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ABSTRACT 

Lower Paleozoic platform sediments on the Avalon 

Peninsula continue offshore in the area between the Avalon 

Peninsula and the Virgin Rocks. Dating of ten drilled cores 

from the offshore area and continuous seismic profiles sho 

that con e deposit occurred from Cambrian to post­

Silurian (?Devonian) time accumulating a stratigraphic 

thickness of some 8,000 m of fine grained sed nts. This 

s undertakes to examine the sed ical and ichno-

1 ical aspects of the ten bedrock cores of 80 em average 

length with an a to establishing their depositional 

environment. 

The cores are thought to represent three general envi­

ronments: Ordovician black shales representing restricted 

shallow marine condit appear to have nated over a 

vast area; Late Ordovician and Silurian siltstones have ev 

ence of deposition in re amic 

condit and represent a 

shallow marine environment. 

and well oxygenated 

inace of a no al 

There is some evidence to suggest a cycling between 

normal marine and more restricted conditions in Silurian 

I 



t Red siltstones and sandstones of probable Devonian 

age indicate shall ing of t e bas and deposition 

under terrestri condi 





I 

Field tigat on the Grand Banks of 1 

, Fader, and Jenkins (i preparation) indicate at 

the Lo Paleo ic latf ccess on e Avalon 

Pe sula cont nues fshore the area between the Avalon 

Peninsula and the 

eluded both an 

r g i Rocks ( F i g .. 

tat of sei 

1). Their stud 

c reflect 

in­

iles 

lithologic and biostratigraphie examination of ten bedrock 

cores from the seabed. These cores constitute a composite 

sampling of this stratigraphic su~ce$sion~ 

the shore the outcrop area this Lower Paleo ic 

atformbetween Avalon Peninsula and Virgin Rocks is approx-

te 15,0 0 square kilometres (Fig 1). e se iments 

are gent ed th d rare exceed three egrees .. 

The sect is approx te 8,000 metre thick 

Jenkins King Fader & Je 

these rocks as Ordov ian Sil 

ins, 

ian 

in prepara ion) dated 

acritarch palyno-



IK-TI CRETACEOUS-TERTIARY 

IC-SI CAMBRO-SILURIAN (-DEVONIAN?) 

[J[] HADRYNIAN 

SHIP'S TRACK 

---- GEOLOGIC BOUNDRY 

- 150- BATHYMETRY, m 

~ CORE LOCATION 

A B LINE OF SECTION 

50" 

Figure 1 - Geology of the Avalon Pe11insula and westen'l Grand Banks of Newfoundand, 
showing high resolution seismic control and core locations. Line A-B illustrates the 
J?OSition of the seismic profile depicted fig. 20. King et al, preparation) 



1 Th 

be Devonian. 

and are noted 

undated sed 

Several h 

3 

hi her i the seque ce 

diagnostic ages were obtained 

the asteris s in Table 1. The specific 

s of acritarchs these rocks the ect a 

separate Jenkins (i preparat ) . 

This s ves an ex ination of te cores f 

the Lower Paleozoic success taken across much the area 

have div-f 

ided the area 

area where se 

1) • ng et al (in preparat 

a northern, southern, and central study 

ic and ing control are concentrated. 

The ten cores under study are 2.5 em diameter ranging 

from 8 em to 480 em in length with an 83 ~em average. 

The of this establis the eposi-

t environments represented this succession thro h 

an ex na of the bedrock cores. 



Table 1 

DRILL STATION DATA 

Sample No. IDeation Water Depth Drill Penetration Core Recovery Age 
North West (m) Into Seabed (an) (an) 

77-011-3 47°09'48" 52°22' 6" 145 575 87 ? Devonian 

77-011-2 47°09' 48" 52°12'48" 148 265 63 ? D=vonian 

75-009-25 47°09'46" 51°57' 28" 146 572 480 Late Silurian 
(Ludlovian) 

77-011-22 46°46'12" 51°23'30" 86 288 36 Late Silurian * 
(Wenlockian to Ludlovian) 

77-011-23-B 46°46' 24" 51°20'30" 86 360 50 Silurian 

77-011-7 4~25'18" 51°43' 18" 180 135 10 Mid Silurian 
(Llandoverian to Wenlockian) 

~ 

77-011-11 47°14' 30" 51°45' 12" 163 138 47 Mid Silurian * 
(Wenlockian) 

77-009-24-A 47°09'32" 51°35' 53" 130 150 110 Late Ordovician * 
(Caradocian to Ashgillian) 

77-011-8 47°42' 48" 52°30' 48" 180 89 24 ? Late Ordovician 

77-011-32 46°21'06" 52°44'36" 170 86 16 Early Ordovician * 
(Late Arenigian to Early 
Llanvimian) 

*Diagnostic Age 

(fran King et al, in preparation) 



GENERAL 

These cores were collected by King and Fader onboard 

C.S.S. HUDSON in 1975 and 1977 using the Bedford Institute 

of Oceanography electric drill. The ten cores of concern 

in this study are listed in Table 1. 
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GENERAL 

These cores were collecte ing and Fa er 

in 1975 and 1977 usin the c .. s.s. 

electric drill. The ten cores of concern in this 

s are listed Table 1. 

Cores re cut itudually ith a diamond saw and 

ground to a flat finish. The slabs were wetted and obser-

vat made under a binocular icroscope. Core sketches 

\vere at a vert reduct of f times. 

structures, trace and 

Noted 

ils features were sed 

and bioturbation. Brief desc iptions f text res and 

li ies were noted at the side and supplemente th 

thin section t of texture and ral Grain 

size estimates we e done from inspec ion of thin-sec ion 

ith re made accordi to the Dunham classification. 

The th sect s control for less 

textural exam under low power mag ification using a 

binocular Generall the cores are uniform in 

texture and mineralog , eliminating the need for a large 

number of thin-sect On e, one thin-section per 

20 em of core was suffic Rock colour s noted 

with reference the Munsell Rock Colour Chart. 



diffract data were tained on s es f 

most the cores using a e rock anal is techni 

prov ed sem itat i data to 

ical 

techn 

entificat Particulars the X-r a 

lud the spectral ts are noted 

1 and res ts are noted in the text. 

IOTURBATION STUDIES 

B ion structures are a nent feature of many 

of the cores. An understanding 

s nif to 

onment of it Such 

ary structure that result from b 

occur two aspects figurat 

1972). F urat structures 

such structures can add 

erences 

s are a 

of the env 

sed 

enic activity.. ey can 

and tive (Schafer, 

ude such as trac s 

trails, and burrows (trace sils or lebensspuren). De 

a t structures are much less well and 

ccur as ular mottling, blebs and streaks. Descr 

nomenclature, and classif t of f urat oturbati 

structures called Their recogniti in cores 

is li ited because f the difficul of observing their 

lateral extents. On the other hand, de tive structures 

are better x ibited i it cores (Young and Rah ani, 

1974). 

classific tion of trace fossils (ichnolog ) has 
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u evolution lmost decades 

quite icated. The read consult 

understanding 

has be 

II a 

survey of ichnology and a te of 

terms used this 

B 

sugges earlier, the study split core allows 

a res ted view tures such as tracks and ils 

ich may have a conside e lateral extent. c trace 

fossils were rare entif cores. 

The ree th of the core 

s expresse phically. 

along the 

An estimate f t e ative 

amounts of f urat 

similarly shown. 

de ive 

urative bi tu 

ioturba n is also 

ti isible in 

it cons ered to be the only. 

Seilacher (1 7) ni di tinct groups o 

trace sils, eac f whic c thi a 

row 

cific 

range ba 

t uish ichno 

fossils .. 

4. Furthermore, 

relati 

of water i 

are ical of 

whereas obl 

tri 

wh 

relat 

ile .. Therefore 

d after 

could di 

respective 

is illustr ted i 

. al., (1974) a ve 

ure 

neral 

attitudes 

occur. In 

rine, litto 

ted 

burrows the depth 

ral vert al burrows 

, or nears re facies 

occ i shallow i 



'J(ofilhos 
L 

8 

Jco enio r. Glosslf t Crvzlono foe. loopll. f. 

Figure 4 

Nereires rocies 

Generalized bathemetric distribution of the major 
trace oarnmunities. (from Seilacher, 1967) 



termediate shelf 

ed i 

s, and 

e deepest as 

s 

a 

the attitudes of the 

the core a ic 

izontal burrows are s all 

ter environments In is 

expressed continuous 

CORE DESCRIPTION AND INTERPRETATION 

INTRODUCTION: 

1 tat Ser 

the t that core 

taini to scale s 

are in th s imparted 

s contai per-

imentary struct res, al geo-

me of its, patterns stratigr ic successi and 

fossil assemblages. 

to determine cores 

these aspects are difficult 

at d stances in e orde of 

several ilometers. 

Des ite t ese limi ations, core samples all a 

deta ed of localities terms li , fossils, 

and ich logical a ects of the cks. Althoug di ect 

links tween lithology and paleoen iron e t are rare, 

pe studies can ield significant information per-

ta to the sical and chemical iti s of sedi-

mentat As se co itions are estab ished, urthe 

environmental t can be tegrating 

a a re rding the biologic aspects of t e rock. This 



course 

discuss 

An 

ga 

though 

more 

1 

lowed the discussion of each core and the 

are arranged ical order. 

ea of the sical frame of the area can be 

ic profile (Fig. 20 figure 1 and the sei 

is not sufficient seismic control to give a 

ete sentation of the area. 

CORE 77-011-32-B AND C 

De 

Core 77-011-32-B was illed in the southern s area 

at 46°21'36" 52°44 1 36"W approx t 1 15 km southeast of 

Race. Because the difficul th core recove 

were made to obtain a s 

length., However, core 77-011-32-B 

length and core 77-011-32-C 10 em 

e substantial 

is o 1 eight c 

(Fig .. 5) 

in 

Some 

short cores 

estion arises as to the reliabili of these 

The poss i that are erratics rathe 

true bed exists but repeated s ing at the same 

locat ithin severa hundred metres) ielded cores f 

similar a erial an bed ing structure orientation. 

(Bed approx The re, these 

cores are bel to represent the local bedrock. 
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X-raz .,. \ 

~-~ -very faint bedding - some 
5 • --.. ·--~ ---

lighter (more quartzose) medium dark grey (N ---- -------- colored 
-- ----·-

elongated patches. to dark grey (N3) --
-thin, black (carbonaceous) elongated 

siltstone 
----------- fragments 

----------· -------
small pyrite patches 

-~ 

Core 77-011-32 c 
I 

0 I• 
_,......-- ----

·tt· -similar to above 
-thin, bitumen lacking lense 

b-' ;> :::::: 
t;./ ::.---. - -vertical burrow medium dark grey (N -:::- ~--: 

_ __.-' .../" 

to dark grey (N3) 5 - -----.--
;> ~-/_ 

siltstone ---~~:: 
~-- ... .....,.-- ..... -----

_./ . 

