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Stratigraphy of the Arisaig Group 

THOMAS E. LANE and LYNDON R. JENSEN 
Department of Geology, Dalhousie University, Halifax, Nova Scotia 

Introduction 

The Arisaig Group is a continuous sedimentary 
succession ranging in age from earliest Silurian 
to early Devonian (Fig. 1). The succession is 
exposed on the coast to the west of Cape George, 
Nova Scotia. The Group is composed primarily of 
alternating strata (1 to 120 cm thick) of silt-
stone and mudstone with subsidiary very fine-
grained sandstone and shelly limestone (coquinite). 
These strata have been openly folded and offset 
by vertical faults during Devonian and Carbonifer-
ous times. The rocks are highly fossiliferous. 
Studies of bivalves by Bambach (1969), brachiopods 
by Harper (1973) and Watkins and Boucot (1975) , 
and graptolites by Berry and Boucot (1970) suggest 
that the faunal communities developed mainly in 
shallow-marine (depth of water less than 6 m) to 
brackish-water environments. 

Stops 12, 13 and 14 of the Eastern Section 
SEPM Field Trip (Harris, this volume) are at 
coastal exposures of the Beechhill Cove, Ross 
Brook (upper member and upper middle member), 
Moydart, and Stonehouse Formations of the Arisaig 
Group (Fig. 2). The sedimentary characteristics 
of these rocks are discussed in this paper and 
illustrated in the photographs that appear as 
Figures 5 to 36 and 38 to 46 inclusive. 

The Arisaig strata disconformably overlie 
Upper Ordovician, mainly volcanic rocks (andesites 
and rhyolites) of the Bear Brook Volcanic Group. 
The presence of ignimbrites and lateritic paleo-r 
soil horizons in the upper portion of the Bear 
Brook Volcanic Group indicates subaerial conditions. 
The Bear Brook volcanics unconformably overlie 
deformed and intruded volcanic and sedimentary 
strata of the Browns Mountain Group (Eocambrianp _ 
Ordovician?). 

During deposition of the Arisaig Group, a 
rich benthonic fauna thrived on a generally muddy 
sea-bottom. Skeletal debris, fine-grained sand-
stone and siltstone occur both as discontinuous 
lenses and laterally continuous beds that record 
short-term episodes of relatively high-energy 
sedimentation. These strata typically have sharply 
defined and commonly erosional bases and sharply 
defined to gradational tops. Parallel-lamination 
and cross-lamination are common internal structures. 
Coquinas generally occur as isolated lenses in 
scour-depress ions. 

The mudstone beds tend to be structureless, 
due in part to extensive bioturbation. Fossils 
preserved in their life positions suggest that 
the mudstones generally were deposited slowly. 
Conversely, fossils in the coarser-grained beds 
generally occur as transported thanatocoenoses, 
suggesting relatively rapid deposition. These 
sedimentary and faunal characteristics, with 
minor variations, are representative of the Arisaig 
strata. The depositional history of the Arisaig 

Group is summarized in Figures 3 and 4. 

Paleocurrent data indicate that the currents 
were mainly from the northeast, although in the 
Upper Stonehouse Formation the dispersal trend is 
from the southeast. The paleogeography is poorly 
known because of the limited area of outcrop and 
because the inland exposures tend to be poor. 
Additional paleocurrent data are needed in order to 
delineate the complex littoral current directions 
and to determine their relation to the paleocoast-
line. 

Beechhill Cove Formation (Stop 12) 

The Beechhill Cove Formation consists of 
massively bedded and poorly sorted siltstone with 
interbeds of sandstone and silty mudstone. This 
unit overlies an eroded volcanic terrain of sub-
aerial lava flows, ignimbrites and laterites (the 
Bears Brook Volcanic Group), and conformably but 
abruptly underlies black shale of the lower Ross 
Brook Formation. These strata were deposited during 
a major transgression, v.'hich possibly was related 
to the climatic and glacio-eustatic sea-level 
changes that affected much of the world in Late 
Ordovician and Early Silurian times. 

The base of the formation is exposed at two 
outcrops in the vicinity of Stop 12 (Harris, this 
volume). At the first outcrop, near Arisaig Pier, 
an oligomictic conglomerate caps the eroded 
volcanics of the Bears Brook Volcanic Group (Fig. 5). 
The clasts are almost exclusively of rhyolite and 
ignimbrite. The conglomerate is variable in thick-
ness and pinches out along strike. It possibly was 
deposited in terrestrial stream channels. The con-
tact with the overlying marine sediments is trans-
itional . 

fit the second locality, 3/4 km to the east, 
mudstone with thin sandstone lenses directly over-
lies ignimbrites (Fig. 6) and passes upwards into 
mudstone with relatively thick-bedded, lenticular 
sandstone (Fig. 7). The sandstones fill scours 30 
to 300 cm across and up to 25 cm deep (Fig. 8). 
The basal portion of such scour-and-fill structures 
commonly are filled with coquinas of disarticulated, 
unfragmented brachiopods. Internally, the coquina 
lenses tend to be ungraded and to have low-angle 
cross-lamination. 

