component 

in coarse -grained sandstones from several different horizons. 

In thin sections, these quartz crystals are idiom orphic 

with hexagonal-bipyrimidal shape. Embayments are common 

(Fig. )8), Crystals are water-clear with no inclusions a nd 

have straight extinction. Their association with porphyritic 

acid volcanic fragments leaves no doubt that they are 

derived from erosion of these v olcanics. In fine -grai ned 

sandstones throughout the Bell Island-Wabana strata, much of 

.. 

~' 
I 
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the quartz wi t :-t straight extinction a:-td a lack of inclusions 

is t here f o r e be l ieved to be of volcanic origin. 

Roc k Fragments 

The d iffe r ent roc k fra gme n t s in several c oarse-

gra ined sandst::mes are tabula ted in Table 4. Several 

different source l i t hologies are represent ed and are treated 

i ndividually in the following descriptions. 

Volcanic Fragments 

Typically, these have a microcrysta lline c h e rty 

appearance (Fig. 39) and consist almost exclusively of 

quartz with a rare, highly altered or carbonate-replaced 

patch. Phenocrysts of bipyr-imidal quartz are some time s 

enclosed in the fragment . At least one porphyritic grain 

displ a ys a d us ty outline, which may be a flow banding 

structure or perhaps the structure of a welded crystal tuff 

(Fig. 40). These rock fragments are similar in many respects 

to rhyolites 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 spherul i tic 

texture in some of the Ha:rbour Main rhyolites has a similar 

detrital counterpart in the Bell Island-Wabana sandstones 

(Fig. 41). 

Highly a lte r ed basic volcanic fragments were also 

identified, but these are rare and difficult to recognize. 

Some of these volcanic rock fra~ents may be second 

\ 



98 

TABLE 4 

Rock Fragments 

% Composition 

cd p (I) cd 
\.f1 0\ "' I:Q 0'-
'-D C'- . '-D ~ ['.. 

I I I I I 
H H 

"""' 
H H 

III ~ ~ I:Q I:Q 

acid volcanic 39 58 28 78 ? J 
plutonic ·32 11 1 8 4 20 
recrystallized metamorphic 4 6 44 2 
stretched metamorphic 22 25 9 18 5 
basi c volcanic 1 
shal"*r 2 1 :-

• 

I 
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0.5mm 

FIGURE 39a (left) and 39b (right). 
Detrital ac~d 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 de t!'i tal grains. Th.ese c ould have been derived 

from volcanic sediments of t~~ Conceptio~ Grou~ 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 w~re a considerabl~ if not a ~a jo r, 

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 biffiodal _ size distribution: all crystals 

show undulatory extinction and have strongly sutured inter

crystalline boundaries: crystals are elongated with 
, :) 

~ubparallel extinction. It is yrobable, therefore, that the 

source terrain encompassed iD 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 

\ 

J 
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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 ~bvious crystallographic 

·orientation of crystals· within each grain. An obvious 

source for these grains is the Holyrood Plutonic Series. In 

several thin section~, grains of microcline-quartz inter-

growths exhibit a micrographic texture (Fig. ''4Ja). Tr.is 

texture has been described in pegmatites of the Holyrood 

Granite as "heiroglyphs" (Earning, 1965). Other clastic 

grains have intergrowths that are patchy or "wonny" 

(Fig. 4)b), similar again to gr~ophyres occurring in the 

Holyrood Granite (McCartney, 1967). 

All other polycrystalline quartz grains, generally 

those ·which hav~ 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 metaquartzites 

and gneisses. 
, 

Sedimentary Rock Fragments 

Shale pebbles and fragments are an extremely common 

component · in many of the Bell Island-Wabana sandstones, 

However, ~he vast majority, if not all, are believed to be 

intrabasinal and probably of a very local source for the 

following reasons• (1) theii 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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0.5mm 

FIGURE 44. Detrital metaquartzite fragment. 
(X nicols) Sample BI-65a, Ochre Cove 
Formation. 
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to other harder rock fragments; ( J) a tidal flat is a very 

favourable environme~t f Gr the formati on of shale chips due 

to subaerial exposure of mud flats; (~) shale fragments 

occasionally contain chamosite or hematite o olite~.which 

are major 2llochems in the Bell Island-Wabana strata and 

ther'efore of intrabasinal origin. 

Heavy Minerals ) .. 
I 

I 

Heavy mineral separations were carried out on five 

samples as a possible aid in the interpretation of 

provenance, The results are shown in Table 5, Bleached· 

biotite, opaques and zircon are the major 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 occurrence in all of 

the grain mounts of minor amounts of pinkish and colourless 

garnet, some of which is idi,omorphic, Similar garnets also 

occur in sediments of the late Precambr.ian Cabot Group 

(Papezik, 1973). 

Summary and Interpretation of Provenance 

In light of the above analysis, 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 are1 (1) acid volcanics, particulaly 

-- .. 
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porphyritic rhyol ites and possibly welded crystal tuff, 

(2) basic volcanics, (3) granite and granophyre plutonic., 

( 4) metamorphic , particularly gne is.sic and possibly meta

quartzite, ( 5) possibly a sedimentary li -:hology of 

volcanogenic origin (by inference onl y). All of t he se 

lithologies, except the metamorphic, occur on the Avalon 

Peninsula in the Harbour Main, Conception and Cabot Groups 

and the Holyrood Plutoni c Series. 

· The gneissic rock fragments, as well;e the presence ~ 

of detrital garnet and the great abundance of muscovite 

flakes in the Bell Island-Wabana rocks, pre.sents a major 

problem as to source. Gneissic rocks are unknowh on the , 
Avalon Peninsula and moreover, muscovite and garnet are 

not known t o occur in the Harbour Main-Holyrood igneous 

complex (Papezik, 1 97 )). 

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 o~ detrital muscovite, garnet and 

metamorphic rocks have been recognized in late Precambrfan 

sediments of t ·he S i gnal Hill Fonnation in :the Ca"bot Group 

(Singh, 1969; Papezik, 1973). Reworking of these sediments 

could have been the source of the garnet and the metamor

phic rock fragments that appear in the Bell Island-Wabana 

·" 
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rock~. How):!ver, secondary reworking would probably have 

diminished the proporti or: cf t he se componer.ts t o ve r y small 

a.6ount~, whereas gp.:rne t was rec ognized in all the heavy 

mineral mounts and metamorphic rock fragment s are common in. 
L 

ali the coarse -grained ~andstones. Furthe rmore, secondary 

reworking cannot -explain t r.e great abundance of muscovite 

in the" Bell Island..:.Wabana rocks. 

' Pape~ik (19?3)' suggested that t he Signal Hill 

Formation may be parti"y derived from a Precambrian basement 

with as.sociated l ate, Precambrian garnetiferous leucogranite 

intrusions, al~ lying to the east and northeast of the 

Avalon Peninsula and now covered by th~ ocean. This 
\ 

suggestion wa~ prompted by the fac·t · thit such a terrain 

oscurs along the western margin o:f the Avalon Zone and is 

c onsidered ~y Kennedy and McGonigal (1972) to be "at le?-st 

pre.,.Middle Ordovician in age and probably considerably 

older." Kennedy and McGonigal (1972) further suggast 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 H~drynlan and Paleozoic strata on the Av.alon 

Peninsula, as well as the lack of severe deformation, meta

l' morphism and extensive plutonism, favour the hypothesis 

that the Hadrynian and Paleozoic strata were laid down upon 

a continental ,crus.t. Geophysical studies also indicate ' that 

continental crust may underlie the continental shelf .off 

.. 
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southeast Newfoundland (Haworth and Macintyre, 197 5). 

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 Pre cam brian basement. If so, then 

such a source probably accounted for a significant 

proportion of the sediment, considering the abundance of 

muscovite throughout t he strata. 

Al thou4 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, 
j" 

at least during the deposition of the ~ower part of the 
" 

Wabana Group (p. 87 ). This would then support Papezik's 

(197J ) suggestion ~~t Precambrian basement may unde_.rlie 

the present continental shelf to the east of the ~valon 
Peninsula. 

I 



• 

111 

CHAPTER 6 

DEPOSITIONAL ENVIRONMENT OF THE IRON ORES 

Facies Relationships 

Good coastal exposure of the major ira.."1stone beds 

allows an · interpretation of at least the. vertical facies 
i 

relationships of' the ores. 

Sig:lificantly, the occurrence of the ironstone beds 

is apparently related•to certain facies of the tidal flat 

complex. Immediately below the ironstones of the Dominion 

ore body are several thinner, uneconomic ironstone beds 

interbedded with quartz sandstone, siltstone and shale. 

Where exposed at Gul l Island .North Head, these beds form a 

number of well-developed, fining-upwards sequences (Fig~ 45) . 

Each sequence consists of ·three subfacies referred to the 

lower sand flats,. middle mixed flats and upper mud flats, 

corresponding closely to the tidal flat stratigraphic model 

illustrated 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 subfac ies, 

but qua~tz sands make up the upper half' " suggesting a 

hydraulic fractionation by density. Each fining upward's 

sequence is approximately 3 metres thick. 

The oolitic hematite of the Dominion orebody overlies 

• 
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FIGURE 45. Fining-upwards intertidal 
sequences immediately below the Dominion 
Ore Bed. (a) Lower sand flats consisting 
of oolitic hematite, (b) middle mixed flats, 
(c) upper mud flats. Note similar sequence 
immediately above. Sequences are approximately 
3 metres thick. Compare this sequence to tnat 

in Fig. 8; Gull Island North Head, Bell Island. 
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these sequences and is also approximately ) metres thick in 

outcrop. Little structure can be observ~d in the orebody 

except for faint evidence of large-scale crossbedding. This, 
I 

together with its thickness and mass.ive nature, suggests that 

within the tidal flat comp~ex the Dominion orebody belongs 

to the offshore tidal or barrier bar facies. 

Overlying the ore are black shales and black, silty 

shales, oc casionally rippled, s~ggesting a lagoonal facies. 

A~ociated thin, discontinuous beds of dark siderite are 

found in this facies and contain ch~osite oolites, which are 

almost completely replaced by siderite. Phosphatic shale 

pebble conglomerate beds overlie the black sha+e-siderite 

unit. 

The Scotia orebody, approximately 70 metres above the 

Dominion orebody, shows similar facies relationships. 

Immediately below the main ironstone bed are several minor, 

uneconomic 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. The Scotia 
' 

orebody is approximately 2! 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 those found in the 

Dominion orebody, it too is considered to be an offshore 

barrier or tidal bar facies. The composition of the Scotia 

i 
1 
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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 

oolitic chamosite and hematite within 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 ore Member crops out near the top of the 

Grebes Nest Point Formation, but these beds are generally thin 

and streaked with sandstone and shale. Because 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 followss 

• (1) They both begin as minor ironstone beds within an 

intertidal facies. (2) The main ore beds probab~y represent 

a bar facies. (;})Both maifltore beds are overlain by dark 

Shales and dark siderite beds containing chamosite oolites, 

apparently a lagoonal facies. (4) Both contain thin but 

e:xtensi ve 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 interpretation is suggested for the 

environment of formation of the ironstones, disregarding 

for the moment the question of the source of the iron. The 

ironstones may have .fonned 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 tidal flat facies containing the 
I 

coli tic hematite may have existed adjacent to, and along-

shore from, the barrier bar-lagoon system 1 thus reflecting later

al migration of environments. The oolites making u~ the bar and 

tida! flat sands could have, been chamosite oolites that were 

washed out of the lagoon and up onto the barrier bar or tidal flat 

and into tidal chaRnels. There they would be oxidized, probably 

to goethite, forming hematite after diagenesis. In recent 

· sediments of the Niger and Orinoco Deltas, Porrenga (1965) 

has observed 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 condi tiona. The idea that the ferric iron 

oolites formed from the oxidation of chamosite oolites 

• ---'-- -
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provides a ready explanation for t he development of oolites 

made up of concentric ~ayers of chamosite and hematite. Some 

of the c hamosite ooli tes that were washed into the oxidi zing 

environment may have been too fine grained to be hydrauli c

ally stable in the presumably higher energy zone of the 

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

the outer sheath of chamo.si te had bee oms oxidized, the 

oolite· would have been washed back into the lagoon, where 

chamosite precipitation recommenced. T0e cycle could have 

been repeated several times. This situation may be contras 

ted with observations on the growth cycle of carbonate ooids, 

in which periods of precipitation on shallow shoals 

-apparently alternate with periods of rest. 