~ -pyrite lense ~' 

------ - /-

10 
--//:---

I 

Figure 5. 

Grain s:j.ze, sedimentary structures, descriptions, sample 

locations, and bioturbation type. 



11 preserved nostic acritarchs date the roc as 

Ea ic It 

is the oldest sed ed 

to early Llanvirnian). 

the success 

Due h h ree of f sili th i s core , t h i 

sect was not done. Therefore, an accurate 

measure of grai size was difficult. Inspec ion at lo 

i icat irmed a high conte t of fine silt The 

texture, ssili and grey (N4) colour are properties 

wh classi both cores as ical black s. 

cores have very faint, low angle laminations f 

1 r colour (dark grey N3) silt with a lower carbonaceous 

content. Often the lam t are lenticular. Boundaries 

are sl at al, lending a fuzzy" appearance to 

the structures. The esence of graptolities i Cambro-

Ordovic a black shales o and prom te a search f 

s ila fossils in the cores. Carbonace s material is 

the bedd 

bl , however, 

ane as thin ( 

they appea to 

latera ogical continuit and 

.5 mrn) el a ted 

have no distinct 

are babl 

g itic remains. Small s of ite crystals occur 

in t e same e as the carb aceous aterial an are 

a of it. 

signs of i due to 

feeders are rare black shales ( ris, 1977). 

it 

In core 



77-011-32-C a 

meter and five 

13 

vertical burrow about two in dia-

does occur .. The burrow is inclined 

a has very fa menisca laminae that ica te s ffing 

c or illing due to a movement of the 

ani sm .. 

The fi e grained nat re of this rock, the faint 

1 nat s, the small scale lenticular stratification, and 

the fissile 

spec if 

zontal lam 

ties of the roc all int to qui e 

of sedimentation. The parallel hori-

represent 

of dif t al settling of 

ition either as a result 

les from suspension under 

withi a tract flow reg where t 

bot 

il COndit 

curre ts re not strong enough to scul ture the 

substrate The lentic lar structu es re se t sli tl 

igher current vel cities causing ve 

discontinous stratificat a tract 

lenses 

silt 

trac 

icles and the initiati n of 

s ilar b t more 

regime .. The 

1 flow of flocculated 

dfo s at slig tl 

hi er urrent elocities Gradatio al s ructural 

boundaries icate dif rential settl ng rates 

the constituents. 

As in st ack sh 

77-011-32 is due to ca 

es, the dark col uring in 

nac us material pres ed 

core 

er 

educi conditions (Je ins , per. c . ) . Further 



1 

ev of these condit is icated the presence of 

ite which occurs as s entical to carbonace s 

there ht to be a diagenetic replace-lenses 

e t .. is ac shale is si ilar to st rine black 

shales that has a very ited because of the 

inhospita le Eh and soft" substrate conditions (Morris, 

1977). e 

unknown, 

sents a 

(Pasc 

the 

i 

enti of the ne burr wi g organism is 

, the burrow unlined suggesting tha i 

trace (Fodini nia) or grazing trace 

rather than a dwell trace 

suggests that al h redox 

The presence 

tials within 

the sedi ent were lo oxidation condi io s at the 

sed ter were ic nt to suport 

this burrower. is condition also help explain the 

small, lig ter coloured lenses of low carbon content 

o rved the core. These s, ich are to be 

the it t of small bedforms uld have formed 

under slightly less restricted circulation conditi ns 

(greater currents and Eh) and conseque would 

have a lower preserved carbon conte t.. The carbon ich 

layers represent the other extreme where circulation is 

a ) and the sed tation rate ve 

1 of ( lag carbonaceous 

In the mud facies of the Jurassic epeiric ba in covering a 

1 e of northwes Mor is (1977) recognized 

vertical 

ous shale 

S 0 f II nOrma 1 n 1 II reStriCted n t and n b i t U ffi in-

ies wh are arranged in symmetric 1 cycles 

on both large (1 's and small O's f ) scales. 
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This core reflec ic condit of a s milar na ure 

but to a much lesser 

1 of the reg 

ree and on a very small scale. In 

setting, (discussed later), this rock 

as of the bi or restr cted 

shale facies of a shallow marine sea in a tranquil basin 

ith a restricted budget due to restricted circula-

t 

77-011-8 

Des 

Sample 77-011-8, drilled at 7°42'48" 52° 30'48 11 VJ 

contains three -sized rock fragments because of 

drilling difficult s. Although the s e is small, the 

drilling operat was ted several t s to ensure that 

t e sample was representative. The rock frag ents a e 

mass medium dark grey ( 4} siltstones (Fig. 6). are 

barren of acritarchs so an age eterminati n was not s­

s e. However, seismic files i icate that the s e 

was taken approx 1,050 m strat cal below core 

75-009-24-A so the rock Late Ordov ian or older age .. 

A ic scopic na ysis f ne fr nt revealed the 

presence of less than one per cent sand sized artz 

hi hl altered feldspar grains of silt size. The most 

ent alterat t a brown chlorite like 



C I<. A 1 N S l/. E 

'\j 

~ 
(lj 

'\j '\j U1 
~ ~ 
(lj Cd QJ 

U1 U1 s:: ...... 
QJ li-; 

'\j s:: 
QJ 

I~ ::;:' '> 

.w 
r-i ...... 

I(J) 

;::.-, 
(1j 

j 

? 

Core 77-011-8 

three fragments 
medium dark grey shale (shale fissility) 
mica flakes (no thin section) 
no apparent bedding other than fissility 

Figure 6. 

Grain size, sedimentary structures, descriptions, sample 

locations, and bioturation type. 
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mineral, and constitutes a high e of e sed t. 

Some of e brown colouri 

content.. No ils, sed 

s due to amo 

structures or 

us organic 

t 

eatures are apparent the rock .. 

I 

Very little available for tat 

in core 77-001-8. The fine grained nature can be attr 

to deposit low energ conditions. The onl texture 

observed is the fissili but because of the e size it 

is if this is a primary or diagenetic attribute. 

Give the unmet sed slate of t e succession e 

fissility The se str ctureless 

aspect of the rock may to uni se tat ion 

or ete de format tion The latter would be 

unl er condit of black shale it ion. 

The colour caused hig anic conte t indi-

cates anoxic substrate condit 

Such cond t 

tion and 

usual 

en starvat 

occur 

at 

bas ns 

t 

it 

of it 

circul -
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CORE 75-009-24-A 

Descr 

This core was drilled in the northern study area at 

47°09'32"N 51°35'53 11 W. A core of 60 em length was re­

covered. The presence of diagnostic acritarchs indicates an 

age of Late Ordovician (Caradocian to As illian) for this 

core. 

The sed texture changes progressive from a very 

fine sandstone at the base of the core to a very fine sil 

sandstone at the (F . 7). The rock is well indurated 

and lacks any fissili croscopic examination of three 

sites on the core show that silt content progresses from 5 

per cent at the bottom to 30 per cent at the Clay 

sized particles are negl able ex for secondary hematite 

on some quartz grains. An ular intermixing of greyish 

olive green (5GY 3/2) and greenish-grey (5G 6/1) material 

gives the rock a mottled appearance. 

Variat z content and grain size along the 

length of the core are responsible 

s ilar to those the mottled areas. 

fo colour changes 

Detrital fragments 

of angular z are present and at the base of the core, 

occur as angular, interlocking, slightl recr stalized 

grains. Here the z abundance reaches 80 per cent but 

hout the rest of the core z varies between 40 per 



! ;l\1\ IN S II. I·: 

"U 
~ 
m 

''-! ·o 'J) 

~ c 
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·ri 
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'U ~ rl m 
(J) ·.-1 ·ri j ::;;:' I~ ·~ !,/] 

Figure 7. 

Core 75-009-24 A 

Grain size, sedimentary str~ctures, descriptions, sample locations 

and bioturbation type. 
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20 

40 

so 

-ooid patch 0.5 mm diameter 
round and oval 

-disseminated ooids 

-Rhizocorallid spreite burrows 

Highly mottled (light and dark 
green) with highly disrupted, 
faint bedding 

-Rhizocorallid (?) 

-branching burrows 

-very light green color 

-long, branching, vertical burrow 

-dense bioturbation 

Silty, very fine 
sandstone 
'Ifi1n Sect1on 

X-ray 

Chamosite ooids 
in fine sand and 
silt sized quartz 
with a chamosite 
and siderite 
matrix 

Thin Section 

Silty sandstone 

sand 79% 
silt 20% 
clay 1% 

quartz 50% 
chamosite 30% 
(cement) 
muscovite 
opagues 
calcite 
phosphate (?) 

burrows finer 
grained 

Thin Section 

very fine 
sandstone 
sand 95% 
silt 5% 
clay 0% 
80% quartz 

X~rav 

(j) 
Q) > ;;,. ·rl 
·ri u 
u 1\J 
(lj E 
!-< !-< 
:J 0 
CD 4-< 

·.-1 Q.J 
~ 0 

u (J) 
•rl w 
w :::-. m oo 
(1j H ~ 

QJ H ..:L Q.J 0 
~O<U'Ul-< 
OO.G.JOU 
~V)~;:z.!{f) 

BURlHJ~~ 



ent and 60 per cen 

vite and calci clas 

a fine rix 

are present 

Ir 

roug 

and constitute ox tely te per cen 

ite gra ns occur in trace amounts. 

oolite of s th median partical size f 

0 .. c is present near the of the core. ithin the 

patch, oo s comprise approx atel 80 per ce t of the 

volume, the remainder consis ing of ve fine sand s ze 

z , chlorite, inor accessories and seconda 

s erite and ite. Both s erite and chlorite ntif 

cat were con irmed us diffraction. Generally 

t ucleus is composed o h hly a tered elds ar but 

uartz also present. The green chloritic mineral wi h 

the characteristic ooid oni n-li e layeri g has a low 

irefri ence, and an of refraction igher an tha 

of artz. 

usual 

contact 

The same 

a tabular or 

ineral also occurs in e a ix, 

habit and often present i 

It di ays slight eoc roi , a 

small negat i angle and a th-slow orientation. 

The c lorite ineral is also often ssocia ed i h n 

ox e. For these reasons it is believed to be the ch 

chlori , chamosite Kerr (1977) states th ch site, 

nl the other chlorites, usually occurs n oolitic 

wi pse itic structure exac as it is found in 

is core. X-ray iffraction spectra show well efined 

peaks the chamosite range, however, st chl rites have 

s ilar spectra th ugh suall ith a b ader range. 
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site a ular atom struc so sitive 

ide tification is di icult i hout ly ecialized 

preparat and techn 

The orig of s chamosite is the ic 

of muc discussi n several authors (Kimberl , 1979). 

Whe her c amosite is of pr ry igin or a diagenetic 

acement of ox e or carbonate has not bee sati -

factorily conclude . ineralogic relati ns ips in these 

litt ev ence one way or the other. 

