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The upper Middle Cambrian to early Late Cambrian King Square Formation, Saint John Group, southern New Brunswick, 
is an approximately 380 m thick silicilastic sequence of interbedded fine-grained sandstones and siltstones and shales. On the 
basis of sandstone to shale/siltstone ratios, bed thickness and characteristics, sedimentary structures and degree of bioturbation 
three lithofacies are recognized. These are facies KS1, thin bedded sandstone and shale lithofacies; KS2, thick bedded sandstone 
lithofacies; and KS3, bioturbated shale and siltstone with interbedded sandstone lithofacies. These lithofacies are interpreted 
to have been deposited on a wave- and storm-influenced marine subtidal shelf. Facies KS 1 was deposited essentially below wave 
base though in its upper horizons, deposition may have occurred above storm wave base. Facies KS2 was essentially deposited 
in a shallower subtidal inner- to mid-shelf environment above storm wave base and facies KS3 initially above and latterly below 
storm wave base. The exact nature of the currents responsible for transportation and deposition of the storm-related sandstones 
(geostrophic flows or turbidity currents) is impossible to determine and therefore palaeocurrent data must be interpreted with 
caution. The stratigraphic arrangement of the lithofacies, with facies KS1 being the oldest and KS3 the youngest, suggests that 
the King Square Formation represents a regressive-transgressive sequence.

La Formation de King Square (Groupe de Saint John, Nouveau-Brunswick, fin du Cambrien moyen—ddbut du Cambrien 
tardif) est une serie terrigene d ’environ 380 m d ’epaisseur, constitute d ’un interlitage de gres fins, de siltstones et de shales. Les 
rapports gres/shale et gres/siltstone, les caracteristiques et l ’epaisseur des lits, les structures sedimentaires ainsi que le degre de 
bioturbation permettent de reconnaitre trois lithofacies. Ce sont les facies KS1 (gres et shale finement lites), KS2 (gres en bancs 
epais) et KS3 (gres interlite de shale et siltstone bioturbes). On interprete ces lithofacies comme ayant ete deposes sur une plate- 
forme marine subtidale influencee par la houle et les tempetes. Le depot du facies KS 1 s’effectua essentiellement sous la zone 
d ’amortissement de la houle quoique ses horizons superieurs puissent refleter une sedimentation au-dessus de la profondeur 
d ’amortissement des ondes liees aux tempetes. Le milieu de depot du facies KS2 correspond a un site moins profond, soit la plate- 
forme infralittorale interne ou moyenne, exposee a Faction des ondes de tempetes. Le depot du facies KS3 debuta au-dessus de 
la profondeur d ’amortissement des ondes liees aux tempetes et continua en-dessous de celle-ci. On ne peut guere determiner la 
nature exacte des courants geostrophiques ou de turbidite responsables du transport et du depot des gres lies aux tempetes; la 
prudence est done de mise lors de l’interpretation des donnccs sur les paleocourants. Le facies KS 1 etant le plus ancien et le facies 
KS 3 le plus recent, 1 ’ agencement des lithofacies suggere que la Formation de King Square represente une serie d ’ abord regressive 
puis transgressive.

[Traduit par le journal]

INTRODUCTION

Despite the considerable research undertaken over the last 
decade or so on modem and ancient wave- and storm-dominated 
shelf sequences, many aspects are not clearly and fully under
stood. Such enigmas result from the complex nature of shelf 
processes (Johnson and Baldwin, 1986), the general lack of 
modem epeiric seas, which were more common in the past 
(Duke, 1985), and the rarity of severe storm or hurricane events, 
considered by most researchers (see Walker, 1984) to be respon
sible for sand transport on storm-dominated shelves. Turbidity

*Present address; Department of Geology, University of Peshawar, 
Peshawar, Pakistan

currents (Walker, 1983), rip currents (Hayes, 1967) and wind- 
forced and storm-surge ebb currents deflected by Coriolis forces 
to produce geostrophic currents (Morton, 1981; Swift et al., 
1986) have each been emphasized as responsible agents for sand 
transportation on such shelves but the debate still continues (see 
Swift etal., 1986; Duke, 1987).

In this paper we describe a sequence of siliciclastic strata 
from the Cambrian of southern New Brunswick and which we 
interpret as having been deposited on a wave- and storm-influ
enced shelf. Unlike many previously described ancient storm- 
influenced shelf sequences (see Duke, 1985 for review) hum
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130 TANOLI AND PICKERILL

mocky cross-stratification (Harms et al., 1975), regarded by 
many as diagnostic of storm activity (but see Swift et al., 1983; 
Klein and Marsaglia, 1987), though present, is uncommon. This 
supports the conclusion of Kreisa (1981) that no single model or 
sequence of sedimentary structures fit all shelf hydrodynamic 
regimes and sediment types, particularly in the geologic record.