The succeeding strata include thick beds of 
massive siltstone, which possibly were deposited 
rapidly from currents that carried large volumes 
of silt in suspension. Conversely, the massive 
character of the beds may be due to extensive bio-
turbation that homogenized the sediment and obliter-
ated most of the original sedimentary structures. 
Intercalated mudstones increase in abundance toward 
the top of the formation, and at the top, laminated 
siltstone alternates with greenish-grey silty mud-
stone in approximately equal proportions. 
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DOCTORS BROOK 
FORMATION (275) 

FRENCH RIVER 
FORMATION (280) 

UPPER (350) 

MIDDLE 
(600-800) 

LOWER (1002 
BEECHHILL COVE 

FORMATION (225-300) 
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MUDSTONES 
HIGHLY 

BIOTURBATED 

S 1-12 
M 2-24 

MUDSTONES 
HIGHLY 

BIOTURBATED 

' HIGHLY BIOTURBATED THROUGHOUT 
VERTICAL BURROWS 

COMMON 

MUDSTONES 
HIGHLY 

BIOTURBATED 

IMUDSTONES 
PARTIALLY 
BIOTURBATED 

MUDSTONES 
HIGHLY 

BIOTURBATED 

S 2-
M 2-

S 2-24 
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-14 
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1-3 
1 - 1 8 
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M 1-
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M 3 
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F i g . 1 Strat igraphy of the A r i s a i g Group, A r i s a i g , Nova Scot ia . 



GEOLOGIC MAP OF THE ARISAIG AREA 

M O Y D A R T _ P O I N T 
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KNOYDART FORMATION 

A R I S A I G G R O U P 

S T O N E H O U S E FORMATION 

MOYDART FORMATION 

UPPER MEMBER 
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MCADAM BROOK FORMATION 
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FRENCH RIVER FORMATION 

ROSS BROOK FORMATION 

UPPER MEMBER 
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LOWER MEMBER 
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B E A R ' S BROOK G R O U P 

M E T R E S IOOO 

FIG. 2 

F i g . 2 Geology of the A r i s a i g area. 
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Stonehouse 
Formation 

interbedded siltstone, sandstone,, 
mudstone and minor shale and 
limestone 

shallow marine (with possible 
fluctuations of water depth 
within the formation) 
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McAdam Brook 
Formation 

predominantly shale and mudstone 
with minor siltstone and limestone euryhaline environment 

of deposition (fairly 
shallow?) 
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Doctor's Brook 
Formation 

predominantly mudstone with some 
shale and limestone 

euryhaline environment 
of deposition (fairly 
shallow?) 

Si
lu

ri
an

 

Wenlockian 

A
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French River 
Formation 

mainly siltstone with shale also 
containing some oolitic iron-rich 
sediments 

euryhaline environment 
of deposition (fairly 
shallow?) 
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Upper Ross Brook Fm. Interbedded siltstone, mudstone 
and minor limestone normal marine getting 

progressively shallower 
near top 
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Middle Ross Brook Fm. Interbedded mudstone and siltstone 
normal marine getting 
progressively shallower 
near top 
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Llandoverian 
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Lower Ross Brook Fm. Dark shales with minor siltstone 

normal marine getting 
progressively shallower 
near top 
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Llandoverian 

A
R
I
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Beechhill Cove Fm. mainly siltstone with minor sand-
stone, mudstone and conglomerate 

nearshore shallow marine 

F i g . 3 Rock types and d e p o s i t i o n a l env i ronments of the A r i s a i g Group. 



DEPOSITIONAL SETTING 

SANDY RIVER PLAIN 

RELATIVE WATER-DEPTHS FORMATIONS 
TERRESTRIAL ->- MARINE 

INCREASING 
WATER-DEPTHS 

KNOYDART 

TERRESTRIAL MUDDY FRINGE 
RESTRICTED MARINE REGRESSION 

OPEN MARINE 

TRANSGRESSION 
RESTRICTED MARINE 
MUDDY SEDIMENTS 

TERRESTRIAL MUDDY FRINGE 
RESTRICTED MARINE 

REGRESSION 

MUDDY SEDIMENTS 
OPEN MARINE 

STONEHOUSE 

MOYDART 

TRANSGRESSION 
SHOAL DEPOSITS 

QUIET-WATER, 
RESTRICTED MARINE 

COARSE, POORLY SORTED, 
SHOAL DEPOSITS 

MCADAM BROOK 

DOCTORS BROOK 

FRENCH RIVER 

TRANSITIONAL PHASE 

REGRESSION 
MUDDY SEDIMENTS 

ROSS BROOK 

TRANSGRESSION 
BEECHHILL COVE 

(SANDSTONE AND 
JEPOSITS ^-STREAM-CHANNEL DEPOS. 
S I L T S T O N E ) ^ (BASAL CONGLOMERATE) 

HIATUS 
EROSION 

SUBAERIAL 
VOLCANISM 

BEARS BROOK 
VOLCANICS 

F i g . 4 Depos i t iona l environments of the A r i s a i g Group. 
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F i g . 5 Cong lomera te of the B e e c h h i l l Cove Format ion (be low 
the dashed l ine) uncor fo rmab ly o v e r l y i n g v o l c a n i c 
rocks of the Bear Brook V o l c a n i c Group, near A r i s a i g 
p ier (Stop 12). 

F i g . 6 F ine -g ra ined basa l beds of the B e e c h h i l l C
o v e

 Forma-
t i on ove r l y i ng i gn imbr i te of the Bear Brook V o l c a n i c 
Group (nor theas t of A r i s a i g p ie r ) . Bu t t of hammer in-
d i ca tes the c o n t a c t . 
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F i g . 7 Mass ive s i l t s t o n e , lower part of B e e c h h i l l C o v e Forma-
t i o n (Stop 12). 