The oo s contain several thi , concentric layers of 

fine, 

sit 

material, probabl org ic in compo-

B turbatio of bo the f urative and de tive 

s is very hout the core. e degree of 

isturbance varies to moderate ex the 

15 where the 00 bed has suf very biot a-

t I dispersing many of the ooids. 

The igurative bi turbation is mai ly in the burrow 

f Most are relat large, branch (three in 

diameter d five em i length) and ge erall have a 

vertical attitude. 

and are unlined. 

ey usually exibit meniscate 1 inae 

content 

g ic 

the burrows 

sort 

c t shows a her 

ich reflec s some f a io-
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I 

s nifi her sand con te in core 75- 01-

2 -A as to the other cores be i icative of a 

near-shore fluence and uction of coarser rains or 

a sed res ual sand content h the rocesses of 

reworking and ng .. The igh degree bioturbati n 

has i pr sed structures and only faint 

traces f bedding remain iding little in rmation of 

condi of sed tat 

The presence of sand-sized ooids in an otherwise fine 

grai sed prov e the most s nificant i rmation 

two 

1 

ing the depositional environment. Oo i s general1 

i h h energy environments in water depths of abou 

(Bat urst, 1976 . 

s, calcrete 

Exceptions to this i elude cave 

under subaerial conditions), and 

(low ) oo s. The two former s are not 

oo s are not marine condit and the 

compatable th the presence of chamosite (discussed late ) 

and 

trat 

from 

wou 

tat of tex 

t tha the 

ests that 

observat 

s occur i locall high concen-

have undergone litt e transport 

environme t of their rmation. Other ise they 

abl be di semina ed th ug ut the sedi e t. 

Hov1ever, some ree of is suggested e fact 



23 

that ids a high ene y iro nt occur ith 

fine sands and silt representing lower nergy conditions. 

It seems reasonable to t t the oo s were 

in a h energ environment such as an outer s elf bank 

where it was isolated coarse material flux. Ooids 

formed near anks such a bank could conceivably be 

transported short distances down slope to a lower energy 

environment table th the f sand and silt. 

The presence of chamosite i the ooids and atri 

prov es 

(10 m to 60 

ratures 

evidence for a shallow water environment 

and is general as an indicator of 

the range of 25 to 27°C (Porrenga, 1967). 

Recen occurrences of chamosite are restricted to tropical 

areas their tion s related to the warm 

ot currents (Porrenga, 1 67). If si ilar ceanic 

condi existed 

well be an icator of cl 

Ordovic 

condit 

Ver ical burro s, s ch as those i 

t s, s 

the co e, are 

cons ered many auth s to indicate shall wa er con-

di (Seilacher, 19 7, , 1 7 ). However, 

have noted (Pi ill et al 1981.) and generalizations 

are difficult. e inhabitants these burrows btain 

the r filter- h an opening the sur-

face or the surface of the substrate. Their burrows 

rep esent permanent semi- ermanent dwelling places 

ichnia) an environment where currents suppl e 
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nutr ts yet also c se rapid erosi or deposition 

(Seilacher, 1967 . In the case of eros , the reaction of 

t burrower is a rd (retreating) vemen whic 

uces convex (retrus spreiten. In the case 

rapid sedimentati , an upward ement of the organis 

produces concave upward (portrusive) spreiten. This is 

illustrated 8. The figure also illustrates that 

if the indr worm tubes are not s the , as 

is the case in this core, then one cannot determine the 

o entat of the ucing org sm (vertical or horizon-

tal) .. , it is difficult to ascr the spreiten to 

the Rhizocorallium or i enus. The former 

belo s to the Cruzania ichnofacies, (mai horiz ntal 

burrowers), and is assoc ted th a subli env 

(Fig .. 9). Di locraterion, however, is a ember f the 

Skolith s ich ofacies associated ith a littor 1 

environment.. The sublittoral environment closer to that 

on textural and composit grounds 

CORE 77-011-11 

De 

77-011-11 was drilled at 47°1 '3 51° 5 '12 to a 

138 em low the seabed and a core of 42 em s 

recovered .. ilur (Wenlockian) age was ete ined 

this rock us acritarchs. 
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0 

Figure 8 

Structural types of rhizocorallid spreite burrO\vs. 
a) Protrusive in vertical direction b) Retrusive in 
vertical direction c) Protrusive horizontal, plus 
retrusive vertical direction. This illustration 
also derronstrated that the presence of the sprieten 
alone is not sufficient to distinguish between 
vertical or horizontal burrO\vers . 
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Rhizocorallid Burrows Aleclorurid Burro;vs 
"'e.>ponse In scdtinenlolion rc.rp. to growtn

1 
mining programmes j .simple mining hig!Jiy orgomind mr!l ':I 

Suspension-Fce_ders I S e d i m e o t - F e e d e r s 

Skolithos- focitiS 6/ossil'ungilttS- ( 
(/i/fol'al .rod/ ()llli$ion Nrlbf:tlll 

Cruziono-laciu 
,,_,.,llrlrflll.stmfis 1.. ~~ 

Figure 9 

Nereiles- facies 
f pehgir: mUt/4 6,_ h.tr6Hiin.J 

Bathymetric zonation of fossil spreite burrows. 
(from Seilacher, 1967) Rhizocorallid burrows occur 
in both the Skolithos and Cruzania facies so 
distinction on this basis req:uires positive 
identification of the burrow type; a difficulty in 
core study. 
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The s is a ighl fissile, ediu grey 5) 

icaceous siltstone . 10). Planar, nated s of a 

sl h lighte colour occur ithin one em ba s in the 

lower f the core. Between these beds moderate bio-

turbat of the f ura ive 

structure and mineral y. Ve 

has altered the sediment 

small diameter (0.5 mm), 

e ated, comparativel 1 hter coloured blebs occur in 

obli ue and nearly horizontal orientations. These are 

the branch of Chondrities. S ar 

trace sils occur in a the core ich 

also conta s a brach 

near the 

valve and 

These rocks have an unusually high ica content. In 

th sect , micas (or a clay neral) oriented parallel 

to bedding constitute 40 to 50 er cent f the sed t. 

Thei 

s 

Inte 

e ti 

but 

a 

Due to 

is dif icul to ascertain in icrosc pic 

dif action stud indicates that 

ture of cas and lite. 

are 

h h degree of fissili , structures were 

difficul to discern. The occurrence of brachiopod and 

bryozoan remains a zone near the the core 

it, ind cat represent a of some 

degree of ng bottom currents. The th , unb 

bated, izontal lam icate episodic deposition 
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20 <::::::;, t? Thin Section 
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.__I X-ray 
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"" "" mica 40-50% 

r ' 
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l I 
Little mineralogic 

40 variation 

.. 

Figure 10. 

Grain size, sedimentary structures, descriptions, sample 

locations, and bioturbation type. 



under sl 

ete 

of 

2 

condi s an the thicker, com-dif 

ioturbated, ntermediate beds. A er f the 

s contain small zon al and inclined urro 

ted as the Chondirites 

strata were 

g i the 

ited at lower 

it er to 

These 

tation rates 

y 11 ine" the 

sed The absence of ev scour and the absence 

f thi its suggest isodic, turb cond 

t 

CORE 77-011-7 

De 

s 77-011-7 and 77-0ll-7B were dril 

51° 3 '18" , each th a re of 15 em The 

s s are ilurian (Llandoverian to an) age 

Both cores and 

have a 

fissili 

ve similar lithol ies 11). 

ium dark grey (N 

anic conte The 

beca se of their 

colou which is indica ive of 

es exh it a high degree f 

a chlorite and icaceous 

rals. Core 77-011-7 is ve finel laminated unlike 

core 77-001-?B ich suggests tha the fi sili is due 

pr i to d enetic processes. The latte contai s a 

11 preserved calcareous Chonetid shell. Thin sections 

could not of the ree f fissil-

i 
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em 
77-011-7 A 
o~~~~~~finely laminated 
~== ~=~~~~~highly fissile 

..J: medium dark grey (N4) 
micaceous mudstone 

10_ 
-10 em absent 

Figure 11. 

em 
77-011-7 B 

0 
~ 

Thin 
Sec tio 1 

lQ-

Grain size, sedimentary structures, descriptions, sample 

locations, and bioturbation type. 

-well preserved 
brachiopod 

-medium dark grey 
micaceous mudstone 
8 em absent 
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tion were observed either core. 

I 

enviro nt f epositi n of cores 77-011-7 and 

77-011-7 is probably very similar to that of core 

77-001 2. The presence of the brach core 77-011-78 

suggests that 

on the other 

(prov ed 1 and d this locat 

the redox conditions were not too extreme; 

and, shell have been a more 

table env The fine 1 inations i core 77-011-7 

as a resul of grains falling irectl ou 

f suspens 

CORE 77-011-23-B 

De 

77-011-23-B 

a 2 n 51°2 

was 

30" 

illed 

approx 

the southe 

tel 50 

area 

f the 

Vi in rocks. The core is 

structures are diverse and 

ly 1 em i length ut its 

informative (Fig .. 12). This 

sed t is barren f acritarc s b t a Siluria a e is 

infered seisrnostrat ic correlat 

Core 77 011-23 has a lig t bl ish g e (SB 1 ) 
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em 
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-~..: ~v -high concentration of large 
---.... ... ~ and small brachiopods 