LOCATION AND GEOLOGIC SETTING

The King Square Formation of Tanoli and Pickerill (1988) 
is the thickest (up to 380 m) and most widely exposed unit of the 
Cambrian to early Ordovician Saint John Group of southern New 
Brunswick, and is upper Middle Cambrian to early Late Cam
brian in age. Essentially, the formation consists of a sequence of 
interbedded fine-grained sandstones and siltstones and shales. 
Exposures are centered in and surrounding the vicinity of the city 
of Saint John in five main areas (Fig. 1) in a series of northeast 
trending, tighdy folded, en echelon basins. These areas are (Fig. 
1):- (i) in and within the suburbs of the city of Saint John; (ii) 
along Ratcliffe Brook in the Loch Lomond area, ca. 45 km 
northeast of Saint John; (iii) on Catons Island in the Long Reach;

(iv) at Musquash Head along the coast of the Bay of Fundy; (v) 
along the Hammond River, ca. 45 km northeast of Saint John. Of 
these, Musquash Head exposes severely deformed strata and 
Catons Island only a relatively small and incomplete stratigra
phic sequence; therefore, the ensuing discussion is centred on 
those exposures in the remaining three areas. No single outcrop 
exposes the complete stratigraphic sequence of the King Square 
Formation and the estimated thickness of 380 m, obtained from 
within the city of Saint John, was derived essentially from map 
interpretation.

LITHOFACIES

We have divided the King Square Formation into three 
lithofacies, herein termed facies KS1-3, on the basis of sandstone 
to shale/siltstone ratios, bed thickness and characteristics, sedi
mentary structures, and the degree of bioturbation. Facies KS1 
and KS2 are more widely and better exposed in the Saint John 
area while facies KS3 is better exposed along Hammond River 
(Fig. 2). Despite structural complexities, relationships of the 
lithofacies to other stratigraphic units of the Saint John Group

Fig. 1. Simplified geological map of southern New Brunswick showing generalized distribution of the Saint John Group and location of the main 
sections of the King Square Formation as referred to in the text (modified after Tanoli and Pickerill, 1988).
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Fig. 2. Measured stratigraphic columns of the major sections of the King Square Formation with lithofacies distribution. Broken lines at the base 
or top of individual sections indicate unexposed lower or upper contacts respectively. Solid line at the base of the section at Ratcliffe Brook represents 
lower exposed contact. Section (A) at Hammond River is below the bridge near the intersection of H.W. 820 and H.W. I l l ;  section (B) is ca. 1 km 
downstream from this bridge.

demonstrate that facies KS1 is the oldest and KS3 the youngest 
and all form part of an essentially regressive-transgressive se
quence.

Facies KS1 - Thin bedded sandstone and shale lithofacies 

Description

Characteristically, facies KS1 comprises fissile shale with 
siltstone laminae, which is generally non-bioturbated, and inter- 
bedded (rarely up to 40 cm, typically 2-10 cm thick), grey, fine
grained sandstone beds with sharp upper and non-erosive or 
erosive lower contacts (Fig. 3). At some localities, such as at 
Ratcliffe Brook, limestone nodules are present. The sandstone to 
shale ratio generally increases stratigraphically upward from 
approximately 30% sandstone in the lower horizons to up to as 
much as 70% in the upper levels. There is a corresponding 
vertical increase in thickness of the sandstone beds. Addition
ally, some of the thicker sandstones in the upper horizons of this 
facies thicken and thin laterally and even become lenticular or

wavy (cf. Reineck and Wunderlich, 1968; Reineck and Singh, 
1980) (Fig. 3). Sandstone beds may be massive, entirely parallel- 
laminated or may possess parallel- passing vertically into current 
ripple cross-lamination (Fig. 3b). Although the interbedded 
shales are generally non-bioturbated, some of the sandstone soles 
preserve rare examples of the trace fossils Gordia, Palaeophycus, 
Paleodictyon and Taenidium.

This facies constitutes the basal part of the King Square 
Formation. Its lower contact is exposed in the bed of the stream 
at Ratcliffe Brook and at Cold Brook where it is gradational with 
the underlying Forest Hills Formation. At other localities the 
contact is unexposed but is inferred to be gradational. The facies 
passes gradationally into facies KS2 without any sharp change in 
lithology; its upper boundary is placed where the proportion of 
sandstone reaches 70%. Determination of its exact thickness is 
hampered by incomplete exposures due to coverage by construc
tion or vegetation and additionally by structural complexities. 
Nevertheless, along Goodrich Street (Fig. 1) the estimated thick
ness is about 80 m, and, based on map interpolation, more or less 
similar thicknesses are estimated for other localities.
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Fig. 3. Facies KS1 at Silver Falls, Saint John, (a) Interbedded shale and 
sandstone beds. Lengthofhammeris32cm. (b) Laterally pinching and 
swelling of cross-laminated sandstone layers which in several examples 
result in discontinuous lenses. Length of pencil is 13.5 cm.