F i g . 9 P a r a l l e l laminae in s i l t s t o n e , in te r rup ted by sub-
v e r t i c a l bur rows, m idd le member, Ross Brook Forma-
t i on (Stop 13). 

F i g . 8 L e n t i c u l a r s i l t s t o n e and sandstone i n te r ca la ted w i t h 
mudstone in the basa l part of the B e e c h h i l l C o v e 
Format ion (Stop 12). 
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F i g . 10 E o c o e l i a c l u s t e r , m idd le member, Ross Brook Forma-
' i o n (Stop 13). 
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The fauna of this formation is dominated 
by linguloid brachiopods. These Lower Silurian 
fossils are primary members of brackish or very 
shallow marine water (Ziegler, 1965). Rugosan 
corals have been found as well. Their ecology 
is little known, except that these primitive 
Silurian species appear to have inhabited clear, 
shallow water in other areas. 

Ross Brook Formation (Stop 13) 

The Ross Brook Formation (280 m thick), is 
a coarsening-upward succession of dark shales and 
thin siltstones that contain a marine fauna. The 
formation is divided into three members on the 
basis of lithologic distinctions. The lower 
member is 25 m thick and consists of fissile, 
micro-laminated black shale with graptolites and 
rare brachiopods. The middle member is a 180-m 
thick transition zone between the lower and upper 
members. The upper 90 m of the middle member con-
sists of greenish grey mudstones with thin inter-
calations (0.5 to 1 cm thick) of siltstone (silt-
stone/muds tone ratio approximately 1/10, Fig. 12). 
The mudstones commonly have a massive appearance 
and contain many burrowing structures. These 
rocks contain a varied fauna, the most diagnostic 
of which is the brachiopod EocoeVia (Fig. 10) . 
This fauna has been designated as distinctly Early 
Silurian and shallow-marine (Ziegler, 1965). 

The siltstones of the upper member of the 
Ross Brook Formation occur both as relatively 
thin beds that are laterally continuous in out-
crop and as thicker beds that commonly are len-
ticular and have uneven lower and upper surfaces. 
Many of the thicker beds occur sandwiched between 
layers of thinly interbedded shale and siltstone 
(Figs. 14 and 21). Bottom-surface irregularities 
characterize many of the siltstone beds and may 
have resulted partly from erosion by relatively 
high-energy (storm-generated?) currents. 

Some of the siltstone beds occur in groups 
that form thickening-upward sequences (Figs. 14 
and 17). Such rhythms possibly indicate seasonal 
cycles of sedimentation. It is possible that the 
thicker siltstone beds were deposited from currents 
generated by seasonal storms. Groups of beds in 
which mudstone predominates may denote seasons 
during which storms tended to be infrequent, or 
during which the discharge of mud from river-
estuaries along the coast was relatively high. 

The siltstone beds have many of the character-
istics of the storm-related strata described 
by Lane (Recent Shoreline to Shelf Sedimentary 
Facies ...., this volume). The lower contacts 
of the siltstone beds generally are sharp and the 
under-surfaces either are flat and structureless 
or are irregular due to the presence of loaded 
scour-depressions (Figs. 23 and 26). The beds 
tend to be laminated, with the laminae commonly 
less than 1 mm thick. Some of the beds lack 
internal structures, except for parallel-lamination 
near the tops of the beds where the mica content 
tends to be high. Beds with gently inclined cross-
lamination (possible megaripples) are present here 
and there in the upper member (Figs. 22 and 24). 

The megaripples(?) presumably developed on the 
seafloor during storms. Composite beds, composed 
of alternating layers and lenses of parallel-lam-
inated, finely cross-laminated and structureless 
siltstone, are common (Figs. 16 and 18). Many of 
the beds have sharp upper contacts, but thin 
gradational zones at the tops of the beds are 
common as well. The grading is most pronounced in 
siltstone beds that are mud-rich. Ripple marks 
and ripple cross-lamination occur at or near the 
tops of many of these beds and may reflect the 
waning of storm-generated currents. 

These strata contain numerous fossils, which 
tend to be concentrated at the interfaces of mud-
stone and siltstone beds. In situ biocoenoses are 
found at the upper surface of mudstone beds, whereas 
transported thanatocoenoses occur as coquinites at 
the bases of a number of beds. These coquinites 
consist primarily of carbonate debris (mainly shell 
fragments) and calcite cement, and typically occur 
as lenses in scour-depressions (Fig. 22). 

The mudstones tend to be highly bioturbated 
and, as a consequence, internal structures are 
poorly preserved. Vertical burrows are abundant. 
Suspension -feeding bivalves commonly are preserved 
in their life positions. The presence of these organ-
isms suggests that relatively clear-v;ater conditions 
prevailed for much of the time. However, the silt-
stone beds probably were deposited during relatively 
short-lived episodes of turbulence and high-sediment 
influx, during which local populations of the bottom-
dwelling organisms may have largely perished. 