- - -wavy bedding 

~ -pyrite patch 

~ -Chondrities lined with aligned 
e:~ ~ • clay m1nerals 

- \~. 
·~ ~r 

1 ~ --------9, -curved laminations of alternating 

2 

3 

~~~ light and dark beds with small 
-y ~ oval lighter colored patches 
~ _/ ~ -25° apparent dip 

~-wavy bedding 
/ -45° apparent dip 

-bioturbation 

-faint structure 

-large and small brachiopods 

-45° dip 

-brachiopod 
-bryozoan • 
-brachiopod spine 

-faint bedding 

-high brachiopod concentration 

brach-
iopods and bryozoan 

Light blueish grey 
(5 B 6/l) 

Quartzose siltstone 

with calcite matrix 

approximately 10% 
light colored min­
erals. (kaolinitize 
feldspars?) 

highly micaceous 
bands 

Thin Section 

medium siltstone 
quartz 45% 

felds-par 2% 
Cement: 
calcite 10% 
chlorite 20% 
Fossils: 
brachiopods 3% 
bryozoans 2% 

collophane (?) 

Th1n Sect1on 

Sandy siltstone 

-white, rectangular and oval shells(?)quartz 25%~ 
calcite 45% (cement 

4 

Figure 12. 

Grain size, sedimentary structures, descriptions, sample 

locations, and bioturbation type. 

allochems 25% 
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colour. It a sili rous nonfissile sil stone wi 

calcite and chlorite matrix Macroscopic ction of 

core shows variat in text re, sed tary struc res 

a 

e 

bod ssils and trace ssils th ughou the core t at 

occur a somewhat cyclical patter . the base of the 

core a concentration of calcare us brachi fragme ts 

a es to low ang e, sl curved, planar 

laminations which grade up ar into a highly mottle 

mater 

tion. 

ich has undergone strong deformative bioturba­

This is llowed an ther thin (five em) bed f 

abundant calcareous ssils luding brachiopid tests and 

spines, zoan fragments, and rare echinode plates. 

This es h h angle 30 to 40°), sl tl curved, 

fa lam material, again disrupted def rmative 

bi turbati n. Further up the core at 24 em a si ilar 

sequence of il ts, h angle (45°)planar lam-

inations of a ternating light and ark la ers, an 

bioturbated sed ent occurs. This is an her 

f ssil rich d. Thus there are roughly three comple e 

units of sil beds followed planar or c ved strati-

f 

The 

t 

Two thi sect 

al stud s to 

ili 

turbated material. 

were used te t ral and ineral-

low magnficati e aminati 

beds consist of about 25 per cent zoan 

and brae i s t a very ine sandy silt tri In 

contra t, the lam ted and bated terial above the 

ssiliferous be s of eac unit are medi rai silt-
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tones th a of fine sand. 

z grains in abundance betwee 25 

hout the core is variabili is 

controlled the variat 

are rare (two per cent) 

ssil abundance. Feldspars 

and their state of alt ra ion 

var e but the ag e grains are (sericitizat 

surprisingl fresh. Th be of diagenetic origin. 

r less than 1 per cent f the clasts account Acces 

sed , consist main opague minerals, muscovite, 

and a 

Cement 

below the 

tic 

sil i 

is also variable. 

beds a 

tutes 5 per cent of the rock. 

Withi and iatel 

calcite cement cons 

Its mo e f occurrence 

ind cates a d tic or Between fossil beds, calcite 

abundance s to 10 per cent and a ite 

als cons itute 20 per cent of the cement. 

A small (0.5 em diameter) tc of microcr staline 

ite occurs near the the core as s black carb-

onaceous material. 

Inte 

One of the most informative features f core 77-001-

23-B the cycl nature of the it as described above 

rag ente br oz an and brachiopod shells in 



zontal or tat 

to the 

raul 

t that a 

sorting 
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at the base 

ree of tract 

each cycle attribute 

1 flow and associated 

ng) occurred to uce a residual 

lag. The compa itivel coarser grained (very ine sandy 

silt) detrital tion associated ith the ssiliferous 

beds is further ev ence of a relat her energy flow 

as the 1 na ted beds wh are 

to have been deposited under less dynamic conditions. 

further concerning sediment suppl to the region 

of deposit also be made th respect to these beds .. 

The raulic regime respons e for sorting, concentrating, 

and ing these could s taneous 

t , at least tract 1 flow, a muc coarser and 

more highl concentrated sand fraction had the sand been 

sent. The absence of sand in the core sug ests that it 

is e that the env nt of deposi ion s 

s ied th s nificant sand fract 

The at boundaries from the fossil fero s to 

laminated beds a VV"ani of current vel cities 

and iffere tial deposi 

suspens • Where the lam 

ion f particles pr rily f 

ted beds have a curved or wavy 

aspect, low or iate flow is believed to have 

uced small {several cent etres relief) infilling or 

lateral accreating scours (Potter et al, 1980). This also 

accounts the e steep to shal d ing curved 

laminat on the position on the flanks of the 

scours. The gradation of t e la inate beds int 
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f t ted mater 

laminated structures re i itially 

tes that the pr 

re extensive a 

s 

fol 

des 

cyclici 

success 

the core can best be ained the 

of events (1) the development of a 

fossiliferous lag a eros event, (2) lower 

e small scale scour and fill and deposition from sus-

pens lowed {3) low rates sed ic 

in ux, and 

laminated 

subsequent bio urbation. The preserved 

have been the 1 wermost sections of 

or inal th beds which wer deposited rapidly to a 

thic ss greater than the depth to which the anis s 

Such a succession of per s of 

re uiescence {when bioturbation occurred) and the 

repeative nature of se events is indicative of storm 

re events. 

Brenner and Davies {1973, 1974) have described s ilar 

but er scale its 

Weste n Interior, u.s. 

unbroken shells associated 

Jurassic stones the 

Th desc ibe lag de sits f 

th low muddy sed n ts. 

The its are ht to be the result of storm reworki 

of shelf areas storm waves and currents represent-

ing the t of storms outer shelf areas. 
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CORE 77-011-22 

Descr 

77-011-22 was il 

the southern study area. Bedrock core recove 

The core was taken approx el 400 m stratig 

\vas 

in 

22 em .. 

ically 

above core 77-011-23 and was dated using acritarchs as 

le to Late lurian age (Wenlock to Ludlow)e 

It is a medium grey (NS) finely la inated mediu 

siltstone (Fig. 13). No calcareous sils are 

i the rock, 

occur. 

Th n-section 

, a 1 ited number f vertical bur ws 

is of one at the of the 

core a 98 per cent si t fraction and very lit le 

f sand. Texture is similar the core. 

the rock 

ular 

of quartz grains constitute 50 per cent 

the grains have sl sutured contacts. In addition to 

the qua very ts of unaltered i clase are 

present. 

cent 

icas and iron oxi es make up a ther 10 per 

Sed 

this core .. 

structures are relat well preserved 

Generally the faint planar beddi s a 20° 

d Rare crossed inations indicative f the pre 
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Core 77-011-22 

0..------

20 

30------' 

-first four em probably 
float 

-upturned beds near burrow 

-bioturbated 

-grey; very faint bedding 

-lighter grey; planar bedding 

-disrupted bedding 

-fragments; probably same 
as above 

Figure 13. 
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Thin Section 

x-ray 

Medium grey (NS) 
siltstone 

sand 2% 
silt 98% 
clay 0% 

quartz 50% 
chlorite 25% 
calcite 15% 
muscovite 5% 
opagues 5% 

quartz has some 
sutured contacts 

Grain size, sedimentary structures, descriptions, sample 

locations, and bioturbation type. 
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uence of small bed and some ree of tractional flow. 

Near the base of the core the lam t are ight-

dis and und a nature .. 

Small areas of the core have de 

turbat and still other area exhibit burrow s .. One 

burrow-1 structure extends two em a b turbated bed 

to a laminated bed in ich the 1 inations sur-

rounding are slig upturned. Vertical burrows 

f similar diameter (three occur at the 

No burrow 

ments. 

such as Chond ties are seen 

of the core. 

these sed 

The anar nat which characterize most of core 

77-011-22 could rmed eithe as the result of diff-

erent 1 settling of cons ituents directly from suspensi n 

or sorting as the result of tract fl The igh angle 

of bedfo crossed t are f some 

genes s under tract and therefore this the most 

le mode of it 

d s inat at the base of the core may 

be the result some tract flow tter et al, 198 ) 

but also be an d enetic ture caused water 

escape. between 1 and 20° also illustrate the 

condit of sed t 



Most of the core appears to have been deposited under 

rapi sed tati condi ions. This is i ferred fr 

several atures: Upturned laminae in in beds coul be 

the res t of tering as sited and therefore 

loose ins e closer king however 

the poss i that this ture an escape burrow cannot 

be dismissed. The 1 i ed extent of biotu bat ion in the 

core illustrates that the system was too ic or rapidly 

deposited to allow t r extensive bioge ic activi 

Such a 

brach 

c environment may also ex ain the absence of 

s or other ssils. 

CORE 75-009-25 

Desc 

Core 75-009-25 was drilled in the central study area 

and 5 em of core was re 

The sed ent is pr ril a medi dark gre ( N 4) 

colour but has sl htl 1 hter grey ( 5) and greener (5 

6/1) variat th of the core (F • 14). 

The degree of fissility is h ly variable in these 

sediments ranging ve fissile to nearl massive .. 

agnostic acritarc spec ns indicated a Late Silurian 



CHAIN Sl/.E 

Figure 14. 

Core 75-009-25 
Grain size~ sedimentary structures, descriptions, sample 

locations, and bioturbation type. 
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-small brachiopods 
-pyrite patch 

-small, black disk shaped 
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-bryozoans and brachiopods 

-well preserved brachiopods 
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70 L-

90 

110 
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-laminated beds cut by organism 

colored, wavy planar bedding 
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Chondri ties -some pyrite replacement 
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Thin Section 
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Core 75-009-25 (con't) 

12 0 ....---..... ---_ .... 
cr::::::::==:=>-

..::1'/ c.. ...,.._. -..., '-"'""' -burrows 
;:to __ _ -brachiopods 
~~co . )~1-'\! -brachiopods 
\.~ ~· ~ -bryozoans 

~,~-pyrite patch .-
-~"""" 

'-""' '="" 

<17 ,... -

l -= _..--

-high shell fragment 
concentration 

. .... .. \,. -black disk shaped carbonaceous 
material (spores?) .......... -...... -
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(Lud age. 

Est s gra n size cate tha sed are 

mudstones and siltstones . Four in sect s 

the ngth of the core show that the sand i n does not 

exceed one per cent. Estimat s of silt abundance are all 

greater an 97 per cent except r small patches (on a 

i c scale) where sized icles compose 3 per 

cent of the sed Mos of the cl sized icles have 

d ameters greater than two or three icro s (ve cl se 

the silt-c bound ) and their composit appears to be 

little di rent the silt gra s (i.e. few clay miner­

als) .. 

This the most siliferous core recovered from the 

stud area and ntains numerous C netid brachia ds 

identified E. . Bamber {pers .. .. to Ki & Fader, 

197 ). In its life habitat, the Chonet s' shells probabl 

reste on the seabed t the brachial valve uppermost. 

of them had spines which have served as balancers 

or for flotation on a so t substrate. Chonetids may not 

have been specif to icular environment that 

are usual 

ments. Al 

in the core, 

associated th fairly fine rained sedi-

h there were no l as 

a of lurian brachi 

es recognized 

asse lages 

of the Welsh borderlands Zeigler {1968) distinguished 

several communities th specif env affinities. 

is Costistricklandia Communi contai ed a ver s all 
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p Chonet shells which were not represented i 

any other assemblage. This i occurs fai qu t 

at an It is not highl likel ff-shore con itions. 

assemblage the same as the Costistric landia c unit 

existed 

strate the 

this locali 

il i 

the relationsh does illu­

of the presence of Chonetids and 

qu t, offshore conditions. 

In the core, the brach s occur 

or unseparated remains and even these do not 

life posi but are concentrated 

rare as whole 

thei 

th ( 0 .. 5 em) 

beds. Somet s are dissem ted 

ment but show no specific or ntation. 

hout the sed 

At two intervals (143-140 em and 130-134 in the 

core, calcite ssils occur in grea abundance The brach 

lls are small (0.5 em and many are 

Th section ct also revealed ooid-like structures 

th characterist ial and radial patterns of cal-

cite. Thei size (0.2 d ter), elliptical shape, and 

composit suggests tha they are sections f brachi 

In addit to the s, zoan fragme ts are 

present .. occur as ched, una raided s and i 

one as a th horizontal bed of 

Small di icles of black carbonaceo s t-
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variable abundances. urial are present 

have a diameter f one and are 0.3 

ically, the 

t ick.. Thei 

or in is 

cons 

c 

variat 

at three locati ns on the core show 

detr z content. Fossili-

ferous areas have little (25 per cent) to no quartz, but 

, the 

concentrat 

ular to subrounded quartz grains reach 

of 40 cent. The roc s comprise twee 

40 and 60 per cent muscovite. Where aligned, the contri­

bute to the h h ree of fissili Hematite and other 

ls make up another f per cent. Fine grained 

muscovite, cl rals, and chlorite a matrix i the 

relativel unf ssiliferous parts of the core. A calcite 

cement accounts the remaining five to ten per cent of 

the 

cement 

The more 

t The 

siliferous areas have a much greater 

rvals om 130 13 em and 1 

to 143 em comprise a coquina of brachi and br ozoan 