Thin section stu.dy 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 Beach, Polls Head and Bell 

Cove 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 

.. 

• 

' l 
• 



1! 8 

distance. Furthermore, iri some cases underlying ore beds 

are more than 100 metres below the sandstones in which 

oolites have been .foun_ct. Reworking would therefore probably 

require upli.ft or tilting o! the beds to near sea level. 

There is no evidence of such 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 were forming locally at various times and 

places throughout the deposition o.f the Bell Island and 

Wabana Groups. The appearance of the ironstone beds within 

the ·exposed straVshould probably not be considered as 

unique episodes, but perhaps simply the lateral migrati9n o.f 

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 

Jr.equires a low sedimentation rate, then a model must be 

sought that al+ows regional variation in the sedimentation 

rate. 

The formation of the ironstones may have been relatep 

to the migration of major del~a. distributaries or delta 

lobes. While a distributary was active, a high rate of 

sedimentation diluted the available iron pr~venting the 

formation of ironstones, Once a particular distributary was 

abandoned, a slow rate of sedimentation .would prevail, 

depending primarily on longsho~ currents and the proximity 

,. 
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of the newly established distributary. Condi tions may then 

have been favour abl e for the f crmation of i~onstones on t he 

shallow tidal shelf of t he abandoned delta lobe. 

There is some stratigraphic evidence that t he 

.. ironstone-s f ormed in an interdistri butary environment. The 

ironstone beds of the Dominion Formation are overlain by 

pyritic, graptolitic, dark shale and silty shale, evidentl y 

a deeper water facies. These are f ollowed by prodelta shales 

that ·coarsen upwards into sandy, shallow-water delta front 

sediments. (F i i. 35). This sequence may be interpreted as 

follows: ( 1) abandonment of a ma.jozl delta distributary or 

delta lobe, accompanied ' by a major phase of ironstone 

formation; (2) subsequent transgression and establishment 

of a deeper water, dis~al, interdistributary bay envitonment, 

followed by (J) lateral migration and re-establi shment of a 

· major delta distributary and (4) seaward progradation of 

the delfa and a return to shallow-water tidal shelf 

condi tidtls. 
, I 

Significantly, the ironstones of the Scotia Formation 

. and the upper ore beds (considered as a single phase of 

f 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 t he lagoonal facies overlying the major i r onstone beds. 

The phosphatic material occurs mostly as structureless 

pellets or pebbles, but some is also concentricall y 

laminated. Hallirnond (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 said to occur at 

major and minorunconformit ies (Grabau, 1919; Goldman, 1922), 

and Pe t tijohn (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 phosphaticG\ 

pebble Jbeds associated with the Bell · Island-Wabana iron

stones repre~ent subaerially exposed surfaces; in fact, 

the presence of fresh-looking chamosite oolites within the 

pebble beds seems to preclude their exposure t~ highly 

oxidizing conditions. Furthermore, the suggestion that these 

pebble beds indicate minor submarine unconformities due to 
. , 

periods of nondeposition is consistent with the hypothesis 

that 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 d"iffract1on 

and is present in quantities of up to 10~ of the rock. It 
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occurs as individual microcrystalline aggregates, but also 
I 

oc casionally between cleavage planes in green b.:.otite, 

expanding the structure into •accordian• shapes (Fig. 47) . 
• 
Various stages in t he alteration of biotite to glauconite 

were recognized. 

Galliher (1935) recognized a similar series of 

transition stages from biotite to glauconite in bottom 

~ 

deposits of Monterey Bay, California. He concluded that the 

glauconite was a submarine alteration pFoduct of biotite. A .. 
similar source for t he gl aucon1te from the Ochre Cove 

Formation seems likely. 

It is interesting that glauconite from the Ochre Cove 

Formation is associated with shallow-water structures and 

in places is interbedded with thin, silty sandstones,which 

display runzel marks on flat-topped ripples,indicating 

subaerial exposure. 

Cloud (1955) concluded that glauconite forms in 

marine waters of normal salinity, 10 .to 4oo 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, well

oxygenated, normally saline and possibly brackish waters. 

In light of this, the glauconite from the· Ochre Cove 

Formation may have formed in the shallow subtidal zone and 

accUmulated nearby in the intertidal , zone. 

I 
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0.5 mm 

FIGURE 47. Glauconite forming as an 
alteration of biotite between cleavage 
planes. Sample BI-64c, Ochre Cove 

Formation. 
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'· 
Oolitic Pyrite Member 

The envirorunen~ of formation and deposition of the 

oolitic Pyrite Member remains enigmatic. Stratigraphically, 
' ; 

the Pyrite Member overlies dark shales and siderite beds 

interpreted as a shallow--water lagoonal facies. The Pyrite 

Member is i tseif overlain by a• deeper water, gre~;ptoli tic, 
• 

shale facie-s 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 pebbles and the oolites 

themselves are typical :Of what is recognized as a shallow-

water facies elsewhere in the study area. Graded bedding is 

also c ammon in some of the oolite beds. 

The secondary replacement of 

previously existing gr · ns. It replaces graptolite and shell 

fragments and partially replaces some shale pebbles. Some 

of the pyrite oolites have an ~oll. tic charno~ite core, 

suggesting incomplete replacement (Fig. 48). Furthennore, 

it is difficult to jonceive of the primary precipitation of 

pyrite as oolites in the required reducing el)vironment, .. 
since the . oolitic form implies agitated, and therefore 

aerated, water. 
I 

Pyri tizat'ion 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), 

-· ·-·r 

r 
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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 tra:1sportation. - Rarely, completely unpyri tized 

chamosite oolites are seen in thin section (Fig. 48). If' the 

pyrite is indeed a secondary replacement, then 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 

cha.mosi te oolites were washed in f'rom an ad·jacent 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 sedimen-ts of the Bell Island and Wabana Groups 
' 

have many 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 fea"tures of sediments deposited by tidal currents. A 

distinct combination of these is required in order to 
.. 
•. d1stinguish ancient tidal sequences . '!'able 6 lists those 
I . 
features 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 that are particularly well

developed in the Beach Formation and the Ochre Cove 

Formation are similar to other examples that have been 

interpreted as prograding tidal flat sequences (Allen, 1965: 

Allen and Tarle, 1962; Smith, 1968;· Klein, 1970, 1971, 

1975a, 1975b; Klein and Barnes. 1975: Sellwood, 1972). 

Klein (1971. 1972) has proposed a sedimentary model for such 

sequences. based on studies of recent tidal flat environments. 

His model has provided the basis for the tidal .flat 

i~terpretation in this study (Fig. 5). Klein•s model 
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TABLE 6, Comparison of sedimentary structures · in the Lower {h;dovician 
Bell Island and Wabana Groups with other documented • 

intertidal sediments of Paleozoic age. 
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X X X . X X X X X X X (Late Precambrian), Klein ~<l97_5a). r-- ··· -.. f 

Lower Fine-grained Quartzite, Scotland 
(Precambrian-Dalradian), Klein (1970b). X ~ X X X X X X X X 

Zabriskie Quartzite 
and Klein (1975). 

(Cambrian), Barnes X X X X X X 
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( 197 3). 
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•provides criterion for determining the intertidal zone and 

he concludes that the thickness of this zone in the sequence 

provides a good estimate of the paleotidal range. 

Applying the paleot:dal range model to fining-upwards 

~ \ sequences that ar~ particularly well-developed at the Ore 

Docks and Freshwater Cove (Parsonville) in the Beach 
r' 

· Formation, paleotidal ranges 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 1;h.e hematite beds represent an estim

ated paleotidal range of approximately J 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 of tidal processes. Furthermore, if a 
' deltaic system did exist, it is perhaps not surprising 

that little evidence for it remains,considering the ... 
destructive potential of a 3 to 6 metre tidal range. 

A comparison'o£ the Bell Island-Wabana stra~igraphy 
with several modern tidal flat environments also shows many 

features in common. 

Tidal flats along the North Sea coast of the United 

Kingdom, Netherlands and Germany have been well studied 
t 

(Evans, 1965; Van s ·traaten, 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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J kilometres at the Wash (Evans, 196.5) and from 7 t o 10 

-kilometres along the Dutch and German coasts (Reineck and 
~ 

Singh, 1975). Longshore barrier bars have developed seaward • of the Dutch anc:Jerman tidal flats~. 

The ch~cteristic pattern of -sediment distribution 

on the North Sea tidal flats is a_ gradual change from sand 

in the lower intertidal zones to m~d in the upper mud flats, 

with a mixed transition zcne between the two (Reineck and 

Singh, 1 97 5). In progradi ng deposits, the result is a 

fining upwards stratigraphic sequence, 

In the lower sand flats,current crossbedding and 

occasionally herringbone crossbedding are common, · Fl aser, 

lenticular and wavy bedding characterize the middle mixed 
. ' 

zone and the upper tidal flats consis.t of silty clays 

deposited by-suspension settling (Reineck, 1967). In short, 

a direct comparisori can be made between sedimentary features 

of the modern North Sea tidal flats and features 'observed 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 may be 

used as possible analogues. 

The Klang River delta and the Ord River delta have 

been described by Coleman and Wright (197.5), and the 

Colorado River del~a by Thompson (1968) and· Meckel (1975). 

These systems are characterized by mean spring tidal ranges 

/ 
i 
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of 4.J, 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 fini~g-upwards, except for matine shales at the · 

base (Coleman and Wright, 197.5). Seaward of the delta, sands 

are dispersed into coastal barrier or tidal bars, and 

subaqueous sand ridges - and sand waves such as those described 

by Dff (196J). These sands are recognized as a major 

environment in tide-dominated deltas. (Miall, 1967). 

All of th'ese features, which are re~ognized in the · 

Bell Island and Wabana sequences, 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 proce~s by which oolitic chamosite ·forms is not 

clear, but it is Delieved to form eit~r by in situ growth 

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

by chemical accretion during gentle agitation on the 
i / 

sedim~nt surface (Wilson, 1966; Hallam, 1967), Both of these 

p~oces~es may con~ribute to the formation of ironstones. In 

the Wab'ana iron ores, there is no e~r evidence to s_upport 

either hypothesis i :the chamosite oolite beds are o:ften / 
\ rippled,suggesting agit~ted conditions, but they are also 

associated with muddy, shallow- water sediments auggestin~ a 

· ' 

~ . 

.... 
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lagoonal environment and low energy conditions. 
· .. • In the Minette iron ore~, l~onite laminae within the 

chamosite ooli.tes are believed to · indicate oxidation of the 

chamosite when washed ·into an oxidizing region of the sea 

floor (Brookfield, 1971; Davies and Dixie, 1951). Sheldon 

0965) s-imilarly suggests that hematite oolites in the 

Clinton of Alabama formed from the halmyrolysis of chamosite. 

This reasoning appears valid for the Wabana iron~tones, 

s~nce the chamosite oolites are associated with apparently 
I 

lagoonal sediments, probably a reducing or ·slightly reducing 

· environment, whereas the hematite oolites are in a tida~ bar 

or 14twer tidal flat facies, presumably an oxidizing 

environment. 

The environment of formation of the M~nette · chamosite 

ores is unclear. Due to generally poor exposure, there appears 

to be some ques~ion whether they formed close to old shore~ 

lines · olwithin the open sea _ (Hallam, 1966; Brookfi~ld, 
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 ironstones of Birmin~~Alabama formed in 

the lagoonwa:t'd side o:r·a barrier island complex, an 

environment 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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'been noted in several Minette deposits, among other examples 

(Chown, 1966). The Jurassic ironstones of Britain may have 

been formed during the development of a delta (Dunham, 1960; 

Hallam, 1966). Hallam (1966) suggested that the appearance 

of the Northamp~on Sand ironstones was possibly controlled 

by periodic migration of delta distributaries. 