PERCENT SILTSTONE 

° s ° 
PERCENT SHALE 

FRENCH RIVER FORMATION 

{ SILTSTONES AND GRAFT0LITIC SHALES 
(BEDS 5-30 cm THICK) 

BRACHIOPODS AND GRAPTOLITES 
CONCENTRATED AT UPPER 
CONTACTS OF SHALES 

SILTY SHALES (STRUCTURELESS, 
BEDS UP TO 1 m THICK) 
AND LENTICULAR SILTSTONES 

HIGHLY FOSSILIFEROUS 
BIVALVES 
GASTROPODS 
NAUT1L0IDS 

SILTSTONES - THICK-BEDDED, 
MASSIVE-APPEARING, KITH 
ABUNDANT LOAD AND SCOUR CASTS 

BL0CKY, EXTENSIVELY 
BIOTURMTED MUDSTONE AND 
LENTICULAR SILTSTONE 

' SILTSTONE/SIRLE RATIO: 2/3 
BEDS HIGHLY LAMINATED 
SILTSTONE/SHALE ROTO: 1/4 

HIGHLY FOSSILIFEROUS 
PELECYP0DS BRACHIOPODS 
GRAPTOLITES TRILOBITES 

ABUNDANT BRACHIOPODS 

F i g . 11 L i t h o l o g y and fauna of the upper member of the 
Ross Brook Format ion (af ter Bambach, 1969). 
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F i g .  12 In t e r b e d d e d  s i l t s t o n e  a n d  m u d s t o n e ,  

m i d d l e  m e m b e r  o f  t h e  R o s s  B r o o k  

F o r m a t i o n  ( S to p  1 3 ) .  N o t e  u p w a r d  

i n c r e a s e  in  n u m b e r  a n d  t h i c k n e s s  o f  

s i l t s t o n e  b e d s .  E a c h  d i v i s i o n  o f  l« 5 m  

m e a s u r i n g  s t i c k  i s  1 0 c m  l o n g .

F i g .  13 I n t e r b e d d e d  s i l t s t o n e  a n d  m u d 

s t o n e ,  u p p e r  m e m b e r ,  R o s s  B r o o k  

F o r m a t i o n  ( S to p  1 3 ) .  N o t e  f a i r l y  

a b r u p t  t h i n n i n g  o f  s i l t s t o n e  b e d s  

a n d  t h e i r  s h a r p ,  e r o s i o n a l  b a s e s .  

E a c h  d i v i s i o n  o f  m e a s u r i n g  s t i c k  

is  10cm  l o n g .
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F i g . 14 I n t e r b e d d e d s i l t s t o n e a n d m u d s t o n e n e a r b a s e o f t h e u p p e r 

m e m b e r , R o s s B r o o k F o r m a t i o n , ( S t o p 13 ) . E a c h d i v i s i o n o f 

m e a s u r i n g s t i c k i s 1 0 c m l o n g . 

15 I n t e r b e d d e d s i l t s t o n e a n d m u d s t o n e , u p p e r m e m b e r , R o s s B r o o k 

F o r m a t i o n ( S t o p 1 3 ) . N o t e l a r g e n u m b e r a n d r e l a t i v e l y g r e a t t h i c k -

n e s s e s o f t h e s i l t s t o n e ' b e d s . D i v i s i o n s on m e a s u r i n g s t i c k a re 

e a c h 1 0 c m l o n g . P h o t o i s r o t a t e d so t h a t s t e e p l y d i p p i n g b e d s 

a p p e a r n e a r l y h o r i z o n t a l . 
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F i g . 16 I n t e r c a l a t e d s i l t s t o n e a n d m u d s t o n e , 

uppe r m e m b e r , R o s s B r o o k F o r m a t i o n 

(S top 13) . T h e r e l a t i v e l y r e s i s t a n t 

l a y e r in t he m i d d l e p a r t o f p i c t u r e c o n -

s i s t s of p a r a l l e l and c r o s s - l a m i n a t e d 

muddy s i l t s t o n e . T h e s i l t s t o n e g r a d e s 

i n t o m u d s t o n e . Ba r a t uppe r r i g h t re -

p r e s e n t s a p p r o x i m a t e l y 2 c m . 

F i g . 17 I n t e r b e d d e d m u d s t o n e a n d s i l t s t o n e , 

u p p e r m e m b e r , R o s s B r o o k F o r m a t i o n , 

s h o w i n g t h i c k e n i n g u p w a r d s e q u e n c e s 

(a c h a r a c t e r i s t i c of t h i s p a r t o f t h e 

s e c t i o n ) (S top 13) . E a c h d i v i s i o n of 

m e a s u r i n g s t i c k i s 10cm l o n g . 

A 

' r. ' > ? >
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a 0 "{P';

£ * <5* - «
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F i g . 18 C o m p o s i t e s i l t s t o n e b e d s and c o q u i n a 
l a y e r , u p p e r m e m b e r , R o s s B r o o k F o r m a * 
t i o n (S top 13) . T h e c o n t a c t b e t w e e n t h e 
c o n q u i n i t e and t h e u n d e r l y i n g m u d -
s t o n e i s an e r o s i o n a l s u r f a c e . O v e r -
l y i n g t h e c o q u i n a i s m u d s t o n e a n d s i l t -
s t o n e w i t h l e n t i c u l a r , f l a s e r - t y p e 
l a m i n a t i o n . C o i n i s a C a n a d i a n 2 5 - c e n t 
p i e c e . 
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F i g .  19 I n t e r b e d d e d  s i l t s t o n e  a n d  m u d s t o n e ,  

u p p e r  m e m b e r ,  R o s s  B r o o k  F o r m a t i o n  

( S to p  1 3 ) .  N o t e  l e n t i c u l a r  n a t u r e  o f  t h e  

s i l t s t o n e  b e d s .  E a c h  d i v i s i o n  o f  m e a 

s u r in g  s t i c k  is  1 0c m  l o n g .