fragments. A sparry calcite cement f diagenetic origin 

consti utes 60 per cent f the r c in this i terval. 

Siderite present very amounts as a replaceme 

after calcite. Siliclastic grai are surprisingly absent 

a the can be classif as a ite. 

Thin, izontal beds fossils occur th ughout the 

core. In addit , thi (one to em) horizontal beds of 

f laminated silt occur at intervals along the core. 
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de 1 bioturbation. beds are 

In one case, of the finely laminated beds 

are ra dispersed in the sedirnen 

1 ng such a be {See ig. 1 90 ern to 

iatel under-

5 ern i terval). 

This suggests a relative hard or cohes te at the 

t of b 

1 areas of the core exhibit low angle planar nd 

sl concave laminations. Still, other areas show a 

truncat of beds undulating sur s th rel f in the 

order of two em to three ern. Much of the pr ry sed t-

a stratificat has been des f urative biotur-

Al h several segments the core show deformative 

s of bioturba ion, biogenic action has uced many 

f urat e structures. Most common are the fine horizontal 

and obl which where present, permeate 6 to 7 

per cent of the sed have diameters f xi-

mate 0 2 and are infilled wit 

almost 80 per cent cl inerals. 

sedimen 

e a 

comprised o 

min rals are 

usual 

core. 

a igned parallel 

ese urrows are s 

the 1 ngitudinal axis of the 

ilar to those in rna of e 

cores and are Chondritie • 

deve concave and 

Also present are well 

spreiten .. 

In , core 75-009-25 is a fissile, grey 

1 inated siltstone of Ludlowanian a e with br z ans, 



s var trace ils, and evidence of def rm-

at 

Inte 

The fine grained texture of e sed nts th ut 

core sugge t a ow energy environment f deposition. 

Although many the pr sed structures been 

b , some were preserved and provide evide ce r 

sedi entation conditions The thin lag deposits o 

brachia 

occas al 

c rren s. 

d shells and 

re rking and 

e icker 

ryozoan fragments represent 

innowing of the bot weak 

4 em) fossil concen rati ns are 

p obably the res lt of uch more substantial c rre t 

activit 

essential 

and inn i g effective enough t re ove 

al the s iclastic t the rock. 

The truncated beds th undulating erosi al surf ces 

are ev ence of local scouring bottom current . 

In addit , the curved, laminated beds result 11 

scale channeling. 

These rocks lend some evidence 

properties of the substrate at the t 

b b 

f the eotechnical 

si ion .. The 

lami beds at 

the 90 10 em rval demonstra e that these be s were 

cohes 

iot rbation .. 

than the underl ing sed nt at the t 

Depositio of these la inated sedime ts 
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such a 

ular 

suspensi n woul no be expecte to uce 

substrate because under these conditions, 

grains would be oriented and, there-

well wever, e inf uen e a 

ak current nment the gra res lt in better 

ac ing and, there a harder subs rate. Sl ht c 

pact and dewatering resulting from a thin sed nt cover 

could also ave a stre thening effect the laminated 

beds .. 

nes found this core demonstrate an 

of brach s to a very t or substrate. 

The ased surface f radiating ines allows greater 

bouancy· and stabili an othe se itable environ-

ment. Pre 

firm, 1 

, the 

ted beds was 

sil bearing sed 

ted. 

n between the 

In rev , texture and sed structu es indicate 

a low energy environmen ich deposition directl f 

suspens at a fai low rate while s rting a 

fa abundant epifauna and fauna. I termi tant sub­

strate isturbances ( storm related) uced sil 

lag 

eros 

sits, relatively hard laminated beds and vari us 

surfaces .. 

Fossil concentrations in the presumably undisturbed 

secti s of the core are considerably lower than in t e 
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il its, wh occur at 

its deve 

s the 

ng 

be ng tra sported 

core. If the shell 

f the sed as sed 

into the area) re ative shell concentrat the two 

u its gi e an indication the amou t of fine grained 

mater al wh must have been removed to uce the lag .. 

Sed nt th sses from 1 to 50 em or more would 

have to be re rked and winnowe to uce the residual 

fossili beds. 

Trace sils g e ev ence ttant 

erosion and deposition. Convex spreite , oriented both 

and downward icate and downward motion 

the uc organism. This movement is all thought 

to a react the org ism to per it or 

eros as it to remai a certain th low the 

sea an icator 0 en erg levels d ic 

e h to cause ittant erosion and it 

Chondrities is abundan th ughout st f e non-

laminated sed i the core .. As part f the Cruza ia 

icnofacies (Seilacher, 1964), Chondrities indicates a 

normal, open shelf environment i dep s bel dail wave 

yet ill s wave base. More recent wor rs 

have tha Chondri ties a dept range conside abl 

reater than this and that some cases it have formed 

in ter ept s consi erabl deeper than shelf de th. 

ver, interpretation sed n texture, sedi entar 



struc s, i , s rite, and id presence sugge t 

s water it is most 1 

CORE 77-011-2 

Descr 

48 

77-011-2, 60 em 

It consists 

th, was drilled at 7° 9' 

pr rily of red sandstone 

Fig. 15). It n of fossils so an e could not be 

de e ined paleontological met s. wever, i the 

general i of t and strat ic thickness 

(see Fig. 20), whi ev ent hout the sequence, can 

be ex lated upward into the redbeds, then e age of 

these sed s extends 11 Devonian 

The sandstone varies in colour betwee a pale purple 

(5P 6/2) the areas to a ish purple (SP 

the silt content her. 

coarser beds consist al st solel f sand sized 

det ital grains i h a fine medium sand median. 

se iments con ain angular grains 

sorted. 

i h are mode a el 

e 

The rock is 

z, 10 per cent 

ised ximatel 35 per cent 

and 35 per cen feldspar, 85 per 
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BIOTURBATION 
DEGREE BURROW TYPE 

Q) 
CRAIN Sli'.E Core 77-011-2 
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..... 
.. Red (lOR 4/2) - . 

1Q.. ......... 
quartzose medium . . 

-small, red mudstone chips _, sandstone _,. ,.,. 
- _, t silt calcite and hematite 

'> ::: '~ -: -
20 I matrix 

fining upward 
fine sand 

l . . ·~... -~ .. ~ ~ : ~ ! I d. ~~·.·_ .. ·<:: .. .- me lum sand Thin Section 

~ angular, interlockin~ 
30·. grains 

I . 
' altered plagioclase I . . 

fine sand 
I 40 

. quartz 35% 
. feldspar 35% 

chert 10% 
Cement: I 

calcite 10% ~ 
-missing 

50. hematite 3% I 

I 

Hematite included by I 

.. chert and rimmed on I .. -monolayer of medium sand quartz . . 
1(). _; ...... Thin Section 

6 . 
~ 

Fine sandstone I 

quartz 35% 
feldspar 35% 
Cement: 

( hematite 10% 
I 

I 

c.alcite 5% ; some I 

detrital I 

chlorite rims on I 

quartz, feldspar I 

and hematite 

I 

.I 

Figure 14. 

Grain size, sedimentary structures, descriptions, sample 

locations, and bioturbation type. 
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cent of wh ch is orthoclase, 15 pe cent agio ase and 

m 1 and perthites in very ts. Hornblende 

and calcite are also present. Hemati is pre ent in 

the trix and as a i a ount on quartz and felds ar 

grains. The hematite is, turn, te. 

The bul of the cement, however, is 

ten 

cite. 

The onl structures visible in this core are faint 

planar beds with a persista t 30° dip throughout. The 

seismic files in this area show d s of onl 2° to 3° 

Attitude sensors on the drill icated a tilt considera ly 

less than 30° so it is e that the pr stratifi-

cat was d ing 2 ° to 30°. Both composit 1 and 

grain size variat are responsible for the laminations. 

Small, red ch are present at the and bot of 

the core. A graded bed ich occurs in is 15 to 25 

interval fines 

In 

ium sand 

age. 

I 

med sand to silt. 

, core 77-011-2 is a pale purple arkose of 

structures and abl f Devonia 

The distinguishing features of core 77-011-2 are the 

red colour and the relat coarse texture. s of the 
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ed colour proba 1 ori inates f the in coa ing of 

hematite on most of grains. This coat be pr 

secondary. However, the environmental conditions at the 

t ition must have been relativel idizing to 

rna in the colour. 

The relatively coarse grains required a fairl high 

ne 

sequence 

cit s. 

their concentration. The fining upwa 

the core is ative o wani current velo-

the most s if cant elements this rock 

are the small mudstone ch Under a relat 

reg , it would be expected that these 

be reduced to sand size grains. Their 

size suggests that have und 

working and were were 

cated chips on a river bank or flood 

eroded during a h ter stand. 

ly high flow 

chips would 

at e 

little raulic 

babl desi-

ain ich were 

env s nificance is the h h feld-

spar content in this roc • Beca se fe dspars are h hl 

s ec to ical and chemical weathe ing (especial a 

exi ted Devonian t in st climate as 

this area), their presence abundance indica es that the 

source rocks are more proximal tha were se f vJ'hich 

mos of the other rocks of this sequence were derived.. In 

addit , the arkose of core 77-001-2 quite likel had a 

source of rani ic" composit 
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The f ct tha these rocks are barre of f ssils in 

addi to these all suggest a terrest ial in 

these be more specific about the environmen 

of it is diffi thout a e the 

t and aer extent of the sit .. 

CORE 77-011-3 

De 

Core 77-011-3 was taken at 7°09' 8 11 N 52°22'6" 50 

i ometres S of St. Johns {Fig. 16). Al st one m of 

redbeds were recovered. These redbeds are about 500 m 

stratig ical up section core 77-011-2. Th are 

barren of fossils so age could not be de ermine 

ver, 

and 

The sed 

are stra 

of Devon e. 

ical well above core 77- 11-2 

nt is a planar la inated sandy silt of 

greyi red (1 OR to 10 R col ur (F . 16). Rare 

small mot les grey color occ where hemati e is not 

resent Four icroscopic textural alyses sho silt 

content that var s 75 to 85 pe cent ile sand size 

grains range 

rock a 

abunda ce between 5 a 

coarse siltstone. 

15 per cent. The 

artz grains are abundant (70 per cent} and like other 
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---------- quartzose sandy 
coarse silt 

- -~=-=: --- --- --------- -----
--- -- -~-------------- Thin Section -- -- -- --=:::::::__: --------------- --
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Figure 16. 

Grain size, sedimentary structures, descriptions, sample 

locations, and bioturbation type. 
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siltstones in the sequence, feldspar content is very 1 

Or en ed sc ite grains give rise t s e fissilit 

ite and calcite clasts are also rese t in in or 

The matr 

clay sized rains. 

is hematite ic occurs as 

Faint horizontal anar laminations in the wer half 

of the core e to anar t th truncated s 

ith d exceed 20 egrees. 

I 

The mos obv ronmentall indicative aspect of 

is is the red colour. The colour presumabl st s 

from the fine grained hematite matrix. Much debate in the 

lite ture s rrounds the problem of pr ry or secondary 

As of the other cores the fine grain size is 

ind t i low energy condit sed 

The anar 1 inated beds may reflect quiesent conditions 

grains suspens could settle out differe tial-

1 , causing rved textural and inera ic sorting. 
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The crosse -la inations througho t most of the core, 

, are suggest of a flow reg whi tract 

grain f was an rtant factor. Parallel lami tions 

can also deve flow reg s, however e of 

sed t usual s parting linea n and there 

is no evidence such structure in the core. 

Unl most of the other cores, the feld content 

quite high. ne grained feldspars are subject to irly 

weather alterat 

in is is t 

sed , given the 

ater). The environment of 

distant the source. 

There , their 

of a relative 

e warm, hum 

is 

servation 

turi of the 

e (discussed 

bl t ve 

The oxidizing conditions, lack of fossils and 

turi of the sedime sugg st that these sed nts were 

d sited under terrestrial conditi ns. e low energ , 

episod sed tat condi could occur lacustrine, 

tr 1 environments, , one core does t provide e 

control necessa to de ermine the large scale tric 

relat needed to ist ish these environments. 
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OF INTERPRETATION AND HISTORY OF DEPOSITION 

NTRODUCTION 

vvi th a of the various depositional 

environments represented at specific t s and locations 

this Lower Paleozoic succession, an at t at 

sit ion constructing a reg 1 ana is of the basin of d 

and its 

should 

his 

ve discuss 

is made possible. Such an s 

te, 

sed source and burial is Unfortunatel , not all 

of these criteria can be sed in this analysi because o 

ser 1 itat rted th fact that the s les 

are cores and the e control was 1 ited. The seismic 

some of the control was a dec ed advan e c 

s ing 

One common aspect f all the core studied ith e 

e of the red beds (cores 77-011-2 and 77-0 1-3), is 

their marine nature. Ev ence of this 1 s 

of marine fossils of one or anothe . 

the chitinous. bod parts of therwise 

0 an isms. were ably planktonic 

the presence 

Acritarc s are 

ativel unknown 

and as such are 

not env icat other than the fact tha 

are of marine or in. In addi , many of the cores con-

ta marine brach Chonetid) and zoan fragments, 

attest to the marine aspect. Final , some of 
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the diagenetic s are ht to be f marine origin 

Al these fac rs are only circumstan-

tial ev ence when considered in their entire the pro-

babili 

grea 

f their representing a marine envi nmen is 

A second dominant aspect this sequence is the fine 

grained nature of the sed s. This ly ubiquitous 

diagram (Fig. 17). aspect is illustrated in the ternary 

grain size, among other env ators, is 