Kimperley (1974) has concluded that ferriferous 

oolites are calcareous oolites that have been covered by · 

·deltaic sediment (or pyroclastics). Weathering and leaching 

of the deltaic sediment produced solute-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 i~_is difficult to disprove. Most workers cite 

the preservation of aelicat~ primary ~icrostructure in the 

ooli<tes as evidence of the pr.imary precipitation of chamosite. 

The concentric lamination of chamosite and hematite or 

limonite is the best example (Hallimond, 1925; Davies and 

Dixie, 1951; Hunter, 1960; Schoen, 1 965). Kimberley ·(1974) 

however, contends that .after replacement, selected chamosite 

layers were oxidized, . possibly due to differences in the 

content of o~ganic 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 
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o:f 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. 

Furthermore, in the Pyri.te Member some of the pyri tized ooli t es 

have an oolitic chamosite core (Fig. 48). Si.nce it appears 

that the pyrite is a secondary replacement and that 

pyritization took .ylace before deposition of the Pyrite Member, 

then i t seems likely that the chamosite is the unpyritized 

remains of a primary chamosite oolit e. 

Source of the Iron 

The source and transportation of the iron in most of 

the Phanerozoic i r 'onst ones remains a subject for speculation. 

The Devonian Lahn-Dill .ironstones of Germany are apparently 

volcanically derived (James, 1966). In other ironstone types, 

the lack of evidence for contemporaneous volcanic activity 

or other extraordinary source of iron has led mpst workers 

to believe that continental weathering was the source of the 

iron. A notable exception ~s Borchert (1960),who argues that 

iron was derived from, and concentrated b~ sea - bottom reactions; 

This ~s not generally acc~pted because such'processes 

would seem to be quanti t .atively inadequate unles~ sea water 

chemistry was very different from that of today (James, 1966). 

James (1966) and Scqoen (1965) have suggested that 

iron was derived from the leaching of sediments in a large-
" 

scale analogy to present-day bog ir~n ores and transported 

in bicarbonat~ groundwaters of low Eh and pH to a restricted 

----·· · -··----~------
' . 
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basin. Carroll (1958) has shown how bacterial action appears 
f 

necessary to produce the required chemical envirorunent in wM.ch 

iron oxide can be leached from within crystal lattices or fro~ 

films on the surface of clay minerals. The common occurrence 

of bleached biot~te in the Bell Island-Wab2n.a rocks may be 

evidence of this leaching process. 

Bogs however, require land vegetation of which there was 

little if any before the Devonian Period. It may be that supra-

tidal bogs in the lower Ordovician coastal environments were 

algal marshes. Bacteria acting on decaying organic matter could 

have produced the necessary low Eh environment in which iron is . ~ 

reduced and mobilized. Transportation could then have taken 

place· by groundwater into shallow restricted ocean lagoons. 

There is evidence for algal activity in the Bell Island-

, Wabana coastal envirorunent. Chamosite oolites in the upper .. 

part of the Scotia ore .bed are riddl~d with Girvanella algal 

borings (Hayes, 1915). Rippled wash-out strucxures in an 

apparently heavily grazed sandstone surface (Fig .• 50)~=~ 

indicate the presence of extensive algal mats in the ~~e:: 

tidal zone. Furthermore, the high ichnofaunal content ~n the 

rocks indicates a large concentration and variety oi marine 

life and algae would probably have been a low bu.t imporita.nt 

link in the food chain. Direct evidence for extensive supra-

tidal ~lgal swamps is, however, lacking. Figure 51 summarizes 

the possible mechanism for the formation of Wabana-Bell Island 

ironstoaes. 
\ / 

If the hypothesis that iron wa$ mobilized in supra-
' I 

I 

, 
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FIGURE 50. Rippled washout structure in an 
apparently heavily grazed sandstone sur£ace; 
Freshwater Cove (north), Bell Island. Hammer 

is 28 em 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. 

a b c d e 
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tidal bogs is correct, then the problem arises as to why 

ironstor.es are not seen to be forming offshore from similar 

envirorunents at the pre s .en t time ~ 

Ironstone beds may represent condensed sections 

(Hallam, 1966). Perhaps then, the accumulation of iron-

stones requires long periods o:i, stable conditions within 

the deposi ti~a~ envir"run~nt, In that case, the accumulation 

of ironstones in the, Quaternary may have been prevented by .> , 

the frequency of sea level fluctuations associated with 

cycles of glaciation .. It should be noted that ironstones 

have formed prior to Pleistocene glaciation as recently as 

the Kimmerian age in the Lower Pliocene (Sokoiova, 1964), 

an epoch during which there appears to have been several 
> 

prolonged stands of sea level. A less speculative explanation 

for the apparent lack of formation of ironstones in. modern 

envirorunents must, however, await a better lmowledge of the 

pr_ocesses which produce ironstones. 

Regional Correlation With, Other Lower ,. \ 

Ordovician Ironstone Deposits 

Hayes (1915) noted that the Wabana iron ores were 

comp'arable in character and extent with iron ores. of similar 

age in Nova Scotia and Europe. With the advent of the concept 

of plate tectonics, a close .geographic relationship is now 

generally acknowledged. 

Wilson (1966) postulated that a proto-A tl.antic ocean 

of Late Precambrian-Early PaleC!Jzoic age might have closed 
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from Ordovician to Devonian times along a line extending 

through New England, southern New Brunswick and s outhern 

Newfoundland. Subsequent rifting of the American-African 

landmass took\ place southeast of this suture and is 
[\ 

represented approximately by the present shelf edge.~ 

Therefore, the early Paleozoic rocks of southeast Newfoundland, 

Nova Scotia and southeastern · New Brunswick are probably exotic 

to North America (Schenk, 1971). 

Pre-drift reconstructions generally pl ace Atlantic 

(anada opposite the Moroccan coast and west of Spain (Bullard 
/ 

et al., 1965; Dietz and Holden, 1970). 

The distribution of Lower Ordovic ian sedimentary 

ironstones of Europe, North Africa and Atlantic Canada is 

plotted on a paleogeographic reconstruction 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 Llande ilian in age. 

The lower Ordovician iron ores of western France 

outcrop within the Gres 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 

shaie and marked by an absence of _limestone, Phosphatic 

pebble bed/" artd conglomerate bands are common. Sedimentary 
I . 

stru9tures include crossbedding, channels, ripple-marks, 
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PROTO -ATLANTIC OCEAN 

AFRICA 

Figure 52"". 
Generalized map showing the distribution of oolitic 
ironstone environments during the Lower Ordovician. 
(Paleogeography adapted from Dean, 19?6) 

1 . Wabana, Newfoundland 

2 . Arisaig, Nova Scotia 

3 . ·A it Amar, Morocco 

4 . Co to Wagner, Coto Vivaldi and 
San Migue 1 de las Duenas , ·Spain 

6 _ Normandy, An.iou, and 
Brittany, France 

7 . Carnarvonshire, 
Merionethshire arid 
Anglesey, North Wales 

8 . Thuringia , Germany 

9 . ·Barrand i enne""Bas in, . 5. Guadrarnil, Moncorvo and · 
Vila Cova do Madia, Portugal_ Bohemia, Czechoslovakia 

Sources s United Na-tions Pul;>lication ST/ECA/113; Blondel and 
jVlarv i er, 1952 ; Williams, 1914, Pulfrey, 19JJ, 

'I 
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load casts, ~te casts an:d n~erous tracks and trails, all 

suggesting epicontinental,· shal,low 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 "Armorican" quartzite of Arenigian age (H~an, 

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 delta· complex (Gietelink, 1973). Gietelink 

recognized several different facies including barrier beach • • 

deposits and tidal deposits as well as fluvio-tidal, 
/ 

prodelta, delta slope and shelf" deposits, in short, an / 
/ 

envirorunent 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 

ironstones o~cur has also .been noted (Destombes, 1962, 1976). 

The Moroccan succession shows many general similarities to 

the_ French-Spanish Armorican and younger successions 

(Babin ~ al., 1976a Hammann, 1976). 

Of the other Lower Ordovician ironstones occurring with

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

1919) and the Barrandienne· deposits of Bohemia (Petranek_, 
) 

; · 
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1960) are known to represent shallow-water environments. 

Petranek (1964) has no.ted the · ge·netic features of 

these deposits, emphasizing their shallow-water origin. 

Following ip a point summary of his conclusions: (1) The 

o·rebodies ·are lenticular and elongated. Their narrow 

width and relatively small size does not suggest a deep 
.. 

water origin. (2) The .paleo~eographic setting of the deposits 

indicatfs that they were aeposited close to shore in 

shallow. flats, bays or even littoral and deltaic environ-

ments, thus following ancient coastlines. {J) 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 oxidic type , 

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, sugges,ting 

a shelf or at most marginal miogeosynclinal envir.onm&nt. 

Within this environment, the development of wide 

tidal flats apparently 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 influence on the accumulation of many of these ores 

as well. 

., 

' ' ' 1 
_J, 
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CHAPTER 8 

CONCLUSIONS 

The rule of priority requires that the division 

into two groups of the Lower Ordovi~ian stratigraphy of 

Conception Bay (Van Ingen, 1914, Rose, 1952) should 

remain in a formal d.escription of the stratigraphy. Much 

of. Van Ingen' s (1914) :fonnational subdivisions of the Bell 

Island and Wabana Groups is still acceptable with minor 

change.s to some inappropriate nomenclature and outdated 

terminology. Nine formations can be distinguished, 

Sediment distribution in the Bell Island and Wabana 

Groups was controlled dominantly 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 o:f 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 intertidal mud flats. 

Dark, silty shales and overlying coarsening- and 

shoaling-up~ard 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 

envirorunental control o:f the ~ell Island and Wabana Groups 
I 

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 probably deltaic environment. However, 

because o:f the multi-modal natu·re of the patterns, the 

source direction cannot be definitely determined •. Other 

evidence, in the form of prodelta sediments with a 

primary dip towards approximately )20°, could indica~ 

that the modal class oriented in a west-northwest direction 

represents the seaward direction and that the source lay to 

the east-southeast, at least during the deposition of the 

Wabana Group. 

Provenance 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 Holyrood Plutonic Series. Detrital 

garnet, muscovite and metamorphic rock fragments may be 

derived from a postulated Precambrian crystalline basement 

underlying the Avalo.n Zone. 

The chamosite oolites are interpreted 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 bar environments • 

i ; 
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where nhey became oxidized, The hematite is probably 

diagenetic after ferric hydroxide. The ironstones may have 

formed during periods of distributary abandonment. 

The Pyrite Member seems to be a secondary replacement 

of oolitic chamosite, organic material and shale pebbles. 

The exact nature· of the environment of fonnation anc;l 

deposition of the Pyrite Member remains problematic, but 

there is evidence that pyritization took place before final 

deposition, 

A general correlation of the Wabana iron ores can 

be made with Lower Ordovician iron ores of Nova Scot.j.a, 

North Africa and Eurppe. All of the~e deposits are known 

to represent shallow-water,jepicontinental, coastal 

environments and they probably developed as a belt along 
. I 

a. slowly subsiding, marginally miogeosynclinal shelf. The 

sedimentology of the hast rocks, where studied, appears to 

· ·be similar to that. of the Bell Island and Wabana Groups. 

- j 

• 
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LEGEND FOR STRATIGRAPHIC SECTIONS 

BEDDING STRUCTURE 

1/7 
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-

small-scale current 
cross-bedding 

large~scale,parallel 
cross-bedding . 

herringbone ' -
cross-bedding 

planar laminated bedding 
• 

large-scale, low 
angle cross-bedding 

megarippl~ bedding 

trough cross-bedding 

flaser bedding 

lenticular bedding, sandy 

.. sil-cy 

MISCELLANEOUS FEATURES 
-vv· mud cracks 

channels 

load casts or ball 
and pillow structure 

rz runzel marks 

,., 
rill marks 

sw swash marks 

Fe ironstone 

p phosphate 

Py pyrite I 
ROCK TYPE 

- " 

" 

.. 