F i g .  20  S i l t y  m u d s t o n e  w i t h  p a r a l  l e M  a m i n a t i o n ,  

u p p e r  m e m b e r ,  R o s s  B r o o k  F o r m a t i o n  

( S to p  13 ) .  E a c h  d i v i s i o n  o f  m e a s u r i n g  

s t i c k  is  10cm  l o n g .

F i g .  21 R e l a t i v e l y  t h i c k  b e d s  o f  s i l t s t o n e  a n d  

t h i n  i n t e r c a l a t i o n s  o f  m u d s t o n e ,  u p p e r  

m e m b e r ,  R o s s  B r o o k  F o r m a t i o n  (S to p  

1 3 ) .  E a c h  d i v i s i o n  o f  m e a s u r i n g  s t i c k  

is  1 0c m  lo n g .



F i g . 22 L e n t i c u l a r bed (megar ipp le) of very f i ne -g ra ined sandstone w i t h coqu ina lens in the basal por t ion of the bed ( l e f t ha l f of 
photo), upper member, Ross Brook Format ion (Stop 13). Note low-ang le c ross - l am ina t i on and sharp lower and upper con-
tac ts w i th f iner -g ra ined sed imen ts . 

F i g . 23 Sandstone bed (the same as that shown in F i g . 22, but severa l metres to the r igh t ) w i t h t h i n l y in terbedded s i l t s t o n e and 
mudstone above and be low, upper member, Ross Brook Format ion (Stop 13). Note scou r -and - f i l l s t r uc tu res at the base of 
the sandstone bed. 



F ig *  2 4  I n t e r b e d d e d  sand® 

s t o n e ,  s i l t s t o n e  a n d  m u d 

s t o n e ,  u p p e r  m e m b e r ,  R o s s  

B r o o k  F o r m a t i o n  ( S to p  13) . 

T w o  r e l a t i v e l y  t h i c k  s a n d 

s t o n e  b e d s ,  o n e  i m m e d i a t 

e l y  b e l o w  a n d  th e  o t h e r  t o 

w a r d s  to p  o f  t h e  m e a s u r i n g  

s t i c k  a re  t h e  s a m e  a s  t h o s e  

s h o w n  r e s p e c t i v e l y  in  F i g .  

16 a n d  F i g s .  22  a n d  2 3 .  

D i v i s i o n s  o n  m e a s u r i n g  
s t i c k  a re  e a c h  1 0c m .

F i g .  25  C l o s e - u p  v i e w  o f  s a n d s t o n e  b e d  s h o w n  in  F i g s .  2 2 ,  23  a n d  2 4 .

N ote  p o s i t i o n  o f  b r a c h io p o d  s h e l l s ,  m o s t  o f  w h ic h  are c o n v e x -u p .

F i g .  26 I n t e r b e d d e d  s i l t s t o n e  a n d  m u d s t o n e ,  u p p e r  m e m b e r ,  R o s s  B r o o k  F o r m a t i o n  ( S to p  1 3 ) .

N o t e  l a t e r a l  c o n t i n u i t y  o f  s i l t s t o n e  b e d s  a n d  t h e  u n d u l a t o r y  ( e r o s i o n a l )  l o w e r  c o n 

t a c t s  o f  s i l t s t o n e  b e d s  in  th e  c e n t r e  o f  t h e  p h o t o g r a p h .  E a c h  d i v i s i o n  o f  m e a s u r i n g  

s t i c k  i s  1 0 c m  l o n g .
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Moydart and Stonehouse Formations (Stop 14) 

The Moydart and overlying Stonehouse Formations 
(Fig. 37) are approximately 530 m thick. They are 
composed primarily of interbedded siltstone and 
mudstone, with subsidiary coquinite and fine-grained 
sandstone. These strata are comparable in many 
respects to the rocks of the upper member of the 
Ross Brook Formation. However, the Moydart and 
Stonehouse strata are more calcareous, contain more 
coquinite lenses and are more highly fossiliferous. 

The siltstone beds of the Moydart and Stonehouse 
Formations typically have both parallel- and cross-
lamination and sharp, often erosional bases. Scour-
depressions filled with coquinas are common. The 
sedimentary structures (coquina-filled scour-
depressions, interference ripples, etc.) indicate 
a dominantly shallow, wave-agitated seafloor. Parts 
of the section consist predominantly of mudstone, 
which tends to be massive and extensively bioturbated. 
Both the Moydart and Stonehouse Formations grade 
upward into terrestrial deposits. The upper 10 m 
of the Moydart Formation consists of massive red 
siltstone and mudstone with pedogenic carbonate 
horizons. The Stonehouse Formation is conformably 
overlain by the Knoydart Formation, which consists 
of alternating alluvial red sandstone to mudstone 
sequences. The upper beds of the Stonehouse Formation 
have a distinctive green colour, which possibly is 
due to marine reduction of iron-rich muds derived 
from a nearby land source. 

r, 
i ' l ' 
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F i g . 28 Interbedded s i l t s t one and mudstone, Green Member, 
Moydart Format ion . Burrows are v i s i b l e as dark pat-
ches in l i gh t co loured s i l t s t o n e (Stop 14). Co in is a 
Canadian 5-cent p iece. 