t tor th respect to environmental interpreta-

t 

In addition to the ?Devonian terrestrial rocks, a 

number shallow marine (shelf ) li fac have been 

nized the stud ten cores. These environments 

can class if more as Restricted Shelf, 

lf, and Terrestrial f cies (Fig. 18) accordi to the 

same basic lines used is, (1977). 

ITUMINOUS AND RESTRICTED r1ARINE SHELF LITHOFACIES 

rris (1977) rec gnizes a estri ted s ale and 

bitum fac of ical shallow mar seas. The 

restricted shale facies is generall lac ing structures 

ind tive of a high c rrent reg or a diverse be thic 

assemblage. The bi inou mud acies con ains un iotur-
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clay 

50 sand 

Figure 17. 

Grain size analyses from eight cores illustrating the fine 
grained aspect of the lower Paleozoic sequence. 



FACIES 

NORMAL 
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sed well deve inae in kerogens 

a spec ized 

The Lower Ordov 

lor..v ox at 

fauna. 

shale (core 77- 11-32) has 

1, wea current activi ev ence 

and some suggesting that it may be in e realm of 

restricte mud facies rather 

facies. 

an the bituminous litho-

The ?m dle Silur black shales (core 77-001-7 and 

77- 11-8) have text ral and compositional evidence for 

conditions of quiescence, uni rm sedimentation and low 

ox ati n potential a d ass ciated lack of epifaunal 

activi This tation sug ests an environment of 

d sition very similar to the ituminous Mud (or shale) 

facies descr Morris. 

NORMAL SHELF FACIES 

The normal ud facies consists of udsto e and 

th benthic as age of and 

i (Morris, 1977) of the cores have 

attr utes v1hich be indica ive of a specific deposi-

t process th a normal shelf environment. 

i 

of the dom 

of shal 

ical 

mar 

it 

li s sole 

However, 

terms 

1 process is difficult 

because these processes may be operational in any one of a 
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a of speci ic normal shall marine envi ents. 

Ot er factors uch as facies geometr alter ation and 

strat success a greatly 

In this study, such data are lacking so onl 

a made at lithofacies classification. 

tat 

gene al 

The rocks 

can be classified as rming in a storm domina ed, storm 

influenced and nearshore or bank environment of a normal 

marine ies.. Normal lf env nts of vari us s 

recur much more often in the sequence than do other envir­

onments. Therefore, based ili it is reasonable 

t suggest at much of the sectio was deposited under 

normal shelf condit 

The lie sequences in core 77-011-13-B are the most 

s suggestive of storm sition. The sequences 

shell lel t , and b ted se nt in 

core 77-011-23-B record ini ial sto erosion, deposition 

and post storm reworking indicative of a storm inate 

li facies. 

s 77-011-11 and 75-00 -25 als have lie un s 

storm related or in. ey are not reg ar or 

well suggesting that the envi ent f deposition 

was subtly influenced or more remote from e major 

s ?t al) uence. 

Sed struc res and bi urbation s le i the 

te Silurian siltstones (77-011-22) indicate rel tivel 

dyn ic co iti ns curre fl a d sed entati n 
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hout the core. Little can be sa as to whether they 

m ht have t al ocean currents rather than sto 

(w or wave uced) currents .. 

The Late Ordovician siltstones and fine sands ones 

(core 75-009-24-A) be to a fai shallow water facies. 

The ooids and the trace ssils both indicate turbulent 

water condit whereas the chamosite 

cator of warm (25°C) and shallow water. 

is an indi­

The presence of 

secondary siderite the ooids suggests exposure t 

ui te vJell oxygenatated cond i io s whether at the t of 

deposit or as a diagenetic process. The roc s bl 

a sub-littoral zone, possib 

an area of sed 

isolated bank .. 

TERRESTRIAL 

t ux; ex 

some d stance from 

e on the flank of an 

The ?Devon redbeds represented cores 77-011-2 and 

77-011-3 present little concrete evide ce t eir deposi-

t env Their red col ur indicates oxi izi 

condit 

or post-

but it is not ear if the colour pre-, 

it Alth ugh the general nature of the 

raulic reg dur sit n can be ascert ined, it 

is difficult to relate them to a specific environments. 

Core 77-011-2 is the coarser gra ned and more text rall 

of the and has small mud ch suggest 



4 

of sed The above considerat ns, ether vat 

with the t that these cores are barre of fossils, tend 

to an rred terrestrial or i . 

HISTORY OF DEPOSITION 

F ure 19 illustrates li ies and environmental 

interpretat h t of the ten s es from both 

central and southern study areas. Sample stations re 

located along or ected onto continuous seismic profiles 

ich strat c thicknesses are based ( ig. 20). 

The base of the centra study area is represented 

the Late Ordovician black shales of the bituminous shale 

fac s (core 77-011-8). One thousand metres up sequence is 

t e La e Ordovician fine sands e and siltstone from 

coastal or bank env (core 77-009-24-A). Above this 

is the f ssile siltstone ch deve under 

s 1£ condi le Silurian (Wenlockian) t 

77-011-11). Soon after {but still an 

marine 

re 

black 

shales were eposited in a bit inous shale facies (core 

77-011-8). ?Late Silurian , condit were back to 

a normal shelf (storm influenced) environment 

the siltstones in core 75-009 25. Considerably further 

(1, 0 m} up sequence are the red sandstones of ?terres 

in and above these are the re siltstones. These two 



5 

1 Area 

Devonian ? 3 Terrestrial ? 

#2 Terrestr ? 

#25 Shelf 
(storm luenced) 

Silurian #7 Restricted Shelf 

#11 Normal Shelf 
(storm uenced) 

#24-A Bank or Coastal 

Late 
Ordovician #8 Restricted Shelf 

and 
Lower 
Ordovician Coastal {Wabana) 

Cambrian ? Coastal (Bell Island) 

F ure 19 

Southern Area 

#22 f 

#23-B Normal Shelf 
(storm 
influenced) 

#32 Restricted Shelf 

it the central 
and southern it 
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77-011-3 77-011-2 75-009-25 77-011-24 A 
I I . 77-011-11 . 

~-;....1..) /-. -.~ /-}/-~.._~ , ... / ,y / f ~;W/-p;-~ I /)f '; 1 

?DEVONIAN LATE SILURIAN MIDDLE SILURIAN LATE ORDOVICIAN ?CAMBRIAN 

VERTICAL EXAGGERATION X60 

20. 

Line drawing of A--B (see . 1.) as interpreted from air gun seismic record, showing 

core locations (including those projected from north of the line) and ages. Cambrian rocks have 

not been sampled from the offshore succession however this profile illustrates the prese~ce of 

sediments probably of this age. The great thickness of rock above the Late Silurian sug-

gests a Devonian age for 77-011-2 and 3. (after , et al, in preparation) 

B 



es at of the sequence are Devonia in 

age and ssi 1 represent a general all ing (?basin 

filling) and emergence (? ift) of the area. 

Thus, the stratigr ic column of the central stud 

area shows cons 

little 

the i 

Several i 

erable ies variation through time ith 

ttern to the sequence mainl because of 

the column .. 

irect climatic indicators are present in 

this success e and thick basinal shale accumu a­

tio s usually develop in humid cl ates where rolific 

drainage systems can provide a basin ith abundant source 

material (Potter et al, 1980). 

The fine sandstone and siltstone of core 75- 09-2 -A 

probabl contains the bes climatic indic tor in the 

succession. As ted ea lier, chamosite occurrences i 

rece sed are confined to wa (25° to 27°) marine 

waters and within ten rees latitude the 

ical or sub cal environment is further sub-

stantiated the Ordovician Pangaeic reco struction f 

Bouc t and Gray (1979) ased on lithofacies and biogeo-

g ic 

The Devon (?) redbeds at the 

good tors of a cl ic re 

of the sequence are 

which results in the 
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uct abundant hematite. Tod is does not occur 

to extent i cold cl s, however, redbeds are common 

in warm environments. The Pangaeic reconstruct for Lower 

Devo ian t (Boucot and Gr shows this area i id-

latitudes and Morel and Irvi (1978) place the Newfoundland 

area in 20°S latitudes~ Both these are consistent with the 

indications from the redbeds. 

In , al these rocks lend- little conclus 

ev ence cl ic condit , addit 1 ev ence 

suggests that this Lower Paleozoic sequence developed in a 

warm, hum cl in ic to mi -latitudes throughout 

the it per 

The strat 

begins i Earl Ordovician t 

the southern study area 

it black shales t at 

probably developed as a restricted marine sha e facies. 

Althoug this is the lowermost sample in the sequence, 

seis ic records indicate at the sequence continues at 

least 2,000 m below this sample point but a so ic­

Cenozoic cover preve te sampling. The se ence c uld 

conce continue down to the Cambrian The next s e 

up sequence is the ?Silurian (core 77-011 23- gre 

siltstones deposited in a storm dominated rna ine shelf 

fac s. The Silur siltstones about 400 up sequence are 

a of a normal shelf facies that was bly current 

d inated. As the sequence from the central stud are , 

samples are to sparce to build a complete geolo ic 
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Ki 
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et. al. (in preparat ) have es 

ss of is success at approxima 

the total 

8,000 th 

Bed d is usual 1° to 3° and most structural features 

are broad. It is not clear from stud s to date 

r the 8,000 m of sed were i in a vertical 

sense, or in a very 

former requ s a basin cons 

sense .. The 

than the latter. 

A basin 8,000 m is certa a possibili 

t on the Av presence of Precambr 

the shal ng ent 1 rocks the vic 

however the 

Pe nsula and 

the 

Vi Rocks and Eastern Shoals (King et al) could be an 

indicat that the total vert 1 thickness the Lower 

Paleozoic success 

ness. 

INTRODUCTION 

ss than the stra 

REGIONAL CONSIDERATIONS 

is Cambro-Silurian (?Devonian) success 

ic thick-

is seen 

from seism control to be cont over a vast area 

(approx tel 15,000 sq .. ), representing a much more 



ex pans 

than 

and th 

sent as 

7 

r section f shall marine sed nts 

deposits on the Avalon Peninsula, 

Nova Scotia, and New It is an ral par and 

i t the in f the Aval atforma sed nts. 

Correlations tween e offshore section and the much 

better understood land he establish the extent of 

var ies t and enhance the picture of the 

g 

ments. 

history of the Canadian Avalon at rmal sedi-

REGIONAL 

Cambria strata of the Avalon Platf rm are ai ly 

s es with sandstones and 1 tones (Poole et_~, 

1970). This dom of shales is a prominent feature of 

the o fshore sequence as well. The land sequences are 

mai of shall ter marine deposition s il r to the 

ffshore success as ted here. 

i strata of the Pla are con ined to 

Precambr 

fol ed broken 

and synclinoria and are suall 

normal faul s (Poole et ~l, 

ian sed 

the Tr 

1 stones 

eastern New£ undland are thickest 

area where over 1,2 shales and 

the Ell Cove Group were deposited. 

ino 

is 



sequence comprises alternating red and gree sh les and 

inor 1 stone, local tant manganese beds, grey and 

blac shales and s ltst nes a d v ry inor v lea ics. 

1 Breton Lower rian g ey, green, and 

red shales and siltstones f the Codr and Canoe Br 

Format were sited a shallow mari e environment. 

In Southern New over 300 m of dark grey and black 

shales ith inor sands one and li estone ake up the 

St. John 

None of the core es this s are of Cambrian 

e, , re ction seismic pro iles illustrate that 

the sequence continues down section to the east but could 

not be sampled because of a considerable thickness of 

Mesozoic-Cenozoic cover (Fig. 10). 

Because the of shore section is known fr seismo-

strat ic relat ns alone, no lithol ic correlations 

can be made th the land 

ian and black shales of the Clarenville 

Formation conformabl overlie r Cambrian shales and 

1 tones of the Elliots Cove Group at Trini 

(Poole, et al, 197 ). These Tremad cian rocks are located 

on the west side of the Avalon atfo , west of Trini 

, to the east, Conce ti n , 600 9 



f Clarenville shale i bel 

and Aren ian strata on 

197 ) .. 

72 

ed underl 

islands 

the Tremadoc 

t e ba (Poole, 

On Breton Island, 00 m f gre shale with grap-

tolites were 

(Poole ~!. ~l_, 

sequence of thi 

ited during the ian and Aren ian. 

1970) Si ilarly at Saint Jo n, a 

bedded black shales containing Tr 

30 

ado-

c ites overl s s ilar r Cambrian rocks and 

is succeeded black itic shales of Arenigian age. 

At the same t (Aren ian) black shales were deposited in 

t e offshore section i ediatel south of t e Avalon 

Peninsula (core 77-011-32). 

es in the offshore sect 

These newl recognized black 

lend 

fact t at he Avalon Pla for al 

to the stri ing 

sedi e ts f arl 

ian age are unfail ly bl or grey s. 

In the 

environment passed 

area this idespread re tricted 

into a more normal {oxidizing) 

environment Aren ian t while restricted condi ions 

s ill remaine to the south and i Ca e ret n and Ne 

e rest icted ck .. is no record to indicate 

condit s terminated these latter areas. 

The Bell Is s e Clarenville shales 

in ion three islands comprised o 1,000 

of grey, brown and greenish icaceous sandstone, silt-

stones and shales hematite beds. The 
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over ng Are ian Wabana has been studi d i de ail 

s {1915). The sequence consists approx ly 300 

grey, brown and greenish shales, siltstones and ica­

ceous sandstones. These rocks are f interest because of 

the oolitic hematite and chamosite beds which have been 

quite extens shal water and coastal env 

onment of it for the Wabana Group is indica ed 

numerous atures such as cross bedding, s, mudcracks, 

oolites and presence of chamosite, hematite and siderite. 

This section coincides ith a 1 ed area of the 

ffshore above core 77-011-32, so it is not kn 

s ilar environment extended offshore. 

n if a 

le to Late Ordov rocks are not well known on 