Interpretation

Features of this facies suggest formation in a generally low 
energy shelf environment where chiefly muddy sediments accu
mulated. The generally non-bioturbated nature of the shales 
suggests relatively high sedimentation rates or unfavourable 
conditions (e.g., low oxygen) for colonization by most benthic 
organisms and therefore possibly relatively deep water. Pre
sumably the muds were deposited from suspension from material 
introduced by wave and, or, current activity (cf. Simonson, 1984; 
Swift et al., 1986) during ‘fair-weather’ conditions. The inter
bedded fine-grained sandstone beds are best interpreted as hav
ing been periodically introduced by relatively higher energy 
storm-related currents (cf. De Raff et al., 1977; Brenchley et al., 
1979; Kreisa, 1981; Morton, 1981; and many others). As 
previously outlined, however, the transporting mechanism(s) of 
the sands is problematic as, particularly in present-day shelf 
areas, the processes leading to sand deposition are complex and 
varied with different authors emphasizing different environ
mental parameters (see Swift et al., 1979,1983,1986; Morton, 
1981; Nelson, 1982). While the processes themselves are com

plex and varied, research on many ancient shelf sequences (e.g., 
Brenner and Davies, 1973; Goldring and Bridges, 1973; Bour
geois, 1980; Simonson, 1984; Aigner, 1985; and many others) 
does suggest a direct relationship between bed thickness and 
increasing distance from source; that is, in shallower more 
proximal environments, beds are typically thicker than their 
counterparts in deeper more distal regimes. This might suggest, 
therefore, that sandstones of facies KS1 were formed distal to 
source and perhaps in relatively deep water. Certainly there is no 
evidence of wave activity in the sandstone beds thus suggesting 
deposition below even storm wave base. This is further empha
sized by the absence of amalgamated beds, internal erosion 
surfaces and the presence only of massive, parallel- and current 
cross-laminated beds (cf. Brenchley et al., 1986).

The general increase in thickness and frequency of the 
sandstone beds stratigraphically upwards suggests a shallowing 
trend, particularly when considered in association with the di
rectly overlying facies KS2 which can be convincingly demon
strated as having formed above storm wave base. The exact 
position on the shelf is difficult to determine because no coeval 
shoreline or slope and basin equivalents are known from the Saint 
John Group, and the shelf gradient, width and precise position of 
the ancient shoreline are all unknown parameters. Present-day 
mud-dominated shelves may occur in a variety of scenarios, 
ranging from inner- to outer-shelf environments (Stanley et al., 
1983; McCave, 1985) and therefore comparison with modem 
shelves in terms of a specific environment is meaningless. 
However, because the overlying facies KS2 was deposited in a 
shallower subtidal environment above storm wave base, it can 
perhaps be suggested that this facies was deposited in at least a 
mid-shelf, possibly deeper, regime.

Facies KS2 - thick bedded sandstone lithofacies

Description

This facies characterizes the middle part of the King Square 
Formation and is the most widely exposed, the thickest continu
ous sequence being more than 160 m thick (Fig. 2). The facies 
is distinguished from the underlying facies KS1 and overlying 
facies KS3 by the presence of greater than 70% sandstone with 
respect to interbedded shale, which may or may not be biotur- 
bated. The stratigraphically lower and upper portion of the facies 
are similar in that they possess thinner bedded sandstones and 
contain more shale (10-30%) than the middle portion where shale 
is generally 10% or less.

In the central portions of this facies, amalgamated sandstone 
beds may be present (Fig. 4a) but more typically the beds are 
separated by thin (mm-cm thick) shale slivers (Fig. 4b). The 
sandstone is grey, fine-grained, and beds typically range between 
10 and 70 cm in thickness. Lower bedding contacts may be 
planar, erosive and loaded; upper bedding surfaces are sharp and 
either planar or more typically marked by straight to sinuous 
crested symmetrical, symmetrical bifurcating, slightly asymmet
rical, and complex interference ripple marks. The majority of 
ripples are clearly wave-formed in origin. Ripple spacing ranges 
between 5 and 12 cm and most possess rounded crests, though
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Fig. 4. Facies KS2. (a) Amalgamated sandstone beds in approximately the middle of the facies from the abandoned quarry in Saint John. Length 
of notebook is 19 cm. (b) Predominant sandstone beds with rare thin shale partings more typical of the middle portion of the facies from the abandoned 
quarry in Saint John, (c) Lateral pinching and swelling of sandstone beds from the abandoned quarry in Saint John. Ball and pillow structures are 
common (e.g., arrowed), (d) Medusoids preserved on the upper surface of a rippled sandstone bed along H.W. 1 near Wright Street. Lens cap 
is 5.5 cm in diameter, (e) Polished slab of a sandstone bed from the abandoned quarry in Saint John exhibiting internal minor erosion surfaces and 
slightly wavy lamination in its lower portion and cross-laminated sets in its upper portion. Specimen is 11.5 cm thick, (f) Polished slab of a sandstone 
bed exhibiting essentially unidirectional cross-laminated and wavy-laminated sets throughout. Specimen from near the western end of Union Street, 
south of the Goodrich - Wright streets locality. Specimen is 10.5 cm thick.