F i g . 27 B io tu rba ted mudstone, w i t h in terbeds of s i l t s t o n e and 
sca t te red coquina l enses , midd le part of Green Mem-
ber, Moydart Format ion (Stop 14). Load-deformed 
scour -depress ions are common on undersur faces of 
the s i l t s t o n e beds. Each d i v i s i o n of measur ing s t i c k 
is 10cm long. 
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F i g . 29 I n t e r b e d d e d m u d s t o n e , s i l t s t o n e a n d c o q u i n i t e , 

m i d d l e p a r t o f G r e e n M e m b e r , M o y d a r t F o r m a t -

i o n ( S t o p 1 4 ) . In c e n t r e o f p h o t o c o q u i n i t e l e n s 

i s s u c c e e d e d u p w a r d by s i l t s t o n e w i t h l o w -

a n g l e c r o s s - l a m i n a t i o n , w h i c h in t u r n i s s u c -

c e e d e d by m u d d y s i l t s t o n e a n d m u d s t o n e . C o i n 

i s a C a n a d i a n 5-cent piece. 

3 0 C o m p o s i t e b e d o f s i l t s t o n e a n d c o q u i n i t e , 

u p p e r p a r t o f t h e G r e e n M e m b e r , M o y d a r t F o r -

m a t i o n ( S t o p 1 4 ) . T h e c o q u i n i t e f i l l s a l a r g e 

s c o u r - d e p r e s s i o n a n d c o n t a i n s d a r k p h o s p h a -

t i c c l a s t s . I t i s o v e r l a i n by s i l t s t o n e w i t h 

l o w - a n g l e c r o s s - l a m i n a t i o n . A r e l a t i v e l y t h i n 

c o q u i n i t e l e n s in a s m a l l e r s c o u r - d e p r e s s i o n 

o v e r l i e s t h i s s i I t s t o n e , a n d i s s u c c e e d e d by

c r o s s - l a m i n a t e d s i l t s t o n e . T h e s e c r o s s -

l a m i n a e a re t r u n c a t e d by s c o u r s t r u c t u r e s f i l l -

ed e i t h e r w i t h m o r e c r o s s - l a m i n a t e d s i l t s t o n e 

o r w i t h m u d s t o n e . C o i n i s a C a n a d i a n 5 - c e n t 

p i e c e . 

F i g . 31 B e d o f l a m i n a t e d s i l t s t o n e w i t h c o q u i n i t e a t 

b a s e a n d g r a d i n g i n t o s i l t y m u d s t o n e a t t o p , 

u p p e r p a r t o f G r e e n M e m b e r , M o y d a r t F o r m a -

t i o n ( s a m e b e d a s t h a t i l l u s t r a t e d i n F i g . 3 0 , 

v i e w e d f r o m a d i f f e r e n t a n g l e . N o t e i r r e g u l a r , 

e r o s i o n a l b a s e a n d r i p p l e c r o s s - l a m i n a t i o n 

n e a r t o p o f b e d . C o i n i s a C a n a d i a n 5 - c e n t 

p i e c e . 
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F i g .  32  I n t e r c a l a t e d  m u d s t o n e ,  s i l t s t o n e ,  v e r y  f ine® 

g r a i n e d  s a n d s t o n e ,  a n d  c o q u i n i t e ,  u p p e r  p a r t  

o f  G r e e n  M e m b e r ,  M o y d a r t  F o r m a t i o n  ( S to p  1 4 ) .  

C o q u i n i t e  l e n s e s  te n d  to  be a s s o c i a t e d  w i t h  

b r o a d  s c o u r - d e p r e s s i o n s .  N o t e  s c o u r - a n d - f  i 11 

c r o s s - l a m i n a t i o n ,  p a r t i c u l a r l y  in  t h e  m i d d l e  

b e d  o f  t h e  p h o t o g r a p h .  E a c h '  d i v i s i o n  o f  m e a s 

u r i n g  s t i c k  is  10cm  lo n g .

F i g .  33  I n t e r b e d d e d  m u d s t o n e  a n d  s i l t s t o n e  w i t h  c o 

q u i n i t e  l e n s e s ,  g r a d i n g  u p w a r d s  i n t o  m a s s i v e  

r e d s t o n e ,  t r a n s i t i o n  z o n e  b e t w e e n  G r e e n  a nd  

R e d  M e m b e r ,  M o y d a r t  F o r m a t i o n  (S to p  1 4 ) .  

E a c h  d i v i s i o n  o f  m e a s u r i n g  s t i c k  is  1 0 c m  lo n g .

F i g .  34  R e d  m u d s t o n e  w i t h  l i g h t - c o l o u r e d  c a r b o n a t e  

c o n c r e t i o n s  ( 89c o r n s t o n e ,B s t r u c t u r e s ) .  R ed  

M e m b e r ,  M o y d a r t  F o r m a t i o n  (S to p  1 4 ) .
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F i g . 35 H i g h l y b i o t u r b a t e d m u d s t o n e a n d l e n t i c u l a r i n t e r b e d s o f s i l t s t o n e a n d 

c o q u i n i t e ( w i t h d a r k p h o s p h a t i c c l a s t s ) , l o w e r m e m b e r , S t o n e h o u s e 

F o r m a t i o n ( S t o p 14 ) . E a c h d i v i s i o n o f m e a s u r i n g s t i c k is 1 0 c m l o n g . 

F i g . 36 M u d s t o n e w i t h s u b s i d i a r y i n t e r b e d s o f s i l t® 

s t o n e , b a s a l p a r t o f l o w e r m e m b e r , S t o n e h o u s e 

F o r m a t i o n ( S t o p 1 4 ) . E a c h d i v i s i o n o f m e a s u r -

i n g s t i c k is 1 0 c m l o n g . 