.. 
shaley field estimate 

of' average 
grain size 

oolitic 

-
-·-

scours or minor 
erosion surfaces 

shal e pebble conglomerate 
or lag deposit 

BIOTURBATION 

S weak 
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SSS strong 

shale 

ail ty shale 

siltstone 

sandstone 

oolitic 
ironstone 
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LOCALITY A 

KEI.LYS ISLAND 

UNIT 

20 Shal~, :fissile, dark ~ey, weather~ng "' 

reddish brown. 

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

18 Siltstone, interbedded with light grey 

17 

" silty. sandstone lenses, silty shale and 
dark fissile shale, light yellow, 
yellowish brown and dark gre~ weathering 
reddish brown and light grey; sandstones 
are current-ripple and crossbedded, bed-
ding 2 to 25 em thick, mudcracks; weak 
bioturbation. 

Sand~tone, 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 !laser 
bedding and runzel marks. 

16 Sandstone; f~ne grained, interbec:lded 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. 

15 Sandstone, fine to medium grained with ~ome 

THICKNESS 
'C(NETRES) r from 
~t base 

1 • 0 . 41.9 

1.0 40.9 

1.8 :39.9 

1. 5 )8.1 

1. 5 36.6 

\ 
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sil ~y partings, light grey, weathering 
light yellowish brown; massive, mega
rippled w~th some large-scale parallel 
crossbedding ·an~ow-angle, planar 
laminations towards the top. 

Shale, fissile, silty, interbedded with 
sandy silts~ones and fine-grained sand-
- ~ - . . 

stone lenses, light to dark grey and light 
brown, w.eathering-light to dark brown; 
bedding 2 to )0 em, current ripples, 
lenticular bedding, mudcracks, runze l 
marks; weak bioturbation. 

13 Shale, fissile, dark grey, interbedded with 
silty sandstones up to 10 .em thick; 
grey.and light.yellow, weathering dark 
grey and brown~sh; 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 em 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 mr 
megarippled 'with large·-scale parallel 

crossbedding, ~-angle parallel cross-
. bedding towards t~p of bed, scours filled 

THICKNESS 
(METRES) 

from 
unit base 

2. 3 35.1 

1 .1 32.8 

1.8 )1.7 

3.2 29.9 

---------~-·- .. - - -- - ---
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UNIT 

--
with silt. 

10 Sandstone, fine grained, light grey, 
weathering light yellow, bedding 1 to 
2 em thick; massive, faint megaripples, ., 
planar horizontal towards top, base 

contains large slumps., :roll--up structure 
and ball-and-pillow. 

9 Shale, silty, interbedded with silty sand
stone lenses, yellowish brown, weathering 
dark brown; bedding 1 to 5 em, le~ticular 

and wavy bedding, runzel marks; weak 
bi ot urbation. 

8 Shale_, fissile, interbedded with rare, 
fine -grained sandstone and siltstone beds; 
dark grey, weathering dark brown; becoming 
siltier towards top.r 

7 Sandstone, silty, interbedded ~i~h silty 
shales and dark, fissile shales, light 
brown, weathering light to dark brown; 
bedding 1· to JO em thick, current ripples, 
interference ripples, many lenticular and 
flaser beddi~g, runzel marks; moderate 

bioturbation. 

6 Shale, fiss i le, dark grey, weathering light 

brownish ·.grey. 

5 Shale, fissile, interbedded with fine-
. · grained sandstone . and siltstone lenses 1 

to 10 em thick, dark grey and yellowish 
brown, weathering dark brown; ripple marks 

THICKNESS 
·· (METRES) 

from 
unit. base 

).9 26 . ? 

1.8 22.8 

o, 9 21.0 

3.9 20,1 

1.2 16.2 

0~ 8 15.0 

- ----------- --- ··--· . 

""' 
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UNIT 
• 

and current ripple crossbedding. 

4 Shale, fissile, dark grey, weathering light 
brownish grey, interbedded with rare, 
thin,sil~y lenses. 

J Shale, silty, £issile, interbedded with 
massi~e siltstones 10 to 15 em thick, 
light grey, weathering light yellowish 
brown; moderate bioturbation. 

2 Sh~le, fissile, interbedded with silty 
sandstone lenses J to 4 em thick; becoming 

• 
siltier towards top; light grey·, weather-
ing medium grey and brownish, wavy ~edding, 
interference ripples; weak to moderate 
bioturbation. 

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

., 

THICKNESS 
(METRES) 

from 
unit base 

1.2 14.2 

1.4 1).0 

; 

0.6 11.6 

1.2 11.0 

9.8 

'• 
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LOCALITY 8 
LITTLE BELL ISLAND, 

· ....... ~· .. , 
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LOCALITY B 

LITTLE B~LL ISLAND 

UNIT 

' 

' THICKNESS 
(METRES) \_ 

f rom · ' ' · 

· 14 Sandstone,· massive, fine grained, light brown

ish grey, ·· weathering light grey; str~cture-

unit base 

less, raTe silty' .partings.· 1. 7 22. o 
.I ,. . • 

1J Silts\one, interbedded with fine-gr~in~d 

12 

11 

sandstones and silty. shales, light bvown· 

and light grey, weathering Iight yell owish 

brown; sandstones show larg\- and sma{l- . 
scale bedding or are horizontal planar 

laminated, t hin bedded, runzel marks; we ali: 

bioturbation. 

Sandstone, fine to medium grained, light grey' 
weathering light brown; structureless or 

shallow dipping, large-scale parallel 

crossbedding. 

Sandstone, massive, fine grai~ed , silty 

· shale towards :top, light gr1y, weathering 

brownish; megarippled,~ow dipping, 
large-scale parallel crossbedding or 

current erossbedded, scours, silty partings; 

2.2 20.3 

3.6 18.1 

weak bioturbation, tracks ' and trails. 1.4 14.5 

10 Si~tstone, interbedded with fine-grained 

sandstone lenses and shale, light grey and 
I 

light yellow, weathering brQwnish yel low; 

ripple marks, wavy bedding, m~dcracks, 

runzel marks ; 

9 Sandstone, massive, light grey, weathering 

light yellow, large-s~ale, low-angle cross-

1.0 13.1 

~-~ 

be dd~ng. 0 • 5 1 2 .1 

.• 
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......... . , 

·- . 

. ~ 

.~-

1 6 5 

UNIT 

8 Shale, massive, int~rbedded with sandstone 
·-

and siltstone towards top ; mediwn grey, 

weathering rusty brown and fissile; wavy 

bedding towards top. 

7 Siltstone, interbedded with fine-grained 

sandstone 1enses and dark shales, light to 

dark grey, weathering yellow to dark brown; 

sand-stone lenses are up to 1.51111t thick, 

scours; moderate bioturbation. 

6 Shale, massive with siltstone lenses , 

medium grey, weathe:Ping rusty brown and 

fissile; weak bioturbation. 

'5 .Siltstone, int erbedded with :fine-grained 

sandstone arid dark shales, · light ·yel low 
and light to dark grey, weathering light 

grey and yellowish brown; sandstone are 

/ up to 30 em thick with large-scale parall~l 

crossbedding, run~el marks, mudcracks; 

THICKNESS 
(METRES) 

from 
unit base 

1.5 11.6 

1.6 . 10.1 

0,8 8.5 

moderate bioturbation. <) 0.7 7.7 

4 Shale, -:f1ssile, with siltstone lenses towards 
top, black to light grey, rusty weatheri ng; 

ripple marks · and runvi' ,marks at top. 0.9 7.0 

-J Sandstone, Il).assive, with rare silty partings, 

iight grey, weatherin~ brownish; fine -
.. ,"':: 

grained., structureles1 or di playing mega- / 
' ' ____ _; 

ripple bedding, faint planar _laminated 

bedding or large-scale parallel crosebedd.ing, 

scour ~and-fill. 5.2 6.1 

2 Shale , dark grey, :f i esile , _,we a the ring dark 
brown. , 

- ,_ 

0.4 0.9. -
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UNIT 

( 

1 Siltstone, shaly_, light grey, weathering 

medium ~ey and rusty; thick bedded, some 

current cross't1edding. 

/ 

! • 

I 

... 

( 

THICKNESS 
(METRES) 

:from 
unit base 

0.5 0.5 

• 

. r ·- -...... 



10 

\ 6 

\ 5 

4 

3 
2 

1 
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LOCALITY C 
LANCE COVE 



. -' 

/ 

168 

LOCALITY C 

LANCE COVE 

UNIT THICKNESS 

29 Sandstone, silty and shaly, with interbedded · 
shales, dark to medium grey, and light 
brownish yellow, weathering to yellowish 
brown and reddish brown; 'bedding ie highly 
variable in composition, generally finely 
laminated, becoming coarser and sandier 
towards the top of the unit, wavy, lentic
ular and current ripple crossbedded, fine 
grained, rare pseudopellet horizons in 
limy mud; highly bioturbated. 

28 

27 

26 

Sandstone, white to light ye~low, weather
ing light yellow and li~t brownish 
yellow; massive bedded with some wavy and . 
:t"laser bedding, parallel crossbedding, 
fine grained. 

Siitstone, shaly, sandy with interbedded 
shales and laminated sandstones, dark 
grey, yellowish brown and light yellow, 
weathering brownish -yellow and medium grey; 
thin bedded, 0.3 .to 1 em thick, wavy and 
len;icular bedding, becoming shalier 
towards the top o:f. the 'unit; weak 
biot\lrbatien • . --<.. 

Siltstone, with minor interbedded ~hales, 
sandston&s and sandstone lenses, light 
grey to brown~~t\ grey, weather-~ng medium 
brownish grey1 wavy, laminated, thin 

. . 

(METRES) 
from 

unit base 

0.8 36.1 

0.3 35.3 

0.9 35.0 

i 
I 

I 
j 
I 
i 

' I 
,. 
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UNIT THICKNESS 

bedded, 0.5 to 1 em 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 em 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 yel-low and brownish 
grey, fine grained; sandstones are massive 
bedded but lensoid and pinching out, silty 
sandstones are wavy bedded with shales, in 
places almost grading to flaser bedding, 
and containing sandstone and siltstone 
lenses. 

2) Sandstone, interbedded .with wavy sandstones 
and shales. light yellow. yellowish brown 
and medium grey, weathering to brownish 
ye.llow and dark .Yrownish grey; sandstones 
are fine ~ained~ massive bedded: 10 to 

\15 em thick and curr:ettt ripple crossbedded 
with some. thin shale partings. · interference 
ripples, shales are wavy bedded with fine~ 
grained sandstone; we._k bioturbation. 

(METRES) 
. from"' 

unit base 

0.9 )4.1 

0,6 33.2 

1 .1 32.6 

1. 3 31 ~· 5 ' 

I 
' j 
' 
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UNIT 

22 Sandstone , interbedded with wavi, silty 
() 

sandstones and shales, light yellow, 
yel).owish brown and dark _grey, weathering ~: 

brownish yellow and dark grey, fine 
grained; sandstones are massive bedded and 
laminated,from 3 to 15 em thick, inter
bedded silty sandstones and shales are 
finely laminated and lenticular bedded, 
runze 1 marks. 

21 Siltstone, interbedded with sandstones, 
silty sandstones and shales, whit~. buff, 
brownish yellow, ligPt to dark grey, 
weathering prownish yellow and d~k brown
ish grey, sandstones are fine grained; 
bedding is highly variable in composition ... 
and generally :finely laminated,- wavy, . ~ 

lenticular and flaser bedding, small-scale 
scour-and-fill, rare pseudopellet horizons 

THICKNESS 
(METRES) 

from 
unit base 

0.6 )0.2 

., . 
.•. :-: .. 