flattened ripple tops are also present. Rarely, wrinkle marks and 
brush marks are superimposed on the rippled surfaces. The beds 
commonly thicken and thin laterally (Fig. 4c), and rarely they 
pinch out completely. Moreover, several of the beds exhibit syn- 
sedimentary deformation features such as load and ball and

pillow structures (Fig. 4c). Most of these appear internally 
structureless but in some of them, deformed laminae conform to 
the shape of the pillows.

Internal structures in all sandstone beds of facies KS2 are not 
conspicuous, probably as a result of weathering or the presence
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of apparently massive beds, but where evident consist of essen
tially horizontal or wavy lamination. Additionally, the upper 
parts of some beds may be cross-laminated. It appears, however, 
at least in some of the beds with ripple marked tops, that the 
general arrangement, from base to top, is horizontal or wavy 
lamination passing into ripple cross-lamination at and near the 
top (Fig. 4e). Internal organization in some beds is more complex 
and is marked by the combination of wavy laminae and cross
laminae (Fig. 4f). Grading within individual beds is not con
spicuous but petrographic analysis suggests this to be a result of 
essentially unimodal grain size. Among the fossils, medusoids 
((Fig. 4d) Pickerill, 1982), Agnostus pisiformis (Hayes and 
Howell, 1937), unidentifiable trilobite spines and abundant inar
ticulate brachiopods are present. Rare examples of trace fossils 
such as Arthraria, Cochlichnus, Cruziana, Didymaulichnus, 
Palaeophycus, and Rusophycus are present. In the lower part of 
the facies Monocraterion and Skolithosare, particularly common.

Interpretation

Thickness and common amalgamation of the sandstone 
beds, the low proportion of shale, the presence of wrinkle marks, 
interference ripple marks, and flattened ripple tops suggest 
deposition in relatively shallow water conditions (cf. Goldring 
and Bridges, 1973; Reineck and Singh, 1972; Kumar and Sand
ers, 1976; Kreisa, 1981; Morton, 1981; Allen, 1985). The 
presence of typical shallow water trace fossils and abundant and 
large inarticulate brachiopods reinforces this conclusion. As 
with many other similar previously described facies from broadly 
comparable environments, the sandstones are best equated to 
storm-related currents (cf. Banks, 1973; Kreisa, 1981; Aigner, 
1982; Rice, 1984; Brenchley, 1985; Fenton and Wilson, 1985; 
McCave, 1985; Handford, 1986). Hunter and Clifton (1982) 
have outlined three diagnostic criteria for interpreting similar 
sandstones as storm-related: (i) evidence of relatively strong 
flow before and during the first stages of deposition followed by 
decreasing flow strength, (ii) evidence of rapid deposition at a 
declining rate and (iii) evidence of oscillatory flow. In the 
sandstones of facies KS2 evidence of strong flow prior to 
deposition is suggested by the erosive bases of many of the 
sandstone beds. Initial rapid deposition is suggested by the 
massive nature of the lower portions of many of the beds and the 
presence of load and ball and pillow structures (cf. Anketell etal, 
1970; Reineck and Singh, 1980; Walker, 1984). Declining flow 
strength is indicated by parallel-laminated passing vertically into 
cross-laminated horizons and oscillatory flow is indicated by the 
presence of wave-formed ripples on the upper surfaces of many 
beds.

Beds with complicated internal arrangement of mixed wavy 
and cross-laminae throughout are interpreted to indicate pro
longed periods of wave-generated currents (cf. Kreisa, 1981). As 
noted above the apparent lack of normal grading in these sand
stone beds, which is very characteristic of many storm-related 
sediments (e.g., Hayes, 1967; Reineck and Singh, 1972; Kumar 
and Sanders, 1976; Nelson, 1982; Allen, 1984), is interpreted as 
a result of the essentially unimodal fine-grain size source mate
rial.

The relatively low proportion of shale and thicker sandstone 
beds in this facies compared to facies KS1 and KS3 is presumably 
a consequence of either one or a combination of factors, such as 
proximality to source, high sedimentation rates and shallower 
marine waters, where wave energy was sufficiently high enough 
to prevent settling of significant amounts of fine-grained sedi
ments (cf. Goldring and Bridges, 1973; Kreisa, 1981; Hobday 
and Morton, 1984; Fenton and Wilson, 1985).

We therefore suggest that facies KS2 formed in a relatively 
shallow subtidal marine environment located above storm wave 
base in an inner- to mid-shelf environment (see also Allen, 1984). 
The observed characteristics, as described above, suggest that the 
facies was undoubtedly deposited in shallower water than facies 
KS1 and KS3.