FORMATIONS 

UPPER STONEHOUSE 

LITHOLOGY 

S A N D S T O N E 
A N D M U D S T O N E 

I N T E R B E D D E D 
- S I L T S T O N E 

A N D M U D S T O N E 

I N T E R B E D D E D 
- S I L T S T O N E 

A N D M U D S T O N E 

DEPOSITIONAL 
ENVIRONMENTS 

T E R R E S T R I A L 

E U R Y H A L I N E 

O P E N M A R I N E 

LOWER STONEHOUSE 

UPPER MOYDART 

LOWER MOYDART 

UPPER McADAM BROOK 

RED S I L T S T O N E 
A N D M U D S T O N E , 
C A L C A R E O U S 
" C O R N S T O N E " 

^ S T R U C T U R E S 

- I N T E R B E D D E D 
S I L T S T O N E 
A N D M U D S T O N E 

I N T E R B E D D E D 
M U D S T O N E 
A N D S I L T S T O N E 

I N T E R B E D D E D 
- S I L T S T O N E 

A N D M U D S T O N E 

T_ERRE_STRIA_L 
E U R Y H A L J N E_ 

O P E N M A R I N E 

F i g . 3 7 S t r a t i g r a p h y o f t h e u p p e r p a r t o f 

t h e A r i s a i g G r o u p ( M o y d a r t P o i n t t o 

Mc A r a s B r o o k ) . 
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F i g . 38 S i l t s t o n e w i t h h i g h l y d e v e l o p e d s c o u r - a n d - f i II c r o s s - l a m i n a t i o n , i n s h a r p e r o s i o n a l c o n t a c t w i t h s i l t y m u d s t o n e b e -

l o w a n d in g r a d a t i o n a l c o n t a c t w i t h m u d s t o n e a b o v e , m i d d l e p a r t o f S t o n e h o u s e F o r m a t i o n ( S t o p 1 4 ) . C o i n i s a C a n -

a d i a n 2 5 = c e n t p i e c e . 
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F i g . 39 Si I t s t o n e bed w i t h p a r a I l e l = 

a n d c o n v o l u t e ® ! am i n a t i o n , 

g r a d i n g u p w a r d i n t o s t r u c t u r e ® 

l e s s m u d s t o n e , m i d d l e p a r t 

o f S t o n e h o u s e F o r m a t i o n (S top 

1 4 ) . C o i n i s a C a n a d i a n 2 5 -

c e n t p i e c e . 

y : 

. > — ' 

V 

<7 3 r f. i, . .- *

i -v. • 

F i g . 4 0 I n t e r f e r e n c e r i p p l e m a r k s a t 
u p p e r s u r f a c e o f a s i l t s t o n e 
b e d , m i d d l e p a r t o f S t o n e h o u s e 
F o r m a t i o n ( S t o p 14 ) . S c a l e 
i n d i c a t e d by 8 - c m l o n g k e y -
c a s e . 
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F i g * 41 R e l a t i v e l y t h i c k s i l t s t o n e b e d s i n t e r l a y e d w i t h 

m u d s t o n e , m i d d l e p a r t o f S t o n e h o u s e F o r m a t i o n 

( S t o p 1 4 ) . M e a s u r i n g s t i c k i s 1 . 5 m I o n g . 

F i g . 42 I n t e r c a l a t e d s i l t s t o n e a n d m u d -
s t o n e , m i d d l e p a r t o f t h e S t o n e -
h o u s e F o r m a t i o n ( S t o p 1 4 ) . T h e 
s i l t s t o n e b e d s h a v e p a r a l l e l - a n d 
l o w - a n g l e c r o s s - l am i n a t i o n , s h a l -
l o w s c o u r - d e p r e s s i o n s a t t h e i r 
b a s e , s h a r p l o w e r c o n t a c t s , g r a d a -
t i o n a l u p p e r c o n t a c t s , a n d b i o -
t u r b a t e d t o p s . B a r a t u p p e r r i g h t 
r e p r e s e n t s a p p r o x i m a t e l y 2 c m . 
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F i g . 43 I n t e r b e d d e d s i l t s t o n e a n d mud® 

s t o n e , w i t h m i n o r s a n d s t o n e 

a n d c o q u i n i t e , m i d d l e p a r t of 

S t o n e h o u s e F o r m a t i o n ( S t o p 

1 4 ) . N o t e l e n t i c u l a r n a t u r e o f 

s i 1 1 s t o n e b e d s a n d t h e s c o u r -

s t r u c t u r e i n f i l l e d w i t h m u d -

s t o n e a b o v e c o i n ( C a n a d i an 

2 5 = c e n t p i e c e ) . 

F i g . 4 4 I n t e r b e d d e d s i l t s t o n e , m u d s t o n e , 

a n d c o q u i n i t e , l o w e r p a r t o f 

t h e u p p e r m e m b e r , S t o n e h o u s e 

F o r m a t i o n ( S t o p 14 ) . N o t e u n -

d u l a t o r y u p p e r b e d d i n g s u r -

f a c e s a n d v e r y l e n s e y n a t u r e o f 

t h e s i 1 1 s t o n e b e d s . L e n g t h o f 

m e a s u r i n g s t i c k i s 1 .5m* 
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Fig. 45 Lenticular, highly laminated siltstone, thin inter
beds of mudstone, and minor coquinite, lower part of 
the upper member, Stonehouse Formation (Stop 14). 
Each division of measuring stick is 10 cm long.