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

20 Shale, d~k, ·papery, medium to dark grey, 
weathering dark brownish grey; very thin 
bedded, becoming sandier and ail tier 
towards the top of the unit, with a few 
wavy, sandy and silty interbeds: weak 
bioturbation. 

19 Siltstone, shaly; with minor sandstone 
lenses, light brownish grey, weathering to 
dark brownish grey; sandstones are fine 
grained; wavy and lenticular bedding, 1 

> 
to 3 em thick. 

' ... ~ ' ~ 

~.6 28.4 
;· 

·I 
I 
I 
!0. 3 24.8 . 

.•. ·..-.:. 
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UNIT THICKNESS 

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 1 0 to 2 0 em thick, shales and shaly 

siltstones are wavy and lenticular bedded 

_with some_sandstone lenses, rare mud

cracks; moderate bioturbation. 

17 Sandstone·, w~ th thin shale partings, li~t 

grey, weathering yello~ish grey, fine 

grain~d; massive bedded, variable in 

thickness to 1 m, large-scale parallel 

crossbedding, runzel marks. 

16 Sandstone, silty, interbedded with shales 

and shaly siltstones, light yellow, 

brownish yellow and medium grey •. 

weathering brownish yellow and dark 

"brownish grey, fine grained; wavy and 

lenticular bedding r'rom 1 to 8 em thick, 

sandstones are current ripple crossbedded, 

interference ripples. 

15 Siltstones, shaly with sandstone lenses, . 

light yellow, light broWnish yellow and 

light grey. weathering to browni~h yellow . 

and brownish grey1 wavy and l.entic':tar 

beddin~! 0.5 to J em thick; modera~ely 

bio·turbated. 

14 Shale, interbedded with sandstone lenses, 

dark r;rey and greyish white, weathering 

(METRES) 
.from. 

unit base 

0.8 24.5 

0~5 2).7 

o. 6 2J. 2 

/'-'o.6 
~ ."1 

22.6 
.. , 

' .. .. 

•·· 
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to dark brownish grey and light yell ow, 

sandstones are fine grained i sandstone 

lenses are current ripple crossbedded, 5 
to 8 em thick, wavy and lenticular bedding; 

THICKNESS 
(METRES). 

from 
unit base 

weak bioturbation. • 0.5 22.1 

1.3 Shale, . interbe~ded with thin sandstones, , 

very light grey and ~ark grey, weathering 

to dark brownish .. grey' reddish grey and 

light yellow; interbedded sandstones are 
I . 

fine grained and ~lanar laminated from 

1 to 8 em thick with occasional current 

r~pple surfaces; weak bioturbation. 
" . 

12 Shale, d~rk, papery, dark grey, weathering 

dark red.dish brown; finely laminated, 

exposure is dee~y weathered; bioturbation 

not discernible. 

11 Shal.e, dark, papery, sil. ty, interbedded 

with some sandstones . and sil t~tone s, light' 

to dark grey and brownish yellow, 

weathering brownish grey ~d dark rusty 

grey, sands~ones are :fine. grained; shales 

al\e finely laminated and san.dstonee are 

current ripple crossbedded but planar 

l.aminated towards the bottom of the unit, 

wavy bedding, interference r~pples; 

moderately bioturbated. 

10 Shal.e, dark, papery and silty, dark grey, 

weathering rusty grey; finely laminated; 

exposure· is deepl.y ~eathered; weak 

biotuz::bation. 

' 
. .. -----------

0.4 21.6 

2.2 21.2 

1.0 19.0 

,_.J . 



173 

UNIT THICKNESS 

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 ma~sive, _wavy or horizon

tally planar laminated, 8 to 20 em thick, 

herringbone crossbedding, some scour and 

shale chip horizons; moderate bioturbation, 

Cruziana. 

8 Sandstone, with thin shale partings, light 

grey to · l.ight yellow, weathering light 

yellow to brownish yellow, :fine to 

medium grained; wavY and !laser bedded, 

sets 8 to ·20 em thick, shallow tidal 

cha.nn~:;t. h·o~izon; rare trace fossils, 

Cruziana, te.le>-~odi te scratches, surface 

scratches. / 
i 

7 Sandstone, inter~dded with dark shales and 

shaly silteton~! light to dark grey and 
-yellowish brown > weathering 1;-ight to dark 

\ . 
. brownish ey ang.: brownish yellow, f~ne 

· ·to medium i:heda sandstone~ are ripple 

cross bedded wavy, lenticular and flaser 

bedding, v i ·able -.from o. 5 to 15 em thick, 

shales an siltstones are harizontally 

planar laminated ·with smne lenticular 

bedding, irrterference ripples, · rare 

pseudopellet horizo!ls in limy mud, small 

scour-and-fill with shale . chip ·horizorr.s ,·· 

bottom o!" 'ijl'li t is a sandstone ~one 

(METRES) 
:from 

unit base 

0.4 12.5 

' 
l 
l 
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containing assymetric sand.,...fi'l.led channels 
up to 1. 5 m in width, incorporating large 
scours and shale chip horizons, ahd 
showing small-scale point bar cross
stratification, load casts; moderate 
bioturbation. 

6 Shale, dark, i~terbedded with thin- to 

5 

medium-bedded 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 • . 

S~ltstone, shaly, sandy, buff to light 
grey, weathering yellowish brown; 
horizontally planar laminated, wavy and 

' lenilcular bedding, so~e lenti~ular 
sandstones are ripple cros.sbedded, unit 
becomes sandier towards top; weak 
bioturbation. 

~·· Sha~e. dark, papery, dark grey, weathering 
dark brownish grey, thin bedded, becoming 
siltier towards the top of the unit,, 
exposure is deeply weathered; weak 
bioturi;>ation. 

3 Sandstone, interbedded ~ith shales and 
shaly and sandy siltstones, light to dark 

' 

grey, light yellowish brown and buff, , . 

.. 
·-·----·- '· ... 

THICKNESS 
(METRES) 

from 
unit base 

1.2 12.1 

0.8 10.9 

0.7 10.1 

\ 
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~ -. 

weathering brownish yellow and dark 
brownish grey, fine grained ; composition 
and bedding are highly v~iable, thin 
horizontally planar from 0.5 em thick to 
massiv~ sandstones of up to 40 em thick, 

THICKNESS 
(METRES) 

from 
uni t .base 

rippl e crossbedding, wavy, lenticul ar and / 
flaser bedding, slumped bedding, ball- r_; 
and-pillow structure. ~ 0.7 8,0 

2 Siltstone, s~dy, shaly, .interbedded with 

1 

sandstone lenses and dark shal~s. light 
t~ dark grey, buff and brownish yellow •. . . .. 

weathering dark brownish grey and brownish 
yellow, sandstones are fine grained; 
composition and bedding are highly 
variable, 0.5 to 8 em thick, sandstones 
- . 
are horizontally planar laminated . or 
current r i pple crossbedded, lenticular 
and wavy bedding, small scour-and-fill; 
moderately. biotur.bated, 

Shale, dark papery, dark grey, weathering 
dark brown1sh grey: · finely laminated, 
deeply weathered, becoming siltier and 
sandier towards the ~op, rare small sand
stone nodules 10 to 15 em in diameter; 
weakly ~ioturbated, increasing towards the 
top. 
Bottom of unit not expose_d. 

... 

0.7 7. 3 

6.6 

·f 
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· THE ORE DOCKS 

LO-CALITY 0 

. • 

, . 
.; 

\ ... 

·-

·-
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LOCALITY D 

THE ORE DOCKS 

17 Siltstone, shaly, interbedded with sandy 
lenses, light grey to bu~~. weathering 

brownish grey, lower hal~ o~ unit consists . 
of limy sands~ones and limy mud, pseudo
pellet beds in limy mud; highly bio
turbated. 

16 Sandstone, silty interbedded with siltstones 
and · shales, light grey, buff, dark 
brownish grey, weathering to yellowish 
brown,.~ine grained; sandstones are thin 
bedded, 1 to 5 em thick, and current 
ripple crossbedded, ~laser, wavy and 
lent i cular bedded with siltstones and 
shales, runzel marks; weak t'O moderate 
bioturbation. 

1.5 Shale, silty, interbedded with . fine-gra.ined 
sandstone lenses, buff to light grey, 
weathering light yellow; thin bedded, sand
stone lenses are current ripple cross- ',.·:. 
bedded; highly bioturbated. 

1.4 Sandstone , .. ail ty, interbedded with ·silt
stones and shales, light grey, buff and 

~dark brownish grey. weather in~. to yeltow
.· ish brown, fine grained; sandstones are 

thin ~o medium bedded, 1 to 20 em thick 
-

and current ripple crossbedded, sometimes 
planar laminated, wavy and · !+."ase_r pedded 

with siltstones and shales, some scour-
•·. 

~. .. ·_. ~ 

THICKNESS 
(METRES) 

fr'Om 
unit base 

0.5 21.4 

• 
2. 2 21 .1 

1.4 18.9 

.. 

• 
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UNIT 

.q 

• and-fi l l; moderately to highly bioturbated, 
sandstones ·contain escape burrows. 

.13 Siltstone, shaly, interbedded with silty 
shales, dar-k shales and ~andstone lenses, 
buff' to light grey, weat~ering light yel
low; thin b,edded~ but bedding is almost 
obliterated due to bioturbation·, wavy and 
lenticular bedding are evident,. becoming 
sandier with flaaer bedding towards the 
top; extreme bioturbation. 

12 Sandstone, with . limy mud horizon at base, 
light grey, · we_athering light yel·l.owish 
grey, medium to fine grained;·maasive 

' 'b 
bedded with scour and SA~le c~ip horizons~ 

11 Sandst.one, interbedded with shales and 
shaly siltstones, light to .dark brownish 
grey, weathering yellowish b~own, fine 
gra.ined; ' current ripple crossbedded, 
lenticular and wavy bedded with shales 

~ . 

and siltstones, .1 to 8 em thick; silt- · .. t . 

stones and shales are moderately bio-

' 

'PHICKNESS 
(METRES) 

from 
unit .. base 

1.3 17 .5 -

I . 

. 2.2 ··~.~ 

0.4 14.0 

turbated.-' 1.2 13.6 

10 . Sandst'one, white to light yellow, weathering, 

light brownish yellow, ~ine grained; ripple 
crossbedded, brachiopod shell fra~ents 
common. 

9 Shale, dark, papery, dark ·grey;· weather~g 
dark brownish grey, finely laminated, ~~ah 

0.5 12.4 

ro .. ck is_, massive looking and structureleas. 0. 7 11.9 

\ 

·,. 

.. 
:.-! · 
l 
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... 

UNIT 

• 

8 Sandstone, interbedded wi th shaly silt

stones, light to darlt grey, ,;yellowish 

brown, wea-thering light brownish yellow 

to dark brown, fine grained: sandstones 

.are ripple crossbedded and lenticular i~ 

places, 2 to 1 0 em thick, siltstones are 

lenticular bedded with some flasers, 

runzel marks: weak bioturbation. 

? Shale , _dar A:, papery, dark grey~. we a the ring 
' 

dark brownish grey; fil1e·ly ,J:aminated, 

fresh rock is massive looking. 

6 Sandstone, silty, interbedded with shaly 

siltstones; light grey to dark yellowish 

brown, weathering light brownish y.ellow 

to dark brown, fine grained; thin bedded, · 

0. s- to 2 em thick, wav_y bedded with 1mud 

drapes on s~- me\sandst~nes, ~everal sc our 
surfaces ~~ sryale ch~p hor~zons; weak 

bioturbatio:h~ · 

5 Shal·e, silty, int~edded wi t}'l. a :few fine

grained sandstone lenses, dark to light 

grey', weathering to dark broWnish . greyi 

:finely laminated, limy mud horizon at top 

of' unit; weak bioturbation. 
- to, 

4 Siltstone, interbedded with sandstones and 
' 

silty shales, light grey, bu:f:f and yellow-· 

• ish brown, weathering light brownish 

yellow and dark -'brown; - composi tio.n' and 

bedding highly . variable, wavy and flaser 

~- -· 

THICKNESS 
(METRES) 

from 
unit base 

1.711.2 

1.1 9.5 

.. 