Facies KS3 • Bioturbated shale and siltstone with interbed- 
ded sandstone lithofacies

Description

This facies constitutes the upper portion of the King Square 
Formation and is at least 50 m thick, probably more. The lower 
contact with facies KS2 is gradational (see previously) and the 
upper contact with the overlying Silver Falls Formation is unex
posed. Lithologically, facies KS3 consists of bioturbated shale, 
siltstone and thinly bedded sandstone (mm to 2 cm thick) inter- 
bedded with variably thick (5 to 40 cm), typically 5 to 15 cm, non- 
bioturbated, fine-grained sandstone (Fig. 5a, b). The latter 
sandstones constitute 15 to 30% of individual sections. Interbed- 
ded shale, siltstone and sandstone portions range in thickness 
from 5 to 80 cm, typically >20 cm, and constitute 70 to 85% of 
individual sections. Generally, sandstone bed thickness de
creases upwards. Bioturbation is commonly more intense in the 
upper portions of the facies.

The sandstone beds possess sharp and erosive bases and 
sharp, planar or rippled tops. Some pinch out laterally, but most 
are continuous, at least on outcrop scale. They may exhibit ball 
and pillow structures, are rarely slumped and several soles 
possess flute marks, some of which are loaded (Fig. 5d). Ripple 
marks include small scale symmetrical (Fig. 50, symmetrical 
bifurcating, slightly asymmetric, strongly undulatory asymmet
ric and linguoid (Fig. 5e) varieties.

Based on field observations and many (>50) slabs polished 
in the laboratory, seven repetitive styles of internal organization 
can be recognized in these sandstones. These are:-

(i) Convex-up hummock-like or concave-up swale-like 
lamination (cf. Harms et al., 1975), the upper surfaces of which 
may or may not be conspicuously reworked (Fig. 6a, b).

(ii) Basal massive portions passing vertically into horizontal 
lamination and in turn into current climbing ripple lamination 
(Fig. 6c).

(iii) Horizontal lamination passing vertically upward into 
current climbing ripple lamination (Fig. 6d).

(iv) Broadly wavy lamination passing vertically upward into 
slightly inclined or horizontal lamination which in turn passes 
into low-angle unidirectional cross-lamination and then into 
climbing ripple cross-lamination before passing into bidirec-



ATLANTIC GEOLOGY 135

Fig. 5. Facies KS3 at Hammond River. (a)Typical lithology of the facies exhibiting bioturbated shale and siltstone interbedded with non-bioturbated 
sharp and erosive based sandstone beds. Notebook is 19 cm in length, (b) Close-up of a part of (a). Within the bioturbated portion, note the thin 
non-bioturbated sandstone layers below the lens cap. Arrow points to a Palaeophycus or Trichophycusburrow. Lens cap is 5.5 cm in diameter, (c) 
Polished specimen from near the top of the facies exhibiting intense obliteration of primary fabrics by bioturbation. Specimen is 4.7 cm thick, (d) 
Flute marks, loads and rare Palaeophycus burrows on the sole of a sandstone bed. Arrow indicates direction of palaeocurrent. (e) Linguoid ripple 
marks on an upper bedding surface. Marker is 15 cm long, (f) Sharp crested symmetrical rarely bifurcating ripple marks on an upper bedding surface. 
Notebook is 19 cm long.

tional wave-formed cross-lamination (Fig. 6e).
(v) Wavy lamination which passes vertically into unidirec

tional ripple cross-lamination and then into bidirectional wave- 
formed cross-lamination (Fig. 6f).

(vi) Unidirectional ripple cross-lamination passing verti

cally into wavy lamination, with some small sets of cross
lamination, which passes vertically into ripple drifted lamination 
and finally into in-phase or sinusoidal ripple lamination (Fig. 6g).

(vii) Broadly wavy lamination with some cross-laminated 
sets specifically preserved in the lower portion passing upward
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into a different set of wavy lamination (Fig. 6h).
Because of exposure difficulties the quantitative importance 

of these categories is difficult to evaluate. Nevertheless, types (i), 
(vi) and (vii) preferentially occur in the lower levels of facies KS3 
and all the other types in the upper horizons but without any 
preferred or systematic vertical distribution. Additionally, there 
is no apparent relationship between bed thickness and internal 
organization. Flute marks are not observed to occur in types (vi) 
and (vii), but may occur in all other categories and are more 
typically associated with types (ii) and (iv). Amalgamation of the 
sandstones, as revealed by internal erosion surfaces in several 
polished slabs of apparently single beds, is also possible. Several 
of the categories outlined above may therefore conceivably 
represent composite beds, but this is obviously impossible to 
realistically assess quantitatively. Nevertheless, in qualitative 
terms, in the Hammond River section, where the facies is best 
exposed, the apparent relative abundance, in decreasing order, is 
as follows: types (iv), (iii), (ii), (i), (v), (vi), and (vii).