Fig. 46 Interbedded siltstone and mudstone, subsidiary lens
es of coquinite, and minor very-fine grained sand
stone, upper member, Stonehouse Formation (Stop 
14). Scale indicated by hammer at base of thickest 
siltstone bed.

Green Member of the Moydart Formation. The 
Moydart Formation is divided into a lower ".Green 
Member" and an upper "Red Member". The Green Member 
is composed of massive siltstone, silty shale, 
massive calcareous siltstone and thin layers and 
lenses of shelly limestone (coquinite). This member 
can be subdivided into three parts: The basal 9 m 
has 60-80% siltstone. The siltstone beds commonly 
have parallel- and cross-lamination, basal coquinas 
and interference ripple marks. The mudstone beds 
contain crinoid stems in their growth positions, 
suggesting preservation by rapid burial but relat
ively mild current activity. Other organic remains 
include in situ bryozoans and possibly algae.

The middle part of the Green Member consists 
primarily of massive-appearing, highly bioturbated 
mudstone. A few thin beds of laminated siltstone 
( 5 cm thick) are present as well. Burrows and 
trails of organisms commonly disrupt these silt
stone beds (Figs. 27 and 28). Load casts occur on 
the under-surfaces of most of the siltstone beds 
(Fig. 27), presumably because the silt was deposited 
rapidly on a highly water-laden substrate of bio
turbated mud.

In the upper part of this member, highly 
laminated siltstones (from 0.5 to 20 cm thick) 
are abundant. Coquinas, vertical burrows and inter
ference ripple marks are prevalent. Each of a 
number of siltstone beds appear to be composed of 
a series of megaripples (?) with low-angle cross
lamination. Several of these beds are illustrated 
in Figure 32. Note the coquina lenses at the base 
of these beds, beneath the foreset-lamination of 
the megaripples. The sedimentary structures of 
this part of the Moydart Formation represent a 
general increase in current-energy and an associated 
increase in sediment influx, such that biogenic re
working was reduced and, as a consequence, primary 
structures are relatively well-preserved. These 
sedimentary characteristics probably developed in 
response to shoaling, preceding the overlap of the 
red strata discussed below.

Red Member of the Moydart Formation. The Red 
Member consists of massive red mudstones, with
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gradationally interbedded green siltstones in the 
lower part. Concentrations of calcareous "corn-
stone" structures denote layers of pedogenic car-
bonate (Fig. 34). These bodies are residuals of a 
former subaerial weathering zone. The marine silt-
stones that occur near the base of the unit are 
highly laminated. These silty strata grade upward 
into massive red mudstones (Fig. 33). Linguloid 
brachiopods and fresh-water fish spines denote low-
salinity conditions. 

The Stonehouse Formation is composed of mud-
stone, calcareous siltstone and shelly limestone 
(coquinite), generally similar to the strata of 
the Moydart Formation. The Stonehouse is divided 
into a lower, muddy member and an upper member 
consisting of alternating siltstone and shale beds. 
The lower member consists of mudstone (70% by 
volume), with relatively thin siltstone beds (30% 
by volume). Some of the siltstone beds are lenti-
cular, presumably as a result of low influxes of 
silt that produced only starved ripples (Fig. 35). 
Interference ripples and coquinites are abundant. 
Benthonic fossils are sparse, suggesting a low-
salinity, nearshore regime. 

The upper member consists of siltstone and mud-
stone beds that range in thickness from 5 to 30 cm. 
The siltstonesoccur both as laterally continuous 
and uniformly thick beds and as lenticular beds 
that laterally pinch out over distances of less than 
several metres (Fig. 44). Some beds have graded 
divisions up to 20 cm in thickness. The mudstone 
beds tend to be completely reworked by infauna, but 
only the upper part of the siltstone beds show the 
effects of extensive burrowing (Fig. 42). A diverse, 
normal-marine, shelly fauna is represented, especially 
in the coquinite lenses. The generally disarticulated 
shells accumulated as lag deposits typically in 
closely-spaced scour-depressions (Figs. 43 and 44) . 
Conditions of high-energy erosion and deposition 
above wave-base are indicated by the combination of 
sedimentary structures that characterize these 
beds, including scour-structures (Figs. 38, 43, 
44 and 45), megaripples (Fig. 53), convolute lamin-
ation (Fig. 39), and interference ripple marks (Fig. 
40) . 

The strata of both the Stonehouse Formation and 
the lower Moydart Formation accumulated in a very 
shallow-water environment adjacent to an arid 
terrestrial plain (recorded by the occurrence of 
terrestrial deposits in the upper Moydart Formation 
and in the Knoydart Formation). The shallow bottom 
was within the photic zone, enabling algal (?) 
colonies and plant-grazing gastropods to flourish. 
Sea-bottom conditions varied from the slow accumul-
ation of bioturbated muds to wave-agitated periods 
during which the substrate was strewn with trans-
ported shells and winnowed silts. At such times, 
the currents were sufficiently strong to scour the 
sea-bottom. Interference- and wave-ripple marks 
were formed by less .vigorous wave action. The abun-
dant shelly fauna suggest that the seas were warm 
and conditions were favourable for growth. Species 
were restricted primarily by fresh-water dilution 
as shown by the fossil assemblages of the Green 
Member of the Moydart Formation and of the lowermost 
and uppermost strata of the Stonehouse Formation. 
These brackish-water conditions resulted from 
proximity to land and estuary outlets and possibly 
also from isolation of water masses behind seaward 
shoals. 
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