. 
. . ,:~ 

/ 
... --

J,2 
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UNIT THICKNESS 
a (METRES ) 

from .. unit base 

' 
bedding. .;..,. O.J . 4.6 

J Sandstone, l-ight grey, weathering to light 

yello~. fine grained; massive, structure-

less ·, contains some sand-filled channels. 
. . 

0.4 4. 3 . 

2 Sandstone, interbedded with sandy silt

stones, light grey to light yel-lowish .. 

grey, we a the ring light brownish yellow. '----~· 

·fine grained; ripple crossbedded, 2 to 

20 em thick, mud drapes on some sandstones, 

interference ripples, swash marks, runzel 
' ~ 

marks becoming more common towards the 

top of the unit, scour-and-fill; wea_k 
J. 

bioturbation but t:racks and trails common.· 

1 Sandstone, ·white to light grey, weathering 

light yellow ~o light brownish~ yellow, 

• fine grained; megaripple moryhology and 

steep crossbedding, 10 to 60 em thick, 

many scour surfaces with shale chip and 

brachiopod .fragments as scour lag. 

2.4 J. 9-

1.5 1. 5- ' 

1 

,. 

' ' 
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LOCALITY ~-
__ , .. 

- . __ XHE BEACH 

.UNIT THICKNESS 

uni t bas 
(MET~;(") . ·. 

------------~------~--~----------------~--------------
28 Siltstone, sandy, shaly, interbedded with 

sandstone lenses and shales, medium to 

dark grey, weathering light ,,brownish grey, 
sandstones are fine gz.ainedi horizontally 

planar lam i nated and wavy thin bedded, 
sandstone lenses are current ripple cross
bedded, broad and· thin, 1 to 5 em thick; 
moderately bioturbated . 

27 Sandstone, silty, light to medium grey, 

. weathering yellowish gr~y, fine grained; 
/ 

parallel crossbedded--and current ripple 

crossbedded, 10 to 20 em ,thick, thin 

silty parti ngs, runzel marks are common. 

26 Sandst9ne, silty, with shaly lenses, light 
___ J to medium grey and yellowish brown, 

) 
weathering light to dar~ brown, fine 
gra~ned; current ripple crossbedded with 
silty lenses, ~flaser and lenticular 
bedding; weak bioturbation. 

, 25 Siltstone, sandy, shaly, interbedded with 
sandstones towards the top, and sandstone 
lenses, light to dark grey, weather-ing 

light brownish grey; sandst9nes ~re fine 
- . 

grained and current ripple crossbedded, 

siltstones are planar laminated or wavy 

thin b~dded, some flasers towards the 
t~p, runz1el marks; weak to moderate 

bioturbation. 

24 Shale, silty, with som~ -~nor siltstones, 

r· 
t ... 

'-

buf f, weathering to light yellow and 
! 

., _j \ 

5. 5 46 .0 

0.5 40.5 
\ 

1. 7 40.0 

2. 0 J8. J 

' 
.. 
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UNIT 
· , 

brownish yellow; bedding obli tera t ·ed; very 

higr.ly bioturbated. . .1 

23 Siltstone, shaly and sandy, with fine

grained sandstone lens~s. li~t 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, 

22 Shale, si l ty, buff to ye l lowish brown, 

weathe~ing to iight brownish yellow; 

bedding obliterated by bioturbat.io'n, a 

few fine-grained sandstone lenses; highly 
bioturbated. 

21 Siltst one, shaly, interbedded with silty 
snales, dark shales and sandstone lenses, 
buff to light grey, weathering light 

yellow; thin bedded, 0.5 to 2 em thick, 
wavy and lenticular bedding, becoming san
dier towards the top; moderate biotur

bation. 

20 Siltstone, sandy, interbedded with sand
~tones and some sandstone lenses, light 

yellowish gr~y and dark brownisn, weather

ing light -to dark yellowish brown, sand
stones are fine grained; thin wavy bedded 

wi~h some flasers, sandstones are ripple 
crossbedded, 5 to 20 em thick, some 
runzel marks; weak bioturbation. 

'" 

THICKNESS 
(METRES) 

from 
unit base 

1 .1 J6. 3 

2.2 35.2 

1.3 33.0 

2. 3 31.7 .... 

1. 9 . 29.4 
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19 

18 

17 
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S i ltstone, shaly, sandy, 'interbedded w.l. th 
sandstone lenses and .shales, buff, light 
ye llowisb brown and dark brown, we a the ring 
brownish. yellow; thin bedded, wavy and le_n-
ticular, sandstone lenses are current 
rippled; moderately bioturbated. 

Siltstone, shaly, with minor fine-grained 
sandstones, buff to light grey, weathering 
browni sh 'je l low; lenticular and wavy 
bedded; moderately bioturbated. . '-

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 crossbed~ed, and wavy bedded with t he 
siltstones, runzel marks are common; weak 
bioturba tiel).. 

16 Sandstone, very light yellow to light grey, 
~ 

weathering light brownish yel low, medium 
to fine grained; bedding is massive but 
shows megaripple morphology and some 

·distinct large-scale·crossbedding, scour 

. surfaces are common, often fi~led wit~ dark, 
finely laminated, ~haly si]tstones. 

15 Sandstone, with thin silty partings , inter~ 
bedded with sandy siltstones, l ight 
yellowish grey to dark brownish ~ey, 
weathering t o yellowish brown, fine 

THICKNESS 
(METRES) 

from -· 
unit base 

,, 

4- .9 27 .5 

) 
1.2 22. 6 

2. J 21.4 

.. 

'• 

l 
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UNIT 
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I . THICKNESS 
(METRES) 

from 
unit bp_se 

grained; sandstones are thin bedded planar 
laminated or ripple crossbedded, 'silt
stones are wavy. bed¢ied, · some run:z:.el marks; ._ 

weak bioturbation. 1.7 17.4 

14 Sandstor.e, white to light grey, weathering 
light .yellow to light brownish yellow, 
fine grained; megaripple morphology and 
large -sc~He parallel crossbedding, 10 to 

50 em thick. 

1) Siltstone, sandy, interbedded with sand

stones and sands~one lenses, l~ght 

yello~ish grey to light brown,' weathering 

light yellowis~ brown, sandstones are 
fine grained; wavy and lenticular bedding, 
sandstones are ripple crossbedded or 

pJ.an~ laminated, thin bedded; weak 
bioturbation. 

12 Shale, da;rk, . papery, dark grey, weathering 
black; finely l~inated, fresh rock is 

~ . - -
massive looking. 

"' 11 Sandstone, carbonate cemented, light grey 

weathering light yellow, fine )to coarse 

grained; planar ' laminated or parallel 
megaripple croasbedded, many scour 
surfaces, thin .shale partings. 

I 

10 Shale, dark, in~erbedded with siltstones 

-and _ thin sandstone lenses, light to dark 

grey, weathering blac~ and light yellow
ish; finely laminated, wavy and lenticular 

- l 

0.9 1.5.7 

).4 14.8 

0.4 11.4 

.) 

0.9 11.0 

-· 

) 
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UNIT 

bedding; highly bioturbated. 

9 Sandstone, silty, interbedded with shdly~ 
siltstones; light grey to .dark yellowish 
brown, weathering light brownish yellow 

\ 

to dark brown, fine grained; thin bedded, 
0.5 to 2 em th~ck, wavy bedded with 
flasers, several scour surfaces with 
shale chip lag deposits: moderate 
bioturbation. 

8 Sandstone, silty, interbedded with dark 
. shales and sandy siltstones, light to 
dark grey and dark brownish grey, 
• weathering black and light to dark 
yellowish brown, fine to coarse grained; 
flaser, wavy and ' lenticular bedding, 
sandstones are planar l~inateo or ripple 
crossbedded·, runzel marks common. 

7 Sandstone, with some silty drapes, light. 
yellowish grey, weathering light yellow
ish brown, fine to coarse•grained; 
megarippled, w~th small- to large-scale 
parallel crossbedding, rare ~laser 
bedding, some runzel marks, scour 
surface• are common with a co~rse shale .. 
chip lag. 

6 Shale, dark, papery, dark grey, weathering 

black; finely laminated, fresh rock is 
massive looking, contains sandstone ball

~ and-pillow structuree. 

THICKNESS 
(METRES) 

from 
unit base 

1.3 10.1 

1.1 8.8 

... 

1.3 ?.7 

1.2 6.4 

0.5 5.2 
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5 Shale, dark, interbedded with thin sand-
stones and si.'l tstones, 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 looking, very 
' . 

t 

finely laminated, siltstones are massive 
and graded, sandstones are thin bedded, 
1 to 5 em thick and ripple crossbedded, 
wavy and lenticular bedding at the top 
and bottom, mudcracks are common, slightly 
bioturbated. 

4 Sandstone, with some silty drapes, light 
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 ~ommon. 

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, sandston~s are r.ipple 
cross bedded;"' rare flasers • 

. 2 Sandstone, white to light grey, weathering 
light yellow to light brownish yellow, 

fine grained; megarippled.with ladge-
'-scale p~rallel crossoedding, 10 to 30 em 

,_, 

THICKNESS 
(METRES) 

froii). 
urii t base 

1.7 

-0.4 

\ 

4.7 

; 
3 .. 0 

1.2 2.6 

\ . 
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UNIT 

thick, many scour surfaces. 

1 Sandstone, interbedded with dark shales, 
. light to d~rk grey, weathering . light'-" ,, 

~ellow~sh brown and black, fine to medium 
.......,.. grained; w.,avy bedded, small ball-and- . 

pillow str~tures, sandstones are ripple 
cro:=;sbedded, flasers and mudcra.cks are 
common; moderate bioturbation. 

j 

THICKNESS 
(METRES) 

from 
., uri.~ t base 

0.5 1.4 

. ' 

0.9 

\ 
,_ 
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LOCALITY F 

FRESHWATER COVE (PARSONVILLE.) 

12 Siltstone, sandy, interbedded with shal es 
and fine-grained sand~tone lenses, yellow
ish grey, weathering yellowish brown and 
reddish brown; wavy and lenticular bedded, 
sandstone lenses are 1 to 8 em thick and 
are c'urrent rippJe crossbedded, inte~
fer:ence ripples, runzel marks, an_d mud
cracks; silts and shales are moderately 

\ 
bioturbated, some bl~e - phosphatic 

l).ngu.lt\d brachiopod fragments are common 
in the sandstones. 

11 Shale, silty, interbedded with minor silt
st·ones, buff to dark grey, weathering 
brownish yellow; bedding obscured; 
moderate b{oturbation. 

10 Siltstone, sandy, interbedded with fine
grained sandstone lenses and minor shales, 
4ark yellowish brown and greylsh brown, 
weathering yellowieh brown and reddish 
brown; wavy and lenticular bedded, sand-. 
stone ' lenses are 2 to 5 em thick and 
interference rippled, sanu-filled tidal · 
channels JO to 60 em wide; moderately 
bioturbated, lenses of brachiopod 
fragments_are common. 

9 Siltstone, shaly, sandy, buff to light grey, 
weathering yellow and reddish brown; wavy 
and lenticular bedding tqwards top; 

THICKNESS 
(METRES) 

from 
unit base 

1.4 10.6 

0.4 

1.6 8,8 

• 
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. 
~· .. '4• ' ~·.' ,r . . .. ~ 

moderately to highly b~rbated, some 

large lenses ot: blue br~iopod fragments .• 

8 Shale, silty, with some . minor siltstones, 

buff', wea.thering to light yellow and . 
brownish yellow; bedding obliterated; 

,very highly biotUr-bated. 

7 Si~t~tone, shaly, with minor fine-grained , 
sandstones, buff to light grey, weathering 

brownish yellow; lenti.cular and wavy 

bedded with some black ·shale interbeds; 

moderately bioturbated. 