In the interbedded bioturbated beds, intense biogenic re
working has almost completely obliterated primary depositional 
fabrics with the exception of thin sandstone layers in which 
small-scale cross-lamination is rarely preserved. In these inter
bedded bioturbated beds, horizontal to slightly inclined burrows 
are commonly present. Most of the trace fossils are generally 
unrecognizable as the fabric is extremely complex and mottled 
(sensu Moore and Scruton, 1957). However, the trace fossil 
Palaeophycus, which in some cases is more than 30 cm long, is 
very common on sandstone soles. In addition, examples of 
poorly preserved ICruziana, ITrichophycus and Teichichnus 
were observed.

Interpretation

Based on the previously outlined criteria proposed by Hunter 
and Clifton (1982) for the recognition of storm-related deposits, 
it is considered that the thicker-bedded sandstone beds of facies 
KS3, like those of facies KS1 and KS2, are storm-related. Of 
interest, however, particularly with respect to the depositional 
environment of the facies, is the considerable variation of internal 
organization of the sandstones. This variation presumably re
flects a number of inter-related variables such as the strength, 
duration and frequency of storms, sediment content and its

consistent or variable nature, depositional environment and dis
tance from source, etc., (cf. Hurst and Pickerill, 1986).

With respect to depositional environment, the presence in 
some units of small-scale hummocky cross-stratification (HCS) 
(type i), which is considered by many workers as diagnostic of 
storm activity (e.g., Hamblin and Walker, 1979; Cant, 1980; Dott 
and Bourgeois, 1982; Moore and Hocking, 1983; Mount, 1982; 
Duke, 1985), is meaningful. Most research on HCS suggests it 
to be a bedform produced in less than 30 m water depth (Swift et 
al., 1983) though it does have a reported range from <2 m (Hunter 
and Clifton, 1982; Greenwood and Sherman, 1986) to up to at 
least 80 m, Campbell (in Dott and Bourgeois, 1982) and possibly 
even 500 m (Prave, 1985). Notably, the structure in facies KS3 
is not common but its presence does indicate deposition of the 
sandstone layers above storm wave base. Sandstones of types 
(iv) and (v) also possess wave rippled upper horizons suggesting 
deposition above wave base.

The internal organization of type (vi) beds is very intriguing 
but may be described by using the terminology of Jopling and 
Walker (1968), from base to top, as follows: type C ripple drift, 
transitional from type C to type B ripple drift with cross- 
laminated sets, transitional type B ripple drift to sinusoidal, and 
sinusoidal ripple lamination. Jopling and Walker (1968) sug
gested that similar varieties of lamination as described above 
were all produced by unidirectional currents, the primary con
trolling factor being the ratio of suspended to traction load. 
However, in the present examples, the similarity of sediments in 
all the units suggests that the primary controlling factor in this 
particular case was hydrodynamic and that waning upward 
energy conditions from current-dominated through combined 
current and wave to wave-dominated occurred. Sandstones of 
type (vii) similarly suggest combined wave and current action in 
their lower portions (similar to the second unit of type (vi)) and 
a dominance of wave activity in their upper parts, presumably a 
result of modification by subsiding storm waves.

In contrast to the sandstones discussed above, those of types 
(ii) and (iii) exhibit no evidence of wave activity. Instead, their 
upper horizons are characterized by current-produced unidirec
tional ripples and climbing ripples. According to the model of 
Hamblin and Walker (1979) and Walker (1984) for clastic storm- 
dominated shelves, such sandstones would therefore have been 
deposited below storm wave base, as their model would predict

Fig. 6. Internal organization in the sandstone beds of facies KS3. (a) Hummocky cross-stratification (type (i)). Bed is 13 cm thick, (b) Slab showing 
a possible composite bed, the arrow indicating the contact. The lower portion, which is 14 cm thick, exhibits typical hummocky stratification and 
the upper portion, which is 10 cm thick, bidirectional cross-laminae, (c) A sandstone bed with type (ii) internal organization. The basal massive 
portion passes vertically into horizontal lamination and in turn into current cross-lamination and climbing ripple lamination. The bed is 11 cm thick, 
(d) An 18 cm sandstone bed with type (iii) internal organization. Horizontal lamination in the lower portion passes vertically into climbing ripple 
lamination, (e) A 13 cm thick sandsone bed with type (iv) internal organization. Broadly wavy lamination passes vertically into unidirectional cross
laminae and climbing ripple laminae before passing into bidirectional wave-formed cross-laminae, (f) A 10 cm thick bed depicting type (v) internal 
organization. Wavy-lamination passes vertically into unidirectional ripple cross-laminae and then into bidirectional wave-formed cross-lamination.
(g) A 9 cm thick sandstone bed with type (vi) internal organization. Unidirectional ripple cross-lamination passes vertically into wavy lamination 
with small sets of cross-laminae which passes vertically into slightly ripple drifted lamination and finally into in-phase or sinusoidal ripple lamination.
(h) Field photograph of a sandstone bed with type (vii) internal organization. Broadly wavy lamination with small cross-laminated sets in the lower 
portion passes vertically into a thin horizon at the top of the bed which preserves wave-formed ripples. Marker is 15 cm long.
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that combined wave- and current-produced structures be present 
between fair-weather and storm wave base. In a recent publica
tion, Fenton and Wilson (1985) estimated that fair-weather and 
storm wave base were, in terms of approximate water depth, 
between 50 m and 200 m, respectively. However, absolute 
values with respect to these water depths are impossible to 
determine in the geological record and are likely to have varied 
considerably even within a single environment. Thus, although 
it is clear that types (ii) and (iii) sandstones of this facies were 
deposited below storm wave base, no absolute depth of deposi
tion can be ascertained.