t e land areas of e Avalon Platform with the possible 

e of the Browns Mountain of ern inland 

va Scotia (Poole et al, 1970). (Their age has bee a 

subject of and t possible that these cks 

are of Precambrian age 

of Ord ician age the 

conta 

are shallow water 

ie, 1978 .) Provided the are 

are of par icu ar sig ificance 

tors 11 

both 

, 1914). 

ich 

Of le to Late Ordovician s es in the ff-

shore ection, the lowermos is a blac shale (core 77-
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11-8). Nothing known the spatial or 

of this restricted facies.. The 

Ordovician age, core 75-009-24-A) 

e st 

ral extent 

e of Late 

is representative of a 

f interest note its sub-littoral environment. It is 

e ironmental s 

Browns Mountain 

arities ith the Iron Formation of the 

especially with re to the ite 

occurrences. Actual lithologies are not correlatable 

r 

This may be 

Silurian 

Avalon at 

re nized 

on the north s 

ical condit must have been s ilar .. 

ative of s ilar env 

1 sed ts f Silurian age have no 

land, however, the Aris Group 

of Nova Scotia is a th ck, complete 

Silurian to Lower Devonian sequence mainly of shales 

deposited discon 1 on Ordovician rocks. Studies on 

these (Cant, 1979) have shown that much of the sect 

was sited in sto dominated shallow marine environ-

ments.. Cant erable li 

as being the result f different water 

ic variations 

ths and energ 

levels thin shallow marine environments that graded be-

twee storm, current and t e dominated facies. 

The 

make up the 

Breton. 

Avalon Pl rocks of Silurian age 

which occurs in eaStern cape 

consists sandstones and lomerates 
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wh h were sited on Cambrian rocks. 

Worth noting are the Silurian paralic slates, artz 

arenites and volcanics the Whi e Roc 

and Kentv le Format 

cian uma 

ng the 

The s nificance 

r Ordovi­

these occurrences to 

the reg 

cause the 

necessari 

correlations is to some degree uncertai be-

uma has been and does not 

have Avalonian f it s. 

Most of the Silurian cores (77-011-11, 77-011-23, 

77-011-22) in the offshore sect ate storm or current 

na d facies of a n rmal shelf enviro ent. This 

water environment shows certain s larities to the shall 

storm dam 

the Arisig 

environments recognized Cant {1979) in 

A black shale (core 77-011-7) appears to occur strati-

graph call between e other Sil ria s es and t us 

re resents a restricted envir ent of li ited tern ral 

extent and unknown 

restricted environment 

distributi n. The fact that a 

s encountered three t es over a 

t span Ea Ordovic to le lurian is indi-

cat of lical pattern of rmal to restricted envi-

r nts in t e stud area. eca se three diffe ent 

success ~;v-ere encountered a sparce sampled section, 

the ili h that it is even more repetitive than 
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the present facts ind Simil r environmental distri-

but s occur the e epiric sea f the Jurassic 

in ( Morris , 19 7 7 ) . 

Devon 

Rocks of Devonian age on lan areas of he Avalon 

Plat are only known in Nova Sc ia. Lower to i dle 

Devonian strata occur in Arisag, as a continua ion of the 

Silurian sequence. These ude marine siltstone, shale, 

slate, sandstone and minor 1 stone of the Stoneh use 

Format succeeded uv tile and deltaic red and gree 

sandstone, si tstone and shale the art Format and 

a thick sequence fluviatile sed nts the River n 

In Southeastern Breton, Middle Devonian conglom-

erates, sandstones, shale and t ff of the cAdam La e 

Format 

turn rest 

ie rocks of Ordovician age, ich in 

Cambrian strata. The McAdam Lake rocks are all 

f fluvi tile origin. In souther va Scotia Lu 1 ia 

the Kentville are overla 

slates, siltstones quartzites and limestones f e Lower 

Devonian Torbrook Format These are believed to repre­

sent normal shallow water conditions of it , however, 

associated i n formation beds are robabl nearshore 

deposits. These Devon strata of Nova Sc tia gen-

eral re ct a e from marine to terrestrial condi 
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of 

the 

it and this pattern appears have occurre in 

al 

fshore sec 

The red 

to be 

s 

as well. 

ed in 

terres 

h these cores were 

e offshore successi n are 

or in. As discussed earlier, 

diagnostic fossils for 

e dating, seismic data show a thick uence conform-

able relat well the posit of the est dated 

core (Silurian) so the redbeds are inferred t be of 

Devonian age. These strata are confined to an area along 

the north-south or nted axis ( • 20) • 

REGIONAL ENVIRONMENT MARGINAL OR EPEIRIC SEA? 

This st has lustrated the extensive distribution 

of the Avalon Platformal sed 

aspect 

Silur 

the 

f deposition which 

t An understand 

and its environment 

fulfill the criteria necessa 

ts and the shallow marine 

ersisted from Ca brian t 

of the ocal character of 

i ion does not entire 

disting ish ether the 

1 e scale reg environme t was s ilar to a ical 

ern continental shelf or an epei ic sea n a st le 

craton Such a requires a v the broad extent of 

the sed 

A iscuss of li ic and environmental cor ela-
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tives Atlantic Canada has illustrated the reg 1 aspect 

f success Just as the Atlant Canada corelatives 

do not 

and 

represent continuation of ac al lithologies 

s, oversea correlat are noted s to illus-

trate the great extent rocks is at£ rmal nature .. 

The extens offshore success on the Grand Banks helps 

occurrences of the Avalon tie ether se 

atformal sed in Atlantic Canada and helps attach a 

greater s nificance to their presence, especially in terms 

of overseas correlations. The offshore sequence bounds 

close on or struc discontinuities (Glooscap Fault 

tern, Collector Anomaly) and could have very close affi 

t s to the overseas atformal sed ts. 

Several authors inclu ing Rast {1976 1980) have 

establi reasonable correlations of the Avalonian Pre-

cambrian and their atformal sed 

in Massachusetts, Wales and the lish 

th sections 

lands. Similari-

t th the Precambrian and Lower Pa eozoic sequence of 

the Moroccan Meseta i rthwest Africa suggest that this 

also 1 to the same continental block (P , 1981). 

t s are recognized tween the roccan rocks a Conti 

those Eastern i and Bri and these poss 

delineate 

1981). 

the eastern of the Avalonian rocks (Piq 

Lower Paleozoic co tine tal reconstructi ns indicate 

that the Avalonian craton would have been expa sive t a 
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1 th ex 4 00 and up 1,5 0 ide .. If one 

can assume shallow marine sed entation over muc f is 

area than 

sea was 

is a t 

ted on the Avalon craton .. 

that a large epe ric 

The possibili of a 

deep ton h does not negate the an 

expa sive, albeit die ntinuous epeiric 

argument for epeir sea sit is the 

sea.. A furt er 

ili of the 

plat 

environment 

h t A craton can also provide a stable 

ic is far f zones of greater tectonic 

activi near ate margins. This would help ex ain how 

much of the sect ser de forma 

One of the more stri ing aspects of the Aval n at-

formal sed nts was the idespread anoxic envir nme t 

sented the black and gre shales of the Cambrian. 

It i difficult envisage espread and relativel long 

1 restricted condi on a contine tal shelf open to 

oceanic ciruclation. idespread blac shales shallow 

marine origin are not common in the geolog c record. One 

a ue is the bitum shale facies that developed over 

large a as of the European northwest epeiric b sin in 

Jurassic times .. 

restricted circulat 

basins. 

ese eposits devel 

, caus oxygen 

as a res lt 

et 

Al h none of the above uments prov e def it 

ev ence 

nevertheless 

of the argument 

such a 

an epeiric sea, 

il 
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CONCLUSION 

Limits set by the size and number of samples from this 

Lower Paleozoic succession put constraints on the type of 

conclusions which can be drawn from this study. The infer­

ences on depositional environments are not made solely on 

the basis of observations from individual samples but rather 

in light of a consideration of the regional setting and the 

seismo-stratigraphic control. Conclusions regarding paleo­

environments are based on interpretation and as such are 

subject to change pending the acquisition of more data. 

The Summary of Interpretations deals with conclusions 

for individual cores and will not be repeated here except to 

note that a range of lithologies does occur, all of which 

(except for the redbeds) are compatable with deposition 

under shallow marine conditions. 

In summary, the study of ten bedrock cores from the 

offshore area and continuous seismic profiles show that 

generally conformable deposition of shallow marine sediments 

(mainly siltstones) occurred over an area greater than 

15,000 sq km from Early Ordovician to Late Silurian time and 

probably well before this (as rocks of probable Cambrian age 
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are seen on the seismic profiles). 

In Early Ordovician time it is probable that restricted 

shallow marine conditions prevailed over a vast area. Late 

Ordovician and Silurian siltstones have evidence of deposi­

tion in more dynamic and well oxygenated conditions and pro-

bably represent a predominance of a normal shallow marine 

environment. Some degree of cycling between normal marine 

and restricted circulation conditions may have occurred. 

Redbeds of probabl~ Devonian age are interpreted to be of 

terrestrial origin and as such further substantiate the 

trend to terrestrial conditions noted on the land succe~­

sion. A few climatic indicators in these rocks give indica­

tion of a warm, humid climate, compatible with paleomagnetic 

findings. 

Correlations between the offshore succession and the 

Avalon platformal sediments on land (in Atlantic Canada) 

indicate that general trends in depos~ional environments 

through time are similar in the offshore and land geology. 

The question of whether the succession was deposited in 

a marginal or epeiric sea is addressed because it is of con­

siderable significance to the tectonic history of the area, 

especially as the extent of the Avalon platformal sediments 

is greater than previously recognized. 
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APPENDIX I 

CLASSIFICATION OF TRACE FOSSILS 

Ichnological classification concepts (Simpson, 1975) 

are based on the fact that trace fossils are: 

1. sedimentary structures; 2. traces of organic activity; 

and 3. the produce of specific organisms. Three separate 

classifications apply to these three aspects. The first 

which is concerned with sedimentary structures is essent­

ially morphological. It is the Toponomic classification, 

desribing mode of preservation. The second, which is 

concerned with traces of activity by organisms is the 

Ethological or behavioral classification. The third 

classification uses the normal biological nomenclature to 

distinguish phylogenies of trace fossils (Taxonomic}. 

Mode of Preservation 

Seilacher (1964) classified trace fossils as relief 

figures. He distinguished full reliefs, semi-reliefs and 

cleavage reliefs with endogene and exogene forms and top 

(expigene) and bottom (hypogene) forms. Definitions of 

these terms are shown in Table 2, and figure 2 illustrates 

schematic examples. Processes such as "stuffing" a part of 

a tunnel with waste materials, "mining" for nutrient rich 

soil, and sediment sorting are incorporated into this 



Table 2 

Classification of Trace Fossils (Seilacher, 1964) 

1. Full relief: bioturbation structure preserved within a 
stratum. 

2. Semirelief: bioturbation structure preserved at a 
lithological interface: boundary reliefs and cleavage 
reliefs. 

A. Boundary relief: semirelief not involving cleavage 
preservation: hyporeliefs and epireliefs. 

(1) Hyporelief: boundary relief occuring on the 
sole of a stratum; relief may be concave or 
convex. 

(2) Epirelief: boundary relief occurring at the 
top of a stratum; relief may be concave or 
convex. 

B. Cleavage relief: semirelief in which subsurface 
laminae are deformed during production of the 
surficial trace; parting of these laminae (as by 
weathering fissility) reveals vertical repetition of 
a given lebensspur, any isolated specimen of which 
resembles a single boundary relief. 

Semireliefs 

Full Convex 
relief Concave ..,. 

~~:.z:·;~.::-:.~:.:_-:.::~::~~~.:' 
S~: ---=~-:· • . ---· .. , ., .. , , Epirellef 
• ·- • • - .. ... • • . iu• 'II • ' .... !l 
;~~~-~: ~ Hyporeliof 

...,. Concave 
Convex 

Figure 2 

Classification of Trace fossils as relief features 
(adapted from Seilacher, 1964) 
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classification. Various diagenetic processes and complete 

bed restructuring as a result of biogenic activity are also 

placed under the heading "mode of preservation". 

Behavioral Activity 

An ethotogical classification describing simple behav­

iorial activities is the most popular system of trace fossil 

classification (Seilacher, 1964 b). Seilacher distinguished 

five categories which are based on interpreted activities of 

the producing organism. (see figure 3) 

1. Resting Trace - imprints on a soft substrate that 

reflect the weight distribution and outline of a 

temporarily resting organism. 

2. Crawling Trace - Tracks and trails with signs of 

mode of locomotion. 

3. Grazing Trace - Patterns on or within the substrate 

left by benthic organisms in search of food in the 

sediment. 

4. Feeding Trace - Temporary burrows or other traces 

of deposit feeders which may form complex patterns 

as they mine the sediment. Patterns may be radial, 

spiral, branching or "U"-shaped. 

5£~ 5. Dwelling Structures - Permanent or semi-permanent 