6 Siltstone, sandy, with fine -grained sand

stone lenses, light grey and light 

yellowish grey, . weathe:ti.ng brownish 

yellow and reddish brown; sandstone lenses 

~re J to 15 em thick and laminated or' 

current ripple crossbedded, interference 

ripples, runzel marks and rare raindrop 

impressions; low bioturbation. 
-

5 Siltstone, shaly and sandy, with fine-

grained sandstone lenses, ligh~ gr~y, 

brownish grey and ye-llowish grey, 

weathering to ligtlt brownish yellow and, 

reddish brown: waVy and lenticular bedded; 

sandstone-~lenses .e 0'.5 to J .em thick; ..., 
moderately bibturbated. 

4 Sandstone, silty, interbedded with fine-

• gra~ned ~andstone lenses and some dark 

shales, l~t to dark grey, broWnish grey 
' 

• 

.... -:_ . 

.. 

THICKNESS 
(METRES) 

from 
unit . base 

0. 9 . 7.2 

0.4 6.J 

0.9 5.9 

0.9 5.0 

1.1 4.1 

./ . 

'· .. 

• 

• 
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and greenish grey, weathering to brownish 

grey and reddish brown; sandstone lenses 

are 3 to 20 em thick and are laminated or 

par~1.lel crossbedded, wav::l a.nd-t flaser bed

ding, runze l marks and some mudcracks, 

shallow scours to 2 m wide ; low bio

turbation but increasing upwards, large 

Cruziana at top. 

3 Sandstone, light grey, light yellow or 

pinkish, weathering medium grey; herring

bone crossbedding, laminated or current 

ripple crossbedding, sets are 10 to 1 5 em 

thick; no fossils. 

2 Sandstone, some interbedded dark .. siltstones, 

light grey to light pinkish grey, 

weathering medium grey 1 fine grained; 

parallel and wavy laminated bedding, 

laminae are 2 to 4 em thick 1 some shale . . ~ 

chip conglomerate and brachiopod fragment 

horizons. 

1 Sandstone, interbedded siltstones, light 

grey and yHlowish brown, weathering 

medium grey, fine grained; laminated or 

current ripple crossbedding, laminae are 

2 to 4 em thi ck. 

THICKNESS 
(METRES) 

from 
unit base 

1 .1 3.0 

0.6 1.9 

0.6 1.) 

?-1-

0.7 
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20 

~~\ rl 18 
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.. 
LOCALITY ·. G 

' ..__ 
FP..ESHWATER COY~· .... _{ NORTH) 

Sandstone, white to light grey, weathering 

light brownish yellow, medium to 1ine 

grained; trough crossbedded, top of unit 

is either inaccessible or not exposed. · 

This is the topmost unit o1 the Redmond 

Formation. 

20 Sandstone, ~il ty, interbedded with shales, 

white to light grey, and dark brownish grey, .. 
weathering light brownish yellow to dark 

brown, fine to medium grained; silty 

sands are thin bedded up to 6· em thick 

and ripple crossbedded, interference 

ripples. 

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; highl'y bioturbated. 

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, 

sands,tone. lenses are planar to wavy 

bedded, up to 8 em thick, in\frference 

ripples, often planed off 1 runzel marks 

common; bioturbation high 1 surface tracks 

and trails common. 

THICKNESS . 
(METRES) 

!rom 
unit base 

0.4- 35.3 

1.2 )4.9 

1. 8 33.7 

1. 3 31.9 
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UNIT 

·. ' 

17 Sandstone, ligh t grey to light yellowish 
grey, we~thering light brownish ye l l ow, 

fine to medium grained; lar,g~-scale mega
rippled, wave l ength greater than 2 m, 

thick bedded. 

1 6 Siltstone , sandy, yellowi~ browtJ. 1 

we athe r ing t o buff; ~inely lamina ted; 
bi o t ur bat i on fare. , 

15 Sandstone; light grey to light yellow, 

weatheri~g light brownish yellow, fine 
grained; steep parallel crossbedding, 

thick bedded, rill marks, mega~copic 

stylolites. 

14 Sandstone, with thin silty partings, light 
yellowish grey to dark brownish grey, 
weathering to ·yellowish brown, medium to 
fine grained; sandstones are thin bedded, 

planar laminated with some very shallow 
large-scale crossbedding, increasing in 
steepness towards the top of the unit, 
~ilty partings are wavy bedded, interfer

ence ripples, possibly poorly preserved 

raind~op impressions, megascopic stylo 

li tea. 

1J Siltstone, sandy, shaly, with interbedded 

sandstone lenses, yellowish brown to dark 

brown and light grey, weathering light 
brownish yell ow to buff1 flaser, wavy and 

lenticular bedded, sandstone lenses are 

THICKNESS 
(METRES) 

from 
uni t base 

O.J )0. 6 

0.4 J O. l 

0.5 29. 7 

, J , O 29.2 
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UNIT 

ripple crossbedded, 2 to . 25 em thick, 
interference and longitudinal ripples 
often with scoured and bioturbat~d . ' 
surfaces, runzel marks, possibly poorly' 
preserved mudcracks or desiccation cracks, 
moderate bioturbation, tracks and trails . . 
common, brachiopod shell fragments c·bmmon. 

12 Sandstone, wit.h thin, · silty p.nd shaly 
partings, light grey, .weathering light 
greenish brown, fine grained; massive, 
steep trough crossbedding, some interference 
ripples on megarippled surfaces, silty 
partings are wavy bedded, so~e megascopic 
stylolites: rare biotu.rbation but tracks 
and trails are common on some surfaces, 
brachiopod shell fragments increasingly 
common towards the top of the unit. 

11 Sandstone, silty, dark brown, weathering 
yellowish brown, fine grained; shallow 
dipping to horizontal 'planar bedded, 
1 to 3 em thick. some interbedded, finely 
laminated sandy siltstones, scour-and-fill 
surfaces, megascopic stylolites; weak 

bioturbation. 

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-

THICKNESS 
(METRES) 

from 
unit base 

3. 4 26.2 

2.6 22.8 

1.0 19.0 

-··~ 

1 
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UNIT 

. 

bedding. 

9 Sandstone, with silty parting~, ~hite to 
light yellow, weathering light brownish 

~ yellow, medium to fine grained; 'horizon
tally planar laminated, 2 to 5 em thick, 
with some very shallow crossbedding, a few 
shallow scour surfaces, rill marks, cur
rent crescents, swash marks and p ossiely 
w~nd blown foam pri nts; weak biotur
bation, tracks and trails. 

18 Sandstone, interbedded with a few thin 

siltstohe lenses, l ight yellow to light 
yellowish brown, weathering to brownish 
yellow and dark brown, fine grained; 
horizontally planar laminated beddini twith 
some very shallow, large-scale crossbedding, 
2 to 5 em thick, many eros~onal surfaces, 
interference ripple surfaces on silty 
lenses; weak bioturbation, tracks and 
trails. 

7 Sandstone, light grey, weathering light 
brownish yellow, fine grained1 trough 
crossbedded, beds 1 to 5 em thick. 

6 Sandstone, light grey,. weathering- light 

brownish yellow, fine grained ; trough 

crosebedded, 9eds 1 to 5 em thick1 some 
silty erosi onal partings thickening in 
places to thin, dark greenish silty 
sandstone laminae, some megaripple 

THI CKNESS 
(METRES ) 

from 
unit base 

0. 8 1 8. 0 

1.5 1 7 . 3 

0.9 15. 7 

i ~ 1 14.8 
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UNIT 
.. ·· • 

morph~logy and megaripple crossbedding; 

THICKNESS · 
(METRES) 

from 
unit base· 

tracks and trails common in silty partings. 1.9 1J.7 

' 

5 Sandstone,. very light yellow to light grey, 
weathering light brownish yel~ow, medium 
to fine grained; bedding is 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 rnegarippled sandstones; 
tracks and trails are common in the silty 
sandstones. 

4 Sandstone, interbedded with some greenish 
silty sandstone lenses and shales, light 
grey to light yellowish grey, weathering 

3 

to light brownish yellow, fine grained; 
sandstones are ripple cross bedded' 2 to r 
15 em th~, interference ripples, runzel 
marks, scour and shale chip horizons, rili 

marks. 

Sandstone, light grey, weathering light 
yellowish grey, _ fine grained; megaripple 

morphology and crossbedding, scours are 

common. 

2 Sandstone , 
weathering light 

to light yellow, 

mediwn 

7.6 11.8 

.. 

1.2 4.2 

0.8 ).0 
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to fine grained; horizontally planar 
laminated, bedding averages 1 em 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 
l ight yellow, fine grained; some mega
ripple morphology, indistinct planar 
laminations ~ the bottom of the unit. 

.. 

. -. 

THICKNESS 
(METRES) 

from 
unit base 

1.0 2.2 

1.2 1.2 

•• 
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LOCALITYH 

GULL ISLAND NORTH HEAD 

UNIT 

15 San,dstone, hematite oolitic, dark purplish 
red, weathering bright reddish brown and 
rusty; or~ge. fine /grained; massive bedde1, 
~xpo ure is weath~red, obliterating 

re, this init is the remnant of 
inion ore body which has been 

I 
ex usted by strip mining in this area; 

• phosphate nod~les · are common as well as 
medhun-grainli'd phosphatic lingulid 
brachiopod fragments: 

i4 Siltstone, ~haly, sandy, interbedded with 
sandstone lenses and shales, buff, light 
yellowish brown, dark' brown, weathering 
brownish yellow; thin bedded, wavy and 
lenti~~lar, bedding and texture are highly 
variable, sandstone lenses are current 
rippled; moderately bioturbated. 

13 Sandstone, hematite oolitic, dark purpllsh 
r .ed, weathering bright reddish brown and 
·~sty orange, fine grained; massive and 

large-scale steep to shallow dipping . 
crossbedding; abundant medium-grained 
phosphatic brachiopod fragment's. 

12 Shale, silty, buff to yellowish brown, 
weathering to light brownish yellow; 
bedding obliterated by bioturbation, a 
few fine-grained sandstone lenses; highly 

bioturbated. 

.. 

THICKNESS 
(METRES) 

from 
un i t base 

2.2 15.4 

2.5 13.2 

\ 
0.9 10.7 

0.6 9.8 . 
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UNIT THICKNESS 

11 Siltstone, sandy, shaly, interbedded with 
sandstone le'nses and oolitic hematite, 

light yellowish brown, dark brown 'and 
purplish red, weathering brownish yellow 

and brownish red; beddin g and texture are 
highly variable, wavy and lenticular 

bedding, medium to thin bedded, quartz 

sandstone and oolitic hematite lenses are . 
current ripple crossbedded, there is an 
upwards gradation in the composition of 

the, lense s from oolitic hematite at the 
bottom to quartz sand at the top of the 

unit; moderately bioturbated, 

10 Sandstone, hematite oolitic, dark purplish 

red, weathering bright reddish brown and 
rusty orange, fine grained; massive, with 

some large-scale crossbedding and probable 

(METRES) 
from 

unit base 

1.8 9.2 

herringbone cro;ssbedding; phosphatic #-

brachiopod fragments are common. 

9 Shale, silty, buff to yellowish broWQ, 
weathering to light brownish yellow; very 
thin bedded, a few sandstone lenses; 

highly bioturbated. 

a· Sandstone, hematite oolitic, dark purplish 

red,weathering bright reddish brown and 
rusty orange, fine grained; massive with 

some large - scale -crossbeddi ng and probable 
herringbone crossbedding; phosphatic 

brachiopod fragments are common. 

- -- ------- "' ., -- ----

0.8 

0.5 6. 6 -

0.6 6.1 

\ 
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UNIT THICKNESS 

·' 

7 Sand s tone, silty, lenticular, i n terbedded 
wi t h' siltstones, light grey and light t o 
dark yellowish brown, weathering dark 
brown, fine grained; lenticular and wavy 

bedding, thin bedded; moderate bioturba
tion. 