Stratigraphically, the sandstone beds of facies KS3 do ex
hibit a broadly defined vertical pattern. Thus, individual sec
tions, where well-exposed, exhibit an increased abundance of 
types (i), (iv), (v), (vi) and (vii) in their lower horizons and more 
of types (ii) and (iii) in their upper horizons. This, together with 
other evidence such as the general decrease in sandstone bed 
thickness upward in the facies, suggests an environmental situ
ation characterized by gradual deepening, so that lower in the 
sequence individual beds were subject to both wave and current 
activity, whereas higher in the sequence beds were mainly 
subject to current activity. This situation conforms well with the 
interpretation that the facies is transitionally underlain and over- 
lain, respectively, by inner- to mid-shelf subtidal shelf deposits 
(facies KS2) and outer shelf deposits of the overlying Silver Falls 
Formation of Tanoli and Pickerill (1988).

The interbedded shales, siltstones and thin sandstone beds 
are more enigmatic in terms of their origin. Traditionally, such 
interbedded finer-grained sediments associated with storm- 
dominated shelf sequences have been considered as having been 
deposited during ‘fair weather’ conditions (e.g., Kreisa, 1981; 
Brenchley and Newall, 1982; Simonson, 1984; Johnson and 
Baldwin, 1986), though little comment has been made with 
respect to depositional mechanisms. Swift et al. (1986), how
ever, have suggested that much of the finer-grained material may 
be the final product of storm deposition. Presumably, variation 
in wave and, or, current activity which could rework or winnow 
bottom sediment are equally as important factors as well as the 
availability of suspended material. It is also possible that the thin 
sandstone beds could represent ‘distal’ deposits of less severe 
storm activity similar to those described by many workers (e.g., 
Benton and Gray, 1981; Hobday and Morton, 1984; Simonson, 
1984; Hurst and Pickerill, 1986). Irrespective of their origin, 
these sediments provided sufficient organic material for the 
establishment of a rich infaunal benthos, as evidenced by the 
extensive bioturbation now observed in the strata.

In summary, therefore, it is believed that facies KS3 was 
deposited on a gradually deepening subtidal shelf. Although the 
actual position on the shelf and the water depth per se are difficult 
to estimate, comparison with previously described analogues 
(Reineck and Singh, 1972; Howard and Reineck, 1981; Wright 
and Walker, 1981; Hobday and Morton, 1984; Aigner, 1985; 
Fenton and Wilson, 1985, and many others), together with the 
stratigraphic position of the facies with respect to underlying and 
overlying strata, suggests mid- to outer-shelf conditions.

ENVIRONMENTAL SYNTHESIS

Facies analysis suggests that during deposition of the lower 
part of the King Square Formation (i.e., facies KS1), although 
low energy shelf conditions generally prevailed, where chiefly 
muddy sediments accumulated, thin fine-grained sandstone beds 
were also introduced during periodically high energy conditions 
(cf. Simonson, 1984; Aigner, 1985; Brenchley, 1985). These 
sandstone beds generally increase in abundance and thickness 
stratigraphically upward towards the overlying facies KS2 of the 
formation. The entire facies KS1 was deposited below fair- 
weather wave base; most was deposited below storm wave base 
in mid-shelf, possibly deeper, conditions but toward the contact 
with the overlying facies KS2 we suspect deposition occurred 
between storm and fair-weather wave base. Facies KS2 was 
deposited in a shallow wave- and storm-influenced subtidal 
inner- to mid-shelf environment above storm wave base. Thus, 
a shallowing (regressive) phase is indicated from facies KS 1 into 
facies KS2. Facies KS2, when traced vertically into facies KS3, 
the uppermost portion of the King Square Formation, exhibits 
decreased proportions and bed thicknesses of interbedded sand
stones. Facies KS3 was initially deposited above and latterly 
below storm wave base in a mid- to outer-shelf environment. 
Thus, a deepening (transgressive) phase was once again initiated 
during deposition of the upper portion of facies KS2.