~~~ burrows dug as dwelling places for benthonic 

organisms. They are predominantly cylindrical with 

lined walls for additional strength. 



·aoov 
F"OSSILS 

Figure 3 

Ethotogical Classification of trace fossils showing 
five main beh.avioral activities, their relation to 
one another and to body fossils . See description in 
text. (fnom Seilacher, 1964). 
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Taxonomic Classification 

Historically, trace fossils were named according to the 

classical Linnean binomial system because they were believed 

to be body fossils. As the true nature of trace fossils was 

discovered, the formal procedures of botanical or zoological 

nomenclature were applied rather loosely. The tendency in 

ichnology is to define ichnogenus and ichonspecies. The 

ichonogenus usually reflects a characteristic behavior pat­

tern and the species, a less striking morphological trait. 

Degree of Bioturbation 

The amount of bioturbation that a sediment has under­

gone is dependant on the rate of sedimentation and the 

density of the organisms and their diversity. The degree of 

bioturbation may give an insight into the conditions of 

sedimentation. Reineck (1963) used a scheme whereby the 

amount of bioturbation is quantified, in percentage terms, 

according to the degree of destruction of primary sediment-

ary structures. This is illustrated in Table 3. 



Grade 

0 
1 
2 
3 
4 
5 

6 

Degree of 
bioturbation 

(
0/o) 

0 
1- 5 
5-30 

30-60 
60-90 
90-99 

100 

Table 3 

Classification of bioturbation 

No bio.tu.rbation 
Sporadic bioturbation traces­
Weakly bioturbated 
Medium bioturbated 
Strongly bioturbated 
Very strongly bioturbated, but rest of 

'inorganic bedding still recognizable 
Completely bioturbated 

Classification of bioturbation depending on primary 
bedding destruction (Reineck, 1963) 



APPENDIX 2 

X-RAY DIFFRACI'ION SPECTRAL PlOTS 

Whole rock analysis was perfonned on each sample after grinding 

to a powder (in acetone) with a mortar and pestle and alla,.ved to 

dry on a glass slide. This analysis was performed to obtain 

positive identification of chamosite, siderite, hematite, and 

muscovite and to check for presence of otherwise unidentified 

feldspar and clay minerals. 
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