6 Shale, silty, interbedded with sandstone 
and sandstone lenses, l .ight grey, bu:ff 

and l ight brown, weathe~ihg to light 
yellowish brown, sandstones are fine 
grained; thin bedded, sandstones are 
current ripple crossbedded, some shallow 
sand-~illed channe l s; highly bioturbated. 

5 S~ltstone, sandy, interbedded with 
lenticular s~dstones, l ight to dark 
yellowish brown, weat hering to light 

4 

brown, sandstones are fine grained; 
lenticular and wavy bedding, thin bedded, 
some shallow sand-filled channels; highly 
bi oturbated. 

. v 
Sandstone, silty, interbedded with silt-

. ) 

< 

stones and shales, light grey, light 
yellowish brown and dark brown, weathering 

t~ brownish yellow, fine grained; thin to 
medium bedded, lenticular and wavy bedding, 
thicker sandstones are large-scale cross
bedded, a few hematite oolite lenses; 
bioturbation is moderate • 

(METRES) 
from 

uni t base 

0. 7 5.5 

0.7 4 .8 

O,J 4.1 

1.4 J,8 
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UNIT THICKNESS 

J Sandstone, hematite oolitic, dark purplish 

red, weathering bright reddish brown and 

ru~ty orange, fine grained; massive• 

bedded, with some. large-scale cross

bedding and herringbone crossbedding, 

some shal~ interbeds . 

. 2 Sandstone, silty, hematite oolitic, inter

bedded with shales and quartz sand, dark 

purplish red, yellowish brown, weathering 

reddish brown and light yellowish brown, 

fine grained, sandstones are medium 

bedded to 10 em ttick 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 

a~e fine grained1 thin to medium bedded, 

wavy and lenticular bedding, sandstones 

are ripple crossbedded, run~el marks are 

common, shallow sand-filled channels; 

moderate bioturbation. 

.. 

(METRES) 
from 

unit base 

0.6 2.4 

1.0 1.8 
·• 

0.8 0.8 
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LOCALITY I 

POWERS. STEPS 

UNIT 

\ 
20 Sandstone, silty, light grey, we a the ring 

light to medium grey, fine grained; 

horizontal planar. bedded or massive, 

becoming thin bedded towards the top, 

general l y struct ure less. 

19 Siltstone, shaly, i nterbedded with fissile 

silty · shales and fine-grained sandstones, 

light to dark grey, weathering light grey 

or brownish; sandstones ~e up to 10 em 

th i ck, and horizontal planar or ripple 

bedded, siltstones are· wavy bedded, 

runzel marks, interference ripples; weak 

bioturbation. \ 

18 Sandstone, fine grained, massive, white to 

THICKNESS 
(METRES ) 

·· from 
uni t base 

0.7 4). 8 

l.J 4).1 

light grey, weathering light grey; , 

horizontal planar bedded with interference-

rippled surface. 0. 6 41.8 

17 Siltstone, shaly, interbedded with fissile 

silty shales and f~ne-grained sandstones, 

light to dark grey, weathering light grey 

and reddish brown: sandstones are up to 

1 0 em thick, planar or · ripple bedded, 

siltstones are wavy bedded, runzel marks, 

interference ripples; little bioturbation, 

many tracks and trails, 

16 Siltstone, massive, interbedded with fine

grained sandstone lenses, light to medium 

1. 5 41.2 

1 



UNIT 

2 0 7 

grey, weathering l i ght grey or reddish 

brown; sandstone lenses are up to 30 ern 

t h ick and display large-scale crossbedding, 

some carbonate-cemented sandstones , 
weather redd1.sh brown, flaser and wavy 

beddinp_, ;interference ripples, runza..t _ 

marks. - ~-. 

15 Shale, silty, interbedded with some silt

stones, light grey, weathering light grey 

or brownish; massive to medium bedd~d,, 

siltstones are ripple crossbedded and 

become abundant towards the top of the 

uni ~; bioturbat ion is generally weak but 

strong in some beds, many tracks and 

trails. 

14 Shale, silty, fissile, interbedded with 

siltstones, light grey, weathering light 

grey to light brown; siltstone beds are 

1 to 5 em thick, runzel marks; poor to 

moderate bioturbation. 

13 Siltstone, limy, interbedded with carbonate

cemented, fine-grained sandstones, light 

grey, we a the ring dark reddish brown; 

massive bedded up to 40 em thick, a few 

longitudinal ripple'' septarian nodules 

and cone-in-cone structure is vecy common; 

(trilobite, orthocone ceptalopods). 

12 Shale, silty, fissile, interbedded with 

siltstones towards t he top of the unit, 

THICKNESS 
(METRES) 

from 
unit base 

o.s 39. 7 

3. 7 )8.9 , 

1.3 35.2 

O.J JJ.9 
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light t o medium grey, weathering light 

grey t o dark brown; siltstones are very 

thin bedded, increasing upwards to J or 

5 em t hick, planar or ripp:e bedded; 

bioturbation weak, increasing upwards, 

graptolites, Didymograptus ni tid us. 

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 em thick, a siltstone bed at 

24. J m is approximately J m thick, 

bedding is at an. angle of repose of 12° 

to the primary horizontal; bioturbation 

is weak. 

10 Shale, dark, fissile, dark grey, weather

ing light to dark grey or brownish; very 

rare siltstone beds. 

9 Shale, dark, fissile, silty, interbedded 

with some siltstones and fine-grained 

sandstones, light to dark grey, weather

ing light grey or brownish; sandstone and 

siltstone beds vary from 1 to 5 em thick, 

planar or ripple bedded, abundant limy 

septarian nodules surrounded ~Y cone-in

cone structures along some norizons; 

bioturbation is nil to weak, graptolites, 

Didymograptus ni tidus. 

8 Shale, dark, fissile, intercaiated with 

':'HICKNESS 
(METRES) 

from 
unit base 

2.4 JJ.6 

10. 7 31 • 2 

\ 
5. 0 20. 5 

5.8 1.5 . .5 
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oolitic pyrite beds, light to dark grey, 
weathering dark brown and light greenish 

yellow; oolitic pyrite beds are J to 7 em 
thick and ripple bedded, they also contain 
pyrit ized graptolite fragments, phosphatic 

shell fragments and pyri~e-coated shale 
pebbles; weak to moderate bioturbation, 
tracks and trails, graptolites, Didymo

graptus ni tidus. 

7 Ironstone, oolitic pyrite, light grey and 
light yellow, weathering light greeni sh 

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 ni tidus. 

6 . Siltstone, light grey, weathering · dark 
brown; massive, structureless. 

5 Shale , massive, black, we a the ring dark 
brown; interbedded in places with 
phosphatic shelly and shale pebble con

glomerate beds. 

4 Shale, silty, containing a few hematite 

streaks, light grey and reddish brown, 

weathering dark brown; massive, structure

less. 

J Shale, black, massive, interbedded with 

THICKNESS 
(METRES) 

from 
unit base 

1.2 

0.4 

0.6 8.1 

0.4 7.5 
i 

0.8 7.1 

----- -··--- - ------

• 
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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 fragments and shale chips with som8 
oolitic hematite and coarse sand, many 
erosion and scour surfaces: weak biotur

bation. 

2 Siltstone, hard, black, with some streaks 
of hematite ore, weathering light reddish 

brown; massive, but with occasional small
scale ripples. 

1 Ironstone, hematite oolitic, 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. 

THICKNESS 
(METRES) 

from 
unit base 

1.8 6,J 

1.) 

J.2 ).2 
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LOCALI TY J 

UPPER GREBES NEST POINT AND GRAVEL HEAD 

UNIT THICKNESS 

16 Shale, dark, pyritic, dark grey to black, 
weathering light grey and brownish yellow; 
fissile; bioturbation is rare . 

15 Sands~one, hematite and chamosite oolitic, 
dark red l;o dark purplish red, weathering 
bright reddish brown and rusty orange, 
fine grained; massive; contains some 
medium-grained phosphatic brachiopod 
fragments, 

. 
14 Shale, dark, with silty partings and 

hematite streaks, interbedded with some 
sandstones; l ight to dark grey or reddish, 
weathering dark brown to black, sandstones 
are fine grained; shales are massive, 
sandstones are rippled and crossbedded, 
o. 5 to J em thick, weak to moderate 
bioturbation. 

1 J Sandstone, hematite and chamosite oolitic, 
with m~ny 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 ripp;le 
crossbedding, some weak bioturbation 
evident including telopodite scratches, 

12 Shale, dark, massive, interbedded with 

fissile shales and fissile silty shales, 

(METRES ) 
from 

uni t base 

1 o. J 40.0 

0. 7 29. 7 

J,J 2~.0 

2.4 25.7 



I 

' 

UNIT 

213 

\. __ 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 light grey to black and 

broWnish; bedding varies from thin and 
fissile to massive, up to 40 em thick; 
bioturbation is rare. 

11 Shale, sil ty, massive, streaked with 
he rna tite and chamosite oolites, and wi th 
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. 

10 Shale, massive darlt, streaked with hema
tite, intercalated with phosphatic 
pebblesr dark grey to _black, weathering 
black to dark brown; pebbles are of 
various shapes but rounded, up to 2 em in 
length and consist of phosphate nodules, 
shale, and shell fragments with some 
hematite streaks and pyrite spherules. 

9 Sang stone, 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 

J to 15 em thick, ball -and~pillow 

structure at base; poor to moderate 

THICKNESS 
(METRES) 

from 
unit base 

2.2 2).3 

0. 6 21 .1 

1.4 20.5 

I 
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UNIT 

bioturbation. 

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 0.5 to ) em in thickness, runzel 
marks; bioturbation varies from poor to 
moderate in shales and silty shales to 
extreme through the sand_stones. 

7 Sandstone, interbedded with siltstones and 
sandy siltstones becoming sandier upwards, 
white to light yellow, weathering brownish 
yellow, fine grained; current rippled, 
flaser, wavi and lenticular bedding. 
sandstone beds are up to 15 em thick; 
extreme bioturbation including mud-filled 
Skolithos. 

6 Sha~e. dark, fissile. interbedded with 
silty shales, siltstone lenses, silty 

sandstone and phosphatic pebble beds, 
white and light 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 em in thickness, and are 
horizontal planar laminated or ripple 

THICKNESS 
(METRES) 

from 
unit base 

1.0 19.1 

' 2,0 18.1 

1.0 16.1 
1:1 

-- ------ ----------- -

• 
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crossbedded, wivy an~ lenticular bedding, 
pebbl e beds copsist of phosphatic nodules 
and shale fragments, and shale ch i ps; 
~derate to high bioturbation. 

5 Sandstone, hematite and chamosite oolitic, 

dark purplish red and .dark green, 
weathering bright reddish brown and ·rusty 
orange, fine grained; chamosite occurs in 

a 5 to 15 em thick bed at the top of the 
unit, highly weathered but displays faint 

large-scale paral lel crossbedding and 
some small-sc~le ripple crossbedding. 

4 Siltstone, shaly, interbedded with some 
·fissi l e shale, dark grey, weathering light 
grey; massive but in places displaying 
some faint ripple crossbedding, runzel 
marks; moderate bioturbation. 

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

2 Shale, silty, dark greenish grey, weather

ing very dark brown, massive bedded; rare 

bioturbation. 

1 Siltstone, sandy, interbedded with sand

stones, silty shales and dar~ fissile 
shales, light to dark grey, weathering 

reddish brown and light grey; sandstones 

are fine-grained lenses, 3 to 2.5 em thick, 
silts and shales occur in beds 0.1 to 2 em 

THICKNESS 
(It.ETRES) 

f rom 
uni t base 

6 . 7 15.1 

2.4 8.4 

1.) 6.0 

0.3 4.7 

0.4 4 .. 4 
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thick, with bedsets up to 10 em thick, 
wavy and lenticular bedding, runzel marks, 

mudcracks and large scour-and-fill 
structures up to 2 m in width; moderately 

or occasionally highly bioturbated. 

' 

.. 

THICKNESS 
(METRES) 

from 
unit base 

4.0 4.0 
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