Palaeocurrent data from the King Square Formation as 
exposed in the city of Saint John and on Hammond River are 
plotted on Figure 7. In Saint John, cross-laminated foresets are 
scattered but north-northeast and south-southwest trends are 
prominent (Fig. 7). Dispersed and oppositely directed palaeocur- 
rents are well-documented from high energy shelf sequences 
similar to that of the King Square Formation (see Benton and 
Gray, 1981; Gray and Benton, 1982; Brenchley, 1985) and result 
from the complex nature of current flows in such environments 
(Swift et al., 1986). Strikes of symmetrical ripple crests from 
these strata at Saint John are also variable but exhibit a predomi
nantly north-south trend. The observed scatter may be the result 
of either one or a combination of several factors: (1) variations in 
palaeocurrents and their different origins, viz. wave versus 
current or superimposition of one on the other, (2) local vari
ations in the palaeoshoreline orientation, or (3) different than 
normal conditions of wave propagations for short intervals (cf. 
Hobday and Reading, 1972). The only examples of flute marks 
in the city of Saint John were observed at the base of a bed in a 
folded sequence at Sandy Point along the Kennebecasis River 
(Fig. 1) which suggest a palaeocurrent flow towards the north
west (Fig. 7).

Symmetrical wave-ripple crests from the Hammond River 
area strike dominantly north-northeast but some fall into the 
northwestandsoutheastquadrants(Fig.7). All the palaeocurrent 
data, including cross-laminated foresets, flute marks and current 
ripple marks (Fig. 7) exhibit a similar pattern and consistently fall 
toward the west and into the northwestern quadrant

Interpretation of these data is difficult because it is impos
sible to determine the exact nature of the flows responsible for
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Fig. 7. Rose diagrams of palaeocurrent data in strata of the King Square 
Formation. (A) from localities in the city of Saint John; (B) from 
localities along Hammond River.

formation of the sandstone units. On present-day shelves, wind- 
forced and storm-surge ebb currents deflected by Coriolis forces 
to produce geostrophic currents are responsible for transporta
tion of sands. Such geostrophic currents flow parallel or sub
parallel to isobaths and therefore sand is dispersed incrementally 
over a long time period essentially parallel to the shoreline (Swift 
et al., 1986). Yet, as noted by Walker (1986), there is little 
positive evidence in the geological record for incremental disper
sal of sand, perhaps because the final storm imprint erases 
evidence for the long term sand transport process. Additionally, 
as previously noted, there is good evidence in the geological 
record that gravity-driven turbidity currents may have been 
important in emplacing such sands, with dispersal down the 
palaeoslope and perpendicular to isobaths. Essentially, there

fore, the palaeocurrent data must be interpreted with caution and 
all that can be concluded is that irrespective of their origin, the 
sands were derived from a broadly easterly source area. This is 
further reinforced on consideration of other stratigraphic units of 
the Saint John Group (see Tanoli, 1987).

SUMMARY AND CONCLUSIONS

(1) Upper Middle Cambrian to early Late Cambrian strata of 
the King Square Formation of southern New Brunswick com
prise a 380 m thick siliciclastic sequence of interbedded fine
grained sandstone and siltstone and shale. These strata were 
deposited on a wave- and storm-influenced shelf and represent a 
regressive-transgressive sequence within which three distinct 
lithofacies can be recognized.

(2) Facies KS1, the lowermost lithofacies, consists of up to 
80 m of thinly interbedded sandstone and generally non-biotur- 
bated shale which was deposited essentially below wave base in 
a mid-shelf, possibly deeper, environment. In its upper horizons, 
between its gradational transition into the overlying facies KS2, 
deposition may have occurred above storm wave base.

(3) Facies KS2 consists of thick-bedded sandstone and lower 
proportions (10 to 30%) of bioturbated or non-bioturbated shale. 
The facies is the most widely exposed of the three, and wherever 
exposed continuously, is at least 160 m thick, probably more. 
The facies was deposited in a shallow subtidal inner- to mid-shelf 
environment above storm wave base.

(4) Facies KS 3 consists of interbedded sandstone and biotur
bated shale and siltstone which gradationally overlies facies 
KS2. Thickness is impossible to determine but at least 13 m are 
exposed at Hammond River. Sandstones of facies KS3 possess 
a variety of styles of internal organization as a result of current- 
dominated, combined current and wave or wave-dominated 
processes and their complex interplay acting at the time of their 
deposition. Facies KS3 was deposited initially between fair- 
weather and storm wave base and latterly below storm wave base, 
thereby reflecting gradually deepening shelf conditions as a 
result of transgression.

(5) The exact nature of the currents responsible for transpor
tation and eventual deposition of the storm-related sandstones 
(geostrophic flows or turbidity currents) is impossible to deter
mine. As such, palaeocurrent data obtained from the King Square 
Formation, although suggestive of a broadly easterly source, 
must be interpreted with caution.
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